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Preface of Second Edition

The continuing development of cosmetic energy-based technologies over the
last 25 years has been nothing short of incredible. It is almost a decade since
the publication of the 1st edition of Laser Dermatology. Over the last decade,
this field has continued to grow and expand with the appearance of new tech-
nology. This book represents the most up-to-date description of the latest in
laser and light-source technology. All the initial chapters have been re-written
and updated by leading experts from both North America and Europe. After
a chapter describing our latest understanding of laser physics, which also
covers safety aspects, chapters are dedicated to laser treatment of vascular
lesions, pigmented lesions and tattoos, unwanted hair, fractional ablative and
non-ablative resurfacing and energy-based treatments for medical purposes.

Each chapter begins with core concepts. These basic points are followed
by a history of the use of energy-based technologies for the cutaneous
problem under discussion, currently available technology, and indications
and contraindications. The chapter authors then provide an example of his/
her consent form and approaches to personal treatment.

What has become clear is that a significant understanding of lasers and
light sources is required for optimum use of these devices. A basic under-
standing of laser physics is also fundamental to good laser treatment. Laser
safety and minimizing risk to patients is at least as important as an under-
standing of laser physics. When these concepts, so clearly described in Chap. 1,
are understood, cutaneous laser technology can be safely and successfully
used for a variety of purposes.

A wide variety of cutaneous vascular disorders can be successfully treated
with modern lasers. The pulsed dye laser has enabled treatment of cutaneous
vessels by following the principle of selective photothermolysis, a simple
physics concept seen throughout laser dermatology. The pulsed dye laser is
the most effective laser for treatment of port wine stains but purpura historically
limited its acceptability by patients for more cosmetic indications. Both facial
and leg vein telangiectasia can also be treated with lasers. Other cutaneous
disorders such as psoriasis, warts and scars can be improved by targeting the
lesion’s cutaneous vessels with appropriate lasers. Chapter 2 describes our
latest understanding of the laser treatment of vascular lesions.

When considering treatment of pigmented lesions, accurate diagnosis of
the pigmented lesion is mandatory before laser treatment. For some pigmented
lesions, laser treatment may even be the only treatment option. Tattoos
respond well to Q-switched lasers. Amateur and traumatic tattoos respond
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more readily to treatment than do professional tattoos. Cosmetic tattoos
should be approached with caution. Treatment of melanocytic nevi remains
controversial, but worth pursuing. Chapter 3 describes our latest understanding
of the laser treatment of pigmented lesions and tattoos.

A wide variety of lasers can now induce permanent changes in unwanted
hair. Hair removal lasers are distinguished not only by their emitted wave-
lengths but also by their delivered pulse duration, peak fluence, spot size
delivery system and associated cooling. Nd: YAG lasers, with effective cooling,
are the safest approach for treatment of darker skin. Despite this, complica-
tions arising from laser hair removal are more common in darker skin types.
Laser treatment of non-pigmented hair remains a challenge. Chapter 4
describes our latest understanding of the laser treatment of unwanted hair.

Ablative and non-ablative fractional laser resurfacing lead to improvement
of photodamaged skin. Fractional ablative laser resurfacing produces a more
significant wound, but lasting clinical results. Non-ablative fractional resur-
facing is cosmetically more elegant, but generally requires more treatment
sessions. Visible light non-ablative devices lead to a lessening of erythema
and superficial pigmentary skin changes. Mid-infrared laser devices promote
better skin quality and skin toning. Chapter 5 describes our latest understanding
of ablative and non-ablative fractional laser resurfacing.

Lasers and light sources have become more commonplace in the treatment
of dermatological medical diseases. Topical ALA and adjunct light-source
therapy (ALA-PDT) is a proven photodynamic therapy for actinic keratoses
and superficial non-melanoma skin cancers. ALA-PDT, using a variety of
vascular lasers, red/-light sources, and intense pulsed light sources, is also now
being used to treat the signs of photoaging. PDT can also be useful therapy for
acne vulgaris. Newer lasers and light sources are also now being used to treat
psoriasis vulgaris, vitiligo, other disorders of pigmentation, and hypopig-
mented stretch marks. Chapter 6 describes our latest understanding of photo-
dynamic therapy and the treatment of medical dermatological conditions.

January 2013 David J. Goldberg, M.D.
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Basic Laser: Physics and Safety

Holly H. Hare and Ronald G. Wheeland

Core Messages

* A significant understanding of lasers
and light sources is required for optimal
use of these technologies.

e A basic understanding of laser physics
is at the core of safe and efficacious laser
treatments.

e Laser safety and minimizing patient
risks is at least as important as an under-
standing of laser physics.

History
What Is Light?

Light is a very complex system of radiant energy
that is composed of waves and energy packets
known as photons. It is arranged into the electro-
magnetic spectrum (EMS) according to the length
of those waves. The distance between two succes-
sive troughs or crests of these waves, measured in
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meters, determines the wavelength. For the visible
portion of the EMS, the wavelength determines
the color of the laser light. The number of wave
crests (or troughs) that pass a given point in a
second determines the frequency for each source
of EMS energy. The wavelength and frequency of
light are inversely related to one another. Thus,
shorter wavelengths of light have higher frequen-
cies and more energenic photons than longer
wavelengths of light which have lower frequen-
cies and less energenic photons.

When Was Light First Used for Medical
Purposes?

One must go back to about 4000 B.C. in ancient
Egypt to find the earliest recorded use of light. At
that time sunlight was coupled with a topical pho-
tosensitizer, like parsley or other herbs containing
psoralen, to help repigment the skin of individuals
suffering from vitiligo, a disorder in which the
skin becomes depigmented through a presumed
autoimmune reaction. In Europe in the nineteenth
century, sunlight was used as a treatment for cuta-
neous tuberculosis. However, it wasn’t until 1961
that Dr. Leon Goldman, a dermatologist at the
University of Cincinnati, first employed a ruby
laser for the removal of tattoos and other pig-
mented cutaneous lesions. For his continuous
efforts in promoting the use of lasers for medical
purposes and for co-founding the American
Society for Laser Medicine and Surgery, Dr.
Goldman (Goldman et al. 1963) has been called

DOI 10.1007/978-3-642-32006-4_1, © Springer-Verlag Berlin Heidelberg 2013



H.H. Hare and R.G. Wheeland

the “Father of Lasers in Medicine and Surgery.”
Since those earliest days, many physicians in dif-
ferent specialties have played key roles in the
advancement of the use of lasers in medicine such
that today most specialties use lasers in either
diagnosing or treating a number of different disor-
ders and diseases (Wheeland 1995).

Who Invented the Laser?

Professor Albert Einstein (Einstein) published all
of the necessary formulas and theoretical con-
cepts to build a laser in his 1917 treatise called
“The Quantum Theory of Radiation.” In this trea-
tise, he described the interaction of atoms and
molecules with electromagnetic energy in terms
of the spontaneous absorption and emission of
energy. By applying the principles of thermody-
namics he concluded that stimulated emission of
energy was also possible. However, it wasn’t until
1959 that Drs. Charles H. Townes and Arthur L.
Schawlow (Schawlow) developed the first instru-
ment based on those concepts, known as the
MASER (Microwave Amplification through the
Stimulated Emission of Radiation). In 1960, the
first true laser, a ruby laser, was operated by Dr.
Theodore H. Maiman (Maiman). Rapidly the
development of additional lasers occurred with
the helium-neon laser appearing in 1961, the
argon laser in 1962, the carbon dioxide and
Nd:YAG laser in 1964, the tunable dye laser in
1966, the excimer laser in 1975, the copper vapor
laser in 1981, the gold vapor laser in 1982, and
many others since then including the alexandrite
laser, pulsed dye laser, erbium laser, holmium
laser, diode laser, and titanium:sapphire laser. In
addition, modifications to existing lasers have
occurred, including Q-switching of the ruby,
Nd:YAG and alexandrite lasers; fractionating the
carbon dioxide laser; and adding dynamic cool-
ing to the pulsed dye laser.

What Is a Laser?

The word “LASER” is an acronym that stands for
Light Amplification by the Stimulated Emission
of Radiation. For this reason, a laser is not just an

instrument but also a physical process of
amplification (Table 1.1). The last word in the
acronym, ‘“radiation,” is a common source of
patient anxiety since it can be associated with the
high energy ionizing radiation often used for can-
cer radiotherapy. However, in the case of lasers,
the word is employed to describe how the laser
light is propagated through space as “radiant”
waves. Patients should be assured that all cur-
rently approved medical lasers are incapable of
ionizing tissue and have none of the risks associ-
ated with the radiation used in cancer therapy.

All lasers are composed of the same four pri-
mary components. These include the laser
medium (usually a solid, liquid, or gas), the opti-
cal cavity or resonator which surrounds the laser
medium and contains the amplification process,
the power supply or “pump” that excites the
atoms and creates population inversion, and a
delivery system (usually a fiber optic or articulat-
ing arm with mirrored joints) to precisely deliver
the light to the target.

Lasers are usually named for the medium con-
tained within their optical cavity (Table 1.2). The
gas lasers consist of the argon, copper vapor,
helium-neon, krypton and carbon dioxide
devices. One of the most common liquid lasers,
the pulsed dye laser, contains a fluid with rhod-
amine dye. The solid lasers are represented by
the ruby, neodymium:yttrium-aluminum-garnet
(Nd:YAG), alexandrite, erbium and diode lasers.
All of these devices are used to clinically treat a
wide variety of conditions and disorders based
on their wavelength, nature of their pulse, and
energy.

The excitation mechanism, power supply or
“pump,” is a necessary component of every laser
in order to generate excited electrons and create
population inversion (Arndt). This can be accom-
plished by direct electrical current, optical stimu-
lation by another laser (argon), radiofrequency
excitation, white light from a flash lamp or even
(rarely) chemical reactions that either make or
break chemical bonds to release energy, as in the
hydrogen-fluoride laser.

To understand how laser light is created, it is
important to recall the structure of an atom. All
atoms are composed of a central nucleus surrounded
by electrons that occupy discrete energy levels or
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Table 1.1 Laser terminology

Absorption — the transformation of radiant energy to another form of energy (usually heat) by interacting with
matter.

Chromophore — a targeted component of tissue that absorbs light at a specific frequency.
Coherence — all waves are in phase with one another in both time and space.
Collimation — all waves are parallel to one another with little divergence or convergence.

Electromagnetic radiation — a complex system of radiant energy composed of waves and energy bundles that is
organized according to the length of the propagating wave.

Energy — the product of power (watts) and pulse duration (seconds) which is expressed in joules.
Extinction length — the thickness of a material necessary to absorb 98 % of the incident energy.
Focus — the exact point at which the laser energy is at peak power.

Fractional photothermolysis — a concept that employs an array of small laser beams to create many noncontiguous
columns of thermal injury, called microscopic treatment zones, within the dermis while maintaining intervening
zones of healthy tissue.

Irradiance (power density) — the quotient of incident laser power on a unit surface area, expressed as watts/cm?’.
Joule — a unit of energy which equals one watt-second.

Laser — an instrument that generates a beam of light of a single or narrow band of wavelengths or colors that is both
highly collimated and coherent; an acronym that stands for light amplification by the stimulated emission of
radiation.

Laser medium — a material or substance of solid, liquid or gaseous nature that is capable of producing laser light due
to stimulated electron transition from an unstable high energy orbit to a lower one with release of collimated,
coherent, monochromatic light.

Meter — a unit length based on the spectrum of krypton-86; frequently subdivided into millimeters (10° m),
micrometers (10° ms), and nanometers (10° m).

Monochromatic — light energy of only a single wavelength emitted from a laser optical cavity.

Optically pumped laser — a laser where electrons are excited by the absorption of light energy from an external
source.

Photoacoustic effect — the ability of Q-switched laser light to generate a rapidly moving wave within living tissue
that destroys melanin pigment and tattoo ink particles.

Pockels cell — a device consisting of an electro-optical crystal that can be turned on or off very quickly by attached
electrodes to allow the build-up of high amounts of energy within the optical cavity of a laser and then released as a
single, powerful, extremely short pulse.

Population inversion — the state present within the laser optical cavity (resonator) where more atoms exist in
unstable high energy levels than their normal resting energy levels.

Power — the rate at which energy is emitted from a laser.

Power density (irradiance) — the quotient of incident laser power on a unit surface area, expressed as watts/cm?.
Pump — the electrical, optical, radiofrequency or chemical excitation that provides energy to the laser medium.
Q-switch — an optical device (pockels cell) that controls the storage or release of laser energy from a laser optical
cavity.

Reflectance — the ratio of incident power to absorbed power by a given medium.

Scattering — imprecise absorption of laser energy by a biologic system resulting in a diffuse effect on tissue.

Selective photothermolysis — a concept used to localize thermal injury to a specific target based on its absorption
characteristics, the wavelength of light used, the duration of the pulse and the amount of energy delivered.

Thermal relaxation time — the time needed for 50 % of heat absorbed during a laser pulse to be dissipated without
conduction to the surrounding tissue.

Thermodulation — the ability of low energy light to upregulate or downregulate certain cellular biologic activities
without producing an injury.

Transmission — the passage of laser energy through a biologic tissue without producing any effect.

orbits around the nucleus and give the atom a stable
configuration (Fig. 1.1). When an atom spontane-
ously absorbs a photon of light, the outer orbital
electrons briefly move to a higher energy orbit,
which is an unstable configuration (Fig. 1.2). This

configuration is very evanescent and the atom
quickly releases a photon of light spontaneously so
the electrons can return to their normal, lower
energy, and stable inner orbital resting configuration
(Fig. 1.3). Under normal -circumstances, this



H.H. Hare and R.G. Wheeland

Table 1.2 Types of lasers

Name Type Wavelength (nm)
ArFl Excimer 193

KrCl Excimer 222

KrF1 Excimer 248

XeCl Excimer 308

XeFl Excimer 351

Argon Gas 488 and 514
Copper vapor Gas 511 and 578
Krypton Gas 521-530
Frequency-doubled: YAG Solid state 532

Pulsed dye Liquid 577-595
Helium-neon Gas 632

Ruby Solid state 694
Alexandrite Solid state 755

Diode Solid state 800

Nd:YAG Solid state 1,064 and 1,320
Diode Solid state 1,450
Erbium:glass Solid state 1,540

Erbium: YAG Solid state 2,940

Carbon dioxide Gas 10,600

Fig. 1.1 Normal configuration of an atom with central
nucleus and surrounding electrons in stable orbits

spontaneous absorption and release of light occurs
in a disorganized and random fashion and results in
the production of incoherent light.

When an external source of energy, usually in
the form of electricity, light, microwaves, or even
a chemical reaction, is supplied to a laser cavity
containing the laser medium, the resting atoms
are stimulated to drive their electrons to unstable,
higher energy, outer orbits. When more atoms

Fig. 1.2 Absorption of energy has briefly stimulated the
outer electron into an unstable, but higher energy orbit

Fig. 1.3 The stimulated electron rapidly drops back to its
normal orbit and assumes a stable configuration

exist in this unstable high-energy configuration
than in their usual resting configuration, a condi-
tion known as population inversion is created,
and this is necessary for the subsequent step in
light amplification (Fig. 1.4).

Amplification of light occurs in the optical
cavity or resonator of the laser. The resonator typi-
cally consists of an enclosed cavity that allows the
emitted photons of light to reflect back and forth
from one mirrored end of the chamber to the other
many times until a sufficient intensity has been
developed for complete amplification to occur.
Through a complex process of absorption and
emission of photons of energy, the prerequisite for
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Fig. 1.4 With the stimulated emission of energy, two
photons are released in phase with one another as the elec-
tron drops back to its normal, stable configuration

the development of a laser beam of light has been
met and amplification occurs. The photons are
then allowed to escape through a small perforation
in the partially reflective mirror. The emerging
beam of light has three unique characteristics that
allow it to be delivered to the appropriate target by
fiber optics or an articulated arm.

What Are the Unique Characteristics of
Laser Light?

Laser light has three unique characteristics that
differentiate it from non-laser light. The first of
these characteristics is that laser light is mono-
chromatic or composed of a single wavelength or
color. The second unique characteristic is a prop-
erty known as coherence where all the waves of
light move together temporally and spatially as
they travel in phase with one another through
space. The third characteristic is collimation
where the transmission of light occurs in parallel
fashion without significant divergence of the
beam, even over long distances.

What Is Irradiance and Energy Fluence?

In order to use a laser to treat any skin condition,
it is necessary to understand how the laser can be

adjusted to obtain the most desired biologic
effects in tissue (Fuller). Two of the factors that
are important in this process are irradiance and
energy fluence. Irradiance, also called power
density, determines the ability of a laser to incise,
vaporize, or coagulate tissue and is expressed in
W/em? It can be calculated based on the
formula:

" Laser output (W)x100
r= .
pix radius’ (of the laser beam )

The energy fluence determines the amount of
laser energy delivered in a single pulse and is
expressed in J/cm?. Tt can be calculated based on
the formula:

— Laser output (W)x exposure time (s)

pix radius® (of the laser beam )

In regards to irradiance and energy fluence,
the higher the number, the greater the effect. For
example, high irradiances are needed to incise
tissue while only low irradiances are needed to
coagulate tissue.

Currently Available Technology

How Does Laser Light Interact with
Tissue?

In order to select the ideal laser from the myriad
of currently available devices for the treatment of
any cutaneous condition, it is important to first
understand how light produces a biologic effect
in skin. The interaction of laser light with living
tissue is generally a function of the wavelength of
the laser system. In order for laser energy to pro-
duce any effect in skin, it must first be absorbed.
Absorption is the transformation of radiant energy
(light) to a different form of energy (usually heat)
by the specific interaction with tissue. If the light
is reflected from the surface of the skin or trans-
mitted completely through it without any absorp-
tion, then there will be no biologic effect. If the
light is imprecisely absorbed by any target, or
chromophore, in skin, then the effect will also be
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imprecise. It is only when the light is highly
absorbed by a specific component of skin that
there will be a precise biologic effect. This reac-
tion may seem difficult to accurately anticipate;
however, there are really only three main compo-
nents of skin that absorb laser light: melanin,
hemoglobin, and intracellular or extracellular
water. The absorption spectrum of each of these
chromophores has been well established.
Manufacturers of lasers used this information to
develop devices that produce light which is the
right color or wavelength to be precisely absorbed
by each one of these components of skin. This
minimizes collateral injury to the surrounding
normal skin.

In 1983, Drs. R. Rox Anderson (Anderson)
and John A. Parrish of the Harvard Wellman
Laboratories of Photomedicine published their
newly developed concept of selective photother-
molysis (SPTL). This original concept explained
how to safely and effectively treat the microves-
sels in children with port wine stains using laser
light. It also led to the first “ground up” develop-
ment of a specific laser, the pulsed dye laser
(PDL), to treat a specific condition, port wine
stains in children. This concept has been used
more recently to develop more effective treat-
ments for many other cutaneous problems includ-
ing the treatment of tattoos and benign pigmented
lesions and the removal of unwanted or exces-
sive hair. The concept of SPTL defines the way
to localize thermal injury to the tissue being
treated and minimize collateral thermal damage
to the surrounding non-targeted tissue. This is
done by choosing the proper wavelength of light
that will be precisely absorbed by the specific
targeted chromophore without damaging the sur-
rounding tissue. Also important in the concept of
SPTL is the thermal relaxation time (TRT),
which defines the amount of time needed for a
chromophore to dissipate the heat absorbed dur-
ing the laser pulse. Thus, the delivery of the cor-
rect amount of energy with the proper pulse
duration will contribute to selective photother-
molysis. In large part, the physical size of the
target will determine the TRT and, in turn, deter-
mine the most desirable duration of the laser
pulse.

What Is a Q-switched Laser?

The laser cavity “Q” is a measure of the optical
loss per pass of a photon within the optical cavity
(Goldman et al. 1965). Thus, the “Q” of a system
is a way to characterize the quality of the photons
being released so that a high “Q” implies low loss
and a low “Q” implies high loss. A “Q-switch” is
a physical method to create extremely short (5-20 ns)
pulses of high intensity (5-10 MW) laser light
with peak power of 4 J. In addition to the normal
components (Fig. 1.5) of a laser that were previ-
ously described, this system utilizes a shutter
which is constructed of a polarizer and a pockels
cell within the optical cavity. A pockels cell is an
optically transparent crystal that rotates the plane
of polarization of light when a voltage is applied
to it. Together, the polarizer and pockels cell act
as the “Q-switch.” Light energy is allowed to
build (Fig. 1.6) within the optical cavity when
voltage is applied to the pockels cell. Once the
voltage is turned off, the light energy is released
(Fig. 1.7) in one extremely powerful short pulse.
Currently available Q-switched lasers include the
ruby, Nd: YAG and alexandrite lasers.

The Q-switched lasers and the photons of light
released from them have unique characteristics
that allow them to be effectively used to treat tat-
toos (Goldman et al. 1967) and benign pigmented
lesions. This is due to their mechanism of action
whereby photoacoustic waves are generated
within the skin by the released photons of light,
and this heats the tattoo pigment particles or the
melanosomes. This heating causes cavitation
within the cells containing the ink particles or
pigment, followed by rupture and eventual phago-
cytosis by macrophages and removal of the debris
from the site. Clinically, this process produces
gradual fading of the tattoo with a series of 4-8
treatments at 6—8 week intervals and removal of
many benign pigmented lesions with only 1-2
treatments, again at 6-8 week intervals. The pre-
cise targeting of subcellular organelles and pig-
ment particles by the Q-switched lasers reduces
collateral damage and minimizes the risk of scar-
ring or textural changes. The treatment of tattoos
and benign pigmented lesions represents additional
examples of how selective photothermolysis can
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Flashlamp
Rod

Rear
mirror

Uncoated front
surface

Fig. 1.5 Classic appearance of a solid state laser with
central rod that could be ruby, Nd:YAG or Alexandrite
crystal surrounded by a flashlamp with emission of light
from only one end of the optical cavity

Fig. 1.6 The Q-switched lasers contain a pockels cell
that can be made opaque by the application of a voltage
and thus allow energy to build within the optical cavity

be effectively applied to more accurately treat
conditions other than the microvessels of port
wine stains for which this concept was originally
developed.

What Is Photodynamic Therapy?

The use of a photosensitizer in conjunction with
light is called photodynamic therapy (PDT). PDT
is commonly used with the photosensitizer 5-ami-
nolevulinic acid (ALA) or its ester derivative
methyl 5-aminolevulinate (MAL), both of which
are taken up by epidermal cells (preferentially
metabolically active cells) after topical applica-
tion. The intracellular ALA or MAL is converted

Fig. 1.7 Once the voltage is turned off, the pockels cell
becomes optically transparent and the accumulated energy
is allowed to be released in a single, short, powerful pulse

to protoporphyrin IX, a photosensitizer. On expo-
sure to a light source, protoporphyrin IX absorbs
the light and is excited to a singlet state. Energy
is then transferred to oxygen creating excited sin-
glet oxygen which damages cell membranes in
the treatment area. This reaction can be stimu-
lated in the epidermis and its appendages but not
in the dermis. This is likely a result of inadequate
penetration of the drug into the dermis or inabil-
ity of the light to reach the appropriate depth in
the dermis. Several light sources are available for
PDT, including the light emitting diode (red or
blue light), helium-neon laser, gold vapor laser,
pulsed dye laser (PDL), and intense pulsed light
(IPL). The initial indication for PDT was to treat
actinic keratoses. However, newer studies have
shown efficacy in the treatment of superficial
basal cell carcinoma, Bowen’s disease (squamous
cell carcinoma in situ), certain forms of acne vul-
garis, acne rosacea, and photodamaged skin
(Butani, Goldberg).

Indications
Vascular Lesions
The most common laser used today for the treat-

ment of many different vascular conditions is the
pulsed dye laser (Garden and Geronemus 1990).
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While initially designed for the treatment of
microvessels in port wine stains of infants and
children, the initial parameters have been
modified to provide longer pulses and wave-
lengths of light to treat deeper and larger blood
vessels and to do this with the addition of epider-
mal cooling. Cryogen spray or contact cryogen
cooling prior to the laser pulse reduces pain while
also decreasing the potential for epidermal injury
as the light passes through it to reach the deeper
blood vessels. Thermal quenching from post-
pulse cooling further reduces the risk of collateral
thermal injury following delivery of the pulse of
light. Cooling devices are now routinely used to
treat port wine stains in children and adults,
superficial leg veins, solar telangiectasia,
angiomas, and other small blood vessel disorders.
Long pulses of light from the Nd:YAG laser and
the non-laser intense pulsed light (IPL) device
have also been used to treat larger and deeper
blood vessels. The small beam diameters emitted
by the argon and krypton lasers make them of
only limited usefulness such as the treatment of
small areas containing small caliber, linear blood
vessels on the nose or cheeks of adults.

Pigmented Lesions and Tattoos

To treat cosmetically important, but benign, pig-
mented lesions and tattoos, it is imperative that
the risk of scarring and other complications be
minimized as much as possible. This is made
possible today with the use of short pulses of
light from the Q-switched lasers, ruby, Nd:YAG
and alexandrite, that deliver pulses of light which
approximate the thermal relaxation time of mel-
anosomes and tattoo ink particles. Through their
photoacoustic effects, these lasers can produce
destruction of melanin pigment or tattoo pigment
particles for subsequent removal by macrophages.
The most common benign pigmented lesions
treated with these devices are solar lentigines,
nevus of Ota/lto, café-au-lait macules, Becker’s
nevus, post-inflammatory hyperpigmentation,
mucosal lentigines of Peutz-Jeghers syndrome
and melasma. The variability of the response in
congenital or acquired nevocellular nevi makes

treatment with Q-switched lasers less desirable.
Decorative, traumatic, and cosmetic tattoos can
all be effectively treated with the Q-switched
lasers. However, multiple treatments are required,
and certain colors of tattoos may not respond at
all. In addition, there is a risk of darkening of
some tattoo colors, especially white and red, that
occurs as a result of a chemical reaction follow-
ing laser treatment, making removal exceedingly
difficult.

Unwanted Hair

A number of devices, including the long-pulse
ruby, long-pulse Nd:YAG, long-pulse diode and
IPL, have been used to permanently reduce the
numbers of darkly pigmented hair (Wheeland
1997). This is done by targeting the melanin
within the hair shaft and bulb with light energy,
which thermally damages the cells and either
slows or destroys their ability to regrow. In order
to confine the thermal damage to the melanin
within the hair follicle without causing damage
to the epidermal melanin, the pulse duration must
be within the thermal relaxation time of the fol-
licle (generally 10—100 ms for terminal hairs).
The theory of thermokinetic selectivity states that
smaller structures, such as melanin in the epider-
mis, lose heat quicker than larger structures, such
as melanin in the hair follicle.

At present, treatment of blonde or gray hair
with laser light is poor, even with the application
of an exogenously applied synthetic melanin solu-
tion, and treatment in patients with dark skin (skin
types V or VI ) or others who have an acquired tan
may cause hyperpigmentation, hypopigmenta-
tion, scarring, and blistering. A new technology
which combines radiofrequency (RF) with optical
energy has emerged in attempts to address these
limitations. This system, called electro-optical
synergy (ELOS), emits optical energy via a light
source resulting in increased follicular tempera-
tures through melanin chromophore heating. This
creates a temperature differential between the fol-
licle and the surrounding tissues, which allows for
directed application of RF energy with less imped-
ance, producing more targeted follicular heating.
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The optical energy levels used with ELOS are
lower than those used in traditional light-based
systems, thereby enabling potentially safer treat-
ments in all skin types. In addition, this combined
system can more effectively produce epilation in
less melanized lighter hair. However, results still
have not been able to parallel those of traditional
hair-reduction lasers used on pigmented terminal
hair.

Ablative, Non-ablative, and Fractional
Facial Resurfacing of Solar Damaged
Skin

Over the past decade the short-pulsed carbon
dioxide and erbium:YAG lasers have been used
to perform ablative skin resurfacing. These
devices thermally destroy the epidermis and
superficial dermis with minimal collateral dam-
age. However, long healing times and even lon-
ger periods of persistent erythema and possibly
permanent hypopigmentation, hyperpigmenta-
tion, and scarring have greatly reduced the use of
these devices.

Since many patients are unwilling to accept
ANY downtime from a cosmetic procedure, a
number of non-invasive devices have been devel-
oped, including the Nd:YAG at 1,320 nm, the
diode at 1,450 nm, the pulsed dye laser (PDL)
and the IPL, to help restore a more youthful
appearance to the skin non-invasively without
producing a wound or other visible injury that
would keep patients from participating in their
normal daily activities. A recent non-invasive
technique used for rejuvenation is the light emit-
ting diode (LED). This device delivers intense,
non-laser, red- or blue-colored light that can
stimulate fibroblasts to produce collagen, elastin,
and glycosaminoglycans to help rejuvenate the
skin. Sometimes the topical application of a pho-
tosensitizer such as aminolevulinic acid (ALA)
prior to exposure to the LED will increase the
response and cause only minimal crusting and
erythema.

The most recent advancement in laser resur-
facing is an approach termed “fractional photo-
thermolysis (FP),” which was developed in an

attempt to overcome the limitations of posttreat-
ment side effects associated with the ablative and
nonablative laser devices (Hantash). The frac-
tional laser devices create microscopic noncon-
tiguous columns of thermal damage called
microscopic thermal zones. This avoids the bulk
heating of the target tissue caused by other resur-
facing lasers and exploits the wound healing
effects of the spared viable tissue. Since water is
the targeted chromophore, the relatively water-
poor epidermis is protected. Downtime is decid-
edly reduced and side effects are minimal.

Skin Laxity

Another novel, nonablative, noninvasive tech-
nique for skin rejuvenation employs a radiofre-
quency (RF) device to deliver energy in the form
of an electrical current deep into the dermis and
subcutis. According to Ohm’s law, the inherent
resistance, or impedance, of the dermal and sub-
cutaneous tissue to the flow of electrical current
generates heat. Energy output of the device is cal-
culated using the following formula: Energy
(joules)=current® x impedance x time. Therefore,
heat (joules) is created by the impedance to the
movement of electrons relative to the amount of
current and time the current is delivered to the
tissue. High-impedance tissues, such as subcuta-
neous fat, generate greater heat and account for
the deeper thermal effects of RF devices. An
immediate tightening effect is observed due to
edema formation and collagen contraction. An
inflammatory wound healing response ensues
with long-term neocollagenesis. Since RF energy
is produced by an electric current rather than by a
light source, it is not subject to diminution by tis-
sue scattering or absorption by epidermal mela-
nin. As such, patients of different skin phototypes
can be treated and deeper tissue layers can be
affected. The handheld tip cools and protects the
epidermis before, during, and after RF delivery.
RF devices do not produce results comparable to
current surgical procedures but they do offer a
non-invasive alternative to surgery for mild facial
and neck laxity, as well as nonfacial skin rhytides,
acne and acne scarring.
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Safety

Safety is the most important aspect of properly
operating a laser or other optical device since
there is always some associated risk to the patient,
the laser surgeon, and the operating room person-
nel whenever a laser is being utilized for treat-
ment. In the outpatient arena, the safe operation
of lasers is not generally regulated by the manu-
facturer, medical licensing board, or other regula-
tory body. Thus, it is important for the laser
operator to understand the risks involved in using
lasers and other light sources to develop an appro-
priate set of standards to ensure that the equip-
ment is being used in the safest fashion possible.

Training — The safe use of any laser begins
with appropriate training and familiarization with
the indications and uses of each device. This
allows the development of the necessary
proficiency and concomitant maximal safe use of
each device.

Signage — The greatest risk when operating a
laser is that of eye injury. To help prevent eye
injury, appropriate signage on the laser operating
room door should describe the nature of the laser
being used, its wavelength and energy. Plus, a
pair of protective glasses or goggles appropriate
for the device being used should always be placed
on the door outside of the laser operating room in
case emergency entrance is required. The door to
the laser operating room should be locked and all
exterior windows closed and covered.

Eye Protection — Inside the operating room,
care must also be taken to protect the eyes. If not
appropriately protected, the cornea may be
injured by either direct or reflected light from the
carbon dioxide and erbium:YAG lasers. A more
serious injury to the retina can be caused by any
of the visible or near-infrared lasers. For the laser
surgeon and operating room personnel, there are
special optically coated glasses and goggles that
match the emission spectrum of the laser being
used. The wavelengths of light for which protec-
tion is provided by the eyewear as well as the
amount of the protection provided in terms of
optical density (O.D.) are stamped on the arm of
the glasses or the face of the goggles. For most
laser devices, the current recommendations are to

use eye protection with at least an O.D. of 4.0.
The O.D. and wavelengths should be checked
and compared with the wavelength of the laser to
be used prior to any laser procedure. Correct eye
protection should be worn by all operating room
personnel at all times when the laser is engaged.
For the patient, there are several ways to provide
appropriate eye protection. If the procedure is
being performed in the immediate vicinity of the
orbit, it is probably best to use metal scleral eye
shields (Figs. 1.8 and 1.9) that are placed directly
on the corneal surface after first using anesthetic
eye drops (Nelson). However, if the procedure is
being done on the lower part of the face, trunk, or
extremities, burnished stainless steel eye cups
(Figs. 1.10 and 1.11) that fit over the eyelids and
protect the entire periorbital area are probably
best. The same eye glasses or goggles used by the
laser surgeon and operating room personnel are
not recommended for patients since these may
leave gaps on the lower edge of the glasses frames
near the cheek that permit light to pass beneath
them, which could result in injury to the patient.

Laser Plume — Any of the lasers that ablate
tissue and create a plume of smoke can poten-
tially harm the laser surgeon, patient, and operat-
ing room personnel. Various bacterial spores
(Walker) and human papilloma viral (HPV) par-
ticles (Garden et al. 1988) have been recovered
from carbon dioxide laser plumes. The two best
methods to prevent this potential inhalation injury
are to use laser-specific surgical masks and a
laser-specific plume/smoke evacuator held within
2 in. of the operative site. There is no evidence
that HIV or hepatitis C viral particles are trans-
mitted in the laser plume.

Laser Splatter — When treating tattoos or
benign pigmented lesions with a Q-switched
laser, the impact of the pulses of light can disrupt
the surface of the skin sending an explosion of
blood and skin fragments flying away from the
operative site at a very high speed. The speed of
these particles is so fast that it cannot be removed
by a smoke or plume evacuator. As a result, most
the manufacturers will supply the device with a
nozzle or tip that can contain these particles at the
skin surface and thus prevent dissemination of
these materials into the air. Another technique
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Fig. 1.8 The appearance of
the concave surfaces of
various sizes of corneal eye
shields used to protect the
eye during laser surgery in
the periorbital area

Fig. 1.9 The appearance of
the convex surfaces of
various sizes of corneal eye
shields used to protect the eye
during laser surgery in the
periorbital area

Fig. 1.10 The appearance of the Wheeland-Stefanovsky
eye goggles worn over the eyelids for laser surgery not
being performed in the immediate periorbital area

that has been successfully used to prevent tissue
splattering from the operative site when treating
tattoos is to apply a sheet of hydrogel surgical
dressing on the surface of the treatment site and
discharge the laser through this material to the
target. Any extrusion of tissue that occurs with
the Q-switched laser pulses will be trapped within
the hydrogel and not be allowed to splatter from
the operative field.

Fire — Most of the medical lasers used in the
treatment of skin diseases do not share the risk of
older devices, like the continuous emitting carbon
dioxide laser, of igniting a fire. Despite this, it is
still recommended that any flammable material,
including acetone cleansers, alcohol-based prep
solutions or gas anesthetics be restricted from the
laser operating room. By following these simple

Fig. 1.11 The appearance of the externally applied
Durette Oculo-Plastik eye cups worn over the eyelids dur-
ing laser surgery performed closed to periorbital area

guidelines and using common sense and skill, the
risk of using a laser should be no greater than that
associated with using older, traditional, non-laser
devices to perform the same procedure.

Future

As new concepts emerge to help explain how
light can be used to more precisely interact with
tissue, it is certain that the development of addi-
tional devices based on those concepts will follow
soon after. Non-thermal photoablative decompo-
sition using the femtosecond titantium:sapphire
laser is but one area of recent investigation that
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could significantly change the way laser light can
be used to ablate tissue with minimal collateral
injury. Exciting new research ideas involving the
initiation of photochemical reactions with laser
light after the topical or parenteral administration
of drugs or other photosensitizers are expand-
ing our knowledge of how lasers can be used
to effectively treat a number of conditions, like
inflammatory, premalignant and malignant con-
ditions, that currently are either poorly treated or
untreatable today. Studies on the use of radiofre-
quency devices to treat many dermatologic con-
ditions are underway. In addition, advances in
laser-assisted liposuction are also emerging.
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Laser Treatment of Vascular Lesions

Sean W. Lanigan

Core Messages
* A wide variety of cutaneous vascular

disorders can be successfully treated
with current lasers.

The pulsed dye laser enabled treatment
of cutaneous vessels following principles
of selective photothermolysis.

The pulsed dye laser is the most effective
laser for the treatment of port wine stains
but purpura limits its acceptability to
patients for more cosmetic indications.
Facial telangiectasias can be treated by a
variety of lasers, and purpura can be
avoided by appropriate selection of laser
parameters.

Leg vein telangiectasia can also be treated
with lasers but sclerotherapy remains
the gold standard.

Other cutaneous disorders such as pso-
riasis, warts and scars can be improved
by targeting lesions cutaneous vessels
by appropriate lasers.

History
Port Wine Stain Treatment (Table 2.1)

Argon Laser
The earliest studies on the laser treatment of vas-
cular disorders were on port wine stains (PWS)
and published in the 1970s using both the argon
and ruby lasers (Goldman and Dreffer 1977).
Most work was undertaken with the argon laser.
In the 1980s, this was the most frequently used
laser worldwide for the treatment of PWS. The
argon laser emits light at six different wave-
lengths in the blue green portion of the visible
spectrum. Eighty percent of the total emissions
occur at 488 and 514 nm. These two wavelengths
of light are absorbed by two chromophores in the
skin: oxyhemoglobin and melanin (Fig. 2.1).

Although the argon laser wavelengths do not
coincide with the absorption maxima of oxyhe-
moglobin, there is sufficient absorption to pro-
duce thermal damage to red blood cells in
cutaneous blood vessels situated superficially
within the first millimeter of the skin. Because
the argon laser light is delivered in pulses lasting
many tens of milliseconds (ms), there is non-
specific thermal damage to peri-vascular connec-
tive tissue and beyond. The unfortunate clinical
consequence has been textural alteration, scar-
ring, and pigmentary changes (Fig. 2.2).

The continuous wave argon laser beam can be

S.W. Lanigan, MD, FRCP, DCH

Sk:n Limited, 34 Harborne Road,
Birmingham B15 3AA, UK

e-mail: sean.lanigan @sknclinics.co.uk

mechanically shuttered to pulses of 50-100 ms or
longer. Alternatively the operator moves the
beam continuously across the surface of the skin
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Table 2.1 Lasers used for Laser
treatment of port wine stains Argon (no longer used)

Continuous wave dye
Copper vapor
Krypton (no longer used)

Carbon dioxide (limitations see text)

Pulsed dye
Long pulsed dye
KTP
Alexandrite

Nd:YAG (limitations see text)
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Fig. 2.1 Schematic absorption spectrum of oxyhemoglo-
bin (HbO,) and melanin

to reduce the exposure time at each unit area. The
clinical end point is minimal blanching. This is a
just visible greyish white discoloration of the
skin (Fig. 2.3). The operator gradually increases
the power until this change is observed. The vis-
ible change of minimal blanching inevitably
involves non-selective thermal damage, as it is a
sign of thermal coagulation of tissue protein.
Treatment is far more painful than with current
lasers and generally localized areas within a PWS
are treated after infiltrational anaesthesia. After
treatment the skin invariably weeps and crusts
with some superficial blistering. The blanched
appearance reverts to a reddish purple color after
a few days. Gradually after a period of 4-8 weeks
the treated area visibly lightens towards normal
skin color. This lightening progresses for more
than 6 months after treatment. Because of the
high instance of adverse reactions with the argon

Wavelength (nm) Pulse duration (ms)
488,514 50-200
577, 585 50-200
578 50-200
568 50-200
10,600 50—c/w
577, 585 0.45
585, 590, 595,600  1.5-40
532 2-50
755 Varies
1,064 Varies

Fig. 2.2 Adverse effects of argon laser treatment (From
Lanigan 2000b)

Fig. 2.3 Immediate blanching with argon laser (From
Lanigan 2000b)

laser, it is essential to initially perform a small
test treatment. The presence of scarring in the test
site would normally indicate cessation of treat-
ment or a change to a different laser.
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Results of treating PWS with the argon laser
were generally better in adults with purple PWS.
Hypertrophic scarring after argon laser treatment
of PWS was up to 25 %. The results in children
were not considered good enough and scarring
rates too high to recommend the argon laser for
pediatric PWS. The argons laser is rarely used
now for PWS.

Continuous Wave Dye Laser

It was recognized from the modeling work of
Martin van Gemert and colleagues (1982) that
longer wavelengths of light absorbed by hemo-
globin, particularly at 577 nm which coincides
with the beta absorption peak of haemoglobin
would be more appropriate for treatment of vas-
cular lesions (Fig. 2.1). An argon laser can be
used to energize a rhodamine dye to produce
coherent light at 577 or 585 nm. As with the argon
laser the light emerging is continuous but can be
mechanically shuttered to produce pulses of light
10’s to 100’s of milliseconds in duration. Lanigan
et al. (1989) reported the results of treating one
hundred patients with PWS with a continuous
wave dye laser at 577 nm. A good or excellent
response was seen in 63 %, with a fair result in
17 %; 12 % of patients had a poor response.
Hypertrophic scarring occurred in 5 % and a simi-
lar percentage had post inflammatory hyperpig-
mentation. The best results were seen in older
patients with purple PWS. These results were
similar to those obtained with the argon laser.

It is likely that any advantage gained by the lon-
ger wavelength of light is offset by the long pulse
durations employed and the use of minimal blanch-
ing as an end point. Dover et al. (1995) treated
28 patients with PWS with the pulsed dye laser and
a continuous wave dye laser delivered through a
scanning device. Results were better in 45 % of
patients treated with the pulsed dye laser and in
15 % of patients treated by the laser with scanner.
There was a higher incidence of hyperpigmenta-
tion with a continuous wave laser but no differences
in the instance of scarring or hypopigmentation.

Robotic Scanning Hand Pieces
The major disadvantage of continuous wave
lasers, in the treatment of PWS, is the long pulse

Fig. 2.4 Hexagonal clearance of a port wine stain treated
with the KTP laser and robotic scanning hand piece
(Hexascan®) (From Lanigan 2000b)

duration resulting in nonspecific thermal dam-
age. In addition, manual movement of a continu-
ous wave laser beam over the skin is dependent
on the operator’s skill not to under or over treat
an area. Robotic scanning devices have been
developed to try and address some of these
difficulties. These hand pieces can be used in
conjunction with continuous wave lasers such as
the argon laser, and also quasi-continuous sys-
tems, such as the copper vapor and KTP lasers.

Robotic scanning laser devices have been most
widely used in the treatment of PWS. The scanner
is connected to the laser output by a fiber optic
cable. The automated program places pulses of
energy in a precise non-adjacent pattern in the
shape of a hexagon (Fig. 2.4). The number of pulses
delivered will determine the size of the hexagon,
which varies from 3 to 13 mm in diameter. Adjacent
hexagons can then be applied to cover the PWS
skin. The advantages of automated scanning
devices are shorter pulse durations, uniformity of
energy placement, faster treatments, and reduced
operator fatigue. In a study using scanning devices
compared with conventional techniques, the rates
of scarring were substantially reduced after scanner
assisted laser treatment. Clinical results were also
improved in the scanned patients.
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Copper Vapor Laser

The copper vapor laser (CVL) is one of two heavy
metal vapor lasers used clinically. Results of
treating PWS with this laser were reported in the
early 1990s. The wavelengths of light emitted by
a CVL are 510 and 578 nm. The longer wave-
length yellow light is well absorbed by oxyhemo-
globin. In contrast to other yellow light lasers, the
CVL emits a train of pulses with a duration of
20-25 ns and 10,000-15,000 pulses/s. Because
of the very short gap between each pulse of light
from the CVL, the biological effect of this laser is
similar to that of a continuous wave laser. The
CVL is often termed a quasi-continuous laser for
this reason.

Good or excellent results have been reported
in treating PWS with the CVL (Sheehan-Dare
and Cotterill 1993). Best results are seen in pre-
dominantly purple or red PWS. Adverse reac-
tions with the CVL are infrequent but most
studies have been on small numbers of patients.
Textural changes and pigmentary disturbances
are most commonly reported.

Carbon Dioxide Laser

The carbon dioxide laser as a treatment of PWS
is primarily of historical interest. Yet this laser
may still have a role in the removal of heman-
giomatous blebs within PWS, resistant to other
lasers. The carbon dioxide laser emits infrared
light at 10,600 nm which is absorbed by tissue
water. In a continuous mode the laser will non-
selectively vaporize tissue. It is hypothesized that
if the majority of ectatic blood vessels are located
superficially within the dermis, vaporization of
tissue down to this level, but no further, could
result in clinical lightening of the PWS without
scarring. Prior to the widespread use of the pulsed
dye laser, the carbon dioxide laser was consid-
ered of potential value in the treatment of PWS.
Lanigan and Cotterill (1990) reported their results
using this laser in 51 patients with PWS. Twenty-
nine of the patients had failed to respond to argon
or continuous wave dye laser treatment. Twenty-
two were children with pink PWS. Good or excel-
lent results were seen in 74 % of adults and 53 %
of children. Two children (12 %) had a poor result
including a hypertrophic scar on the neck in one

child. Miralles et al. (1996) treated the tuberous
component of 30 patients with PWS unrespon-
sive to pulsed dye laser treatment. In all patients
the lesions disappeared, but textural changes
were seen in 37 % — with one patient developing
hypertrophic scarring. In view of the excellent
safety profile for the pulsed dye laser in the treat-
ment of PWS, the carbon dioxide laser cannot be
recommended as initial treatment of this vascular
birthmark.

Currently Available Lasers for
Vascular Lesions

Currently the main lasers used for the treatment
of vascular lesions including port wine stains are
pulsed dye lasers (PDL) and the KTP laser.
Recent work has also demonstrated that long
pulsed 755 nm alexandrite and 1,064 nm Nd: YAG
lasers may be of value in treatment of both PWS,
bulky vascular anomalies and leg vein telangi-
ectasia. The pulsed dye and Nd:YAG lasers can
be used together with sequential pulses and
Intense Pulsed Light Sources are particularly
valuable for diffuse facial redness.

Advantages

These lasers have considerable advantages over
earlier continuous wave lasers and other technol-
ogies such as radiofrequency and electrolysis.
The major advantage is selective vessel destruc-
tion with minimal perivascular thermal injury.
This is achieved primarily through selective pho-
tothermolysis (Anderson and Parrish 1981). By
selecting the appropriate wavelength, a chro-
mophore such as oxyhemoglobin can be targeted
and thermally injured if sufficient laser energy is
absorbed. By control of the pulse duration of the
beam, the heat can be confined to the target relat-
ing to its size and time to cool (thermal relaxation
time). In addition, by using appropriate wave-
lengths, targets at varying depths in the skin can
be selected to a degree. This has resulted in an
array of treatment paradigms with very low inci-
dences of adverse events.
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Disadvantages

The lasers used currently in the treatment of vas-
cular disease have a low incidence of side effects.
Risk of complications is substantially less than
that seen with previously used continuous wave
lasers such as the argon laser. The major disad-
vantage of the pulsed dye laser is the develop-
ment of profound purpura. Using the short pulsed
dye laser this occurred in 61 or 62 patients and
lasted a mean of 10.2 days (1-21 days) (Lanigan
1995). In this same study, 70 % of patients
reported swelling of the treated area which lasted
1-10 days; weeping and crusting occurred in
48 %. Forty-five percent of patients did not go
out of their home for a mean of 5.6 days
(2—-14 days). Longer pulsed PDL treatment leads
to less purpura as does treatment with KTP and
Nd:YAG lasers and Intense Pulsed Light.

Indications

Lasers currently available can treat a wide range
of vascular disorders. Cutaneous ectatic disorders
either acquired or congenital can be treated.
Particular attention in this chapter will be given to
the treatment of port wine stains, capillary (straw-
berry) hemangiomas, leg vein telangiectasia
(Table 2.2) and facial telangiectasia. A number of
other disorders of cutaneous vasculature can be
treated (Table 2.3). Cutaneous disorders not primar-
ily of vascular origin, e.g. angiolymphoid hyperpla-
sia, adenoma sebaceum, etc., (Table 2.4) can also be
treated. Particular emphasis will be given on treat-
ing psoriasis, scars and viral warts in this way.

Port Wine Stains

Port Wine Stain Treatment with the Flash
Lamp Pulsed Dye Laser

The flash lamp PDL was the first laser specifically
designed for the selective photo thermolysis of
cutaneous blood vessels. It is considered the best
laser for the overall treatment of a mixed popula-
tion of patients with PWS, although some indi-
viduals may benefit from other lasers. The laser’s

Table 2.2 Lasers used for treatment of leg vein
telangiectasia

Pulse duration

Laser Wavelength (nm) (ms)
KTP 532 1-200
Pulsed dye 585 0.45
Long pulsed dye 585, 590, 595, 600 0.5-40
Alexandrite 755 3-40
Diode 800, 810, 930 1-250
Nd:YAG 1,064 0.3-100

Table 2.3 Some other cutaneous vascular lesions treated
with lasers

Spider angioma

Cherry angioma

Venous lake

Angiokeratoma

Pyogenic granuloma

Kaposis sarcoma

Rosacea

Poikiloderma of Civatte (caution see text)
Radiation induced telangiectasia

CREST syndrome

Table 2.4 Some other disorders treated by vascular
specific lasers

Angiolymphoid hyperplasia

Lymphangioma

Adenoma sebaceum

Granuloma faciale

Scars

Psoriasis

Warts

active medium is a rhodamine dye selected to
produce yellow light at 577-595 nm. Most lasers
emit the longer wavelength as this has been
shown to have a deeper depth of penetration
while also retaining vascular selectivity. The
pulse duration is variable and generally used at
either 450 ps or 1-2 ms. The other variables are
spot size and fluence. The spot sizes available
with today’s PDL range from 3 to 12 mm. Seven
to ten millimeter spot sizes are generally pre-
ferred as these will cover larger areas.

There are a number of studies reporting the
efficacy of the PDL in the treatment of PWS
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Fig. 2.5 (a) Extensive port wine stain on face. (b) Near total clearance of port wine stain after course of pulsed dye
laser treatment (Courtesy of Lasercare Clinics Ltd)

(Figs. 2.5 and 2.6). Results are generally reported
in terms of lightening the PWS rather than the
clearance, as complete clearance only occurs in
the minority of patients. The vast majority of
research papers use subjective criteria for
improvement compared with baseline photogra-
phy. Approximately 40 % of patients with PWS
achieved 75 % lightening or more after laser
treatment and more than 80 % of PWS lightened
by at least 50 %. Several prognostic criteria had
been put forward to assist in predicting the out-
come of treatment. Some authors reported best
results in pink lesions (Fitzpatrick et al. 1994)
others report better results in red lesions. In a
study of 261 patients treated over a 5-year period
(Katugampola and Lanigan 1997), color of PWS
was not found to be of prognostic value. Although
it is generally considered that younger children
will require fewer treatments than adults, some

(Alster and Wilson 1994) have reported that
younger children may require more treatments
owing to the rapid growth of residual blood ves-
sels between treatments. Yet others (Van der
Horst et al. 1998) found no evidence that treat-
ment of PWS in early childhood was more effec-
tive than treatment at later stage.

Two features that will affect outcome are site
of the PWS and size of the birthmark. PWS on
the face and neck respond better than those on the
leg and hand (Lanigan 1996). On the face, PWS
on the forehead and lateral face respond better
than those over the middle of the face, particu-
larly those involving the second branch of the
trigeminal nerve (Renfro and Geronemus 1993).
The chest, upper arm and shoulder generally
respond well. PWS less than 20 cm? at initial
examination cleared more than those greater than
20 cm? irrespective of age (Morelli et al. 1995).
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Fig. 2.6 (a) Port wine stain on face. (b) Complete clear-
ance following course of pulsed dye laser treatment
(Courtesy of Lasercare Clinics Ltd)

Second Generation Pulsed Dye Lasers

The pulsed dye laser (PDL) has become the treat-
ment of choice for PWS. Several investigators
established the efficacy, and low incidence of side
effects, of first generation PDLs operating at either

577 nm or 585 nm wavelengths and 0.45 ms pulse
width. However, in the majority of cases, com-
plete clearance was not achieved, and a significant
proportion of lesions were resistant to treatment.
In recent years, increased understanding of the
interaction between lasers and PWS has led to
modification of the original PDL design and has
given rise to a number of second generation lasers.
The most important changes include longer pulse
widths, longer wavelengths, higher delivered
fluences and use of dynamic cooling devices.
Many of these lasers have proved to be useful in
the treatment of PWS (Geronemus et al. 2000).

Geronemus et al. used a 595 nm wavelength
PDL, 1.5 ms pulse width and fluences up to 11-12 J/cm?
with a dynamic cooling spray. They obtained
greater than 75 % clearing of PWS in 10 out of 16
(63 %) patients after four treatments. All patients
were children under 12 months of age. In a study
comparing a 585 nm, 7 mm spot, 0.45 ms pulse
width PDL with a second generation long-pulsed
dye laser (LPDL) with 1.5 ms pulse width, 5 mm
spot and wavelength settings ranging from 585 to
600 nm, optimal fading in 30 out of 62 patients
was seen with the LPDL compared to only 12
patients with the shorter pulse width laser
(Scherer et al. 2001). In 20 patients, there was no
difference with respect to wavelength for the
LPTDL, 13 patients showed best fading at
585 nm, 3 at 590 nm, 8 at 595 nm and 6 patients
at 600 nm. The authors compensated by increas-
ing the fluence for the reduced light absorption at
longer wavelengths.

The rationale for the aforementioned altera-
tion in treatment parameters is in part based on
an increasing understanding of laser-PWS inter-
actions from non-invasive imaging, mathemati-
cal modeling, and animal models. Longer pulse
widths, as opposed to the 0.45 ms duration deliv-
ered by first generation PDLs, may be more
appropriate for larger caliber PWS vessels, based
on ideal thermal relaxation times of 1-10 ms
(Anderson and Parish 1981; Dierickx et al. 1995b).
Longer wavelengths penetrate deeper, allowing
targeting of deeper vessels. Higher fluences are
needed in part because the newer longer wave-
length is further from the peak absorption peak
of oxyhemoglobin at 577 nm (Fig. 2.1).
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Unfortunately higher fluences also increase the
potential for epidermal heating due to competi-
tive absorption by epidermal melanin. This
necessitates the use of cooling devices to mini-
mize epidermal damage (and consequent side
effects). Cooling methods include liquid cryogen
sprays; cold air cooling and contact cooling. The
cooling device can be synchronized with laser
pulses, or alternatively operated a few millisec-
onds before or after the pulse. The addition of
epidermal cooling allows a reduction in pain and
prevention of pigmentary side effects during
PWS treatment, even at higher fluences.

Overall, the findings of various studies indi-
cate an improvement over the results with first
generation PDLs, where greater than 75 % clear-
ing was noted in only about 40 % of patients.
However, with so many variables uncontrolled in
the plethora of small studies, it is often difficult to
clarify which modification contributed to
improved outcomes.

Treatment of Resistant PWS

Further evidence of improved efficacy of second
generation PDLs comes from responses in PWS
which have proven to be resistant to first genera-
tion PDLs. In a case report, PDL treatment with a
longer pulse width of 1.5 ms was effective in
treating a PWS previously resistant to a 0.5 ms
PDL (Bernstein 2000). Work using high fluence
long-pulsed dye laser with cryogen cooling) in
treatment of resistant PWS has demonstrated that
further lightening can be obtained, though this
may be at the expense of an increased incidence
of side effects (Laube et al. 2003; Mazer and
Fayard 2003a).

KTP Laser Treatment

The Nd:YAG laser is a solid state laser containing
a crystal rod of yttrium — aluminum — garnet
doped with neodymium ions (Nd:YAG). The pri-
mary wavelength of this laser is in the infrared at
1,064 nm. A frequency doubling crystal made of
potassium titanyl phosphate (KTP) can be placed
in the beam path to emit green light at 532 nm.
This results in a quasi-continuous laser with
individual pulses of 200 ns produced at a fre-
quency of 25,000 Hz. This train of pulses can be

shuttered to deliver macro pulses of 2-20 ms.
High fluences are available with this laser and the
pulse durations may be more appropriate for
some PWS.

The KTP laser has been shown to produce fur-
ther lightening in 30 PDL-resistant PWS lesions
(Chowdhury et al. 2001). KTP laser fluences
ranged from 18 to 24 J/cm? with pulse widths of
9-14 ms. Five (17 %) patients showed greater
than 50 % response. In general, patients preferred
the KTP laser because it induced less discomfort
and purpura. However, two (7 %) patients devel-
oped scarring.

A study comparing the PDL with a frequency
doubled Nd:YAG laser showed similar response
rates among the 43 patients; however, a substan-
tially higher scarring rate with the 532 nm
Nd:YAG laser was noted (Lorenz et al. 2003).
Another study in Chinese patients showed rather
modest benefits using the 532 nm Nd: YAG laser
with only 13.6 % of patients showing more than
50 % improvement (Chan et al. 2000).

It would appear that the KTP laser has a role
to play in the treatment of resistant PWS.
However, the long pulses employed with this
laser, and the significant epidermal injury induced
by the shorter wavelength of light, may increase
the incidence of laser induced adverse effects
when this laser is compared with today’s PDL.

Infrared Lasers

Longer wavelength lasers such as the alexan-
drite (755 nm) and Nd:YAG (1,064 nm) may
have a role in PWS treatment. In the millisecond
mode, these lasers have been widely used for hair
removal and leg vein telangiectasia. These lasers
may be of value in the treatment of bulky mal-
formations and mature PWSs. Such lesions are
typically more resistant to PDL due to the pre-
dominance of larger and deeper vessels and higher
content of deoxygenated haemoglobin. Noe (Noe
et al. 2003) used a 3 ms Alexandrite laser with
dynamic cooling to treat three patients with
hypertrophic PWS, using fluences ranging from
30 to 85 J/cm?. All lesions significantly lightened
without side effects. Yang et al. (2003) treated 18
patients with PWS, comparing a 595 nm PDL to
a long-pulsed Nd:YAG laser with contact cool-
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ing. Similar clearances rates were achieved, and
scarring was only noted in one patient where
fluences exceeded the minimum purpura dose.
Patients preferred the Nd:YAG laser because of
the shorter recovery period between treatments.
Civas et al. (2009) used an Nd:YAG laser to
treat a variety of vascular lesions including 19
with PWS. Good to excellent (more than 50 %)
improvement was achieved in 63.2 % of patients
with PWS.

Non-coherent Light Sources
Intense pulsed light (IPL) has also been used to
treat PWS. Unlike laser systems these non-laser
flashlamps produce non-coherent broad band
light with wavelengths in the range 515-1,200 nm
and permit various pulse widths. Filters are used
to remove unwanted wavelengths. A study of
37 patients treated with IPL showed a clearance
of pink and red PWS, and lightening in purple
PWS (Raulin et al. 1999). Direct comparison of
an [PL with a PDL source in a study of 32 patients
showed that overall the response rate was better
with the PDL (Strempel and Klein 1996).
However, it was noteworthy that 6 out of the 32
patients had a better response with the IPL. The
potential role of IPL for treating PDL-resistant
PWS is confirmed by a study showing responses
in 7 out of 15 patients previously resistant to
PDL, with 6 patients showing between 75 and
100 % improvement (Bjerring et al. 2003).
Faurschou et al. (2009) in a randomized trial
involving 20 patients with PWS received one
side-by-side treatment with a PDL and IPL. Both
PDL and IPL lightened PWS. Median clinical
improvements were significantly better for PDL
(65 %) than IPL (30 %) A higher proportion of
patients obtained good or excellent clearance
rates with the PDL (75 %) compared with IPL
(30 %). Eighteen of twenty patients preferred to
receive continued treatments with PDL.
However, Babilas et al. (2010) performed a
split-face comparison of intense pulsed light with
short- and long-pulsed dye lasers for the treat-
ment of port-wine stains. There were 11 untreated
and 14 previously treated patients with PWS. In
previously untreated PWS as well as in pretreated
PWS, IPL treatments were rated significantly

(P<0.05) better than treatments with the PDL.
The authors concluded that in PWS resistant to
dye laser therapy, IPL showed additional lesion
clearance.

The use of IPL increases the therapeutic pos-
sibilities in PWS. There is a multiplicity of
choices of treatment parameters with non-coher-
ent light sources. Further work is necessary to
determine optimum settings.

The current evidence on the technology avail-
able to treat PWS has been reviewed by Faurschou
et al. (2011) The authors performed a compre-
hensive review of published randomized clinical
trials (RCTs) of lasers or light sources for the
treatment of port-wine stains. They included five
RCTs involving a total of 103 participants; all tri-
als used the PDL for comparisons. Participants
preferred the PDL to intense pulsed light based
on the clinical effect. They marginally preferred
the Nd: YAG laser to the PDL due to shorter last-
ing purpura, and PDL in conjunction with cool-
ing was preferred to treatment with PDL alone.
The authors concluded that the PDL leads to clin-
ically relevant clearance of PWS. A limited num-
ber of RCTs evaluated the efficacy from IPL and
other laser types. High-quality RCTs are needed
to assess individual efficacy from different lasers
and light sources, as well as participant
satisfaction.

Capillary (Strawberry) Hemangiomas

Capillary or strawberry hemangiomas are com-
mon benign tumors of infancy. Most develop
during the first to the fourth week of life. There
is an early proliferative phase which usually lasts
for 6-9 months. This growth phase is followed
by a gradual spontaneous involution which is
complete in 50 % by 5 years and 70 % by 7 years
of age.

The majority of strawberry hemangiomas are
of cosmetic concern. However, the appearance of
a large vascular tumor on the face of a baby is not
without significance. Some hemangiomas cause
problems by interference with organ function,
e.g., peri-ocular hemangiomas that lead to
problems with vision. Subglottic and intranasal
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hemangiomas may cause problems with swal-
lowing and respiration. Bleeding and ulceration
can occur particularly in perineal hemangiomas.
Most complications occurred during the prolif-
erative phase of the hemangiomas. Once regres-
sion is underway the majority of complications
associated with the hemangioma will resolve.
Unfortunately regression of many hemangiomas
is incomplete leaving either a flat telangiectatic
patch or an area of redundant discolored skin. If
ulceration has occurred, scarring may follow.

Laser treatment of strawberry hemangiomas is
performed either to slow or arrest proliferation in
early hemangiomas; to correct or minimize com-
plications; or cosmetically to improve residual
telangiectatic lesions. A continuous wave Nd: YAG
laser can be used; this laser’s longer wavelength
leads to deep penetration with thermal coagula-
tion of large volumes of tissue. It is useful for de-
bulking large hemangiomas but hypertrophic
scarring occurs frequently (Landthaler et al.
1995). Intra oral hemangiomas can respond par-
ticularly well to this form of treatment (Dixon
et al. 1986). Lasers can also be used intralesion-
ally in the treatment of bulky hemangiomas.

The majority of strawberry hemangiomas cur-
rently treated by a laser are treated with the pulsed
dye laser. In the first report of a patient treated with
the pulsed dye laser, Glassberg et al. (1989) treated
a macular hemangioma in a 6 day old infant. This
report and other subsequent publications empha-
sized the importance of early treatment of prolif-
erative hemangiomas to obtain most benefit from
treatment. Because of the limited penetration depth
of the pulsed dye laser (just over 1 mm), it is unre-
alistic to expect significant alterations in a large
mature capillary hemangioma. Fluences of 5.5-6
J/em? with a 5 mm spot are generally used with the
1.5 ms PDL. Treatment intervals have been
reduced to every few weeks to achieve optimal
benefit when treating hemangiomas. Multiple
treatments may be required in small infants.

There is some controversy over the merits of
early pulsed dye laser treatment in uncomplicated
childhood hemangiomas (Batta et al. 2002;
Hohenleutner and Landthaler 2002). Batta et al. in
arandomized controlled study of early PDL treatment
of uncomplicated childhood hemangiomas found

there was no significant difference in the number
of children in terms of 1 year complete clearances
in the treated vs. the untreated control group. They
suggested that treatment in uncomplicated heman-
giomas is no better than a wait-and-see policy.
This is contested by Hohenleutner and Landthaler
who recommend early laser treatment especially
in superficial and small childhood hemangiomas.
It is likely, based on clinical experience world-
wide, that the PDL is of benefit in treating devel-
oping strawberry hemangiomas; however, the
publication by Léauté-Labreze et al. (2008)
describing the benefits of propranolol for severe
hemangiomas of infancy has attracted great interest
in using this drug as first line treatment.

The deeper component of the hemangioma
may still develop despite successful treatment of
the superficial component. For life-threatening
proliferative hemangiomas a combination of pro-
pranolol, laser therapy, systemic steroids and
other agents may be required.

Of note, the complications of bleeding and
ulceration respond very well to pulsed dye laser
therapy. Usually only one or two treatments are
required and often there is a prompt response.
Noticeably the pain from an ulcerated heman-
gioma regresses rapidly after treatment (Barlow
et al. 1996). In some patients, the hemangioma
will also undergo regression but this is not always
the case. The entire hemangioma not just the
ulcerated or bleeding area is generally treated.

In the incompletely regressed capillary heman-
gioma of the older child, superficial ectatic blood
vessels can be easily treated with the pulsed dye
laser (Fig. 2.7) but scarring or redundant tissue
may require surgical repair.

Leg Veins and Telangiectasia

Visible veins on the leg are a common cosmetic
problem affecting approximately 40 % of women
in the United States; they remain a therapeutic
challenge. Sclerotherapy is currently the gold
standard of treatment but many vessels less than
1 mm in diameter may be difficult to inject. Work
over the last 10 years or more with vascular
specific, longer wavelength, longer pulsed lasers,
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Fig. 2.7 (a) Telangiectatic residual strawberry heman-
gioma. (b) After pulsed dye laser treatment

has produced very promising results with some
outcomes similar to those seen after sclerotherapy
(Table 2.2).

It is important to remember in advance of laser
treatment of leg vein telangiectasia to examine
the patient carefully to determine whether visible
telangiectatic areas are secondary to venous pressure
from deeper varicose veins. In the uncomplicated

case laser therapy or sclerotherapy can be consid-
ered. The majority of leg vein telangiectasia are in
the range of 0.1 mm to several millimeters in diam-
eter, much larger than the vessels in a PWS which
are 0.1 mm or less. Following the principles of
selective photothermolysis, most vessels greater
than 0.1 mm will require pulse durations longer
than the 0.45 ms short pulsed dye laser used for port
wine stains. The larger the vessel, the longer the
desired pulse duration. In addition, longer wave-
lengths of light will be required to penetrate more
deeply into these deeper dermal blood vessels.

KTP Laser

The KTP laser produces green light at 532 nm,
which is well absorbed by hemoglobin but pene-
trates relatively superficially. This laser does pro-
duce millisecond domain pulses, which should
be appropriate for leg vein telangiectasia.
However, early results, with this laser, in the
treatment of leg veins using small spots and pulse
durations of 10 ms or less were disappointing and
inferior to those of the long pulsed dye laser
(West and Alster 1998). Massey (Massey and
Katz 1999) used the KTP laser with a 50 ms pulse
and fluences of 18-20 J/cm? in the treatment of
46 patients with leg veins. In patients with veins
less than 1 mm in diameter, 80 % had greater than
50 % clearing after two treatments. In patients
with veins 1-2 mm in diameter, 67 % had greater
than 50 % clearing after two treatments. Side
effects were minimal and temporary. Crusting or
blistering occurred if the chill tip was not kept
continuously in contact with the skin. The KTP
laser seems most appropriate for superficial red
telangiectasia up to 1 mm in diameter. Because
there is significant absorption by melanin at
532 nm, patients with darker skin types or tanned
skin will have an increased risk of side effects
including hypo and hyperpigmentation. Contact
cooling does help to reduce this side effect and
allow higher fluences.

Long Pulsed Dye Lasers

Based on the theory of selective photothermolysis,
the predicted pulse duration ideally suited for
thermal destruction of leg veins (0.1 to several
millimeters in diameter) is in the 1-50 ms domain
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(Dierickx et al. 1995). Long pulsed dye lasers
with wavelengths of 585-600 nm with pulse
durations of 1.5 ms or longer are now available.

Reichert (1998) treated 80 patients with
250 leg telangiectasias with the long pulsed dye
laser using fluences of 16-22 J/cm? ice packs
were used to cool the skin before treatment. One
hundred percent clearance was achieved in vessels
with diameters up to 0.5 mm and 80 % fading in
vessels between 0.5 and 1.0 mm. There was no
incidence of scarring, thrombophlebitis and/or
telangiectatic matting. Transient hyperpigmenta-
tion occurred in 50 % of cases and hypopigmen-
tation in 50 %.

Long Pulsed Alexandrite Laser

There is a small peak of haemoglobin absorption
in the 700-900 nm (Fig. 2.8) range of wave-
lengths. This has encouraged the use of longer
wavelength lasers such as the alexandrite, laser in
the treatment of more deeply situated larger cali-
ber leg vein telangiectasia. The long pulsed alex-
andrite laser emits light in the near infrared
spectrum at 755 nm. The laser, when used with
pulse durations of 3-20 ms, theoretically pene-
trates 2—3 mm in depth into the skin.

McDaniel (McDaniel et al. 1999) evaluated
the long pulse alexandrite laser in patients with
leg vein telangiectasia. By using a variety of dif-
ferent treatment parameters, they concluded that
optimal results were achieved with 20 J/cm? and
double pulses. These parameters produced almost
a two third reduction in vessels 0.4-1 mm in
diameter after three treatments. Small vessels
respond poorly if at all. Others (Kauvar and Lou
2000) treated leg veins measuring 0.3-2 mm in
diameter in patients with Fitzpatrick skin types I
to III with a 3 ms pulsed alexandrite laser, 8 mm
spot, fluences of 6-80 J/cm?, and associated
dynamic epidermal cryogen cooling. Four weeks
after a single treatment 48 sites were evaluated,
35 % of the treated sites had cleared by more than
75 %; another 33 % had cleared by more than
50 %. By 12 weeks 65 % of treated areas showed
greater than 75 % clearance. Hyperpigmentation
was seen in 35 % of treated areas and treatment
was noted to be uncomfortable. Ross et al. (2009)
found that extending the pulse duration beyond
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Fig. 2.8 Schematic absorption spectrum of haemoglobin
(Hb), oxyhemoglobin (HbO,) and melanin (Me) to show
absorption peak of Hb at 755 nm (Courtesy of Cynosure
lasers)

the usual 3 ms (optimal 60 ms) improved results
in leg vein telangiectasia could be obtained.

Diode Lasers

Diode lasers were originally introduced in
the nineteen eighties with power outputs of
only 100 mW. Multiple diode laser arrays
have now been developed which can be cou-
pled directly into fiber optic delivery devices.
Laser outputs have now increased to 60 W or
more. Diode lasers can emit light over a broad
range of wavelengths from 600 to 1,020 nm.
Most medical research has been with diode
lasers such as gallium-arsenide (GaAs) and
gallium-aluminum-arsenide (GaAlAs) emitting
light in this 795-830 nm range.

These lasers have been used in the treatment
of superficial and deep small to medium size leg
telangiectasia. Diode lasers emit light that closely
matches a tertiary haemoglobin absorption peak
at 915 nm. Investigators (Varma and Lanigan
2000) have evaluated an 810 nm diode laser for
the treatment of telangiectatic veins on the leg.
Vessels measuring 0.5—1.5 mm in diameter were
treated using fluences of 12-18 J/cm? with a
5 mm spot. Improvements were modest but
patient acceptance was high. There were no
significant side effects. Others (Passeron et al. 2003)



2 Laser Treatment of Vascular Lesions

25

also investigated a 940 nm diode laser in 60
patients with vessels of varying size. Best results
were seen in vessels between 0.8 and 1.44 mm in
diameter where 88 % of patients obtained more
than 75 % vessel clearance. Vessels smaller than
this responded poorly.

It may be possible to improve the results of
diode and alexandrite laser treatment by intrave-
nous introduction of an indocyanine green (ICG)
dye. This has an enhanced absorption of near
infrared light (Shafirstein et al. 2011).

Long Pulsed Nd:YAG Lasers

Several long pulsed Nd:YAG lasers are available
with pulse durations in the tens of milliseconds.
These pulse widths are more appropriate in target-
ing large leg veins than the previous Q-switched
Nd:YAG nanosecond lasers used in the treatment
of tattoos. The 1,064 nm infrared light is deeply
penetrating with minimal absorption by melanin.
When using long wavelength lasers with deeper
penetration but relatively poor absorption, the
combination of higher fluences and cooling devices
will reduce epidermal injury (Eremia et al. 2002).

In one study (Weiss and Weiss 1999), 50 sites
were evaluated with this laser. Number of pulses
and fluence was altered based on vessel size. At
3 months follow up a 75 % improvement was
noted. There was no epidermal injury with this
laser although hyperpigmentation was common.
Several studies have now demonstrated the effec-
tiveness of the millisecond pulsed Nd:YAG laser
for lower extremity telangiectasia (Rogachefsky et al.
2002; Omura et al. 2003; Mordon et al. 2003).
Mordon et al. have focused on methemoglobin
production following laser induced heating. This
methemoglobin formation leads to an increase in
the absorption of the 1,064 nm infrared light, add-
ing to the effect of the Nd: YAG laser.

Despite these developments, sclerotherapy
may well remain the treatment of choice for a
variety of leg vein telangiectasia. A comparative
study of sclerotherapy and long pulsed Nd:YAG
laser treatment (Lupton et al. 2002) showed that
leg telangiectasia responded best to sclerother-
apy, in fewer treatment sessions, as compared to
the long pulsed YAG laser. The incidence of
adverse sequelae was equal. Baumler et al. (2006)

used a mathematical model to analyze the effec-
tiveness of the selective photothermolysis pro-
cess in laser treatment of leg veins by Nd: YAG at
1,064 nm. Their model predicts a maximal
efficiency of a range of fluences (100-200 J/cm?)
and pulse durations (10—100 ms).

Laser treatment of leg vein telangiectasia
appears to be of particular value in patients with
telangiectatic matting, needle phobia and for
small superficial vessels too small to be treated
with a needle.

Facial Telangiectasia

Facial telangiectasias are one of the commonest
vascular disorders presenting for treatment. They
respond readily to most lasers emitting light
absorbed by haemoglobin. The two main groups
of lasers used for facial telangiectasia are the
pulsed dye and KTP lasers. The PDL has the low-
est incidence of scarring but may cause significant
bruising after treatment (Fig. 2.9). This may not be
cosmetically acceptable to patients with relatively
mild disease. In a comparison of the older copper
vapor laser and PDL treatment of facial telangi-
ectasia (Waner et al. 1993), similar improvements
were seen with both lasers. However, patients pre-
ferred the linear crusting produced by the copper
vapor laser compared to the purpura induced by
the pulsed dye laser. In a comparison study of the
argon, dye and pulsed dye lasers (Broska et al.
1994), the pulsed dye laser was shown to produce
better results. However, only 6 of 13 patients pre-
ferred this laser because of laser induced purpura
and post-inflammatory hyperpigmentation. Four
different frequency doubled Nd:YAG lasers for
the treatment of facial telangiectasia were assessed
(Goldberg and Meine 1999), using fluences of
between 8 and 24 J/cm?. The authors demonstrated
equal efficacy with all such lasers and no evidence
of scarring or pigmentary changes (Figs. 2.10
and 2.11).

With the development of long pulsed dye lasers
with epidermal cooling, it may be possible to pro-
duce satisfactory improvement in facial telangi-
ectasia while minimizing the purpura seen with
the earlier pulsed dye lasers. Some investigators
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Fig.2.9 Bruising after pulsed dye laser

(Alam et al. 2003a) have treated patients with
facial telangiectasia using with the pulsed dye
laser at fluences 1 J/cm? below and 0.5 J/cm? above
the purpura threshold. There was a small reduction
in observed telangiectasia with the purpura free
treatment. This was seen most commonly with
finer telangiectatic vessels. A more significant
reduction in telangiectasia was seen in those with
laser induced purpura. Similar work has been
reported (Tanghetti and Sherr 2003) using a PDL
with refrigerated air cooling and extended pulse
widths of 40 ms at fluences at or below the purpu-
ric threshold. In all cases, vessel clearance was
associated with transient purpura lasting less than
seven days. The authors did not feel that it was
possible, in a single treatment, to produce vessel
clearance without the presence of purpura.
Several authors have published the results of
non purpuragenic PDL treatment typical parameters

are: 10-mm spot size, fluence 7 J/cm?, 6-10 ms
pulse duration and epidermal cooling (Neuhaus
et al. 2009; Hare McCoppin and Goldberg 2010)

A valuable alternative to lasers is Intense
Pulsed Light (IPL). These broadband light
sources are filtered to produce wavelengths
appropriate for absorption by oxyhemoglobin.
The relatively large treatment area produces uni-
form treatment patterns which are helpful in
treating diffuse facial redness, and purpura is
uncommon (Tanghetti 2011).

Other (Non-vascular) Cutaneous
Diseases

Psoriasis

In a psoriatic plaque, the capillaries of the dermal
papillae are enlarged, dilated and tortuous. A vari-
ety of lasers can be used for the treatment of pso-
riasis. Since the PDL can be used to treat superficial
cutaneous vascular ectasias, it seemed logical to
investigate whether this laser had any therapeutic
efficacy in the treatment of plaque-type psoriasis.
Over a decade ago (Hacker and Rasmussen 1992)
there were reports of the potential benefits
of the PDL in psoriasis. Subsequent studies
(Katugampola et al. 1995; Zelickson et al. 1996;
Ross et al. 1996) have confirmed the effectiveness
of this treatment. Katugampola et al. treated eight
patients with chronic plaque psoriasis using the
PDL at 8.5 J/cm? with a 5 mm spot, three times,
over a 6-week period. Five of their eight patients
recorded an improvement of >50 %, with one
patient showing complete resolution. Zelickson
et al. performed a clinical and histological evalua-
tion of the PDL treatment of psoriasis in 36
patients. There was no difference in response
when using either a 450 ps or 1,500 ps pulse dura-
tion. Mazer and Fayard (2003b) has looked at
psoriatic plaques 1 year after PDL treatment. Of
nine areas completely cleared after treatment, six
remained clear up to 15 months after therapy.

It appears that PDL treatment can lead to
improvement in psoriasis. Multiple treatments
are often necessary and this technology may be
inappropriate for widespread disease. Some
patients with localized resistant plaque psoriasis
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Fig. 2.10 (a) Facial telangiectasia pre-treatment. (b) Complete clearance after KTP laser treatment (Courtesy of

Lasercare Clinics Ltd)

may benefit from this form of therapy. Recent
research has explored the possibilities of treating
nail psoriasis with this laser (Oram et al. 2010).
High-intensity UVB including laser light sources
will also improve psoriasis.

Further studies are required to determine the
most appropriate use of this laser in the treatment
of psoriasis.

Scars

PDL treatment is able to alter argon laser-induced
scars, which are often erythematous and hypertro-
phic. By using optical profilometry measurements
Alster’s group (Alster and Williams 1995) dem-
onstrated a trend toward more normal skin texture
as well as reduction in observed erythema. This
work was extended to the treatment of other ery-
thematous and hypertrophic scars using objective
measurements. They noted that clinical appear-
ance (color and height), surface texture, skin pli-
ability and pruritus could all be improved.

Alster’s work has been confirmed by others
(Dierickx et al. 1995; Goldman and Fitzpatrick
1995), who treated 15 patients with erythema-
tous/hypertrophic scars and obtained an average
improvement of 77 % after an average of 1.8
treatments. Goldman and Fitzpatrick also treated
48 patients with the PDL. Scars less than 1 year
old responded better than those more than 1 year
old. Facial scars also showed greater improve-
ment. They noted an 88 % average improvement
with total resolution in 20 % of scars after 4.4
treatments.

For persistent scars, combinations of intrale-
sional corticosteroid injections, steroid impreg-
nated tapes and laser therapy may be necessary.
Two studies have compared the effects of pulsed
dye laser treatment with other treatment modali-
ties, particularly intralesional steroids. Alster
(2003) compared pulsed dye laser treatment alone
with laser therapy combined with intralesional
corticosteroid treatment. Both treatment arms
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Fig. 2.11 (a) Steroid induced facial telangiectasia. (b)
Post KTP laser treatment (Courtesy of Lasercare Clinics
Ltd)

produced improvement in scars; there was no
significant difference between the two treatments.
Manuskiatti (Manuskiatti and Fitzpatrick 2002)
compared scar treatment with intralesional corti-
costeroids alone, combined steroids and
5-fluorouracil, 5-fluorouracil alone, or pulsed dye
laser treatment using fluences of 5 J/cm? All
treatment areas were improved compared to base-
line. The highest risk of adverse sequelae occurred
in the corticosteroid intralesional group.

Other studies, however, have failed to demon-
strate substantial effects of the pulsed dye laser on

scars (Allison et al. 2003; Paquet et al. 2001;
Wittenberg et al. 1999). Paquet assessed laser
treated scars using remittance Sspectroscopy.
Although a discrete decrease in redness of the
scars was reported clinically, this was not
confirmed by objective data. Wittenberg et al.., in
a prospective single blind randomized controlled
study, compared laser treatment with silicon gel
sheeting and controls. Although there was an
overall reduction in blood volume, flow and scar
pruritis over time, there were no differences
detected between the treatment and control
groups. Allison et al., treating old and new scars
with the pulsed dye laser, with fluences of 5-6 J/cm?
were unable to demonstrate any statistical differ-
ences between treatment and control sites by
photographic assessments or surface profile mea-
surements. However, they did notice a significant
improvement in scar pruritis in the laser treated
group as compared to the control group.

There are now multiple studies assessing the
effects of the pulsed dye laser in the treatment of
scars. Although results are conflicting, particu-
larly when controlled studies are performed, it
would appear that in some cases laser therapy can
be beneficial in the treatment of such scars. It is
likely that vascular-induced erythema and pruri-
tis are the two parameters that are most likely to
significantly improve with this treatment.

Other lasers have also been used including
scar ablation with Er:YAG and carbon dioxide
laser and use of fractionated ablative and non
ablative lasers. A systematic review of published
research in this field was performed by Vrijman
et al. (2011). The authors concluded that most
evidence for effectiveness was found for the
pulsed dye laser (PDL) 585 nm (eight studies),
followed by the PDL 595 nm (two studies),
whereas limited evidence (one trial per laser) was
available for the fractional nonablative laser
1,540 nm, CO, laser 10,600 nm, low-level laser
therapy, Nd: YAG laser 532 nm and Erbium: YAG
laser 2,940 nm. The PDL 585 nm showed a low
efficacy for the treatment of hypertrophic scars.
With moderate efficacy, the PDL 595 nm is prom-
ising, although more research is necessary. Little
evidence was found for the efficacy of other
lasers.



2 Laser Treatment of Vascular Lesions

29

Verrucae
Verrucae, although not truly vascular lesions, have
been treated with lasers. The pulsed dye laser
(PDL) may have potential benefits in the treat-
ment of warts. The laser light can selectively
obliterate blood vessels within the verrucae; it
may also destroy the most rapidly replicating cells
carrying the virus. The ability to focus the energy
of the light directly on to the lesional vasculature
minimizes injury to healthy skin. The PDL has
been reported as successful for the treatment of
resistant viral warts (Tan et al. 1993). In this study,
28 of 39 patients experienced resolution of the
warts following an average of only 1.68 treat-
ments with fluences of 6.5-7.5 J/cm?. Warts need
to be pared aggressively prior to treatment; higher
fluences of 8.5-9.5 J/cm? are necessary.
Although the PDL has been reported to be
effective in the treatment of plantar warts (Jain
and Storwick 1997), these warts appear relatively
resistant to the laser treatment. In another study
(Huilgol et al. 1996), seven patients (six plantar,
one periungual) with recalcitrant verrucae were
treated. Although there was a partial response,
none of their patients experienced complete reso-
lution of their lesions. Others (Ross et al. 1999)
treated 96 warts with only a 48 % complete clear-
ance over an average of 3.4 treatments. A study
using the KTP laser at 532 nm (Gooptu and James
1999) showed complete clearing of warts in 12 of
25 patients with resistant verrucae. Sethuraman
etal. (2010) assessed the effectiveness of a pulsed
dye laser in the treatment of recalcitrant warts in
children. This was a retrospective notes review.
Sixty-one children with recalcitrant warts were
treated with PDL; 75 % of them had total clear-
ance of warts after an average of 3.1 treatments.
Overall success rates were 100 % for both
perineal and perianal and face-only warts, 93 %
for hands, 69 % for plantar warts, 67 % when
both face and extremities were involved, and
60 % when multiple extremities were involved.
There have been very few prospective random-
ized controlled trials comparing pulsed dye laser
therapy with conventional therapy in the treatment
of verrucae. In one study (Robson et al. 2000),
40 adult patients were randomized to receive either
pulsed dye laser therapy (585 nm) or conventional

therapy. Up to four treatments were provided at
monthly intervals. One hundred and ninety four
warts were evaluated. Complete response was
seen in 70 % of the warts treated with conven-
tional therapy and in 66 % of those in the pulsed
dye laser group. Thus, there was no significant
difference in the treatment responses. A system-
atic review of local treatments for cutaneous warts
(Gibbs et al. 2002) found only limited evidence
for the efficacy of the pulsed dye laser.

It should be noted that although pulsed dye
laser treatment is widely used in the treatment of
viral warts, there are no randomized controlled
studies to demonstrate the superiority of this
treatment over conventional methods. While
undoubtedly effective in selected patients, it is
important to note that is a significant spontaneous
remission rate in viral warts. More studies with
controlled trials are required.

Treatment of Other Cutaneous Vascular
Lesions (Table 2.3)

Spider angiomas are easily, and successfully,
treated with lasers and treatment with lasers. In
addition, both the pulsed dye and KTP lasers
have been shown to be safe and efficacious in
children. The majority of spider angiomas will
clear with one or two treatments without
significant complications (Geronemus 1991).

Venous lakes, angiokeratomas, and cherry
angiomas have all been reported to respond well
to laser therapy. Tumorous outgrowths of vascu-
lar tissue such as pyogenic granulomas, nodular
hemangiomas and kaposi’s sarcoma are likely to
have only a partial response owing to the limited
depth of penetration of the emitted laser beam.
These may respond better to the more deeply
penetrating Nd: YAG laser

Areas of persistent erythema, as seen in patients
with rosacea and post rhinoplasty, can be treated
with the pulsed dye laser (Lowe et al. 1991; Clark
et al. 2002) (Fig. 2.12). More treatments are
required than for individual telangiectasias.
Purpura can be a problem when the PDL is uti-
lized. Purpura can be diminished by using PDL
emitting longer pulse durations (Jasim et al. 2004).
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Fig. 2.12 Erythematous telangiectatic rosacea treated
with pulsed dye laser (only right cheek treated)

In addition, the first one or two laser treatments
often induces a rather spotty lightening on a back-
ground erythema, necessitating further treatment.

Matt telangiectasia seen in CREST syndrome
can respond well to treatment (Fig. 2.13).
Poikiloderma of Civatte, with its combination of
pigmentation and telangiectasia seen on the lat-
eral neck, can respond to pulsed dye laser ther-
apy. Low fluences (approximately 4 J/cm?) should
be used because of the high incidence of post
treatment hypopigmentation and possible scar-
ring seen in this disorder (Geronemus 1990).
Intense Pulsed Light sources can also be utilized.
Rusciani et al. (2008) reported 7 years of experi-
ence treating this disorder. 175 patients with
poikiloderma of Civatte of the neck and chest
were treated with IPL at various settings.
Clearance of more than 80 % of vascular and pig-
mented components of was observed. Minimal
and transient side effects occurred in 5 % of the
patients. No scarring or pigment disturbances
were noted after the treatments. Telangiectasia

Fig. 2.13 (a) Mat telangiectasia in CREST syndrome. (b) After course of pulsed dye laser treatment
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Fig. 2.14 (a) Post irradiation telangiectasia on chest
wall. (b) Near total clearance after one pulsed dye laser
treatment (From Lanigan and Joannides 2003)

after radiotherapy is also easily treated (Lanigan
and Joannides 2003) (Fig. 2.14).

Other lesions with a vascular component, such
as angio-lymphoid hyperplasia, adenoma seba-
ceum, lymphangiomas (Fig. 2.15) and granuloma
faciale, have all been reported as successfully
treated with vascular lasers. The majority of
reports of these disorders have been case studies
rather than controlled trials. In adenoma seba-
ceum, if the angio fibromas do not have a promi-
nent vascular component, then CO2 laser
vaporization should be considered.

Contraindications

There are very few, if any absolute contraindica-
tions, in the use of vascular specific lasers. There
are a number of relative contraindications that the
laser clinician should consider before embarking
on treatment. The clinician should ascertain that
the patient has realistic expectations from the

B

Fig. 2.15 (a) Lymphangioma on neck with prominent
haemoglobin content. (b) Good clearance of redness after
pulsed dye laser treatment (From Lanigan 2000b)

laser treatment. In treating port wine stains only
the minority of cases will completely clear,
although the majority will substantially lighten.
Patients with facial telangiectasia may develop a
dysmorphophobia whereby the patient is
significantly disturbed by what they perceive as
abnormal disfiguring changes — which are not
visible to the casual observer. In general, these
patients do poorly with laser treatment.

Patients who have had previous treatments to
their vascular lesion, including continuous wave
lasers, radiation treatment and electro-desiccation,
often have some degree of scarring and hypopig-
mentation. This may not be obvious until the over-
lying vasculature has been cleared. It is important
to document such changes prior to treatment. In
general, patients who have had prior treatment,
which has resulted in scarring, do not respond as
well to subsequent pulsed dye laser therapy.



32

S.W. Lanigan

Patients taking aspirin, nonsteroidal anti-
inflammatories and anticoagulants will show more
PDL induced purpura. There have been reports of
PDL-induced hypertrophic scarring in patients
who have recently taken isotretinoin. A true cause
and effect relationship has yet to be proven.

Although laser treatment in itself is inherently
safe in pregnancy, the treatment does cause pain
and can be distressing. It most situations, laser
may be best deferred until after delivery.

Consent

An example of a suitable consent form for vascu-
lar laser treatment is shown in Fig. 2.16.

Personal Laser Technique
Facial Telangiectasia

It is extremely important when assessing patients
for treatment of their facial telangiectasia that
they are made fully aware of the available proce-
dures and the likely outcomes and side effects. In
general, patients with small fine relatively
superficial telangiectasia can be treated with most
available lasers. Most patients will prefer the
KTP laser because of the reduced associated pur-
pura. Also, when treating extensive areas where
there is significant background erythema, the
pulsed dye laser is likely to produce a superior
result. Generally, I perform a test patch in this
group of patients.

When using the pulsed dye laser, although it
may be possible to clear the problem without pur-
pura, it is my experience that such an approach
generally requires multiple treatments. I attempt
to produce vessel damage with fluences as close
to the purpura threshold as possible. Most patients
do not require local anesthesia for this procedure.
A disadvantage of topical anesthetics is the vaso-
constriction that occurs, which may make it
difficult to see all the vessels. The combination of
concurrent epidermal cooling and longer pulse
durations will reduce the PDL induced purpura.
Patients should avoid traumatizing the area after

treatment and use potent sunscreens. Treatments
are generally repeated at 4-6 weeks intervals
until vessel clearance has occurred. In general,
most patients need between two and four
treatments.

When using the KTP laser, the object is to heat
seal the vessels under direct observation. This
treatment requires more skill and training than
when using the pulsed dye laser. The target vessel
is traced with the laser beam using relatively
small spot sizes and repetition rates of 3-8 Hz.
This procedure is made easier using illuminated
magnification. The aim is to see disappearance of
the vessel without obvious epidermal changes
particularly white lines. A few small test areas
are performed altering the fluence, pulse width or
repetition rate to achieve this. Starting parameters
could be 6-12 J/cm?, 3—6 ms with a 1 or 2 mm
beam diameter. It may be helpful to use concur-
rent cooling during the procedure. Immediately
afterwards the patients will experience quite
marked reactive erythema. This can be reduced
with cool dressings and topical aloe vera. The
erythema usually clears within 24 h, but some
crusting may occur. Large areas of crusting, blis-
tering or erosion suggest that treatment has been
too aggressive.

For larger perinasal vessels, the Nd: YAG laser
alone or combined with a pulsed dye laser may
be preferred. Great care is needed with this laser
to avoid excessive thermal damage. Concurrent
cooling is essential and shots should not be
overlapped.

Port Wine Stains

Pre-treatment assessment of the patient should
include a record of previous treatment and its
effects. Argon laser treatment in particular can
produce frequent pigmentary disturbances espe-
cially hypopigmentation which may not be obvi-
ous in a partially treated PWS. It will become
very obvious after successful PDL therapy.
Scarring from previous treatment should be
recorded. The patient should be advised not to
expose their skin to sunlight, as a tan overlying
the PWS will interfere with therapy. Good quality
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AGREEMENT/CONSENT FOR VASCULAR LASER TREATMENT

This agreement is between ................ Clinics and Doctor/NUISE .......o.oveviriirensinsnieesienessens

and {MEI; Mrs; Miss: M8 g s s st tent
(Full name of patient) hereafter known as the patient.

1. Please read this form and the notes very carefully.

2. If there is anything you do not understand about the explanation, or if you want more information,
please ask the clinician.
3. Please check that all the information on the form is correct. If it is, and you feel happy with all the

explanations given please sign the form.
I the patient understand:

. The efficacy of the treatment with lasers varies from individual to individual and I understand that a small
percentage of patients may fail to respond to treatment and | as an individual may not respond.

2. The treatment that | receive will be appropriate for my specific needs and will be given by an appropriately
trained member of the clinic.

3. lunderstand | must give staff all the relevant medical details prior to treatment.
4. A test patch may be necessary before commencing treatment with lasers.
5. Following treatment the skin will be red, and if the Pulsed Dye laser has been used there will be bruising.

Swelling, blistering or crusting can occur and may take several days to resolve, the bruising will take longer
(as with any normal bruise).

6. Following treatment you will be given an afiercare sheet, which you should follow. Treated areas should
not be picked, scratched or traumatised and should be kept well moisturised.

7. Following treatment there may be hypopigmentation or hyperpigmentation (marked lightening or darkening
of the skin). While these reactions are not common there is a possibility that they can occur. However, in
time. these will usually fade away, although hypopigmentation may be permanent. | have been advised to
use a total sunblock cream. | understand that following my course of treatment | must wear sunblock for a
minimum of six weeks to avoid possible post-inflammatory hyperpigmentation.

8. There is a 1-5% risk of scarring with laser treatment of this kind.

9. I understand that photographs will be taken before and during my treatment and that these photographs
remain the property of the clinic although I may have access to them at any time.

10. 1 understand that it is my responsibility prior to each treatment undertaken that I inform the doctor
or nurse of any changes in medical status, including medication or herbal remedies I am taking.

11. 1 understand that if | have a suntan | may not be offered treatment; during treatment 1 have been advised not
to use sunbeds.

The patient acknowledges that he/she has read and fully understood this agreement before signing it and has
also read and understood any information sheets that they have been given.

I understand and agreeto ............... terms of business and understand that | can request an additional copy of
these terms at any time.

Patient’s signature

Fig.2.16 Consent form for vascular laser treatment

standardised color photographs should be taken The fluence to be used can be determined by
at baseline and throughout the treatment course. performing a test treatment over a range of fluences
It is useful to show the patients a portfolio of and reviewing the patients 68 weeks later. The
photographs to illustrate the procedure, in lowest fluence producing lightening of the PWS
particular the bruising that will occur after can be used. As a general rule, with a 10 or 7 mm
treatment. spot, fluences are in the range of 4.5-8 J/cm?. The
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lower range of fluences should be used in both the
pediatric patient and more sensitive anatomic
areas. As treatment progresses with lightening of
the PWS it is reasonable to cautiously increase the
fluence by 0.25-0.5 J/cm? to maintain improve-
ment. It has been shown however that not all PWS
will clear with PDL treatment. Repeatedly increas-
ing the fluence in the non-responding PWS will
unfortunately increase the likelihood of an adverse
reaction, such as scarring.

PDL treatment causes discomfort or pain to the
patient described as a sharp stinging sensation simi-
lar to being flicked with an elastic band. This sting-
ing is replaced immediately by a hot pruritic
sensation. Some individuals appear to be able to tol-
erate large treatments without distress, but this
should not be assumed. Two percent of patients sur-
veyed described severe pain after treatment despite
attempts at adequate analgesia (Lanigan 1995).

Topical anesthetic agents can assist patients. A
eutectic mixture of local anaesthetic (EMLAR)
cream containing lidnocaine 2.5 % and prilocaine
2.5 % has been shown effective in reducing PDL-
induced pain (Lanigan and Cotterill 1987). The
cream must be applied thickly under occlusion to
the PWS for 90 min to 4 h before treatment. It is not
indicated for children under 1 year. An alternative to
EMLAR is Ametop®, a 4 % amethocaine gel which
has the advantage of a more rapid onset of action of
30-45 min (Armstrong et al. 1996). It also should
be applied under occlusion and is not recommended
in infants under 1 month. There are concerns of
excessive absorption of Ametop® from highly vas-
cular surfaces. Large areas should not be treated
with this drug. Skin irritation and allergic rashes can
occur from these creams. Despite correct tech-
niques, sensitive areas of the face, especially the
upper lip and peri-orbital areas, may not be ade-
quately anesthetized with topical creams. Additional
infiltrational and nerve block anesthesia can be used
to supplement the topical agents; unfortunately this
in itself can be traumatic for the patient. The use of
vacuum suction at the time of the laser impulse may
ameliorate the pain (Lanigan 2009).

In children, these topical anesthetic techniques
are often not enough. In my experience the major-
ity will require general anesthesia (Rabinowitz and
Esterly 1992). Some authors advocate sedation in

combination with other anesthetic techniques
without general anesthesia. The procedure can
cause anxiety in children as well as discomfort, as
their eyes are covered while the laser emits noises
as well as light during the treatment. After the test
treatment, each further laser procedure involves
placement of laser impacts over the whole PWS
using the lowest fluence to achieve lightening.
This needs to be reduced over the eyelids, upper
lip and neck. Each impact of the laser produces a
visible purpuric discoloration, which appears
either immediately or within minutes. This is a
sharply demarcated circle, which allows the opera-
tor to place the next spot adjacent to it. For pulsed
dye lasers with gaussian beam profiles, spots
should be overlapped by approximately 10 %. This
will reduce the tendency in some patients to a
spotty appearance as the PWS clears. Other PDLs
may have different beam profiles and a decision on
whether to overlap spots can only be made on the
basis of knowledge of the beam energy profile.

After treatment the PWS most patients will
note purpura for seven to fourteen days. A minor-
ity will have purpura up to 28 days. Small areas
may crust or weep, but large areas of blistering
suggest reduction of the fluence at the next treat-
ment. The greatest reaction after treatment occurs
early in the course of therapy or after increasing
the fluence. After each treatment the PWS should
be lighter in appearance. Treatments are repeated
at an interval of about 8 weeks. Gradually,
through a course of treatment the lightening after
each treatment gets less until no further progress
between visits can be seen. The majority of
patients who experienced satisfactory lightening
of their PWS do so in their first four to ten treat-
ments. Although improvements can occur beyond
20 treatments, the small benefits should be bal-
anced against the morbidity produced by treat-
ment (Kauvar and Geronemus 1995).

Post-operative Care
and Complications

There is minimal post-operative care required
after treatment with today’s vascular lasers. In
most cases, the epidermis will be intact but in a
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significant minority there will be some blistering.
The first consideration after treatment is to deal
with discomfort. This pain can be lessened by
cooling the skin either with refrigerated air blow-
ing, cold compresses, spraying with water or aloe
vera. With the pulsed dye laser this cooling can
be repeated until pain and discomfort has eased.
The area can then be kept moisturized with an
emollient. If treatment has been performed close
to or around the eye, there will be a risk of peri-
ocular edema. Patients should be instructed to
sleep with an extra pillow to encourage gravita-
tional removal of leaked edema fluid. The area
can be washed gently with soap and water. No
make-up can be applied until after any crusting
has settled.

With the KTP laser and other continuous
wave lasers, there may be some blistering and
crusting. The operator may consider use of topi-
cal antibiotics. There is little evidence to sug-
gest this is required. Patients can also be
instructed to take analgesia as needed. All
patients should be instructed on the absolute
importance of not picking or scratching at
treated areas. They will also need to use a total
sunblock preparationtolessen post-inflammatory
hyperpigmentation. Inability to comply with
this will significantly reduce the effectiveness of
the procedure.

All persistent side effects are generally due
to pigmentary changes and/or scarring. Post
inflammatory hyperpigmentation is the com-
monest side effect and occurs in 10 and 27 %.
(Seukeran et al. 1997; Fiskerstrand et al. 1998)
of treated patients. Hyperpigmentation is most
common in treated port wine stains on the leg
and is reversible. Hypopigmentation occurs in
up to 2.6 % of patients (Boixeda et al. 1997) and
generally occupies only a small area of the
treated lesion. Atrophic scarring occurs in
1-5 %; hypertrophic scarring in less than 1 % of
pulsed dye laser treated patients. Atrophic tex-
tural changes often improve spontaneously over
6—12 months.

Rarer side effects occasionally reported
include atrophie blanche - like scarring
(Sommer and Sheehan-Dare 1999), dermatitis
(Shahidullah and Frieden 1999) and keloid for-

mation during Isotretinoin therapy (Bernestein
and Geronemus 1997).

Even when using long pulsed dye lasers, to
lessen purpura, significant facial edema can
develop. Alam (Alam et al. 2003) reported
postoperative edema in 87 % of 15 patients
with purpuric free laser parameters. This
included 27 % of patients with symptomatic
eye swelling.

The KTP laser, which has longer pulse dura-
tions and a wavelength which is also absorbed
by melanin, has a higher incidence of mild side
effects due to epidermal injury. These may be
pain, redness, vesiculation and crusting. These
side effects are transient and in the treatment of
facial telangiectasia are not generally associ-
ated with long-term problems. There is a risk of
atrophic scarring with this laser. This will occur
more commonly when treating para-nasal areas,
as these vessels frequently require more aggres-
sive treatment parameters. Concurrent epider-
mal cooling will significantly reduce the
incidence of side effects after treatment with
this laser.

Results

Laser treatment of cutaneous vascular disorders
is satisfying and rewarding. Treatment of this
kind extends back 30 years and there has been a
continual improvement in technology and under-
standing of laser tissue interactions. The majority
of patients receiving laser treatment to vascular
disorders such as facial telangiectasia, spider
naevi and rosacea can expect excellent results
with a very low risk of adverse events. For safe,
effective treatment, a course of treatments should
be planned but it is possible to achieve excellent
eradication of the problem. For port wine stains,
although the majority of patients will experience
significant lightening after a course of treatment,
only a minority (around 10 %) can expect com-
plete clearance. There is consensus opinion that a
number of other conditions such as viral warts
and psoriasis can also improve, the evidence
based on randomized double blinded trials is
lacking.
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The Future

Significant advances have been made in recent
years in the technological development of lasers
that can target cutaneous vascular disorders by
selective photothermolysis. However, results in
port wine stains in particular can still be
disappointing.

A number of investigators are pursuing a
greater understanding of the vascular responses of
PWS to lasers through non-invasive imaging and
mathematical modeling. The eventual goal is to
tailor laser therapy to individual PWS characteris-
tics by altering both laser type and parameter set-
tings. For example, some (Viator et al. 2003) have
designed a photoacoustic probe which allows
in vivo determination of PWS depth. Others
(Sivarajan and and Mackay 2002) have demon-
strated that videomicroscopy can be used to assess
treatment response in relation to vessel depth.
Still other (Nelson et al. 2001) have used optical
Doppler tomography to perform real-time imag-
ing of blood flow within PWS. Partial restoration
of blood flow occurring immediately or shortly
after laser exposure was indicative of reperfusion
due to inadequate vessel injury. By using this
imaging method, they proposed that PWS could
be retreated with higher fluences in a stepwise
manner, until a permanent reduction in blood flow
occurs. This would be indicative of irreversible
vessel damage and expected clinical lightening.

There has been great interest in the healing
response after pulsed dye laser treatment of PWS.
The repair process includes neovascularisation
which will reduce the effectiveness of the treat-
ment. Work from Stuart Nelson’s group (Jia et al.
2010; Nelson et al. 2011) has led to promising
research combining pulsed dye laser and angio-
genesis inhibitors such as rapamycin to enhance
treatment response. Shorter treatment intervals
may be beneficial for similar reasons (Tomson
et al. 2006).

Despite the recent advances made, it remains
difficult to fully eradicate PWS with our current
armamentarium of lasers and non-coherent
light sources. Alternative therapies including
photodynamic therapy are being considered
(Xiao et al. 2011).

The considerable work in this field reinforces
the notion that PWS display considerable clinical
and histological heterogeneity. This is likely to
mean that a number of approaches will be needed
to optimize treatment of PWS. There is a clear
need for further trials, particularly to establish the
role of non-coherent light sources and lasers,
other than the PDL. To ensure comparability of
future studies, common objective clinical out-
come measures need to be employed, together
with, where possible, non-invasive imaging tech-
niques which can increase our understanding of
laser—port wine stain interactions. However, we
should also recognize the importance of incorpo-
rating measures of patient satisfaction into study
design, since after all it is patients’ own assess-
ments which ultimately reflect treatment out-
comes (Currie and Monk 2000; Lanigan 2000a).

In recent years, one of the most innovative
devices to be developed was the fractionated
laser. A wide choice of these devices are now
available with both ablative and non ablative
wavelengths. These devices are used mainly to
treat wrinkles, rhytides, furrows, fine lines, tex-
tural irregularities such as acne scarring and pig-
mented lesions. The role of these lasers in treating
vascular dyschromias is still being explored but
shows some promise (Bogdan Allemann and
Kaufman 2010).
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Laser Treatment of
Pigmented Lesions
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Core Messages

* Accurate diagnosis of pigmented lesions
is mandatory before laser treatment. For
some pigmented lesions, laser treatment
may even be the only treatment option.

e Tattoos respond well to Q-switched
lasers.

* Amateur and traumatic tattoos respond
more readily to treatment than do pro-
fessional tattoos.

» Cosmetic tattoos should be approached
with caution.

e Treatment of melanocytic nevi remains
controversial, but worth pursuing.

History
Selective Photothermolysis

The idea of treating cutaneous pigmented lesions
with lasers was first tested in the early 1960s by
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Goldman, who used a normal mode ruby laser
(Goldberg and Stampien 1995). His research
indicated that the target was the melanosome.
Unfortunately, due to laboratory difficulties, further
research was halted.

In the past 15 years, selective photothermoly-
sis has largely transformed dermatologic laser
surgery. The term selective photothermolysis
describes site-specific, thermally mediated injury
of microscopic tissue targets by selectively
absorbed pulses of radiation. Three basic ele-
ments are necessary to achieve selective photo-
thermolysis: (1) a wavelength that reaches and is
preferentially absorbed by the desired target
structures; (2) an exposure duration less than or
equal to the time necessary for cooling of the tar-
get structures; and (3) sufficient fluence to reach
a damaging temperature in the targets. When
these criteria are met, selective injury occurs in
thousands of microscopic targets, without the
need to aim the laser at each one.

At wavelengths that are preferentially absorbed
by chromophoric structures such as melanin-con-
taining cells or tattoo-ink particles, heat is created
in these targets. As soon as heat is created, how-
ever, it begins to dissipate by conduction. The
most selective target heating is achieved when the
energy is deposited at a rate faster than the rate for
cooling of the target structures. In contrast to dif-
fuse coagulation injury, selective photothermoly-
sis can achieve high temperatures at structures or
individual cells with little risk of scarring because
gross dermal heating is minimized.
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Pigmented Lesion Removal by Selective
Photothermolysis

Because melanin absorbs light at a wide range
of wavelengths — from 250 to 1,200 nm, several
lasers or intense pulsed light sources can effec-
tively treat pigmented lesions. For tattoos, light
absorption depends on the ink color, but the pre-
dominant color (blue-black) also absorbs well
throughout the 532-1,064 nm range. Almost
any laser with sufficient power can be used to
remove benign pigmented lesions of the epider-
mis. The selective rupture of skin melanosomes
was first noted by electron microscopy in 1983,
after 351 nm, sub-microsecond excimer laser
pulses of only about 1 J/cm?. At fluences dam-
aging melanocytes and pigmented keratinocytes,
epidermal Langerhans cells apparently escape
injury.

With regard to wavelength, absorption by mel-
anin extends from the deep UV through visible
and well into the near-IR spectrum. Across this
broad spectrum, optical penetration into skin
increases from several micrometers to several
millimeters. One would therefore expect melano-
somes and the pigmented cells containing them
to be affected at different depths across this broad
spectrum.

A variety of thermally mediated damage
mechanisms are possible in selective photo-
thermolysis, including thermal denaturation,
mechanical damage from rapid thermal expan-
sion or phase changes (cavitation), and pyroly-
sis (changes in primary chemical structure).
Mechanical damage plays an important role in
selective photothermolysis with high-energy,
submicrosecond lasers for tattoo and pigmented
lesion removal. The rate of local heating and
rapid material expansion can be so severe that
structures are torn apart by shock waves, cavita-
tion, or rapid thermal expansion.

Grossly, the immediate effect of submicrosec-
ond near-UV, visible, or near-IR laser pulses in
pigmented skin is immediate whitening. This
response correlates very well with the melano-
some rupture seen by electron microscopy and is
therefore presumably a direct consequence of

Fig. 3.1 Immediate whitening after laser treatment

melanosome rupture. A nearly identical but
deeper whitening occurs with Q-switched laser
exposure of tattoos, which like melanosomes
consist of insoluble, submicrometer intracellular
pigments. Although the exact cause of immediate
whitening is unknown, it is almost certainly
related to the formation of gas bubbles that
intensely scatter light. Over several to tens of
minutes, these bubbles dissolve, causing the skin
color to return to normal or nearly normal. In
addition, pyrolysis may occur at the extreme tem-
peratures reached within melanosomes or tattoo
ink particles, directly releasing gases locally.
Regardless of its cause, immediate whitening
offers a clinically useful immediate endpoint that
apparently relates directly to melanosome or tat-
too ink rupture (Fig. 3.1).

Melanin in both the epidermis (as in cafe-au-
lait macules and lentigines) and the dermis (as in
nevus of Ota), as well as dermal tattoo particles,
is an important target chromophore for laser
selective photothermolysis. Clinically, selective
photothermolysis is highly useful for epidermal
and dermal lesions in which cellular pigmenta-
tion itself is a cause. These include lentigines,
cafe-au-lait macules (which display a high rate of
recurrence), Nevus spilus, Becker nevi, blue nevi,
and nevus of Ota. However, selective thermolysis
has only been variably effective for dermal
melasma, postinflammatory hyperpigmentation,
or drug-induced hyperpigmentation.
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Currently Available Technology

Lasers and Intense Pulsed Light Sources
Used to Treat Pigmented Lesions and
Tattoos (Tables 3.1,3.2,and 3.3)

Continuous-Wave Lasers (CW Lasers)
Although Q-switched lasers are now the modal-
ity of choice for most pigmented lesions, contin-
uous-wave and quasi-continuous lasers, when
used properly, can also be effective. The lasers
include the CW argon laser (488 and 514 nm), a
CW dye laser (577 and 585 nm), a CW krypton
(521-530 nm), a quasi-CW copper vapor laser
(510 and 578 nm), an erbium (2,940 nm), and
CO, (10,600 nm) laser.

The CW and quasi-CW visible light lasers can
be used to selectively remove pigmented lesions.
However, because of the shorter wavelengths of
these lasers, they penetrate only superficially. Thus,
they are effective only for epidermal pigmented
lesions. Furthermore, in the absence of reproduc-
ible spatial thermal injury confinement, the risk of
scarring and pigmentary changes is significant in
the hands of inexperienced operators.

The pigment non-selective erbium and CO,
lasers can be used to remove epidermal pigment
effectively because of the ability to target H,O in
the epidermis. The non-specific thermal damage
leads to destruction of the lesion with denuding
of the epidermis. Pigment is thus damaged as a
secondary event. This destruction is followed by
healing that may have some erythema and possi-
ble pigmentary and textural changes.

Q-Switched Lasers
The fundamental principle behind laser treatment
of cutaneous pigment and tattoos is selective
destruction of undesired pigment with minimal
collateral damage. This destruction is achieved
by the delivery of energy at the absorptive wave-
length of the selected chromophore. The expo-
sure time must also be limited so that the heat
generated by the laser—tissue interaction is
confined to the target.

The target chromophore of pigmented lesions
is the melanosome and that of tattoos is the

insoluble, submicrometer intracellular pigments.
Q-switched lasers produce pulses in the nanosec-
ond range. These high peak power lasers deliver
light with a pulse width shorter than the approxi-
mately 1-pus thermal relaxation time of the mel-
anosomes or the tattoo ink particles. Various
Q-switched lasers (532 nm frequency-doubled
Q-switched Nd-YAG laser, 694 nm ruby, 755 nm
Alexandrite, 1,064 nm Nd-YAG) are therefore
used for the treatment of various epidermal, der-
mal, mixed epidermal and dermal pigmented
lesions and tattoos (Table 3.2).

To date, Q-switched lasers have been shown to
treat both epidermal and dermal pigmented
lesions effectively in a safe, reproducible fashion.
Q-switched lasers used for the treatment of
superficial pigmented lesions include the 532 nm
frequency-doubled Q-switched Nd-YAG laser,
the 694 nm ruby and the 755 nm alexandrite
lasers. Strong absorption of light at these wave-
lengths by melanin make these lasers an excellent
treatment modality for superficial pigmented
lesions. The Q-switched 694 nm ruby, 755 nm
Alexandrite lasers and 1,064 nm Nd-YAG lasers
are useful for treating deeper pigmented lesions
such as nevus of Ota and tattoos. The Q-switched
1,064 nm should be used when treating patients
with darker skin, because it reduces the risk of
epidermal injury and pigmentary alteration.

Pulsed-Dye Laser

The short wavelength (510 nm) and 300 ns pig-
ment lesion dye laser (PLDL) is highly effective
in the treatment of superficial pigmented lesions
and red tattoos, but is no longer commercially
available.

Long-Pulsed Lasers

To target large, pigmented lesions, such are hair
follicles or nevocellular nevi, lasers with longer
(millisecond-range) pulse durations are more suitable
(Table 3.1). These include the long-pulsed 694 nm
ruby, 755 nm alexandrite, 810 nm diode and 1,064 nm
Nd-YAG lasers. The millisecond pulse width more
closely matches the thermal relaxation time of the
hair follicles or the nested melanocytes. Collateral
thermal damage provides an injury to the stem cells



Z. Al-Dujaili and C.C. Dierickx

44

Surpokoa1 uojoyd ‘Surjood
1983U09 9[d1N 1y [00D)IYS
doardpuey 3urjoo)

3oardpuey 3urjoo)
jun Ire p[op

DVA:PN WU $90°[ 10/pue
WU 7€ YA J[qR[IeAy

uondo 1ouueog

Q01A9p FUI[00D oTWRUA(]
Jurj000

PpojeI3o)uI IO I1E P[0
PaYoIIMs-Q) aq 0sTe ABJA
jrun Ire pjoy

payonms-Q)
9q os[e Aew :opou [en]

ASotouyo?) asind ofdmy,
Surpokoar uojoyd

KIQAT[Op 1oq1

Do 01—0 @231dpuey urjoo)

y0ydn

c¢ordn
y0ydn

zordn
sordn
ol

grordn

S0

4l

I

saIed) PO  (zH) el uonnadoy

LS

¥1 CI ‘01

4!
I1°6°L

TIXTI ‘6X6
¥1CI 0l '8°9
SITI6°L

[AR0) ]

01°L*S

81 ‘ST TI 0T ‘'8 ‘9
SLTIOT 'S

6°L°S

y101dn

9—¢

0T ‘01
(wrar) 9z1s jodg

(pawsndQ)
[ 0701 (Y JeseT apold [
(99npaN
-uordo[osay)
¥9 03 dn 0S 1e1SOIpIA
(reworeq)
[SLS0vdn 000°1-S w10001dIS
(M 009) 09-6 001-¢S (xapH) 008-xody
(sruowny)
00101 00— JOySIY3IT 008 Isse[ aporq
or o1 dn 0S—1  (uSryesep) uonry
0¥—5¢ 00€—¢ (93V 1ySry) aresrdg
(Tea1paAr 1dopy)
ge—¢ 0S—¢ 1II/11 LAemen[n
«(uerdreyg)
0s o dn 0r—¢ XATY yonoydyg
(e[opue))
001-0T € SSe[epuD
SIIPULXA[Y
0S—ST 00€—S'0 (emsouk)) ooSody GSL asind Suog
oc o dn ¥ (uSieAep) UOUIS
(99paN
-uorda[osay)
ggordn 4 Te)g Aqny
(uerdreyg)
001 Tl Aqny yonondg
001 001 ‘¢ (rewored) 000cH ¥69  Aqnresind Suoy
(wo/r) souany  (swr) uonemp S[ng Qwieu WSAS (W) YISUI[IABAN Q0IN0S JYSTT

suorsa] payuowdid Jo juounean Ioj siose[ asind Suo g djqeL



45

3 Laser Treatment of Pigmented Lesions

Sur[ooo It 10 J0BIU0D)

7TdI Wim pauIquio)

Jouueds
[000 Jrewg

3ur009

pareI3aul Jo Jie p[oD
Suryouanb [ewray) yPIm
3ur1009 U30£10 pasing

reuondo Aexds uagoA1)
QALIPUBXI[Y

wu 66/ 10/pue DHVA PN
W 7S YA S[qe[leAy
Surokoaruoioyq
3ur1009 30BIU0D)
Surjo02-a1d j0rIU0D)

(0

€0

01 03 dn

zordn

01 ‘L°S‘€°C’T

9

01—¢
01°L°S¥°CT
TLOT ‘LS ¢
01-¢

81 °C1
‘TI01‘8°9°€°C'T
TI0I89% T

ol
01 °L°S‘¢E

0Sv—01
00% 01 dn)

[ 0ST-0L
009 01 dn

00291
00¢
00S 01 dn

009 03 dn

005—¢

006=S
00¢ 03dn

06-S
00¢-T°0

91—¢
00C=¢

001 2 dn
00€—1+°0
00S—00€

00€=SC°0

00I=¢

001-0¢
00€=T°0

(ySroaem) UOPAN
(uoidg) o[yoId
(sruowny)

AITH WYSINOSLA
(eu0jOy) sien(g
(eImsouk))

IT [[doyrewg
(eImsouk))
000L WIE[Y
(gonogj00D)
VIdVA
(e1opue))

Sex opuan

(feo1paA 3depy)
TII/11/1 dARMEI[ )

(edoosiase) 1k
(e1910D) SPIID[00D

790°T

DVAPN
pasind-3uo



Z. Al-Dujaili and C.C. Dierickx

46

wu $90°] PUB 7¢§
wu $90°] PUB 7¢§
wu $90°T Pue 7¢§

wu $90°7 A[UO

PayYoIMs-0) 29 Os[e
Kew :apow Ten(y

as[nd 3uof os[y
(Teuondo)

jun Ire pjop
SoIMedy 12yI0

010 dn 9%°C ¢zIodn €
9-1 v €T (AR

o1 odn 89 ‘¢ z1ovdn 0>

o1 o dn L €67 81-CI

gordn v €T z1ovdn 0S

01-8 2 [SL 09

gordn SEYT [0s—L 09

I gordn orodn 0€

80 S9° [01-¢ 8T

S0 Sve srodn 0T

(zH) de1 uonnadoy (ww) 9zis jodg  (;wo/[) duanf] (Su) uoneinp asing

(rewored) wi$ OVA-O
(83 WS 1e3[D-O

(01gu0D/VAOH) 90 W IPIA DVA PN

(esefownoyL) 1WYSIJOS ¥90°1/2€S PaYINMS-O
(e[opue))) IZe[XJ[y

(98 1y31) Tosery TrL SILIPUBXA[Y

(2Insouk))) ape[0ddy GGL Pyonms-0O

(o9upaN-uorderosay) 181 Aqny
(rewored) 00T T~y wnndadg

(y31eArAY) UOUTS ¥69  AQnI payaIms-0
Jweu WISAS  (wu) YFUS[ABAL 901n0s Y31 |

s00)e) pue suorsa] pajuawSid Jo Juounean) I0j SIOSE] pAyNIMS-O) Z°€ 3|qeL



47

3 Laser Treatment of Pigmented Lesions

¥90°T X0
¥90°1

)M POUIqUIOD
/3u1[000
blalilole)

(gD
Surokooy
A310ug 3y

(FHT) AS1oug
19l 1S ]
waISAS WS
pasingd penQ

durey

pasind uouayx
WS pasing
JuddsaIoN[)
dd

anbruyody
Sury
opouws [eng

STXCI
8CXCI-gxn]
O X9 ¥Xn]
O X9 AXN]

CIXCI-DXN]

8X¢C¢

€EXCI

[4R:3%%

SIxee

81 X9¥

§TXx0¢
0Tx01

rEXS

8¥ %01

0276 ‘A310u9 Y

0€-01
‘A310u9 JYS1]

0c=¢
0S o1 dpy:syxng
0¢ 01 dn yxnT
g¢ 03 dn xxny

0§ 0 dn :oxng

06—¢

0c-01

0601

Sv—=¢1

0I-8

006~ G -s¥xN]
006—6 -gXxn7]
0061 :AX07]

005=6°0 -DX

§¢=50

dsoy ¢ pue 1 TIX¢E

Se

87

0S¢

09—-¢ 99

0l §TXTC

samne9y [eroadg  (wiur) ozis Jodg  (;wo/[) 9ouanp (swr) Ae[op as[ng  (sur) uoneinp as[ng

086—08S

0$8-009

00T 1-089 sgxnT
00T 1059 ~gxnT
00T 1-6TS :A-XN'T
00T 1-0L8 pue
0L9-00S :D-XNT

00T°T-0SS

006—0SS

056-5SS
(wu) Juowdid

086-08¢
068-009

00T 1-00%

00T T-S1S

00T T-01S

00T 1-00%

00T 1-01S

00T T-00%

006-0SS

00Z°T-09¢

056-001

Joy 1)y eondQ  (wu) wnnoadg

(uoIouAkg

NI Weauyox)
S e1omy
(e19)n))) 09X

(rewored) xnIe1g

(Stuowiny)

ANH WYSTTNISEA
(T ‘edurey,
‘A3orouyoqy,
Arewrtid)
as[ngendads

(AN ‘S81mnqgasSuein
‘Kouerpey)
uoneisurys
(VSN PO
rULIR() 10 vIpen)
(VIA ‘projswsyd
INSOuA)))
WSrIol0yd

(VO ‘au1Alf
‘WIAP[Y) A1
(sruowny)

S wmuend)
(rewruaq
‘WOYSIOH

‘adaq) x1d #sdyig

QUIBU WIAISAS

Jd IV10dId +1dI
DVA-PN+71dI

DVA-PN+1dI

DVA-PN+71dI

1dI

1dI

1dI

1d1

1dI

1dI

1dI
901n0S JY3I]

suo1s9 payuawdid Jo Juounean sa21nos 31| pasind asualu] €°€ djqeL



48

Z. Al-Dujaili and C.C. Dierickx

located in the outer rooth sheeth or the melanocytes
adjacent to the target area that may actually not
contain melanin. However, it is unlikely that every
nevus cell is destroyed. Cautious follow-up of nevi
treated with laser light is necessary.

Intense Pulsed Light Sources

Intense pulsed light (IPL) systems are high-inten-
sity light sources, which emit polychromatic light
(Table 3.3). Unlike lasers, these flashlamps work
with non-coherent light over a broad wavelength
spectrum of 515-1,200 nm. Because of the wide
spectrum of potential combinations of wave-
lengths, pulse durations, pulse intervals and
fluences, IPLs have proven to very efficiently treat
photodamaged pigmented lesions like solar len-
tignes and generalized dyschromia.

Indications

There are many types of pigmented lesions. Each
varies in the amount, depth and density of mela-
nin or tattoo ink distribution. The approach to the
treatment of cutaneous pigmentation depends on
the location of the pigment (epidermal, dermal or
mixed), the way it is packaged (intracellular,
extracellular) and the nature of the pigment (mel-
anin or tattoo particles). Among the benign pig-
mented lesions which do respond well to laser
treatment are lentignes, ephelides (freckles),
nevus of Ota, nevus of Ito, and “blue” nevus.
Varying results are obtained in café au lait-macu-
lae, nevus spilus and nevus of Becker. Treatment
of congenital and acquired nevi is still controver-
sial because of the risk of incomplete destruction
of deeper situated nevus cells. Hyperpigmentation,
like melasma and post-inflammatory hyperpig-
mentation, only shows a moderate response.
Finally, laser treatment in itself can result in post-
inflammatory hyperpigmentation.

Epidermal Pigmented Lesions

In general, epidermal pigment is easier to eradi-
cate than dermal pigment because of its proximity

to the skin’s surface. Several lasers can effec-
tively treat epidermal lesions. These include the
Q-switched laser systems, pulsed visible light
lasers and flashlamps, CW lasers and CO2 or
erbium lasers. The goal is to remove unwanted
epidermal pigmentation and as long as the injury
is above the dermal-epidermal junction, it will
heal without scarring.

Lentigo Simplex, Solar Lentigo

Lentigines are benign macular epidermal lesions
caused by ultraviolet that contain melanin within
keratinocytes and melanocytes. The superficial
nature of lentigines allows the use of several
lasers, including, frequency- doubled Q-switched
Nd-YAG, Q-switched ruby, alexandrite, Nd-YAG,
pulsed 510 nm, CW argon, CO, or erbium and
other pulsed visible-light lasers. Labial melano-
cytic macules are similar lesions found on the
mucosal surface and respond well to treatment
with Q-switched lasers (Fig. 3.2).

Lentigines frequently clear with 1-3 treat-
ments. The argon laser (488, 514 nm), the 510
pigment laser and the 532 nm green light lasers
treat lentigines with superior efficacy, especially
lightly pigmented lesions in which less chro-
mophore is present. These shorter wavelength
lasers are better absorbed by melanin but have
less penetration.

Fractional photothermolysis (FP) has recently
been used successfully to treat lentigines and
overall dyschromia. A novel 1,927 nm thulium
fiber laser was introduced as an addition to the
1,550 nm erbium-doped fiber laser (Wanner et al.
2007). This wavelength has a ten times greater
absorption coefficient for water, conferring
greater ability to target epidermal processes.
Fractional ablative devices have also been used to
improve photodamage (Sherling et al. 2010).
Studies have shown greater improvement with
microfractionl CO, when compared to microfrac-
tional Er:YAG.

Correct diagnosis is a main concern when
treating lentigines. Lentigo maligna should not
be treated with laser. Although initially one can
obtain excellent cosmetic results, recurrences are
frequently seen. Lentigo maligna frequently has
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Fig.3.2 (a)Labial lentigo before treatment. (b) Complete
clearance of labial lentigo after single treatment with a
Q-switched alexandrite laser

an amelanotic portion, which is not susceptible to
laser treatment and will allow for recurrence.
These cases emphasize the importance of careful
clinical assessment before any laser surgery and
the need to advise patients to return for evalua-
tion if pigmentation does return.

Seborrheic Keratosis

Seborrheic keratoses are benign epidermal lesions
that have melanin distribution similar to lentignes
and a thickened, hyperkeratotic epidermis. Liquid
nitrogen cryotherapy and other surgical methods
like CO, or erbium laser are useful in treating these
lesions, but are not practical modalities to tolerate
in patients who have large numbers of lesions.
Using pulsed green or Q-switched lasers offer the
possibility to quickly and efficiently destroy hun-
dreds of flat pigment seborrheic keratoses.

Ephelides

Ephelides or freckles are responsive to Q-switched
laser treatment. Patients who tend to freckle are
likely to refreckle with any sun exposure. At a
follow-up of 24 months after laser treatment,
40 % patients showed partial recurrence.
However, all the patients maintained >50 %
improvement. The use of a broad band sunscreen
is therefore indicated.

Café au Lait Macules

Café au lait macules are light to dark brown flat
hypermelanotic lesions and may be a solitary
benign finding or associated with certain genoder-
matoses (e.g., neurofibromatosis). Histologically,
hypermelanosis is present within the epidermis
and giant melanosomes may be present in both
basal melanocytes and keratinocytes. Although
café au lait macules are thin, superficial lesions,
they are notoriously difficult to treat and multiple
treatments are required for even the possibility of
complete eradication. There is probably a cellular
influence in the dermis that triggers the pigmen-
tation in the more superficial cells. This under-
lying biology may also explain why pigment
recurrences are often observed. Lesions may
remain clear for up to a year with spontaneous
or UV-induced recurrences in more than 50 % of
cases. Patient education is important so that the
possibility of recurrence is understood. However,
given the significant disfigurement associated
with many of these larger facial lesions, laser
treatment is an excellent treatment option.
Q-switched lasers with wavelengths of 532 nm
and 694 nm, or the pulsed 510 nm (Alster 1995)
laser can adequately treat the café au lait macules
(Fig. 3.3). Erbium laser superficial abrasion of
the epidermis of a “Q-switched laser-resistant”
cafe-au-lait macule has also been reported to be
successful treatment modality.

Nevus Spilus

When darker-pigmented macules or papules
(junctional or compound melanocytic nevi) lie
within the café au lait macule, the lesion is called
nevus spilus. The lasers used for café au lait
macules have also been used for nevus spilus
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Fig. 3.3 Café au lait macule. Complete clearing after 4
treatments

(Carpo et al. 1999). The darker lesions tend to
respond better than the lighter café au lait mac-
ule. There can be complete removal of the junc-
tional or compound nevus portion but no
improvement in the cafe-au-lait portion. Cases of
nevus spilus transformation into melanoma have
been reported in the literature. These cases
emphasize the need for careful clinical assess-
ment before any laser surgery and continued
evaluation after laser treatment.

Dermal-Epidermal Pigmented Lesions

Becker’s Nevus

Becker’s nevus is an uncommon pigmented
hamartomas that develops during adolescence
and occurs primarily in young men. The nevus is
characterized by hypertrichosis and hyperpig-
mentation and is usually located unilaterally over
the shoulder, upper arm, scapula or trunk. These
lesions often require the use of millisecond
pigment-specific lasers for treatment of the hair,
but the pigment lightening is variable. Test sites
with a variety a pigment-specific Q-switched and
millisecond lasers or flashlamps is recommended
to determine which one (or combination) will be
the best treatment option (Fig. 3.4). More recently,
ablation of the epidermis and superficial dermis
with an erbium laser has been shown to result in
occasional complete pigment clearance with a
single treatment.

Post-inflammatory Hyperpigmentation
Treatment of post-inflammatory hyperpig-
mentation with laser is unpredictable and
often unsatisfactory. Furthermore, patients
with hyperpigmentation following trauma are
likely to respond to laser irradiation with an
exacerbation of their pigment. The use of test
sites is therefore recommended before an entire
area is treated.

Post-sclerotherapy Hyperpigmentation

Cutaneous pigmentation commonly occurs fol-
lowing sclerotherapy of varicose veins.
Pigmentation most likely reflects hemosiderin
deposition, which is secondary to extravasation
of red blood cells through the damaged endothe-
lium (Goldman et al. 1987). Hemosiderin has an
absorption spectrum that peaks at 410-415 nm
followed by a gradually sloping curve throughout
the remainder of the visible spectrum. Several
Q-switched or pulsed lasers have therefore been
reported to result in significant resolution of
hemosiderin pigmentation (Sanchez et al. 1981).

Melasma

Melasma is an acquired, usually symmetric light
to dark brown facial hypermelanosis. It is associ-
ated with multiple etiologic factors (pregnancy,
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Fig. 3.4 Beckers nevus. Good clearing in testspot with
long-pulsed Alexandrite laser (round spots) and in testspot
with IPL (rectangles)

racial, and endocrine) and one of the primary
causes of its exacerbation appears to be exposure
to sunlight. Although the results after Q-switched
laser treatment are usually initially encouraging,
repigmentation frequently occurs.

Destruction of the abnormal melanocytes with
erbium:YAG or CO, laser resurfacing has been
attempted. It effectively improves melasma, how-
ever, there is almost universal appearance of tran-
sient  post-inflammatory  hyperpigmentation
which necessitates prompt and persistent inter-
vention. Combination of pulsed CO, laser fol-
lowed by Q-switched alexandrite laser (QSAL)
treatment to selectively eliminating the dermal
melanin with the alexandrite laser has also been
examined. Combined pulsed CO, laser and QSAL
showed a better result than CO, or QSAL alone
but was associated with more frequent adverse
effects. Long-term follow-up, and a larger num-
ber of cases, are required to determine its efficacy
and safety for refractory melasma.

Nevocellular Nevi

Although laser treatment of many pigmented
lesions is accepted, treatment of nevocellular
nevi is an evolving field with much controversy.
It has yet to be determined if laser treatment
increases the risk of malignant transformation by
irritating melanocytes or decreases it by decreas-
ing the melanocytic load. For this reason, laser
treatment of nevi should be undertaken
cautiously.

Congenital Melanocytic Nevi

The management of giant congenital melanocytic
nevi (GCMN) remains difficult. It has been well
proved that there is an increased risk of malig-
nant changes among patients with these lesions,
although the amount of increased risk for each
individual patient is not clear. There is also a bal-
ance to be achieved between limiting the risk of
malignant change and minimizing the disfiguring
appearance of these lesions.

Sometimes GCMN are too large to be
removed by multiple surgical excisions or use of
osmotic tissue expanders. Removal of superficial
nevus cells is possible by dermabrasion, curet-
tage, shave excision or laser. High energy CO,
laser therapy is less traumatic and can produce
acceptable cosmetic results. Erbium laser treat-
ment can also be used because it causes less
thermal damage and faster wound healing.
These techniques, although improving the cos-
metic appearance, do not remove all nevus cell
nests. Therefore they do not completely elimi-
nate the risk of malignant transformation.

Treatment of giant, congenital nevi with a
long-pulsed ruby laser has been reported. These
systems show promise with follow-up for at least
8 years after laser treatment. There has been no
evidence of malignant change in the treated areas.
However the longer laser emitted pulsewidths
can lead to thermal damage of surrounding col-
lagen with resultant scar formation. This is espe-
cially true with darker, thicker lesions with a deep
dermal component, which are often the ones
whose removal is most desired. Combination
therapy is therefore under investigation where
Q-switched or resurfacing lasers may be used
first to reduce the superficial component, fol-
lowed by one of the millisecond pigment specific
lasers.

Congenital and Acquired Small
Melanocytic Nevi

The Q-switched ruby, alexandrite and Nd-YAG
lasers have been studied for treatment of mel-
anocytic nevi (Goldberg and Stampien 1995).
Although clearing rates as high as 80 % have
been reported, short-pulsed lasers are not recom-
mended for nevi, because of the high post laser
treatment recurrence rates.
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Melanocytic nevi often have nested melano-
cytes with significant amounts of melanin and
therefore may act more as a larger body than as
individual melanosomes. It has therefore been
suggested that longer pulsed ruby, alexandrite or
diode lasers or Q-switched lasers in combination
with longer-pulsed lasers may provide a more
effective treatment with fewer recurrences. All
laser systems have been partially beneficial. No
lesions have had complete histologic removal of
all nevomelanocytes (Duke et al. 1999).

Dermal Pigmented Lesions

The development of Q-switched lasers has revo-
lutionized the treatment of dermal melanocy-
toses. The dendritic cells found deep in the dermis
are particularly sensitive to short pulsed laser
light, frequently resulting in complete lesional
clearing without unwanted textural changes.

Nevus of Ota, Nevus of Ito
Nevus of Ota is a form of dermal melanocytic
hamartoma that appears as a bluish discoloration
in the trigeminal region. Histologic examination
shows long, dermal melanocytes scattered largely
the upper half of the dermis. Nevus of Ito is a
persistent grayish blue discoloration with the
same histologic characteristics of nevus of Ota,
but is generally present on the shoulder or upper
arm, in the area innervated by the posterior supra-
clavicular and lateral brachial cutaneous nerves.
The dermal melanocytes found within these
lesions contain melanin and are highly amenable to
treatment with Q-switched ruby (Goldberg and
Nychay 1992), alexandrite (Alster 1995) or
Nd-YAG lasers. Four to eight treatment sessions
are typically required to treat these lesions. Possible
side effects like post-inflammatory hyperpigmenta-
tion, hypopigmentation or scarring and recurrences
are infrequent. Although there have been no reports
on successful treatment of nevus of Ito, treatment
with Q-switched lasers should be efficacious.

Blue Nevi

Blue nevi are benign melanocytic lesions that
arise spontaneously in children or young adults.
The melanocytes are deep within the dermis and
the blue-black color results from the Tyndall light
scattering effect of the overlying tissues. Although

extremely rare, malignant blue nevi have been
reported. Because of their benign nature, blue
nevi are usually removed for cosmetic reasons.
The deep dermal melanocytes respond well to
Q-switched laser treatment, as long as the lesion
does not extend in the deep subcutaneous tissue.

Acquired Bilateral Nevus of Ota-Like
Macules (ABNOMs)

Acquired bilateral nevus of Ota-like macules
(ABNOM), also called nevus fuscoceruleus zygo-
maticus or nevus of Hori, is a common Asian
condition that is characterized by bluish hyperpig-
mentation in the bilateral malar regions. Unlike
nevus of Ota, ABNOM is an acquired condition
that often develops after 20 years of age, involves
both sides of the face, and has no mucosal involve-
ment. Histologically, actively melanin synthesiz-
ing dermal melanocytes are dispersed in the
papillary and middle portions of the dermis. Since
these lesions are histologically a form of dermal
melanocytosis like nevus of Ota, melanin-targeting
lasers should be effective in the treatment.
Although promising results in the treatment of
Hori’s nevus with Q-switched ruby CO, with
Q-switched ruby alexandrite and Nd-YAG lasers
have been reported, the treatment responses have
been noted to be less effective than that of nevus of
Ota. Multiple laser sessions are necessary to obtain
cosmetically desired improvement. A higher rate
of postinflammatory hyperpigmentation is often
present after laser treatments.

Tattoos

The popularity of tattoos is burgeoning with
20-30 million tattooed individuals in the Western
World. Requests for removal can be expected to
rise concurrently with increased applications.
Despite their relatively easy acquisition, the
removal of tattoos has long been a real problem.
Laser removal of tattoos is potentially a more
cosmetically acceptable method of removing tat-
toos than surgical excision or dermabrasion.

Tattoo Pigments
Tattoos, a form of exogenous pigment, are usu-
ally composed of multiple colors and various
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dyes. In contrast to drugs and cosmetics, tattoo
pigments have never been controlled or regulated
in any way, and the exact composition of a given
tattoo pigment is often kept a “trade secret” by
the manufacturer. In most cases, neither the tattoo
artist nor the tattooed patients have any idea of
the composition of the tattoo pigment.

Until recently, most coloring agents in tattoo
pigment were inorganic heavy metal salts and
oxides, like aluminum, titanium, cadmium, chro-
mium, cobalt, copper, iron, lead, and mercury.
There has been a shift in recent years away from
these agents toward organic pigments, especially
azo- and polycyclic compounds. These pigments
are considered safer and well tolerated by the
skin, although allergic reactions and phototoxic-
ity occur.

Laser Removal of Tattoos

For Q-switched laser tattoo treatment to be effec-
tive, the absorption peak of the pigment must
match the wavelength of the laser energy. Similar
colors may contain different pigments, with dif-
ferent responses to a given laser wavelength, and
not all pigments absorb the wavelengths of cur-
rently available medical lasers.

Tattoos absorb maximally in the following
ranges: red tattoos, from 505 to 560 nm (green
spectrum); green tattoos, from 630 to 730 nm
(red spectrum); and a blue-green tattoo, in two
ranges from 400 to 450 nm and from 505 to 560 nm
(blue-purple and green spectrums, respectively).
Yellow tattoos absorbed maximally from 450 to
510 nm (blue-green spectrum), purple tattoos-
absorbed maximally from 550 to 640 nm (green-
yellow-orange-red spectrum), blue tattoos
absorbed maximally from 620 to 730 nm (red
spectrum), and orange tattoos absorbed maxi-
mally from 500 to 525 nm (green spectrum).
Black and gray absorbed broadly in the visible
spectrum, but these colors most effectively absorb
600-800 nm laser irradiation.

Three types of lasers are currently used for
tattoo removal: Q-switched ruby laser (694 nm),
Q-switched Nd:YAG laser (532 nm, 1,064 nm),
and Q-switched alexandrite (755 nm) (Adrian
and Griffin 2000; Kilmer 2002). The Q-switched
ruby and alexandrite lasers are useful for remov-
ing black, blue and green pigment (Alster 1995).

The Q-switched 532 nm Nd:YAG laser can be
used to remove red pigments and the 1,064 nm
Nd:YAG laser is used for removal of black and
blue pigments (Kilmer et al. 1993). Since many
wavelengths are needed to treat multicolored tat-
toos, not one laser system can be used alone to
remove all the available inks (Levine and
Geronemus 1995).

There is still much to be learned about remov-
ing tattoo pigment. Once ink is implanted into the
dermis, the particles are found predominantly
within fibroblasts, macrophages and occasionally
as membrane-bound pigment granules.

Exposure to Q-switched lasers produces selec-
tive fragmentation of these pigment-containing
cells. The pigment particles are reduced in size
and found extracellularly. A brisk inflammatory
response occurs within 24 h. Two weeks later, the
laser altered tattoo ink particles are found repack-
aged in the same type of dermal cells.

It is not yet clear how the liberated ink parti-
cles are cleared from the skin after laser treat-
ment. Possible mechanisms for tattoo lightening
include: (1) systemic elimination by phagocyto-
sis and transport of ink particles by inflammatory
cells, (2) external elimination via a scale-crust
that is shed or (3) alteration of the optical proper-
ties of the tattoo to make it less apparent. The first
of these appears clinically and histologically to
be the dominant mechanism.

There are five types of tattoos: professional,
amateur, traumatic, cosmetic and medicinal. In
general, amateur tattoos require less treatment
sessions than professional multi-colored tat-
toos. Densely pigmented or decorative profes-
sional tattoos are composed of a variety of
colored pigments and may be particularly
difficult to remove, requiring ten or more treat-
ment sessions in some cases (Fig. 3.5). A 100 %
clearing rate is not always obtained and, in
some instances, tattoos can be resistant to fur-
ther treatment. Amateur tattoos are typically
less dense, and are often made up of carbon-
based ink that responds more readily to
Q-switched laser treatment (Fig. 3.6). Traumatic
tattoos usually have minimal pigment deposited
superficially and often clear with a few treat-
ments (Fig. 3.7). Caution should be used when
treating gunpowder or firework tattoos, because
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Fig. 3.5 Professional tattoo. Partial clearing after 4
treatments

the implanted material has the potential to
ignite and cause pox-like scars.

Fig. 3.6 Amateur tattoo. Complete clearing after 2
treatments

Consent

After obtaining informed consent (Fig. 3.8), the
following options are considered.

Personal Laser Technique

The approach to treatment will vary with the chosen
laser and the whether the pigmented lesion to be
treated is epidermal, dermal or mixed. Tattoos may
show a different response (Tables 3.4, 3.5, and 3.6).

Q-Switched Ruby Laser (694 nm)

The first Q-switched laser developed was a ruby
laser. Current models employ a mirrored articu-
lated arm with a variable spotsize of 5 or 6.5 mm,
a pulsewidth of 28—40 ns and a maximum fluence
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Fig.3.7 Traumatic tattoo. Clearing after 3 treatments

Table 3.4 Suggested Indication Laser Spotsize Fluence (J/cm?)
treatment parameters for o oineg 510 nm PLPD 3 25
pigmented lesions QS 532 nm Nd-YAG 4 3
QS 694 nm ruby 6.5 3-5
QS 755 nm alexandrite 4 3.4
Café€ au lait macules 510 nm PLPD 5 2-3.5
QS 532 nm Nd-YAG 3 1-1.5
QS 694 nm ruby 6.5 3-4.5
QS 755 nm alexandrite 3 4-5
Becker’s nevus QS 532 nm Nd-YAG 3 1.5-2
QS 694 nm ruby 6.5 4.5
QS 755 nm alexandrite 3 6
QS 1,064 nm Nd-YAG 3 4-5
Nevus Spilus QS 532 nm Nd-YAG 3 1.5-2
QS 694 nm ruby 6.5 4.5
QS 755 nm alexandrite 3 6
QS 1,064 nm Nd-YAG 3 4-5
Tattoo 510 nm PLPD 5 2-3.5
QS 532 nm Nd-YAG 3 2-3.5
QS 694 nm ruby 6.5 5-8
QS 755 nm alexandrite 3 6-6.5
QS 1,064 nm Nd-YAG 3 5-8
Nevus of Ota QS 694 nm ruby 6.5 5-6
QS 755 nm alexandrite 3 6.5
QS 1,064 nm Nd-YAG 3 5.0

of up to 10 J/cm?. The 694 nm wavelength is most
well absorbed by melanin. Because hemoglobin
absorbs 694 nm light poorly, ruby laser treats
pigmented lesions very efficiently.

Most lentigines and ephelides clear after 1-3
treatments with the Q-switched ruby laser (QSRL).
Caf€ au lait macules, nevus spilus, Becker’s nevus

respond moderately well. Recurrences are fre-
quent with these lesions, especially when incom-
plete clearing is obtained. The QSRL has become
the treatment of choice for dermal pigmented
lesions like nevus of Ota or Ito. The long wave-
length, the big spot size and the high delivered
energy per pulse generates a high fluence deep in
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=-CONSENT FORM FOR TREATMENT BY PIGMENT LASER

;:The unders:gned
;anon B i
_Remdent cf 3 :

: Physman

INTRODUCTION : i : : T e
'The contents of this form give a bnef ovemew of the mfnrmatmn excha nged and explamed du rmg the
preceding oral conversations between both parties. -
The patient is considered to be well informed before consentlng to rece:wng pigment Iaser treatment
ootis obvsous that the treatmg phySIC!an is: prepared to answer ail your posmbfe questions regardmg
:thls operatlon : : ; : { :

3 NATURE ANDCOURSE OFTHETREATMENT :

‘The plgment laser is a device producing highly energetic I:ght Durmg the treatment a Iaser bearn is
pointed at the skin. The laser beam selectively destroys the melanin pigment or tattoo particles in the
‘skin, while the surroundrng tissues are left untouched. in general local anesthesia is not needed. In case
it should be necessary for one or another reason, the treating physician will discuss the modalttles
‘thereof in detail. During laser treatment, the patient, the phy5|cran and lhe personnei areto wear special
glasses to protect the eyes agamst the faser I!ght. ik ;

'3. AIM OF THETREATMENT A ; e : -
The aim of the treatment is to clear up a Jesion caused by melanln plgment or tattoo particles The num-
ber of treatments depends on the extent, the nature, the age and the intensity of the pigmentation of
the skin lesion. A complete dlsappearance ofthe treated Ies;on is almed at, but can never be guaranteed
inadvance.

" The phystaan thus ‘agrees with the patlenl to operate according to the rules of art but cannot
promlse any Well def‘ned result (— comm:tment to make every posmbie effort] iR

_Potential comphcat!ons of the treatment are:
= Wound infection: occurs very rarely and heals when treated approprlately
~ Formation of scar tissue: highly exceptional i : e

Increased or decreased pigmentation:
In some cases, the wound heals with increased plgmentatlon (hypermgmentatron) This usuaily happens
among patients with darker skin: tones or as a result of sun exposure. Other patients are predestlned to
have this kind of reaction and may have experienced this before, during the healing of other wounds. In
order to minimize the risk of hyperplg mentation, post-operational protection of the skin against sun
exposure is of the utmost importance. Among some patients, this hyperpigmentation can even occur
despite good sun protection. Hyperpigmentation is usually only temporary, but needs a few months to
clear. Seldom does the hyperpigmentation persist nevertheless. :
Among some patients, the treated area may show decreased p|gmentatson (hypopagmentatlon) and
thus obtain a lighter color than the surround:ng skin tissue. This is usually only a temporary reaction,
after which the skin will graduafly pigment again. In some cases, however, the dep[gmentatlon may be
permanent.
The physrcmn has |nformed the’ patlent how to take care of the treated Skln area. Not followmg these
postoperative instructions may cause complications. : .

Fig.3.8 Consent form
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5. EFFECTS S5 ; TR 3
Immediately after belng treated the skIn will turn whltlsh gray Exceptlonally. erosion (superfrcial
“wound) and/or pinpoint bleeding may occur. A bluish red drscoloratlon as a consequence of bleedlng
‘may also appear -and may last up to 2 weeks before dlsappeanng : R S

ALTE RNATIVE TREATM ENTS
Cryotherapy, excrs:onai surgery and dermabrasron are possrble alternatwes

7. PHOTOGRAPHS ; b

In order to have a better view on the results of the operatwn, and for educatronal and sclentrﬁc pur-
poses, such as presentations and scientific publications, photographs may possibly be taken. The patient
will be turned _unrecognrzab[e on these pictures. The patient is well informed about this and agrees to it.

8. REUOCATION OF CONSENT
The patient delrberateiy consents to the treatment and can atany moment decide to stop further treat-
ment, : : .

9. OBSERVATIONS
Observa’dons of the physucnan :

10, Each of the consenting partles declares to have recenred a copy of thls consent form The srgnature
is preceded by the self-written formula‘read and approved: : i : i
3The patrent declares that all hls/her questlons have been answered

Patient’s signature ‘. i i - Physician’s signature
Fig.3.8 (continued)
the tissue. This all leads to efficient targeting of

Table 3.5 Most effective Q-switched lasers for different ~ deep melanocytes. Aseffective as other Q-switched
tattoo ink colors lasers are for removing black tattoo ink, the QSRL

Tattoo ink color ~ Laser is one of the better lasers for removing dark blue
Blue/black Q-Switched ruby, Q-Switched or green ink. Removal of red tattoo ink is prob-
#Z’_‘;‘{Tgw’ Q-Switched 1,064 nm 10 atic given that the QSRL is a red light source
Green Q-Switched ruby, Q-Switched and is nr)t well absorbed by the red ink particles.
Al Yellow ink does not respond to QSRL treatment
Red/orange/purple Q-Switched frequency-doubled because the absorption of yellow inks is very low
532 nm Nd-YAG laser, 510 nm in this laser’s red to near-infrared spectrum of

pigment lesion pulsed dye laser

delivered light.
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Table 3.6 Response of pigmented lesions and tattoos to various lasers and light sources

Pigmented lesions

Epidermal
510 nm pigment lesion pulsed dye laser +++
532 nm Q-switched Nd-YAG laser +++
694 nm Q-switched ruby laser +++
755 nm Q-switched Alexandrite laser ok
1,064 nm Q-switched Nd-YAG laser ++
Intense pulsed light source -t

+++, excellent; ++, good; +, fair

When selecting the energy level for treatment
with the QSRL, immediate tissue whitening with
no or minimal tissue bleeding should be observed.
The required energy level is determined by the
degree of pigmentation or the amount and color of
the tattoo ink. The 6.5 mm spot is recommended
for most lesions, with an initial fluence of 3-5 J/
cm?. The excellent QSRL melanin absorption fre-
quently leads to transient hypopigmentation, that
may take months to resolve. Rarely (in 1-5 % of
cases) one sees permanent depigmentation.

Q-Switched Nd:YAG Laser (532-1,064 nm)

The Q-switched Nd: YAG laser (QSNd:YL) emits
2 wavelengths, 532 and 1,064 nm, with a pulse
duration of 5-10 ns, delivered through a mir-
rored, articulated arm. Current models have spot
sizes of 2-8 mm and can operate at up to 10 Hz.

The long QSNd: YL 1,064 nm wavelength has
the least absorption by melanin and the deepest
penetration. It is therefore potentially effective
for both epidermal and dermal pigmented lesions.
Use of a frequency-doubling crystal, allows emis-
sion of a 532 nm wavelength (green). This wave-
length is well absorbed by both melanin and
hemoglobin. Because of the superficial penetra-
tion, this 532 nm laser is limited to treat epider-
mal pigmented lesions.

Epidermal lesions such as lentigines or eph-
elides treated with the QSNd: YL respond as well
to treatment as they do after QSRL treatment.
Caf¢ au lait macules, nevus spilus, Becker’s nevus
do not respond as well to QSNd:YL treatment.
The Q-switched 1,064 nm laser is highly effective

Tattoos
Mixed  Dermal  Amateur  Professional
+ + ++ +++ (red colors)
+ + ++ +++ (red colors)
+ +++ +++ +++ (green colors)
+ ++ +++ +++ (green colors)
+ +++ +++ +++
+ +

for removing deep dermal pigment such as nevus
of Ota and Ito. Because this wavelength is less
absorbed by melanin, higher energy is required
than with the QSRL. Newly available Q-switched
Nd:YAG lasers which generate high fluences at
large spotsizes, have optimized treatment results.
In an effort to treat tattoos without interference of
melanin absorption, the 1,064 nm Q- switched
Nd-YAG laser was developed. It is most effective
for treating black ink tattoos, especially in darker
skin types. The 532 nm wavelength is the treat-
ment of choice for red tattoo pigment.

When treating epidermal pigmented lesions
with the 532 nm wavelength, non-specific vascular
injury will occur, leading to purpura, which takes
5-10 days to resolve. Because of the ultrashort
pulse duration, the Q-switched Nd-YAG produces
the greatest amount of epidermal debris. This can
be minimized by the use of larger spot sizes.
Recent studies have shown that larger spot sizes
and lower fluences are as effective in removing tat-
too pigment as smaller spot sizes at higher fluences,
and have fewer side effects. Therefore when using
the 1,064 nm wavelength, treatment should there-
fore begin with a 4-8 mm spot size at 3-6 J/cm?.

Q-Switched Alexandrite Laser (755 nm)

The alexandrite laser has a wavelength of 755
nm, a pulse duration of 50-100 ns, a spot size of
2-4 mm and is delivered by a fiberoptic arm.
Fiberoptic delivery allows a more even beam
profile with fewer hot spots.

The wavelength of the Q-switched alexandrite
laser (QSAL) is similar enough to that of the



3 Laser Treatment of Pigmented Lesions

59

QSRL to obtain comparable results for the treat-
ment of epidermal and dermal pigmented lesions,
perhaps with the added advantage of a slightly
deeper penetration. Similar to the QSRL, this
laser is effective at removing black, blue and
most green tattoo inks, and less proficient at
removing red or orange inks.

Depending on the spot size, a starting fluence
of 5-6 J/cm? is usually employed. Immediately
after treatment, gray-whitening of the skin occurs,
followed by erythema and edema. There is a
lower risk of tissue splatter because of the longer
pulse duration and the more even beam profile.
There is also a lower risk of transient hypopig-
mentation because of slightly less QSAL melanin
absorption as compared to the QSRL.

Pulsed Dye Laser (510 nm)

The short wavelength of the pulsed dye laser
(PDL) makes it optimal for treatment of superficial
pigmented lesions. Epidermal lesions such as
lentigines, ephelides and flat pigmented sebor-
rheic keratoses respond extremely well to the 510 nm
pulsed dye laser. Its shallow depth of penetration
into the skin, makes it less than ideal for treating
dermal pigmented lesions. However, like the fre-
quency doubled 532 nm Nd-YAG laser, the 510 nm
PDL laser effectively removes bright tattoo colors
like red, purple and orange.

Continuous Wave (CW) Lasers

The CW argon (488 and 514 nm), CW dye (577
and 585 nm), CW krypton (521-530 nm), and the
pulse train quasi-CW copper vapor lasers (510
and 578 nm) all have been used to treat pigmented
lesions. However, when these lasers are used in
freehand mode, reproducibility is lacking and the
thermal damage is somewhat unpredictable. The
risk of scarring and pigmentary changes is there-
fore significant in the hands of inexperienced
operators. In general, these CW lasers, when used
by skilled operators, are effective in the treatment
of epidermal pigmented lesions.

C02 and Erbium Lasers

The CO, and erbium lasers are sources that emit
infrared (IR) light at a wavelength of 10,600 and
2,940 nm respectively. These wavelengths are
well absorbed by water. The lasers destroy the
superficial skin layers non-selectively and can be
used to remove superficial epidermal pigment,
especially seborrheic keratoses. Superficial
erbium laser epidermal abrasion of a “Q-switched
laser-resistant” cafe-au-lait macule has also been
reported. Theses ablative lasers can also be help-
ful in treating resistant tattoos by removing epi-
dermis immediately before Q-switched laser
treatment. This will lead to facilitated transepi-
dermal tattoo particle elimination.

Intense Pulsed Light (IPL) Sources

Melanin pigmentation, as part of photoaging, can
be epidermal or dermal. It often is a combination
of both. In early solar damage, melasma is a regu-
lar constituent; often with both dermal and epi-
dermal pigment deposition. In later stages of
solar degeneration the solar lentigo, which is
mainly located in the epidermis, is a prominent
feature. Recently, intense pulsed light sources
(IPL) have shown to be highly effective in the
treatment of photodamaged pigmented lesions
like solar lentigines, and generalized dyschromia
(Fig. 3.9). Unfortunately light spectra, pulse
duration, number of pulses as well as delivered
fluence and the use of skin cooling vary consider-
ably among the published investigations, making
direct comparisons of IPL devices quite difficult.

Further Treatment Pearls

When treating pigmented lesions and tattoos, the
laser handpiece should be held perpendicular
over the area to be treated. Pulses should be deliv-
ered with 0—10 % overlap until the entire lesion is
treated.

The desired laser tissue interaction produces
immediate whitening of the treated area with
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Fig. 3.9 Actinic bronzing. Sloughing of pigment 2 days after treatment. Complete clearance 1 month after treatment 1

minimal or no epidermal damage or pinpoint
bleeding. It is best to use the largest spot size to
minimize epidermal damage. If epidermal debris
is significant, the fluence should be lowered.
Higher fluences may be needed with subsequent
treatments when less pigment or tattoo ink parti-
cles are still present in the skin.

IPL treatment or Q-switched laser treatment
of epidermal pigmented lesions rarely requires
anesthesia. When needed, a topical anesthetic

cream can be applied 1-2 h before the procedure
to reduce the discomfort. For more complete
anesthesia, local anesthetic infiltration or regional
nerve block can be used.

Treatment parameters are determined by the
type of lesion and the patient’s skin type. As dis-
cussed above, the ideal response is immediate
whitening of the skin with little or no epidermal
disruption. If the fluence is too low, the whitening
will be minimal, whereas if the fluence is too
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Fig.3.10 Crusting 1 week after laser treatment of tattoo

high, the epidermis is ruptured and bleeding
might occur. Following treatment with a 510 PDL
or a QS 532 nm laser, pinpoint bleeding usually
appears and lasts for 7-10 days. This occurs
because of vessel rupture after haemoglobin
absorption.

The whitening of the treated area lasts about
15 min and an urticarial reaction appears around
the treated area. In the following days, the treated
area usually becomes darker and develops a crust
that falls of in 7-10 days (Fig. 3.10). The postop-
erative care consists of application of a healing
ointment, and avoidance of sun exposure, in an
effort to reduce the risk of post-inflammatory
hyperpigmentation.

Patients with darker skin types should be
treated at lower fluences. Their threshold response
will occur at lower fluences than is seen with
patients with lighter skin types. Treatment of sun-
tanned individuals should be avoided because of
the high risk of laser-induced hypopigmentation.

While one to three treatments are sufficient to
treat most lentigines, multiple treatments will be
necessary for pigmented birthmarks like café au
lait macules.

Anesthesia is rarely required for dermal pig-
mented lesions. When treating larger areas topi-
cal or intralesional anesthesia may be necessary.
When treating nevus of Ota, regional nerve blocks
usually provide adequate anesthesia.

Treatment parameters are again determined by
the type of lesion and the patient’s skin type. In
general, higher fluences are necessary than those

required for the treatment of epidermal lesions. The
threshold response should be immediate whitening
of the skin with little or no epidermal disruption.
The same postoperative aftercare and precautions
apply as for epidermal pigmented lesions. Dermal
melanocytoses require multiple treatment sessions,
usually performed at 6 weeks intervals or longer.
Lesions as nevus of Ota continue to lighten for sev-
eral months after each treatment.

Anesthesia is usually not required for small
tattoos. For certain individuals or for larger tat-
toos, topical or intralesional anesthesia might be
necessary.

If adequate fluences are available, it is best to
use the largest laser spot size. This will reduce
backward scattering and therefore minimize epi-
dermal rupture. Following treatment, wound care
is required to help healing and prevent infection.
An antibiotic ointment should be applied. A
dressing should be worn for several days until
healing has been completed.

Tattoo treatment usually requires multiple treat-
ments to obtain adequate clearing. Amateur tattoos
respond more quickly than do multi-colored pro-
fessional tattoos. Complete clearing of tattoos is
not always possible. During the initial consulta-
tion, the patient should be informed about this.
However, dramatic lightening can be expected.

Cosmetic tattoos should be approached with
caution. When treating tattoos with colors that
may darken (white, light pink, tan or some brown
colors), a single test spot should be placed to
assess immediate darkening (Figs. 3.11 and 3.12).
If darkening occurs, the same test site should be
retreated to be sure the ink can be lightened
before proceeding further. Although the darkened
pigment may clear easily, it can sometimes be
very recalcitrant to treatment. In this case, CO2 or
erbium vaporization can be used, as an adjunctive
treatment modality, by removing the epidermis
immediately before Q-switched laser treatment
and/or by facilitating transepidermal tattoo particle
elimination.

Treatment sessions are performed at interval
of 6 weeks or greater. Waiting longer between
treatment sessions might be even more beneficial
as tattoos may continue to clear for several
months following each treatment.
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Fig. 3.11 Cosmetic tattoo. Darkening of pigment after
first treatment. Partial clearing after 6 treatments with
Q-switched Alexandrite laser

Complications

Unlike previous treatment modalities for pig-
mented lesions, Q-switched lasers induce mini-
mal side effects. These include pigmentary
changes, partial removal, infection, bleeding, tex-
tural changes and tattoo ink darkening.
Pigmentary changes following laser treat-
ment of pigmented lesions are not uncommon.

Fig. 3.12 Color shift to green after laser test with
Q-switched Alexandrite laser

Transient hypopigmentation is most common
after treatment with the 694 or 755 nm wave-
lengths because absorption by melanin is so
strong. Permanent hypopigmentation can be
seen with repetitive treatment sessions, particu-
larly at higher fluences. The 1,064 nm wave-
length is the least injurious to melanocytes and
is therefore the treatment of choice for dark-
skinned individuals undergoing laser tattoo
treatment. Transient hyperpigmentation, which
has been reported in up to 15 % of cases is more
common in darker skin types or following sun
exposure (Kilmer et al. 1993). The incidence of
scarring is less than 5 %. It is associated with
the use of excessive fluences. It is also more
common when certain areas like the chest and
ankle are treated. This complication has also
been observed in areas with dense deposition of
ink, such as in double tattoos. Larger laser spot
sizes tend to minimize epidermal damage and
are associated with fewer textural changes.
Pigment darkening of cosmetic skin color tat-
toos can occur after exposure to any Q-switched
laser. The darkening occurs immediately and is
most often seen with the red, white or flesh-toned
ink colors that are frequently used in cosmetic
tattoos. These colors often contain ferric oxide
and titanium dioxide that can change to a blue-
black color after Q-switched laser treatment. The
mechanism probably involves, at least for some
tattoos, reduction of ferric oxide (F6203, “rust”)
to ferrous oxide (FeO, jet black). Recently,
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multiple color changes following laser therapy of
cosmetic tattoos has been reported (Fig. 3.11).
Performing small test areas before complete
treatment and using several laser wavelengths
throughout the course of therapy are essential to
the successful treatment of cosmetic tattoos.

Localized allergic reactions can occur with
almost any treated tattoo color (Ashinoff et al.
1995). It can result in an immediate hypersensitiv-
ity reaction such as urticaria. In the alternative a
delayed hypersensitivity reaction such as granuloma
formation may occur. The most serious complica-
tion reported after Q-switched laser tattoo removal
was a systemic allergic reaction. The Q-switched
target intracellular tattoo pigment, causing rapid
thermal expansion that fragments pigment-contain-
ing cells and causes the pigment to become extra-
cellular. This extracellular pigment may then be
recognized by the immune system as foreign, poten-
tially triggering an allergic reaction. Therefore, if a
patient exhibits a local immediate hypersensitivity
reaction, prophylaxis before subsequent laser treat-
ments with systemic antihistamines and steroids
should be considered Pulsed CO, and erbium lasers
do not seem to trigger this reaction, since the parti-
cle size does not change. These lasers may be used
to enhance transepidermal elimination of ink.

Future Developments

Non-invasive, real-time optical diagnostic tools
(like Optical Coherence Tomography, confocal
microscopy, multispectral digital imaging, polar-
ized multispectral imaging) are being studied for
their role in the accurate pre-laser diagnosis of
pigmented lesions as well as a tool for determin-
ing efficacy and safety following treatment.

Current tattoo laser research is focused on
newer picosecond lasers. The systems may be
more successful than the Q-switched lasers in
the removal of tattoo inks. Such lasers, because
they emit picosecond pulse widths cause optimal
photomechanical disruption of the tattoo ink par-
ticles. Another tattoo approach would the devel-
opment of laser-responsive inks. In this case
tattoo removal might be feasible with only one
or two treatment sessions.

It is also possible that a laser that emits trains
of low-fluence, submicrosecond pulses might
cause even more selective injury to pigmented
cells by limiting mechanical damage modes. The
use of pulse trains, specifically designed to selec-
tively affect pigmented cells in skin, has not yet
been tested.

Since the clearing of tattoo pigment following
laser surgery is influenced by the presence of
macrophages at the site of treatment, it has also
been suggested that the adjuvant use of cytokines
like macrophage colony-stimulating factor other
chemotactic factors such as topical leucotrienes
or the use of a topical immunomodulators like
imiquimod might recruit additional macrophages
to the treatment site. This could expedite the
removal of tattoo pigment following laser
surgery.

The extraction of magnetite ink tattoos by
a magnetic field has been investigated after
Q-switched laser treatment. When epidermal
injury was present, a magnetic field, applied
immediately after Q-switched ruby laser treat-
ment, did extract some ink. Magnetically-
extractable tattoos may therefore become feasible
one day. Delivery of intradermally focused small
energy nanosecond laser pulses might become
another approach for more efficient and safer
tattoo removal. Finally optical clearing of skin
with hyperosmotic chemical agents is currently
under investigation. This approach reduces opti-
cal scattering in the skin, thereby enhancing
the effective light dose that reaches the tattoo
particles.

In 2009, a new tattoo ink was made available
in the United States. Infinitink (Freedom Inc.,
Cherry Hill, NJ), created to be easily removed
using laser treatment, uses bioresorbable dyes
encapsulated in polymethylmethacrylate beads
(Choudhary et al. 2010). These beads also con-
tain additional pigments specially designed to
allow targeting by specific laser wavelengths.
Tattoos created with Infinitink can be removed in
far fewer laser treatments than those with tradi-
tional pigments. It is the hope that the adoption of
these types of pigments by the tattoo industry and
consumers will make owning, and if desired
removing, a tattoo safer.
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QS laser treatment may effectively remove
various kinds of unwanted tattoos. The laser sur-
geon must be educated in the nuances of laser tat-
too removal to ensure safe and effective treatment.
Tattoo removal was revolutionized with the
invention of the laser, and the continued
refinement of this technology has led to better
and more-predictable outcomes, but further
research is needed regarding the safety of tattoo
pigments and the breakdown products formed
with exposure to laser light. Current investigation
in the field is focused on faster lasers and more-
efficient targeting of tattoo pigment particles. In
the future, these new technologies will offer safer
and more-effective laser tattoo removal.
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Laser Treatment of Unwanted Hair
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Core Messages

A wide variety of lasers can now induce
permanent changes in unwanted hair
Hair removal lasers are distinguished
not only by their emitted wavelengths,
but also by their delivered pulse dura-
tions, peak fluences, spot size delivery
systems and associated cooling
Nd:YAG lasers with effective cooling
represent the safest approach for the
treatment of darker skin

Complications from laser hair removal
are more common in darker skin types
Pain during laser hair removal is gener-
ally a heat related phenomenon and is
multifactoral

Laser treatment of non-pigmented hairs
remains a challenge
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History

Human hair, its amount and distribution, plays an
important role in defining appearance in contem-
porary society. Hair also functions in many mam-
mals as a sensory organ, reduces friction in
certain anatomic sites, protects against the envi-
ronment by providing thermal insulation and
thermoregulation, aids in pheromone dissemina-
tion and plays both social and sexual roles
(Wheeland 1997).

Laser hair removal is third most commonly
done non-surgical procedure done in cosmetic
practices (Hovenic and DeSpain 2011).
Individuals seeking consultation for the removal
of unwanted body hair may have increased hair in
undesirable locations secondary to genetics or
medical conditions. These individuals may be
classified as having hirsutism or hypertichosis
(Azziz 2003). More commonly those seeking
hair removal have hair that would be considered
normal in distribution and density. However,
these individuals for emotional, social, cultural,
cosmetic, or other reasons want the hair to be
removed (Littler 1999).

There has always been the need for an ideal
method of hair removal that is both practical and
effective. Traditional hair removal techniques
have included shaving, waxing, tweezing, chemi-
cal depilation and electrolysis. The use of topi-
cally eflornithine 13.9 % has also been used most
recently as well.

In the early twentieth century, radiograph
machines were widely used for removal of facial
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hair in women. Unfortunately these treatments
were associated with a high risk of complications
and the potential for subsequent treatment-in-
duced carcinogenesis (Ort and Anderson 1999).

Maiman, using a ruby crystal in 1960, devel-
oped stimulated laser emission of a 694 nm red-
light. This was the first working laser, and it is
from this prototype that today’s lasers are derived.
Since 1960, research and technical advances have
led to modern day lasers. Leon Goldman, the
father of laser surgery, published preliminary
results on the effects of a ruby laser for the treat-
ment of skin diseases (Goldman et al. 1963).
Ohshiro et al. noted hair loss from nevi after
treatment with a ruby laser (Ohshiro and
Maruyama 1983).

Early reports described the use of a CO, laser
to eliminate unwanted hair on flaps used for phar-
yngoesophageal procedures (Kuriloff et al. 1988).
A continuous-wave Nd:YAG laser has also been
shown to remove hair in urethral grafts
(Finkelstein and Blatestein 1990). All of this
early work described lasers using ablative tech-
niques with the effect of non-specific vaporiza-
tion of skin cells. These methods are not
commonly used for hair removal today because
of their limited effectiveness as well as their com-
monly induced permanent pigmentary changes
and scarring.

The first United States Food and Drug
Administration approved laser for hair removal
was the Nd:Yag laser in 1995. Subsequently, a
plethora of lasers have been developed for laser
hair removal (Hovenic and DeSpain 2011).

Selective Photothermolysis

A detailed understanding of laser-tissue interac-
tion emerged in 1983 as the theory of selective
photothermolysis was conceived for the laser
treatment of pediatric port wine stains (Anderson
and Parrish 1983; Moclli et al. 1986).

The theory of selective photothermolysis led
to the concept of a laser-induced injury confined
to microscopic sites of selective light absorption
in the skin, such as blood vessels, pigmented
cells, and unwanted hair with minimal damage to

the adjacent tissues. To achieve this selective

effect, lasers would need to fulfill three

requirements:

1. They should emit a wavelength that is highly
absorbed by the targeted structure.

2. They should produce sufficiently high ener-
gies to inflict thermal damage to the target.

3. The time of tissue exposure to the laser should
be short enough to limit the damage to the tar-
get without heat diffusion to the surrounding
tissues. This is known as the thermal relax-
ation time (TRT).

These concepts revolutionized cutaneous laser
treatment and led to the development of success-
ful laser and light based hair removal devices.

Extended Theory of Selective
Photothermolysis

The concept of selective photothermolysis
(Anderson and Parrish 1983) emphasizes both
the selective damage and minimum light energy
requirements seen with current laser technology.
However, the use of such a short pulse width laser
system may become inapplicable when the target
absorption is non-uniform over a treatment area.
This may be seen when the actual target exhibits
weak or no absorption, yet other surrounding
portions of the target exhibit significant absorp-
tion. If this is the case, the we