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CASE REPORT

Treatment endpoints for resistant port wine stains with a 755 nm laser

LEONID IZIKSON & R. ROX ANDERSON

Laser and Cosmetic Dermatology Center and Wellman Center for Photomedicine, Massachusetts General Hospital, Harvard

Medical School, Boston, MA, USA

Abstract
Laser therapy of port wine stains (PWS) resistant to pulsed dye laser is challenging and controversial. Based on the theory of
selective photothermolysis, vessels in such lesions may be specifically targeted with the laser wavelength of 755 nm. There is
much deeper penetration of the near-infrared light and it is difficult to visualize laser-induced changes within the deeper dermis.
The recognition of an appropriate immediate endpoint response with this wavelength would be helpful. This is a clinical
observations report. We present examples of an appropriate PWS tissue response endpoint based on our clinical observations in
resistant PWS treated with a 755 nm laser at high fluences (40–100 J/cm2), 1.5-ms pulse duration, with dynamic cooling device
(DCD) cooling. Mild-to-moderate PWS lightening was associated with the immediate endpoint of a transient gray color that
gradually evolved into persistent deep purpura within several minutes. We also discuss the clinical endpoints that represent
undertreatment and overtreatment of PWS. It is important to attain, and maintain, the correct endpoint when treating PWS
with this deeply penetrating near-infrared laser at high fluences in order to (a) induce lesional lightening, and (b) avoid deep
dermal burns that may produce scarring. Judicious use of the 755 nm laser can be beneficial for resistant PWS.
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Introduction

Port wine stains (PWS) are primarily venous

microvascular malformations of the skin that occur

in 0.3–0.5% of newborns. They commonly occur on

the head and face, and may be associated with

Sturge-Weber syndrome. When they occur on an

extremity, they may be associated with Klippel-

Trenaunay-Weber syndrome or its variants (1,2).

PWS are dynamic lesions that progressively darken

and hypertrophy due to dysregulated dilatation of

ecstatic vessels. The primary pathophysiologic defect

underlying PWS is the lack of autonomic innervation

of the vessels that produces vessel ectasia. The depth

of PWS ranges from 1 mm to 5 mm in the skin.

Lesions are thinner in infancy and early childhood,

and thicken in older children and adults (1–3).

The gold-standard for treatment of PWS is the

yellow light-emitting pulsed dye laser (PDL), at

wavelengths with a high absorption coefficient (AC)

for oxyhemoglobin (OHB) and deoxyhemoglobin

(DHB). In general, the laser wavelengths of 570–

595 nm produce selective blood vessel damage to

structures located in the superficial vascular plexus and

to a depth of up to 2 mm. Almost every PWS improves

to some degree after PDL treatment, as their super-

ficial component is accessible to PDL. Accordingly,

the pink macular lesions of newborns show better

responses to PDL compared with the thickened and

darker lesions of adult patients, and the best chance of

clearance is when they are treated in infancy (1–3).

Despite excellent responses to PDL, most PWS do not

clear completely and laser-treated PWS usually con-

tinue to darken with age (4). Additionally, many PWS

simply fail to lighten after further repeated PDL

treatments, resulting in ‘treatment resistance’ (1).

The reasons for incomplete clearance and treat-

ment resistance are not fully understood (5,6). They

are likely to vary for each individual PWS since it is

well recognized that PWS are heterogeneous lesions
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with some variation between lesions and within each

individual lesion. The discrepancy in PWS responses

to PDL is due, in some part, to the limited depth of

penetration by the yellow lasers. Many lesions

extend deeper than 2 mm, the maximal depth of

penetration by PDL. In such cases, clearing may be

achieved by using deeper penetrating light that

selectively targets OHB and DHB (6). Both

near-IR lasers, the 1064 nm Nd:YAG and 755 nm

alexandrite, penetrate 50–75% deeper into the skin

than the PDL. They also have a lower AC for OHB

and DHB, which means that higher fluences are

required to produce vessel damage (1,3).

While the AC of the 1064 nm laser is greater for

OHB than DHB, the 755 nm alexandrite laser has a

higher AC for DHB than OHB (7). Because venous

vessels contain 30% DHB and 70% OHB, while

arterial vessels contain almost purely OHB, the

preferential targeting of DHB by the 755 nm

alexandrite laser provides at least a theoretical

advantage over the 1064 nm Nd:YAG laser when

treating the primarily venous vessels of the PWS,

where the flow is stagnant and accumulation of

DHB is greater.

Indeed, many deeply situated PWS may be treated

effectively with the 1064 nm Nd:YAG laser (1).

However, it has become quite clear that the

therapeutic window for this wavelength is narrow,

and extends to less than a 20% increase from the

minimal purpura dose (MPD). Fluences of

1.26MPD can result in deep dermal damage by

histopathologic analysis, and scarring (1). Such a

narrow therapeutic window may be due, in part, to

the preferential targeting of OHB by the 1064 nm

Nd:YAG laser, including OHB in deep arterial

structures of the dermal plexus that provide blood

supply to the mid and lower dermis. Formation of

methemoglobin during the laser pulse, a species with

a much higher AC, may also account for the narrow

therapeutic window range at 1064 nm.

While the 755 nm laser is approximately equiva-

lent to the 1064 nm laser in its depth of penetration,

its preferential targeting of DHB provides a potential

advantage for the treatment of deep, primarily

venous vessels of the PWS. In our clinical practice,

we have found that treatment of resistant PWS with

the 755 nm alexandrite laser produces usually mild,

and sometimes moderate, lightening of the lesions

after each session (Figure 1). Although the degree of

improvement is not profound, repeated sessions can

result in significant lightening of such resistant

lesions.

Since both the alexandrite and Nd:YAG lasers

penetrate deeply into skin and have the capacity to

produce deep dermal damage with scarring, we

aimed to observe the correct treatment endpoint

when using the alexandrite laser. There is a lack of

literature on what represents an appropriate end-

point with the alexandrite laser for resistant PWS.

Clinical observations

Here, we illustrate in five patients our clinical

observations and experience on the use of the

755 nm alexandrite laser for resistant PWS in order

to delineate the correct tissue response endpoint

with this laser. We also describe endpoints that

represent undertreatment, and endpoints that

represent overtreatment, with the goal of demon-

strating the range of laser-tissue interactions that can

be achieved with this wavelength in resistant PWS.

All five patients had resistant PWS of the head

treated with the 755 nm alexandrite laser at a pulse

duration of 1.5 ms, spot size of 8 mm, high fluences

(40–100 J/cm2), and DCD cooling of 40/40.

There were four distinct tissue response endpoints

in PDL-resistant PWS in order of increasing

fluences of the alexandrite laser, listed here in a

progression from sub-therapeutic to therapeutic to

supra-therapeutic.

1. The first endpoint is an immediate deep

erythema or transient purpura that evolves into

tissue erythema and edema.

Figure 1. PDL-resistant PWS before (A) and 1 month after (B)

treatment with the alexandrite laser.
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2. The second endpoint is an immediate slight

gray color that immediately fades, produces

deep erythema or faint purpura, but fails to

produce deep purpura. Both, the first and

second endpoints, are examples of sub-optimal

responses that result in undertreatment.

3. The third endpoint is a transient gray color that

gradually evolves into persistent deep purpura

(Figure 2A, B, C, D, E – upper left). This is the

correct therapeutic endpoint. In this context,

the gray color reflects immediate skin hypoper-

fusion from the laser-induced intravascular

coagulum, while the deep purpura reflects the

microvascular hemorrhage that follows.

4. The fourth endpoint is a persistent gunmetal

gray color (Figure 2E – upper right). This is an

incorrect endpoint and represents overtreat-

ment: a dermal burn that could lead to scarring.

In this patient, the focus of persistent gunmetal gray

(Figure 2E – upper right) did not scar. This may be

due to restored collateral perfusion by the surround-

ing viable vessels to the sole focus of the dermal burn

and ischemia that corresponded in size to the 8-mm

spot size, as well as to the facial location of the lesion

and the patient’s young age.

Pulse stacking with either the alexandrite or

Nd:YAG laser during PWS treatment is dangerous.

Spacing the treatment spots one to two spot

diameters apart, followed by filling in the skipped

areas after at least a minute of skin cooling, may be a

useful approach to avoid overheating the area from

bulk heat accumulation. Bulk tissue cooling using

either cold air or an ice pack should be used.

Side effects of treatment with the correct endpoint

described above include deep purpura lasting 1–2

weeks, followed by erythema for 1–2 weeks, swelling

for 2–6 days post-treatment, postoperative pain,

occasional mild superficial blistering and subsequent

mild desquamation, and transient or long-lasting

pigmentation changes. Permanent removal of

dark hair is expected as a side-effect of alexandrite

laser treatment. For PWS on the face of a man,

removal of facial hair should be discussed before

treatment.

It is curious to observe that when treated at the

same numerical laser settings, each PWS had areas of

sub-optimal, optimal, and supra-therapeutic

response. This illustrates the considerable intrale-

sional heterogeneity of PWS that should be taken into

account when approaching these lesions. For this

reason, careful attention to tissue response endpoints

and constant readjustment of fluences based on such

responses are important during the course of each

treatment session in order to avoid detrimental

results. Careful determination of the laser endpoints

may require 1–2 minutes of watchful waiting after a

test pulse, with the laser on standby and the goggles

off, before formulating a decision about whether the

endpoint is correct, and whether to proceed with

further treatment at a given setting. Additionally, re-

evaluation after each 10–20 pulses, and certainly after

the first sign of dermal infarction, is necessary to

ensure a safe and effective treatment session. Despite

the expenditure of time, great care and attention to

ensure the correct tissue endpoint with this deeply

penetrating laser will help diminish the likelihood of

overtreatment and potential complications.

Discussion

In sum, PDL-resistant PWS with a deep dermal

component usually respond to the near-IR 755 nm

alexandrite laser treatment. Owing to lower AC for

OHB and DHB, higher fluences are necessary to

achieve effective selective photothermolysis of pri-

marily venous vessels of the PWS. Because of the

Figure 2. Examples of correct tissue response endpoints with the

alexandrite 755 nm laser (A, B, C, D, E – upper left): transient

gray color that evolves into deep purpura. Example of an incorrect

endpoint (E – upper right): persistent gunmetal gray color. All

lesions were treated with an 8-mm spot size, 1.5-ms pulse

duration, DCD 40/40, and the following fluences: (A) 90 J/cm2;

(B) 95 J/cm2; (C) 75 J/cm2; (D) 50–60 J/cm2; (E) 85 J/cm2.
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laser’s penetration and potential for dermal burn, it

is important to use a correct tissue response end-

point of transient gray color that evolves into deep

purpura. Since the human eye can detect skin

changes only up to 1 mm thick, what is visible on

the skin surface after treatment with near-IR lasers is

just ‘the tip of the iceberg’, as the majority of tissue

response happens at much deeper levels (1). Direct,

prospective, side-by-side comparison of alexandrite,

PDL, and Nd:YAG lasers in PWS are lacking, and

should be pursued.

Declaration of interest: The authors report no

conflicts of interest. The authors alone are respon-

sible for the content and writing of the paper.
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