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Objective: To evaluate the effects of injectable platelet-rich fibrin (i-PRF)
produced by a simple twice-centrifugation method combined with vacuum
sealing drainage on wound inflammation and scar formation in chronic
refractory wounds (CRW).

Methods: A total of sixty-eight patients with CRW who were admitted to our
hospital were enrolled in this study. They were then randomly divided into the
study group (n = 34) with being treated using negative pressure sealing and
drainage technology, and the control group (n = 34) with being treated using
injectable platelet-rich fibrin in conjunction with negative pressure sealing and
drainage technology. The following were the primary outcomes: scar
conditions at 1 and 3 months after the wound was fully healed, wound
healing time, hospitalization time, wound healing rate, incidence of adverse
reactions, serum inflammatory indices, and pain levels were assessed 1day
before treatment and 14 days after treatment. The secondary outcomes were
determined by comparing the proportion of positive bacterial cultures in the
two groups on the day before therapy, as well as on the seventh and fourteenth
days after treatment.

Results: The wound healing time and hospital stay in the study group were
significantly lower than that in the control group (all p < 0.001). The wound
healing rate of the study group was significantly higher than that of the control
group on the 14th day and 28th day after treatment (all p < 0.001). On the
14th day after treatment, the levels of WBC, CRP, and IL-6 in the study group
were lower than those in the control group (all p < 0.001). The positive rate of
bacterial culture in the study group was significantly lower than that in the
control group on the 7th and 14th day after treatment (all p < 0.05). At 1 month
and 3 months after treatment, the VSS score in the study group was lower than
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that in the control group (all p < 0.001). The total defect rate of the study group
was also significantly lower than that of the control group (5.88% vs. 29.41%, p =

0.011).

Conclusion: The i-PRF produced by simple twice-centrifugation method
combined with VSD could reduce wound inflammation and improve scar
formation in patients with CRW.

KEYWORDS

injectable platelet-rich fibrin, vacuum sealing drainage, chronic refractory wounds,
wound inflammation, treatment

Introduction

Chronic refractory wounds usually refer to wounds that cannot be
completely healed in a predictable time according to normal biological
steps after conventional treatment due to various factors (Dong et al.,
2018). The mechanism of chronic refractory wounds is complex, and
the treatment cycle is long. Under normal circumstances, when skin
injury occurs, it will be healed through four stages of orderly and
cross-influenced  bleeding,
formation, or tissue remodeling (Han and Ceilley, 2017). However,

inflammation, ~ granulation tissue
some wounds will stagnate in a certain healing stage or fail to complete
the healing process under the interaction of internal and external
causes, and eventually form chronic refractory wounds (Wang et al,,
2020). The commonly used treatment methods for chronic refractory
wounds include wound dressing change and debridement surgery,
but these methods can only remove necrotic tissue from the surface of
the wound and control local infection, with no obvious advantages in

reconstructing blood supply, promoting the secretion and activity of

growth factors, and controlling excessive apoptosis of cells (Akita et al,,
2019) Therefore, finding new therapies to promote chronic refractory
wound healing has become a research hotspot.

Injectable platelet-rich fibrin (i-PRF) is new biotechnology
for stimulating and accelerating tissue healing. It has been
widely used in plastic surgery and oral surgery in recent years
(Vares et al., 2021). The i-PRF is a concentrated solution of
platelet extracted from whole blood by centrifugation,
including the release of a large number of growth factors
and white blood cells such as lymphocytes, neutrophils, and
monocytes, which can enhance The anti-infection ability of
wound surface (Gurger et al., 2021). It was reported that i-PRF
had higher contents of platelets, growth factors, cytokines, and
white blood cells, and had strong mobility and anti-bacterial
activity (Karde et al., 2017). Vacuum sealing drainage (VSD) is
a creative combination of closed dressing and wound drainage
technology, which has been widely used in various chronic
wounds of multiple disciplines, but it still has limitations in

FIGURE 1

The preparation of injectable platelet-rich fibrin by the twice-centrifugation method. (A): The status of blood samples after the first
centrifugation. (B): The status of blood samples after the second centrifugation, and the injectable platelet-rich fibrin has been transferred to a

syringe for injection.
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treating some complex chronic wounds and promoting wound
tissue regeneration (Lalezari et al., 2017). Considering that the
healing of chronic refractory wounds is affected by both
internal and external factors, the combination of i-PRF and
VSD is a positive treatment plan for chronic refractory
wounds. However, there are still few clinical reports on the
efficacy of this treatment scheme. Based on this, this study
aimed to evaluate the effects of i-PRF combined with VSD on
wound inflammation and scar formation in patients with
chronic refractory wounds. This study developed a simple
twice-centrifugation method to obtain the i-PRF and used the
i-PRF in conjunction with negative pressure sealing and
with
refractory wounds, reducing the wound surface, inhibiting

drainage technology to treat patients chronic
the inflammatory response, and reducing the degree of scar

formation.

Materials and methods
Study patients

In this prospective, a total of 68 patients with chronic refractory
wounds admitted to our hospital from September 2020 to September
2021 were included, and they were randomly divided into study group
and control group according to the random number table method,
34 patients in each group.

Inclusion criteria: 1) chronic and refractory wounds
caused by various reasons; 2) patients with no signs of
improvement or aggravation after conventional dressing
change debridement treatment for more than 4 weeks; 3)
patients who refused flaps or skin grafts and received i-PRF
or VSD; 4) bacterial and fungal cultures of venous blood were
negative; 5) patients who signed informed consent forms.
Exclusion criteria: 1) patients who had a history of taking
anticoagulants and immunosuppressants 2 weeks before
admission; 2) patients with blood disorders; 3) patients
whose wound was caused by a malignant tumor; 4)
patients with severe heart or lung diseases who cannot

with
wound

tolerate surgery and anesthesia; 5) patients
disorders;  6) with

area >100 cm® and severe gangrene requiring amputation;

neurological patients
7) patients with bacteremia and sepsis.

The study followed the tenets of the Declaration of
Helsinki and was approved by the ethics committee of our
hospital, and the informed consent forms were obtained from
all patients.

Debridement procedure

Considering that chronic refractory wound is a chronic
wasting disease, patients with anemia, electrolyte imbalance,
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hypoproteinemia, and other complications should be actively
corrected before surgery. Patients with mild comorbidities
received nutritional support through diet, and patients with
severe comorbidities received an infusion of blood products
and fluid rehydration treatment (Chen et al., 2021).

First, general anesthesia or nerve block anesthesia was
selected according to the location of the wound. Hydrogen
peroxide solution, iodophor disinfectant solution, and normal
saline were used to wash the wound three times. Then the
necrotic tissue and secretions around the wound were
removed to thoroughly clean the necrotic tissue in the basal
layer of the wound and the lacunae. If necessary, the wound was
enlarged and the wound was fully exposed. In the process of
curettage, it is necessary to avoid damaging the nerves and blood
vessels around the wound. After thorough debridement, a
continuous pressure pulse was used to wash until there was
no necrotic tissue, purulent secretions, or foreign bodies in the
wound surface and surrounding lacunae. Finally, the wound was
irrigated with normal saline containing gentamicin (4 x 10°> U/
250 ml) and the wound was filled with infiltrating gauze for

10 min.

Procedure of injectable platelet-rich fibrin
and VSD

1) Preparation of i-PRF

The injectable platelet-rich fibrin was made using the
second centrifugation method, and the aseptic procedure
was closely adhered to throughout the entire procedure.
Patients who had taken a 30-min nap before lunch had
their cubital venous blood taken, and 70 ml of the sample
was filled with a 1:10 sodium citrate anticoagulant. Using LC-
530 (produced by Shanghai Jiangdong Instrument Co., Ltd.) at
a top speed of 4200 r/min for 15 min, the first low-speed
centrifugation was performed. Platelet-poor plasma (PPP),
platelet-rich fibrin, and red blood cells were the three layers
that made up the sample in the tube (Figure 1A). The majority
of the liquid in the upper and intermediate layer was
transferred using a pipette to a sterile centrifuge tube for
the second centrifugation. The sample in the tube was split
into three layers following the second centrifugation, which
was carried out in the same manner as the first. The bottom
layer contained a tiny number of red blood cells, the top layer
PPP, and the middle layer platelet-rich fibrin (Figure 1B).
About 7 ml of the intermediate layer of platelet-rich fibrin was
extracted so that it could mix with calcium gluconate at a 10:
1 ratio and activate the platelet. The process of preparing
platelet-rich fibrin for injection into wounds is now complete.
(Figure 1A,B and Figure 2).

2) The implementation of VSD
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The wounds of patients in the study group were not flushed within 3 days of connecting
the negative pressure closed drainage device since doing so would result in the loss of
injectable platelet-rich fibrin, and the treatment approach was the same as it was for the

control group after 3 days.

The flow chart of the preparation of injectable platelet-rich fibrin by a twice-centrifugation method and the implementation of VSD.

The traditional VSD therapy was used to treat the control
group. The wound was covered and fixed after trimming and
splicing with an appropriate type of polyvinyl alcohol
hydrated seaweed foam dressing (Shandong Chuangkang
Biotechnology Co., Ltd.) based on the shape and size of the
wound. Normal saline and ethanol were used to clean the skin
surrounding the incision in turn. The wound was then sealed
with a biofilm after drying naturally, and the suction tube was
connected. The negative pressure suction device was instantly
initiated after being connected to the suction tube, and
intermittent negative pressure sealing drainage was carried
out. A total of 30 ml of 0.9% normal saline and 160,000 units
of gentamicin were used for rinsing each time, and the
dressing was changed after each rinse. The negative
pressure was controlled at -17-15 kPa; the negative pressure
suction mode was 10 min for suction with the interval of
5min; and the negative pressure drainage material was
replaced every 7 days.

The study group was treated by i-PRF combined with the
traditional VSD therapy. A 1 ml fine needle was used to inject the
produced platelet-rich fibrin into the wound surface and the
wound’s periphery at various sites after the fibrin had been
retrieved with a thick needle from a 2ml sterile syringe.
VSD’s setup and installation were identical to those of the
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control group. The wounds of patients in the study group
were not flushed within 3 days of connecting the negative
pressure closed drainage device since doing so would result in
the loss of i-PRF, and the treatment approach was the same as it
was for the control group after 3 days. (Figures 2, 3).

Evaluation of the therapeutic effect

The following were the primary outcomes: scar conditions at
1 and 3 months after the wound was fully healed, wound healing
time, hospitalization time, wound healing rate, incidence of
adverse reactions, serum inflammatory indices, and pain levels
were assessed 1 day before treatment and 14 days after treatment.
The secondary outcomes were determined by comparing the
proportion of positive bacterial cultures in the two groups on the
day before therapy, as well as on the seventh and fourteenth days
after treatment.

Wound healing time, hospital stay, and wound healing rate
were recorded. The wound healing standard is that the wound is
completely closed, completely covered by epithelial tissue,
without dehiscing or ulceration, etc (Liao et al, 2020). The
wound healing of the patients was observed on the 14th and
28th day of treatment, and the wound healing rate was calculated
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FIGURE 3
A typical case of the chronic refractory wound cured by the injectable platelet-rich fibrin produced by simple twice-centrifugation method
combined with vacuum sealing drainage technology. (A) Before the therapy. (B) After the debridement, the injectable platelet-rich fibrin was used.
(C): The wound condition after 7 days of treatment by the injectable platelet-rich fibrin combined with negative pressure vacuum sealing drainage.
(D): The wound condition after 4 months of treatment by the injectable platelet-rich fibrin combined with negative pressure vacuum sealing
drainage.

according to the measured wound healing volume at different
time points. The wound healing rate = (preoperative wound
volume - postoperative wound volume)/preoperative wound
volume x100%.

Vancouver Scar Scale (VSS) (Mahar et al., 2021) was used to
evaluate scars 1 and 3 months after wound healing. The scoring

TABLE 1 Comparison of general information between two groups.

standard is 0-15 points with 16 grades. The scar was evaluated
from four aspects of scar thickness, color, softness, and vascular
distribution. The higher the score was, the more serious the scar
hyperplasia was. The pain degree was assessed by a numerical
rating scale (NRS) (Li et al., 2016). On this scale, 0 is no pain,
1-3 is mild pain, 4-6 is moderate pain and 7-10 is severe pain.

Index Study group (n = 34) Control t/x’ p Value
group (n = 34)

Age (year) 4891 £7.92 48.87 £ 7.88 0.021 0.983
Gender (Male/Female) 14/20 16/18
Duration (days) 89.21 + 10.21 89.17 + 10.65 0.016 0.987
Area of wound (cm?) 34.81 £ 9.11 34.78 £ 9.03 0.014 0.989
Type of wound (n) 0.344 0.987

PPWH 6 7

Traumatic wound 7 6

Wound of venous ulcer 7 7

Wound of diabetic foot 11 10

Pressure ulcer 3 4
FBG level in patients with diabetic foot (mmol/L) 6.07 £ 1.71 6.01 £ 1.54 0.152 0.879
HbAIc level in patients with diabetic foot 5.62 + 1.34 5.46 + 1.59 0.449 0.655
Medicine used by patients with diabetic foot (n) 0.403 0.525

Metformin 2 3

Repaglinide 5 4

Insulin 4 3

PPWH, postoperative poor wound healing; FBG: Fasting blood glucose; HbAlc: glycated hemoglobin.
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One day before treatment and on the 14th day of treatment,
5 ml of fasting venous blood was taken from the patients, and
the white blood cell (WBC) count, C-reactive protein (CRP),
and interleukin 6 (IL-6) levels were measured after
centrifugation.

Bacterial culture was carried out 1 day before treatment and
7 and 14 days after a treatment: first, the wound was washed with
normal saline to remove the necrotic tissue, and samples were
taken in a “Z” shape. The exudate was evenly dipped from one
end of the wound to the other end with a disposable bacterial
culture tube and then sent to the laboratory for bacterial culture.
Positive rate of bacterial culture = number of positive cases/
number of submitted cases x100%.

Observe whether the inflammatory reaction of the wound
surface and abnormal hyperplasia of local granulation tissue
occurred during the whole treatment process. The incidence
of adverse reactions such as expanded wound area, urticarial,
and increased exudation were recorded from the beginning of
treatment to 3 months after treatment, and the incidence of
adverse reactions was calculated. Incidence of adverse
reactions = number of cases of adverse reactions + total
number of cases x100%.

During the whole treatment process, observe whether there is
inflammation and abnormal proliferation of local granulation
tissue on the wound surface. The adverse reactions that occurred
from the start of treatment to 3 months after treatment, such as
wound expansion, urticaria, increased exudation, etc., were
recorded, and the incidence of adverse reactions was calculated.

Statistical analysis

The sample size was estimated using the mean
comparison method. n.=(it;_a/2 + py-p)°s* (1 + 1/K)/(pe—pe)
2. n. was the number of cases in the control group. y;_4/, and
W were the percentages corresponding to 1-a/2 and 1- in
the standard normal distribution. T was the mean of the
experimental group, ¢ was the mean of the control group, s
was the two-group merged standard deviation and k was the

proportion of cases in two groups. a = 0.05, = 0.01,s =
(ist2e 222 ) and n, were the number of cases in the

10.3389/fbioe.2022.979834

two groups. s; and s, were the standard deviations of the two
groups. According to the provisions of the China State Food
and Drug Administration, 15% was taken as the shedding
rate, so the grouped sample size of this study was determined
asn =27 x 1/(1~0.15) = 70.32 = 70

Statistical analysis was performed using the SPSS software
program (version 21.0; IBM Corp, Chicago, IL, United States).
Normally distributed measurement data were expressed as
mean + standard deviation (SD), and the comparisons were
examined by the Student’s t-test. Categorical variables were
presented as numbers with percentages and compared with
the x> test. The test level a was 0.05 on both sides. p <
0.05 was considered statistically significant.

Results
General data

In this study, a total of 68 patients were finally included.
The study group consisted of 14 males and 20 females with an
average age of 48.91 + 7.92years (ranging from 28 to
59 years). The control group consisted of 16 males and
18 females with an average age of 48.87 + 7.88years
(ranging from 29 to 58 years). There was no significant
difference in age, gender and course of disease between
the two groups (p > 0.05) (Table 1).

Comparison of wound healing time,
hospital stay, and wound healing rate

The wound healing time and hospital stay time of the
study group were significantly lower than those of the control
group (31.19 + 3.12 days vs. 41.29 + 4.09 days, p < 0.001;
2898 + 3.02days vs. 4091 + 3.23days, p < 0.001,
respectively). The wound healing rate of the study group
was significantly higher than that of the control group on
the 14th and 28th days after treatment (71.29% + 7.38% vs.
65.33% = 7.31%, p = 0.001; 90.12% + 7.56% vs. 78.91% =+
7.83%, p < 0.001, respectively) (Table 2). After treatment, the

TABLE 2 Comparison of wound healing time, hospital stay and wound healing rate between two groups.(Mean + Standard Deviation).

Index Study group (n = 34)

Wound healing time (days) 31.19 + 3.12
Time of hospitalization (days) 28.98 + 3.02
Wound healing rate (%)
14th day after treatment 7129 + 7.38
28th day after treatment 90.12 + 7.56

*Compared with the Control group, p < 0.05.

Frontiers in Bioengineering and Biotechnology

Control t p Value
group (n = 34)

41.29 + 4.09 ~11.448 <0.001*
4091 £ 3.23 -15.731 <0.001°
6533 £ 7.31 3.346 0.001°
7891 + 7.83 6.006 <0.001°
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TABLE 3 Comparisons of the incidence of adverse reactions between two groups, n (%).

Index Study group (n = 34)
HLGT 0 (0.00)

Local pain aggravation 0 (0.00)

Seepage increase 2 (5.88)

Total defect 2 (5.88)

HLGT, Hyperplasia of local granulation tissue.
*: Compared with the Control group, p < 0.05.

TABLE 4 Comparison of inflammatory indexes between the two
groups (Mean + Standard Deviation).

Index Study group  Control t P

(n = 34) group Value

(n = 34)

WBC (109/L)
Before treatment  10.89 + 2.01 10.81 + 2.03 0.163 0.871
7th day after 6.32 + 1.32 7.12 + 1.38 —5.496 <0.001a
treatment
14th day after 4.03 + 1.21 6.21 = 1.17 —7.552 <0.001a
treatment
CRP (mg/L)
Before treatment ~ 8.29 + 2.06 8.23 £ 2.03 0.121 0.904
7th day after 4.18 + 1.38 5.38 + 2.01 —2.869 0.005a
treatment
14th day after 332+ 1.18 423 +1.23 -9.955 <0.001a
treatment
IL-6 (ng/L)
Before treatment ~ 7.71 + 1.31 7.68 + 1.19 0.055 0.956
7th day after 6.29 + 1.23 6.96 + 1.11 -10.389  <0.001a
treatment
14th day after 521 £ 1.11 6.22 + 1.27 -5.475 <0.001a

treatment

“: Compared with the Control group, p < 0.05.
WBC, white blood cell; CRP, C-reactive protein; IL-6, Interleukin 6.

TABLE 5 Comparison of positive rate of bacterial culture on wound
surface between two groups, n (%).

Detection Study group  Control X2 p

time (n = 34) group Value
(n =34)

1st day before 30 (88.24) 31 (91.18) 0.159  0.689

treatment

7th day after 11 (32.35) 20 (58.82) 4.802  0.028a

treatment

14th day after 2 (5.88) 10 (29.41) 6476  0.01la

treatment

“ Compared with the Control group, p < 0.05.

Frontiers in Bioengineering and Biotechnology 07

Control X P
group (n = 34)

4 (11.76)
4 (11.76)
2 (5.88)
10 (29.41)

6.476 0.011*

total defect rate of the study group was significantly lower than
that of the control group (Table 3).

Comparison of serum inflammatory
markers

Before treatment, there were no significant differences in
WBC count, CRP, and IL-6 between the two groups (p > 0.05).
On the 7th and 14th day after treatment, the WBC count, CRP,
and IL-6 in the study group were lower than that in the control
group with a significant difference (p < 0.001) (Table 4).

Comparison of a positive rate of bacterial
culture

Before treatment, there was no significant difference in the
positive rate of bacterial culture between the two groups (p =
0.689). On the 7th day and 14th day after treatment, the positive
rate of bacterial culture in the study group was significantly lower
than that in the control group (32.35% vs. 58.82%, p = 0.028;
5.88% vs. 29.41%, p = 0.011, respectively) (Table 5).

Comparison of pain and scar scores

Before treatment, there was no significant difference in pain
degree and scar score between the two groups (all p > 0.05). The
pain degree of the study group was lower than that of the control
group at 7d and 14d after treatment, the difference was
statistically significant (all p < 0.001). The scar score of the
study group was significantly lower than that of the control group
at 1 month and 3 months after treatment (p < 0.001) (Table 6).

Discussion

The wound healing process includes bleeding, inflammatory
reaction, granulation tissue formation, and tissue remodeling,
which is a dynamic, orderly, and interlacing process. However,
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TABLE 6 Comparison of pain degree and scar status between two groups (Mean + Standard Deviation).

Detection time Study group (n = 34)

Pain degree

Ist day before treatment 5.82 + 1.32

7th day after treatment 3.67 +1.22

14th day after treatment 2.67 + 1.08
VSS score

1 month before treatment 7.23 +1.27

3rd month after treatment 328 +1.21

VSS, Vancouver Scar Scale.
“Compared with the Control group, p < 0.05.

this process may be destroyed under the action of various
internal and external factors, resulting in the pathological
inflammatory reaction, and ultimately leading to chronic
(Takagi et 2020).
characteristics of refractory wounds mainly include tissue

refractory wounds al., The clinical
defects caused by severe trauma, severe infection on the wound,
impairment of microcirculation on the wound and its surroundings,
and severe underlying diseases or poor nutritional status (Zhang
et al, 2020). Chronic refractory wounds have slow self-repair, a long
course of the disease and are easy to repeat. At the same time,
chronic incurable wounds will aggravate the primary disease (Wang
etal., 2019). The pathogenesis of refractory wounds is very complex,
including a series of cascade reactions such as tissue ischemia and
hypoxia, growth factor deficiency, apoptosis, and oxidative stress (Lu
et al, 2021). In addition, the long-term unhealing of refractory
wounds will lead to the aging of the granulation tissue of the wound,
the formation of biofilms and fibrous plates, and the reduction of the
expression of various growth factors, further delaying the wound
healing process, and forming a vicious circle, which can lead to
malignant transformation (Gu et al., 2021). On the other hand, long-
term non-healing of refractory wounds will lead to wound
granulation tissue aging, the formation of biofilm and fiberboard,
the expression of various growth factors reduced, further delay the
process of wound healing, and even lead to malignant
transformation (Lu et al, 2021). Therefore, how to effectively
treat refractory wounds has always been the focus of clinical
research.

VSD is a common wound repair method currently in practice.
Its principle is to use porous foam material and a biological semi-
permeable membrane to turn open wounds into closed wounds,
carry out continuous or intermittent attraction, and timely remove
wound secretions and necrotic tissue fragments while increasing
blood flow and reducing local tissue edema (Gu et al., 2021). Duan
et al. (2019) reported that negative pressure wound treatment could
effectively control infection, reduce the positive rate of bacteria in
wound, shorten the length of hospital stay, and improve wound
healing. Yang et al. (2019) suggested that VSD combined with
platelet-rich plasma gel revealed a better bacteriostatic effect than
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Control T p Value
group (n = 34)

579 + 1.29 0.095 0.925
498 +0.17 -6.201 <0.001°
3724013 -5.628 <0.001°
9.06 + 1.21 -6.083 <0.001°
521 + 1.27 -6.416 <0.001°

negative pressure wound therapy alone in the treatment of chronic
refractory wounds, which could effectively shorten the wound
healing time and improve the wound healing rate. Wu et al.
(2020) reported that VSD could simplify complex wounds and
provide technical advantages in reducing dressing frequency,
preventing wound infection, and accelerating wound healing.
However, the growth and regeneration of wound granulation
tissue require sufficient concentration of growth factors, control
of excessive apoptosis of cells, and revascularization, the VSD
technique has no advantages in these aspects (Guo et al., 2018).
Autologous blood concentrate contains a large number of
platelets, growth factors, fibrin, and white blood cells, and has been
widely used in the field of repair and reconstruction because of its
ability to accelerate wound healing and promote regeneration of
hard and soft tissues (Wang and Zhong, 2021). The i-PRF is a
concentrated solution of platelet extracted from whole blood by
centrifugation, including the release of a large number of growth
factors and white blood cells such as lymphocytes, neutrophils, and
monocytes, which can enhance The anti-infection ability of wound
surface. Liu et al. (2021) pointed out that i-PRF can promote
wound healing, prevent wound infection, shorten treatment time
and relieve patients’ pain. Zhang et al. (2021) (Xu et al,, 2020)
suggested that i-PRF combined with VSD can significantly
promote wound healing of refractory mastitis ulcers and
shorten the wound healing time. The results of this study
showed that the positive rate of bacterial culture in the study
group was lower than that in the control group during follow-up
(p=0.011), suggesting that the combination of i-PRF and VSD has
a certain degree of synergistic effect in promoting wound healing
and bacterial transplantation. The reason for this result may be
that i-PRF combined with VSD promotes the peripheral blood
circulation and cell growth and metabolism, which is beneficial to
reduce the occurrence of infection and promote the healing of
chronic and refractory wounds. The process of obtaining i-PRF
can be complicated and expensive and is influenced by many
vendors and proprietary techniques (Gentile, 2020). In this study,
the use of a simple standard low-cost method of twice-
centrifugation for preparation may help standardize research
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protocols and permit the comparison of results from similar
treatment biologics. Easy preparation may lead to more
widespread use and the ability to establish clinical efficacy in
various procedures.

The inflammatory response of refractory wounds is a potential
therapeutic target. Previous studies have suggested that there are
pathological conditions of inflammatory cell aggregation, metabolic
disorder, and cell swelling in refractory wounds, which lead to tissue
damage (Wang et al,, 2019). The WBC, CRP, and IL-6 are common
inflammatory factors Shen et al. (2020). (Aydinyurt et al, 2021)
reported that the level of inflammatory factors in patients with
refractory wounds was highly expressed, and effective treatment
could reduce the level of inflammatory factors in patients. The
results of this study suggested that the WBC, CRP, and IL-6 in
the study group were lower than that in the control group on 7th day
and 14th day after treatment (p < 0.001), suggesting that i-PRF
combined with VSD could better reduce the degree of inflammation
in patients. Potential mechanisms could be as follows: 1) the i-PRF
contains vascular endothelial growth factor, IL-6, tumor necrosis
factor -a, and other cytokines involved in inflammatory
regulation, which can regulate immune response, maintain a
balance  between
inflammatory cytokines, enhance anti-infection ability, promote

dynamic pro-inflammatory  and  anti-
angiogenesis, and facilitate wound (Jasmine et al,, 2020) healing; 2)
it has been reported that i-PRF is rich in platelets, antimicrobial
peptides, thrombin, and other components, and interferes with the
metabolic activity of bacterial cells through the action of related
permeable protein, lactoferrin, and other active molecules, leading
to the stage of apoptosis and necrosis, exerting strong anti-bacterial
biofilm and antibacterial activity (Norman et al., 2020); 3) the VSD
could timely drain wound secretions and exudate, reduce edema,
establish a liquid balance microenvironment conducive to wound
healing, and play a synergistic role with i-PRF to accelerate wound
healing.

The scar is another therapeutic target for refractory wounds. Lin
et al. (2020) reported that for patients with refractory bone exposure,
the application of i-PRF combined with nano-silver antibacterial
dressing could reduce the inflammatory response and restore the
skin color of the wound. The results of the present study suggested
that the VSS score of the study group was significantly lower than that
of the control group after treatment (p < 0.001), suggesting that i-PRF
combined with VSD could reduce the pigmentation of scars in
patients with chronic refractory wound and improve the scar
situation. At the same time, the present study also suggested that
i-PRF combined with VSD also had a lower incidence of adverse
reactions. It was considered that the injectable platelet-rich fibrin was
extracted from patients’ venous blood without the risk of immune
rejection and disease transmission previously faced by allogeneic
growth factors, so the incidence of adverse reactions could be reduced.

This study also had the following limitations: 1) Since the study
duration was relatively short, the follow-up duration should be
extended in the later stage study; 2) At present, there is no unified
standard for the preparation of i-PRF, and more studies are needed to
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compare i-PRF prepared by different separation methods; 3) It would
be better to single out groups as venous ulcers, arterial ulcers, and
diabetic ulcers.

Conclusion

This study suggested that i-PRF combined with VSD could
accelerate the healing of chronic refractory wounds and improve
the wound healing rate. Compared with VSD alone, combining i-PRF
and VSD revealed more advantages in reducing serum inflammation
levels and positive rate of bacterial culture, as well as improving scar
healing.

Data availability statement

The original contributions presented in the study are included in
the article/supplementary material, further inquiries can be directed to
the corresponding author.

Ethics statement

The studies involving human participants were reviewed and
approved by the ethics committee of Handan Central Hospital. The
patients/participants provided their written informed consent to
participate in this study.

Author contributions

XX, YB: Conceptualization, Methodology, Formal analysis,
Writing  original ~ draft. MY, WW, LM;
Methodology, Qz, JT:
Conceptualization, Formal analysis, Writing-review and editing,

Investigation,
Conceptualization, Formal analysis.

Supervision.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

frontiersin.org


https://www.frontiersin.org/journals/bioengineering-and-biotechnology
https://www.frontiersin.org
https://doi.org/10.3389/fbioe.2022.979834

Xue et al.

References

AKkita, S., Namiki, T., Kawasaki, Y., Rikihisa, N., Ogata, H., Tokumoto, H., et al.
(2019). The beneficial effect of traditional Japanese herbal (kampo) medicine,
hochu-ekki-to  (Bu-Zhong-Yi-Qi-Tang), for patients with chronic wounds
refractory to conventional therapies: A prospective, randomized trial. Wound
Repair Regen. 27 (6), 672-679. doi:10.1111/wrr.12753

Aydinyurt, H. S., Sancak, T., Taskin, C., Basbugan, Y., and Akinci, L. (2021).
Effects of injectable platelet-rich fibrin in experimental periodontitis in rats.
Odontology 109 (2), 422-432. doi:10.1007/s10266-020-00557-1

Chen, D, Xie, ], Li, H., Zhu, B., Chen, Z, Lou, Y., et al. (2021). Application of
injectable platelet-rich fibrin combined with vacuum sealing drainage technology in
the treatment of chronic ulcers[]J]. Acta Univ. Med. Anhui 56 (10), 1622-1626.
doi:10.19405/j.cnki.issn1000-1492.2021.10.022

Dong, W., Xiao, Y. R, Wu, M. ], Jiang, D. Y., Nie, L. ], Liu, Y. K,, et al. (2018).
[Thoughts and principles of diagnosis and treatment of chronic refractory wounds
in China]. Chin. J. Burns 34 (12), 868-873. doi:10.3760/cma.j.issn.1009-2587.2018.
12.010

Duan, Y., Min, D., Liao, X, and Guo, G. (2019). Treatment of chronic refractory
wounds by negative pressure wound therapy[J]. Acta Acad. Med. Jiangxi 59 (6),
43-46. doi:10.13764/j.cnki.ncdm.2019.06.010

Gentile, R. D. (2020). Easy platelet-rich fibrin (Injectable/Topical) for post-
resurfacing and microneedle therapy. Facial Plast. Surg. Clin. North Am. 28 (1),
127-134. doi:10.1016/j.fs¢.2019.09.011

Gu, X, Chen, W, Yuan, K,, Tan, J., and Sun, S. (2021). The efficacy of artificial
dermis combined with continuous vacuum sealing drainage in deep neck multiple
spaces infection treatment. Med. Baltim. 100 (5), €24367. doi:10.1097/md.
0000000000024367

Guo, Y., Meng, M., Hongbo, Lv, H., Yuan, L., Manzhentao, et al. (2018). Negative
pressure closed drainage combined with platelet-rich plasma for treatment of a
hand wound difficult to heal after crushing injury: A case report[J]. Chin.
J. Orthop. Trauma 20 (11), 1010-1012. doi:10.3760/cma.j.issn.1671-7600.2018.
11.016

Gurger, M., Once, G., Yilmaz, E., Demir, S., Calik, L, Say, Y., et al. (2021). The
effect of the platelet-rich plasma and ozone therapy on tendon-to-bone healing in
the rabbit rotator cuff repair model. J. Orthop. Surg. Res. 16 (1), 202. doi:10.1186/
s13018-021-02320-w

Han, G, and Ceilley, R. (2017). Chronic wound healing: A review of current
management and treatments. Adv. Ther. 34 (3), 599-610. doi:10.1007/s12325-017-
0478-y

Jasmine, S., Janarthanan, K., Krishnamoorthy, R., and Alshatwi, A. A. (2020).
Antimicrobial and antibiofilm potential of injectable platelet rich fibrin—A second-
generation platelet concentrate—Against biofilm producing oral staphylococcus
isolates. Saudi J. Biol. Sci. 27 (1), 41-46. doi:10.1016/j.5jbs.2019.04.012

Karde, P. A,, Sethi, K. S., Mahale, S. A, Khedkar, S., Patil, A., and Joshi, C. (2017).
Comparative evaluation of platelet count and antimicrobial efficacy of injectable
platelet-rich fibrin with other platelet concentrates: An in vitro study. J. Indian Soc.
Periodontol. 21 (2), 97-101. doi:10.4103/jisp.jisp_201_17

Lalezari, S., Lee, C. J., Borovikova, A. A., Banyard, D. A., Paydar, K. Z., Wirth, G.
A, etal. (2017). Deconstructing negative pressure wound therapy. Int. Wound J. 14
(4), 649-657. d0i:10.1111/iwj.12658

Li, C. R, Zhang, W., and Fan, B. F. (2016). A comparison between numberic
rating scale (NRS) and verbal rating scale (VRS) in eldly patients with chronic pain
[JI. Chin. ]. Pain Med. 22 (9), 683-686. doi:10.3969/j.issn.1006-9852.2016.09.010

Liao, X., Liang, J. X, Li, S. H., Huang, S., Yan, J. X,, Xiao, L. L., et al. (2020).
Allogeneic platelet-rich plasma therapy as an effective and safe adjuvant
method for chronic wounds. J. Surg. Res. 246, 284-291. doi:10.1016/].jss.
2019.09.019

Lin, Z., Li, R., Wen, Y., Zhang, Y., and Li, Q. (2020). Comparison of wound
healing and aesthetic indexes of refractory bone exposure wound repaired by

Frontiers in Bioengineering and Biotechnology

10

10.3389/fbioe.2022.979834

platelet rich fibrin combined with nano silver antibacterial dressing[J]. China
Med. Cosmetol. 10 (12), 45-48. d0i:10.19593/j.issn.2095-0721.2020.12.012

Liu, Z., Cao, Z., Li, Z., Li, Y., and Tao, K. (2021). Clinical application of platelet
rich fibrin in the promotion of wound healing[]]. Chin. J. Aesth Plast. Surg. 32 (4),
227-230. doi:10.3969/j.issn.1673-7040.2021.04.014

Lu, Q, Yin, Z, Shen, X,, Li, J., Su, P., Feng, M, et al. (2021). Clinical effects of
high-intensity laser therapy on patients with chronic refractory wounds: A
randomised controlled trial. BMJ Open 11 (7), €045866. doi:10.1136/bmjopen-
2020-045866

Mabhar, P. D., Spinks, A. B., Cleland, H., Bekhor, P., Waibel, J. S., Lo, C., et al.
(2021). Improvement of burn scars treated with fractional ablative CO2 lasers—a
systematic review and meta-analysis using the vancouver scar scale. J. Burn Care
Res. 42 (2), 200-206. doi:10.1093/jbcr/iraal30

Norman, G., Goh, E. L., Dumville, J. C., Shi, C., Liu, Z., Chiverton, L., et al. (2020).
Negative pressure wound therapy for surgical wounds healing by primary closure.
Cochrane Database Syst. Rev. 6 (6), Cd009261. doi:10.1002/14651858.CD009261.
pub6

Shen, W., Ye, Y., Mao, H. J., and Hua, F. (2020). Effect of extracorporeal shock
wave on inflammatory factors, oxidative stress protein and hemodynamics in
patients with refractory wounds[J]. Chin. J. Health Lab. Tec. 30 (10), 1160-1163.

Takagi, S., Oyama, T., Jimi, S., Saparov, A., and Ohjimi, H. (2020). A novel
autologous micrografts technology in combination with negative pressure wound
therapy (NPWT) for quick granulation tissue formation in chronic/refractory ulcer.
Healthc. (Basel) 8 (4), 513. doi:10.3390/healthcare8040513

Vares, P., Dehghan, M. M., Bastami, F., Biazar, E., Shamloo, N., Heidari Keshel, S.,
et al. (2021). Effects of platelet-rich fibrin/collagen membrane on sciatic nerve
regeneration. J.  Craniofac. Surg. 32 (2), 794-798. do0i:10.1097/scs.
0000000000007003

Wang, L., Guo, F., Min, D. H,, Liao, X. C, Yu, S. Q,, Long, X. X,, et al. (2019).
[Analysis of differential gene expressions of inflammatory and repair-related factors
in chronic refractory wounds in clinic]. Chin. J. Burns 35 (1), 18-24. doi:10.3760/
cma.j.issn.1009-2587.2019.01.005

Wang, N, and Zhong, W. J. (2021). Application and function of autologous blood
concentrate in tissue regeneration[J]. Chin. J. Tissue Eng. Res. 25 (1), 146-151.

Wang, P., Yin, B, Su, Y. J,, and Jia, C. Y. (2020). Research advances in healing
mechanism of chronic refractory wounds mediated by long non-coding RNA. Chin.
J. Burns 36 (8), 758-761. doi:10.3760/cma.j.cn501120-20190526-00254

Wu, S. B, Meng, Q. Y., and Chen, T. (2020). The clinical efﬁcacy and pain index
score analysis of negative pressure wound treatment technology and traditional
dressing change technology in the treatment of chronic refractory wounds(J].
World J. Complex Med. 6 (10), 50-52. doi:10.11966/j.issn.2095-994X.2020.06.
10.17

Xu, X., Huang, H,, Yin, X,, Fang, H., and Shen, X. (2020). Effect of lentivirus-
mediated CFTR overexpression on oxidative stress injury and inflammatory
response in the lung tissue of COPD mouse model. Biosci. Rep. 40 (1),
BSR20193667. doi:10.1042/BSR20193667

Yang, B., Wang, S., Zhang, Y., and Liang, C. (2019). Treatment of chronic
refractory wounds with negative pressure wound therapy and platelet-rich plasma:
Accelerating the re-epithelialization of wounds and increasing healing rate[J]. Chin.
J. Tissue Eng. Res. 23 (26), 4181-4186. doi:10.3969/j.issn.2095-4344.1357

Zhang, B. Z., Bai, Z. M., and Tao, K. (2021). Clinical efficacy of platelet rich fibrin
combined with vacuum sealing drainage in the treatment of wounds in refractory
lactation mastitis [J]. Chin. J. Aesth Plast. Surg. 32 (10), 598-601. doi:10.3969/j.issn.
1673-7040.2021.10.008

Zhang, W, Zhang, J. F., Wang, M., Cao, X. H., Wang, L. ]., Niu, X. H,, et al. (2020).
[Prevalence of deep venous thrombosis in chronic refractory wounds and its
influencing factors]. Zhonghua Yi Xue Za Zhi 100 (4), 291-294. doi:10.3760/
cma.j.issn.0376-2491.2020.04.010

frontiersin.org


https://doi.org/10.1111/wrr.12753
https://doi.org/10.1007/s10266-020-00557-1
https://doi.org/10.19405/j.cnki.issn1000-1492.2021.10.022
https://doi.org/10.3760/cma.j.issn.1009-2587.2018.12.010
https://doi.org/10.3760/cma.j.issn.1009-2587.2018.12.010
https://doi.org/10.13764/j.cnki.ncdm.2019.06.010
https://doi.org/10.1016/j.fsc.2019.09.011
https://doi.org/10.1097/md.0000000000024367
https://doi.org/10.1097/md.0000000000024367
https://doi.org/10.3760/cma.j.issn.1671-7600.2018.11.016
https://doi.org/10.3760/cma.j.issn.1671-7600.2018.11.016
https://doi.org/10.1186/s13018-021-02320-w
https://doi.org/10.1186/s13018-021-02320-w
https://doi.org/10.1007/s12325-017-0478-y
https://doi.org/10.1007/s12325-017-0478-y
https://doi.org/10.1016/j.sjbs.2019.04.012
https://doi.org/10.4103/jisp.jisp_201_17
https://doi.org/10.1111/iwj.12658
https://doi.org/10.3969/j.issn.1006-9852.2016.09.010
https://doi.org/10.1016/j.jss.2019.09.019
https://doi.org/10.1016/j.jss.2019.09.019
https://doi.org/10.19593/j.issn.2095-0721.2020.12.012
https://doi.org/10.3969/j.issn.1673-7040.2021.04.014
https://doi.org/10.1136/bmjopen-2020-045866
https://doi.org/10.1136/bmjopen-2020-045866
https://doi.org/10.1093/jbcr/iraa130
https://doi.org/10.1002/14651858.CD009261.pub6
https://doi.org/10.1002/14651858.CD009261.pub6
https://doi.org/10.3390/healthcare8040513
https://doi.org/10.1097/scs.0000000000007003
https://doi.org/10.1097/scs.0000000000007003
https://doi.org/10.3760/cma.j.issn.1009-2587.2019.01.005
https://doi.org/10.3760/cma.j.issn.1009-2587.2019.01.005
https://doi.org/10.3760/cma.j.cn501120-20190526-00254
https://doi.org/10.11966/j.issn.2095-994X.2020.06.10.17
https://doi.org/10.11966/j.issn.2095-994X.2020.06.10.17
https://doi.org/10.1042/BSR20193667
https://doi.org/10.3969/j.issn.2095-4344.1357
https://doi.org/10.3969/j.issn.1673-7040.2021.10.008
https://doi.org/10.3969/j.issn.1673-7040.2021.10.008
https://doi.org/10.3760/cma.j.issn.0376-2491.2020.04.010
https://doi.org/10.3760/cma.j.issn.0376-2491.2020.04.010
https://www.frontiersin.org/journals/bioengineering-and-biotechnology
https://www.frontiersin.org
https://doi.org/10.3389/fbioe.2022.979834

	Evaluation of injectable platelet-rich fibrin produced by a simple twice-centrifugation method combined with vacuum sealing ...
	Introduction
	Materials and methods
	Study patients
	Debridement procedure
	Procedure of injectable platelet-rich fibrin and VSD
	Evaluation of the therapeutic effect
	Statistical analysis

	Results
	General data
	Comparison of wound healing time, hospital stay, and wound healing rate
	Comparison of serum inflammatory markers
	Comparison of a positive rate of bacterial culture
	Comparison of pain and scar scores

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Conflict of interest
	Publisher’s note
	References


