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BACKGROUND Fractional carbon dioxide laser resurfacing (FxCR) has shown considerable efficacy in
reducing wrinkles, although complications such as scarring and prolonged erythema are more common
and down-time is longer than with nonablative laser treatment. Platelet-rich plasma (PRP), a high concentration of platelets in a small volume of plasma, is known to enhance tissue healing.
OBJECTIVE

To evaluate the benefits of PRP in the wound healing process after FxCR.

MATERIALS AND METHODS Twenty-five subjects were treated with FxCR on the bilateral inner arms.
PRP was prepared from 10 mL of whole blood and applied on a randomly allocated side, with normal
saline being used as the contralateral control. Transepidermal water loss (TEWL) and skin color were
measured on both sides. Skin biopsies were also taken from five subjects on day 28.
RESULTS Significantly faster recovery of TEWL was seen on the PRP-treated side. The erythema index
and melanin index on the PRP-treated side were lower than on the control side. Biopsy specimens from
the PRP-treated side showed thicker collagen bundles than those from the control side.
CONCLUSION Application of autologous PRP is an effective method for enhancing wound healing and
reducing transient adverse effects after FxCR treatment.
The authors have indicated no significant interest with commercial supporters.

T

he introduction of fractional thermolysis revolutionized laser surgery, and this concept is now
widely applied to various laser devices. Using a
nonablative erbium-doped 1,550-nm laser, the
creation of microcolumns of coagulation has been
reported, leaving untreated skin between the treated
columns. Because epidermal integrity is preserved, and
healthy tissue surrounds each wound, healing is
much more rapid than with conventional laser
resurfacing.1–3 The same concept has been applied in
ablative fractional resurfacing with a carbon dioxide
(CO2) wavelength of 10,600 nm. CO2 devices heat
tissue much more intensely than nonablative
fractionated devices, ablating epidermal and dermal
tissue with significant heating of the immediately adjacent dermal collagen. This collateral heating causes
thermal alterations in the helical structure of the col-

lagen fibrils and results in tissue shrinkage4 followed
by collagen remodeling and skin tightening. In contrast to nonablative fractional laser devices, fractional
CO2 laser resurfacing (FxCR) leaves tiny holes made
by vaporization of tissue; tightening is also achieved
by collapse of the small vaporized columns.5 This
effect can be obtained only using ablative fractionated
devices, but complications such as postinflammatory
hyperpigmentation, prolonged erythema, and scarring
are more common in FxCR, and down-time is longer
than with nonablative laser treatment.1,6
Platelet-rich plasma (PRP) is a high concentration of
platelets in a small volume of plasma. PRP contains
various growth factors and cytokines released by
platelets, and those substances play a critical role in
all aspects of the wound healing process. The wound
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healing effect of PRP is relatively well known, and
PRP has been used in bone surgery, tendon and ligament repair, and chronic leg ulcer treatment.7
The small vaporized holes made using FxCR could
be used as a drug delivery route. In this study, we
applied PRP on the fractional CO2 laser–treated site
and evaluated the benefits of PRP in the wound
healing process after FxCR.

Materials and Methods
Twenty-five subjects were enrolled in the study. Subjects with skin lesions on the inner arms or any
bleeding tendency were excluded. The Institutional
Review Board of the Seoul National University Bundang Hospital approved the study, and all subjects
gave written informed consent. The bilateral inner
arms were treated using a fractional CO2 laser
(eCO2, Lutronic, Seoul, Korea). Each side was irradiated at (10 and 20 mJ) with the same spot density
(150/cm2), giving a total of four treatment sites over
both arms. The area of each treatment site was 1 cm2.
PRP was prepared from autologous blood as previously described.8 Ten mL of venous blood was
drawn in a syringe prefilled with 1.5 mL of anticoagulant solution (anticoagulant citrate dextrose
solution formula A, Baxter, Deerfield, IL). The blood
was centrifuged at 160 g for 10 minutes. After the
first spin, the lower red blood cell portion was discarded, and the supernatant was centrifuged at 400 g
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.
Activated PRP was applied to the FxCR sites of one
randomly assigned arm, and normal saline was applied to the other arm. Laser-treated sites were not
dressed, and subjects were instructed to keep the
treated sites dry on the day of procedure. Transepidermal water loss (TEWL) was evaluated using a
Tewameter (Courage & Khazaka, Cologne, Germany) on both sides. Skin color was measured using
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a Mexameter (Courage & Khazaka), which emits
light at three defined wavelengths of 568 nm (green),
660 nm (red), and 880 nm (infrared). The erythema
index, which indicates the intensity of erythema, is
automatically computed from the absorbed and
reflected light intensities of the green and red light.
The melanin index indicates the darkness of skin and
is computed from the absorbed and reflected light
intensities of the red and the infrared light.9 Clinical
photographs were taken on days 0, 1, 3, 7, 14, and
21 ( 60 magnification; Folliscope, Lead M, Seoul,
Korea). The results were analyzed using the paired
t-test using SPSS 15.0 software (SPSS, Inc., Chicago,
IL). For histological analysis, biopsy samples were
taken from both arms of five subjects on day 28.

Results
Four data groups were compared: FxCR 10 mJ with
PRP (T1), FxCR 10 mJ with normal saline (C1),
FxCR 20 mJ with PRP (T2), and FxCR 20 mJ with
normal saline (C2). The average baseline parameters
showed no statistically significant difference between
the groups.
TEWL reached its highest level 1 day after irradiation and then rapidly decreased to nearly baseline at
day 3 (Figure 1). A slight re-increase in TEWL was
observed at approximately day 14; then TEWL decreased again at day 21. This transient re-increase in
TEWL was thought to be caused by exfoliation of
the crust. All four groups showed a similar TEWL
change pattern. The peak TEWL level at day 1 was
dependent on microbeam energy. The mean TEWL
of the sites treated with 20 mJ was approximately
20% higher than that of the sites treated with 10 mJ.
In all subjects, the PRP-treated side showed a greater
reduction of TEWL than the control side in the
10-mJ- and 20-mJ-treated sites (Figure 1). Increased
levels of TEWL are a sign of impaired barrier function; thus our results showed that PRP treatment
induced faster recovery of the skin barrier function.
The intensity of skin redness was measured using the
erythema index (EI). During the study, the average
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Figure 1. Transepidermal water loss (TEWL) after fractional
carbon dioxide (CO2) laser resurfacing. T1 and T2 are platelet-rich plasma (PRP)-treated sites after a single pass of
fractionated CO2 laser energy of 10 and 20 mJ, respectively.
C1 and C2 are the saline-applied control sites after single
passes of 10 and 20 mJ, respectively. Peak TEWL level at day
1 was higher at the 20-mJ-treated sites than at the 10-mJtreated sites. The PRP-treated side had greater average reduction of TEWL than the control side. D0, before treatment;
D1, 1 day after treatment; D3, 3 days after treatment; D7, 7
days after treatment; D14, 14 days after treatment; and D21,
21 days after treatment. po.05 with the paired t-test.

EI decreased continuously after the peak value at day
1. The PRP-treated side showed a lower EI, which
means that it was less erythematous than the control
side, and a significant difference was observed at
day 1 in the 10-mJ-treated sites (po.05). The
20-mJ-treated sites also showed a higher EI level
than the 10-mJ treated sites (Figure 2A), but the
difference was not statistically significant.
The melanin index (MI) measures the darkness of the
skin and is an indicator of potential postinflammatory hyperpigmentation (PIH). At day 1, the MI
temporarily decreased, and then an abrupt increase
in the MI was seen between day 1 and day 3,
reaching the highest level at day 7 and then decreasing
gradually until the end of the study. The PRP-treated
side had a lower average MI, meaning a brighter
skin color with less PIH, and a statistically
significant difference was observed at day 3 between
T1 and C1 (po.05); the MI of T2 was also lower
than C2, but the difference was not significant
(Figure 2B).

Figure 2. (A) Erythema index (EI) (B) and melanin index (MI)
after fractional carbon dioxide (CO2) laser resurfacing. T1
and T2 are the averaged values of the indices in the plateletrich plasma (PRP)-treated sites after a single pass of 10 and
20 mJ, respectively. C1 and C2 are the averaged values in
the saline applied sites after a single pass of 10 and 20 mJ,
respectively. The average EI and MI of the PRP-treated sides
were lower than on the control sides, suggesting less erythema and a brighter skin color due to control of transient
postinflammatory hyperpigmentation. D0, before treatment;
D1, 1 day after treatment; D3, 3 days after treatment; D7, 7
days after treatment; D14, 14 days after treatment; and D21,
21 days after treatment. po.05 with the paired t-test.

Figure 3 shows representative clinical photography
of T2 and C2 areas taken with the Folliscope.
The PRP-treated side (T2) shows less erythema and
less pigmentation. The crust fell off on day 14, and
the control side skin was more scaly than the PRP
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Figure 3. Folliscope images (magnification  60) of fractional carbon dioxide laser–treated sites. The platelet-rich plasma
(PRP)-treated side shows less erythema.

side on day 14. Representative hematoxylin and
eosin–stained images of biopsy samples obtained
from control and PRP-treated side on postirradiation
day 28 are shown in Figure 4. On the PRP-treated
side, the epidermis is thicker, and the stratum
corneum is better-organized than in the control
specimen, and the collagen density is higher, with
better organization of the thicker collagen fiber
bundles. Adverse effects such as infection, prolonged
erythema, and scarring were not observed in either
side in any group.

Discussion
Ultrapulse fully ablative CO2 laser resurfacing is
considered to be the most effective treatment for
deep facial wrinkles and other aspects of severe
photodamage, but even in well-trained hands, fullface laser resurfacing causes prolonged erythema

that can last 6 weeks or longer, and there are risks
of permanent hypo- or hyperpigmentation and
scarring. FxCR was developed to reduce the
complications of conventional CO2 laser resurfacing
while still approaching the superior efficacy of
ablative resurfacing. Although it offers very good
results and appears to diminish adverse effects
significantly, scarring and infection can still occur
after FxCR,6,10 and down time is longer than with
nonablative fractional resurfacing.
In addition to their well-known function in
hemostasis, platelets also play a critical role in
wound healing. When platelets are activated, they
exocytose intracellular granules that contain growth
factors such as platelet-derived growth factor
(PDGF), transforming growth factor alpha and beta
(TGF-a and b), epidermal growth factor, basic
fibroblastic growth factor, and vascular endothelial

Figure 4. Hematoxylin and eosin stain of biopsy specimen from fractional carbon dioxide laser-treated sites on day 28. A
thicker epidermis with a better-organized stratum corneum is observed in the platelet-rich plasma (PRP)-treated side,
together with thicker bundles of dermal collagen fibers.
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growth factor. Those growth factors stimulate the
proliferation of epidermal cells and fibroblasts, promote angiogenesis, and induce collagen synthesis.11
The wound-healing effects of PRP in chronic skin
ulcers12–14 and acute wounds is well established.15,16
The results in the present study demonstrated that
faster wound healing after FxCR treatment could
also be achieved with the application of PRP.
The PRP-treated side showed less erythema in all
subjects. Platelets contain various materials related
to angiogenesis and vascular modeling.7 With orchestration of these materials, PRP seems to induce
the appropriate level of angiogenesis without causing
excessive vessel formation. Prolonged erythema is a
common complication of FxCR, so combining FxCR
with PRP would be a good strategy. PRP also reduced transient pigmentation after FxCR. Incontinentia pigmenti 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.17 TGF-b in PRP is known to stimulate
secretion of basement membrane protein such as
laminin, collagen IV, and tenascin.18 Faster repair of
the basement membrane might reduce incontinentia
pigmenti, resulting in less pigmentation after FxCR.
TGF-b is also known to decrease melanogenesis.19
The exact mechanism by which PRP could reduce
transient pigmentation remains to be elicited, but it
could also be helpful in achieving optimum results in
patients undergoing FxCR skin rejuvenation.
In the biopsy specimens taken 4 weeks after the
procedure, in other words well into the remodeling
stage of wound healing, thicker collagen bundles
were observed in specimens from the PRP-treated
side. This might be because of the enhanced tissue
remodelling effect of PRP. PDGF is a potent mitogen
of mesenchymal stem cells.20 PDGF and TGF-b in
PRP also promote collagen and other extracellular
matrix synthesis. Therefore, PRP might enhance
the skin rejuvenation effect of FxCR. Collapse
of the small vaporized holes is another of the

immediate skin shrinkage mechanisms associated
with FxCR. Activated PRP becomes a gel-like
material containing fibrin, and fibrin can be used
as biologic glue.21,22 Adding biologic glue to the
microablative columns produced using FxCR
might assist in the collapse of the columns and
enhance the shrinkage of redundant wrinkled skin.
Further investigation is needed to elucidate the
adjunctive effect of, and the balance between,
immediate skin shrinkage and collagen remodeling–
mediated skin tightening associated with the combination of FxCR and PRP.
In summary, the results of the present study strongly
suggest that the application of autologous PRP
could be an effective method for enhancing wound
healing, reducing transient unwanted adverse
effects, and improving skin tightening after FxCR
skin rejuvenation.
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