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ABSTRACT

A variety of lasers have been used to treat port-wine stain (PWS) birthmarks, however, all of them carry
the risk of adverse effects. Our objective was to assess the effectiveness and safety of nanosecond (ns)
laser treatment for PWS patients using non-invasive images. This study included 20 PWS patients, whose
ages ranged from one to sixteen years. A nanosecond laser (A=595 nm; ‘Ep=2 ns), with a spot size of 5
mm, and parameters of 0.2-0.3 J/cm?, 5 Hz, was used in three passes. The infrared thermal imager aided
in determining the optimal laser dosage and preventing side effects. The primary efficiency was evaluated
using a DermaSpectrometer, and patients were followed up after one week, four weeks, three months,
and twelve months. The infrared thermal images of skin surface temperature assessment in the first ten
seconds were recorded after the maximal energy density 0.3 J/cm? treatment. The thermal wave equation
and Penne’s bioheat transfer equation ranged from 32.4£0.1 to 33.8+0.2°C, 32.6x0.1 to 34.7+0.3°C
(baseline skin surface temperature - 32.4+0.3°C) respectively. Transient hyperpigmentation appeared in
5% (n=1) of the 20 patients, but it resolved spontaneously within three months. There was no evidence
of permanent hypopigmentation or scarring. The DermaSpectrometer revealed a 30% reduction in Hb-
index three months after a single treatment. The infrared image instrument is helpful in determining
the optimum laser dosage. For the treatment of PWS patients, a nanosecond pulsed laser at 595nm was
effective and safe.
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Introduction

A port-wine stain (PWS) is a vascular abnormality of the
dermis that develops since birth.' PWSs are clinically rel-
evant, and since two-thirds of these deformities occur on
the face, they should be seen as an illness with potentially
terrible psychological and physical consequences, rather
than just a cosmetic issue. The unpleasant reaction of
people to a “marked” individual has a detrimental impact
on almost all patients’ personality development areas.®°
PWSs appear as light pink macules in infancy, but the le-
sions gradually deepen to scarlet purple; in addition to the
pigment, many patients’ facial features are also severely
disfigured by the following enlargement of underlying soft
tissue and bone.” The histopathology of this vascular ab-
normality reveals a normal epidermis covering an aberrant
plexus of subsurface blood vessels in the upper dermis.?

Until now, the treatment options for PWSs have been cos-
metic cover-up, skin grafting, ionizing radiation, derma-
brasion, cryosurgery, tattooing, and electrotherapy, but
none of those alternatives has been able to achieve aesthet-
ically acceptable results. With the discovery of lasers and
their capacity to selectively target PWS blood vessels, a
promising therapeutic option for the clinical management
of these patients became available. Argon laser, the first
one oriented to the treatment of vascular malformations,
primarily used to remove PWSs,”10
treating even hypertrophic nodules caused by highly thick-
ened PWSs. Following the introduction of the argon laser

was also effective in

into clinical usage, additional specialized lasers for the
treatment of vascular malformations have been developed,
but scarring has been a concern with all of them,'® includ-
ing argon, CO,, and Neodymium-Doped Yttrium Alu-
minum Garnet (Nd:YAG). Out of all the available
options, Pulsed Dye Laser (PDL) generated the greatest
clinical outcomes with the lowest occurrence of side ef-
fects. The yellow light emitted by the PDL is preferentially
absorbed by hemoglobin, allowing for more selective de-
struction of the upper dermal dilated ectatic capillaries.
However, in the laser treatment of patients with PWSs,
the clinical goal is to maximize thermal damage to targeted
vessels, while minimizing non-specific injury to the over-
lying epidermis. Flashlamp-Pulsed Dye Lasers (FLPDL),
with wavelengths ranging from 585 to 600 nm, and
cryogen spray cooling are now suitable options for selec-
tive photothermolysis. !4

According to diverse studies, the use of nanosecond (ns)
lasers has significant implications for the treatment of

patients with hypervascular lesions such as post-acne ery-
thema, inflammatory acne, facial flushing, and rosacea,
among others.?>?4 Our goal was to use noninvasive im-
ages to evaluate the efficacy of nanosecond laser treat-
ment for PWS patients. The primary efficacy metric was
a quantitative assessment of blanching responses using a
DermaSpectrometer (Cortex Technology, Hadsund,
Denmark) to calculate the hemoglobin index. Safety for
each patient was also assessed, intentionally looking for
any adverse effects.

Materials and Methods

The Institutional Review Board (IRB) approved the study
protocol with the ID number 102-3062B. At the time of
study enrollment, all patients and/or their legal guardians
signed the IRB-approved consent form, and a multidis-
ciplinary consultation was held during the first visit, in
which the patient and family were informed that the laser
treatment could entail multiple treatments over a period
of months and that the average duration of each treatment
would be determined both by the involved area(s) and by
the severity of PWS. In the same way, the patients learned
about the treatment’s discomfort, the type of skin reaction
to be expected, the healing time, and the degree of blanch-
ing. All patients provided informed consent after the in-
vestigational nature of the procedure was fully explained.
Photographic documentation, age, gender, and the sev-
erity of the PWS were the information collected to assess
each patient.

The Classification of Severity was listed as follows: i) Sev-
erity 1: a) faint, barely discernible borders plus, b) well-
defined borders with areas of normal skin interspersed
within the lesion; ii) Severity 2: a) well-defined borders,
uniform lesion with no areas of normal skin plus, b) raised
or thickened lesion plus nodularity or hypertrophy of the
involved anatomical structure.

Our group recommends beginning laser therapy when the
patient is one year old; before that age, the treatment is
reserved for the most severe cases. In this study, all patients
were treated as outpatients, without the use of local or gen-
eral anesthesia. Lidocaine/prilocaine cream (EMLA®) was
avoided except in children aged one to ten. The reason for
this was that it causes vessel vasodilation, which reduces
vessel response to laser treatment. Fortunately, the laser
pulse is often well tolerated, with most patients describing
it as a mild to moderately uncomfortable feeling akin to a
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“rubber band snapping on the skin” or a “stinging sensa-
tion.” Therefore, small lesions can be treated in a single
session, but multiple partial treatments are frequently nec-
essary for bigger lesions.

In our study, test sites were allocated using computer-gen-
erated randomization. The lesion test sites were subjected
to a single treatment with the PicoPlus (Lutronic Co. Bil-
lerica, MA, USA) laser system (wavelength A=595 nm;
spot size 5 mm, T,=2 ns) to find the energy density that
would generate the optimal therapeutic response (blanch-
ing), on portions of a big lesion that were indicative of the
patient’s whole congenital vascular malformation, we an-
alyzed numerous test regions at successive energy densities
beginning with 0.2 J/cm?. Each consecutive test area’s
energy was increased by 0.1 J/cm? at a time, up to a max-
imum of 0.3 J/cm?. The testing zones were treated with 5
Hz, three passes at each energy density. The areas over-
lapped by 25% to 33% of the beam diameter. This was
best performed by sliding the laser handpiece methodically
across the lesion, treating neighboring regions in sequence.
We predicted the skin temperature distribution in nano-
second laser therapy for PWSs patients using an infrared
thermal imaging device (ThermaCAMTMS60, FLIR Sys-
tem, Danderyd, Sweden) to prevent thermal harm caused

by the laser. Real-time imagery and skin temperature vari-
ations were recorded (Figure 1). The effects of temperature
distributions on energy variance were investigated.'! Data
from the infrared thermal imaging instrument were en-
tered both into the analytic solutions of the thermal wave
equation and Penne’s bioheat transfer equation, and the
results obtained were compared.

Once the optimal energy density for lesion therapy was
determined, the treatment of the whole lesion was done
with the appropriate light dosage. Over the next six to
cight weeks, the lesions were anticipated to lighten and
become inconspicuous progressively. At each patient’s fol-
low-up visit, the primary effectiveness measure was the
quantitative evaluation of blanching responses using a
DermaSpectrometer to calculate the Hemoglobin (Hb)-
index; in every assessment, five different measurements
were taken for each test location and the results averaged.
The given means are the averages of all twenty participants
in the research. The Hb-indices of the test site blanching
reactions were assessed before and after nanosecond laser
therapy (after four weeks, three months, and twelve
months). The individual in charge of taking the Derma-
Spectrometer measurements was blinded to the treatment
previously provided and instructed to make each meas-
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Figure 1. Measurements of the skin temperature distribution in nanosecond laser treatment for Port-Wine Stains (PWS) patients.
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urement touching the skin but without applying pressure
to the test site, to avoid measurement error.

In addition, the patients were continuously observed for
the occurrence of any side effects. Each treatment group’s
safety was assessed by looking for any aberrant wound
healing (blistering, scabbing, erosion), scarring, or dyspig-
mentation. Scarring on the test locations was characterized
as a persistent elevated hypertrophic, depressed, or atro-
phic skin texture. Dyspigmentation was considered as a
temporary (resolving within three months of therapy) or
permanent alteration in skin color on the test sites when
compared to neighboring normal skin. Patients were ex-
amined for complications at the same time points as for
the bleaching test: at four weeks, three months, and twelve
months following therapy.

Results

This study involved 20 PWS patients (eleven females
and nine males) treated with the nanosecond laser over
an 18-month period (March 2021 - July 2022). Patients’
ages ranged from one to sixteen years, with an average
age of 12.4 years. All of the patients were Asian. The fol-
lowing data were retrieved for every case: age, gender,
and PWS severity.

For each patient, the infrared thermal image of skin sur-

250.00

200.00

100.00

Percentage

S0.00

0.00

face temperature assessment in the first ten seconds (s),
both by the thermal wave equation and by Penne’s bioheat
transfer equation, ranged from 32.4+0.1 to 33.8+0.2°C
and 32.610.1 to 34.7+0.3°C, respectively (baseline skin
surface temperature -32.420.3°C) after the maximal
energy density 0.3 J/cm? treatment (Table 1).

The reported means of Hb-indices are the average values
for all 20 patients enrolled in the study. Before laser treat-
ment, the average percentage of Hb-indices of all PWSs
was 250 (normal skin 100), while it was 222.22 at four
weeks, 191.86 at three months, and 176.24 at twelve
months after the nanosecond laser treatment (Figure 2).
The DermaSpectrometer demonstrated that a 30% reduc-
tion of Hb-indices can be achieved twelve months after
one treatment. The primary efficacy measure was the
quantitative assessment of the blanching response score of
PWS patients. There were clinically and statistically sig-
nificant variations in blanching response scores before and
after nanosecond laser therapy (p=0.05) based on chi-
squared analysis for the improvement of Hb-indices. In
5% (n=1) of the 20 individuals, transient hyperpigmen-
tation was seen. Within three months, the hyperpigmen-
tation resolved spontaneously.

There was no evidence of permanent hypopigmentation
or scarring. Our findings show that the use of a nanosec-
ond laser to minimize the photothermal impact created
during selective vascular photothermolysis, might lessen

Figure 2. The DermaSpectrometer demonstrated an average 30% reduction of Hb-index can be achieved 12 months after one treatment.
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the occurrence of complications while providing a de-

pendable result. (Figure 3, Figure 4).

Discussion

When treating PWS, the FLPDL has generated the best
clinical results, with the fewest adverse effects.? The favor-
able result can be related to the fact that the yellow light
produced by the FLPDL can selectively damage cutaneous
blood vessels; with a wavelength light of 575-600 nm, and

Table 1. Skin surface temperatures were assessed using the thermal
wave equation and Penne’s equation for nanosecond laser treatment
of the Port-Wine Stain (PWS) patients.

Time (second) Skin surface temperature (°C)

Thermal wave equation  Penne’s equation

1 32.6+0.2 34.1+0.3
2 33.8+0.2 34.7+0.3
3 33.7+0.3 34.5+0.2
4 33.5+0.3 34.2+0.3
5 33.3+0.3 33.9+0.4
6 32.9+0.1 33.7+0.1
7 32.8+0.2 33.5+0.2
8 32.7+0.1 33.2+0.1
9 32.6+0.2 32.8+0.2
10 32.4+0.1 32.6+0.1

Baseline skin surface temperature -32.4+0.3°C.

Figure 3. A two-year-old boy with a Port-Wine Stains (PWS) on his
left face and chin prior to laser therapy (left side). The result was eval-
uated as a significant blanching response 12 months after treatment
with nanosecond laser (595 nm) using a spot size of 5> mm with an
energy density of 0.3 J/cm?, 5 Hz, and three passes (right side).

Laser Therapy

a pulse duration of milliseconds (ms) it is preferentially
absorbed by hemoglobin (the primary chromophore in
the blood) in the upper dermal ectatic capillaries.’*'* The
energy is transformed to heat, producing thermal damage
and thrombosis in the vessels that have been targeted. The
epidermis, on the other hand, is not completely spared
due to melanin’s partial absorption of energy that creates
an optical barrier through which light must travel to reach
the underlying blood vessels. The absorption of laser
energy by melanin, if not regulated, generates localized
heating in the epidermis, which can lead to lasting com-
plications such as hypertrophic scarring or dyspigmenta-
tion. Furthermore, epidermal melanin lowers the quantity
of light that reaches the blood vessels, reducing the
amount of heat produced in the targeted PWS and result-
ing in inadequate blanching of the lesion. Unfortunately,
for many lesions, the threshold for PWS is greater than
the threshold for epidermal damage following laser treat-
ment. As a result, epidermal injury is expected.

In the laser therapy of individuals with PWSs, the ther-
apeutic goal is to maximize thermal damage to targeted
arteries while minimizing non-specific harm to the over-
laying epidermis.>>*” A proposed method for achieving
this goal is to give a regionally selective epidermal tem-
perature drop while leaving the temperature of deeper
blood vessels unaltered. The term “spatially selective pho-
tocoagulation”?® refers to the notion of giving epidermal
protection while inflicting thermal harm in higher der-
mal vessels. This selective photocoagulation is necessary,
since it is not possible to only lower the working tem-

Figure 4. A sixteen-year-old girl with a PWS on her neck: prior to

laser therapy (left side); and three months after treatment with nano-
second laser (595 nm) using a spot size of 5 mm with an energy den-
sity of 0.3 J/cm?, 5Hz, and three passes (right side).
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peratures because insufficient heat production inside the
vessels is the primary cause of inadequate PWS blanch-
ing after FLPDL (millisecond pulse) treatment. Regard-
less of the number of treatment sessions, many attempts
at low light doses will not attain and sustain the thres-
hold temperatures required to damage large blood vessels
permanently.

When employing the thermal wave equation to analyze
thermal damage, the influence of the thermal relaxation
time (tr) should be taken into account. Penne’s equation
ignores this component. The thermal relaxation time for
general homogeneous materials is often relatively short,
ranging from 108-10"% 5. Except when the heat flux rate
changes significantly, thermal waves have no discernible
influence during heat transfer. The biological systems,
on the other hand, are expected to last 20-30 5.'>'¢ In a
subsequent investigation, researchers conducted experi-
ments on processed heat and reached the following re-
sult: 16 s.'” Most biological tissue investigations now
consider 20 s. As a result, the time in this investigation
is also fixed at 20 s.

The use of a nanosecond (595 nm) laser has significant
results for the treatment of PWS patients, but it is critical
to understand the size of the target in proportion to the
energy used for the best outcomes.?® The appropriate de-
gree of energy must be estimated in order to avoid harm-
ing neighboring tissue. The target chromophore size of
PWS blood vessels ranges from 10 m to 200 m, and the
Tr may be determined between 90 s and 5 ms. Nanosec-
ond lasers outperform millisecond pulsed lasers in terms
of microvascular damage and adverse effects.

Many physicians believe that 595 nm will penetrate
deeper into the PWS blood vessels, leading to a more
consistent photocoagulation. The absorption coefficient
of blood, on the other hand, is a key element in 595 nm.
In a previous study, our group investigated the effective-
ness and safety of laser therapy at 595 nm wavelengths
for PWS birthmarks.'® The analysis consisted in that
over a 3-year period, a group of 32 individuals with head
or neck PWS birthmarks were treated with the Candela
ScleroPLUS® (Wayland, MA, USA) pulsed dye laser
(1=595 nm; T,=1.5 ms). Patients were exposed to 595 nm
light doses ranging from 7 to 10 J/cm?. The quantitative
assessment of the blanching response scores of 595 nm
treated individuals served as the major effectiveness
measure. The results and safety for PWS patients receiv-
ing 595 nm were both positive. In 37.5% (n=12) of the
595 nm treated individuals, transient hyperpigmentation

was seen, but in all cases faded after a year. There was no
evidence of permanent hypopigmentation or scarring.
That result points to the suitability of the 595 nm wave-
length for treating PWS patients. Recent similar studies
conducted in patients belonging to specific ethnicities
have confirmed these encouraging findings.*-3%

In the present research, we anticipated the skin tempera-
ture distribution in the therapy for PWS patients using
an infrared thermal imaging device to prevent thermal
harm caused by nanosecond laser (595 nm). The analytic
solutions of the thermal wave equation were compared
with those of Penne’s bioheat transfer equation; the re-
sults showed that the nanosecond laser (595 nm wave-
length; 2 ns pulse duration; spot size 5 mm, 5 Hz, three
passes) when the energy densities remained higher than
0.3 J/em?led to burn injury (if temperatures higher than
44°C) using both thermal wave and Penne’s equations.
However, the previous calculations indicate that under
the situation of a large heat flow for a relatively short
period, the forecast of the skin surface temperature given
from Penne’s equation is substantially greater than that
calculated from the thermal wave equation. As a result,
the thermal wave equation'"?>~> may most likely predict
the skin temperature distribution in PWS patients un-
dergoing nanosecond laser therapy (Table 1).

The DermaSpectrometer was used to provide quanti-
tative therapy outcomes of the vascular lesions. Light-
emitting diodes produce light at two distinct
wavelengths: 568 nm (green) and 655 nm (red). As a re-
sult, it may be used to determine oxyhemoglobin and
melanin levels by measuring absorbed and reflected light
at green and red wavelengths.?®?” As previously indi-
cated, test sites were allocated using computer-generated
randomization, and the individual taking the Derma-
Spectrometer measurements was blinded to the treat-
ment provided for the patient and instructed to make
each measurement touching the skin but without apply-
ing pressure to the test site to avoid measurement error.

Conclusions

We were able to monitor, by non-invasive means, the op-
timization of the thermal impact on targeted vessels,
while avoiding adverse sequelae in the nanosecond laser
therapy. For the treatment of pediatric PWS patients, a
nanosecond pulsed laser at 595 nm provided a signifi-
cant difference in the blanching test, pre and post-treat-
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ment. The nanosecond laser can diminish the photother-
mal skin impact and the incidence of adverse effects re-
lated to the selective photothermolysis of vascular
structures. Our findings must be investigated in larger
samples (resulting in high power) with ethnically diverse
conformation and standardized clinical practice patterns;
therefore, more studies, particularly a multicenter con-
trolled trial, are necessary.
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