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Introduction

Vascular malformations are a type of vascular anomalies that
lack a proliferative component, in contrast to vascular tumors.
Vascular malformations, which are due to inborn errors in vas-
cular morphogenesis, are classified into capillary, venous, lym-
phatic, arterial, and combined malformations [1]. Therapy for
vascular malformations remains challenging. Due to its good
safety/efficacy profile, pulsed dye laser (PDL) is a well-
stablished treatment for capillary malformations [2]. However,
many capillary malformations respond well to initial PDL treat-
ments but become less responsive to following ones, with com-
plete response rates around 20%. The limited penetration depth
of PDL prevents the treatment of large ectatic vessels located in
deep skin layers [3]. Other low-flow vascular malformations,
including venous malformations, present the same problem.
The 1064-nm long-pulsed neodymium:yttrium-aluminum-garnet
(LP-Nd:YAG) laser has been widely used for the treatment of
venous malformations and also PDL-resistant capillary
malformations. The 755-nm alexandrite laser is also another op-
tion for resistant capillary malformations, especially dark, hyper-
trophic port wine stains [4]. The 1060-nm high-power diode laser
can also be an alternative treatment of vascular malformations.
The 1060-nm range is considered to provide a good
hemoglobin/melanin absorption ratio, making it feasible
for the different Fitzpatrick skin types. Photothermolysis
of microvessels can penetrate deeper with a 1060 nm
than with a 595-nm or a 755-nm wavelength, thus en-
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hancing results [S]. The 755-nm alexandrite laser yields
better results than the PDL in the treatment of hypertro-
phic, purple port wine stains, with a higher risk of per-
manent dyspigmentation because of a higher melanin ab-
sorption [3]. The 1064-nm LP-Nd:YAG laser is more
effective and also safer for III-V skin types, although
the therapeutic window is narrower since it is less spe-
cific for hemoglobin than PDL or alexandrite lasers and
has a higher rate of dermal scattering. Permanent scar-
ring can occur, especially with higher wavelengths.
Epidermal cooling, observation of clinical endpoints,
and dosimetry adjustments are essential to minimize risks
[6]. For vascular malformations, in most cases, a tran-
sient gray color that immediately evolves to deep purpu-
ra is the optimal endpoint. An immediate metallic gray
blanching correlates with non-specific dermal injury and
a higher risk of post-procedural scarring [6].

The 1060-nm diode laser has been successfully used for the
treatment of hair removal [7] and laser lipolysis [8, 9].
However, in the field of vascular malformations, there is only
one case series for the treatment of cherry angiomas and
venulectasias [10]. The main limitation of the 1060-nm diode
laser compared to classic 1064-nm LP-Nd:YAG is that it can-
not reach such high fluences. However, this can be compen-
sated by using multiple pulses.

Objective

The aim of this study is to evaluate the efficacy and
safety of a 1060-nm high-power diode laser in the treat-
ment of vascular malformations, including capillary and
venous malformations. We aimed to select the most ad-
equate parameters in every case depending on the pa-
tient and the characteristics of the lesion.
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Material and methods

We designed a prospective study of 12 patients affected of
vascular malformations treated with a 1060-nm high-power
diode laser (Primelase Excellence and 10 x 10 mm2-
1060 nm-4000 W applicator, cocoon medical, Barcelona,
Spain) at our hospital. Efficacy was evaluated by two blinded
dermatologists at the end of the treatment by a score system, in
which size reductions of 0-25%, 25-50%, 50-75%, and 75—
100%, of the lesion, were respectively assigned a score from 0
to 3. Statistical analysis of the results was performed using the
SPSS 15.0 statistical software (SPSS). Procedure consisted on
the application of 1060-nm diode laser every 6 weeks using the
following parameters: 10 x 10mm spot size, 7 to 10 ms pulse
duration, 25 to 35 J/em? fluence, 1 to 4 stacks with 250 ms
delay. The laser irradiation follows a square top-hat spatial pat-
tern, which is the main distribution profile of the laser diodes.
The energy is evenly distributed over its entire area. Epidermal
cooling was provided with contact cooling by the 10 °C cold
sapphire tip of the applicator, 3 s before shooting. All the pa-
tients received topical anesthetic (lidocaine and prilocaine) 1 h
before the procedure. All the patients received a “test session”
to select the most adequate parameters before the final treat-
ment, attending to clinical and dermoscopic endpoints. Clinical
endpoint was permanent purpura, in the absence of epidermal
frosting. Reaching a dermoscopic endpoint of 50% purpura or
vessel disappearance was considered as adequate.

Results

Table 1 summarizes clinical and epidemiological characteris-
tics of the patients.

Mean age of patients was 41.7 years (range 22—62); 5 pa-
tients (41.7%) were female. Mean score for efficacy was 2.3
(range 1-3) with a mean number of 1.2 sessions per patient
(range 1 to 2). Of the 12 patients, 2 (16.7%) achieved less than
25% reduction in size, 4 (33.3%) achieved between 50 and
75%, and 6 (50%) between 75 and 100%. Seven patients
(58.3%) had been previously treated with 595-mm PDL laser.
Wilcoxon signed rank test showed statistical difference be-
tween the size of the lesions before and after laser treatment
(p <0.002).

We selected a 50% immediate vessel purpura (or disap-
pearance) as the adequate dermoscopic endpoint needed
(Figs. 1, 2, 4). Venous malformations had a size reduction of
more than 75% in 4 of 5 patients (80%) (Fig. 3), with optimal
results at the following parameters: 22 J/cm2, 10 ms, stack 4,
250 ms delay (Fig. 4).

Adverse events were reported in 4 patients, including tran-
sient hypopigmentation in 3 patients (25%) and mild scarring
with hypopigmentation in 1 patient (8.3%) during a 6-months
follow-up.

@ Springer

Discussion

The 1060-nm high-power diode laser is a semiconductor laser
that provides similar parameters to solid-state lasers. This de-
vice is approved for the removal of vascular lesions under
directive 93/42/EEC for medical devices by the notified body
N°0051 and certificate number 1604/MDD revised and ap-
proved on 08/2019, although it is mainly used for hair removal
and the treatment of active acne.

Other high-intensity diode lasers have been previously used
in the treatment of vascular malformations, including 800, 810,
830, 940, and 980-nm wavelengths [11-17]. Diode-laser de-
vices have a significantly lower cost than other high-power
lasers, with unique intrinsic characteristics (contact cooling,
high-shooting frequency, minimum maintenance). The PDL
laser (595 nm) and the LP-Nd:YAG (1064 nm or 532 nm) are
the most commonly used lasers in the treatment of vascular
malformations, because of their safe profiles and wide areas
of clinical use [18]. The 755 nm alexandrite laser has also been
tried, alone or in combination with PDL [19].

In the past, semiconductor-based lasers were unable to emit
large amounts of energy in short-pulse durations (in the mil-
liseconds range). This barrier has supposed a technological
constraint for diode lasers in comparison to solid-state lasers
for the treatment of vascular lesions, until now. Indeed, for
pulse durations shorter than 50 ms, semiconductor-based la-
sers do not reach as higher fluences as solid-state lasers.

There are several feasible parameters for the treatment of
vascular malformations. High fluence parameters (100-150 J/
cm?) are available at the cost of relatively long pulse durations
(60—80 ms), thus emulating the 1064nn LP-Nd:YAG laser
[10]. Long pulse parameters can provide better efficacy, at
the cost of an increased risk of adverse effects when compared
to short-pulse parameters. Attending to Verkruysse et al. [20],
multiple laser pulses (MLP) can significantly increase the
targeted blood vessel temperature, due to cumulative heat
propagation from adjacent vessels being treated simultaneous-
ly. MPL can achieve similar thermal effects with lower energy
density than in single pulse treatments. Since lower energy
density is applied, there is less energy absorbed by the epider-
mis, decreasing the risk for adverse events. MPL treatments
have been widely reported in experimental models [21-23]
and in patients with capillary malformations [24]. MPL treat-
ments allow selective photothermolysis of deep-lying vessels
and also thick vessels, which are commonly present in laser-
resistant capillary malformations [25].

We used clinical and dermoscopic immediate post-
treatment endpoints to select the most appropriate parameters
for MPL treatment. Clinical purpura as a therapeutic endpoint
has been widely used in the treatment of vascular
malformations, correlating with therapeutic response.
However, potential pitfalls can occur depending on the vascu-
larization pattern, especially at long pulse durations [26], with
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Fig. 1 Patient 4, hypertrophic capillary malformation treated with
Primelase Excellence and 10 x 10 mm2-1060 nm-4000 W applicator,
cocoon medical, Barcelona, Spain. From left to right, clinical
presentation (a), after 1 pulse (35 J/cmz, 10 ms) of split-treatment (b),
and after 2 pulses (¢). An epidermal detachment can be observed in the 7-
day visit (d). Dermoscopic evaluation shows grouped red dots and

an increased risk of complications. Dermoscopy is a useful
tool to select the minimal fluence required. The selected end-
point, immediate post-irradiation vessel purpura or

Fig. 2 Patient 4, hypertrophic capillary malformation treated with
Primelase Excellence and 10 x 10 mm2-1060 nm-4000 W applicator,
cocoon medical, Barcelona, Spain. From left to right, clinical
presentation (a), after 1 pulse (35 J/cm2, 10 ms) (b), and after 3 pulses
(¢). Dermoscopic examination shows a network of red linear vessels

@ Springer

globules surrounded by fibrous tracts (e). After 1 pulse, 35% is
achieved (f). After 2 pulses, 70% of purpura is achieved (g). Clinical
response shows the difference between 2 pulses (35 J/em?, 10 ms) in
the left side and only 1 pulse (35/cm?, 10 ms) in the right side. Clinical
improvement is observed after 1 session, including a mild scarring (h)

disappearance (detected by dermoscopy), correlates with the
therapeutic outcome. This is especially useful in the treatment
of vascular malformations with deep vessels, when clinical

o

horizontally oriented and red to blue globules and lakes (e). After 1
pulse, a 25% of purpura is achieved (f). After 3 pulses, a 65% of
purpura is achieved (g). Clinical improvement can be observed in a 6-
week period after 1 session (from d to h)



Lasers Med Sci

Fig. 3 Patient 7, venous
malformation treated with
Primelase Excellence and 10 x 10
mm2-1060 nm-4000 W
applicator, cocoon medical,
Barcelona, Spain. Clinical
presentation (a), treated with
following parameters: 22 J/cm?, 6
mseg, stack 4, 250 ms delay.
Results at the 6-week follow-up
after 1 session (b)

purpura may not be achieved [26]. However, in most cases
there is a positive correlation between clinical and
dermoscopic endpoints [27].

Fluences varied between 20 to 35 J/em? (with a maxi-
mum pulse duration of 10 ms). Depending on the lesion
and patient characteristics, we noticed that 22-35 J/em? at
stack 3 or 4 is sufficient in general terms to the treatment of
vascular malformations, providing a good balance between
efficacy and safety results and thus preventing the risks of
long single pulse treatments. In our experience, the most
convenient dermoscopic endpoint for a single session is
around 50% of purpura or vessel disappearance. Trying
to achieve a higher rate in PDL-resistant capillary
malformations could result in permanent scarring, as it
can be seen in Fig. 1 where a 70% of purpura was obtained.
Hypopigmentation after the procedure recovered in less
than 6 weeks in the three patients. This is a common side
effect to laser treatment that can be permanent, but it is
more common in lasers with a higher melanin absorption
like alexandrite laser and QS-Nd:YAG laser, [28, 29].

Fig. 4 Patient 12, cherry
angiomas treated with Primelase
Excellence and 10 x 10 mm2-
1060 nm-4000 W applicator,
cocoon medical, Barcelona,
Spain. Clinical presentation (a),
immediately after the treatment
(30 J/em?, 10 ms, stack 4, 250 ms
delay) (b), and at the 6-week
follow-up after 1 session (c)

Due to high fluences and relatively long pulse dura-
tions, this treatment can cause moderate pain. Local anes-
thesia is recommended to minimize discomfort. Regarding
post-treatment care, avoiding sun exposure for between 10
and 15 days is recommended, even with SPF 50 protec-
tion. If additional sessions are required, it is recommend-
ed that at least 45 days are allowed to elapse following the
previous session.

Like the 1064 nm LP-Nd:YAG, this laser should be
avoided for treating children and pale-red to pink capillary
malformations. Venous malformations respond particularly
well to this treatment.

The main limitation of this pilot study is the variability
between types of vascular malformations and relatively
low number of treated patients. We cannot categorically
affirm that the results obtained with the 1060-nm high-
power diode laser are comparable with the 1064 nm LP-
Nd:YAG. However, it appears that a good response rate
can be obtained, with also a low incidence of adverse ef-
fects. More well-designed controlled studies are needed to

AN
N
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characterize optimal parameters of laser treatment, includ-
ing a LP-Nd:YAG control arm.

Conclusions

The 1060-nm high-power diode laser appears to be a safe and
effective alternative for the treatment of vascular malformations.
Further studies are required to support this conclusion.
Dermoscopy is a useful auxiliary tool that can help the clini-
cian to adjust laser settings. Immediate purpura detected by
dermoscopy appears to correlate with the therapeutic outcome.
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pretation of the data, or decision to submit results.
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