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Importance: Port-wine stain (PWS) is a congenital vascular condition involving dilation of skin capillaries and venules, significantly
affecting patients’ physical and mental health. Pulsed dye laser (PDL) is widely used for PWS treatment; however, large-scale data on
pediatric cases remain limited. This retrospective study aims to investigate the efficacy of laser treatment and its related factors in
a large sample.

Objective: To assess the clinical efficacy and adverse reactions of 595nm PDL for treating pediatric PWS and to identify factors
influencing treatment outcomes.

Methods: This retrospective study included 974 pediatric patients with PWS treated at Beijing Children’s Hospital from 2003 to
2021. Inclusion criteria required patients to be under 18, with solitary PWS and Fitzpatrick skin types II-IV. Treatment efficacy was
evaluated using standardized photographs taken before and after treatment, with outcomes categorized by Achauer’s clearance criteria.
Ridit analysis assessed the impact of variables such as gender, age, lesion location, and treatment frequency on outcomes.

Results: The overall efficacy rate was 65.3%, higher in females (69.7%) than males (59.7%). Adolescents had the highest efficacy
(100%) due to better compliance. Limb lesions responded best (87.5%), followed by neck (75.0%), trunk (66.7%), and head/face
(63.0%). Smaller lesions (<3 cm?) achieved 76.8% efficacy. Efficacy rose with sessions, reaching 84.0% after three. The mandibular
branch (V3) had the highest trigeminal efficacy (68.5%). Adverse reactions (4.31%) included pigmentation changes (2.87%),
hypopigmentation (1.03%), and minimal scarring (0.41%).

Conclusion: The efficacy of 595nm PDL for treating PWS in children is influenced by gender, age, lesion location, size, and the
number of treatment sessions. PDL is an effective treatment for pediatric PWS with minimal adverse reactions.
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Introduction
Port-wine stain (PWS) is a congenital vascular malformation involving the dilation of skin capillaries and small venules,
commonly located on the face and neck. PWS typically presents at birth and does not regress spontaneously. Without
treatment, it may progress with age, resulting in darkening of color, skin thickening, nodularity, and susceptibility to
bleeding after trauma.' PWS significantly affects a patient’s appearance, psychological health, and normal social life."
Based on the principle of selective photothermolysis, pulsed dye laser (PDL) with a wavelength of 595 nm has been
widely used as the standard treatment for PWS in clinical practice. However, the efficacy of PDL varies among pediatric
patients. Currently, large-sample data on the use of PDL in treating pediatric patients with PWS are limited. This study
aims to evaluate the efficacy and adverse effects of PDL treatment in children by reviewing 974 PWS cases over nearly
20 years, providing clinical treatment references.

In this study, we retrospectively analyzed 974 pediatric patients with PWS who underwent 595 nm PDL treatment at
Beijing Children’s Hospital over the past 20 years. We investigated treatment outcomes based on factors such as gender,

age, lesion location, lesion color, area, number of treatments, and laser pulse durations.
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Methods

Ethical Approval

This study was approved by the Ethics Committee of Beijing Children’s Hospital, Capital Medical University, and was
conducted in accordance with the principles of the Declaration of Helsinki. All guardians of the patients in this study
signed informed consent forms. Written informed consent for publication of their images in Figures 1 and 2 was obtained
from the parents or guardians of all children shown.

Data Collection
From February 2003 to January 2021, a total of 974 patients with PWS were admitted to Beijing Children’s Hospital,
Capital Medical University, and the National Center for Children’s Health. The inclusion criteria were as follows: (1) age
under 18 years; (2) diagnosis of solitary port-wine stain according to ISSVA (2018); (3) Fitzpatrick skin types 1I-1V; (4)
healthy children without other systemic diseases.

Exclusion criteria were as follows: (1) previous treatment; (2) incomplete data; (3) thickened-type PWS; (4)
pigmentation from sun exposure within 3 months prior to treatment; (5) involvement of two or more different anatomical
sites simultaneously; (6) failure to follow the required follow-up.

Therapy Methods

The Vbeam 595 nm pulsed dye laser system (Candela Corporation) with a dynamic cooling device (DCD) was used in this
study. The parameters were as follows: wavelength of 595 nm, pulse width of 0.45-40 ms, energy density of 440 J/cm?, spot
diameter of 7 mm, and pulse frequency of 1.5 hz. The laser energy density and pulse width were adjusted based on factors such
as the child’s age, the nature of the lesion, and previous treatment efficacy. The energy ranged from 9-12.5 J/cm?, and the pulse
width ranged from 1.5-20 ms. The most commonly used settings were an energy density of 11 J/cm? and a pulse width of 1.5/3
ms. The DCD employed ice mist cooling, with a spray duration of 20—100 ms and a delay of 10-100 ms. Patients were
informed of potential normal reactions during treatment, as well as possible adverse reactions post-treatment. Photos of the
lesions were taken before and after each session using a standardized digital camera (Canon EOS 800D, 20X) in a well-lit
treatment room. Detailed records of patient history, treatment parameters, and adverse reactions were documented. To prevent
laser damage to the eyes, all patients wore metal ocular shields during treatment. For younger children, we placed a layer of
moist sterile gauze or a disposable eye mask beneath the shields to ensure comfort and effective light-blocking. Both operators

Figure | A 6-month-old female patient with PWS before and after three sessions of PDL. There was obvious clearance after 3 treatments.
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Figure 2 A |2-year-old male patient with a port-wine stain (PWS) exhibited significant clearance after five treatment sessions.

and accompanying parents wore laser safety goggles during the treatment. Treatment parameters were adjusted based on
factors such as the patient’s age, skin type, lesion location, color, size, and immediate response to laser treatment. The
treatment was ended when the color lightened, and the lesion appeared purplish-gray during irradiation.

Aftercare

After treatment, ice packs were applied externally for 5-10 minutes to alleviate pain and burning sensations and to reduce
the occurrence of erythema, blistering, and purpura. The treated area was to be kept clean, with sun protection and
moisturizing cream applied throughout the treatment interval. Patients were advised to avoid water contact, makeup, and
scratching. The treatment interval was generally 4-6 weeks.

Efficacy Assessment

The evaluation of PWS efficacy included: (1) changes in color; (2) changes in lesion area. Efficacy was observed during
outpatient follow-up visits 4—6 weeks after each laser treatment. Evaluation method: photos were taken before and after
treatment in the same clinic, under consistent lighting conditions and against the same background. Dermatologists who
were experienced but unaware of the study performed the efficacy evaluation by comparing before-and-after photos. The
evaluation criteria followed those of Achauer et al.? Ineffective: clearance rate < 25%: Effective: clearance rate 26%—
50%; Remarkable: clearance rate 51%—75%; Cured: clearance rate 76%—100%. The treatment endpoint was reached
when the lesion either completely disappeared or showed no improvement after multiple treatments. Evaluation was
based on the untreated area surrounding the treatment area and the lesion color before treatment. The efficacy rate was
calculated as (number of cured cases + number of remarkable cases) / total cases.
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Statistical Analysis

All data in this study were analyzed using SPSS 22.0 software. Count data were expressed as frequencies and
percentages (%). Ordered categorical data, such as efficacy, were analyzed with the Ridit analysis method. All tests
were two-tailed, and a P-value of <0.05 was considered statistically significant.

Results

General Information

As shown in Table 1, a total of 974 pediatric patients with PWS were enrolled between February 2003 and January 2021. Among
them, there were 432 male and 542 female patients, with a male-to-female ratio of 1:1.25, and a median age at the initial visit of
24 months. The characteristics of the skin lesions were as follows: 354 cases on the left side and 362 cases on the right side, with
a median area of 4.00 cm?. The distribution of lesions was as follows: 826 cases on the head and face, accounting for 84.80% of
the total study subjects; 64 cases on the neck, 48 cases on the limbs, and 36 cases on the trunk. Based on lesion color, 578 cases
were classified as purplish and 140 cases as pink. A total of 542 cases involved the facial trigeminal nerve, including 134 cases in
the ophthalmic branch region, 300 cases in the maxillary branch region, and 108 cases in the mandibular branch region.

Comparison of Gender and Efficacy

The overall effective rate was 65.3%, with a 59.7% effective rate in male patients and a 69.7% effective rate in female
patients. Females demonstrated higher efficacy compared to males. Ridit analysis showed significant differences in
treatment outcomes between genders (Table 1).

Comparison of Treatment Age and Efficacy

According to the World Health Organization’s pediatric age classification, due to the small sample size of neonatal
patients, the neonatal group was incorporated into the infant group. Consequently, patients were divided into five
groups. The efficacy rate for the infant group was 71.2%, while the adolescent group exhibited the highest efficacy
rate at 100%. The treatment effect of the two groups were shown in Figures 1 and 2. There were differences in
efficacy among different treatment age groups. The difference between the adolescent group and the other four age
groups was statistically significant. Except for the adolescent group, there were no statistically significant
differences in efficacy among the treatment groups in the other four age groups, as shown in Table 1.

Comparison of Lesion Location and Efficacy
Based on anatomical location, the skin lesions areas were divided into four regions: regions on the head/face, neck,
limbs, and trunk. The limb region exhibited the highest efficacy rate at 87.5%, followed by the neck region with an

efficacy rate of 75.0%. There was a statistically significant difference in efficacy among different lesion sites
(Table 1).

Comeparison of Lesion Area and Efficacy

Among 974 patients, the largest lesion area was 121 cm? and the smallest was 0.6 cm?. We categorized the skin lesions of
these patients into four groups based on their sizes. Statistical analysis showed a significant difference in efficacy among
different lesion sizes. The highest efficacy was observed when the lesion area was <3cm?, with an efficacy rate of 76.8%.
There was a statistically significant difference between the <3 cm? group and the other three groups (P<0.001). However,
there was no statistically significant difference in efficacy among the remaining groups (Table 1).

Comparison of Clinical Types and Efficacy

All the 974 patients with PWS were juveniles, there were no hyperplastic type as a result. Patients were divided into two
groups based on whether their lesion was pink or purple-red. The pink type was flat and range from light pink to red in
color, blanching completely under pressure. The purple-red type were flat and range from light purplish-red to dark
purplish-red in color, blanching partially or not at all under pressure. The pink type fades when pressed on by a finger,
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Table | Demographic Data and Clinical Therapeutic Effect Assessment

Factors Total Therapeutic Efficacy, n (%) Efficacy Rate (%) P value
Ineffective Effective Remarkable Cured
Sex, n(%)
Male 432 (44.35) 60 (13.9) 114 (26.4) 194 (44.9) 64 (14.8) 59.7 P=0.002
Female 542(55.65) 50 (9.2) 114 (21) 280 (51.7) 98 (18.1) 69.7
Age at diagnosis, n(%)
Infants (0~1y) 326 (33.47) 22 (6.7) 72 (22.1) 166 (50.9) 66 (20.2) 712 P<0.001
Toddlers (1~3y) 290 (29.77) 42 (14.5) 74 (25.5) 136 (46.9) 38 (13.1) 60.0
Preschool (3~6y) 188 (19.30) 40 (21.3) 42 (22.3) 74 (394) 32 (17.0) 56.4
School Age (6~12y) 150 (15.40) 6 (4.0) 40 (26.7) 86 (57.3) 18 (12.0) 69.3
Adolescents (12~18y) 20 (2.05) 0 (0.0 0 (0.0 12 (60.0) 8 (40.0) 100.0
Lesion Location, n(%)
Left 354(36.34)
Right 362(37.16)
Head/Face 826(84.80) 102 (12.3) 204 (24.7) 384 (46.5) 136 (16.5) 63.0 P=0.017
Neck 48(4.93) 2 (42) 10 (20.8) 24 (50) 12 (25) 75.0
Limbs 64(6.57) 4 (6.3) 4 (6.3) 48 (75) 8 (12.5) 87.5
Trunk 36(3.70) 2 (5.6) 10 (27.8) 18(50) 6(16.7) 66.7
Area, n (%)
0~3cm? 250(25.67) 18(7.2) 40(16) 124(49.6) 68(27.2) 768 P<0.001
3cm?~10cm? 396 (40.66) 48(12.1) 114(28.8) 186 (47) 48 (12.1) 59.1
10cm?~30cm? 200 (20.53) 26 (13) 42 (21) 98 (49) 34 (17) 66.0
>30cm? 128 (13.14) 18 (14.1) 32 (25) 66 (51.6) 12 (9.4) 60.9
Lesion color, n (%)
Purple-red 578(80.50) 66 (11.4) 152 (26.3) 284 (49.1) 76 (13.1) 62.3 P=0.144
Pink 140(19.50) 18(12.9) 28(20) 66(47.1) 28(20) 67.1
Trigeminal nerve location, n (%)
Ophthalmic branch (V1) region of the trigeminal nerve 134(24.72) 14 (10.4) 42 (31.3) 62 (46.3) 16 (11.9) 58.2 P=0.255
Maxillary branch (V2)region of the trigeminal nerve 300(55.35) 36 (12.0) 72 (24.0) 132 (44.0) 60 (20.0) 64.0
Mandibular branch (V3) of the trigeminal nerve 108(19.93) 8 (7.4) 26 (24.1) 60 (55.6) 14 (13.0) 68.5
Treatment Numbers, n (%)
| 232 (23.82) 56 (24.1) 80 (34.5) 70 (30.2) 26 (11.2) 41.40 P<0.001
2 278 (28.54) 32 (11.5) 78 (28.1) 122 (43.9) 46 (16.5) 60.40
3 214 (21.97) 12 (5.6) 40 (18.7) 134 (62.6) 28 (13.1) 75.70
>3 250 (25.67) 10 (4.0) 30 (12.0) 148 (59.2) 62 (24.8) 84.00
Laser pulse durations, n (%)
I.5ms 466(53.56) 50(10.7) 96(20.6) 234(50.2) 86(18.5) 68.7 P=0.052
3.0ms 404(46.44) 50(12.4) 98(24.3) 198(40.0) 58(14.4) 634
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whereas purplish type does not fade. Ridit analysis results showed that there was no statistically significant difference in
efficacy between the two types of classifications (Table 1).

Comparison of Efficacy in Different Facial Regions

Patients with PWS involving the facial trigeminal nerve area were divided into groups based on the ophthalmic branch (V1),
maxillary branch (V2), and mandibular branch (V3) of the trigeminal nerve. There was no statistically significant difference in
efficacy among the facial trigeminal nerve groups, as shown in Table 1. However, results indicate that the mandibular branch
of the trigeminal nerve exhibited the highest efficacy, followed by the maxillary branch and then the ophthalmic branch.

Comparison of the Number of Treatment and Efficacy

Patients were divided into four groups according to the number of treatments. Ridit analysis showed a statistically
significant difference in efficacy among different treatment frequencies. There was also a statistically significant
difference between groups with different treatment frequencies. As the number of treatments increased, the efficacy
rate improved significantly (Table 1).

Comparison of Pulse Width and Efficacy

In pediatric patients, the most commonly used pulse durations for PDL treatment are 1.5 ms and 3.0 ms. Consequently,
our study divided the subjects into two cohorts based on these pulse durations to evaluate and compare therapeutic
efficacy and adverse effects. The treatment effects of lasers with different pulse durations are shown in Table 1. There
was no statistically significant difference in efficacy between the two pulse widths in the overall PWS study sample.

Adverse Reactions

The overall incidence of adverse reactions was 4.31%, as shown in Table 2. Among these, pigment deposition accounted
for the largest proportion, with 28 cases representing 2.87% of the total. There were 10 cases of pigment fading,
accounting for 1.03%, and 4 cases of superficial scarring, representing 0.41%. After 1 to 5 years of follow-up, both
pigment fading and pigment deposition had resolved, while superficial scars had faded.

Discussion

Port-wine stain (PWS), also known as nevus flammeus, typically manifests at birth and does not regress spontaneously.
PWS may progress with age, with the color gradually deepening or thickening, and nodules or bleeding may occur after
trauma.! PDL was the first laser developed specifically for treating vascular lesions and is considered the gold standard
for PWS treatment due to its high safety and efficacy, making it the most commonly used treatment modality in clinical
practice.” Since its initial use in the 1980s for vascular disease treatment, PDL has continuously improved in effective-
ness with device advancements." We conducted a large-scale retrospective study involving 974 cases, with all subjects
being pediatric patients. This study aimed to investigate the efficacy and associated factors of PDL treatment for PWS in
Chinese children with dermatological conditions. The overall treatment effectiveness rate was 65.3%.

In the present study, we found a statistically significant difference in treatment efficacy between genders, with females
exhibiting better outcomes compared to males. This may be attributed to higher aesthetic demands from the parents of female
children regarding facial appearance, leading to elevated treatment endpoint expectations and consequently higher overall
efficacy rates in female children. There is also variation in efficacy based on age, with the highest efficacy rates observed
during adolescence, reaching up to 100%. This could be due to adolescents’ greater aesthetic maturity compared to younger

Table 2 Adverse Reactions

Adverse Reactions

Pigment Deposition

Pigment Fading

Superficial Scars

Male, n 17 7 3
Female, n Il 3 |
Total, n(%) 28 (2.87) 10 (1.03) 4 (0.41)
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children, their heightened demand for cosmetic improvements, and better compliance. Factors such as the smaller sample size
in the adolescent group might have influenced this outcome. Additionally, the cure rate during adolescence can reach 40%,
which is similar to rates reported in foreign literature.” The efficacy rate during infancy is 71.2%, second only to the adolescent
period. A study involving 848 adult patients with PWS in China reported a positive correlation between age and efficacy, with
better outcomes associated with younger age, underscoring the significance of early treatment for PWS.

Previous studies have shown better efficacy for facial lesions compared to those on the neck, trunk, and limbs.* Our data
reveal a statistically significant difference in PDL efficacy based on lesion location, with the highest efficacy observed in limb
lesions at 87.5% and the lowest in head and face lesions at 63.0%. Efficacy rates decreased sequentially as follows: limbs >
neck > trunk > head and face. Additionally, previous studies have demonstrated a negative correlation between factors such as
vascular depth and epidermal thickness in facial and neck lesions, with deeper vasculature and thicker epidermis generally
associated with lower treatment efficacy.® These histological differences may partially account for variations in PDL efficacy
across PWS lesions, even within the same patient. Further histopathological studies are essential to fully understand the
underlying reasons for these variations in PDL efficacy, which could help in developing treatment protocols targeting specific
histological characteristics. While other studies often report better outcomes for facial lesions than for other body regions, our
data indicate that the head and face had the lowest efficacy rates. This discrepancy may stem from anatomical and
physiological factors impacting PDL efficacy differently across regions. However, in our study, the head and face had the
lowest efficacy rates. This discrepancy may be due to anatomical and physiological factors influencing PDL efficacy across
different body regions. Specifically, skin thickness and structure vary by location. The thicker skin of the extremities may
reduce light scattering, allowing for more focused energy delivery to the target area, thereby enhancing treatment outcomes.
This enables improved treatment outcomes compared to facial regions, where thinner skin may disperse energy more readily.’
Additionally, vascular network complexity differs by location. While the face has a dense vascular network, potentially
dispersing laser energy, the extremities have simpler, superficial vessels that may increase efficacy by allowing targeted energy
absorption.® Finally, sun exposure is more frequent in facial areas, raising the risk of post-inflammatory hyperpigmentation
(PIH), which can diminish the perceived efficacy due to pigmentation changes post-treatment. The extremities, being less
exposed to sunlight, experience reduced PIH, which could contribute to higher clearance rates.” Another potential reason for
the lower efficacy rates in the head and face group is the notably higher inefficacy rate of 12.3% compared to other groups.
This could be attributed to a large proportion of patients in this group receiving only one treatment session before
discontinuing treatment irregularly without completing the standard PDL regimen. Enhancing psychological surveys
among parents of PWS patients could potentially improve efficacy rates for head and face lesions.

Lesion size is a significant factor influencing treatment efficacy. Our study demonstrates a statistical difference in efficacy
across varying lesion sizes, with the highest efficacy rate observed at 76.8% for lesions measuring < 3cm? A statistically
significant difference in efficacy was noted between the group with lesions < 3cm? and the other three groups, while no
statistical difference was observed among the remaining groups. Previous studies have also shown that smaller lesion sizes
correlate with improved efficacy, indicating lesion size as a determinant of treatment success.” Additionally, lesion size
influences parental compliance; larger lesions typically require more treatment sessions, which can lead to reduced compliance
in pediatric patients. Considering treatment costs, larger lesion areas incur higher expenses, which may cause parents to adjust
their expectations for treatment endpoints, further influencing efficacy.>*'® This trend aligns with findings by Ren et al, who
observed that smaller PWS areas tend to achieve higher clearance rates than larger areas, further supporting the association
between lesion size and treatment efficacy.® Similarly, Naeini et al emphasized the predictive significance of lesion size in PDL
treatment outcomes, particularly in facial PWS, confirming a positive correlation between smaller lesion areas and improved
treatment response.'® PWS are clinically classified based on color and skin thickness into three types: pink, purple-red, and
hypertrophic. Since the subjects in this study were children, there were no cases of the hypertrophic type. Therefore, patients
were divided into two groups: pink and purple-red types. In our study, efficacy was similar between the purple-red and pink
types, with no statistical difference observed. A study involving 261 Chinese PWS patients aged 0-60 years found that the
efficacy rate in the purple-red group was higher than in the pink group (P < 0.001), suggesting that patients with larger blood
vessels have a better response rate compared to those with smaller vessels.® However, since all children in our study were
under 18 years old and had a relatively narrow age range, there was no statistical difference in efficacy between the purple-red
and pink groups.
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In our study, there was a statistically significant difference in efficacy based on the number of treatment sessions.
According to large-sample clinical studies, the overall efficacy rate of PDL can reach 76.73%, while the overall efficacy
rate in our study was 65.4%, which is lower than the aforementioned study results.'' However, the efficacy rate gradually
increased from 41.4% after one treatment session to 84.0% after four treatment sessions. As the number of treatment
sessions increased, the efficacy rate significantly improved.

Based on the distribution of facial rashes, they can be divided into the ophthalmic branch (V1), maxillary branch (V2), and
mandibular branch (V3) of the trigeminal nerve. There was no statistically significant difference in efficacy among these three
groups, with the mandibular branch of the trigeminal nerve exhibiting the highest efficacy at 68.5%, followed by the maxillary
branch at 64.0%, and the ophthalmic branch showing the lowest efficacy at 58.2%. This is consistent with a small-sample
study we conducted ten years ago, where the efficacy of the trigeminal nerve branches was ranked similarly, with the
mandibular branch outperforming the maxillary branch, and the maxillary branch outperforming the ophthalmic branch.'?
A domestic prospective study also analyzed that PDL treatment for PWS is more effective in the lateral area compared to the
central area.'*'* Since the ophthalmic, maxillary, and mandibular branches of the trigeminal nerve extend from the central to
the lateral areas of the face, the efficacy of different areas in our study aligns with the findings of the aforementioned research.

Selecting the appropriate laser pulse duration is a key factor affecting therapeutic outcomes. In our study, there was no
statistically significant difference in efficacy between laser pulse durations of 1.5 ms and 3 ms. The pulse should be long
enough to fully target the vessel wall but not excessively long, to avoid damaging surrounding tissues. Some researchers
suggest that a pulse duration of 1 to 10 ms is optimal.">' Similar findings indicate that the cure rate increases as the
pulse duration decreases.'” A larger number of PWS patients received laser treatment with a pulse duration of less than 3
ms compared to those with longer pulse durations. Lasers with shorter pulse durations have less thermal conduction to
surrounding tissues and are more readily absorbed by affected vessels.

In our study, the overall incidence of adverse reactions was 4.31%, with a total of 42 cases. This incidence is
relatively low compared to adverse reaction rates of 11.5% reported in other studies.'® During 1 to 5 years of follow-up,
the majority of adverse reactions gradually diminished. Superficial scarring is associated with excessive energy during
treatment or inadequate local ice application after laser procedures. Pigment lightening and darkening are temporary
changes, and careful selection of energy and pulse width is important. Typically, pigment changes return to normal within
approximately six months to one year after completing the entire treatment course.

Conclusion

In conclusion, our study demonstrated that the efficacy of PDL treatment is influenced by factors such as gender, age, lesion
location, lesion size, and the number of treatment sessions. PDL is an effective option for treating PWS, with a relatively low
incidence of adverse reactions. Although complete clearance remains rare in clinical practice, clinical data suggest that
combining PDL with lasers of greater penetration depth may improve its limited cure rate. Further research on the
pathogenesis of PWS and the establishment of more standardized clinical diagnosis and treatment protocols are warranted.
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PWS, Port-wine stain; PDL, Pulsed Dye Laser; DCD, dynamic cooling device; PIH, post-inflammatory
hyperpigmentation.
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