
Introduction: Treatment of cutaneous vascular 
anomalies with laser therapy

This module focuses on the most relevant laser 
treatments for patients with vascular anomalies. It 
provides a background for the general practitioner 
and specialist on how these laser treatments are 
performed, and gives the learner an appreciation 
for treatments that can drastically improve 
vascular anomalies in select patients.

Within the past several years, advances in laser 
technology have increased the options for 
treatment of vascular anomalies. Vascular lesions 
can be precisely targeted with modern lasers and in 
this module, we review the current treatments for 
vascular anomalies.

In particular, the module covers the treatment of 
port wine stains and infantile hemangiomas, as 
well as special
“anatomical locations” such as periorbital vascular 
lesions. The module showcases the safe and 
effective response of these vascular lesions to 
laser treatment.

Images of patients are used liberally in this course, 
since it is important to recognize the appearance of 
these lesions and note the improvements 
achievable with laser therapy.
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Objectives
Upon successful completion of this activity, participants should be able to:

Define treatment parameters and precautions
Explain the dynamics of laser therapy
Describe progression/histology of treated/untreated lesions
Discuss the importance of early intervention and treatment
List potential consequences of treated/untreated lesions
Indicate anatomic sites that respond best to laser treatment
Identify the appropriate safety precautions when using lasers
Explain the significance/relationship between successful laser treatments and the 
laser’s depth of penetration 
Identify other vascular lesions that may respond to laser
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Selective photothermolysis
The use of lasers by physicians was revolutionized by the concept of selective photothermolysis, 
which takes advantage of the different absorption spectra of specific structures in the skin, called 
chromophores, such as hemoglobin and water.

Laser light energy absorbed by a target chromophore is converted primarily to heat, destroying the 
chromophore itself and the surrounding cell.

The preferential absorption of these structures for different wavelengths permits their targeted 
ablation, coagulation, or thermal damage with important preservation of surrounding structures.
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Histology of selective photothermolysis

Arrow indicates selective destruction of vasculature

Lasers
The theory of photothermolysis describes necessary parameters to selective treatment of structures.

Lasers and the specific wavelengths available:
Laser Wavelength(NM)

KTP/Nd:YAG, Diode 532

Pulsed Dye Laser 585, 595

IPL 560 - 1200

Nd:YAG 1064

Carbon Dioxide 10,600

Combination Wavelengths 595, 1064

Alexandrite 775

Specific injury to target via selective absorption

Pulse duration must be shorter than or equal to thermal relaxation time
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Pulsed dye laser
Design based on theory of selective photothermolysis targeting the chromophore hemoglobin 
585 – 595 nm, deeper penetration
Variable fluences/energies
Variable spot sizes
Helps target the treatment to each patient
Anesthesia options: None, topical, local, nerve block, general anesthesia

Dynamic cooling device

Dynamic cooling helps reduce the occurrence and associated risks of side effects by cooling the 
skin before the laser pulse is emitted.
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Timeline of treatment

Pre-treatment vascular lesion Immediate post-treatment 
showing desired purpura as 
endpoint

Following 6 treatments –shows 
clearance of the lesion

Port wine stain treated with pulsed dye laser

Noticeable clearing of the vascular lesion before and after treatment
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Eye shield placement
Metal eye shields are available in adult and pediatric sizes and should be used when the treatment area is over the eyelid or
close to the eye area.

Left photo: 1-2 tetracaine anesthetic eye drops are placed in the eyes. 
Middle photo: Protective metal eyeshield is placed over the eye. 
Right photo: Eyelids are carefully placed over the eye shield.

Pulsed dye laser complications
Atrophic Scarring 0.8%

Hyperpigmentation 1.0%

Hypopigmentation 2.6%

Dermatitis 0.5%

Scarring* 0%

*Scarring has been reported with concurrent use of isotretion therapy.
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The medical necessity of evaluation and treatment of
port wine stains (PWS)
During childhood, PWS are thin flat lesions. However, in the absence of treatment, these lesions 
worsen. Hypertrophy, thickening, and thicker lesions called “blebs” in the PWS will develop. This 
hypertrophy may cause problems later in life, such as loss of function if located in the eye area.

With PWS located on the face or other highly visible parts of the body, significant emotional and social 
problems can result in the affected individual.

The progression of a PWS in one patient is shown in the next slide.
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Port wine stain progression

Port wine stains are composed of congenital malformations of capillaries that appear only as a 
smooth pink to reddish-purple patch at birth, but without treatment the lesions eventually progress. 
The progression of PWS entails blood vessels becoming ectatic and distended, resulting in 
disfiguring papules and nodules, commonly referred to as blebs. Blebs are very common in PWS in 
adults who have never been treated.
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Patient showing hypertrophy or thickening of port wine
stain in relation to age

Age(y) N
Patient showing hypertrophy or 
thickening (%)

> 0 < 14 197 0

> 15 < 25 72 15.3

> 26 < 35 80 32.5

> 36 < 45 34 35.3

> 46 < 55 20 65.8

> 56 < 65 9 66.7

> 66 < 75 3 66.7

Efficacy of pulsed dye laser treatments of port wine
stains
Study Patients

Tan et al. NEJM 1989 Children

Garden et al. Arch Dermatol 1988 Adults

Reyes, Geronemus. JAAD 1990 Children

Ashinoff, Geronemus. JAAD 1991 Infants

Goldman et al. J. Pediatr. 1993 Children, Adults

Van der Horst et al. NEJM 1998 Children, Adults

Geronemus et al. Arch Dermatol 2000 Infants

Namba et al. Scand J. Plast Surg 2001 Children, Adults

Kelly et al. Dermatol Surg 2002 Children,Adults

Chapas, Geronemus. Laser Surg Med 2007 Infants

Average efficacy → 40 – 100%
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Clearance of facial PWS
Anatomic location of PWS can predict response to PDL laser/clearance.

Less clearance in the central face

Treatment of PWS in the central face with PDL

Slower clearing shown in center of face
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Clearance is location dependent
Clearance is found to be highest in the trunk area (80% mean lightening) with the lowest areas 
studied to be the hands and legs (40% clearance).

Clearance is found to be highest in the chest area (80% mean lightening) and generally decreases 
distally from the heart with less mean lightening found on the upper arms (70% mean lightening), 
forearms and back (60% mean lightening), and thighs (50% mean lightening). The lowest mean 
lightening was found on treated areas of the hands and legs (40% clearance).

Treatment of PWS of the lower arm and hand with PDL

Slower clearing noted on lower arm and hand
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Results of infantile PWS treated with PDL prior to six
months of age
Case record review of 60 infants with PWS who began PDL treatment prior to 6 months of age from 
2002-2005. All treatments were performed in the office without anesthesia.

Average clearance after 1 year of continuous treatment: 88.6% (range 65-99.7%)

Better clearances were achieved with:

Smaller lesions < 20% facial surface area 

Lesions found in the V1 dermatome

…calp PWS treatment

Pre-treatment Post-treatment 1 year later

11 PDL treatments with average fluence 8.63 J/cm2
Clearance of port wine stain noted with resultant alopecia due to laser treatment. Alopecia is a site-
specific risk only in young children.
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V1/V2 distribution with average clearance of 83.7%

Prior to treatment

1 year later

10 PDL treatments
Average fluence 8.15 J/cm2 Clearance of vascular lesion shown

V2 average clearance 91.1%

Prior to treatment 1 year later

Clearance after 10 PDL treatments 
Average fluence 8.15 J/cm2
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Port wine stain treatment in newborns
High energy PDL treatments are safe and effective in treating facial PWS in children less than 6 
months of age.

Statistically significant higher clearance rates were seen in smaller lesions and those found in the 
V1 dermatome.

High clearance rates are likely due to the fact that infant lesions are proportionally smaller and 
the skin is thinner, allowing for better laser penetration.

Our results support the early, frequent, high energy treatment of facial port wine stains to prevent 
significant psychological and physical complications later in life.

Periocular average clearance 88.2%

Prior to treatment 1 year later

10 PDL treatments 
Average fluence 8.9 J/cm2
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Nd: YAG laser for vascular blebs within PWS

Treatment with the 1064nm Nd: YAG laser for the blebs that 
arise with time Showing clearance and improvement of blebs

PWS treatment
Our philosophy

What is required?

Early intervention- infancy
Office treatment as long as possible 
Short intervals
Close to adult settings

Experienced staff and team 
Communication with family 
Eye shields
Team of specialists
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Comparison with the literature
Batta et al
585nm, no
cooling
Pulse 0.45ms
Superficial

Kono et al2
585nm, no cooling 
595nm + cooling 
Pulse 10-20ms
Superficial

Laser & Skin Surgery 
Center
595nm + cooling 
Pulse .45-1.5ms 
Superficial, mixed

Near complete 
clearance, color

585nm
no
cooling

42% 54%

Near complete 
clearance, color

595nm
+ cooling

65% 81%, 80%

Ulceration 7% 2%

Ulceration 0% 2%, 0%

Hypo-
pigmentation

45% 31%

Hypo-
pigmentation

12% 15%, 13%

Atrophy 28% 23%

Atrophy 0% 0%

Conclusions regarding laser treatment of superficial 
hemangiomas
Treatment of superficial hemangiomas with the 595nm LP-PDL with dynamic cooling:

Results in high rates of early clearing

Results in fewer adverse outcomes than older laser technologies

May decrease proliferation and hasten involution

Should be considered as a tool in the early management of these tumors
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Hemangioma

Superficial hemangioma on the hairline effectively cleared with PDL with minimal residual atrophy.

Treatment with PDL

Large superficial hemangioma treated with PDL
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Annual incidence of periorbital hemangiomas

4,000,000 births annually
2% with hemangiomas = 80,000
25% periocular = 20,000 periocular hemangiomas annually 16.4% eyelids = 
13,100 eyelid hemangiomas annually
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595NM pulsed dye laser : safe and effective

Age 22 weeks 76-100% clear After 11 
treatments in 34 
weeks
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Treatment standards
Early intervention
Limit treatment to superficial hemangiomas and some mixed hemangiomas 
Two-week intervals, office-based
Short pulse widths

Retrospective Study of the Treatment of Infantile Hemangiomas using a combination of 
Propranolol and Pulse Dye Laser 

Patients treated with concurrent PDL and propranolol therapy showed greater overall clearance
9/9, 100% with complete or near-complete resolution vs. 2/5, 40% with propranolol alone
They required less time to achieve complete or near-complete clearance
Mean 81 days vs. 225 days with propranolol alone
Mean number of PDL treatments to complete or near-complete clearance was 3.8 (range 2 to 6)

Patients treated with propranolol alone frequently showed residual superficial hemangioma (3/5) 
that responds well to subsequent PDL treatment (7/7)
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Segmental facial infantile hemangioma

Segmental facial infantile hemangioma before treatment (left), showing improvement (middle), 
and ultimately complete clearance (right) after treatment with PDL and propranolol 
hydrochloride therapy.

Conclusions about pulsed dye lasers and treatment of
infantile hemangiomas

PDL is safe and effective in the treatment of superficial infantile hemangiomas of the eyelid

77.3% of patients achieved excellent (76-100%) clearance

No atrophy, scarring, or hypopigmentation

2 patients (9.1%) with hyperpigmentation, likely transient

Early treatment may slow or halt proliferative growth of the hemangioma; all patients initiated 
treatment before 9mo (averge age 14 weeks)

77.3% of patients with excellent (76-100%) clearance by avg. ~7 mo of age

PDL hastens resolution

Patients treated with concurrent PDL and propranolol therapy showed greater overall clearance 
(9/9, 100% with complete or near-complete resolution vs. 2/5, 40% with propranolol alone)

Patients treated with concurrent PDL and propranolol therapy also required less time to achieve 
complete or near-complete clearance (mean 81 days vs. 225 days with propranolol alone)
Mean number of PDL treatments to complete or near-complete clearance was 3.8 (range 2 to 6)
Patients treated with propranolol alone frequently showed residual superficial hemangioma (3/5)
Residual superficial hemangioma after propranolol treatment responded well to subsequent PDL 
treatment (7/7)
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Final conclusions
For facial port wine stains, our results support early, frequent, high-energy treatments to prevent 
significant psychological and physical complications later in life.

For superficial hemangiomas, treatment with PDL results in high rates of early clearing, may 
decrease proliferation, hasten involution, and should be considered as a standard tool in the early 
management of these tumors.
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1. What is the target chromophore of the pulsed dye laser (PDL)?

2. What is the most common complication of treatment with PDL?

3. What does one see on histology after treatment with PDL?

4. Which area of the face shows the least clearance response when treating a PWS?

5. Efficacy study indicated the most effective time to begin treating a PWS is?

6. Which of the following is generally true of dynamic cooling?

A. Oxygen
B. Melanin
C. Hemoglobin
D. Water

A. Scarring
B. Hypopigmentation
C. Hair growth
D. Dermatitis

A. Air bubbles
B. Hemosiderin
C. Melanin deposition
D. Selective destruction of vasculature

A. Forehead
B. Periorbital
C. Chin
D. Central face

A. After age 1
B. In adulthood
C. In adolescence
D. Prior to 6 months of age

A. Keeps the PWS from progressing
B. Reduces the number of required treatments
C. Reduces associated risks and the occurrence of side effects
D. Prevents scarring

Course 12:  Lesson Quiz
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7. What percent of hemangiomas are eyelid hemangiomas?

8. Which of the following is NOT true of treating the superficial hemangioma with the 595nm LP-PDL with
dynamic cooling?

9. In the comparison with the literature, the Laser & Skin Surgery Center noted which results for near
complete clearance of color?

10. Which combination therapy showed the greater overall clearance?

A. 25%
B. 10%
C. 16.4%
D. 2%

A. May increase proliferation and prevent involution

B. Results in fewer adverse outcomes than from older lasers

C. Results in high rates of early clearing

A. 54%
B. 90%
C. 65%
D. 80% - 81%

A. Initiate both laser therapy and propranolol treatment prior to 6 months of age
B. One year of propranolol and then laser therapy
C. Propranolol for 1 month and 1 laser treatment
D. Only laser therapy; no combination is appropriate
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Course 12:  Lesson Quiz Answer Key

1. C
2. B
3. D
4. D
5. D
6. C
7. C
8. A
9. D
10. A
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