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BACKGROUND A proposal has recently been made regarding the potential adjuvant use of platelet-rich
plasma (PRP) with fractional carbon dioxide laser (FCL) for the correction of acne scars.
OBJECTIVE To compare the efficacy and safety of two administration modes of autologous PRP (intradermal
injection (ID) and topical application) after FCL with that of FCL alone in the treatment of atrophic acne scars.
PATIENTS AND METHODS Thirty patients were randomly divided into two groups. Both underwent splitface therapy. Group 1 was administered FCL followed by ID PRP on one side and FCL followed by ID saline on
the other. In group 2, one cheek was treated with FCL followed by ID PRP, and the other received FCL
followed by topical PRP. Each patient received 3 monthly sessions. The final assessment took place at
6 months.
RESULTS Combined PRP- and FCL-treated areas had a significantly better response (p = .03), fewer side
effects, and shorter downtime (p = .02) than FCL-treated areas, but there were no significant differences in IDand topical PRP–treated areas in degree of response and downtime (p = .10); topically treated areas had
significantly lower pain scores.
CONCLUSION The current study introduces the combination of topical PRP and FCL as an effective, safe
modality in the treatment of atrophic acne scars with shorter downtime than FCL alone and better tolerability
than FCL combined with ID PRP.
The authors have indicated no significant interest with commercial supporters.

A

cne scarring causes cosmetic and psychological
problems. There has been no standard treatment option for the treatment of acne scars. Various
therapeutic options have been described, with variable clinical outcomes and complications, such as
surgical techniques (punch graft, punch excision,
subcision), resurfacing techniques (dermabrasion,
ablative laser treatment, chemical peels), nonablative laser treatment, autologous fat transfer, and
injection of dermal fillers.1

including platelet-derived growth factor (PDGF),
transforming growth factor (TGF), vascular endothelial growth factor, and insulin-like growth factor
(IGF), are secreted from the alpha granules of
concentrated platelets activated by aggregation
inducers.3 These factors are known to regulate
processes including cell migration, attachment, proliferation, and differentiation and to promote
extracellular matrix accumulation by binding to
specific cell surface receptors.4,5

Platelet-rich plasma (PRP) is an autologous concentration of human platelets contained in a small
volume of plasma.2 Various growth factors,

Platelet-rich plasma has recently attracted attention
in various medical fields, including plastic surgery
and dermatology, for its ability to promote wound
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healing.6 Studies have documented its effects in ulcer
and wound healing,7,8 skin rejuvenation,2
promoting hair growth,9,10 and improvement of
striae distensae.11,12 Lee and colleagues have proposed its potential as adjuvant therapy in the
correction of acne scars.13
Fractional ablative carbon dioxide (CO2) laser
(FCL) therapy is based on the theory of fractional
photothermolysis. Fractionated ablative laser treatment creates microscopic channels of thermal injury
in the skin, causing skin tightening and smoothening through ablation and re-epithelialization and
elevation of the floor of depressed scars through
collagen remodelling.14 Despite the documented
efficacy of FCL in the treatment of acne scars,15–18
its drawbacks, such as long periods of erythema and
edema, may cause discomfort19 and hinder patients’
daily lives20, limiting its use. Furthermore, a recent
report highlighted the potential risks associated
with the use of fractional ablative lasers. The risks
fell along a full spectrum of severity that could
be long lasting, especially in patients with
darker skin phototypes.21
The goal was to evaluate combination of PRP and
FCL because of the potential synergistic effect and
the possible dampening of expected side effects.
Therefore, this prospective randomized comparative
single-blind clinical trial was conducted to compare
the efficacy and safety of combining autologous PRP
with FCL in the treatment of atrophic acne scars
with that of FCL alone. This study also aimed to
compare the efficacy of two modes of administration
of autologous PRP (intradermal injection and topical
application) after FCL in the treatment of
atrophic acne scars.
Patients and Methods
The Dermatology Research Ethical Committee,
Faculty of Medicine, Cairo University approved this
prospective randomized comparative single-blind
clinical trial. The study protocol conformed to the
ethical guidelines of the 1975 Declaration of

Helsinki. Informed written consents were obtained
from all patients before conducting the study.
Thirty patients (18 female, 12 male) aged 19–35
(mean 24.8  4.3) with Fitzpatrick skin phototypes
III to V with atrophic acne scars were enrolled in this
study. The qualitative scarring grading system that
Goodman and Baron22 proposed was used to grade
participant acne scars (Table 1). Patients with a
history of systemic retinoid therapy within the last
6 months, immunosuppressive drugs, hypertrophic
scars or keloid formation, pregnancy, or lactation
were excluded.
Patients were randomly assigned to one of two
groups. Group 1 (n = 15) underwent split-face
therapy with one cheek treated with FCL followed
by intradermal injection of autologous PRP (area A)
and the other cheek treated with FCL followed by
intradermal injection of normal saline (area B) as a
control. Group 2 (n = 15) underwent split-face
therapy with one cheek treated with the same
regimen as area A (area C) and the other cheek
treated with FCL followed by topical application of
autologous PRP (area D). Each patient received
three treatment sessions at monthly intervals.
Treatment Protocol
Local anesthetic cream (5% lidocaine) was applied
to the area to be treated in both groups and under
occlusion for 60 minutes before the procedure to
minimize pain or discomfort. Then the whole face
was cleansed using a mild cleanser and dried with
sterile gauze. The cheek was then irradiated with
FCL (Smartxide DOT, Advanced CO2 Fractional
technology, DEKA, Florence, Italy). The treatment
parameters were power, 15 W; dwell time, 600 ls;
spacing, 700 lm; smart stack, level 2. Ice packs were
used to minimize heat and pain during and after the
procedure. Afterward, the treated areas were randomly assigned to receive intradermal injection of
autologous PRP (area A) on one side and intradermal injection of normal saline (area B) on the other,
in group one patients. The treated areas in group
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TABLE 1. Qualitative Scar Grading System
Grades of Post
Acne Scarring

Level of
disease

1

Macular

2

Mild

3

Moderate

4

Severe

Clinical features
These scars can be erythematous, hyper- or hypopigmented flat marks. They
do not represent a problem of contour like other scar grades but of color
Mild atrophy or hypertrophy scars that may not be obvious at social distances
of 50 cm or greater and may be covered adequately by makeup or the normal
shadow of shaved beard hair in men or normal body hair if extrafacial
Moderate atrophic or hypertrophic scarring that is obvious at social distances
of 50 cm or greater and is not covered easily by makeup or the normal shadow
of shaved beard hair in men or body hair if extrafacial, but is still able to be
flattened by manual stretching of the skin (if atrophic)
Severe atrophic or hypertrophic scarring that is evident at social distances
greater than 50 cm and is not covered easily by makeup or the normal shadow
of shaved beard hair in men or body hair if extrafacial and is not able to be
flattened by manual stretching of the skin

two patients were also randomly assigned to receive
intradermal injection of autologous PRP (area C) on
one side and topical application of 2 mL of autologous PRP (area D) on the other. Injections were
administered under sterile conditions, with 0.2 mL
of autologous PRP or normal saline injected at 10
different sites approximately 1.5 cm apart. Patients
were then instructed to apply pressure using sterile
gauze for approximately 15 minutes before leaving.
After each session, all patients were instructed to
avoid direct sun exposure, heat, and friction to the
treated areas and to apply sunscreen with a sun
protection factor of at least 30 daily and antibiotic
cream for 1 week after the session.
PRP Preparation
Ten mL of venous blood was drawn from each
patient under sterile conditions in a syringe prefilled
with 1.5 mL of anticoagulant solution (acid citrate
dextrose) and then centrifuged at 150 9g for
15 minutes. After the first spin, the lower red blood
cell portion was discarded, and the supernatant was
centrifuged at 400 9g for 10 minutes. The resulting
pellet of platelets was mixed with 1.5 mL of
supernatant, which made 1.5 mL of PRP. One mL of
3% calcium chloride was added to the PRP to
induce platelet activation.
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Patient Assessment
All patients were photographed at baseline and
3 months after the last session (6 months after
starting therapy) using a digital camera (Cybershot, DSC-HX5V, Sony Corp, Tokyo, Japan). A
blinded physician compared photographs using a
four-point scale for assessment of clinical improvement of skin smoothness (grade 4, >75% = excellent improvement; grade 3, 51–75% = good
improvement; grade 2, 26–50% = fair improvement; grade 1, 0–25% = poor improvement).
Clinical satisfaction of the patients was also
recorded on a four-point scale23 3 months after the
last session. Any side effects observed were
recorded at each treatment session and during the
follow-up period (3 months after the last session).
Pain was assessed separately on a scale of 0 (none)
to 9 (maximum) at the end of each session, and a
mean value for the three sessions of each treated
area was calculated.
In addition to digital photography, the depth of acne
scars was assessed using a noninvasive imaging
technique (optical coherence tomography (OCT);
RTVue-100, SD Optovue Inc., Fremont, CA). Crossline images were made of the treated areas using
(CAM-L lens) at baseline and 3 months after the
last session (Table 1).
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Statistical Methods

Physician and Patient Assessment

Data were statistically described as means and
standard deviations, medians and ranges, or number
of cases and percentages as appropriate. Comparison of numerical variables between the study groups
was done using the Student t test for independent
samples. Within-group comparison of numerical
variables was performed using the paired t test for
paired (matched) samples. The-chi square test was
used to compare categorical data. An exact test was
used instead when the expected frequency was <5.
Within-group data were compared using the
McNemar test. p < .05 was considered statistically
significant. All statistical calculations were performed using SPSS version 15 for Microsoft Windows (SPSS Inc., Chicago, IL).

According to the physician’s assessment, which was
done by comparing the clinical photographs of
patients at baseline and 3 months after the last session
(6 months after starting therapy), the areas treated
using the FCL–autologous PRP combination (topical
and intradermal) (areas A, C, and D) showed significantly better results (p = .03) with regard to clinical
improvement of skin smoothness as assessed on the
4-point scale than the area treated using FCL alone
(area B). Areas A and C (FCL followed by intradermal
PRP) achieved an excellent response (Grade 4,
>75% = excellent improvement) in 66.7% of
patients (Figure 1), area D (FCL followed by topical
PRP) achieved an excellent response in 60% of
patients (Figure 2), and area B (FCL alone) achieved
an excellent response in 26.7% of patients (Figure 3).

Results
The current study included 30 patients with atrophic
acne scars (12 male, 40.0%; 18 female, 60.0%)
aged 19 to 35 (mean 24.8  4.3). The demographic
and baseline clinical data of included patients is
shown in Table 2.

TABLE 2. Demographic and Baseline Clinical Data of
Participants
Characteristic

Group 1

Group 2

Age, mean  SD
Sex, n (%)
Female
Male
Fitzpatrick skin
phototype, n (%)
III
IV
V
Acne scar
severity, n (%)
2
3
4
Duration of acne scars,
years, mean  SD

25.2  5.0

24.3  3.7

SD, standard deviation.

10 (66.7)
5 (33.3)

8 (53.5)
7 (46.7)

7 (46.7)
6 (40.0)
2 (13.3)

6 (40.0)
7 (46.7)
2 (13.3)

3 (20.0)
8 (53.3)
4 (26.7)
3.1  1.1

3 (20.0)
9 (60.0)
3 (20.0)
3.3  1.0

There was no significant difference regarding grade
of improvement between areas A and C
(intradermal PRP) and area D (topical PRP)
(p = .10). Patient assessment was similar to that of
the physician (Table 3).
Side effects, including erythema, edema, mild crusting, postinflammatory hyperpigmentation (PIH),
and acneform eruption, were all of a significantly
shorter duration (p = .02) in areas treated using the
FCL–autologous PRP combination (areas A, C, and
D) than in the area treated using FCL alone (area B),
leading to significantly shorter total downtime in
areas A, C, and D than in area B (p = .02) (Table 4).
Pain was present in all areas during the procedure
but was significantly greater in areas treated using
FCL followed by intradermal injection of PRP (areas
A and C) (mean 7.1  1.2) than in the area treated
with FCL followed by topical PRP (area D) (mean
2.8  0.6) and the area treated with FCL alone
(area B) (mean 3.0  0.7) (p = .005).
The OCT images showed significantly greater
improvement in measurements of acne scar depth
before and after treatment in areas A, C, and D
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(A)

(B)

(C)

(D)

(E)

Figure 1. Twenty-seven-year-old woman with moderate (Grade 3) atrophic acne scars (A) at baseline and (B) 3 months after
the last treatment session with fractional carbon dioxide laser followed by intradermal injection of autologous platelet-rich
plasma. Optical coherence tomography (OCT) cross-line image (scan length 6 mm) of the same area at (C) baseline and (D)
3 months after the last treatment session. Arrow indicates a depression in the surface, which reflects the site of the acne scar
shown in the image. (E) Follow-up photograph 6 months after the last treatment session.

(FCL-PRP combination) than in area B
(FCL alone) (p = .01) (Table 5).
Follow-up
Thirteen patients (seven in group 1, six in group 2)
were followed up for three more months after the
last treatment session (6 months after the last
session). Clinical photographs showed continued
improvement in all treated areas. Nevertheless, this
was more obvious in areas treated with FCL
followed by intradermal injection (Figure 1E) or
topical application of autologous PRP (Figure 2E)
than in areas treated with FCL alone (Figure 3E).
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Discussion
The current study could be added to recent research
welcoming the relative new comer PRP to the
dermatologic field. It provides further evidence of
the potential benefits that the use of PRP offers as an
adjuvant to FCL in the treatment of atrophic acne
scars. The superiority of the combination was clearly
evident in several aspects, including the rapidity and
degree of improvement of the acne scars and fewer
side effects and shorter downtime. Furthermore, this
is the first study to compare two modalities of
applying the PRP in the treatment of acne scars,
providing an easier mode of application (topical)
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(A)

(B)

(C)

(D)

(E)

Figure 2. Twenty-seven-year-old woman with moderate (Grade 3) atrophic acne scars (A) at baseline and (B) 3 months after
the last treatment session with fractional carbon dioxide laser followed by intradermal injection of autologous platelet-rich
plasma. Optical coherence tomography (OCT) cross-line image (scan length 6 mm) of the same area at (C) baseline and
(D) 3 months after the last treatment session. Arrow indicates a depression in the surface, which reflects the site of the acne
scar shown in the image. (E) Follow-up photograph 6 months after the last treatment session.

with efficacy comparable with that of
intradermal injection.
All patients in the current study showed significant
improvement regardless of treatment modality,
although significantly better results were observed
with combined PRP and FCL than with FCL alone,
which is in agreement with the results of Lee and
colleagues.13 This could be attributed to the synergistic effect of both modalities together, naturally
giving this combination an advantage. PRP may
actively correct atrophic scarring, which is a common sequela from loss of collagen and elastic fibers
after inflammatory processes,22 through several
mechanisms. The first proposed mechanism would

be the release of growth factors from their
alpha-granules, which contain storage pools of
numerous growth factors, including PDGF, TGF,
vascular endothelial growth factor, insulin-like
growth factor, fibroblast growth factor, epithelial
growth factor, and keratinocyte growth factor, as
well as many cytokines, chemokines, and resulting
metabolites.3 Because PRP is by definition platelet
rich, it contains correspondingly high levels of these
autologous growth factors,24 which could serve in
rebuilding the lost collagen and elastic fibers,
improving the atrophic scars.
Furthermore, Kakudo and colleagues25 clearly
demonstrated how PRP enhanced proliferation of
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(B)

(A)

(D)

(C)

(E)
Figure 3. A 20-year-old woman with moderate (Grade 3) atrophic acne scars (A) at baseline and (B) 3 months after the last
treatment session with fractional carbon dioxide laser alone. Optical coherence tomography (OCT) cross-line image (scan
length 6 mm) of the same area at (C) baseline and (D) 3 months after the last treatment session. Arrow indicates a
depression in the surface, which reflects the site of the acne scar shown in the image. (E) Follow-up photograph 6 months
after the last treatment session.

TABLE 3. Four-Point Clinical Improvement Scale of Skin Smoothness
Areas A and C

Area B

Clinical
Improvement Grade

Physician
Assessment

Patient
Assessment

Physician
Assessment

Patient
Assessment

Physician
Assessment

Patient
Assessment

4:
3:
2:
1:

20 (66.7)
6 (200)
4 (13.3)
None

16 (53.3)
48 (26.7)
6 (200)
None

4 (26.7)
6 (40)
5 (33.3)
None

3 (200)
5 (33.3)
7 (46.7)
None

9 (600)
3 (200)
3 (200)
None

8 (53.3)
4 (26.7)
3 (200)
None

excellent (>75%)
good (51–75%)
fair (26–50%)
poor (<25%)

human adipose–derived stem cells, human dermal
fibroblasts, and type I collagen, which was attributed to the release of large amounts of PDGF-AB
and TGF-b1 by PRP. PDGF is a powerful mitogen
for fibroblasts and smooth muscle cells and is
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involved in all three phases of wound healing
(angiogenesis, the formation of fibrous tissue, and
reepithelialization).26 TGF-b is also known to be a
weak mitogen for cells derived from the mesoderm,
such as fibroblasts,27 and to enhance secretion of
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TABLE 4. Side Effects and Total Downtime
Side Effects

Areas A and C

Area B

Area D

Erythema, days, mean  SD
Edema, days, mean  SD
Mild crusting, days, mean  SD
Postinflammatory hyperpigmentation, n (%)
Acneform eruption, days, mean  SD
Total downtime, days, mean  SD

2.30 
2.53 
2.31 
None
None
2.27 

3.87  1.55
3.80  1.00
3.46  1.32
2 (13.3)
None
4.37  1.52

2.60 
2.47 
2.33 
None
None
2.80 

TABLE 5. Optical Coherence Tomography (OCT)
Measurements of Acne Scar Depth at Baseline and
After 6 Months
OCT
Measurements
of Acne
Scar Depth
Baseline
After 6
months

Areas A
and C

Area B

Area D

Mean  Standard Deviation
(lm)
92.3  15.1
28.9  8.3

92.3  15.1
48.8  16.4

92.3  15.1
29.8  8.3

basement membrane proteins, such as laminin,
collagen IV, and tenascin.28 This serves the purpose
of rebuilding the lost matrix needed for correction of
atrophic scars.
Another pathway that could explain the effect of
PRP in the treatment of acne scars could be
through the accelerating effect it has on the
generation of hyaluronic acid.29 Hyaluronic acid is
known to draw water into the hyaluronic acid
matrix, causing it to swell, which creates volume
and skin turgor and lubricates tissues. There are
also indications that native hyaluronic acid
promotes cell proliferation and extracellular matrix
synthesis and modulates the diameter of the
collagen fibers,2 improving atrophic scars. The
significantly greater improvement in measurements
of acne scar depth before and after therapy
illustrated in the OCT images of areas A, C, and D
(additional PRP) than in area B (FCL) serves as
further evidence of the previously suggested beneficial effects of combining PRP with FCL regarding
the rebuilding of the lost collagen and elastic tissue,

0.72
0.63
0.47

0.69

0.74
0.52
0.48

0.56

restoring the skin matrix and
correcting the atrophy.
In agreement with others,13,30 our work documents
that the reported side effects were of significantly
shorter duration on the combined treatment sides
than on the FCL sides, which led to significantly
shorter duration of total downtime on these sides.
This could be attributed to all the previously
mentioned therapeutic effects of PRP, which would
improve the laser-induced wounds. The fact that
platelets contain various materials related to angiogenesis and vascular modeling could serve as another
explanation. With orchestration of these materials,
PRP seems to induce the appropriate level of
angiogenesis without causing excessive vessel formation,31 ultimately leading to shorter downtime
and thereby fewer side effects.
Postinflammatory hyperpigmentation was not
reported on any PRP-treated sides, whereas it was
reported on two sides (13.3%) receiving FCL
alone. Pigmentary incontinence is the most characteristic feature of PIH, which occurs after
destruction of the basal cell layer. Melanophages
phagocytizing degenerating basal keratinocytes and
melanocytes, which contain a large amount of
melanin, accumulate in the upper dermis.32 TGF-b
in PRP is known to stimulate secretion of basement
membrane proteins such as laminin, collagen IV,
and tenascin.28 Faster repair of the basement
membrane might reduce pigmentary incontinence,
resulting in less pigmentation after FCL. Another
explanation might be that TGF-b, which PRP
releases, is also known to decrease
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melanogenesis33. We believe that this action gives
the combined protocol an advantage, which could
facilitate optimum results in patients undergoing
FCL, especially in those with darker skin phototypes, like in our study.

2. Shin MK, Lee JH, Lee SJ, Kim NI. Platelet-rich plasma combined
with fractional laser therapy for skin rejuvenation. Dermatol Surg
2012;38(4):623–30.

In the current study, the topically treated PRP sides
and the intradermal PRP–treated sides showed
comparable improvement in acne scars. We
hypothesize that the comparable efficacy might be
because the FCL facilitates the penetration of the
topically applied PRP through the microscopic
channels created, leading to its transepidermal
delivery. This drug delivery facilitation by fractional laser has been demonstrated before in other
studies.34 The significantly lower pain values that
were documented on the topically PRP–treated
sides than on the intradermal PRP–treated sides
leads us to recommend this protocol over the others
because of its greater efficacy and fewer side effects,
omitting the need for the painful intradermal
injections in an already inflamed face
due to the FCL session.

5. Wrotniak M, Bielecki T, Gazdzik TS. Current opinion about
using the platelet-rich gel in orthopaedics and trauma surgery.
Ortop Traumatol Rehabil 2007;9(3):227–38.

A limitation of the current study might include short
follow-up. Furthermore, the evaluation of PRP as a
single modality in the treatment of acne scars is
worth studying in the future.
In conclusion, the current study introduces the
combination of topical PRP and FCL as an effective
and safe modality in the treatment of atrophic acne
scars with short downtime and good tolerability.
The presence of all those advantages in one combination outweighed the other two options in the
current study, giving it an advantage over FCL alone
or FCL in combination with intradermal PRP in the
correction of acne scars.
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