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1 | INTRODUCTION

Abstract

Despite the rising trend for applying platelet-rich plasma (PRP) in the manage-
ment of various types of scars, there is no convincing evidence supporting its use.
This motivated us to review the randomized clinical trials that examine the
effectiveness and safety of PRP, alone or in combination with other methods, for
the management of atrophic or hypertrophic/keloidal scars. The Web of Science,
Scopus, Google Scholar, and Cochrane Library databases were systematically
searched until September 1%, 2020. Thirteen clinical trials were enrolled in the
meta-analysis, and 10 more were reviewed for their results. The random effect
meta-analysis method was used to assess the effect size of each outcome for each
treatment type, and 12 was used to calculate the statistical heterogeneity between
the studies. Patients treated with PRP experienced an overall response rate of
23%, comparable to the results seen with laser or micro-needling (22% and 23%,
respectively) When used alone, moderate improvement was the most frequently
observed degree of response with PRP (36%) whereas, when added to laser or
micro-needling, most patients experienced marked (33%, 43%, respectively) or
excellent (32% and 23%, respectively) results. Concerning the hypertrophic/keloid
scars, the only study meeting the required criteria reported a better improvement
and fewer adverse effects when PRP was added to the intralesional corticoste-
roids. Platelet-rich plasma appears to be a safe and effective treatment for various
types of atrophic scars. In addition, when added to ablative lasers or micro-
needling, it seems to considerably add to the efficacy of treatment and reduce

the side effects.

KEYWORDS
acne scar, atrophic scar, hypertrophic scar, keloid, laser, micro-needling, platelet-rich plasma,
PRP, scar, subcision

location, etc. An insult to the skin is followed by hemostasis,
inflammation, proliferation, and remodeling of the injured tissue

Scars are the result of the natural wound healing process. The ulti- (Fabbrocini et al.,, 2010). The final result is not always cosmetically
mate look of a scar is a function of factors such as the individual's acceptable. In addition, a deviation from the normal in any of the
genetic constitution, the type, and severity of the injury, the scar wound healing stages can lead to abnormal tissue formation. For
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example, increased extracellular components can lead to keloid or
hypertrophic scar formation, whereas a decrease in these elements
results in atrophic scars (Fabbrocini et al.,, 2010; Goodman, 2000).
Scars are often associated with esthetic, functional, and/or psycho-
logical issues and may adversely affect a person's quality of life
(Bijlard et al., 2017; Tan et al., 2022).

Atrophic scars are skin depressions mainly caused by the
destruction of epidermis, dermis, and/or subcutaneous tissue. Teth-
ering the dermis to the underlying layers via various pathological
processes can also contribute to the depressed look of these scars
(Fabbrocini et al., 2010). Acne, Steria distensa, trauma, surgery, in-
flammatory conditions such as cutaneous lupus erythematosus, and
infections processes such as ecthyma, varicella, and leishmaniasis of
the underlying causes. Contrarily, hypertrophic and keloid scars are
characterized by excessive tissue formation, that is, disproportionate
deposition of collagen and other extracellular matrix (ECM) elements
within the dermis (Bran et al., 2009; Brown & Bayat, 2009; Shih &
Bayat, 2010; Sidgwick & Bayat, 2012). Unlike hypertrophic scars,
keloids progress beyond the scar limits encroaching upon the sur-
rounding healthy-looking skin, and typically do not regress over time.
Studies point to the high psychological burden of keloids due to
undesirable functional limitations (Bijlard
et al,, 2017).

Apart from controlling the primary condition, many methods

appearance and

have been introduced to enhance the appearance of atrophic scars
(Behrangi et al., 2020; Golnaz et al., 2019; Goodarzi et al., 2020;
Seirafianpour et al., 2021). Provoking new ECM synthesis through
controlled destruction of skin layers, reshaping of the affected area
via scar excision, skin flaps, grafts, and injection of filling materials are
to name but a few. No single option is the perfect solution, and
usually, a combination of various treatment modalities is needed to
gain acceptable results. Treatment of hypertrophic or keloidal scars is
as challenging. Methods include tissue excision, ablative measures,
and agents impeding or reversing tissue growth.

Since its introduction in the 1970s by hematologists to treat
thrombocytopenia, platelet-rich plasma (PRP) has been put into use
for many other medical indications (Zhang et al., 2018). It contains a
variety of growth factors such as transforming growth factor-beta 1
(TGFB1), platelet-derived growth factor, vascular endothelial growth
factor, brain-derived neurotrophic factor, and insulin-like growth
factor 1 making it a tempting option for many medical conditions that
rationally seem to benefit from these factors (Andia & Abate, 2013).

The search for finding new therapeutic options for scars has
never stopped, as any of the current treatment options are ideally
effective. Topical application or intralesional injection of PRP for
enhancing atrophic scars is a relatively novel approach with prom-
ising results in the preliminary studies. Furthermore, some clinicians
have recently started adding PRP to the therapeutic regimens for
hypertrophic/keloidal tissues. However, studies with convincing re-
sults are expectedly rare.

To the best of our knowledge, this study is the only review and
meta-analysis on the studies assessing PRP's efficacy and safety in

treating atrophic and hypertrophic/keloidal scars.

2 | METHOD

2.1 | Search strategy

We conducted a systematic review of the literature from the
January 1%, 2010 to before September 1%, 2020, in the electronic
databases of PubMed, Web of Sciences, Scopus, Google Scholar, and
Cochrane Library with no limits to find all the studies that examined
the effect of PRP on atrophic and hypertrophic/keloid scars. Search
keywords were (Scar OR Keloid OR Keloidal Scar OR Hypertrophic
scar Or Atrophic scar Or Acne scar or Striae OR Stretch mark OR
traumatic scar) AND (PRP OR PRP) AND (Treatment OR Safety OR
Efficacy OR Effectiveness) for the outcome. The search strategy for
each database was reported in Appendix 1. All clinical trial papers
indexed in English were collected. In addition, studies references
were manually reviewed for the related documents not found in the

search.

2.2 | Inclusion and exclusion criteria

This study was designed, conducted, and reported based on the
Guideline Checklist of Preferred Reporting Items for Systematic
Reviews and Meta-Analyses. The inclusion criteria were defined us-
ing the Population, Intervention, Comparison, results, and Study
design approach.

Clinical trials comparing PRP with ablative lasers, micro-
needling, or subcision, for the treatment of atrophic scars were
included in this analysis. The patients were at least 18 years old, and
the result was scar improvement. Review studies, letters, editorials,
case reports, studies using duplicated data, studies having no control

group, and in vitro or ex vivo studies were excluded.

2.3 | Study selection

Two authors (Zahra Ebrahimi, Mahboobeh Kamali) independently
reviewed the eligibility of all papers by studying the title, abstract,
and, if necessary, their full texts. The third independent researcher
(Azadeh Goodarzi) resolved the issue in case of disagreement. The
number of excluded articles was recorded along with the exclusion

reasons.

2.4 | Data extraction

Data from the eligible studies, including the first author's last name,
publication year, study location, sample size, type of scar and
Goodman severity, PRP preparation, the combination of treatment,
assessment index, follow up time, and adverse effects were extracted
using a pre-designed checklist form, independently by two re-
searchers (MJ, AG). The findings were then compared to ensure data

validity and reproducibility. If the collected data were different, the
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article was discussed in the group of researchers, and the required
information was re-evaluated.

To calculate the effect size for the meta-analysis, descriptive
data regarding the intervention regimens of fractional laser, a frac-
tional laser with PRP, micro-needling, micro-needling with PRP, and
PRP were extracted from the included studies. The response rate was
calculated using the proportion of patients in the included studies
that showed poor, moderate, marked, or excellent improvement with
a confidence interval of 95%.

2.5 | Risk of bias assessment

The quality of the studies was assessed with the help of a modified
version of the Downs and Black checklist (Downs & Black, 1998).
This 27-item checklist evaluates the standard of reporting of
studies, their random error (power of analysis), external validity
(selection bias), and internal validity (information bias). The power
was either sufficient (score 1) or insufficient (O scores). When
assessing the power of the studies, we determined whether the
selected sample size by a certain study was based on an effect size
of 0.2, an acceptable probability of type one error of 0.05, and the
use of a two-tailed test. The total score for different studies ranged
from O to 31. Several studies have previously assessed the validity
and reliability of this checklist (Hootman et al., 2011). Two authors
performed the quality assessment separately, and discords were

resolved in group discussions.

2.6 | Data analysis

Our outcomes of interest were the proportions of poor, moderate,
marked, and excellent results within each intervention group. The
random-effect model was used to calculate the effect size of each
outcome. The 12 (I square) statistics test assessed the heterogeneity
of included study results (Higgins et al.,, 2003). Heterogeneities of
<25%, 25%-50%, 50%-75% and >75% were categorized as no, low,
moderate and high heterogeneity, respectively. Also, sensitivity
analysis was conducted to test the robustness of the pooled effect
sizes. Begg's rank correlation and Egger's linear regression tests were
run to detect potential publication bias (Begg & Mazumdar, 1994;
Egger et al., 1997). All statistical analyses were performed using Stata
software (version 16.0, Stata Corporation, College Station, Texas,
USA). All analyses were two-tailed, with p < 0.05 considered statis-

tically significant.

3 | RESULTS

Five hundred and seventy-nine papers were extracted from PubMed,
Scopus, Web of Sciences, Embase, Cochrane, Ovid, and ProQuest in
the primary search. Two hundred 63 papers were removed due to

duplication. Of the remaining 316, 240 were excluded after

evaluating their titles and abstracts, and another 51 were removed
following assessing their full texts due to unrelated topics, study
types, or outcomes (Figure 1). Finally, 23 Studies were selected for
the review, among which 13 were enrolled in the meta-analysis.
Twenty-two papers evaluated different treatment modalities for
atrophic scars. Only one study on Keloid/hypertrophic scar met the
inclusion criteria to enter our review. It was not included in the meta-
analysis but will be discussed later.

The results of treatment with laser, laser and PRP, micro-
needling, micro-needling, and PRP, and PRP alone were evaluated,
respectively from six (Abdel Aal et al., 2018; Agamia et al., 2020; El-
Taieb et al., 2019; Faghihi et al., 2016; Galal et al., 2019; Gawdat
et al, 2014), five (Abdel Aal et al., 2018; El-Taieb et al., 2019;
Faghihi et al., 2016; Galal et al., 2019; Gawdat et al., 2014), four
(Asif et al., 2016; El-Domyati et al., 2018; Elfar & Hasby, 2020;
Ibrahim et al., 2017), six (Asif et al., 2016; El-Domyati et al., 2018;
Elfar & Hasby, 2020; Gawdat et al., 2014; lbrahim et al., 2017;
Nofal et al., 2014), and five (El-Taieb et al, 2019; Elfar &
Hasby, 2020; Hodeib et al., 2018; lbrahim et al., 2017; Nofal
et al., 2014) out of 13 articles.

3.1 | Studies and patients' characteristics

Table 1 summarizes the participant studies' characteristics, follow-
up results, types of scars, treatment regimens, and treatment side
effects. The included studies were clinical trials performed on
atrophic acne scars, with sample sizes ranging between 14 and 90.
Platelet-rich plasma was administered intradermally in 15 studies
and topically in 9. Studies were conducted in four different
countries namely, Iran (Faghihi et al, 2016), India (Arsiwala
et al, 2020; Asif et al., 2016; Chawla, 2014; Deshmukh & Bel-
gaumkar, 2019; Gawdat et al., 2014; Kar & Raj, 2017), Egypt
(Abdel Aal et al, 2018; Abdel-Maguid et al, 2019; Agamia
et al, 2020; Bhargava et al, 2019; El-Domyati et al., 2018; El-
Taieb et al., 2019; Elfar & Hasby, 2020; Galal et al., 2019; Has-
san et al., 2020; Hewedy et al., 2020; Hodeib et al., 2018; Ibrahim
et al,, 2017; Nofal et al., 2014), and South Korea (Lee et al,, 2011;
Min et al.,, 2018).

The age of patients ranged from 16 to 52 years old, with most
patients being in their twenties or thirties. The proportion of men
ranged from 20 to 71% in different studies, with an average of 42% in
total. Most of the treated patients had a skin phototype of Ill to IV. In
most studies, treatment results were assessed 1-4 months after the
last treatment session, ranging between zero to 12 months. Fifteen

out of 22 studies were split-face.

3.2 | Quality assessment
Table 2 shows the quality assessment results and the risk of bias in
the studies assessed by the meta-analysis. All studies are of mod-

erate to good quality (min = 20, max = 23). Four reported their
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FIGURE 1 Flow diagram showing the process of study inclusion and exclusion

allocation concealment (Agamia et al., 2020; El-Taieb et al., 2019;
Elfar & Hasby, 2020; Galal et al., 2019). In 10 studies, the partici-
pants were blinded to the intervention (Abdel Aal et al., 2018; El-
Domyati et al., 2018; El-Taieb et al., 2019; Elfar & Hasby, 2020;
Faghihi et al, 2016; Gawdat et al., 2014; Hassan et al., 2020;
Hodeib et al., 2018; Ibrahim et al., 2017; Nofal et al., 2014). In six of
these, also the clinicians were unaware of the type of the inter-
vention (double-blind). (Abdel Aal et al, 2018; El-Domyati
et al., 2018; El-Taieb et al., 2019; Elfar & Hasby, 2020; Faghihi
et al., 2016; Nofal et al., 2014).

3.3 | Analytical results

As mentioned before, meta-analysis was performed merely on the
studies evaluating atrophic scars (Figure 2). Results are summarized
in Table 3.

The overall response rates were negligibly the same among
various interventions. Around 22%-23% of patients showed at least
some improvement, that is, poor to excellent responses, to any PRP
single-therapy, PRP and micro-needling, PRP and ablative laser

therapy micro-needling or ablative laser therapy alone.
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TABLE 2 Quality assessment of the included studies (quality of assessment checklist is available in Appendix 2)

Item number in checklist

First author

HEBA I. GAWDAT (Cervelli
et al,, 2011)

1111111101 3

Ahmed Mohammed Abdel Aal 1011111101 3
(Chicharro-Alcantara
et al.,, 2018)

Mohd Asif (Gentile et al., 2014) 1011111111 3
Nashwa N. Elfar (Chawla, 2014) 1111010101 3

Moetaz EI-Domyati (Gentile 1101111101 3
et al.,, 2015)

Moustafa A. El-Taieb (De Angelis 1 1 1 1 0 1 1 10 1 3
et al,, 2019)

Gita Faghihi (Gentile and 1101111101 3
Garcovich, 2021b)

Ola Galal (Lynch & Bashir,2016) 1 0 1 1 1 1 1 1 0 1 3

Abeer A Hodeib (Gentile & 1111111101 3
Garcovich, 2020)

Zeinab A. Ibrahim (Hassan 17111011111 3
et al.,, 2020)

N Agamia (Nicoli et al., 2015) 1111010101 3

Eman Nofal (Giordanoetal,2017) 1 1 1 1 01 01 0 1 3

Akmal Saad Hassan (Min 1111101111 3
et al,, 2018)

Twelve percent of the patients who received PRP as a single
treatment for their scars showed excellent improvement, which was
substantially higher than the excellent response rate with single laser
therapy (zero) or micro-needling single therapy (3%). More patients
in the PRP-only group showed a poor response rate (29%) than in the
micro-needling (25%) or laser (16%) groups. In addition, a weak
response to treatment was least frequent among those receiving PRP
along with either laser or micro-needling (4% and 5%, respectively),
meaning that most of these patients showed moderate and better
responses.

When added to micro-needling, PRP increased the response rate
for excellent improvement from 3% to 23% and for a marked
improvement from 19% to 43%. Similarly, patients receiving laser for
their conditions showed higher rates of excellent responses when
PRP was added to their treatment combination (32% compared to
none) Also, the poor results with laser and micro-needling rates were
considerably higher when used alone (16% and 25%, respectively)
than when combined with PRP (4% and 5%, respectively).

A moderate response to treatment was most frequently
observed in the micro-needling group (46%), followed by laser (36%)
and PRP (36%), PRP plus laser (24%), and PRP plus micro-needling
(18%), in decreasing order of frequency.

1

123456789 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 Total

11 0 1 1 1 1 1 1 1 1 0 1 3 1 22
111 1 1 1 1 1 1 1 1 0 1 3 0 21
1 001 1 1 111 1 1 0 1 1 0 21
11 1 1 1 1 1 1 1 1 1 1 O 3 2 22
11111 1 111 1 1 0 1 3 1 22
1111 1 1 11 1 1 1 1 0 3 2 23
11111 1 11 1 1 1 0 1 3 0 21
1 0 0 1 1 1 1 1 1 1 1 1 1 3 0 2
113 111 1 1 1 1 1 0 1 3 0 21
1 0 0 11 1 1 1 1 1 1 O O 1 2 22
11 0 1 1 1 1 1 1 1 1 1 0 3 1 20
1111 1 1 1 1 1 1 1 0 O 3 2 21
11111 1 111 1 1 0 1 1 0 23

4 | PUBLICATION BIAS

The Begg's rank correlation and Egger's linear regression tests were
suggestive of publication bias and a possible small study effect
(Figure 3). (Fractional laser (Begg's p = 0.007, Eggers's p < 0.001),
fractional laser plus PRP (Begg's p < 0.001, Eggers's p < 0.001),
micro-needling (Begg's p = 0.152, Eggers's p = 0.002), micro-needling
plus PRP (Begg's p < 0.001, Eggers's p < 0.001), and PRP (Begg's
p < 0.001, Eggers's p < 0.001).

5 | DISCUSSION
Finding effective treatment strategies for different types of scars has
been the topic of numerous studies due to their challenges for pa-
tients and clinicians. Apart from the efficacy, the safety of the
treatments, cost, and convenience are other major issues to consider
when discussing various therapeutic options with patients. As none
of the viable therapies are ideal, new methods are being introduced
with promising but still questionable efficacies and/or safety profiles.
Platelet-rich plasma is one of the relatively newer methods and is

increasingly being considered a single therapy or an adjunct to other
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Effect Size Weight

Study with 95% ClI (%)
poor

Abdel Aal et al (2017) — W 040[ 022, 0.58] 4.06
El-Taieb et al (2019) . 0.12[ 0.00, 0.24] 4.65
Faghihi et al (2016) - 0.31[ 0.08, 0.54] 3.46
Galal et al (2019) —m 0.23[ 0.08, 0.38] 4.33
Gawdat et al (2014) 0.00[ 0.00, 0.01] 5.42
N.Agamia et al(2020) = 0.00[ 0.00, 0.01] 5.42

Heterogeneity: 7 = 0.02, I* = 99.86%, H* = 721.50 ‘ 0.16 [ 0.02, 0.29]
Test of 6; = §;: Q(5) = 39.66, p = 0.00

moderate

Abdel Aal et al (2017) —m— 0.30[ 0.14, 0.46] 4.19
El-Taieb et al (2019) —— 0.36[ 0.17, 0.55] 3.91
Faghihi et al (2016) ] 0.38[ 0.14, 0.61] 3.35
Galal et al (2019) — M 047][ 029, 0.65] 4.02
Gawdat et al (2014) | 0.33[ 0.09, 0.57] 3.34
N.Agamia et al(2020) | 0.33[ 0.09, 0.57] 3.34
Heterogeneity: 1° = 0.00, I* = 0.00%, H* = 1.00 ‘ 0.36[ 0.28, 0.44]

Test of 6, = 6;: Q(5) =2.00, p=0.85

marked

Abdel Aal et al (2017) —.— 0.30[ 0.14, 0.46] 4.19
El-Taieb et al (2019) — 048] 028, 0.68] 3.82
Faghihi et al (2016) o 0.31[ 0.08, 0.54] 3.46
Galal et al (2019) —.— 0.27[ 0.11, 0.43] 4.25
Gawdat et al (2014) I 0.40[ 0.15, 0.65] 3.24
N.Agamia et al(2020) O 0.33[ 0.09, 0.57] 3.34
Heterogeneity: 1% = 0.00, I? = 0.00%, H? = 1.00 <> 0.34[ 0.26, 0.42]

Test of 6, = 6;: Q(5) =3.29, p = 0.66

excellent

Abdel Aal et al (2017) 0.00[ 0.00, 0.01] 5.42
El-Taieb et al (2019) 0.04[ 0.00, 0.10] 5.24
Faghihi et al (2016) 0.00[ 0.00, 0.01] 5.42
Galal et al (2019) 0.03[ 0.00, 0.08] 5.30
Gawdat et al (2014) —a— 0.27[ 0.04, 0.49] 3.50
N.Agamia et al(2020) | 0.33[ 0.09, 0.57] 3.34
Heterogeneity: 7 = 0.00, I* = 0.07%, H* = 1.00 0.00 [ 0.00, 0.00]

Test of 8, = 6;: Q(5) = 16.39, p = 0.01

Overall <> 0.22[ 0.15, 0.29]
Heterogeneity: 7° = 0.02, I* = 99.80%, H* = 492.02
Test of 6; = §;: Q(23) = 203.97, p = 0.00

Test of group differences: Q,(3) = 147.51, p = 0.00

Random-effects REML model

FIGURE 2 Forest plots describing the prevalence of each outcome in (a) fractional laser, (b) fractional laser with platelet-rich plasma
(PRP), (c) micro-needling, (d) micro-needling with PRP, (e) PRP
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FIGURE 2

Effect Size Weight
Study with 95% ClI (%)
poor
Abdel Aal et al (2017) — 0.20[ 0.06, 0.34] 4.26
El-Taieb et al (2019) - 0.04[ 0.00, 0.10] 4.90
Faghihi et al (2016) — 0.13[ 0.00, 0.26] 4.30
Galal et al (2019) 1+ 0.07[ 0.00, 0.14] 4.79
Gawdat et al (2014) 0.00[ 0.00, 0.01] 5.05
Gawdat et al (2014) 0.00[ 0.00, 0.01] 5.05
Heterogeneity: 7° = 0.00, I* = 98.33%, H® = 60.02 0.04[ 0.00, 0.08]
Test of 8, = 6; Q(5) = 14.94, p = 0.01
moderate
Abdel Aal et al (2017) —i— 0.27[ 0.11, 0.42] 4.12
El-Taieb et al (2019) —— 0.20[ 0.04, 0.36] 4.13
Faghihi et al (2016) —@— 056 0.32, 0.81] 3.29
Galal et al (2019) —l— 0.23[ 0.08, 0.38] 4.18
Gawdat et al (2014) —— 0.20[ 0.00, 0.40] 3.70
Gawdat et al (2014) — 0.13[ 0.01, 0.25] 4.45
Heterogeneity: T° = 0.01, I = 45.04%, H? = 1.82 <> 0.24[ 0.15, 0.33]
Test of 8, = 6; Q(5) = 10.06, p = 0.07
marked
Abdel Aal et al (2017) —— 0.40[ 0.22, 0.58] 3.95
El-Taieb et al (2019) —m— 0.44[ 0.25, 0.63] 3.76
Faghihi et al (2016) —— 0.31[ 0.08, 0.54] 3.44
Galal et al (2019) —— 0.43[ 0.26, 0.61] 3.93
Gawdat et al (2014) —_— 0.20[ 0.00, 0.40] 3.70
Gawdat et al (2014) —] — 0.20[ 0.06, 0.34] 4.26
Heterogeneity: 1% = 0.01, I? = 38.41%, H? = 1.62 < 0.33[ 0.23, 0.42]
Test of 8, = 6: Q(5)=7.90, p=0.16
excellent
Abdel Aal et al (2017) —— 0.13[ 0.01, 0.25] 4.45
El-Taieb et al (2019) — 0.32[ 0.14, 0.50] 3.87
Faghihi et al (2016) [ ] 0.00[ 0.00, 0.01] 5.05
Galal et al (2019) —— 0.27[ 0.11, 0.43] 4.1
Gawdat et al (2014) —l—060[ 0.35, 0.85] 3.24
Gawdat et al (2014) ——— 067 050, 0.84] 4.01
Heterogeneity: 1° = 0.06, I* = 94.74%, H* = 19.03 ‘ 0.32[ 0.11, 0.53]
Test of 8, = 6;: Q(5) = 109.04, p = 0.00
Overall <> 0.23[ 0.16, 0.31]

Heterogeneity: 1° = 0.03, I = 99.75%, H* = 398.01

Test of 6 = B Q(23) = 258.58, p = 0.00

Test of group differences: Q,(3) =41.13, p = 0.00

Random-effects REML model

(Continued)
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Effect Size Weight

Study with 95% CI (%)
poor

Asif et al (2016) 1F 0.06[ 0.00, 0.12] 5.74
El-Domyati et al (2018) +—— 0.13[ 0.05, 0.30] 4.97
El-Domyati et al (2018) —W——0.75[ 0.48, 1.00] 4.06
Elfar and Hasby(2020) —i— 0.30[ 0.10, 0.50] 4.71
Ibrahim et al (2017) — 0.14[ 0.01, 0.27] 5.32
Heterogeneity: 7 = 0.06, I* = 91.82%, H* = 12.23 - 0.25[ 0.03, 0.48]

Test of 6, = 6;: Q(4) = 27.66, p = 0.00

moderate

Asif et al (2016) — 0.64[ 0.51, 0.77] 5.30
El-Domyati et al (2018) u 0.38[ 0.04, 0.71] 3.48
El-Domyati et al (2018) —— 0.13[ 0.05, 0.30] 4.93
Elfar and Hasby(2020) —i— 0.40[ 0.19, 0.61] 4.58
Ibrahim et al (2017) —M@— 0.71[ 055, 0.88] 5.01
Heterogeneity: 7 = 0.05, I* = 84.94%, H® = 6.64 e 0.46[ 0.24, 0.68]

Test of 6, = 6;: Q(4) = 29.32, p = 0.00

marked

Asif et al (2016) — — 0.22[ 0.11, 0.33] 543
El-Domyati et al (2018) —— 0.13[ 0.05, 0.30] 4.93
El-Domyati et al (2018) L] 0.38[ 0.04, 0.71] 3.48
Elfar and Hasby(2020) —— 0.20[ 0.02, 0.38] 4.94
Ibrahim et al (2017) —— 0.14[ 0.01, 0.27] 5.32
Heterogeneity: 1° = 0.00, I* = 0.00%, H* = 1.00 > 3 0.19[ 0.12, 0.26]

Test of 6, = 6;: Q(4) =2.46, p = 0.65

excellent

Asif et al (2016) -+ 0.08[ 0.00, 0.16] 5.68
El-Domyati et al (2018) —— 0.13[ 0.05, 0.30] 4.94
El-Domyati et al (2018) [ ] 0.00[ 0.00, 0.00] 5.87
Elfar and Hasby(2020) — 0.10[ 0.00, 0.21] 5.44
Ibrahim et al (2017) 0.00[ 0.00, 0.00] 5.87
Heterogeneity: 1° = 0.00, I* = 100.00%, H* = 541421.72 1 0.03[ 0.00, 0.07]

Test of 6, = 6;: Q(4) =9.26, p = 0.05

Overall <> 0.23[ 0.14, 0.33]
Heterogeneity: 1° = 0.04, I* = 100.00%, H* = 3.44e+06
Test of 8, = 8;: Q(19) = 267.06, p = 0.00

Test of group differences: Q,(3) =28.18, p = 0.00

Random-effects REML model

FIGURE 2 (Continued)
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Effect Size Weight

Study with 95% ClI (%)
poor

Asif et al (2016) 0.02[ 0.00, 0.05] 3.94
El-Domyati et al (2018) 0.13[ 0.00, 0.30] 3.17
El-Domyati et al (2018) 0.00[ 0.00, 0.01] 3.97
Elfar and Hasby(2020) 0.10[ 0.00, 0.22] 3.56
Ibrahim et al (2017) 0.00[ 0.00, 0.01] 3.97
N.Agamia et al(2020) —— 0.33[ 0.09, 0.57] 2.67
N.Agamia et al(2020) -l 0.07[ 0.00, 0.16] 3.68
Nofal et al (2014) —_— 0.27[ 0.04, 0.49] 2.78
Heterogeneity: T = 0.00, I = 98.47%, H® = 65.18 ‘ 0.05[ 0.00, 0.10]

Test of 8 = 8; Q(7) = 21.03, p = 0.00

moderate

Asif et al (2016) —— 0.20[ 0.09, 0.31] 3.59
El-Domyati et al (2018) _ 0.38[ 0.04, 0.71] 2.02
El-Domyati et al (2018) —®————050[ 0.15 085 1.96
El-Domyati et al (2018) [ ] 0.00[ 0.00, 0.01] 3.97
Elfar and Hasby(2020) — 0.10[ 0.00, 0.21] 3.57
Ibrahim et al (2017) - 0.07[ 0.00, 0.15] 3.76
N.Agamia et al(2020) —— 0.33[ 0.09, 0.57] 2.67
N.Agamia et al(2020) —— 0.40[ 0.15, 0.65] 2.60
Nofal et al (2014) —] 0.13[ 0.00, 0.28] 3.32
Heterogeneity: 1 = 0.02, I = 85.79%, H* = 7.04 ‘ 0.18[ 0.08, 0.28]

Test of 6, = 6;: Q(8) = 50.91, p = 0.00

marked

Asif et al (2016) —M— 062[ 049, 0.75] 3.44
El-Domyati et al (2018) —— 0.25[ 0.00, 0.52] 2.42
Elfar and Hasby(2020) —I 0.20[ 0.02, 0.38] 3.14
Ibrahim et al (2017) ——— 064[ 047, 0.82] 3.13
N.Agamia et al(2020) . 0.47[ 0.21, 0.72] 2.57
N.Agamia et al(2020) —— 0.27[ 0.04, 0.49] 2.78
Nofal et al (2014) —@————  047[ 021,072] 257
Heterogeneity: 1 = 0.03, I° = 71.32%, H* = 3.49 ’ 0.43[ 0.28, 0.57]

Test of 6, = 6;: Q(6) = 23.08, p = 0.00

excellent

Asif et al (2016) —— 0.16 [ 0.06, 0.26] 3.65
El-Domyati et al (2018) —— 0.25[ 0.00, 0.52] 2.42
El-Domyati et al (2018) —@——0.50[ 0.15, 0.85] 1.96
Elfar and Hasby(2020) —l—— 0.60[ 0.39, 0.81] 2.85

Ibrahim et al (2017) —u— 0.29[ 0.12, 0.45] 3.20
N.Agamia et al(2020) - 0.07[ 0.00, 0.16] 3.69
N.Agamia et al(2020) — 0.07[ 0.00, 0.16] 3.69
Nofal et al (2014) —— 0.13[ 0.00, 0.28] 3.32
Heterogeneity: 1 = 0.03, I = 83.51%, H* = 6.06 ‘ 0.23[ 0.10, 0.36]

Test of 6, = 6; Q(7) = 29.89, p = 0.00

Overall ‘ 0.22[ 0.16, 0.29]
Heterogeneity: T = 0.03, I = 99.69%, H* = 321.50
Test of 6; = 6; Q(31) = 309.89, p = 0.00

Test of group differences: Q,(3) = 29.33, p = 0.00

Random-effects REML model

FIGURE 2 (Continued)

treatment modalities. Since its introduction in the 1970s, PRP has their fibrin and white blood cell contents that give them various
made its way to several fields of medicine (Alves & Grimalt, 2018). properties (Alser & Goutos, 2018; Zhang et al., 2018). Pure PRP, that
There are different types of platelet-containing products based on is, leukocyte depleted form, is the most common type used in clinical



2 | WILEY

EBRAHIMI ET AL

Effect Size Weight
Study with 95% ClI (%)
poor
El-Taieb et al (2019) —— 0.48[ 0.28, 0.68] 3.62
Elfar and Hasby(2020) —®—— 050[ 028 0.72] 3.26
Hodeib et al (2017) —a— 0.20[ 0.02, 0.38] 3.95
Ibrahim et al (2017) —i— 0.23[ 0.09, 0.38] 4.53
Nofal et al (2014) 00— 0.33[ 0.09, 0.57] 3.00
Saad Hassan et al (2019) —il— 0.10[ 0.00, 0.21] 5.15
Heterogeneity: 1 = 0.02, I* = 71.99%, H* = 3.57 ‘ 0.29[ 0.16, 0.42]
Test of 6; = 6;: Q(5) = 18.38, p = 0.00
moderate
El-Taieb et al (2019) —a— 0.36[ 0.17, 0.55] 3.74
Elfar and Hasby(2020) —a— 0.30[ 0.10, 0.50] 3.54
Hodeib et al (2017) —®—— 050[ 028, 0.72] 3.26
Ibrahim et al (2017) —_— 0.41[ 0.25, 0.58] 4.13
Nofal et al (2014) —— 0.20[ 0.00, 0.40] 3.61
Saad Hassan et al (2019) —a— 0.40[ 0.21, 0.59] 3.68
Heterogeneity: 1° = 0.00, > = 0.00%, H? = 1.00 <P 0.36[ 0.28, 0.44]
Test of 8; = 8 Q(5) = 5.00, p = 0.42
marked
El-Taieb et al (2019) — 0.12[ 0.00, 0.24] 4.91
Elfar and Hasby(2020) —i— 0.10[ 0.00, 0.21] 5.04
Hodeib et al (2017) —— 0.25[ 0.06, 0.44] 3.71
Ibrahim et al (2017) _— 0.18[ 0.05, 0.31] 4.79
Nofal et al (2014) —a— 0.27[ 0.04, 0.49] 3.20
Saad Hassan et al (2019) —n— 0.30[ 0.12, 0.48] 3.88
Heterogeneity: 1° = 0.00, I” = 9.37%, H* = 1.10 < 0.17[ 0.11, 0.24]
Test of 8, = 6;: Q(5) =5.51,p=0.36
excellent
El-Taieb et al (2019) el 0.04[ 0.00, 0.10] 5.96
Elfar and Hasby(2020) — 0.10[ 0.00, 0.21] 5.05
Hodeib et al (2017) -H - 0.05[ 0.00, 0.12] 5.76
Ibrahim et al (2017) —B— 0.18 [ 0.05, 0.31] 4.79
Nofal et al (2014) —— 0.20[ 0.00, 0.40] 3.55
Saad Hassan et al (2019) —— 0.30[ 0.12, 0.48] 3.88
Heterogeneity: 7 = 0.00, I* = 63.65%, H* = 2.75 ‘ 0.12[ 0.04, 0.19]
Test of 8; = 8 Q(5) = 12.03, p = 0.03
Overall ‘ 0.23[ 0.18, 0.29]

Heterogeneity: 1° = 0.01, I = 73.49%, H* = 3.77
Test of 6; = 8;: Q(23) = 89.87, p = 0.00

Test of group differences: Q,(3) = 23.72, p = 0.00

o

Random-effects REML model

FIGURE 2 (Continued)

practice (Alser & Goutos, 2018). Platelets release various growth
factors, chemokines, and bioactive molecules that affect the regen-
erative and inflammatory pathways in harmonious or contradictory

o
o
o
fed)

ways. They can regulate cell migration and proliferation, ECM for-

mation, and activities of immune cells in many ways and ultimately

enhance tissue growth and repair (Andia & Abate, 2013). A review by
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TABLE 3 Results of the meta-analysis, based on the type of treatment received

No. of trials/arms
No. of patients

Excellent response
rate

Marked response
rate

Moderate
response rate

Poor response
rate

Overall response
rate

PRP

5/6

139

12%

95% Cl: 0.04, 0.19,
I? = 63.65%

17%

95% Cl: 0.11, 0.24,
> =9.37%

36%

95% Cl: 0.28, 0.44,
I? = 0.00%

29%

95% Cl: 0.16, 0.42,
> =71.99%

23%

95% Cl: 0.18,0.29
> = 73.49%

PRP + microneedling

6/8

159

23%

95% Cl: 0.10, 0.36,
> = 83.51%

43%

95% Cl: 0.28, 0.57,
> =71.32%

18%

95% Cl: 0.08, 0.28,
> = 85.79%

5%

95% Cl: 0.00, 0.10,
I> = 98.47%

22%

95% Cl:0.16, 0.28
1? = 99.69%

PRP + laser

5/6

146

32%

95% Cl: 0.11, 0.53,
I = 94.74%

33%

95% Cl: 0.11, 0.53,
> = 38.41%

24%

95% Cl: 0.15, 0.33,
I? = 45.04%

4%

95% Cl: 0.00, 0.08,
I?> = 98.33%

23%

95% Cl:0.16, 0.31
I? = 99.75%

Microneedling

4/5

106

3%

95% Cl: 0.00, 0.07,
I? = 100%

19%

95% Cl: 0.12, 0.28,
I? = 0.00%

46%

95% Cl: 0.24, 0.68,
I? = 84.96%

25%

95% Cl: 0.03, 0.48,
I? = 91.82%

23%

95% Cl:0.14, 0.33
I? = 100%

Laser

6

131

0

95% Cl: 0.00, 0.01,
> = 0.07%

34%

95% Cl: 0.26, 0.42,
I? = 0.00%

36%

95% Cl: 0.28, 0.44,
I? = 0.00%

16%

95% Cl: 0.02, 0.29,
I? = 99.86%

22%

95% Cl:0.15, 0.29
> = 99.8%
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Gentile et al. showed that PRP improved neo-angiogenesis and
various fibroblastic activities, ultimately resulting in faster wound
healing than hyaluronic acid, skin graft, and advanced dressings
(Gentile and Garcovich, 2021a).

While being a well-recognized option in managing chronic
wounds, PRP still has doubtful efficacy in other skin-related con-
ditions (Chicharro-Alcantara et al, 2018; Lynch & Bashir, 2016).
Adding PRP to Hyaluronic Acid dressing has been shown to accel-
erate the healing process in surgical, post-traumatic, and chronic
wounds (Cervelli et al., 2011; De Angelis et al, 2019; Nicoli
et al,, 2015). Moreover, promising results were obtained in treating
pattern alopecia with PRP alone or combined with other methods
such as human follicle mesenchymal stem cell micro-grafting
(Gentile et al.,, 2015; Gentile and Garcovich, 2020, 2021b; Gior-
dano et al., 2017). It is worth mentioning that PRP, in conjunction
with autologous fat, has shown promising results also in the man-
agement of more severe forms of scars with more prominent loss of
subcutaneous tissue such as post-traumatic or burn scars, hemi-
facial atrophy, tissue loss due to aging, etc. (Cervelli et al., 2013;
Gentile et al., 2014)

It has been a while since PRP has been used for enhancing the
appearance of atrophic scars, but its application for hypertrophic/
keloidal tissue is more recent and, therefore, even more controver-
sial. This meta-analysis was designed to pool the findings of the
clinical trials comparing PRP with other treatments for different
types of scars. However, only studies working on atrophic scars were
included in the analysis, why solely one study on hypertrophic/
keloidal scars met the inclusion criteria for our review (Hewedy

et al., 2020). The latter will be discussed individually. Herein we

assess the results of the review based on scar categories. It must be
noted that the results of the meta-analysis might have been impacted

by publication bias and small study effects.

5.1 | Acne scars

The majority of the studies in this review focused on different types
of atrophic acne scars. Results of the meta-analysis suggest that PRP
is an effective and safe treatment as either a single or added therapy
for atrophic scars.

Overall, 23% of the patients receiving only PRP showed
improvement in their scar scores, comparable to the total response
rates observed with laser (22%) or micro-needling (23%). However,
the degree of improvement often varied among the responders. For
example, roughly twice as many patients in the laser group (34%, 45
patients) as in the PRP group (17%, 24 patients) experienced marked
improvement. Also, 12% (17 patients) of patients in the PRP group
and none in the laser group showed excellent responses. The poor
response rate in the laser group (16%, 21 patients) was almost half of
that of the PRP group (29%, 41 patients).

In each of the three single-therapy groups, that is, micro-
needling, ablative lasers, or PRP, the highest percentage of patients
clustered at moderate treatment response instead of the combina-
tional regimens where most patients experienced marked or excel-
lent improvement.

The results of our analysis show that PRP might be most helpful
when combined with other more invasive treatment methods such as

micro-needling or ablative lasers. It is considerable how the addition
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FIGURE 3 Funnel plot distribution of the studies for
(a) fractional laser, (b) fractional laser with platelet-rich plasma
(PRP), (c) micro-needling, (d) micro-needling with PRP, (e) PRP

of PRP to micro-needling or laser raises the rates of marked and
excellent responses. Just below a third of patients treated with
ablative lasers plus PRP (as opposed to 0% of those treated with laser
alone), and nearly a quarter of those treated with micro-needling plus
PRP (compared with 3% of the patients treated with only micro-
needling) showed excellent improvement in their overall scar scores.
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Another third in the laser plus PRP group experienced marked
improvement. The rate was 43% for the micro-needling plus PRP
group. Treatment responses with these two combinations were
generally inclined toward more desirable results.

The poor response rate was highest in the PRP single-therapy
group, followed by micro-needling and laser single-therapies at
roughly 30%, 25%, and 16%, respectively. Whereas only one out of
25 patients receiving laser plus PRP and one out of 20 patients
receiving micro-needling plus PRP experienced poor results.

Overall, the results of this meta-analysis suggest that PRP is
most efficacious when administered in conjunction with other more
invasive therapeutic modalities. At the same time, as a single therapy,
it appears to be a less desirable option in terms of efficacy compared
to the ablative lasers or micro-needling. Moreover, several studies
reported fewer numbers or faster improvement of adverse reactions
such as erythema, edema, crusting, pain, and post-inflammatory hy-
perpigmentation among the subjects receiving PRP.

Most of the reviewed studies not included in the meta-analysis
supported the results in that the invasive therapies, such as micro-
needling, ablative lasers, or subcision, were either more effective or
less problematic in terms of side effects if combined with PRP than

when used alone.
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5.2 | Striae Alba

In a study comparing intradermal PRP with carboxytherapy, Hodeib
et al. showed improvement in the appearance of striae and the
amount of deposited fibronectin in the PRP-treated lesions.

5.3 | Trauma scars
In the study by Agamia et al., micro-needling plus PRP, when per-
formed frequently enough, showed comparable results to ablative

laser in treating traumatic atrophic scars.

5.4 | Hypertrophic/Keloid scars

Evidence supporting the role of PRP in the management of keloids is
scarcer than atrophic scars. In the only two-arm clinical trial that met
our inclusion criteria, Hewedy et al. reported better results and fewer
side effects such as atrophy, hypopigmentation, and telangiectasia
with Triamcinolone Acetonide plus PRP than with Triamcinolone
Acetonide alone.

Jones ME et al. performed surgery, PRP, and radiotherapy for
two series of patients with 44 and 50 keloidal scars, respectively,
where recurrence was observed in 4.5% and 6%. Therefore, these
studies had no control groups and were not included in our review or

meta-analysis (Jones et al., 2017).

6 | STUDY LIMITATIONS

It is difficult to come to an accurate estimate of the efficacy and
safety of PRP since the studies have been heterogeneous in many
regards. Firstly, small variations in the PRP preparation methods,
whether manual or automated, can yield products with different
concentrations of platelets, white blood cells, fibrin, or platelet acti-
vators (Chicharro-Alcantara et al., 2018). Besides, most of the studies
are relatively small-sized and follow the patients for a short time.
Also, the studies are diverse regarding the treatment protocols,
administration routes, injection sites intervals, or delivered volumes
of the preparations. Different patient populations across the in-
vestigations and even within them are influential factors. Studies
comparing the treatment in different skin phototypes are lacking.
Besides, most authors evaluate scars with differing etiologies, types,
severities, and durations without separating them. Other varying
factors among the studies were related to the associated treatments.
The variable settings of the ablative lasers, the types and depths of
needling, or the subcision technics also play their parts in the final
results. It is also worth mentioning that the assessments are, to a
great part, subjective and procedures are operator-dependent.
Considering the ever-increasing acceptability of PRP, more

extensive studies, including all types of scars and more accurate

control of the variables, are needed to provide enough evidence to

support its use.

7 | CONCLUSION

According to the results of this study, PRP appears to have a
response rate roughly equal to ablative lasers and micro-needling in
the treatment of atrophic scars. Furthermore, more favorable re-
sults and fewer, shorter-lasting side effects were observed in pa-
tients who responded to their treatments when PRP was added to
their treatment regimens. Based on the existing data, PRP seems to
be a viable adjunct to the more aggressive cutaneous interventions
for treating atrophic scars owing to its ability to enhance the
healing process or reduce undesirable side effects. However,
caution must be exerted when interpreting the results as the
studies with smaller sample sizes; thus, lower powers are generally
more likely to show favorable results (small study effect), and
studies with more favorable results are more likely to become
published (publication bias), both of which were suggested here by
the quality assessments. Also, the results of the studies were sta-
tistically inconsistent in most parts, as shown by Higgin's 12 statistic.
Whether adding PRP to the list of therapies for hypertrophic/
keloidal scars is reasonable remains questionable as the evidence is
far from adequate. High power studies with higher sample volumes,
better classification, and control of the variables require longer
follow-up periods to allow more accurate assumptions. Also, more
studies on atrophic scars for reasons other than acne are needed to
conclude different types of atrophic scars.
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