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ABSTRACT

Background Port-wine stains can be treated with
a flash-lamp-pumped pulsed-dye laser, but it is un-
certain whether this treatment is more effective if
administered early in life, when the skin is thinner
and the lesion is smaller.

Methods We prospectively studied 100 patients
with a previously untreated port-wine stain of the
head or neck. They were treated with the flash-lamp-
pumped pulsed-dye laser and divided into four age
groups (0to 5, 6 to 11, 12 to 17, and 18 to 31 years).
The outcome measure was lightening of the port-
wine stain (reduction in the difference in color be-
tween the skin with the stain and contralateral healthy
skin) as measured with a colorimeter after an aver-
age of five treatments (range, three to seven) of the
entire lesion.

Results Of the 100 patients, 11 could not be in-
cluded in the analysis because they had received
fewer than three or more than seven treatments, had
an erroneous base-line color measurement, or were
lost to follow-up. The sizes, locations, and colors of
the port-wine stains were similar among the groups.
When all 89 patients were analyzed together, the av-
erage reduction in the difference in color between
the skin with the port-wine stain and contralateral
healthy skin was 40 percent. The differences between
age groups in the average reduction in color differ-
ences were not significant (P=0.26). By the end of the
study, only 7 of 89 patients had completed laser ther-
apy, and in no case was clearance complete. Treat-
ment was discontinued in all seven because the last
three treatments did not lead to further lightening.

Conclusions We found no evidence that treat-
ment of port-wine stains with the flash-lamp-pumped
pulsed-dye laser in early childhood is more effective
than treatment at a later age. (N Engl J Med 1998;
338:1028-33.)
©1998, Massachusetts Medical Society.

ORT-WINE stains are congenital vascular
malformations that occur in an estimated
3 children per 1000 births.! The stigma of
a disfiguring facial birthmark may have a
substantial effect on a child’s social and psychosocial
adjustment.2> Many methods have been used to re-
duce the visibility of port-wine stains — ionizing ra-
diation, cryotherapy, tattooing, and surgery — but
all with unfavorable results. In the 1980s argon-laser
therapy became the treatment of choice for adult
patients. In children, however, serious scarring was
reported with this technique, making it a less attrac-
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tive alternative.®” In 1985 the flash-lamp—pumped
pulsed-dye laser was introduced. This laser was espe-
cially advocated for the treatment of port-wine stains
in children because of its high specificity and safety.
The wavelength of the laser and the duration of the
pulse are chosen to produce thermal injury that
remains confined to the targeted port-wine—stain
vasculature (selective photothermolysis).® Consequent-
ly, the scarring of skin seen with other lasers should
not occur. Treatment with a flash-lamp—pumped
pulsed-dye laser was hypothesized to be more eftec-
tive in children than adults because the skin in chil-
dren is thinner and the size of the port-wine stain is
smaller: fewer treatments would therefore be neces-
sary to achieve optimal clearance.?#12 These are all
arguments to initiate treatment at an carly age.

Better results with early treatment were reported
by Tan et al.? but were not unequivocally confirmed
by others.!316 However, these studies were all retro-
spective, and none used objective measurements to
assess the results.

In a prospective study we investigated whether
treatment of a port-wine stain at a young age would
yield better results than treatment at an older age.
We assessed the degree of lightening of the port-
wine stain by measuring the reduction in the differ-
ence in color between the skin with the port-wine
stain and the contralateral healthy skin with a color-
imeter.l”

METHODS

One hundred patients with a previously untreated port-wine
stain of the head or neck were treated with the flash-lamp—
pumped pulsed-dye laser. The study protocol was reviewed and
approved by the local hospital review committee. Patients 31 years
of age or younger who had had no prior treatment of their port-
wine stain were eligible. Consecutive patients who met the entry
criteria were seen at the Academic Medical Center in Amsterdam
between December 1991 and March 1995. Oral informed con-
sent was obtained from the patients or their parents or guardians.
Almost all patients referred themselves after learning about the la-
ser treatment through the media.

During the first consultation, the extent and location of the
port-wine stain were recorded as well as the presence of hypertro-
phy and neurologic and ophthalmologic symptoms. Patients were
divided into four age groups of 25 patients each: 0 to 5 years, 6 to

From the Department of Plastic Reconstructive and Hand Surgery
(C.M.AAM.H., PH.L.K.), the Department of Clinical Epidemiology and
Biostatistics (C.A.J.M.B., PM.M.B.), and the Laser Center (M.J.C.G.), Ac-
ademic Medical Center, University of Amsterdam, Amsterdam, the Neth-
erlands. Address reprint requests to Dr. van der Horst at the Department
of Plastic Reconstructive and Hand Surgery, Academic Medical Center,
Meibergdreef 9, 1105 AZ Amsterdam, the Netherlands.

Downloaded from www.nejm.org on November 27, 2009 . For personal use only. No other uses without permission.
Copyright © 1998 Massachusetts Medical Society. All rights reserved.



EFFECT OF TIMING OF TREATMENT OF PORT-WINE STAINS WITH THE FLASH-LAMP-PUMPED PULSED-DYE LASER

11 years, 12 to 17 years, and 18 to 31 years. Enrollment in an age
group ended as soon as 25 consecutive patients had entered the
group. All patients were treated with a Candela flash-lamp—
pumped pulsed-dye laser (model SPTL-1) with a wavelength of
585 nm, a pulse duration of 0.45 msec, a spot size of 5 mm, and
a level of radiant exposure of 6 to 8 J per square centimeter. The
pulses overlapped slightly. Each port-wine stain was cooled dur-
ing treatment with gauze dressings drenched with ice water. After
treatment, no antibiotic creams were used. Treatment of the same
area was repeated at intervals of at least eight weeks.

Laser therapy was provided in an outpatient setting. Most port-
wine stains could be treated only partially at each visit, especially
in children. Several visits were necessary to treat the entire port-
wine stain once. A series of treatments of the entire port-wine
stain was required to achieve optimal clearance. If necessary, pain
was reduced with a eutectic mixture of lidocaine and prilocaine
(Emla; a mixture whose melting point is lower than the melting

points of either lidocaine or prilocaine), nerve block, or both.
The need for repeated visits caused increasing anxiety in the chil-
dren, which sometimes forced us to add midazolam for sedation.
If this was insufficient, subsequent therapy was performed with
the patient under general anesthesia.

Before the first treatment, slides were taken by a professional
photographer in a studio under standardized conditions of illu-
mination and with the same type of camera, diaphragm, enlarge-
ment, film, and processing technique for each patient. Color-con-
trol patches (Eastman Kodak) were photographed at the end of
each series of slides. Photographs were taken in full view, profile,
and ¥4 position. Copies of all slides were kept in the photographic
department, a procedure that allowed patients to be positioned
in the same way during each photographic session.

Color was measured with a Minolta chromometer (model
CR-300).17 This hand-held, microprocessor-controlled, operator-
independent reflectance photometer with a digital readout uses a

TABLE 1. BASE-LINE CHARACTERISTICS OF THE 89 PATIENTS.*

0-5YROFAGE 6-11 YR OF AGE 12-17 YROF AGE 18-31 YR OF AGE
CHARACTERISTIC (N=21) (N=24) (N=21) (N=23)
Sex — M/F 7/14 10/14 6/15 8/15
Age — yr 2.1*1.9 7.6+1.6 14.9+1.7 22.7%+3.3
Port-wine stain
Absolute surface area — cm? 71+63 123+147 99+79 139+172
Location — no. of patients
Left side 4 11 9 15
Right side 15 9 11 5
Left and right sides 2 4 1 3
Hypertrophy — no. of patients (%) 4 (19) 9 (38) 4 (19) (17)
Ophthalmologic disorders — no. of patients (%)t 2 (10) 3(12) 0 (13)
Neurologic disorders — no. of patients (%)t 0 2(8) 0 2(9)

*Plus—minus values are means =SD.

1The disorders consisted of elevated eye pressure and glaucoma.

fThe disorders consisted of epileptic insults and hemiplegia.

TABLE 2. TREATMENT CHARACTERISTICS AND THE AVERAGE DIFFERENCE IN COLOR BEFORE AND AFTER AN AVERAGE
OF FIVE TREATMENTS OF THE ENTIRE PORT-WINE STAIN IN THE FOUR AGE GROUPS.*

0-5 YR OF AGE

CHARACTERISTIC (N=21)
Average number of visits per patientf 10+4
Level of radiant exposure (J/cm?) 6.5+0.4
Number of pulses per visitt 200276
General anesthesia (no. of patients) 11
Headaches after treatment (no. of patients) 4
Completed treatment (no. of patients) 0

With adequate clearance 0
Difference in color between port-wine stain

and contralateral healthy skin

Before treatment 14.5+4.2

After treatment} 9.5t4.3

Improvement} 5.0*x4.1

Relative improvement (%) 33x26

6-11 YR oF AGE

12-17 YR oF AGE 18-31 YR OF AGE

(N=24) (N=21) (N=23) P VALUE
11+5 106 9+5 —
6.7+0.4 6.9+0.4 6.9+0.5 —
217+333 223+156 227*175 —
5 0 0 —
4 3 7 _
1 2 4 —
0 1 3 —
16.7£t4.6 16.1+5.5 14.6+5.9 0.39
9.5+4.2 8.6+4.2 9.0+4.3 0.86
7.2%3.5 7.6%5.4 5.7+t4.4 0.19
43+17 45+20 37+23 0.26

*Plus—minus values are means *=SD.

tDuring each visit the largest possible area of the port-wine stain was treated; several visits were required to treat the entire port-wine stain.

$The values were obtained with the L*a*b* system as described in the Methods section.
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Figure 1. Examples of Clinical Results.

The reported degree of lightening is measured with a colorimeter. Panel A shows a three-year-old child before treatment (left-hand
side) and 2V2 years later, after six treatments (right-hand side). The degree of lightening is 48 percent. Panel B shows a 17-year-old
patient before treatment (left-hand side) and 12 years later, after six treatments (right-hand side). The degree of lightening is 84

percent.

measuring area 8§ mm in diameter and diffuse daylight illumina-
tion (standard illuminant, D65). The perceived color of the skin
is fully quantified on the basis of the proportions of red, green,
and blue present in the spectral skin reflectance. The approach of
this method is equivalent to the way in which the human eye per-
ceives light. The chromometer uses the L*a*b* system, devised
in 1976 by the Commission Internationale de ’Eclairage to en-
sure that equal distances on a chromaticity diagram correspond
to equal perceived differences in color. In this system, L* denotes
lightness, representing the object’s reflectance relative to a 100
percent ideal reflecting diffuser (on a scale of 0 to 100, in which
0 represents black and 100 white); a* denotes values from green
to red (negative values indicate green, and positive values red);
and b* denotes values from blue to yellow (negative values indi-
cate blue, and positive values yellow).!$ The difference in the col-
or between the skin with the port-wine stain and contralateral
healthy skin was calculated from the standard equation
V(AL*)2+(Aa*)2+(Ab*)2, where AL*, Aa*, and Ab* represent the
differences in the respective measured L*a*b* values. Color var-
iables (i.e., L*, a*, b*, and their differences) have no physical
unit, because reflection coetficients as well as their primary color
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contents are dimensionless. As an example, the L*a*b* values for
the dark-red port-wine stain shown on the left-hand side of Fig-
ure 1A are 48.4 for L*, 32.8 for a*, and 11.8 for b*. For the con-
tralateral healthy skin, the respective values are 56.4, 18.6, and
13.3. Therefore AL* equals 8, indicating that the port-wine stain
is darker than the healthy skin; Aa* equals 14.2, indicating that
the stain is much redder than the healthy skin; and Ab* equals
1.5, indicating that the skin with the lesion is slightly less yellow
than the healthy skin. The difference in color is thus 16.4, which
is large relative to just-perceivable differences in color, with values
of about 0.5 to 1.

We analyzed the reproducibility of the color measurements by
measuring the same location twice in a single session in each pa-
tient before treatment and calculating the intraclass correlation
coefficient! (the contribution of the true variance to the total
variance of measurements). This coefficient was 0.98 for the total
patient population (95 percent confidence interval, 0.98 to 1.0),
implying that the reproducibility of results was good. Most of the
color measurements were performed by the same treating physi-
cian, but some were made by two other therapists. The digital
readouts of color measurements were stored in a computer in
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combination with the locations of the measurements. For each
patient subsequent color measurements were made at the same
location.

After an average of five treatments (range, three to seven) of the
entire port-wine stain, color measurements and standardized pho-
tography were repeated at least eight weeks after the last visit.
Treatment was discontinued if either the port-wine stain had dis-
appeared or the three previous consecutive treatments had not re-
sulted in any further lightening.

The outcome measure in each age group was the average re-
duction in the difference in color between the skin with the port-
wine stain and the contralateral healthy skin after an average of
five treatments of the entire lesion. We used one-way statistical
analysis of variance to compare the distribution of and reduction
in color differences between the four age groups.!® All calcula-
tions of P values were two-tailed.

RESULTS

Eleven of the 100 patients could not be included
in the analysis. Three patients (12 to 17 years of age)
received fewer than three treatments, and none had
complete clearance of the port-wine stain. One pa-
tient (in the group of patients who were 12 to 17
years of age) was lost to follow-up after four treat-
ments without complete clearance and without a fi-

nal color measurement having been obtained. One
patient in the oldest age group had her pretreatment
color measurement when there was a technical prob-
lem with the equipment. The problem was discov-
ered after laser treatment had been started, so the
measurement could not be repeated. The other six
patients received more than seven treatments; they
had had no color measurements between treatments
3 and 7, but none had complete clearance of the
port-wine stain. Four of the six were in the group
that was 0 to 5 years of age (8, 8, 9, and 9 treat-
ments), one was in the group that was 6 to 11 years
of age (10 treatments), and one was in the group
that was 18 to 31 years of age (8 treatments).

The base-line characteristics of the 89 patients in-
cluded in the analysis are shown in Table 1. There
were more females than males in every age group.
The mean size of the lesion was largest in the oldest
age group, although there was no significant difter-
ence in the size of the lesion between the groups
(P=0.39 by the Kruskal-Wallis test). The locations
of the port-wine stains were similar among the four
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groups. The cheek was the area most often involved.
The pretreatment color measurements were similar
among groups.

Treatment characteristics, complications, and re-
sults are given in Table 2. Examples of the clinical re-
sults are shown in Figure 1. General anesthesia had
to be used in 16 of the 45 children in the youngest
age groups. In the absence of general anesthesia in
these two groups, fewer pulses could be given per
visit. With the use of anesthesia, the mean number
of pulses per visit was similar in the four groups.
There were few local complications. The blue discol-
oration of the skin that occurred during the first 7 to
10 days after treatment was perceived as annoying.
Small blisters or crusting was reported, but in no case
resulted in scarring or infection. Eighteen patients
reported headaches after treatment that in some
cases mimicked migraine headaches. No patient re-
quired hospitalization because of complications.

At the time of evaluation, only 7 of the 89 pa-
tients had completed laser therapy. In no patient did
the difference in color between the skin with the le-
sion and the contralateral healthy skin reach a value
of zero. All seven discontinued therapy because no
further clearance of the port-wine stain had been
achieved in the last three treatments. Four of these
seven patients perceived the level of clearance as ad-
equate: one (in the group 12 to 17 years of age) af-
ter four treatments, one after three treatments, one
after five treatments, and one after seven treatments
(all three in the group 18 to 31 years of age). Three
of the seven patients had incomplete clearing of the
port-wine stain: one (in the group 6 to 11 years of
age) after seven treatments, one (in the group 12 to
17 years of age) after five treatments, and one (in the
group 18 to 31 years of age) after six treatments.

Analysis of variance showed that the differences
among age groups in the average reduction in the
difference in color between the skin with the port-
wine stain and the contralateral healthy skin were
not significant (P=0.26). When all patients were
analyzed together, the average reduction in the dif-
ference in color was 40 percent.

DISCUSSION

We did not confirm the hypothesis that treatment
of port-wine stains at an early age is more effective
than treatment at a later age. After an average of five
treatments (range, three to seven) of the entire port-
wine stain in 89 patients, the difference in color be-
tween the skin with the port-wine stain and the con-
tralateral healthy skin was reduced by 40 percent on
average, regardless of age. Some port-wine stains re-
quire far more than 7 treatments, in some cases as
many as 25, to achieve the best possible clearance.20
It is therefore likely that with further therapy a higher
average rate of clearance would have been achieved.

The rates of clearance, which were based on ob-
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jective measurements, were relatively low as com-
pared with some previously published data. Howev-
er, the earlier studies were all retrospective and used
subjective methods of evaluation.310-16 Furthermore,
recent data suggest that a small port-wine stain or a
superficial location of vessels with large diameters
correlates with a good response to treatment with
the flash-lamp—pumped pulsed-dye laser.222 Often,
the size of the lesion was either not reported®®1! or
smaller than in our series,'%20 or more treatments
were given at the time of evaluation.16.20

Tan et al.3 treated 35 children and reported a fast
response and high clearance rates, especially in those
under seven years of age. However, they used a wave-
length of 577 nm and included only patients with
light (pink-red) stains, a combination that is gener-
ally found to have the best response to treatment
with the flash-lamp-pumped pulsed-dye laser.23.2¢ We
used a laser wavelength of 585 nm, and the numbers
of patients with light and with dark stains were
equally distributed among the four age groups. Reyes
and Geronemus® reported fast rates of clearance of
port-wine stains among children, but their laser val-
ues were not specified (a wavelength of either 577
or 585 nm and a pulse duration of either 0.36 or
0.45 msec). Alster and Wilson,'¢ without specitying
the initial color of the lesion and with lesions of
smaller average size than in our study, reported that
the number of treatments necessary to clear port-
wine stains in children 9 to 16 years of age and pa-
tients over 16 years of age was not greater than the
number required to treat port-wine stains in infants
(0 to 2 years of age) and children who were less than
9 years of age. Ashinoft and Geronemus,2 studying
a group of only 12 infants under seven months of
age who mainly had pale-pink port-wine stains, re-
ported that results were optimal when treatment was
begun before the age of seven months. We cannot
compare our data with theirs, because only five chil-
dren in our study were younger than seven months
at the beginning of treatment. These children did
not finish treatment early.

General anesthesia was necessary in 36 percent of
the children who were under 12 years of age. Al-
though some investigators reported they did not use
general anesthesia,3+16 our experience has been con-
firmed by others.11.25

Only 7 of 89 patients completed treatment during
the study. This confirms!'¢-2022 that the number of
treatments required for maximal clearance of port-
wine stains is more than previously reported.?

Our results have implications for the timing of
therapy in children. Although facial port-wine stains
can be treated effectively and safely early in life, treat-
ment at a later age leads to similar results. Therefore,
the age at which therapy is initiated should be based
on a careful weighing of the anticipated benefit2¢ and
the discomfort of treatment.

Downloaded from www.nejm.org on November 27, 2009 . For personal use only. No other uses without permission.
Copyright © 1998 Massachusetts Medical Society. All rights reserved.



EFFECT OF TIMING OF TREATMENT OF PORT-WINE STAINS WITH THE FLASH-LAMP-PUMPED PULSED-DYE LASER

Supported by a grant (OG 92,/004) from the Dutch Health Insurance
Council.

We are indebted to Jokelies Knopper, vesearch nurse, for her con-
tributions.

REFERENCES

1. Jacobs AH, Walton RG. The incidence of birthmarks in the neonate.
Pediatrics 1976;58:218-22.

2. Lanigan SW, Cotterill JA. Psychological disabilities amongst patients
with port wine stains. Br J Dermatol 1989;121:209-15.

3. Tan OT, Sherwood K, Gilchrest BA. Treatment of children with port-
wine stains using the flashlamp-pulsed tunable dye laser. N Engl ] Med
1989;320:416-21.

4. Morelli JG, Weston WL. Pulsed dye laser treatment of port-wine stains
in children. In: Tan OT, ed. Management and treatment of benign cutane-
ous vascular lesions. Malvern, Pa.: Lea & Febiger, 1992.

5. Heller A, Rafman S, Zvagulis I, Pless IB. Birth defects and psychosocial
adjustments. Am J Dis Child 1985;139:257-63.

6. Noe JM, Barsky SH, Geer DE, Rosen S. Port wine stains and the re-
sponse to argon laser therapy: successful treatment and the predictive role
of color, age, and biopsy. Plast Reconstr Surg 1980;65:130-6.

7. Dixon JA, Huether S, Rotering RH. Hypertrophic scarring in argon la-
ser treatment of port-wine stains. Plast Reconstr Surg 1984;73:771-9.

8. Anderson RR, Parrish JA. Selective photothermolysis: precise microsur-
gery by selective absorption of pulsed radiation. Science 1983;220:524-7.
9. Reyes BA, Geronemus R. Treatment of port-wine stains during child-
hood with the flashlamp-pumped pulsed dye laser. ] Am Acad Dermatol
1990;23:1142-8.

10. Goldman MP, Fitzpatrick RE, Ruiz-Esparza J. Treatment of port-wine
stains (capillary malformation) with the flashlamp-pumped pulsed dye la-
ser. J Pediatr 1993;122:71-7.

11. Goldman MP, Fitzpatrick RE. Treatment of cutancous vascular lesions.
In: Goldman MP, Fitzpatrick RE, eds. Cutaneous laser surgery: the art and
science of selective photothermolysis. St. Louis: Mosby—Year Book, 1994:
19-105.

12. Ashinoff R, Geronemus RG. Flashlamp-pumped pulsed dye laser for
port-wine stains in infancy: earlier versus later treatment. ] Am Acad Der-
matol 1991;3:467-72.

13. Garden JM, Polla LL, Tan OT. The treatment of port-wine stains by
the pulsed dye laser: analysis of pulse duration and long-term therapy. Arch
Dermatol 1988;124:889-96.

14. Achauer BM, Vander Kam VM, Miller SR. Clinical experience with the
pulsed-dye laser in the treatment of capillary malformations (port-wine
stains): a preliminary report. Ann Plast Surg 1990;25:344-52.

15. Onizuka K, Tsuneda K, Shibata Y, Ito M, Sekine I. Efficacy of
flashlamp-pumped pulsed dye laser therapy for port wine stains: clinical as-
sessment and histopathological characteristics. Br J Plast Surg 1995:48:
271-9.

16. Alster TS, Wilson F. Treatment of port-wine stains with the flashlamp-
pumped pulsed dye laser: extended clinical experience in children and
adults. Ann Plast Surg 1994;32:478-84.

17. Westerhot W, van Hasselt BAAM, Kammeijer AA. Quantification of
UV-induced erythema with a portable computer controlled chromameter.
Photodermatology 1986;3:310-4.

18. Wyszecki G, Stiles WS. Color science: concepts and methods, quanti-
tative data and formulae. 2nd ed. New York: John Wiley, 1982:130-73.
19. Altman DG. Practical statistics for medical research. London: Chap-
man & Hall, 1991.

20. Kauvar ANB, Geronemus RG. Repetitive pulsed dye laser treatments
improve persistent port-wine stains. Dermatol Surg 1995;21:515-21.

21. Fiskerstrand EJ, Svaasand LO, Kopstad G, Dalaker M, Norvang LT,
Volden G. Laser treatment of port wine stains: therapeutic outcome in
relation to morphological parameters. Br ] Dermatol 1996;134:1039-

43.

22. Morelli JG, Weston WL, Huff JC, Yohn JJ. Initial lesion size as a pre-
dictive factor in determining the response of port-wine stains in children
treated with the pulsed dye laser. Arch Pediatr Adolesc Med 1995;149:
1142-4.

23. Garden JM, Burton CS, Geronemus R. Dye-laser treatment of children
with port-wine stains. N Engl ] Med 1989;321:901-2.

24. van Gemert MJC, Smithies DJ, Verkruysse W, Milner TE, Nelson JS.
Wavelengths for port wine stain laser treatment: influence of vessel radius
and skin anatomy. Phys Med Biol 1997;42:41-50.

25. Scheepers JH, Quaba AA. A two-year review of pain control during
laser therapy using the flashlamp pulsed dye laser. Br J Plast Surg 1994;47:
112-6.

26. van der Horst CMAM, de Borgiec CAJM, Knopper JL, Bossuyt PMM.
Psychosocial adjustment of children and adults with port wine stains. Br J
Plast Surg 1997;50:463-7.

Volume 338 Number 15 1033

Downloaded from www.nejm.org on November 27, 2009 . For personal use only. No other uses without permission.
Copyright © 1998 Massachusetts Medical Society. All rights reserved.



