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Abstract

Introduction: Congenital melanocytic nevus (CMN) is a severe challenge for dermatology. This
pigmented skin lesion is undesirable for patients because of its localization in open areas of the
body. Various visible and near-infrared laser systems and intense pulsed light (IPL) sources have
been applied for CMN treatment. However, post-traumatic hyperpigmentation, structural changes,
atrophy, and scarring due to non-specific thermal damage have been observed. Many patients have
shown recurrence after treatment. Therefore, it highlights the need for testing new laser modalities
for the management of CMN.

Methods: Two adult Il Fitzpatrick phototype patients (a 55-year-old male and a 30-year-old female)
with middle-sized facial CMN (on the forehead and lower eyelid) are presented. All patients were
treated with dual-wavelength copper vapor laser (CVL) radiation at 511 nm and 578 nm wavelengths
with a power ratio of 3:2. The average power was 0.7-0.85 W with an exposure time of 0.3 seconds.
The spot size amounted to T mm.

Results: Both patients showed complete resolution of CMN after CVL treatments. CMN became
crusted within a few days after the laser treatment and peeled off within seven days. No recurrences
were observed during the follow-up period up to 24 months.

Conclusion: The middle-sized CMN can be successfully treated with dual-wavelength CVL radiation.
Keywords: Copper vapor laser; Melanocytic nevi; Selective pigmented treatment; Computer
simulation; Blood vessel; Hyperpigmentation
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Introduction formation. Patients tolerate laser therapy well. Various

Patients often visit dermatologists to remove congenital
melanocytic nevus (CMN) in esthetical zones. This
pigmented skin lesion is cosmetically undesirable for
patients because of its localization in open areas of the
body'? Therefore, the treatment of CMN is usually carried
out not only for cosmetic reasons but also to reduce the
risk of malignization.*

The main advantage of laser therapy compared to
conventional methods for treating pigmented skin lesions
is selective photothermolysis. Selective photothermolysis
provides selective thermal necrosis of melanosomes
without pronounced thermal deterioration of surrounding
cells and collagen structures. Therefore, an excellent
cosmetic result can be achieved with minimal risk of scar

visible and near-infrared laser systems (Q-switched lasers
[ruby, alexandrite, second harmonic Nd: YAG laser with a
wavelength of 532 nm and an Nd:YAG laser], pulsed dye
lasers, copper and copper bromide vapor lasers), as well as
intense pulsed light (IPL) pulsed light sources, have been
applied.>>”

Unfortunately, post-traumatic hyperpigmentation,
structural changes, atrophy, and scarring due to non-
specific thermal damage are observed in some cases. It
can last up to several months.?

Therefore, it highlights the need for testing new laser
modalities for the management of CMN, and in the
present study, we describe for the first time the CMN
treatment with copper vapor laser (CVL).
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Case Presentation

Laser Surgical Technique

The study was performed in accordance with the Helsinki
Protocol. The diagnosis is based on clinical features and
dermatoscopy, and histological findings confirm it. The
digital images of the CMN were obtained at all stages of
the treatment.

After obtaining the patient’s written informed consent,
the laser treatment of CMN was performed using a CVL
system (YAKHROMA-Med model developed at the
Lebedev Physical Institute of the Russian Academy of
Sciences). The total area of CMN was treated with dual-
wavelength CVL radiation at 511 nm and 578 nm with a
power ratio of 3:2 in a pulsed mode. Laser radiation was
focused on the patient’s skin in a light spot with a diameter
of 1 mm. The distance between the centers of consequent
light spots was estimated to be 1 mm. The CVL pulse
duration was 15 ns, and the rep-rate was 16.6 kHz.

The laser irradiation power and exposure’s minimal
settings were selected, at which the pigment color changed
(graying). The CVL treatment was moderately painful.
No anesthesia was required.

Immediately after the procedure, the treatment area
turned gray. A thin, dry, dark brown scab covered the
treated area on the second - third day will fall off within
7-10 days, leaving the skin pink.

After the procedure, the skin was treated with a 0.05
% solution of chlorhexidine bigluconate; then, after the
formation of the crusts, an epithelizing gel was applied
two times a day until the crusts fell off.

The digital images of the CMN were obtained at all
stages of the treatment. Sunscreens with SPF factors of at
least 30 were recommended to protect the treated area.

Case 1l

A 55-year-old Caucasian male patient presented with
flat dark brownish medium-sized type 1 CMN (30 mm
in diameter) located in the forehead (Figure 1). The
diagnosis of CMN was from birth and confirmed using
dermoscopy and histologic data. The black dots/clumps
concentrated in the middle of the involved area. The
regular, uniform pigment showed a mesh structure. The
histologic picture presented nevomelanocytes around the
epidermal-dermal junction. In childhood, this patient
was treated with liquid nitrogen. The treatment did not
give the desired result.

The procedure was carried out using a laser handpiece
with a spot size diameter of 1 mm. The average power
was chosen at 0.7-0.85 W with an exposure time of 0.3
seconds, which corresponded to a fluence level of 26-32
J/cm?. Two sessions of the treatment with an interval of 1
month were performed. Immediately after the treatment,
mild erythema was observed in the treated area. Within
seven days after the treatment, crusts appeared in the
treatment area. The crusts fell off on the 10™-12" day.
Treatment results were evaluated one month after the

second session. After checking the results of the treatment,
the next treatment session was carried out.

Case 2

A healthy 30-year-old female presented with CMN on
her left lower eyelids, which had been present from her
childhood. CMN was a brown color measuring 10 mm in
diameter (Figure 2, left). The diagnosis of CMN was from
early childhood and confirmed with dermoscopic and
histologic data, no melanoma in history or relatives. The
treatment was performed by CVL radiation at 511 nm
and 578 nm wavelengths with a power ratio of 3:2. The
average power was chosen at 0.8 W with an exposure time
of 0.3 s. Three laser treatment sessions with an interval of
1 month were needed for the complete clearance of the
lesions with minimal side effects and without deformity
of the eyelid ocular injuries and relapses after the CVL
treatment.

Results

The male patient showed complete resolution of CMN
after two dual-wavelengths CVL treatments and the
female after three CVL treatments. There was no bleeding
during the procedure and after the laser treatment. Small
erythema developed 15 minutes after the CVL treatment.
After the healing of the treated area, complete CMN
regression was achieved. The healing time lasted up to 3

Figure 1. A 55-Year-Old Patient With CMN Before the Treatment
(photo on the left) and 3 Months After the 2 Dual-Wavelengths
CVL Treatment With A Power Ratio of 3:2 at Wavelengths of
511 nm and 578 nm (photo on the right), Il skin phototype. The
average power of the CVL was 0.8 W; the exposure time was 0.3
seconds. a — before, b — 5 months after the second CVL treatment.

Figure 2. A 30-Year-Old Female With CMN Before the Treatment
(photo on the left) and 4 Months After the 3 Dual-Wavelengths
CVL Treatment With a Power Ratio of 3:2 at Wavelengths of
511 nm and 578 nm (photo on the right), Il skin phototype. The
average power of the CVL was 0.8 W; the exposure time was
0.3 s. a - before, b - 4 months after three sessions of the CVL
treatment.
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weeks. No recurrences were observed during the follow-
up period up to 24 months after the treatment.

Discussion

Our case study described for the first time the successful
CMN treatment, without early and remote side effects,
with two to three CVL sessions. Different laser systems
and their combinations have been tried for CMN
treatment with various successes within the last decades.
Ablative lasers (CO, and Er:YAG) demonstrated a high
risk of scarring.’

The introduction of Q-switched ruby, alexandrite, and
Nd:YAG lasers made it possible to treat CMN with a lower
rate of recurrences and complications, but the results were
not permanent. All CMN patients treated with the ruby
laser showed a partial response, and re-pigmentation
occurred after several months. °

A combination of ablative lasers and Q-switched
selective lasers was applied to better clearance and
decrease the recurrence rate. Nevertheless, the recurrence
rate of up to 82% was obtained one year after CMN
treatment with IPL alone and its combination with the
Er:YAG laser."

Reported results of the
demonstrated in Table 1.

Histological studies showed that recurrence after
CMN treatment with Q-switched ruby and Nd:YAG
lasers connected with incomplete destruction of all
nevomelanocytes. "

It is the reason for choosing a laser with maximum
pigment selectivity for the management of CMN. The use
of dual-wavelength CVL radiation, which corresponds
to the high absorption of melanin at 511 nm and
coincides with the local maximum absorption band of
oxyhemoglobin at 578 nm, can be useful for the CMN
treatment.

The histological data of pigment destruction in the
epidermis after the pulsed dye laser treatment with
different wavelengths (504, 590, 694, 720, 750 nm)
demonstrated the maximum selectivity and the most
pigment-specific injury at a wavelength of 504 nm, which
is close to the green wavelength 511 nm of the CVL."
Green CVL output at 511 nm was successfully used to
treat epidermal pigmented skin lesions."

An essential condition for laser selectivity is choosing

CMN treatment are

time of the target chromophore unit, will minimize the
surrounding tissue’s thermal damage. Thermal relaxation
time is determined by the size of the target chromophore
unit. The CMN presents both isolated pigmented
melanosome cells (size about 7 um and thermal
relaxation time not exceeding 1 us) and clusters (nests,
conglomerates) consisting of pigment cells (cluster size
and thermal relaxation time are about 100 um and 10 ms
respectively).” Therefore, to ensure heating selectivity, an
ideal laser for the CMN treatment should act with both
short nanosecond pulses and long millisecond pulses.

This mode of exposure provides the CVL. Each CVL
pulse has a duration of 20 nanoseconds and a peak power
of up to several kW.

Optical coherence tomography data indicate up to two
times increased vascularization in the area of CMN.!*
The induction of melanogenesis by endothelial cells
indicates the advisability of remodeling of the vascular
bed associated with hyperpigmentation to prevent CMN
relapsing.”” Yellow CVL radiation at 578 nm can be applied
for selective heating of the dysplastic vessels in the CMN
area,'®” which demonstrates increased vascularization.
It provides the remodeling of the vascular bed associated
with the induction of melanogenesis by endothelial cells
to prevent recurrences.

We relate our clinical results obtained by the dual-
wavelength CVL treatment of CMN to the high selectivity
of pigment heating and remodeling of the involved
vascular bed.

Conclusion
In summary, this is the first experience showing that the
dual-wavelength CVL radiation with a power ratio of 3:2
at wavelengths of 511 nm and 578 nm is safe and effective
for treating CMN, especially in the periorbital region.
Additional studies are required to determine the
optimal green/yellow ratio of the CVL power for different
types and colors of the CMN, associated with the level of
melanin content and the depth of pigment-containing
cells. The CVL treatment of CMN makes possible
individual adjustment of the laser settings by changing the
green/yellow ratio depending on the color, pigmentation
depth, and skin phototypes.

Ethical Considerations

the optimal laser pulse duration. The use of laser radiation Written informed consent was obtained
with pulse duration, not exceeding the thermal relaxation from the patients before  the  treatment.
Table 1. Results of the CMN Treatment With Different Laser Systems

Laser Type Number of Treatments CMN Size Results Side Effects Ref.

0,
Q-switched Nd:YAG 2-3 <10 mm 39:8% of CMN were Bleeding 12
completely removed

Q-switched Ruby 2-8 1.5-19.9cm 100% recurrence Bleeding o

Er: YAG+IPL 4.7 82.4% Scaring 70

IPL alone 10.5 1.5-19.9cm recurrence Bleeding
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