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Summary

T

he use of laser systems such as, CO2 laser
ablative and fractional 10600 nm associated or not
with bipolar Radiofrequency and Dye Laser 595 nm,
are very effective in the treatment of vascularized
hypertrophic scars, keloids, and atrophic scars. The
fractional resurfacing with CO2 laser associated with
bipolar Radiofrequency, is able to significantly improve
scars resulting from tissue loss. The combination with
Dye Laser 595 nm is effective in hypertrophic scars
and keloids with rich vascular component.
Keywords: hypertrophic scar, keloid, dye laser, CO2
laser fractional and ablative..

Introduction

A

bnormal scars, such as keloids, hypertrophic,
post-acne and atrophic scars can be treated in various
ways (intralesional corticosteroids, interferon, topical
retinoids, excision surgery, etc.). In our experience,
such delicate issues can be dealt with very effectively
using laser systems such as the 10600 nm ablative
CO2, the 10600 nm fractional ablative CO2 – with or
without bipolar radiofrequency (bRF) – and the 595 nm
dye laser.
Over 100 million people every year are estimated to
be left with surgical scars in developed countries,
following over 55 million scheduled surgical operations
and about 25 million trauma surgery cases(1). And at
least the same number of people are left with posttrauma scars, including burns. Scarring also affects
approximately ten percent of acne sufferers, and given
the sheer size of that population, this adds up to very
significant numbers. Post-acne scars can be split into
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two main groups: those made up of exuberant tissue
and those caused by tissue loss, which are by far the
more frequent form.
Keloid scarring is a condition characterised by an
excessive deposition of fibrous tissue going beyond
the boundaries of the initial injury. They do not
spontaneously regress, and indeed tend to grow,
developing most frequently in specific areas of the
body, such as the sternal and auricular areas, and are
affected by genetic factors.
Unlike keloids, vascularized hypertrophic forms never
cross the boundaries of the initial injury and may in
fact occasionally regress.
Scarring involving exuberant tissue (hypertrophic and
keloid) can be treated in various ways, such as steroid
drugs and similar substances with immunomodulating
and anti-inflammatory properties, which modify the
expression of the enzymes and cytokines involved in
the inflammatory process of lesions(2). Such treatment
is performed either as monotherapy or combined
with other options, such as laser treatment. Surgery
should be avoided when treating keloids, given the
high risk of relapse (50-100%). Silicone dressings are
thought to be of benefit by improving lesion hydration,
whereas variations in compression, temperature and
oxygen pressure are not regarded as playing a key role.
Intralesional use of chemotherapeutic agents, such as
5-fluorouracil and bleomycin, has also been suggested.
Although the results of such treatments appear to
be good, infiltration can be painful, while necrosis
and ulceration may develop in the treated area(3)
which means they cannot currently be considered as
standard therapy.
There are various procedures for treating atrophic
scars, such as surgical removal, dermabrasion, peels,
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laser has become increasingly popular. Its series of
minimally ablative and thermal pulses combine surface
microablation with focussed controlled thermal injury,
followed by tissue remodulation. Combination with
bRF, present in the same system, boosts tissue
stimulation and reconstruction.
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Figure 1. Vascularized hypertrophic scar in the presternum
region, due to a cardiac surgery. (A) Before; (B) immediately after
and (C) after 3 sessions with Synchro VasQ dye laser. [Courtesy
of G. Cannarozzo M.D. and C. Morini, M.D.]

lasers, and even fillers, used either as single therapy
or in combination. It may be beneficial to resort to a
combination of several therapies due to the extreme
variety (in depth, thickness, and consistency) of this
type of scars.
As regards laser treatment, different wavelengths have
different applications, based on the chromophore and
the types of tissue which absorb them.
For atrophic scars, resurfacing procedures remove
the epidermis and superficial layers of the dermis
without involving the integumentary system which
in fact plays a key role in skin regeneration and in
collagen production using the same healing process.
More specifically, the 10600 nm CO2 far-infrared laser
is regarded as the best resurfacing procedure, as it
also heats up the non-ablated dermis, and this heat
immediately strengthens the skin. Even though CO2
laser resurfacing achieves good results, it is associated
with long recovery periods and numerous adverse
effects, such as prolonged erythema and dyschromia.
Given the need for ablation systems that will ensure
good results with lower downtimes and fewer adverse
effects, the manufacturers have come up with devices
emitting wavelengths in the near-to-mid infrared
spectrum (1320 nm, 1440 nm, 1450 nm and 1540 nm).
These lasers create a controlled thermal injury to the
dermis without disrupting the skin surface. However,
such systems often require a number of sessions,
whereas scar improvement, particularly atrophic acne
scarring (especially ice-picks), is much less evident
than can be achieved with the ablative CO2 laser. For
all these reasons, the fractional microablative CO2

2

For hypertrophic scars and keloids, the 595 nm dye
laser is very effective. This wavelength reduces vascular
perfusion of the scarring, blocking its nutrition and thus
encouraging regression of the lesion (in some cases,
vaporization pre-treatment can be performed using the
10600 nm ablative CO2 laser). Recently, it is interesting
to note that the dye laser has been used in association
with the fractional microablative CO2 laser (the latter of
which can modulate release of the cytokines usually
involved in the scar healing processes, thus promoting
cell replication and the dynamic balance of collagen
against excessive fibrosis(4).

Materials and Methods

A

total of 45 patients, twenty women and twentyfive men, with an average age of about 44 years
(range 19-69 years) and Fitzpatrick phototype I-IV, with
scars (atrophic, vascularized hypertrophic and keloid)
in various anatomical sites, were treated using the
10600 nm ablative and the fractional microablative CO2
laser either as monotherapy or combined with bRF
(SmartXide2 DOT/RF system by DEKA, Florence - Italy)
and the 595 nm dye laser (Synchro VasQ system by
DEKA, Florence - Italy).
Patients with scarring were enrolled after carefully
studying their clinical/medical history (skin type,
clinical symptoms, health conditions, use of drugs,
lifestyle) and filling out an informed consent form for
the various types of treatment. The inclusion criteria
for this operating technique were discontinuation
of exfoliating treatments for at least 2 months,
discontinuation of oral photosensitizing drugs or
retinoids for at least 8 months, at least 8 months since
surgery, volumetric injections or local biostimulant
therapy, no photorejuvenation treatments with other
sources or photodynamic therapy with ALA for at least
one year.
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and a pulse duration ranging from 0.5 to 1.5 ms. At the
end of each treatment, a cold compress made up of a
gauze soaked in saline solution was applied for about
20 minutes, after which an easily removable watersoluble ointment was applied.
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Figure 2. Keloid behind the ear following otolpasty surgery. (A)
Before and (B) after 1 session with the SmartXide2 CO2 laser and
3 sessions with Synchro VasQ dye laser. Pictures (C) before and
(D) after treatment; tridimentional keloid view, with multispectral
analysis. [Courtesy of G. Cannarozzo M.D. and P. Campolmi, M.D.]

In 9 cases, a wax-based anaesthetic was applied 15-20
minutes before treatment in order to improve patient
compliance. We chose to apply a mixture of 2.5%
lidocaine and 2.5% prilocaine to the wax, which can
easily be removed during treatment without having to
soak the tissue. A dynamic cooling system with a jet
of cool air was used throughout the laser sessions to
further reduce intraoperative pain.
Patients with non-vascularized atrophic scarring
received three to eight treatments at 6-8 week
intervals using the 10600 nm fractional microablative
CO2 laser associated with bRF. During each treatment
session, the laser was passed across each anatomical
area, using the following settings: H-pulse (mainly
ablative) or D-pulse mode (mainly thermal), 12-15 W
power, 500 μm distance constants between dots, 8001200 μs pulse duration (in H-pulse mode, the system
automatically adjusts the pulse duration). bRF was
applied simultaneously using the following parameters:
20-30 W power with a pulse duration of 3 seconds.
Patients with either vascularized hypertrophic scarring
or keloids received four to nine treatments at 6-8 week
intervals using the 595 nm dye laser. The dye laser was
used at 7-9 J/cm2 fluence, with spots of 10 or 12 mm,
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Patients with abnormal keloid scarring received a
combined treatment, made up of an initial vaporization
using the ablative CO2 laser (aiming to vaporize the
exuberant tissue) followed immediately by the 595 nm
dye laser used intraoperatively, and finally with the dye
laser as monotherapy at 2-4-6-8 weeks (on the healing
scar). In this case, the ablative CO2 laser was used
with the following parameters: continuous emission at
5-6 W (to vaporize most of the scar tissue) and pulsed
emission at 0.5-1.5 W, frequency 5-20 Hz, to smooth
the tissue and restore the natural skin profile. The dye
laser was used at 7-9 J/cm2 fluence, with spots of 10 or
12 mm in diameter, and a pulse duration ranging from
0.5 to 1.5 ms. At the end of each treatment, a cold
compress made up of a gauze soaked in saline solution
was applied for about 20 minutes, after which an easily
removable water-soluble ointment was applied.
The patients were taught how to apply cold packs,
emollient creams and photoprotection and any
allowable cosmetics during the post-treatment period
until the skin had returned to normal and the post-595
nm dye laser purpura had disappeared. An anti-herpes
prophylaxis was prescribed (to be used from two days
before to three days after surgery) for all patients with
facial scarring, even for those with a negative clinical
history of herpes manifestations.
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Figure 3. Keloid behind the ear following otolpasty surgery. (A)
Before and (B) immediately after SmartXide2 CO2 laser surgery and
Synchro VasQ dye laser treatment; (C) after 2 and (D) after 3 sessions
with Synchro VasQ system. [Courtesy of G. Cannarozzo M.D. and
P. Campolmi, M.D.]
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by oedema which, however, disappeared in a matter
of days. The patients receiving vaporization with the
ablative CO2 laser followed by the 595 nm dye laser
sessions, showed erythematous abraded skin with
purpura accompanied by oedema, which disappeared
in about 10-15 days.

Figure 4. Vascularized hypertrophic scar due to caesarian section.
Pictures before and after 4 dye laser treatments with Synchro VasQ
system. [Courtesy of G. Cannarozzo M.D. and C. Morini, M.D.]

Each patient was evaluated optically using digital clinical
photography and multispectral diagnostics both before
and immediately after each treatment and during
follow-up. During follow-up (18 months after the final
session), all patients were asked to sit down in front
of a mirror and subjectively evaluate the overall results
achieved on the following scale: dissatisfied, not very
satisfied, satisfied, very satisfied. Their feedback was
processed through clinical and instrumental evaluations
and produced results divided into four categories: 1
= little or no result (0-20%); 2 = slight improvement
(20-45%); 3 = moderate improvement (45-75%); 4 =
marked improvement (75%-100%).

Results

A

ll patients showed overall improvement in skin
texture, reduction with improvement of atrophic
scarring, reduction of hypertrophic scarring with
normalization of the vasculature, regression or
stabilization with improvement of keloid scarring.
28 patients (62.2%) showed clear improvement
(category 4), 9 patients (20%) showed moderate
improvement (category 3), 5 patients (11.2%) showed
slight improvement (category 2) and 3 patients (6.6%)
showed little or no improvement (category 1). 25
patients (55.5%) were “very satisfied”, 13 patients
(28.9%) were “satisfied”, 4 patients (8.9%) “not very
satisfied”, and only 3 patients (6.7%) were “dissatisfied”.
Immediately after the fractional microablative CO2 laser
sessions with bRF, all patients suffered from erythema
and oedema. Patients who had done 595 nm dye laser
sessions immediately presented purpura accompanied
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On the second and third day after treatment with the
fractional CO2 laser with bRF, a change in skin colour
(tanned appearance) was observed in all cases with
subsequent slight exfoliation. Once the skin has
completely exfoliated, erythema of various intensity
and duration (7-14 days) may persist. Despite some
predictable side effects, such as reddening, purpura,
swelling, formation of dot-like scabs, slight itching
and moderate discomfort, no major adverse events
occurred (e.g. hyperpigmentation, hypopigmentation,
blistering, scarring, atrophies or post-treatment
infections) in any of the patients.

Discussion

I

n recent years, significant progress has been made
in the treatment of scars, either in order to reduce
the pain, itching and fibrosis that restrict movement
or to improve their appearance. The visibility of a scar
depends on such factors as size, consistency, colour
and thickness. Some of these factors can be controlled
during the wound-healing process or else modified by
intervening early. Treatment should therefore move
towards preventing abnormal scarring rather than
towards improving scars that have already formed.
As mentioned, an abnormal wound-healing process
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Figure 5. Vascularized hypertrophic scar following a surgery to
neck vessels. (A) Before; (B) immediately after Synchro VasQ
dye laser session; (C) after 2 Synchro vasQ sessions. [Courtesy
of G. Cannarozzo, M.D. and M. Sannino, M.D.]
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causes hypertrophic scarring or keloids that differ in
that hypertrophic scarring remains confined within the
original boundaries of the wound, whereas keloids
extend beyond them(5).
Keloids tend to show a family predisposition and are
more common in dark-skinned individuals, with an
incidence of 6-16% in the African population. They
can develop without any evident previous lesion and
do not spontaneously regress, whereas hypertrophic
scars normally appear within about eight weeks from
the skin trauma and in some cases regress after a few
years. From a histological standpoint, both scar types
show an over-abundance of collagen, but hypertrophic
scars show thin wavy bundles parallel to the surface and
nodules containing myofibroblasts, while in keloids the
collagen bundles are thinner and more disorganised,
without excessive myofibroblastic nodules(6).
Overall, collagen synthesis in keloids is about
twenty times that of normal skin. A genome-wide
association study identified the enzyme NEDD4
and its coding gene as one of the putative genes
associated with the tendency to form keloids. One
possible action mechanism in keloid formation is the
increased proliferation and invasiveness of fibroblasts,
accompanied by increased type I collagen expression(7).
Fibroblasts are considered to be key cellular mediators
of fibrogenesis in keloid scars. Knowledge of the
wound-healing process is needed to understand
how and when to intervene. There are three distinct
phases: inflammation, which occurs in the first 48-72
hours after trauma and involves the various types of
cells needed to repair the wound. The second phase is
proliferation, which lasts about 3-6 weeks and marks
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the period when the extracellular matrix is deposited
as a structural framework (myofibroblasts start to
contract the wound). The third phase, maturation, lasts
one or more years during which a balance between
new tissue biosynthesis and degradation is reached.
Knowledge of these transitions partially explains the
success of treating atrophic, hypertrophic and keloid
scarring with the 10600 nm CO2 and 595 nm dye lasers.
SmartXide2 fractional ablative CO2 laser system
ensures precise microablation of the epidermis
(surgical wounds) and controlled heating of the dermis
(thermal wounds) at one and the same time, and the
healing process for these two wound types results in
tissue rejuvenation that in turn helps to modify scar
tissue. The combination of epidermal microablation
and collagen denaturation in the dermis (triggering a
cytokine cascade) seems to produce a better and more
significant response with considerable improvement
in atrophic and fibrous scar tissue. On the other hand,
the particularly ablative activity of the CO2 laser can
be used in the case of high-volume keloid scarring, in
order to make application of the 595 nm Synchro VasQ
dye laser more effective, and in this case it also helps
reorganise scar tissue(8).
The 595 nm dye laser was the first laser to use
the concept of selective photothermolysis to treat
dermatological conditions. Superficial selective
photothermolysis using the dye laser causes thermal
damage in haemoglobin-rich structures without
involving the structures the laser passes through
before reaching the target(9). The first application of this
concept was the treatment of Port Wine Stains (PWS).
This source has such high selectivity for vascular
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Figure 6. Facial traumatic atrophic scar. (A) Before; (B) immediately after DOT/RF Therapy; (C) immediately after Synchro VasQ
treatment; (D) after 2 combined treatments with DOT/RF Therapy and dye laser in the same session. [Courtesy of G. Cannarozzo,
M.D. and P. Campolmi, M.D.]
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tissue that its application has been extended to many
dermatological disorders supported by a demonstrable
and reachable vascular component, even where
these are not primitively vascular. Together with
recent progress in dye laser technology (use of larger
diameters and stable high energy), this intuition makes
it possible to treat both classic superficial vascular and
non-conventional disorders, such as scarring, with ever
greater success.

to keloid formation. The best time for treatment has
not been definitively determined, but most physicians
agree that early treatment is preferable.
The most common side effect of treatment with the
595 nm dye laser is purpura, which normally disappears
in about 7-10 days. Hyperpigmentation has been found
in 1-24% of patients. Transitory hypopigmentation and
blisters have also occurred.

The dye laser’s action mechanism on scarring has
not yet fully been clarified. Vascular lasers, whose
specific target is haemoglobin, may directly damage
microcirculation and lead to hypoxia with increased
collagen degradation. In addition, overheating
collagen fibres may disrupt the disulphide bonds and
consequently realign the collagen fibres, with reduced
fibroblast proliferation(10). Further studies argue that the
degree of inhibition of scar growth is proportional to
the fluence of the dye laser used, in a range between
6 and 10 J/cm2. Based on histological examination,
significant necrotic alterations were seen in the vessel
walls inside the scar treated, thus confirming that the
main aim of the dye laser is microvascularization. After
treatment, a decrease in mast cells also occurred and
this helps reduce the proliferation of fibroblasts and
contributes to the success of this procedure(11).

Conclusions

Studies on keloid biopsies have shown a proliferation
of mast cells. Mast cells can indirectly affect fibroblast
proliferation by releasing histamine, which could
contribute to keloid development(12).
Biochemical studies(13) in keloid tissues treated with
the 595 nm dye laser have shown a decrease in the
tendency to transform beta1 growth factor (TGF-β1)
and an increase in the expression of metalloproteinases
(MMP) in the matrix. This would encourage collagen
degradation and fibroblast apoptosis.
Another study underlined that dye laser treatment of
keloids reduces the expression of connective tissue
growth factor (CTGF) in over 80% of patients. CTGF
was not found on normal skins but only on pathological
scar tissue, more specifically keloids(14). Blocking
TGF-β might affect both normal and pathological
scarring, while blocking CTGF might attenuate only
the development of pathological scars and, in this
sense, this explains the role played by the dye laser(15)
in interfering with the action mechanism that leads

6

B

oth the literature and our clinical experience
confirm the key role that laser systems play today in
the treatment of scarring.
New effective techniques for treating these lesions
need to be developed in order to broaden the range
of therapeutic options, that will enable medical staff
to select treatments with an ever better effectiveness/
safety ratio. The technological level of the 10600 nm
ablative and fractional CO2 surgical laser and the 595
nm dye laser has made it possible to treat atrophic and
vascularized hypertrophic scarring and keloids using a
perfectly integrated approach.
Patients affected by such disorders often wish not
only to improve the appearance of the scarring (size,
consistency, colour and thickness), but are especially
looking for functional improvement of the tissue, so as
to improve mobility in various body areas.
Having acknowledged the potential, effectiveness and
safety of these treatments, the current wait-and-see
approach to scarring should be replaced by one in
which scars are dealt with both actively and early on,
in order to manage their formation optimally or else
intervene where their expression is abnormal.
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