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ABSTRACT

BACKGROUND
Although pulsed-dye-laser therapy is currently the gold standard for the treatment
of port-wine stains, few objective data are available on its long-term efficacy. Using
objective color measurements, we performed a 10-year follow-up of a previously
conducted prospective clinical study of the treatment of port-wine stains with a
pulsed-dye laser.

METHODS
We invited the patients to undergo repeated color measurements performed by the
same procedures as in the previous study. The results at long-term follow-up were
compared with color measurements obtained before treatment and after comple-
tion of an average of five laser treatments of the complete port-wine stain. A ques-
tionnaire was used to investigate patients’ satisfaction with the treatment and their
perception of long-term changes in the stain.

RESULTS
Of the 89 patients from whom color measurements were obtained in the previous
study, 51 were included in this study. The patients had received a median of seven
additional treatment sessions since the last color measurement, which had been
made after an average of five treatments. The median length of follow-up was 9.5
years. On average, the stain when measured at follow-up was significantly darker
than it was when measured after the last of the initial five laser treatments
(P=0.001), but it was still significantly lighter than it was when measured before
treatment (P<0.001). Fifty-nine percent of patients were satisfied with the overall
treatment result. Six percent of patients reported that the stain had become lighter
since their last treatment, 59% that it was unchanged, and 35% that it had become
darker.

CONCLUSIONS
Using objective color measurements, we observed significant redarkening of port-
wine stains at long-term follow-up after pulsed-dye—laser therapy. Patients should
be informed about the possibility of redarkening before beginning treatment.
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ORT-WINE STAINS ARE CAPILLARY MAL-

formations seen in approximately 0.3% of

newborns. In this benign skin disorder, ec-
tatic dermal venules cause the characteristic red
skin color. Since the report by Tan and colleagues
in 1989, treatment with the pulsed-dye laser has
been the gold standard. Although there has been
much research on the short-term efficacy of the
treatment, long-term follow-up information is
scarcely available and is limited to case reports?
and questionnaires.>®* We present the long-term
follow-up results of a previously published pro-
spective study that used objective color measure-
ments to investigate the effect of the timing of
pulsed-dye—laser treatment of port-wine stains.®

METHODS

The investigators in the previous study performed
color measurements on 89 of 100 evaluated pa-
tients with previously untreated port-wine stains
on the face or neck. The measurements were per-
formed before treatment and after an average of
five pulsed-dye—laser treatments of the complete
stain. (One treatment of the complete stain may
consist of more than one session.) In the present
study, 51 of these patients underwent repeated color
measurements and completed an evaluation ques-
tionnaire. Patients who had received additional
treatment for their stains outside the study hospital
after the first five treatments were excluded from
the present study, as were patients who could not
be located or who declined to participate.

The stains were treated with a Candela pulsed-
dye laser (model SPTL-1) with a wavelength of
585 nm, a radiant exposure level of 6 to 8 J per
square centimeter per pulse, a pulse duration of
45 msec, and a spot size of 5 to 7 mm. The area of
the stain was cooled during treatment with gauze
dressings drenched in ice water. Color measure-
ments were performed as described in detail in
the previous study.® In short, the color of both
the stain and the contralateral normal skin was
measured with a Minolta chromometer (model
CR-300) that used the L*a*b* color coordinate
system, where L* denotes lightness, a* values from
green to red, and b* values from blue to yellow.
The difference in color between the stain and the
normal skin was calculated using the L*a*b* co-
ordinates and was denoted by AE. A small num-
ber for AE indicates a small color difference, and
a large number for AE indicates a large differ-

ence. A review of the literature suggests that a AE
value of 1 is the least noticeable difference by a
human observer under optimal viewing condi-
tions.*°

In the previous study, the face and neck were
mapped into 64 different areas, and the color of
the skin at baseline was measured at the darkest
spot in the darkest area of the port-wine stain.’
The location of the measurement was accurately
documented on transparent overlays placed over
photographs of the stain, and the overlays were
used to ensure that the color was measured at the
same location before treatment, after five treat-
ments of the entire stain, and at long-term fol-
low-up. The color both of the stain and of the
normal skin was measured twice at the same lo-
cation, and the average values were used. For each
patient, the values for AE at long-term follow-up
were compared with those determined in the pre-
vious study.

Each patient was asked two questions to evalu-
ate the perception of the outcome of the treatment:
Were you satisfied with the result at the end of
treatment (wWhich included any treatment sessions
subsequent to the measurement taken after the
first five treatments)? Since the last treatment ses-
sion, has the stain become lighter, become darker,
or remained the same color?

Since the previous study found no correlation
between the age of the patient at treatment and
the effect of treatment, we did not perform age-
dependent analysis in the present study. All data
sets were tested for normal distribution. Not all
were normally distributed, and therefore the re-
sults are presented as medians with interquartile
ranges, unless specified otherwise. Differences
between groups in baseline characteristics and
differences in AE values between follow-up and
previous measurements were analyzed by nonpara-
metric tests.

The study was approved by the hospital insti-
tutional review board. Written informed consent
was obtained from each patient or the patient’s
parent.

RESULTS

PATIENTS AND FOLLOW-UP
Table 1 shows the characteristics of the patients
and the results of color measurements. Of the 89
patients included in the previous study, 13 could
not be traced and 15 declined to participate or

N ENGLJ MED 356;12 WWW.NEJM.ORG MARCH 22, 2007

Downloaded from www.nejm.org on November 16, 2009 . For personal use only. No other uses without permission.

Copyright © 2007 Massachusetts Medical Society. All rights reserved.



REDARKENING OF LASER-TREATED PORT-WINE STAINS

Table 1. Patient Characteristics and Results of Color Measurements.*
All Patients Patients Included Patients Excluded
Variable (N=89) in Follow-up Study from Follow-up Study
Total Subgroup 1 Total Subgroup 2
(N=51) (N=6)T (N=38) (N=10)

Female sex (%) 65 75 67 53 60
Age at follow-up (yr)

Mean 24 23 30 25 24

Range 12to 42 12 to 42 23to 41 13 to 39 15to 36
Pretreatment AE

Median 15.3 15.2§ 13.4 15.4 14.9

Interquartile range 12.4t0 18.6 12.3t0 19.5 7.5t017.9 125t017.7 12.2t017.0
AE after five treatments

Median 8.5 8.99 6.6 7.5 7.5

Interquartile range 6.2t0 11.9 6.5t012.4 4.6t013.9 5.1to11.2 7.2t011.3
Original effect of treatment||

Median -5.9 -5.7 -3.8 -6.4 -5.7

Interquartile range -8.6t0 3.2 -8.1t0-3.0 —6.1to-2.7 -9.1t0o-33 -7.8to-4.1
AE at 9.5-yr follow-up

Median = 12.449 117 = =

Interquartile range — 8.7t0 14.8 7.6t020.2 — —
Change in AE at follow-up**

Median — 2.5 2.0 — —

Interquartile range — -0.1t0 5.5 0.7t0 8.4 — —

AE denotes the difference in color between the port-wine stain and normal skin. The Wilcoxon signed-rank test was

used to determine the statistical significance of changes in AE over time.

- Six patients received five treatments, had their skin color measured, and did not receive any additional treatments.
I Ten patients were excluded because they received treatment elsewhere after receiving five treatments in the study hos-

pital. Six of these patients received additional laser treatments and four received medical tattoos.

=

pared with the pretreatment measurement.

P<0.001, indicating a significant persistent current effect (a decrease in AE) of pulsed-dye—laser treatment as com-

§ P=0.001, indicating significant redarkening of the stains (an increase in AE) between the measurement taken after the

first five treatments and the follow-up measurement.

| The original effect of treatment is the color measurement obtained after the first five treatments minus the color mea-
surement at baseline; negative values indicate a decrease in AE.
** The change in AE at follow-up is the 9.5-yr follow-up measurement minus the measurement taken after the first five

treatments; positive values indicate an increase in AE.

did not reply. An additional 10 patients were ex-
cluded from the study because they had been
treated outside the study hospital between the
time of the last color measurement obtained af-
ter five treatments and the follow-up study (sub-
group 2 in Table 1). Of these 10 patients, 6 had
received laser treatments and 4 had received med-
ical tattoos. Thus, 51 of the original 89 patients
(57%) were included in the follow-up study. These
51 patients did not differ significantly from the
original 89 patients with respect to age, baseline
color measurements, color measurements obtained
after an average of five treatments, or original ef-

fect of treatment (color measurements obtained
after the first five treatments minus baseline color
measurements) (P>0.50 by the Wilcoxon signed-
rank test).

After completing five treatments and having
their skin color measured in the previous study,
45 of the 51 patients included in the present study
had additional treatment sessions in our hospital.
In these sessions, either all or part of the stain was
treated with the same laser and the same methods
used in the previous treatments. The median du-
ration of the original five-treatment regimen for
the 51 patients was 1.9 years (interquartile range,
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1.4 to 2.4). The median number of additional ses-
sions was 7 (interquartile range, 3 to 13; range,
1 to 39), and the median duration of the addi-
tional treatment regimen was 3.9 years (interquar-
tile range, 1.1 to 5.4). The median time between
the last treatment session and the follow-up mea-
surement was 5.8 years (interquartile range, 4.1
to 8.9). The median time between the measure-
ment obtained after the first five treatments and
the follow-up measurement was 9.5 years (inter-
quartile range, 9.2 to 10.1). Thus, the median du-
ration of follow-up in this study was 9.5 years.

COLOR MEASUREMENTS
The color measurements are summarized in Ta-
ble 1. The median AE increased significantly from
8.9 (interquartile range, 6.5 to 12.4) after the
first five treatments to 12.4 (interquartile range,
8.7 to 14.8) at a median of 9.5 years of follow-up
(P=0.001). However, the median AE was still sig-
nificantly lower at follow-up (12.4; interquartile
range, 8.7 to 14.8) than before laser treatment
(15.2; interquartile range, 12.3 to 19.5; P<0.001),
indicating a persistent effect of pulsed-dye—laser
treatment. Figure 1 illustrates the results by in-
cluding recent photographs of the patients along
with the illustrations used in the previous publi-
cation.

Of the 51 patients evaluated, only 6 (2 men
and 4 women) did not receive treatment after the
first five treatments; the results from these pa-
tients represent true follow-up results after treat-
ment (subgroup 1 in Table 1). In all six of these
patients, the value of AE was higher at follow-up
than after the five treatments; the increases in
AE were 0.2, 0.9, 1.3, 2.8, 6.8, and 13.1.

QUESTIONNAIRE
Of the 51 patients evaluated, 30 (59%) were satis-
fied with the result of the pulsed-dye-laser treat-
ment (including any treatment sessions subsequent
to the measurement made after the first five
treatments). The remaining 21 (41%) were not
satisfied. Three patients (6%) reported that their
stains had become lighter since their last treat-
ment session, 18 (35%) reported that they had be-
come darker, and the remaining 30 (59%) thought
that they had not changed in color.

For the three patients who reported that their
stains had become lighter, the changes in AE from
the measurements made after the first five treat-
ments to follow-up (i.e., the measured changes in

the color of the stain over the previous 9.5 years)
were —2.0, 1.1, and 1.7. The mean (+SD) change
in AE was 1.6+4.7 (range, —10.7 to 7.5) for the 30
patients who considered their stains unchanged
and 3.4+4.5 (range, —4.9 to 13.1) for the 18 patients
who reported that their stains had darkened.

DISCUSSION

This follow-up study used objective color measure-
ments to assess the long-term efficacy of pulsed-
dye-laser treatment of port-wine stains. The re-
sults show that the median AE (the difference in
color between the stain and normal skin) in-
creased from 8.9 to 12.4 at a median of 9.5 years
after the last of five treatments of the complete
stain, although the patients had received a median
of seven additional laser treatment sessions after
the initial five treatments. However, the follow-up
AE was still lower than the pretreatment value
(12.4 vs. 15.2). From these results, it can be con-
cluded that the positive effect of five treatments
is not completely durable and that significant re-
darkening occurs at long-term follow-up.

The results of this study confirm previous
anecdotal reports of the recurrence of port-wine
stains after pulsed-dye—laser treatment. However,
the previous reports were all based on question-
naires presented to the patients or treating phy-
sicians and show widely varying outcomes. Orten
etal.> reported a 50% recurrence rate of port-wine
stains 5 years after treatment, and Mork et al.°
reported a recurrence rate of 11% “several” years
after treatment. Michel et al.,? in a study inves-
tigating the effect of age at treatment on recur-
rence (at least 1 year after completion of treatment),
found redarkening in 16% of patients. The authors
found no correlation between the rate of recur-
rence and the duration of follow-up, indicating
that recurrence may be mainly related to individ-
ual patient characteristics. Ho et al.” investigated
the effect of laser treatment in Chinese patients
and surprisingly found no recurrence after a mean
follow-up of 3.4 years. Finally, in a study by Han-
sen et al.,* 19% of patients reported recurrence of
color at 7 years of follow-up.

In our study, even though 45 patients received
additional treatment sessions, the AE of the whole
group had increased at 9.5 years of follow-up.
Only six patients did not receive more than five
treatments. Among these patients (subgroup 1 in
Table 1), the effect of five treatments of the com-
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Figure 1. Redarkening of Port-Wine Stains after Pulsed-Dye-Laser Treatment.

Recent photographs of the patients are included, along with the illustrations used in the previous study.® Each panel
shows a patient before treatment (left), after six treatments of the complete port-wine stain (middle), and at follow-
up 9 years (Panel A) or 10 years (Panels B, C, and D) after five treatments (right). In all four patients, redarkening of
the stain can be observed when the right-hand photograph is compared with the middle photograph.

plete port-wine stain was smaller than the effect
of treatment in the entire group; the change in
AE was —3.8 in subgroup 1 and 5.7 in the entire
group. The amount of redarkening at 9.5 years
of follow-up was also somewhat smaller in sub-
group 1 than in the entire group (change in AE,
2.0 vs. 2.5); however, the small number of pa-
tients precludes drawing conclusions.

There is no consensus on the mechanism of
redarkening, although it has been widely dis-
cussed. Several mechanisms may contribute. First,
it has frequently been hypothesized (but rarely
objectively shown) that untreated port-wine stains
darken with age.** Natural darkening with age,
possibly resulting from progressive ectasia of
the remaining vessels, may have a role in the re-
darkening of incompletely eradicated port-wine
stains. Support for this hypothesis includes our
observation that redarkening occurred in all six
patients who did not receive additional treatment
after the first five treatments. Second, neovascu-
larization resulting from post-treatment throm-
bus formation'? and angiogenesis of capillary
structures from deeper parts of the port-wine
stain (which are untreatable with the pulsed-dye
laser because of its limited penetration depth) may
also contribute to long-term redarkening of the

stain. All these mechanisms — progressive ecta-
sia, neovascularization resulting from thrombus
formation, and angiogenesis from remaining parts
of the stain — support the hypothesis that the
cause of port-wine stains is the lack of surround-
ing neurons regulating blood flow through the
ectatic postcapillary venules.'>* Since pulsed-
dye—laser treatment obviously does not increase
neural control, both newly formed and persistent
vessels would suffer from the same lack of neural
control.

Two final points should be mentioned con-
cerning the possible mechanism of redarkening.
First, we assessed only color, whereas other char-
acteristics of port-wine stains, such as size, sur-
face structure, and hypertrophy,'> may also have
a role in recurrence. Second, several changes in
treatment (the use of longer wavelengths, great-
er pulse energies, larger spot size, and cryogen
spray cooling) have been implemented in new
generations of pulsed-dye lasers since the treat-
ment of our patients with the Candela SPTL-1.
Whether treatment of port-wine stains with these
new lasers will reduce the incidence of redarken-
ing at long-term follow-up remains to be inves-
tigated.

Fifty-nine percent of the 51 patients who un-
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derwent follow-up measurements were satisfied
with the results of the treatment. On the other
hand, 10 of the original 89 patients (11%) sought
additional treatment (laser treatments or medi-
cal tattoos) outside our hospital. In these patients
(subgroup 2 in Table 1), the original port-wine
stain was not darker (i.e., the pretreatment AE
was not higher) than in the rest of the patients, nor
was the effect after five treatments lower. These
results indicate that the patients did not seek ad-
ditional treatment because their treatment results
were worse than average.

In the three patients who reported that their
stains had become lighter, the changes in color
measurements were small but variable, whereas
patients who considered their stains to be either
unchanged or darker had an increase in AE. Thus,
patients seem to underestimate the changes in
color taking place in their stains, probably be-
cause the changes occur slowly over several years,
making detection difficult. The discrepancies be-
tween the perceptions of the patients and color
measurements emphasize the importance of using
objective assessment instead of patient or physi-

cian questionnaires when assessing the long-term
results of treatment of port-wine stains. Further-
more, although histopathological data are avail-
able from untreated port-wine stains,® obtaining
such data from treated port-wine stains is virtu-
ally impossible because very few patients will con-
sent to repeated biopsies of their stains. Therefore,
color measurement is currently the most objective
method of assessing changes in port-wine stains
after treatment.

In conclusion, although pulsed-dye—laser ther-
apy remains the gold standard for the treatment
of port-wine stains and has a persistent beneficial
effect, the current study objectively shows that re-
darkening occurs at long-term follow-up. There-
fore, we recommend that before commencing
pulsed-dye-laser therapy, all patients should be
informed of the possibility of redarkening of the
stain after treatment.
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