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Abstract. To investigate the possible wavelength dependency of vascular damage to port-wine
stains, an argon pumped dye laser was used at wavelengths varying from 488 to 620 nm with a spot
size of 1 mm diameter, power density of 127 W cm ™2 and pulse length of 200 ms. Clear differences in
tissue reactions for different wavelengths could not be observed, either clinically or histologically.
During the relatively long exposures a considerable part of the heat produced in the vessel is
conducted away to the surrounding tissue. Additionally, dermal damage results from heat
conducted from the epidermis. These effects probably override the effect of changing the

wavelength.

INTRODUCTION

Port-wine stains (PWS) are congenital vascular
disorders of the skin, consisting of ectatic der-
mal blood vessels (1). Laser therapy of PWS is
based upon selective heating and consequen-
tial damage to the ectatic blood vessels through
selective absorption of light by oxyhaemoglo-
bin, without heating other skin constituents to
a degree in which scarring or other complica-
tions occur (2).

The argon laser has been used by many
clinicians to successfully treat PWS (3-6).
Although the principal wavelengths (488 and
514 nm) are selectively absorbed by oxyhaemo-
globin and therefore may be expected to dam-
age vessels selectively, these wavelength lines
are not considered to be ideal. A competing
absorber, the chromophore melanin in the epi-
dermis, absorbs these lines relatively well com-
pared to longer wavelengths. A considerable
proportion of the incident light is absorbed by
the melanin and produces heat which conducts
to the superficial dermis causing non-selective
damage, thus increasing the risk of hyper-
trophic scarring.

A combination of relatively low epidermal
absorption and high absorption by oxyhaemo-
globin is achieved at 577 nm (yellow light) and
this is therefore expected to be the optimal
wavelength (7, 8). As a consequence, many new
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techniques have been developed at or near this
wavelength (2, 8-12) and histological studies
have shown it to produce more blood vessel
selective damage than the argon laser, on
condition that the yellow light is delivered by
pulsed dye lasers (13, 14). The argon laser is
essentially a continuous wave laser.

In 1990 Tan et al proposed 585nm as the
new wavelength of choice on the basis of
experiments with a pulsed dye laser (pulse
length 0.45ms). These experiments showed
that at 585 nm vascular damage was caused at
greater depths compared to those achieved
when using 577 nm (15). A scientific explana-
tion, based on the difference in absorption by
oxyhaemoglobin at those wavelengths, was
recently given by Pickering & van Gemert (16)
and Verkruysse et al (17). Clinically, treatment
with this new choice of wavelength produced
better PWS clearance in PWS that had been
treated previously with 577 nm (15, 18).

The question arises as to whether a wave-
length dependency for vascular injury depth,
as shown with the pulsed dye laser, can also be
found when using an argon pumped tunable
dye laser. Such a laser has in the past been
used to treat PWS (10, 11, 19, 20). The goal of
this research was to provide the answer to this
question by comparing histology from PWS,
irradiated with laser light at various wave-
lengths, using an argon pumped dye laser.
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MATERIALS AND METHODS

A Coherent argon laser (Supergraphite CR-18,
Coherent Ltd, USA) was used to pump an
Excell tunable dye laser (Excell 350, Excell
Inc, CA, USA) equipped with rhodamine 6 G
dye and a quartz fused dye jet. The light
was focused into a 200-um fibre, to a spot
size of 1 mm diameter on the PWS. The laser
power was measured at the end of the fibre
using a Lambda Coherent power meter (Lab-
master LM-E, Coherent Ltd, USA). The dye
laser was tuned to the following wavelengths:
575, 585, 590 and 620 nm, each with a 2-nm
bandwidth.

‘The argon laser power was adjusted to give
1W (x0.05W) at the output end of the fibre for
each wavelength. This power corresponds to an
irradiance of 127Wem™2 Combining the
power density with the pulse length of 200 ms
leads to a radiant dose per exposure of
25.4Jcem™2 To be able to irradiate at the
wavelengths 488 and 514 nm, the argon laser
was used in mono-line mode. Test spots were
also irradiated with the argon laser in multi-
line mode (488-514nmj). An optical shutter
was placed between the argon laser and the
dye laser to produce 200-ms exposures.

Three adult patients were selected for the
trials, with port-wine stains as macroscopically
similar as possible. Each of these patients,
having agreed on the conditions of the taking of
biopsies, was locally injected with an anaes-
thetic [Mepivacaine (2%) without vasoconstric-
tor]. One cm? was irradiated in adjacent spots,
using each wavelength mentioned above. All
trials with different wavelengths were per-
formed in the same lesion (obviously in different
areas but with no significant macroscopical
differences). Biopsies from the test spots were
taken immediately, 1 or 2 weeks and 1 month
after treatment. The biopsies were preserved
in formol (40% formaldehyde) until investi-
gated, and stained with haematoxylin. The
pathologist interpreting the slides was not told
which biopsy corresponded to which wave-
length and he examined two samples from each
biopsy.

RESULTS

The most important result is that no sig-
nificant difference between the histology at
each wavelength was observed. Therefore, for
completeness, we give the following brief,
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wavelength independent, description of the
histology.

Biopsies, taken immediately after treatment
{Fig. 1(a, b)] showed destruction of the epi-
dermis. Vascular damage was non-specific and
limited to the superficial dermis. Some vessels
appeared smaller and the vessel wall was
partially destroyed, especially those vessels
located at depths varying from 0.4 to 0.8 mm.

One week after treatment [Fig. 2(a, b)] the
epidermis had not recovered. Some vessels
showed thrombosis and vessel wall destruction
with extravasation of erythrocytes. Fibrotic
tissue was formed in the superficial dermis.

Two weeks following treatment, the epi-
dermis showed signs of recovery, the papillary
dermis was dense and fibrotic. Around and
within some blood vessels there was dense
fibrotic tissue, showing the so called hialinisa-
tion phenomenon (Fig. 1).

One month after treatment [Fig. 3(a, b)] it
could be seen that the epidermis was well
recovered, and had well-constituted tissue.
Collagen was dense and fibrotic at the super-
ficial dermis. However. some ectatic vessels
still remained, particularly in the deeper
dermis.

These histological results are consistent with
those described for similar large pulse length
argon laser treatment (13, 21).

The clinical appearance of a treated PWS
after 1 month showed no significant difference
between spots irradiated at the various wave-
lengths (Fig. 4).

DISCUSSION

The histology and clinical results show that
PWS tissue reaction to laser light irradiation
with a long exposure (200 ms), I mm spot diam-
eter, and power density conducive to immedi-
ate ‘minimal’ whitening (127 Wem™2), is not
wavelength dependent in the wavelength
region from 488 to 620 nm. No difference in the
depth of vascular injury could be observed. The
histological results were comparable with
those found by other authors using the argon
laser (13, 21) or argon pumped dye laser at
577 nm with long pulse lengths (22). The mech-
anism that coagulates vessels at greater
depths with 585 nm compared to 577 nm seems
not to play a significant role in the experiments
reported above.

Greater depths of vascular injury achieved
at 585 nm compared to 577nm using a 5mm
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Fig. 1. Biopsies, taken immediately after (a) 575nm and (b) 620 nm laser treatment. showed epidermis destruction and
vascular damage limited to the superficial dermis which also appears destroyed. Some vessels appeared smaller with their walls

partially damaged.

beam diameter are explained in terms of light
absorption by oxyhaemoglobin as it is the only
parameter differing significantly (7, 15). The
spot size of short pulse dye lasers is usually
5mm in diameter. Monte Carlo simulations
showed the fluence rates at a certain depth in

the tissue increase when the beam diameter
increases and the irradiance is kept equal (23).
A large spot size (3-5mm diameter) is thus
preferred to a small spot size. The power
produced by the argon pumped dye laser is too
low to have spot sizes much larger than 1 mm
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Fig. 2. Port-wine stain sample 1 week after (a) 575nm and (b) 620 nm laser treatment showed tissue constitution not yet
recovered. Some vessels present thrombosis phenomenon and vessel walls are destroyed. Erythrocytes are extravasated and

images of fibrotic tissue are formed in the superficial dermis.

diameter while maintaining the desired
irradiance.

Although the difference in wavelength
between 577 and 585nm is only 8nm, the
associated absorption coefficients of oxyhaemo-
globin differ considerably. At 585 nm this coef-
ficient is around 190cm™! and at 577nm
around 350 cm ™ (7). A considerable amount of

light reaching a vessel is scattered light. At

585 nm, vessels around a ‘target vessel’ absorb
less scattered light, compared to 577 nm.
Therefore, more light reaches deeper vessels.
The higher fluence rates that are achieved at
the target vessel because of this effect appear
to compensate for the fact that the target
vessel itself absorbs the 585um light less
efficiently too.

The important difference between irradia-
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Fig. 3. One month after (a) 575 nm and (b) 620 nm laser treatment, the epidermis appears well recovered and reconstituted.
Collagen is dense and fibrotic at superficial dermis level. Some ectatic vessels can be seen in the deeper dermis.

tion with a pulsed dye laser and irradiation
from the argon pumped dye laser as described
above is the pulse length. Pulsed dye lasers,
available for medical use, produce very short
pulses of 450 ms at a very high power (typically
in excess of 1000 W), whenever the continuous
wave delivery is by a short, low peak power
exposure.

The limited power deliverable on the tissue
per pulse by an argon pumped dye laser, which

is essentially a continuous wave system in
combination with an optical shutter, restricts
the pulse length to a minimum of around
100 ms. Recently, some systems have enabled a
pulse as short as 30 ms with a hexascan hand-
piece (24). Shorter pulses would be expected to
give better results. Different theoretical mod-
els indicated optimal pulse lengths to be
between 1 and 10ms (2, 7, 25—27). These are
optimal, because the pulse length is short
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Fig. 4. {(a) Port-wine stain before 620, 575 nm and argon multi-line test. The same protocol for every laser emission was tested.
Similar characteristic conditions of the lesion were observed. (b) Aspect 1 week after treatment. Note the blanching at the area
treated by the argon laser (Ar™). Results here do not correspond to PWS blanching, but to epidermis destruction and necrosis.
No particular differential reactions can be seen in the samples corresponding to 575 and 620 nm.

enough to confine enough generated heat to the
vessel and its immediate surroundings to dam-
age these structures. Other structures do not
reach a high enough temperature to be irre-
versibly damaged.

The pulse length of 200 ms is 20-200 times
longer than the optimal pulse length. A great
deal of the heat produced in the vessels is
conducted away to surrounding tissues. There-
fore, changing the absorption coefficient of
blood by changing the wavelength of the irra-
diated light does not alter the heat distribution

significantly. During a 200-ms pulse, more
heat is produced in the vessel at 577nm
(absorption coefficient * 354cm™!) than at
590 nm (absorption coefficient * 69cm™1), for
example. Light of longer wavelengths
(585—-620nm) compared to 577nm is less
absorbed in the upper part of the dermis.
Therefore the fluence rate is less attenuated
through absorption and will diffuse through
scattering to deeper parts of the dermis.
Although the light is absorbed less at 620 nm,
it will be absorbed eventually. Using the longer
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wavelengths, therefore, it is expected that the
620nm light is absorbed in relatively deeper
blood vessels compared with 577 nm. But the
loss of heat by conduction appears to override
this effect, as the damage to the vessels does
not show significant differences at different
wavelengths.

When considering light absorption, melanin,
a pigment in the epidermis, is the main com-
peting absorber in the skin. Heat produced in
the epidermis because of this chromophore will
be conducted to the dermis and can cause
thermal damage which may heal as a scar.
Skin surface temperatures during argon laser
therapy with pulse lengths of 200ms and 1W
power (as in our experiments) were measured
to be up to 50°C (27). This so called ‘iron heater
effect’ can be greatly reduced when using pulse
lengths between 1 and 10 ms (7).

Another effect of the absorption of light in
the epidermis is that the intensity of light
penetrating into the dermis is decreased and
therefore the desired effect, damaging the ves-
sels through a photothermal effect, is also
decreased.

Light absorption in the epidermis, and there-
fore the heat production, is approximately 30%
greater at the shorter wavelengths (488
514nm) than at the longer wavelengths
(577-590 nm). This appears not to have resul-
ted in significantly more damage in the epi-
dermis or in the upper dermis when those
shorter wavelengths are compared to the
longer wavelengths. Part of the epidermal heat
vaporized the epidermis and the other part of
the heat was conducted into the dermis. A
wavelength dependency is not apparent
because of the same arguments as described
above for heat distributions in and around the
blood vessels. Heat conduction overrides wave-
length dependency at these long pulse lengths.

It must be concluded that the new wave-
length of choice, 585 nm, is only significantly
increasing the depth of vascular injury when
used in conjunction with a short pulse (around
0.45ms). The argon pumped dye laser cannot
produce short high power pulses. The argon
pumped dye laser always produces less power
(typically up to 3W for yellow light) than the
argon laser itself (with this laser a maximum of
27W can be reached). The power ‘lost’ in the
dye laser may be better used to decrease the
pulse length whilst maintaining similar ener-
gies per pulse in argon laser treatment at 488
and 514 nm.
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