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1 | INTRODUCTION

HaolLiu | Shuoli

Abstract

Objective: To critically assess the effect and safety of platelet-rich plasma (PRP) in
chronic wounds and vitiligo.

Methods: A systematic literature searching was performed. Results were expressed
as weight mean difference (WMD) or risk ratio (RR) with 95% confidence intervals
(Cls). Pooled estimates were performed using a fixed-effects model or random-effects
model, depending on the heterogeneity among studies.

Results: A total of 27 studies were included in this meta-analysis. In patients with
chronic diabetic ulcers, PRP significantly increased proportion of complete wound
healing, percentage of wound area healed, and shortened the complete wound heal-
ing. In venous ulcers, PRP improved the epithelialized area and percentage of wound
area healed. In vitiligo, PRP had better results in degree of improvement and mean
repigmentation than controls. Regarding the safety profile, PRP did not increase the
risk of infection in patients with chronic diabetic ulcers. Meta-regression revealed that
source of PRP and preparation method of PRP significantly affected the proportion of
complete wound healing, whereas age, gender, country, duration of wound, and wound
size had no impact on this outcome.

Conclusion: PRP is effective and safe, and can be used as a potential therapeutic

adjunct or alternative treatment in chronic wounds of multiple etiologies and vitiligo.
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Platelet-rich plasma (PRP) is an autologous product manufac-

tured from patients’ venous blood, which avoids the risk of disease

Chronic wounds are breaks in the skin that have failed to proceed
through a normal, order, and timely produce anatomic and functional
integrity; or wounds that proceed through the repair process without
restoring anatomic and functional results.! When normal healing pro-
cess is disrupted, a wound can become chronic in nature. Several risk
factors can be attributed to poor wound healing, including local causes,

systemic disease, and certain medications.

transmission.2 PRP is a plasma fraction that contains a higher con-
centration of growth factors than whole blood, typically 3-to 7-fold
the mean platelet concentration of whole blood.3~> Platelets play an
essential role in hemostasis, and they mediate the anabolic effects
of PRP by means of the releasing growth factors stored in their
alpha granules.® These notable growth factors released from platelets

interact with the local environment to promote cell differentiation,
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proliferation, and regeneration, including platelet-derived growth fac-
tor (PDGF), transforming growth factor (TGF-p), vascular endothelial
growth factor (VEGF), epidermal growth factor (EGF), basic fibrob-
last growth factor (bFGF), and insulin-like growth factor (IGF-1).
Leukocytes are central to the inflammatory response, host defense
against infectious agents, and wound healing.” However, their proin-
flammatory and immunologic effects can also result in undesirable
local cell and tissue damage, which reduce the intended effects of PRP
therapy.®

To date, it has yet to agree on how best to prepare PRP or the
optimal concentrations of blood components to include in the prod-
uct, since each PRP formulation has its unique biologic properties and
effects, and this contributes to the different effects of PRP in the clini-
cal trials. The production of PRP begins with the collection of 10-60 mL
of whole blood on the day of treatment. Anticoagulants, such as acid
citrate dextrose or sodium citrate, are added in the prevention of ex
vivo coagulation and premature secretion of the alpha granules.® Then
the cell types are separated from blood by centrifugation based on the
specific gravity. Calcium or thrombin can be added before administra-
tiontoinducerelease of a highly concentrated bolus of growth factor to
the targettissue. Roh et al.” reported that the PRP activated with a low-
dose mixture of thrombin and calcium significantly increased growth
factor release over 7 days when compared with nonactivated PRP.

However, previous studies!011

showed inconsistent results regard-
ing the PRP activation, which suggested that activated preparations
were less effective in fibroblast differentiation and wound healing,
but were equivalent bony regeneration compared with nonactivated
preparations.10-11

In the past decade, numerous therapeutic innovations with PRP
have been applied into the field of dermatology. Recently, in other con-
dition of dermatology, such as chronic wounds and vitiligo, PRP also has
been investigated but received less attention. The present systematic
review and meta-analysis aim to critically assess the effects and safety
of PRP in chronic wounds and vitiligo compared to standard treatment
or any other alternative therapy.

2 | MATERIALS AND METHODS

2.1 | Literature search

This meta-analysis was performed according to the Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines.!?

We searched several used electronic databases, including PubMed,
Embase, Web of Science, and Cochrane Central Register of Controlled
Trials, from their incept to May 15, 2020. The search terms were used
as followings: (platelet-rich plasma OR platelet releasate OR platelet
gel OR platelet-rich fibrin OR PRP) AND (dermatology OR skin OR
cutaneous OR wound OR ulcer). There were no restrictions on pub-

lication status and language. Additionally, the references provided in

the included studies or reviews were also manually searched to identify
other reports that were not returned by the electronic searches.

2.2 | Inclusion criteria

Clinical trials that focus on conditions of chronic wounds and vitiligo,
and investigate the efficacy and safety of PRP are considered eligi-
ble for analysis. The predetermined study inclusion criteria were: (1)
study design: randomized controlled trial (RCT), cohort study, case-
control study, or comparative trial; (2) population: adult patients aged
18 years or older with ulcers from many cause (such as arterial ulcers,
venous ulcers, pressure ulcers, diabetic ulcers, traumatic wounds, and
vitiligo); (3) intervention: autologous or allogeneic PRP (any method of
collection, formulation and source); (4) control: standard care, placebo
or alternative topical therapies; and (5) outcomes: proportion of com-
plete wound healing, total epithelialized area, percentage of wound
area healed, time to complete wound healing, wound complications,

and adverse events.

2.3 | Data extraction

On the basis of inclusion criteria, two independent investigators per-
formed the titles and abstracts of studies. For the included studies, a
standardized Excel file was used to extract data from each of the study:
author, publication year, region, study design, source of finding, sample
size in each study, patients’ characteristics, intervention details (source
of PRP- autologous vs. allogeneic, methods of liberating growth factors
from platelets-platelet releasate vs. platelet lysate, methods of prepa-
ration for PRP-home made, kits, or blood bank), comparators, and the

main outcomes.

2.4 | Quality assessment

Two independent investigators performed the assessment of method-
ological quality. For RCTs, the risk of bias was assessed using the
method recommended by Cochrane Collaboration.'® Methods used in
each RCT were examined to test whether they were adequacy per-
formed to generate the allocation sequence, allocation concealment
and the level of blinding (clinician, participant or outcome assessor),
or whether they presented the complete outcome data and selective
reporting.’® Each RCT was classified as being at high, unclear, or low
risk of bias, according to the assessment details for risk of bias provided
above.

For non-RCTs, the methodological quality was evaluated by the
modified Newcastle-Ottawa Scale (NOS).!* Each study was given
scores according to the following items, including patient selec-
tion, comparability of the intervention/ control group, and outcome

assessment.* The total score was 9 points, and higher scores indicated
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higher quality. A study scored more than 5 points was classified as high
quality.®

2.5 | Statistical analysis

Meta-analysis was performed using the STATA software version 12.0
(Stata Corporation, College Station, TX, USA). Statistical heterogene-
ity among the included studies was assess using Cochrane Q and I2
statistic,2¢ in which P < 0.1 or 12 > 50% were considered to be signif-
icant. When significant heterogeneity was identified, a random-effects
model was used to pool the estimate, or a fixed-effects model was
applied. We performed a sensitivity analysis to investigate the influ-
ence of excluding any single trial on the overall estimate. In addition,
we also conducted subgroup analysis based on study design and com-
parator to explore the potential sources of clinical heterogeneity. We
also performed cumulative meta-analysis to assess the evolution of evi-
dence on PRP effectiveness over time. The studies were sorted out
year-wise and the effect estimates of the studies were added to the
pooled estimates of the studies that have accrued till that date. A
random-effect model was used for the cumulative meta-analysis.

For continuous variables, they were expressed as weight mean
difference (WMD) with 95% confidence intervals (Cls); while dichoto-
mous variables were pooled as risk ratio (RR) with 95% Cls. The
assessment of publication bias was evaluated by using Egger!” and
Begger!® test. A P-value less than 0.05 was judged as statistically

significant, except where otherwise specified.

2.6 | Mete-regression

We hypothesized that differences among included studies might be
influenced by demographic (mean age, gender, country) and clinical
(duration of wound, wound size, source of PRP, preparation meth-
ods of PRP) variables. Thus, we performed meta-regression analysis
to explore the possible impacts of these variables on the differences
across included studies. In this regression model, proportion of com-
plete wound healing was chosen as a dependent variable (y), and the
above-mentioned covariates were selected as independent variables

(x).

3 | RESULTS

3.1 | Search results

The procedure of literature search and study selection is shown in
Figure 1. The initial search identified 1016 publications, of which 394
were excluded because of duplicate records. The 622 articles were
screened for title and abstract, and 580 of them were removed because
of various reasons. Then 42 articles were left for full-text informa-
tion review, and 15 of them were excluded because of single-arm trial

(n = 3), without available data (n = 1), without outcomes of our interest

(n = 3), and unrelated with our topics (n = 8). Finally, 27 studies!?-32
met the inclusion criteria and were included in this meta-analysis.

3.2 | Characteristics of included studies

The main characteristics of included studies are summarized in
Table 1. These studies were published between 1992 and 2019.
Of the included studies, 16 were RCTs!?:20.22-24.2630.33-40 ganq

11 were cohort studies.21:2527-29.31,3241-44 The majority were

from Egypt,192327.28314144 SA 33-3539 |taly2141 |ndia25% and
Spain,?%37 with the remaining 10 studies from UK,2° Korea,??

29 Poland,?2 France,*® Hungary,*?

Greece,?* China,2® Belgium,
Australia,®® and Iran.*> The sample size ranged greatly across
the included studies, which ranged from 8 to 364. The mean age
between PRP and control groups was comparably distributed,
ranging from 24.9 to 82.5 years. Thirteen of the studies included
diabetic foot ulcers,19-2224.26,31.3334,39414345 iy included venous
leg ulcers,27:32:3537.40 five included vitiligo,2328:384244 two included

2530 and one included acute trauma wounds.2? The mean

press ulcers,
wound size at baseline was 12.5 cm?2, with 13.7 cm? in PRP group and
11.2 cm? in control group.

The source of PRP varied across the included studies, with twenty-
four studies1?-21.23-3235 sed patients’ own blood to obtain a con-

centrate of platelets, and the remaining three studies used allogenic
PRP.22'33'34

3.3 | Risk of bias

Figure 2 presented a summary of the risk of bias assessment in RCTs.
Overall, seven studies'?2226,34384045 \vere classified as low risk of
bias, six studies?0-2430.33.35.36 regarded as unclear risk of bias, and

three studies?337:37

were considered to be at high risk of bias. The
most common reasons for the studies that were regarded as high risk
of bias were that they did not blind to participants or personnel, or
the outcome assessors; considering the nature of these studies, they
might have a high risk of selection or performance bias or both. In
other studies that were classified as unclear risk of bias, most of them
did not adequately describe how they perform the random sequence
generation or allocation concealment, or the methods for blinding.

For non-RCTs, the NOS score of each study was presented in Table 1.
Overall, all the studies were given a score more than 5 points, which

indicated that these studies were of high quality.

3.4 | Chronic diabetic ulcers

3.4.1 | Proportion of complete wound healing

Ten studies!?-2226.33.343943.45 \ith 11 sets of data reported the data
of complete wound healing. Pooled estimate showed that, PRP sig-

nificantly increased the proportion of complete wound healing as
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extraction
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FIGURE 1 Eligibility of studies for inclusion in meta-analysis.
compared with control (RR = 1.53, 95% Cl: 1.37, 1.72; P < 0.001)
(Figure 3). There is no significant heterogeneity across the included
studies (12 = 48.9%, P = 0.034).

Subgroup analysis based on the comparator showed that, PRP
was associated with a significantly higher proportion of complete
wound healing than standard care (RR = 1.50, 95% Cl: 1.31, 1.72;
P < 0.001), topical fibrinogen and thrombin (RR = 1.72, 95% Cl: 1.23,
2.41; P = 0.002), or saline dressings (RR = 1.78, 95% Cl: 1.17, 2.72;
P =0.007). However, it had no superior effect than antiseptic ointment
dressing (RR = 1.26,95% CI: 0.94, 1.70; P = 0.122).

Subgroup analysis based on study design suggested that, the supe-
rior effect of PRP over control in terms of complete wound healing
was observed in only RCTs (RR = 1.46, 95% Cl: 1.23, 1.74; P < 0.001)

-Unrelated with our topics (n=8)

N

v

but not in cohort studies (RR = 1.59, 95% Cl: 0.99, 2.55; P =
0.056).

3.4.2 | Percentage of wound area healed

Five studies?1:22244145 reported the data of percentage of wound
area healed. PRP significantly improved the percentage of wound
area healed than controls (WMD = 21.18%, 95% Cl: 0.99%, 41.37%,;
P = 0.04) (Figure 4). There was significant heterogeneity across the
included studies (12 = 98.9%, P < 0.001). Thus, we conducted sensi-
tivity analysis. When we excluded the outlier,2! the overall estimate
changed a little (WMD = 11.25%, 95% Cl: 10.64%, 11.87%; P = 0.02),
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TABLE 1 Baseline characteristics of patients in the trials included in the meta-analysis.

Study No.of  Male/ Age (mean

Study Country design Treatmentregimen patients female +SD,y) Wound etiology NOS

Ahmed et al.'? Egypt RCT Autologous PRP 28 20/8 43.2+18.2 Diabetic foot ulcers NA
Antiseptic ointment dressing 28 18/10 498 +15.4

Game et al.?® UK RCT Autologous PRP+ Standard care 131 107/25 61.9+11.4 Diabetic foot ulcers NA
Standard care 134 110/24  62+11.9

Saldalamacchiaet al.?! Italy Cohort Autologous PRP + Standard care 7 4/3 61.1+94 Diabetic foot ulcers 5
Standard care 7 2/5 58.1+738

Jeong et al.?? Korea RCT Allogenic PRP 52 27/25 64.5+8.1 Diabetic foot ulcers NA
Topicalfibrinogen and thrombin 48 26/22 638+ 6.4

Abdelghani et al.?® Egypt RCT Autologous PRP 20 9/11 34.9 +15.39 Non-segmental vitiligo ~ NA
Laser 20 6/14 29.6 +10.80

Kakagia et al.2* Greece RCT Autologous PRP 17 NR 57 +12 Diabetic foot ulcers NA
Cellulose/collagen biomaterial 17 NR 58+ 10

Singh et al.> India Cohort Autologous PRP 25 19/6 36.84 +12.67 Pressulcers 5
saline dressing 25 19/6 36.84+12.67

Lietal 26 China RCT Autologous PRP+ standard 59 37/22 61.4+13.1 Diabetic foot ulcers NA

treatment

standard treatment 58 38/20 64.1+94

Moneib et al.?’ Egypt Cohort Autologous PRP 20 19/1 36.4+10.2 Chronic venous leg ulcers 5
conventional therapy 20 20/0 325+75

Ibrahim et al.?® Egypt Cohort Autologous PRP 60 NR 28 +5.65 Stable vitiligo 6
Narrowband—ultraviolet B 60 NR 28 +5.65

Kazakos et al.2? Belgium Cohort Autologous PRP 27 14/13 36 (20-56) Acute trauma wounds 6
Conventional dressings 32 20/12 38(19-52)

Ramos-Torrecillas Spain RCT Autologous PRP 34 NR 82.5 Press ulcers NA

etal.®

Standard care 25 NR 82.5

Saad Setta et al.?! Egypt Cohort Autologous PRP 12 NR 40-60 Diabetic foot ulcers 5
Platelet-poor plasma 12 NR 40-60

Milek et al.®? Poland  Cohort Autologous PRP 50 16/34 53-89 Venous leg ulcers 6
conventional hydrocolloid 50 11/39 54-79

dressings

Steed et al.%® USA RCT Allogenic PRP 7 5/2 58.7+124 Diabetic foot ulcers NA
Saline dressings 6 4/2 54.2+12.9

Steed et al.>* USA RCT Allogenic PRP 11 NR NR Diabetic foot ulcers NA
Saline dressings 5 NR NR

Escamilla Cardefiosa ~ USA RCT Autologous PRP 55 15/40 65+13.72 Venous leg ulcers NA

etal®”

Standard care 47 16/31 69 +16.26

De Angelis et al.** Italy Cohort Autologous PRP 182 NR NR Diabetic foot ulcers 7
Hyaluronic acid 182 NR NR

Senet et al.3¢ France RCT Autologous PRP 7 4/3/ 72.3(45-88) Venous leg ulcers NA
Saline dressings 6 3/3 72.3(50-83)

Burgos-Alonso et al.’”  Spain RCT Autologous PRP 5 2/3 76.6 +8.7 Venous leg ulcers NA
Standard care 3 3/0 69.7+11.1

(Continues)
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TABLE 1 (Continued)
Study No.of  Male/ Age (mean
Study Country design Treatment regimen patients female +SD,y) Wound etiology NOS
Kadry et al.*? Hungary Cohort Autologous PRP 30 NR NR Vitiligo 6
Laser 30 NR NR
Serraetal.*® Italy Cohort Autologous PRP 26 19/7 67.5(43-85) Diabetic foot ulcers 6
Standard care 32 27/5 63.5(41-79)
Khattab et al.** Egypt  Cohort Autologous PRP 26 4/22 25.42+7.6 Vitiligo 6
Excimer laser 26 6/20 249+5.6
Parambath et al.® India RCT  Autologous PRP 20 NR NR Vitiligo NA
Phosphate buffered saline 20 NR NR
Driver et al.%? USA RCT Autologous PRP 40 32/8 56.4+8.1 Diabetic foot ulcers NA
Saline dressings 32 27/5 57.5+9.1
Karimi et al.* Iran RCT Autologous PRP 25 20/5 NR Diabetic foot ulcers NA
Saline dressings 25 18/7 NR
Stacey et al.*° Australia RCT Autologous PRP 42 15/27 72 (35-90) Venous leg ulcers NA
Placebo 44 21/23 70(26-92)

Abbreviations: NR, not reported; PRP, platelet rich plasma; RCT, randomized control trial; SD, standard deviation.

but the heterogeneity was still present (12 = 99.2%, P < 0.001). When
we further excluded any single study, the pooled WMD value ranged
from 10.45% (95% Cl: 9.83,11.06; P <0.001) to 11.47% (95% Cl: 10.65,
11.87; P < 0.001). However, the evidence of heterogeneity was still
present across the remaining studies.

Since there was paucity of available data on the percentage of
wound area healed, we did not conduct subgroup analysis.

3.4.3 | Total area epithelialized

Four studies?1:243945 reported the data of total area epithelialized.
PRP did not increase the epithelialized area compared to control
(WMD = 0.26 cm?, 95% Cl: —2.29, 2.82; P = 0.841). The test for
heterogeneity was significant (12 = 90.1%, P < 0.001).

344 | Time to complete wound healing

Four studies292231.39 reported the data of mean healing time. The
mean time taken for wound healing was significantly less in the PRP
group than in control group (WMD = —16.52 days, 95% Cl: —25.17,
—7.87; P < 0.001). Significant heterogeneity was identified among the
included studies (12 = 86.7%, P < 0.001).

34.5 | Wound area closure rate (cm?/week)

Three studies 173337 reported the data of wound area closure rate.
PRP did not significantly increase the wound area closure rate
compared to control (WMD = —0.10 cm?/week, 95% Cl: —0.28, 0.07;

P = 0.234). The test for heterogeneity was significant (12 = 91.4%,
P <0.001).

3.4.6 | Overall infection

Two studies?20 reported the data of infections. PRP did not increase
the risk of infection compared to control (RR=0.77,95% Cl: 0.58, 1.01;
P = 0.438). There was no significant heterogeneity among the studies
(12 =0.0%, P =0.438).

3.5 | Venous ulcers

3.5.1 | Proportion of complete wound healing

Two studies3¢#C reported the data of proportion of complete wound
healing. The complete wound healing rate in PRP and control group was
69.4% and 70.0%, respectively. PRP had similar proportion of complete
wound healing with control (RR = 1.01, 95% CI: 0.80, 1.27; P = 0.921).
The test for heterogeneity was not significant (I2 = 0.0%, P =
0.893).

3.5.2 | Total area epithelialized

Four studies?’:323537 reported the data of total area epithelialized.
PRP significantly improved the epithelialized area in patients with
venous ulcers when compared to control (WMD = 0.90 cm?, 95% Cl:
0.73, 1.08; P < 0.001). There was no significant heterogeneity among
the studies (12 = 0.0%, P = 0.521).
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FIGURE 2 Risk of bias summary.

3.5.3 | Percentage of wound area healed

Four studies?’-3°-37 reported the data of percentage of wound area
healed. A significantly greater area was healed in PRP group than in
control group (WMD = 40.27%, 95% Cl: 12.69%, 67.85%; P = 0.004).
The test for heterogeneity was significant (12 = 84.0%, P < 0.001).

3.6 | Pressure ulcers

3.6.1 | Percentage of wound area healed

Two studies?>30 reported the data of percentage of wound area
healed. The percentage of wound area healed was significantly greater
in PRP group than in control group (WMD = 52.21%, 95% ClI:

WILEY 122

35.87%, 68.55%; P < 0.001). The test for heterogeneity was significant
(1> = 85.9%, P < 0.001).

3.7 | Vitiligo
3.7.1 | Degree of improvement - excellent and good
response

Two studies?84* reported the data of degree of improvement. PRP
was associated with a significantly greater degree of improvement
than control (RR = 7.11, 95% CI: 3.88, 13.01; P < 0.001). The test for
heterogeneity was significant (12 = 84.2%, P = 0.012).

3.7.2 | Patient satisfaction

Two studies?338 reported the data of patient satisfaction. PRP had sim-
ilar result in patient satisfaction with control (WMD = 1.43%, 95% Cl:
—18.14%,21.0%; P = 0.886). The test for heterogeneity was significant
(12 =76.9%, P=0.0038).

3.7.3 | Mean repigmentation (%) by area

Two studies®®*2 reported the data of mean repigmentation by area.
PRP resulted in significantly greater mean repigmentation than con-
trol (WMD = 13.73%, 95% Cl: 3.28%, 24.18%; P = 0.010). There was
no significant heterogeneity among the included studies (12 = 0.0%,
P=0.716).

3.8 | Acute traumatic wounds

Since only one study?? reported the use of PRP as aid in the man-
agement of acute trauma wounds, we did not perform meta-analysis.
Kazakos et al. carried out an open-label RCT in 59 patients with acute
wounds (open fracture, closed fractures with skin necrosis and fric-
tion burns) not requiring coverage with flap.2? Compared with control,
local application of PRP weekly for 3 weeks resulted in higher wound
healing rate at week 1, 2 and 3 (P = 0.003, P < 0.001, and P < 0.001,
respectively), and faster plastic reconstruction (21.26 + 1.35 days vs.
40.6 + 5.27 days, P < 0.001).27

3.9 | Meta-regression

In order to further assess the impact of the clinical and demo-
graphic variables on the proportion of complete wound healing,
meta-regression analysis with a random-effects model was performed.
Results in Table 2 showed that source of PRP (standard error, SE =0.92,
t = 2.79, P = 0.021)and preparation method of PRP (SE = 0.43,
t = —2.65, P = 0.027)affected the difference in proportion of com-
plete wound healing between PRP and control groups; whereas the age
(SE=1.04,t=-1.07,P=0.312),gender (SE=1.07,t=1.74,P=0.116),



WANG ET AL.

® | WILEY

Study %
ID RR (95% ClI) Weight
| |
Ahmed M (2017) — 1.26 (0.94, 1.70) 10.39
Game F (2018) T 1.58 (1.06,2.35) 15.74
Saldalamacchia G (2004) 4 250 (0.71,8.83) 1.09
Jeong SH (2010) T 1.72(1.23,2.41) 1251
Li L (2015) == 1.35(1.14,1.59) 22.08
Li L (2015) - 1.25(1.03,1.53) 19.00
Steed DL (1992) : 4.29 (0.67, 27.24) 0.59
Steed DL (1996) | ————————— 7.00 (1.85, 26.46) 1.09
Serra R (2013) :—0— 2.05(1.41,299) 7.36
Driver VR (2006) T 1.60 (0.89,2.85) 468
Karimi R (2016) ——— 0.90 (0.44, 1.83) 5.47
Overall (I-squared = 48.9%, p = 0.034) 0 1.53 (1.37,1.72) 100.00
T - T
.0367 1 2r.2
FIGURE 3 Forest plot showing the effect of PRP on wound healing rate in diabetic ulcers.
Study %
D WMD (95% Cl) Weight
Saldalamacchia G (2004) 6270 (9.78, 11562) 893
Jeong SH (2010) e 14.70 (8.74,20.66) 2260
Kakagia DD (2007) - -8.51(-14.49, 253) 2260
De Angelis B (2019) . 10.60 (9.98,11.22) 2305
Karimi R (2016) = 51.46 (47.12, 55.80) 22.82
Overall (I-squared = 98.9%, p = 0.000) <> 21.18(0.99,41.37)  100.00
NOTE: Weights are from random effects analysis ;

T
-116

T
116

FIGURE 4 Forest plot showing the effect of PRP on percentage of wound area healed in diabetic ulcers.

country (SE =0.29,t=0.85, P = 0.416), duration of wound (SE = 0.92,
t=1.96, P =0.082), and wound size (SE =0.79,t = 0.99, P = 0.346) did

not have significant influence on this outcome.

3.10 | Cumulative meta-analysis

Year-wise cumulative meta-analysis was performed for the comparison
between PRP and control in the proportion of complete wound healing.
We observed that the evidence for the effect of PRP is available from

the year 1992 and further studies just shortened the Cl of overall effect

size without change in the magnitude or direction of the estimates
(Figure 5). From the year 2006, with the addition of estimate from new
studies, the overall estimate remained relatively stable, which ranged
from 1.49 to 2.65. This confirmed the reliable and significant effect of

PRP in the proportion of complete wound healing.

3.11 | Publication bias

Egger’s and Begg test were used to assess the publication bias, and

results revealed that, there was no publication bias among the included
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ID RR (95% Cl)
Steed DL (1992) 4.29 (0.67, 27.24)
Steed DL (1996) —————  592(201,1743)
Saldalamacchia G (2004) —— 4.11(1.81,9.34)
Driver VR (20086) _— 265 (1.31,5.33)
Jeong SH (2010) =t 2.02 (1.36, 2.99)
Serra R (2013) — 1.95 (1.53, 2.49)
Li L (2015) —_ 1.77 (1.36, 2.31)
Li L (2015) —_ 1.60 (1.30, 1.97)
Karimi R (2016) —- 1.55 (1.26, 1.90)
Ahmed M (2017) -~ 1.49 (1.25, 1.77)
Game F (2018) -~ 1.49 (1.27,1.74)
I I
.0367 1 272
FIGURE 5 Forest plot showing the cumulative meta-analysis by year-wise for PRP with control group.

TABLE 2 Results of meta-regression analysis for the impact of
clinical and demographic data in the proportion of complete wound
healing.

Variable Coefficient SE t P 95% ClI

Age —1.115235 1.04 -1.07 0.312 -347,1.24
Gender 1.866556 1.07 1.74 0.116 -0.56,4.30
Country 0.2462904 0.29 0.85 0416 -0.41,0.90

1.799416 0.92 196 0.082 -0.28,3.88
0.7812874 0.79 0.99 0.346 -1.00,2.56
Source of PRP 2549384 092 279 0.021 048,462
Preparation of PRP —1.33735 043 -2.65 0.027 -2.10,-1.16

Duration of wound

Wound size

Abbreviations: 95% Cl: 95% confidence interval; PRP, platelet-rich plasma;
SE, standard error.

studies (Egger’s test: t = —1.32, P = 0.264; Begg test: Z = 0.58,
P=0.639).

4 | DISCUSSION

This present meta-analysis systematically and comprehensively inves-
tigated the utility of PRP in the treatment of ulcers of multiple
etiologies across 27 studies. Our results demonstrated that PRP
improved the complete wound healing rate, shorted the time to com-
plete wound healing, while did not increase the risk of infection.
Meta-regression analysis revealed that, source of PRP and prepara-
tion method of PRP had a potential influence on the complete wound
healing, but age, gender, country, duration of wound, wound size, and

preparation method of PRP did not. Cumulative meta-analysis sug-
gested that the positive result was robust, which was unlikely to be
overturned by further studies. Regarding the safety profile, PRP did not
increase the risk of wound infection in patients with chronic diabetic
ulcers.

This study has revealed the apparent effects of PRP applied in der-
matological field in the management of ulcers of multiple etiologies.
Despite there are increasing number of studies that have reported the
benefit of PRP, no uniform standard has been used in their studies for
the preparation of PRP. Different methods for PRP preparation might
result in different therapeutic effects. And this has been confirmed
in the present study. Meta-regression suggested that preparation
method of PRP had a significant impact on the wound healing rate
(SE = 043, t = —2.65, P = 0.027). Two steps were followed in the
preparation of PRP: preparing and activating PRP. The first step is
responsible for the effect differences between different methods. Two-
step processing is widely applied in the first step. Sonnleitner, D* and
Landesberg, R3 reported that, the recovery rate of platelets is higher
when centrifugal force is low for the first time and high for the second
time.

The centrifugation speeds used in each included studies varied
greatly, which limited the ability to propose an optimal technique for
collecting PRP. Previous research reported that, the highest platelet
capture efficiency while preserving platelet function was noted with a
first spin at 160 g for 10 min and a second spine at 250 g for 15 min.*”
However, the optimal PRP platelet concentration exists. When PRP
contains 2-4 fold the peripheral platelet concentration, the fibroblas-
tic proliferation and hyaluronic acid production would present the best
effects, whereas angiogenesis decreases when platelet concentrations

rise above 1.5 million platelets/uL.484?
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For the chronic wound healing, PRP exhibits various advantages.
First, it has the local microbicidal effects.’®>! Second, PRP also plays
an important role in the facilitation of ulcer healing, since it changes
the matrix metalloproteinase and cytokine expression within 2 weeks
after topical application.® The leukocyte inclusion in PRP might con-
tribute to the inflammation because of induction of nuclear factor
kappa $.>3 However, in the included studies, ulcers patients treated
with leukocyte PRP achieved a higher percentage of complete heal-
ing than control.1%20.27.31 Thjs result contradicts to the concerns that
high level of leukocyte in PRP might lead to deleterious inflammatory
effects on the wound healing. PRP is widely regarded as safe with-
out serious potential risk. However, a recent study reported that PRP
was associated with vascular compromise and irreversible blindness
for the periorbital rejuvenation.>* This adverse event is seldom seen
in the treatment of chronic ulcers and vitiligo since PRP is typically not
used in the face, and is topical applied in most studies. Despite all this,
dermatologists should proceed with caution duration injections of PRP.

In the present meta-analysis, we found that patient’s demographic
and clinical characteristics, such as age, gender, wound size, and dura-
tion of size had no significant impact on the wound healing rate. Our
result was in consistent with the finding of study reported by Oyibo
et al.”® Inthat study, the author carried out a 12-month period research
in diabetic patients with new foot ulcers to test the effects of ulcer
size, patients’ age, sex and duration of diabetes on the outcome of dia-
betic foot ulcers. Cox regression analysis showed that, age [hazard ratio
(HR) = 0.99, 95% ClI: 0.97, 1.01; P = 0.31], sex (HR = 0.78, 95% Cl:
0.51, 1.18; P = 0.26), ulcer size had no effect on the ulcer healing time;
whereas ulcer size had an impact on the outcome (HR = 1.08, 95% Cl:
1.01, 1.14; P=0.04).

The source of PRP and preparation method of PRP in this study
was found to have impact on the wound healing. Autologous PRP
had higher proportion of complete wound healing than allogenic PRP.
Ahmed et al.? reported that 96.15% of patients had healed ulcers
by autologous PRP. Whereas Steed et al.33 found that only 71.4% of
patients in the allogenic PRP- treated group were healed. In addition to
the advantaged effect, an autologous source would avoid any potential
risk for transmissible diseases of graft-versus-host disease.>®

PRP releasate resulted in a higher proportion of complete wound
healing than control, whereas PRP lysate had similar results with
control. Our results were in agreement with the findings of the previ-
ously published studies.*”=4? Anitua et al.*’ performed a randomized
open-label control trial to assess the effectiveness of autologous
preparation rich in growth factors (PRGF) in the treatment of chronic
cutaneous ulcers. Their results showed that the mean percentage of
surface healed in PRGF releasate group was higher (72.94% + 22.25%)
than standard care group (21.48% + 33.56%) (P < 0.05).*7 Whereas
in another randomized, double-blind, placebo-controlled trial, the
authors found opposite results of PRP lysate for the treatment of
chronic leg ulcerations.*? In that study, 15 and 11 patients received
autologous platelet lysate product mixed with collagen or platelet-poor
plasma mixed with collagen, respectively.*’ At the 28 weeks, there
was no significant difference between the two groups in the rate of

complete healing and area of wounds.*?

There were several other published meta-analysis or systematic
reviews that investigated the efficacy of PRP in wound care. Del Pino-
Sedeno et al.’” and Li et al.”® performed a meta-analysis in diabetic foot
ulcers and demonstrated the positive effects of PRP in wound healing.
However, their results were limited by the low quality of included stud-
ies or potential confound factors. Martinez-Zapata et al. performed
a meta-analysis focusing on autologous PRP for chronic wound in
201257 and an update meta-analysis in 2016.6° There was no definitive
conclusion since the findings were based on low quality of small RCTs
and had not sufficient statistical power. Hesseler et al.8 reported the
first systematic review of PRP applied in the conditions of medical der-
matology. However, it was a narrative review but not a meta-analysis.
Whether PRP had better effects than control was not qualitatively and
quantitatively assessed.

The present study expands on the previous systematic reviews or
meta-analysis to provide better evidence for PRP in the treatment of
ulcers of multiple etiologies. First, this study included more studies
and greater sample size than the previous analysis, which improved
the statistical power. Second, there were substantial variations across
the included studies, including patients’ demographic (age, gender, and
country) and clinical characteristics (wound size, duration of wound,
source of PRP, and preparation method of PRP). Considering that these
variables might have animpact on the differences between treatments,
we conducted meta-regression analysis to detect the influence of these
factors on the outcome. Furthermore, we also conducted cumulative
meta-analysis to assess the adequacy of evidence present till the date
of analysis. Results showed that the addition of new clinical trials did
not significantly change but narrowed the CI surrounding the pooled
estimate. This confirms the robustness of our findings, and also indi-
cates that there is no need of further clinical trials to focus on this
outcome. However, these analyses were not performed in the previous
reviews.

There is increasing interest in using PRP for the treatment of
chronic wounds of multiple etiologies and vitiligo. This is because
it contains growth factors which are thought to aid wound repair.
Although PRP is extensively applied in the clinical practice, the evi-
dence on its efficacy is still controversial since different results are
obtained among the clinical studies. Meta-analysis can systematically
summarize current original studies on a specific topic, and provided
some implications for future researches and decision making, espe-
cially controversial topics. Using meta-analysis, our results support
the conclusion that PRP can effectively improve symptoms as well
as accelerate wound healing with acceptable safety. Thus, it could
be considered as adjunctive therapy for the chronic wounds and
vitiligo.

In addition to its effects on chronic wounds and vitiligo, PRP has also
shown promising results in hair regrowth, female alopecia, and bone
tissue defects.61-6* A randomized placebo-controlled trial by Gentile
et al.b! reported that three treatment cycles of PRP significantly
improved the mean number of hairs, with a mean increase of 33.6
hairs in the target area and a mean increase in total hair density of

2

45.9 hairs per cm“ compared with baseline values. Similar findings

were observed in a retrospective, blind, randomized trial,®2 where hair
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density measurements for patients treated with autologous activated
PRP and non-activated PRP significantly improved during a long-term
follow-up of 58 weeks. Furthermore, in a systematic review (SR)
assessing the safety and efficacy of PRP in female androgenetic alope-
cia (F-AGA), five studies were included, and the results demonstrated
a positive effect of PRP for F-AGA treatment without major side
effects.®® Apart from PRP, stem cell therapy and biotechnology have
also shown effectiveness in regenerative surgery for wound healing
and soft tissue defects. Notable treatments include adipose-derived
mesenchymal stem cells (AD-MSCs), stromal vascular fraction cells
(SVFs), human follicle stem cells (HFSCs), and dermal substitutes.
Clinical trials and SR have confirmed the efficacy of these treatment
strategies in soft tissue defects and chronic wounds without major
side effects.®>-¢7 For instance, a SR analyzing 72 articles on the use
of AD-MSCs, PRP, and biomaterials in chronic skin wounds and soft
tissue defects showed their safety and efficacy.?® Similarly, another SR
comprising 18 articles describing outcomes in patients treated with
AD-MSCs, SVF, and F-GRF reported the effectiveness and safety of
these treatments in wound healing and scar treatment without major
side effects.®®

There were several potential limitations in this study. First, there
was significant heterogeneity across the included studies. However,
one should not be surprising given the variability in inclusion crite-
ria and exclusion criteria, wound size, duration of wound, preparation
method of PRP, study design, and the comparators. These factors might
account for the heterogeneity and have potential impact on our results.
Second, some of the included studies had a relatively small sample
size, which can limit the power to detect changes that might reach
the threshold for a minimal clinically important difference in outcome
measures. Third, the duration of observation period varied across the
studies, which ranged from 2 to 12 weeks. For studies with shorter
duration of follow-up period, the ulcer healing and adverse events asso-
ciated with long-term follow-up period are unable to be observed.
Thus, our results might be biased by these incomplete data. Physi-
cians should take into account this when interpreting results of present
meta-analysis.

Although the sources of heterogeneity across the included studies
were difficult to identify, all of our results were confirmed in all sub-
groups and sensitivity analysis, and no publication bias was observed in
the analysis. Moreover, in order to explore the effect of potential con-
founders on the different wound healing between PRP and control, we
carried out meta-regression, and all results were confirmed. None of
these factors (age, gender, country, duration of wound, and wound size)
was identified as a confounder responsible for the source of bias, which
indicated the robustness our results. We also performed cumulative
meta-analysis, sequentially adding studies by year of publication into
the pooled estimate, to explore the evolution of evidence on PRP effect
over time. We observed that the Cl of overall estimate just narrowed
with the addition of studies, but the direction had not been changed.
This confirmed the reliable and consistent benefit effect of PRP in the
improvement of wound healing. And there is no need of further trials
to identify this outcome since it is impossible to overturn this positive

result.

5 | CONCLUSION

Despite some limitations, this study provided an assessment of the
effectiveness and safety of PRP for the treatment of chronic wounds
of multiple etiologies and vitiligo, using meta-regression and cumu-
lative meta-analysis. PRP presented benefit effects of more rapid or
increased wound healing. Thus, it could be used as a promising ther-
apeutic adjunct or alternative treatment. However, considering the
limitations in this study, more large-scale, high quality RCTs are needed

to verify our findings.
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