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Important note: Medicine is an ever-changing science undergo-
ing continual development. Research and clinical experience are
continually expanding our knowledge, in particular our knowl-
edge of proper treatment and drug therapy. Insofar as this book
mentions any dosage or application, readers may rest assured that
the authors, editors, and publishers have made every effort to
ensure that such references are in accordance with the state of
knowledge at the time of production of the book.

Nevertheless, this does not involve, imply, or express any
guarantee or responsibility on the part of the publishers in respect
to any dosage instructions and forms of applications stated in the
book. Every user is requested to examine carefully the manufac-
turers’ leaflets accompanying each drug and to check, if necessary
in consultation with a physician or specialist, whether the dosage
schedules mentioned therein or the contraindications stated by the
manufacturers differ from the statements made in the present
book. Such examination is particularly important with drugs that
are either rarely used or have been newly released on the market.
Every dosage schedule or every form of application used is entirely
atthe user’sown risk and responsibility. The authors and publishers
request every user to report to the publishers any discrepancies or
inaccuracies noticed. If errors in this work are found after publi-
cation, errata will be posted at www.thieme.com on the product
description page.

Some of the product names, patents, and registered designs
referred to in this book are in fact registered trademarks or pro-
prietary names even though specific reference to this fact is not
always made in the text. Therefore, the appearance of a name
without designation as proprietary is not to be construed as a
representation by the publisher that it is in the public domain.

This book, including all parts thereof, is legally protected by copy-
right. Any use, exploitation, or commercialization outside the
narrow limits set by copyright legislation without the publisher’s
consent isillegal and liable to prosecution. This applies in particular
to photostat reproduction, copying, mimeographing or duplication
of any kind, translating, preparation of microfilms, and electronic
data processing and storage.
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Foreword

One of the most laudatory compliments one can make
about any book is, “Once I started it, I couldn’t put it down.”
This is what happened when I first read William H. Trus-
well’s beautiful new book, Lasers and Light, Peels and Abra-
sions: Applications and Treatments. You are holding the most
comprehensive, detailed, and informative contemporary
book that I could have imagined. And notwithstanding the
complexity and almost-infinite treatments and opinions
covered, it is an enjoyable and easy read.

Dr. Truswell has selected a diverse, multispecialty group
of leading experts who have each collated, distilled and
refined their experience and wisdom. Each of the chapters
is a treasure of pertinent basic science, clear and concise
description of procedures, and clinical pearls. The chapters
are well organized individually, each covering a specific
clinical tool or condition. The subject matter is set out with
specifically numbered titles and subtitles that enhance the
reader’s comprehension and ease of review.

Lasers and Light, Peels and Abrasions begins with a his-
tory of facial skin treatments and follows with a founda-
tional knowledge chapter on skin anatomy, physiology, and
pathology. It next describes the science of lasers, the various
machines currently used, and how their power can be
harnessed procedurally for maximal clinical benefit and
minimal complications. A very helpful chapter describes
how the reader might best select lasers for their own
practice. There is an extensive discussion of current con-
cepts of chemical peeling and dermabrasion. Of special
interest are the sections on tattoo and hair removal, scar
management, and the treatment of various skin patholo-
gies. Adjunctive chapters discuss the role of light therapies,
plasma skin resurfacing, and radiofrequency tightening: all
providing indications, techniques, expected results, com-
plications, and caveats. Several chapters focus on managing
specific skin types associated with our globalized and mul-
tiracial demographic world. This book is completed with
coverage of anti-aging products and a speculative, predic-
tive and sometimes humorous look into the future. The 35
chapters admirably review the full breadth of this field, and
insightfully delve into the details the reader wants and
needs to know to be a superb practitioner of the art and
science of lasers, phototherapy, peels, and abrasions.

The nascent facial plastic surgeon, plastic surgeon, oto-
laryngologist-head and neck surgeon, and dermatologist
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will appreciate and value the simple, detailed, and orderly
description of the plethora of techniques and treatments
available today. They will learn important scientific facts
from the numerous clear and informative figures and tables.
The text is richly augmented with representative patient
results. Several chapters are supplemented with illustrative
videos, and each chapter contains extensive references for
the reader seeking even more information. This book will be
an exceptional textbook from which to build a solid foun-
dation of basic knowledge. Experienced clinicians, too, will
benefit from the sophisticated, nuanced, and wise words of
respected clinicians and teachers. It will cause them to
reflect on their own practices, and perhaps modify or
expand their repertoire of techniques. They will enjoy
reading the pearls and perils. All scholars will appreciate
the font and format, which as you can see are clear, crisp,
and untiring on the eyes.

Lasers and Light, Peels and Abrasions stands as a unique,
definitive and comprehensive resource to enhance one's
cognitive abilities and technical skills. It manages to sim-
plify and clarify a broad and complex subject. This collab-
orative effort of international experts, led by the experi-
enced and wise Dr. Truswell, will be a signature literary
treasure for years to come.

Peter A. Adamson, MD, FRCSC, FACS

Professor and Head, Division of Facial Plastic and
Reconstructive Surgery

Department of Otolaryngology-Head and Neck Surgery
University of Toronto

Toronto, Ontario, Canada

Staff Surgeon, Toronto General Hospital,

University Health Network

Consultant Surgeon, North York General Hospital
President, International Board for Certification in Facial
Plastic and Reconstructive Surgery

Past President, American Academy of Facial Plastic and
Reconstructive Surgery

Past President, American Board of Facial Plastic and
Reconstructive Surgery

Past President, Canadian Academy of Facial Plastic and
Reconstructive Surgery
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Preface

Thousands of years ago, women in ancient Egypt bathed in
sour milk to help keep their skin looking young and appeal-
ing. Little did they know that they were indulging in a
primitive light chemical peel. When milk sours, lactose
ferments and turns into lactic acid, an alpha hydroxy acid
used today in many light chemical peels. Skin therapy may
have been born in sour milk baths, but it has evolved into a
multitude of sophisticated, somewhat confusing, and often
very expensive treatments and procedures. Our purpose
here is to instruct the reader about what methods are
available today and how they are used in facial plastic
surgery, plastic surgery, and dermatology.

This book has been written for medical professionals,
residents, fellows, and practioners treating or beginning to
treat skin with medical lasers, light therapy, chemical peels,
and dermabrasion in health, beauty, and disease. It is
comprehensive in its scope in that it includes all available
modalities under one cover for the first time in many years
and is authored by doctors of differing specialties. The great
number of treatments available today and the great expense
of the devices on the market make it a daunting challenge to
decide how to proceed. The book is designed to guide the
reader through the myriad devices and therapies for skin
rejuvenation and skin pathology, to understand what can be
done, how to do it, and even how to select the right device
for his/her practice. It is equally important to have a thor-
ough understanding of how the skin ages and how it reacts
to various treatments applied to it.

The authors of the chapters of this volume are well
known physicians in the specialties of facial plastic surgery,
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plastic surgery, and dermatology. They have all been in
practice many years, are well published, and considered
experts and leaders in their specialties. They are teachers
and innovators of procedures and devices. I have also
reached out to colleagues in a number of other countries
for their expertise and perspectives.

The present is built on the past and is the foundation of
the future. In medicine, it is important to learn how ther-
apies have evolved to better understand why treatments
are done today and how to develop newer and better
modalities of therapy going forward. To this end, the book
begins with an historical perspective of skin therapy. The
subsequent chapters discuss the pertinent anatomy, phys-
iology, and pathology of aging skin and laser physics with its
application to the skin. The laser and light chapters follow
and are inclusive of all modalities available today. Topics on
skin rejuvenation from non- and minimally invasive ther-
apies to fractional and ablative resurfacing are covered in
chapters for specific lasers and light devices, the spectrum
of chemical peels available, and abrasion techniques. Other
topics include scar management, acne scarring, vascular
malformations, tattoo and permanent makeup removal,
acne rosacea, hair removal, and radiofrequency skin tight-
ening. Two chapters discuss the use of the CO, laser in
facelift surgery and in blepharoplasty. There are chapters
on the complications of lasers and chemical peels. Perspec-
tives of skin therapy in different ethnic populations are
covered. Lastly there is a look to the future.
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1 The History and Evolution of Skin Resurfacing

Bethany |. King

1.1 Introduction

Beauty of the face. Why should that matter? Why do so many
people care? Why do some exert so much effort to achieve it or
hold on to it? These are complicated questions to answer, and
there will be a different answer from each person to whom you
pose the question.

Beauty, as a philosophical concept, is an intangible element
of human existence. You cannot measure it with a scientific
instrument. Nevertheless, we know that it exists because we
know it when we see it. Beauty is a component of our lives that
affects each of us in varying degrees. Some care about it great-
ly—some not at all. For many of us, there is an undeniable urge
to surround ourselves with beauty. Some choose to live in an
environment where we see the beauty of the earth from every
angle. We decorate our homes with colors and materials that
stimulate an internal reaction that causes our own personal ela-
tion. We adorn our bodies with colors and fabrics that please
us, make us feel confident, and hopefully please other human
observers as well. We know that the perception of beauty
pleases the one who perceives it. And human nature leads
human beings to secure their own success. That is the impetus
behind why human beings choose to amplify their own facial
and body beauty.

Of all the elements of the body, the appearance of the face is
the most critical to our success. The face is how a person sees
the world and it is the first part of the body that is seen by the
world. Therefore, it is the first part of us that is judged by the
world. Communication begins without words. It begins with
projection of intention by facial expression and body language.
The interpretation of that projection is performed through the
observer’s eye. That is why when a human being communicates
with another human being, they look into the eyes to do so. For
that reason, the eye is the most important feature of the face.
When an observer glances at another person, the observer
instinctively and instantly assesses the age, health, and beauty
of the person being observed by amassing a collection of sub-
liminal judgments based upon shape of the face, shadows with-
in the face, colors across the face, and quality of the skin. A
heart-shaped face equals youth; a square face equals aging.
Round cheeks equal youth; flat cheeks equal aging. Shadows
under the eyes and in front of the jowls equal aging; no shad-
ows in those areas equal youth. A light, rosy glow on round
cheeks equals health; bright red across the cheeks and around
the nose equals infirmity. Skin that is smooth in color, firm, and
reflects light equals youth and health. Skin that is mottled with
brown and red, loose, and unable to adequately reflect light
equals aging disease.

There are many methods that human beings use to amplify
their facial beauty. Long before there were means to supple-
ment volume or to surgically remove or reconfigure tissue, peo-
ple actively worked to augment their facial attractiveness. They
did so by making their skin as beautiful as possible and by using
cosmetics to create illusion. One of the goals when attempting
to improve the appearance of skin was to make it “glow.”
Another objective was to make it look like “porcelain” (the goal

printed on 2/11/2023 4:37 AMvia .

of the geisha of ancient Japan). Thus, in our analysis of how we
have come to accomplish these objectives over the centuries, it
is appropriate to understand what changes happen histologi-
cally that result in an increase in glow and the achievement of a
porcelain look.

Glowing, radiant, luminous skin. Each of these descriptions
speaks in terms of light. The observer of such skin is appreciat-
ing some improvement in the way that light leaves the skin of
the person being observed. Obviously, the person being
observed does not have an internal light source that is emanat-
ing rays of visible light. Rather, the person with luminous skin is
simply doing a better job of reflecting ambient light. When light
is not trapped, absorbed, or scattered, it will more directly
bounce off a surface. Imagine, if you will, that you are walking
along a beach on a sunny day. The light reflected off the water
surface can be blinding because it is bouncing off a surface that
is not porous and does not diffuse light; however, the light com-
ing off the sand is diffuse because so much of it is absorbed and
scattered by the grains of sand. If you look at the skin of a 6-
year-old child and compare it to the skin of a 70-year-old adult,
you will immediately appreciate the difference in the ability of
the younger skin to reflect light.

Porcelain skin. What does this mean? This descriptive term
refers to skin that is homogenous in color (no brown or red
spots) and smooth in landscape (not interrupted by large pores
or depressed scars). The most effective way to accomplish this
is by the illusion of makeup. However, makeup will do an even
better job if the skin it is covering is closer to ideal. A child has
not yet accumulated the effects of photodamage such as dys-
chromias or telangiectasias, or the large pores from teenage
hypertrophic sebaceous glands, or the effects of scarring from
acne. This is why, in the observer’s quickly assessing, subcon-
scious judgment, smooth skin of all the same color not inter-
rupted by brown or red is a sign of youth and health—which
goes hand in hand with beauty.

Human beings have learned that if you resurface the skin,
that is, remove the outer layers of keratinized epithelium to
produce a new-and-improved superficial surface, you can
actually improve the reflectivity, color consistency, and micro-
landscape of the skin, thus improving the beauty of the skin. In
this chapter, the history of how mankind has developed this art
is reviewed.

1.2 Dermabrasion

Woodworking, stone sculpture. In an effort to adorn his world,
ancient man worked with the materials in his environment and
turned them into moments of beauty. He cut and polished
wood, stone, and gems to turn them into pieces of art. He
learned that rubbing them over and over again with an abrasive
substance would file the surface down until it gleamed. This
smooth surface was considered pleasing. A “polished” article
was viewed as finished or complete. It wouldn’t have taken long
to learn that scrubbing the skin also made it shinier and
smoother. There are references to a number of cosmetic rituals
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that have been passed down from antiquity and incorporate
mechanical abrasion (exfoliation) to remove the outer surface
of the skin to help it appear more beautiful.

It is said that for hundreds of years, Indonesian women would
exfoliate their skin with coffee grinds. (The caffeic acid in coffee
beans is a powerful antioxidant and may boost collagen.! Caf-
feine is often used in skin-tightening products today. Further-
more, caffeic acid is one of the main ingredients in argan oil, a
popular antiaging oil used in many cosmetics today.) In India,
cleansing the skin with milk mixed with wheat husk or gram
flour was recommended (lactic acid and protein-infused
mechanical exfoliation). An ancient Asian skin treatment was
exfoliation by rubbing the skin with a mixture of cream, starch,
and husk followed by an application of rosewater to tone (rose
water is said to be a mild astringent, causing tightening of the
skin that reduces pore size).

Egyptians also employed the techniques of dermabrasion by
use of a mixture of pumice, alabaster, salts, and animal oils on
the skin. They would also rub the skin with a mixture of animal
oil, lime, and chalk (an abrasive).2 In 1500 BC, Egyptian physi-
cians attempted to improve scars with sandpaper. In India,
women would use a mixture of urine and pumice to exfoliate
their faces. (Urine is mostly water followed by urea, which is
neither acidic nor basic. Urea is included in many topical cos-
metics for it is hydrophilic at low concentrations and is kerato-
lytic at high concentrations [even used in products designed for
wound débridement and for treatment of hyperkeratotic condi-
tions].4) In ancient Japan, geishas would polish their skin with
salt and cream scrubs. Masks of rice bran and cream would be
scrubbed on the skin and allowed to remain for a period as a
treatment (reported to have been used since 1100 AD. Rice bran
is high in gamma oryzanol, which is a powerful antioxidant and
collagen stimulator.>).

As the centuries went on and the Industrial Revolution
blossomed, mechanical means of polishing were developed. At
the turn of the 20th century, Kromayer made application of
such a tool for use on the skin. He first described the means of
resurfacing the skin by applying rotating burs to skin lesions.6
Abner Kurtin, in the 1940s, modified this approach to develop
the wire brush technique, adapting this to a powered dental
tool.” In the 1950s, Burke modified the wire brush technique,
leading to the techniques that are more likely to be used
today.® Also in the 1950s, the term dermabrasion began to be
used as the class of treatment used to plane irregularities of
the skin.?

Over the next 20 years, dermabrasion was applied to many
cutaneous conditions beyond just scars and acne pits, condi-
tions that produce irregularities of the skin such as acne rosa-
cea, rhinophyma, seborrheic keratoses, sebaceous hyperplasia,
fibrous tumors of tuberous sclerosis, and discoid lupus erythe-
matosus, just to name a few.1011.121314 [t was also widely
applied in the removal of tattoos.!> During this period, histolog-
ical studies showed the significant dermal remodeling that
takes place, an effect that is comparable to that seen in laser
and deep peels.1617.18

The primary application of dermabrasion has been to
mechanically remove the epithelium and damage the papillary
dermis to mid-dermis to induce restructuring and laying down
of new type I and type III collagen in areas of hypertrophic scar-
ring and depressions such as the sharp wrinkles around the

printed on 2/11/2023 4:37 AMvia .

mouth or acne scars—without creating new scars.!819 In gener-
al, any area of skin that has a sudden elevation or depression
will cause light to be reflected (if the skin is elevated) or will
cause shadow to be caught (if the skin is depressed), and the
observer’s eye will notice this unexpected attention-getter and
will be drawn to it. The notice of this moment of deviation from
“average skin” is perceived as a “flaw.” One of the great powers
of dermabrasion is to “level the playing field,” to reduce the dif-
ference between high and low in terms of skin topography so
that there is less material to induce inappropriate light reflec-
tion or shadow catching. However, dermabrasion has also been
useful in resurfacing photodamaged skin as well, by removing
the damaged epithelium and inducing dermal remodeling.!8.1°

Dermabrasion is an undeniably useful tool with predictable
outcome. However, its application has become less frequently
utilized in the last two decades because lasers have provided
another means of inducing collagen re-conformation while at
the same time accomplishing surface rejuvenation. Further-
more, the issue of blood splatter is another aspect of this tech-
nique that requires consideration. Dermabrasion produces a
certain amount of splatter of blood and tissue particles. In the
1980s and 1990s, with blossoming awareness of the dangers of
viruses such as the human immunodeficiency virus (HIV), the
hepatitis B virus (HBV), and the hepatitis C virus (HCV), there
naturally developed a heightened awareness of the need to pro-
tect the surgical staff from aerosolized, potentially infectious
particles. There was a report of a possible transmission of HBV
by contact with conjunctivae during dermabrasion.2° Therefore,
universal precautions are advisable during dermabrasion per-
formance, and protection is easily accomplished for the surgical
staff and patient with proper outfitting and proper room sterili-
zation techniques. However, with the development of techni-
ques that could produce similar results without the splatter of
blood, attention turned toward the use of these other
applications.

The ability of dermabrasion to effectively and soundly treat a
wide number of conditions is as attractive as the low cost of the
instrument (compared to the laser). Nevertheless, the laser has
become the gold standard of resurfacing now, leaving fewer
opportunities for facial plastic surgeons to master the art of
dermabrasion.

1.2.1 Microdermabrasion

A subtler application of mechanical exfoliation to effect skin
resurfacing is microdermabrasion, a technique first introduced
by Tsai et al in 1995.21 The initial technology incorporated
applying a vacuum-suctioning device to the skin and then
showering the suctioned skin with streams of aluminum oxide
crystals to produce an exfoliation of the external stratum cor-
neum. Studies have shown that there is a degree of dermal
remodeling that takes place after this treatment (induction of
procollagen I and Il among other effects).22 Modifications to
the initial design include substituting sodium chloride crystals
for aluminum oxide crystals, or substituting crystals entirely
with a diamond fraise applied to the skin after it is sucked into
the apparatus. It has been shown that there is improved
absorption of topical medications (such as d-aminolevulinic
acid for photodynamic therapy or topical anesthetic prior to
laser resurfacing) after microdermabrasion.??> For this reason,
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microdermabrasion as a resurfacing tool is often incorporated
before other techniques to improve their performance.

1.3 Topical Agents and Chemical
Peeling

In ancient Egypt, women would use sour milk (lactic acid)
mixed with alabaster, animal oils, and salt to help remove the
external surface of the skin and promote beauty.2 There has
also been found a vintage Egyptian recipe to combat wrinkles:
senetjer resin (likely frankincense, one of the most antique anti-
aging ingredients), wax, fresh balanos oil (a nut that grew on a
native tree whose oil was considered fine and suitable for per-
fumery), and cyperus grass are to be ground and mixed with
fermented plant juice (source of alpha hydroxy acid most likely)
and applied to the face daily.2 The Greeks and Romans were said
to apply a poultice of sulfur, mustard, and a corrosive sublimate
of limestone to the skin. They would use tree resins including
frankincense and myrrh mixed with pumice to lighten the skin
and remove wrinkles and freckles.3 In the Middle Ages, women
would treat their skin with old wine (with active ingredient
tartaric acid, which is an alpha hydroxy acid) to accomplish
rejuvenation. Lemon juice has been used as a brightening
agent for as long as anyone can recall across multiple cultures.
Also in the Middle Ages, women would use curdled milk (lac-
tic acid) to treat acne, cucumber juice to remove freckles, and
boiled nettles to produce a smooth, even complexion. In Japan,
a mask of droppings from the nightingale bird has been used
for hundreds of years. Initially, the droppings were used to
bleach silk and then were later applied to the skin. A paste of
the droppings is applied to the skin and then rinsed. The
excrement was dried in the sun and then pulverized into a
powder. (In modern times, the material is irradiated with
ultraviolet radiation to kill bacteria.) Water was added to turn
it into paste which was then applied to the skin. (These same
ingredients are part of a geisha facial that is offered currently
in some parts of the world. The primary ingredient, the drop-
pings, is called uguisu no fun.)

Because man has known that certain chemicals on the skin
can induce a change for the better, eventually prolonged appli-
cation of these chemicals in a controlled fashion to produce a
more profound effect was used. However, such historical refer-
ences from antiquity are not available.

There are records of a Viennese dermatologist, Ferdinand
Hebra, using various combinations of exfoliating chemicals to
remove freckles and melasma in the mid-1800s. There were
experiments by dermatologists with various compounds to
lighten freckles and dyschromias with tinctures of iodine and
lead, croton oil, and cantharides, as well as sulfuric, acetic,
hydrochloric, and nitric acids. Lime-based compresses were
applied to the skin for 4 hours, after which the ensuing blisters
would be broken and treated with starch. Removal of the resul-
tant crust was found to lighten the skin. In 1871, William Til-
bury Fox mentioned using phenol to lighten the skin, and in
1881 croton oil as a compound that causes skin inflammation
was recorded by Henry Piffard. In 1882, a dermatologist from
Germany, P. G. Unna, described the use of trichloroacetic acid
(TCA) as a peeling agent.
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1.3.1 Phenol

Many peeling agents were experimented with in the late 1800s
and early 1900s, but the one that garnered the most attention
was phenol. The first American article on phenol was in 1917
by the dermatologist Douglass Montgomery. He described the
use of phenol under bandages, using the agent as a “beauti-
fier.”3 This was at the same period of time as the activities of
the American lay “skinners” listed in Hetter’s history described
in a subsequent paragraph. Concomitantly, in Europe, it is said
that Sir Harold Gillies was the first to use phenol for chemical
surgery by applying it to lax lower eyelids.2>

MacKee reported in 1952 his use of phenol to treat acne
scars, beginning as early as 1903. He had a clinic at New York
University through the 1940s, where he used phenol to treat
acne scars and noticed the improvement in his patients’ skin
long term. His report was the first to attempt to correlate the
histology of peeling with clinical results. He would apply phe-
nol to the skin for a 30- to 60-second interval and then wash it
off with ethanol. This would be repeated four to six times at 2-
month intervals.3-26

However, a much more entertaining, fascinating, and rich his-
tory of the development of the phenol peel in America as a tool
to achieve beauty can be acquired in Hetter’s “An Examination
of the Phenol-Croton QOil Peel: Part II. The Lay Peelers and Their
Croton Oil Formulas.”?” This article provides a history gleaned
from personal interviews and research of personal memoirs to
uncover the development of a practice that was actually widely
used in the first half of the 1900s by the starlets of Hollywood
and the wives of wealthy Americans. The women who had the
means to undergo this quietly held beauty treatment main-
tained skin that was more beautiful than their average contem-
poraries. The original practitioners were not physicians. They
were lay peelers called “skinners.” There were a select few of
them in America who made quite a good living. They jealously
guarded the recipes of their peels, which, of course, were even-
tually discovered. These were the sources of the phenol peels
known today. It is said that, initially, use of phenol as a cosmetic
peel originated in Europe and was learned by these lay peelers.
These American skinners were also the same people who recog-
nized that croton oil is the additive that produces a deeper
effect than just phenol alone. Eventually, as plastic surgery
became a specialty after World War II, and plastic surgeons
realized that this was a tool their patients desired, they pub-
lished articles against the lay peelers—many of whom had
stumbled upon the complications of full thickness burns and
hypertrophic scars in the necks of their clients. Plastic surgeons
filed charges of inappropriate practice of medicine against
some lay peelers, acquired their formulas, and began to take
over that market.2’

In 1941, Eller and Wolff described the use of a paste of resor-
cinol and phenol along with solid carbon dioxide (CO,) cryo-
therapy to resurface the skin.2® The first references in the
medical literature regarding the addition of croton oil to phenol
appeared in a suite of debuts beginning in 1959, when first
Brown applied for a patent, then Litton presented a paper at a
meeting in October 1961, and finally Baker and Gordon pub-
lished their preliminary report in December 1961.2° Each of
these physicians, it has been discovered, independently learned
of the addition of croton oil from one of the lay peelers of the
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time. We, as physicians, were all initially taught that phenol
was the primary active ingredient in this peel. But it has since
been learned that croton oil is also very important, inducing
greater penetration of the phenol to produce a deeper effect.
The greater the percentage of croton oil, the greater the pene-
tration of phenol.?”

In 1960, Ayres treated sun-damaged skin with phenol and
then performed a histological analysis. His research showed
that a new 0.3- to 0.4-mm thick subepidermal layer of organ-
ized, parallel collagen fibers was deposited superficial to the
old elastotic collagen. Over the next three decades, there were
other papers that verified the consistent enlargement of the
papillary dermis after deep chemical peeling (as well as
dermabrasion).26.30

The Baker and Gordon phenol recipe published in 1961 is a
deep phenol peel composed of phenol, croton oil, tap water,
and Septisol (a surfactant that allows a better mix of ingre-
dients) (active ingredient hexachloraphene, VESTAL Labs,
Toronto, Canada). In their original description, it was recom-
mended to occlude the skin with waterproof tape.3? This recipe
and treatment became the standard for the next 20 years.
McCollough and Hillman in 1980 demonstrated that a Baker-
Gordon peel without tape was just as effective, more comfort-
able, and had fewer complications.2> The phenol peel has been
modified since to include lower concentrations of croton oil to
reduce the risk profile. These modifications can be seen in the
phenol peels developed by Hetter and Stone 313233

1.3.2 Medium and Superficial Peels

Chemical exfoliation had been performed for decades to achieve
deep peels. However, recovery was long and risk was some-
times high. Thus, effort was expended toward considering the
benefit of lighter, more superficial peels. Alpha hydroxy acid
(AHA) peels, salicylic acid (SA) peels, Jessner’s peels (detailed
later), and various strengths of TCA were used in various
combinations.

Since its initial description by Unna, the use of TCA has been
modified to include a variety of applications including different
strengths and the addition of other components to achieve a
greater depth of penetration—the addition of Jessner’s solution,
or use of CO,, glycolic acid, or microdermabrasion just prior to
application. TCA has also been used as a deep peel, but it has
been found to carry a risk of scarring that is unacceptably high.
Nevertheless, it is very valuable as a medium depth peel.34

Jessner’s solution was created by Dr. Max Jessner and has
been in use for more than 100 years. This peel is composed of
resorcinol, SA, lactic acid, and ethanol. The solution reliably
peels to the superficial papillary dermis, useful for conditions of
hyperpigmentation and acne.3*

AHAs typically come from fruits: glycolic acid from sugar
cane, lactic acid from sour milk, tartaric acid from grape wine,
malic acid from apples, and citric acid from citrus fruits. In
terms of molecular size, glycolic acid is the smallest of these
alpha hydroxy acids, which means that it can penetrate the skin
more effectively and deeply. AHAs impact epithelium by reduc-
ing the cohesion between corneocytes. The AHAs that have
greater bioavailability (glycolic, lactic, and citric) are able to
reach the dermis. At that level, they have been shown to impact
epithelium by increasing mucopolysaccharides and collagen
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and increasing skin thickness. AHAs produce increased exfolia-
tion based upon an influence in the cell’s metabolism by inter-
ference with enzymatic processes that are supposed to increase
cell adhesion. However, if used at high concentrations, the acid-
ity itself will destroy the cells (toxicity), resulting in peeling.3>

Initially, AHAs were thought to produce only a freshening
effect. Some studies found that repeated applications could pro-
duce improvement in skin texture and dyschromias, if not
wrinkles. Higher concentrations of 20% used for 3 months could
elicit mild impact upon fine wrinkles.36 Other studies found
that levels of 25% AHAs could produce increased thickness of
the dermis, increased mucopolysaccharides, improved quality
of elastic fibers, and increased density of collagen.3”

Beta hydroxy acids (BHASs) are not as strong as AHAs, but they
do a better job of getting down into the pore. SA is the prime
example; it is lipid soluble, which is why it is a better peel for
people with comedonal acne. Urkov introduced SA in 1946. He
added occlusion to amplify its effect.34 SA is keratolytic and
comedolytic (and is a primary ingredient in Jessner’s peel,
which is often recommended for treatment of acne).3>

1.3.3 Tretinoin

It has been known since the 1930s that vitamin A (retinol) has
antikeratotic effects. The following is Gunter Stiittgen’s synopsis
of how he discovered the effects of tretinoin on the skin.3® Stu-
dor and Frey showed that retinyl palmitate (the ester of retinol)
decreased the epidermal proliferation rate when given in large
oral doses. This finding initiated the use of the drug to treat
psoriasis. Psoriatic lesions would improve with dosages of 3 to
8 million units per day of retinyl palmitate. However, at these
doses, the condition of hypervitaminosis A would develop and
the use of retinyl palmitate for psoriasis was stopped. To avoid
the systemic effects of retinyl palmitate, efforts were employed
to develop a topical application. However, the beneficial anti-
keratotic effects of systemic retinyl palmitate on conditions
such as psoriasis and ichthyosis could not be achieved topically.
This led Stiittgen to consider that perhaps it was actually a
metabolite of retinyl palmitate that was producing the thera-
peutic effect—a metabolite that could not be produced via top-
ical application. Thus he, in collaboration with Hoffmann-La
Roche, began to topically test the metabolites of retinyl palmi-
tate, one of which was vitamin A acid, also known as retinoic
acid (also known as all-trans-retinoic acid, or tretinoin), the
major metabolite of retinol. Quickly, it was seen that there was
improvement in patients with ichthyosis. However, there was
also consistent redness and inflammation of the skin. In 1962,
Stiittgen and Hoffmann-La Roche applied for a patent for treti-
noin primarily for cosmetic application; however, they
expanded their research applications to include other condi-
tions such as actinic keratosis and basal cell carcinoma with
promising results. Notwithstanding, the dermatology commun-
ity was not encouraging because it felt that the dermatitis coin-
ciding with the treatment was an undesirable side effect.
Furthermore, at that time, it was believed by dermatology
circles that the desquamation was simply a side effect of the
irritation and not an indication of any therapeutic effect. How-
ever, in 1969 Kligman et al reported on the histological changes
that resulted from the use of tretinoin, namely that acne was
not improved upon simply because of inflammatory changes
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from tretinoin but rather that tretinoin resulted in rapid cell
turnover and unplugging of the comedone.? Later histological
studies by Plewig and Braun-Falco showed that shedding of
desmosomes and tonofibrils is the change that leads to
increased peeling action of the keratinized epithelium.4? This
discovery led to greater acceptance in the scientific community.
And in 1971, the Food and Drug Administration (FDA) approved
tretinoin for use in the treatment of acne. In 1975, the first
international symposium of vitamin A acid was held, which
helped to establish the clinical efficacy of tretinoin in the minds
of the medical community.38 Tretinoin became a mainstay in
the treatment of acne from the 1960s on.

Later, in 1986, Kligman et al reported that tretinoin was seen
to reverse some of the effects of photoaging such as dullness,
hyperpigmentation, and wrinkling.*! Over the following years,
a great deal of research was undertaken to study the effects of
tretinoin on sun-damaged skin. In multiple studies, tretinoin
has been shown to improve sun-damaged skin both histologi-
cally (with thickness of the epithelial layer, increase in dermal
collagen, and increase in mucin) as well as visually (with
improvement in fine and coarse wrinkles, lentigines, and skin
texture).42434445 Although not a classic resurfacing agent, part
of the therapeutic effect of tretinoin is due to increased stratum
corneum exfoliation, which is the essence of resurfacing. There-
fore, tretinoin is another of the tools at our disposal to accom-
plish this goal.

1.4 Laser Resurfacing

Light and heat, as well, have been used for the treatment of skin
from ancient times. Turkish treatments involved the use of min-
imal fire to exfoliate the skin by lightly singeing it.3 Egyptians
are known to have treated many skin conditions with sunlight.
Physicians in the 1700s and 1800s used sunlight to treat ecze-
ma and psoriasis. However, it wasn’t until we developed the
ability to harness the power of light energy, direct it, and use it
for our own purposes that light as a tool became powerful in
our hands. No chapter on lasers would ever begin without the
explanation of where the word came from. L.A.S.E.R. is an acro-
nym formed from “light amplification by stimulated emission
of radiation.” In 1917, Albert Einstein proposed that the appli-
cation of a photon of electromagnetic energy to an atom in an
excited state could induce the emission of an identical photon
from the excited atom.#¢ This concept was eventually realized,
and in 1959, the first laser was created by Maiman as a ruby
crystal that when stimulated released a red light of 694 nm
wavelength.#” Dr. Leon Goldman, in 1963, initiated the use of
the laser for the medical treatment of skin by applying the ruby
laser to a variety of cutaneous conditions.#849>0 Qver the next
20 years, CO, and argon lasers were developed and were used
as the primary means to treat skin conditions. Argon was able
to address vascular lesions and CO, was used for tissue vapor-
ization and destruction of skin pathologies; however, both had
high rates of unacceptable scarring when used on the skin pri-
marily because of the nonspecific, global, uncontrolled injury
that was caused.!

The ability to harness the power of lasers with a decrease of
adverse events was realized with the development of the
theory of selective photothermolysis by Anderson and Parrish in
the 1980s.52 This theory postulates that complicating injury can
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be decreased by controlling the production of heat around the
site of treatment. This is achieved by understanding two con-
cepts: (1) the relationship between target tissue and laser type
used, and (2) how to properly adjust laser parameters to
achieve the desired result while reducing collateral damage.
When we treat skin, we generally aim at brown spots, red spots,
or global skin surface (in which water is the primary chemical
component). Brown spots are caused by melanin. Red spots are
caused by blood (hemoglobin). And water is pervasive through-
out, as is the target when the goal is global resurfacing. The tar-
get tissue is called a chromophore (because it “likes” a certain
color on the electromagnetic spectrum). Melanin is known
to preferentially absorb light at lower wavelengths (600-
1,100 nm). Hemoglobin absorbs sharply between the wave-
lengths of 514 to 590 nm. Water absorbs at much higher wave-
lengths than do the other chromophores, which is why CO,
(whose laser vibrates at 10,600 nm) will be absorbed by water
much more quickly than it will the other chromophores. The
type of laser is chosen by the practitioner so that its wavelength
will be strongly absorbed by the target chromophore. The more
absorption takes place (rather than transmission or scatter of
the laser energy), the greater the energy kept within the chro-
mophore (and the higher the heat that builds up within the
chromophore) and the less energy that escapes outside of the
chromophore (so that surrounding tissues stay cooler and are
less likely to burn). Having first taken advantage of this charac-
teristic, the practitioner then adjusts the laser settings such that
the time the chromophore is exposed to the laser energy (the
pulse duration) is less than the known thermal relaxation time
(a fixed, known characteristic of the chromophore—defined as
the time it takes for the chromophore to cool down to half of
the peak temperature it reached immediately after it was
treated by the laser pulse). Finally, the amount of energy
applied (the energy density or fluence) must be high enough to
achieve destruction of the chromophore. Thus, putting it all
together, if the practitioner chooses a laser that is preferentially
absorbed by the tissue that needs to be treated, and the energy
density is of adequate intensity to produce destruction, and if it
is applied over a period of time that is shorter than the known
thermal relaxation time of the target tissue, then the practi-
tioner should feel confident that the risk of scarring should be
low.>! Having these new guidelines opened the doorway to
widespread application of lasers.

As mentioned previously, the first CO, and argon lasers were
applied by continuous wavelength (CW), which was without
pauses. These emitted long exposures of energy that could
result in nonspecific tissue injury (thus, the scarring that was
seen). The industry expanded to accommodate the ability to
harness the principles of selective photothermolysis. Multiple
lasers were developed to target chromophores, and the instru-
ments were altered to allow greater flexibility in not only the
amount of energy emitted but in the timing of emission pulses
to prevent the exceeding of the thermal relaxation times.
Pulsed laser systems were developed that allowed pulses of
increasingly high energy with greater pauses in between to
allow for thermal relaxation. Categories of modifications of
pulsing include long-pulsed lasers as seen in the pulse dye laser,
short-pulsed lasers such as the quality-switched or Q-switched
lasers of ruby, alexandrite, or Nd:YAG (neodymium:yttrium alu-
minum garnet), and superpulsed CO; lasers.>!
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In terms of the application of lasers to achieve resurfacing of
facial skin (ablative removal of the outer layer to improve tex-
ture, wrinkles, pigmentation, and overall beauty), the super-
pulsed CO, laser became the gold standard, but still required a
prolonged recovery. The short-pulsed, 1,940-nm Er:YAG
(erbium:yttrium aluminum garnet) laser was developed after
the CO, laser in an effort to limit the difficult recovery seen
with the CO,. Er:YAG is absorbed even more effectively by
water (and the epithelium is composed of 90% water), meaning
that the energy of the laser ultimately causes less collateral
thermal injury. Because of this, there is less impact on the colla-
gen of the dermis and there is also less hemostasis during the
procedure. One of the benefits of the CO, laser is the long-term
continued improvement in the collagen of the dermis, which
improves the state of wrinkles. Therefore, although the Er:YAG
laser does a good job of reversing the superficial signs of photo-
aging of the skin, it is not able to induce the collagen changes
seen after CO;, laser resurfacing.18-1>3

Once CW CO, lasers were updated to pulsed systems that
controlled collateral damage, CO-, laser resurfacing became the
primary means of resurfacing for general skin rejuvenation,
eventually surpassing the deep phenol peel in frequency of use.
However, no single modality is perfect. Recovery was long and
arduous, the risk of scarring was still uncomfortably high, and
hypopigmentation was not suitable to many patients. Because
of these reasons, the industry has continued to seek improve-
ments in the application of the laser. CO, laser systems were
designed to allow for single passes of the laser (as opposed to
multiple passes) to allow for quicker recovery. Er:YAG systems
were designed with longer pulse durations to produce more
collateral thermal injury to achieve greater collagen contrac-
tion. Both of these modifications are also thought to decrease
postinflammatory hyperpigmentation, making them more suit-
able for patients with more native pigment.5153

The concept of fractionated photothermolysis (FP) was pub-
lished by Dr. Dieter Manstein et al in 2004.>4 His model, devel-
oped in 2001, produced pixilated passes of laser contact that
resulted in columns of thermal injury resulting in coagulative
necrosis. This produced an effect of tissue tightening with mild
improvement of superficial signs of photoaging. Although histo-
logically, cell death in the microthermal zone (MTZ)—the zone
directly associated with the column of treatment—is seen in the
epidermis, the stratum corneum remains structurally intact;
therefore, this technique has been named “nonablative.” Han-
tash et al described how the epithelium rids itself of the
necrotic debris through the column of treatment.>> The regions
of epithelial necrosis are healed over in around 24 hours; thus,
there is a much quicker recovery than that seen in classical
ablative laser resurfacing. Since the epithelium is not removed
as it is in ablative laser treatment, there is no immediate reduc-
tion of dyschromic lesions. Nevertheless, there does seem to be
a gradual reduction in these lesions after treatment with FP.>6
Because of the disparity in superficial improvement relative to
classical ablative laser resurfacing as well as deep and medium
peels, Hantash et al later developed an ablative fractionated
model that provided collimated passes of energy that produced
the surface ablation while maintaining the columns of thermal
necrosis.>” This technology had the benefit of improving surface
irregularities and texture while tightening dermal collagen over
the subsequent months of healing, all with a shorter immediate
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postoperative recovery of 5 to 7 days and reduced risk of scar-
ring, hypopigmentation, and prolonged erythema.>859.60

1.4.1 Nonablative Laser and Light
Treatments for Dyschromias

As more and more patients seek the interventions of facial plas-
tic surgery, the pool of potential subjects increases. This growth
has swelled the number of people who want improvement
without sacrifice. For the sake of less sacrifice in terms of pain,
time off from work, and unpleasant postprocedural appearance,
patients are willing to undergo procedures that are designed to
produce less dramatic results. The industry has been working
to produce a wider array of laser and light-source options that
satisfy this increasingly large subset of patients. The recovery
process is undeniably quicker and more pleasant if the surface
of the epithelium is left intact (nonablative treatments). Abla-
tive technologies intentionally destroy the outer layer of the
skin. Nonablative technologies intentionally bypass the epithe-
lium to effect a change on the dermis only. The treatment goals
for the subset of patients who would choose nonablative
modalities include improvement in rhytids and atrophic scars
with tissue tightening (techniques that are not technically part
of the realm of resurfacing), and also reduction in dyschromias.
The treatment of dyschromias is technically a resurfacing result.
Laser energy is taken up selectively by melanin, which is heated
and denatured within the epithelial cell, which then flakes off,
carrying its pigment with it. This controlled processing of the
necrotic epidermal debris leads to a gradual reduction in the
appearance of the pigmented skin lesion. Typically, for this rea-
son, a number of treatment sessions are required. However, the
prolonged recovery with the ablative modalities is not seen.!8>9

The laser modalities currently available for slow, nonablative
resurfacing of skin dyschromias and tattoos include FP with CO,
and Nd:YAG lasers among others. Tattoos have been seen to
respond well when Q-switched pigment lasers are combined
with fractionated devices. Other devices shown to be effective
in reduction of dyspigmentation include the 1,550-nm erbium-
doped fiber laser, the fractionated 1,927-nm laser, the use of
low-fluence Nd:YAG, and intense pulsed light and pulsed dye
lasers.18>1

1.5 Conclusion

The quest for beautiful skin is as old as mankind and is one of
the primary reasons that facial plastic surgery exists as a spe-
cialty. Never before has such attention been directed toward
stopping or turning back the clock in terms of facial aging. Such
a driving force will surely maintain the impetus to push the
envelope and uncover new facets of skin physiology and
mechanics. We look forward to what is surely just beyond the
horizon.
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2 Anatomy, Physiology, and Pathology of the Skin

Ariel B. Grobman, Sanaz Harirchian, and Lisa D. Grunebaum

2.1 Introduction

Skin is an intricate organ, providing a protective outer layer that
supplies insulation, mechanical protection, defense from patho-
gens, and temperature regulation. This chapter reviews skin
anatomy, embryology, and physiology, as well as age-related
changes focusing on photoaging.

2.2 Skin Embryology

The earliest stage of skin development is known as the specifi-
cation stage, which occurs by the 4th week of gestation. During
specification, ectoderm lateral to the neural plate is committed
to become epidermis, and subsets of mesenchymal and neural
crest cells are committed to form the dermis. Initially, a single
layer of ectodermal cells covers the embryo’s surface. In the 2nd
month of gestation, this layer divides to form a superficial pro-
tective layer of simple, flattened squamous epithelial cells, the
periderm. The cells of the periderm layer then undergo kerati-
nization and begin to slough superficially to be replaced by cells
arising from the basal layer. The framework of future layers and
specialized structures of skin are now formed. Next, during the
morphogenesis stage, these tissues begin to take their particu-
lar form: The dermis and hypodermis are delineated; vascular
formation occurs; epidermal stratification and epidermal
appendage formation also take place. By the 11th week, the
basal layer (stratum germinativum) forms an intermediate skin
layer. By the end of the 4th month, all the epithelial layers of
the epidermis have acquired their definitive arrangement. Also
by the 4th month, the mesoderm underlying the ectoderm has
differentiated into the dermal layer, which begins to produce

Stratum
corneum

Stratum
granulosum

Basal
lamina

Dermis —

collagen and elastic fibers; blood vessel formation also takes
place in this dermal layer. Hair follicle and sebaceous gland
growth initiate in the growing fetus by the 5th month. During
the first 3 months of development, neural crest cells infiltrate
the epidermis and differentiate into pigment-producing
melanocytes.

2.2.1 Epidermis

The skin is divided into three main layers that vary in quality

and appearance in different areas of the body: the epidermis,

dermis, and superficial fascia. The epidermis is divided into five

distinct layers and may range in thickness from 0.05 mm on the

eyelids to 0.8 to 1.5mm on the soles on the feet. The cellular

layers of the epidermis from deepest to most superficial

(» Fig. 2.1) include:

e Stratum basale (basal or germinal cell layer)

e Stratum spinosum (spinous or prickle cell layer)

e Stratum granulosum (granular cell layer)

e Stratum corneum (horny layer)

e Stratum lucidum (a thin layer of translucent cells seen in thick
epidermis representing a transition from the stratum granu-
losum and stratum corneum)

The epidermis is mainly composed of keratinocytes, with small-
er numbers of melanocytes, Langerhans cells, and Merkel cells.
The Langerhans cells are dendritic cells responsible for captur-
ing and presenting antigens within the epidermis to circulating
lymphocytes. Merkel cells are somatic afferent sensory cells
that provide light touch discrimination; they can become neo-
plastic in some cases and form Merkel cell carcinoma.

Stratum
spinosum

Stratum
germinativum

Fig. 2.1 Depiction of the microscopic appearance of the dermis and epidermal layers. Note the progression of the nucleated keratinocytes of the basal
layer as they migrate superficially and differentiate into the anucleated, flattened corneocytes of the stratum corneum.
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The stratum basale, the innermost layer, lies adjacent to the
dermis and contains keratinocytes in various stages of division,
attached to the basement membrane by hemidesmosomes. The
basal layer also contains melanocytes, the pigment-producing
cells. Through their dendritic processes, the melanocytes trans-
fer pigmented melanin granules in vesicles named melano-
somes to keratinocytes. The melanosomes accumulate atop the
nucleus of the recipient cell protecting the deoxyribonucleic
acid (DNA) from ultraviolet (UV) radiation damage. Melanin, a
derivative of tyrosine, is an effective absorber of light; it is able
to dissipate more than 99.9% of absorbed UV radiation. The
number of melanocytes is the same in equivalent body sites in
human beings of all skin pigments; however, the distribution
and rate of production of melanin differ.

The cells of the stratum basale are anchored into a complex
structure known as the basement membrane, or dermoepider-
mal junction. This poorly defined, eosinophilic staining struc-
ture provides nutrients and waste disposal for the epidermis,
and acts as chemical and physical barriers. The basement mem-
brane has strong anchoring collagen fibrils that secure it to the
underlying dermis. In addition, the undersurface of the epider-
mis contains epithelial projections called rete ridges, or rete
pegs, that extend between the papillae of the dermis and pro-
vide increased mechanical support.

Superficial to the stratum basale lies the stratum spinosum,
or prickle cell layer that derives its name from the appearance
of the intercellular desmosomes linking these keratinized pol-
ygonal cells. The next layer is the stratum granulosum, or gran-
ular cell layer. At this point the keratinocytes begin to lose their
nuclei, exhibit coarse cytoplasmic granules, and appear baso-
philic. On the palms of the hand and the soles of the feet there
is an intermediate, clear cell layer, the stratum lucidum; this
represents a transition between the cells of the stratum granu-
losum and stratum corneum. The stratum corneum, the outer-
most layer, forms a protective barrier against infection,
dehydration, chemicals, UV radiation, and mechanical stressors.
Studies have determined this layer to be from 8.7 to 12.9um
thick.2 The cells of this layer, known as corneocytes, are
anucleated Kkeratinocytes that become flattened and stack up
10- to 30-cells thick at the skin surface. The palms of the hand
and soles of the feet have the highest density of corneocytes at
the skin surface. The corneocyte is enveloped in a proteinaceous
covering and contains water-retaining keratin. In addition, the
extracellular matrix surrounding these cells contains stacked,
lipid bilayers providing a hydrophobic barrier.

2.2.2 Dermis

The dermis is found beneath the basement membrane and is
composed of a supportive cell matrix. The dermis varies in
thickness from 0.6 mm on the eyelids to 3mm on the back,
palms of the hands, and soles of the feet. Within the dermis lie
cells such as fibroblasts, mast cells, and macrophages, as well as
branches of the peripheral nervous system, blood vessels, and
epidermal appendages. The two layers of the dermis are the
papillary layer and the reticular layer.

The papillary dermis contains loosely organized collagen
fibers, blood vessels, and fibroblasts. It is located below the der-
moepidermal junction and is relatively thin in comparison with
the reticular dermis. The fibroblasts are plentiful within the
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papillary dermis and are responsible for synthesizing collagen,
elastin, and proteoglycans. During the wound-healing process
they may become active collagen-producing cells and may
transform into contractile cells during the contraction phase of
wound healing. Experimental data suggest that this differentia-
tion occurs after wound formation under the influence of trans-
forming growth factor-beta (TGF-B1), mechanical tension, and
exposed extracellular matrix components. Blockade of the con-
traction cascade and treatment of wounds with new dermal
regeneration templates appear to prevent scar formation.3

The reticular dermis is composed of rigid, netlike, bundles of
collagen that run parallel to the skin surface, extending from
the papillary layer to the subdermis or superficial fascia. The
structure of the dermis differs greatly at diverse anatomical
sites. For example, the structure of facial dermis is highly influ-
enced by abundant hair follicles and numerous large sebaceous
glands in men. The high concentration of these appendages
likely puts the connective tissue matrix of the dermis under
added tension.

2.3 Skin Appendages

Hair follicles are most abundant on the scalp and the face, and
are derivatives of the epidermis and dermis. Each hair follicle is
lined by germinative cells that produce keratin and melano-
cytes that synthesize pigment. The hair shaft consists of an out-
er cuticle, a cortex of keratinocytes, an inner medulla, and a
surrounding root sheath. An erector pili muscle is associated
with the hair shaft and is innervated by the sympathetic nerv-
ous system.

Sebaceous glands are epidermal cell derivatives that are
found in the hair-bearing regions of the skin. Sebaceous glands
secrete a substance called sebum through holocrine secretion
into the hair follicle. Sebum may help to maintain the epidermal
permeability barrier, function in hormonal signaling, transport
antioxidants, and provide added protection from UV radiation.
Sweat glands are classified into two main types: apocrine and
eccrine. Apocrine glands are found in the axillae and groin and
produce an odorless, protein-rich secretion. When acted upon
by bacteria, this secretion becomes odiferous. Eccrine sweat
glands are found throughout the body, and in especially high
density on the palms, soles, forehead, and axillae. In fact, the
only cutaneous regions lacking eccrine glands are the mucocu-
taneous junctions and nail beds (> Fig. 2.2).

2.3.1 Superficial Fascia

This layer, also known as the subcutis, contains a mixture of
fibrous and fatty tissue. The ratio of fibrous to fatty substance
differs based on the following factors: bodily region, gender,
and nutritional status (smaller fat deposits in more malnour-
ished individuals). On the trunk and extremities the fatty sub-
stance predominates, allowing easier surgical undermining of
the skin.# On the face the subcutaneous tissue plays quite an
important functional role since it contains the tendon fibers of
the facial muscles.> The superficial fascia of the face contains a
mixture of fibrous septa and fatty tissue. On the lateral face, the
fibrous septa attach to the dermis with vertical septa, forming
the superficial musculoaponeurotic system (SMAS) that
extends from the platysma to the galea aponeurotica. The SMAS

Al'l use subject to https://ww. ebsco. conltermns-of -use



10

EBSCChost -

Anatomy, Physiology, and Pathology of the Skin

Free nerve endings

Sweat pore

Stratum corneum
lucidum \

Epidermis granulosum

spinosum

germinativum

Meissner's

corpuscle
Dermis

Sweat

gland

Nerve

Subcutaneous fiber
fatty tissue
(hypodermis)

Blood and lymph
vessels

Dermal papilla

—Hair shaft

Sebaceous gland
Hair follicle

Arrector pili muscle

Pacinian corpuscle

Papilla of hair

Fig. 2.2 All the layers of the skin including dermal appendages, blood vessels, and peripheral nervous structures are shown here.

constitutes a compartment through which vessels branch and
connect before reaching the subdermal level.

2.3.2 Blood Vessels

The deep plexus is a vascular network that lies in the outer por-
tion of the superficial fascia. From this deep network small
arteries pass vertically to the papillary dermis becoming the
superficial plexus. Branches of the superficial plexus give rise to
ascending capillary loops that supply the dermal papillae before
becoming venules in the superficial venous plexus. Due to the
dilated arteriolar network concentrated in the face, telangiecta-
sias of the facial skin respond well to lasers emitting wave-
lengths in the yellow portion of the spectrum.* Venous
predominant telangiectasias respond better to sclerotic agents
than to laser therapy.

2.3.3 Nerves

All cutaneous nerves have their cell bodies in the dorsal root
ganglia. Free nerve endings in the dermis sense pain and tem-
perature. Specialized receptors named Meissner corpuscles lie
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in the dermal papillae and receive light touch sensation. Pres-
sure and vibration are detected by specialized structures named
Pacinian corpuscles that are densely distributed throughout the
superficial fascia of the palms and soles. The autonomic nervous
system supplies the motor innervation of the skin—adrenergic
fibers innervate blood vessels, erector pili muscles, and apoc-
rine glands—whereas cholinergic fibers innervate eccrine sweat
glands. The endocrine system regulates the sebaceous glands,
which are not innervated by autonomic fibers.

2.4 Wound Healing

The wound-healing process consists of four highly integrated
and overlapping phasesS:

e Hemostasis

e Inflammation

e Proliferation

¢ Tissue remodeling

Tissue injury (e.g., abrasion, laceration, burn, or contusion)
affecting the dermal blood vessels triggers an immediate 5- to
10-minute vasoconstrictive response. The exposed, injured
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endothelial cells activate the coagulation cascade initially trig-
gering platelet aggregation and adhesion. Vasoconstriction is
then followed by a period of vasodilation, due to mast cell-
mediated release of histamine and serotonin. Vasodilation
allows infiltration of platelets and leukocytes, which release
cytokines, thereby initiating the inflammatory process—persist-
ing for up to ~ 72 hours. Gross inflammation manifests as
hyperemia and edema in and around the wound. Cytokine
release by platelets, exposure to bacterial antigens, and the
complementing activation cascade stimulate neutrophil influx
into the wound. The inflammatory stage can be classified into
two parts: In the early phase there is an influx of neutrophils
followed by a late phase in which macrophages predominate.
Cytokine release and the complementing activation stimulate
neutrophil migration, an essential aspect of proper wound heal-
ing. The neutrophils migrate to the site of the wound and
through phagocytosis remove bacteria and foreign debris from
the wound. By the 3rd day after the injury, macrophages
become the predominant cell type found in the healing wound.
Macrophages stimulate wound healing through direct phagocy-
tosis; activation of lymphocytes; and synthesis of potent
growth factors such as transforming growth factor (TGF), fibro-
blast growth factor (FGF), platelet-derived growth factor
(PDGF), and vascular endothelial growth factor (VEGF). These
growth factors promote endothelial cell growth, fibroblast pro-
liferation, and angiogenesis.

By the 3rd to 7th day of wound healing, the system focuses
on covering the wound surface, forming granulation tissue, and
restoring the vascular network. This is referred to as the prolif-
erative stage. During this period fibroblasts migrate along the
fibrin network laying down the matrix of connective tissue for
wound closure and restoration of mechanical strength. Next,
keratinocytes lying at the edge of the wound, as well as epithe-
lial stem cells from hair follicles and sweat glands, migrate
toward the center of the wound. This process occurs through
enzymatic loosening of keratinocyte desmosomes and keratino-
cyte “shuffling” along the newly created fibrin network along a
chemotactic network toward the center of the wound.”

The final wound-healing stage, known as neovascularization,
deals with the restoration of the intricate vascular network of
the fresh wound. Existing endothelial cells on intact neighbor-
ing vessels interact with newly synthesized growth factors from
the wound and begin to proliferate and sprout new branches
that connect with others, forming vascular loops. From this
point, the new endothelial cells may recruit pericytes and
smooth muscle cells in order to differentiate into venules and
arterioles.

Next, granulation tissue forms through high density of fibro-
blasts, granulocytes, macrophages, capillaries, and loose bun-
dles of collagen. It appears characteristically red and fragile due
to disorganized, incomplete angiogenesis. The final stage of
wound healing is tissue remodeling, which may last from 21
days up to 1 year after injury. The fibroblast is the workhorse of
extracellular matrix formation and is responsible for wound
strengthening by the conversion of type Il collagen to the
stronger type I collagen. Fibroblasts begin to differentiate into
myofibroblasts, leading to wound contraction and closure.
Wound myofibroblasts help decrease wound surface area
through extracellular collagen fiber deposition and contraction
by intracellular contraction and concomitant alignment of the

printed on 2/11/2023 4:37 AMvia .

collagen fibers by integrin-mediated pull on collagen bundles.
Finally, wound blood flow declines and metabolic activity with-
in the wound stops.

Multiple experimental models have demonstrated that skin
damage caused in utero heals differently from nonfetal skin.
Fetal skin injuries heal without scar formation and with preser-
vation of dermal appendages such as hair follicles and seba-
ceous glands.? In nonfetal scar tissue the dermoepidermal
junction is repaired without rete ridges and dermal skin appen-
dages, which may contribute to the susceptibility of scar tissue
to damage from shearing forces. Scar formation in skin wounds
appears to be secondary to contraction during healing; this was
demonstrated in studies that showed near abolishment of scar
formation when skin wounds were manipulated with scaffolds
that partially blocked contraction.3

2.5 Skin Aging

In the newborn, the skin is smooth, usually uniform in pigmen-
tation, and lacks surface irregularities. During the aging process
there are endogenous and exogenous causes of skin change.
Endogenous or intrinsic aging proceeds in all organisms due to
the interplay of predetermined genetic factors and the influ-
ence of time. Endogenous changes can be characterized by
cellular or microscopic tissue changes or macroscopic and func-
tional changes. Similar to cellular aging in other organs, endog-
enous aging is thought to involve decreased proliferative
capacity leading to cellular senescence, and altered biosynthetic
activity of skin-derived cells.8 It is believed that the progression
of keratinocytes from their beginnings in the stratum basale to
the anucleated corneocyte in the stratum corneum takes ~ 2
weeks. This cellular maturation process of the epidermal kerati-
nocytes is thought to progress more slowly as the human being
ages, thereby diminishing the capacity for re-epithelialization
after tissue insult. As a result, corneocytes are found to be larger
due to delayed epidermal turnover. Loose adhesion of the cor-
neocytes due to the delayed epidermal turnover rate may con-
tribute to epidermal skin loss after repeat application and
removal of adhesive tape in the older adult, as well as predis-
pose to higher rates of contact dermatitis due to greater dermal
permeability.

The aging skin is also characterized by a decrease in the num-
ber of basal keratinocytes per unit area, thinning/flattening of
the dermoepidermal junction, a decrease in Langerhans cell
population, and a decrease in active melanocyte population by
8 to 20% per decade.® This population decline affects epidermal
and hair follicle melanocytes resulting in irregular skin pigmen-
tation and hypopigmented hair. Thinning of the dermoepider-
mal junction is observed by the sixth decade and is attributed
to a decrease in the number and size of dermal papillae. Studies
have demonstrated a decrease from 40 papillae/mm? in young
skin to 14 papillae/mm? in subjects age 65 and older. In older
skin, this decrease in dermal papillae interdigitation leads to
increased susceptibility to tissue damage from shearing
forces.10 Other changes include decreased cell populations of
Meissner and Pacinian corpuscles, resulting in poorer discrimi-
nation of pressure and light touch.

Over time, changes to the dermis include: elastic fiber degra-
dation, decrease in collagen synthesis, decrease in blood vessel
and nerve ending distribution, and overall decrease in
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Fig. 2.3 Skin aging is characterized by endogenous and exogenous changes. Sun exposure mainly affects the epidermal layer of the skin, whereas age-
related changes are found in each level. Epidermal pigment change in the aging skin, thinning of the epidermis and dermis, and atrophy of adipose

tissue in the subcutaneous layer are displayed here.

cellularity. Rete pegs flatten in the aging human, causing
increased susceptibility to shearing forces from minor trauma
in the older adult.

In the human dermis the organization of collagen fibers
determines the mechanical characteristics of the tissues and
resistance to deformational forces. Elastin functions to recoil
the stretched collagen fibers to their relaxed position. Fibro-
blasts and dermal dendrocytes produce proteoglycans, glycosa-
minoglycans, and glycoproteins that permeate the elastin
network creating a structural steady state of connective tissue
fibers.’m As humans age there is a decrease in the elastic
rebound properties of the skin with an increase in extensibility.
This is likely due to increased degradation of dermal collagen
by tissue matrix metalloproteinases over time. Collagen
becomes more haphazardly oriented and loss occurs at around
1% per year throughout adult life.'213 There does not appear to
be any relationship between gender and quantifiable change in
human skin biomechanics over time.

One of the most ubiquitous and obvious skin changes with
aging is reduction in skin thickness. Thinning of skin affects all
cell layers, although dermal collagen and elastin losses account
for most of the reduction in total skin thickness. This effect is
most obvious in exposed areas such as the extensors, neck,
upper chest, and face. The hypodermis and superficial fascia
tend to undergo atrophy of fat deposits, contributing to volume
loss; the basement membrane, however, is noted to increase in
thickness over time (> Fig. 2.3).
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On a macroscopic level, aging of facial skin takes place gradu-
ally over two to four decades. In its early stages, little clinical
evidence is present with the exception of the mosaic, faint (sub-
clinical) melanoderma. The characteristic clinical signs of facial
aging usually begin to be recognized by individuals with the
emergence of discrete furrows and wrinkles, together with a
loss of firmness.!? The skin thins, dries, wrinkles, and becomes
unevenly pigmented. Skin may show a loss of tone and elastic-
ity, increased fragility, areas of purpura caused by blood vessel
weakness and benign lesions such as keratoses, telangiectasias,
and skin tags. There is a loss of subcutaneous fat, and soft tissue
ptosis and descent. Rhytids form due to a reduction in muscle
mass and skin thickness, cross-linking of collagen and elastin in
the dermis, and dehydration of the stratum corneum.

2.5.1 Photoaging

Extrinsic aging of skin changes occurs due to external factors, of
which sun exposure is considered the most deleterious. Symp-
toms of photoaging, or dermatoheliosis, include rhytids, dry-
ness, irregular pigmentation, loss of elasticity, telangiectasias,
and purpura.' Extrinsically aged skin (such as that found on
the face, hands, and chest) is wrinkled, sallow in color, and has
areas of hyperpigmentation and hypopigmentation. The histo-
logical effect of photoaging on the epidermis has not been
universal; some subjects report epidermal thickening, whereas
others report thinning. Typically, photoaging results in
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changes seen with aging and photodamage, clinicians are better
able to address cutaneous rejuvenation.
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This chapter reviews skin anatomy, embryology, and physiol-
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3 The Science Behind Lasers: How the Physical Properties of

Lasers Affect the Skin

Mark M. Hamilton

3.1 Introduction

Lasers have played an increasingly important role in facial plas-
tic surgery as our understanding of how to harness their energy
has grown. The initial concept of a laser started less than a cen-
tury ago with Albert Einstein’s paper on the quantum theory of
radiation,! but it wasn’t until 1954 that the first working model
was built. The term laser was coined by Gordon Gould in 1958
for light amplification by stimulated emission of radiation.? Just
2 years later, Theodore Maiman developed the first functioning
laser, a flashlamp-pumped ruby laser emitting a 694-nm
wavelength.3

The first reported use of lasers on skin by Leon Goldman et al
was for tattoo removal.# Since that time, the applications for
lasers in facial plastic surgery have grown exponentially. Lasers
can be used in softening facial rhytids, improving skin texture,
providing skin tightening, removing vascular and pigmented
birthmarks, and disposing of unwanted hair. With this growth
has come improved safety, reduced downtime, and improved
effectiveness.

3.2 Laser Theory

All light travels in waveforms. The waveforms can be character-
ized by their wavelength, amplitude, and frequency (> Fig. 3.1).
Ordinary light emits photons of varying wavelength, frequency,
direction, and amplitude. Laser light is unique in that it is more
uniform—the light is of a single wavelength (monochromatic),
direction (collimated), and frequency (coherence).

Laser light development is based on Einstein’s quantum
mechanics. He first discovered the theory of stimulated emis-
sion within the framework of quantum theory, and all modern
laser physics is based on this principle. Quantum mechanics
states that if an atom is in an excited state, it is unstable and
will seek to return to its lower energy, ground state. The atom
will emit a photon in the process of returning to its ground
state. However, if an incident photon strikes the already-excited
atom, two photons will be emitted as it returns to its ground
state. These two pathways for photon emission are referred to
as spontaneous and stimulated emission, with the latter being
the basis for laser physics.

Wavelength |
—

Period

Fig. 3.1 Waveforms can be characterized by their amplitude, wave-
length, and period.

Spontaneous emission of radiation occurs when an atom in
excited state transitions to a state with a lower energy (ground
state), and in the process emits energy in the form of a photon.
A photon is a unit (or quanta) of light (> Fig. 3.2a).

Stimulated emission of radiation occurs when an incident
photon strikes an atom already in an excited state. The atom
again transitions to a lower energy state, but will emit two
identical photons with the same wavelength, phase, frequency,
and direction of the photon from the incident wave because it
was struck in an excited state (> Fig. 3.2b).

3.2.1 Laser Components

A laser is constructed from three principal parts (> Fig. 3.3):

¢ An energy source (usually referred to as a pump source)

¢ Alaser medium (can be a solid, liquid, gas, or semiconductive
material)

e Two or more mirrors that form an optical resonator (also
referred to as an optical cavity)

The laser medium is the component that determines the wave-
length (and therefore the color) and frequency of the light

Photon Emitted

Excited State

Ground State

a
Incident Photon Photons Emitted
Excited State
Ground State
b

Fig. 3.2 Two pathways for photon emission. (a) Spontaneous emission.
(b) Stimulated emission.
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emitted. Lasers are most often categorized by their wavelength
on the electromagnetic spectrum (> Fig. 3.4). Early lasers used
gas as their laser medium: nitrogen (N), carbon dioxide (CO,),
helium (He), and neon (Ne). The lasers that followed used
liquids, and were referred to as dye lasers. Dye lasers are capa-
ble of generating a wider range of wavelengths than other laser
mediums. Solid-state laser mediums were the next iteration,
with one of the earliest still being used today (neodymium:
yttrium aluminum garnet [Nd:YAG] lasers).

The basic design of a laser is a laser medium placed within
the reflective surfaces of the optical resonator. One of the surfa-
ces is fully reflective and the other is partially reflective. Electri-
cal current is the energy source for most clinical lasers, and
provides the energy necessary to excite the laser medium.
When the laser medium is in an excited state, the laser wave-
length is amplified as it passes through the laser medium. The
mirrors reflect the laser and ensure many passes of the laser
light beam through the medium, allowing repeated amplifica-
tion. The amplified light then escapes the partially reflective
surface as a beam of light. This laser light is then transmitted to
the intended treatment area by a delivery system.

Partially
Reflective Reflective
Mirror Mirror
Laser Medium i
=/ : l£= Laser
Light

Fig. 3.3 The basic components of a laser.
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Fig. 3.4 The electromagnetic spectrum.
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Lasers are more organized, intense, and focused than ordi-
nary light. Laser light is collimated, coherent, and monochro-
matic. All of these characteristics of laser light allow the
focused, targeted use of light in clinical treatments.

3.3 Laser-Tissue Interactions

Laser light can have a variety of interactions with tissues. These
include reflection, absorption, scatter, or transmission through
the tissue.> There are a multitude of possibilities of overall
interaction depending on the degree to which these four phe-
nomena occur. The factors that determine the initial effect
include the laser wavelength, laser power, laser waveform, tis-
sue optical properties, and tissue thermal properties. In general,
absorption controls to a great degree how much reflection,
scatter, and transmission occur, and this is primarily deter-
mined by wavelength.

Energy is deposited in a tissue when absorption occurs.
When light is either reflected, scattered, or transmitted, no
energy is deposited and the laser has no effect. When absorp-
tion does occur, energy is deposited and molecules begin to
vibrate. What occurs depends on how much energy is absorbed.
At low energy levels, biological modifications can occur. These
can include activation of biochemical reactions or stimulation
of the tissues. Clinical examples of this include use of light-
emitting diodes (LED) technology to provide skin rejuvenation
and stimulate hair growth.

At higher energy absorption, thermal effects begin to occur.
These can range from denaturation of biological proteins at
lower energy levels to coagulation and vaporization of the tis-
sues at higher energy levels. These are the effects for which
lasers are most commonly used. Clinical examples include laser
coagulation of bleeding tissues and skin rejuvenation by coagu-
lation and vaporization of epidermal and dermal skin.
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3.3.1 Selective Photothermolysis

Optimal use of lasers has been enhanced with understanding of
the concept of selective photothermolysis.6 Proposed by Ander-
son and Parrish in 1983, this theory refers to the precise target-
ing of a structure or tissue using a specific wavelength of light
with the intention of absorbing light energy into that target tis-
sue alone. The energy is directed into the target tissue in such a
fashion as to damage the target while allowing surrounding tis-
sue to remain untouched. Three components of this interaction
are wavelength, intensity, and pulse duration.

The laser wavelength for the target in this theory is selected
by its chromophore or substance that absorbs a particular
wavelength. This is most obvious with tattoos, where a particu-
lar laser is chosen based on its absorption by the color of the
tattoo ink (chromophore). With this, appropriate laser energy
is absorbed more by the tattoo and less by the uncolored
surrounding skin.

The laser energy must be of sufficient strength to either coag-
ulate or vaporize the target. This energy level depends on the
physical properties of the target. Laser parameters of power
and spot size can be manipulated to reach this energy level.

A third component of selective photothermolysis is pulse
duration. The pulse duration is the period of energy deposition.
The pulse duration should be shorter than the time the target
tissue is able to transfer heat (energy) to the surrounding tis-
sues (thermal relaxation time). The shorter the pulse, the less
energy dissipation and the more selectively the target is
destroyed.

3.3.2 Laser Definitions

Using selective photothermolysis depends on understanding

laser parameters that can be modified and the terms to describe

them:

e Energy—basic physical quantitative property related to activ-
ity, measured in joules

e The capacity to do work—joules (J) = watts (W) x 1 second (s)

¢ Fluence—amount of energy (joules) that is applied to a sur-
face area of tissue (cm?)

e Power—amount of energy per period of time, measured in
watts

e Power density—irradiance, rate of energy delivery per target
area (W/cm?)

e Wavelength—distance in waveform between two successive
peaks

¢ Amplitude—height in waveform of peak, related to intensity

¢ Frequency—amount of time for one full wave cycle

e Chromophore—a part of a molecule responsible for its color

e Thermal relaxation time—the amount of time required for an
object to dissipate one half of its heat

e Spot size—cross-sectional area of the laser beam

3.3.3 Laser Delivery

Lasers can be delivered in a variety of modes. In a continuous
mode the laser is always on. Energy is dissipated to surrounding
tissues and thus minimizes the chances for selective
photothermolysis.
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Pulsing of the laser can be performed to more selectively use
laser energy. This allows for cooling of the tissues in between
pulses. There are several ways to pulse laser energy.

In a shuttered or gated mode, laser energy is simply turned
off between pulses. If the duration between pulses is less than
the thermal relaxation time of the target tissue, there is less
heat dissipation and less risk of injury to surrounding tissues.
Typically, peak energy is unchanged from continuous mode.

In a superpulse mode, the laser energy is not merely turned
off between pulses, but actually allowed to build up, allowing
higher energy during the pulse. Thus, higher energy levels are
achieved during superpulse than are achieved during continu-
ous or shuttered.

An improvement on superpulse technology was ultrapulse.
Ultrapulse technology allows for high peak energy levels for
very short periods of time. Typically, it requires four to five
superpulses to deliver the same energy as one ultrapulse. This
allows for more precise removal of tissue with less heat dissipa-
tion. It is considered the standard for CO, laser resurfacing.

Q-switched or quality-switched lasers are another method of
pulsing energy. Compared to shuttered, the pulse energies are
much higher over a very short pulse width.

An alternative to pulsed systems was a scanning-type device.
With a scanning of the system, the laser beam is swept across
the tissue rapidly enough that the tissue dwell time is less than
the thermal relaxation time. This can give the same effect as a
pulsed device. Although this method was used by the Sharplan
company in the early days of CO,-laser resurfacing, this tech-
nology is no longer used today.

3.3.4 Fractional Resurfacing

Fractional lasers were developed to minimize downtime and
lower the risk profile of resurfacing lasers. This technology
depends on treating only a percentage of the skin surface at a
microscopic level. This allows for bridges of untreated tissue
that can assist with quicker healing. The areas of treated skin in
fractional resurfacing are called microscopic treatment zones
(MTZ), also called microthermal zones (> Fig. 3.5). The size and
density of these can be varied depending on the device. The
MTZ includes both the ablated tissue and any surrounding
coagulated tissue.

The first fractional laser was a nonablative, 1,550-nm laser
(Fraxel SR, Solta Medical, Hayward, California).” With time,
ablative fractional laser devices such as CO, and erbium became
available. Although these devices allowed better results than
nonablative lasers, they also brought increased downtime and
potential for risks.

Fractional lasers can be contoured to allow for extremely
deep penetration. Some fractional CO, devices allow for treat-
ment depths of 1,200 um and with the erbium:yttrium alumi-
num garnet laser (Er:YAG) up to 1,500 pm. This is thought to be
more effective for deep rhytids and acne scarring, but studies
demonstrating their benefit are still lacking.

Fractionating lasers have allowed patients to get a portion of
the benefit of nonfractional devices with less downtime and a
lower risk profile. In addition, they allow for the treatment of a
broader range of skin types. It is important for laser surgeons to
recognize their limitations while discussing their benefits.8
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Other laser variables to consider include laser spot size, laser
tissue distance, and skin cooling. Given equal energy output,
changes in spot size can have significant impact. In keeping the
energy level constant while increasing spot size, there will be a
decrease in thermal energy per centimeter of tissue and less re-
sponse. On the flip side, decreasing spot size without decreas-
ing energy will increase tissue effect as well as possible risk.

If a laser beam is truly collimated, changing the distance of
the laser from the target should have little effect. Most lasers,
however, are focused with a focal point for optimal treatment. If
the laser tissue distance is increased, the resulting deposition of
energy at the surface will be decreased. Most systems have an
attached aiming arm for the appropriate laser tissue distance.

Skin cooling can also change the dynamics with laser energy.
By cooling the top layers of skin to protect from thermal injury,
higher energy levels can be delivered safely. A variety of cooling

Microscopic Treatment Zones (MTZ)

Skin Surface
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systems exist including forced cool air, cryogen sprays, and con-
tact cooling (glass piece cooled by water or other coolant).

3.4 Laser Wavelengths

Lasers are most often first categorized by their wavelengths
(» Fig. 3.4). In the sections that follow, the profiles of the main
laser wavelengths utilized in facial plastic surgery are
discussed.

3.4.1 Carbon Dioxide

The CO; laser is the most common type used for facial rejuvena-
tion. Its high absorption by water makes it an excellent choice
for resurfacing skin. Its 10,600-nm wavelength is in the infrared
invisible range of the electromagnetic spectrum. Thus, it is
often accompanied by a He-Ne beam for aiming. The laser me-
dium is CO, gas and it is delivered through articulated arms
that contain mirrors. Electricity is used for excitation.

The CO, laser is most often used for skin resurfacing with
water as the chromophore. The critical threshold for tissue ab-
lation with the CO, laser is 5 J/cm? in less than 1 second to
achieve tissue vaporization.? Two methods were originally
developed to achieve this goal—one, superpulsed technology, is
primarily used today. Computer pattern generators (CPGs) were
added to allow treatment of larger areas quickly. The other
mode, scanning technology, has largely been abandoned.®

Laser resurfacing can be used to improve facial rhytids, dys-
chromias, and skin laxity (> Fig. 3.6a, b). The first effect of CO,
lasers is vaporization of the tissue, just as it is achieved with
chemical peels or dermabrasion. The depth of ablation varies
depending on energy levels and number of passes. Typical
treatments result in ablation depths in the same range as me-
dium-depth trichloroacetic acid (TCA) peels or dermabrasion,
but less than that of phenol peels.

In addition to ablation, the CO, laser produces a zone of irre-
versible thermal damage. This leads to visible tightening of the
skin during treatment that is believed to be due to collagen

Fig.3.6 CO, laser resurfacing can be used to
improve facial rhytids, dyschromias, and skin

laxity. (a) Before full-face procedure. (b) After
full-face procedure.
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shrinkage. Collagen fibrils are able to shrink by up to one third
without a loss of structural integrity.!? This gives the CO, laser a
unique tightening effect as compared to other resurfacing
methods including erbium resurfacing.

Controversy remains about the color of the skin after resur-
facing and prediction for depth of penetration. That said, color
can provide some guide.!! A pinkish color would indicate abla-
tion through the epidermis to the superficial papillary dermis.
A chamois-colored appearance would be indicative of deeper
papillary dermis and a cotton-threaded appearance would be
the unsafe reticular dermal level. That said, beyond the papil-
lary dermis, further laser pulses tend to leave more thermal
injury resulting in a yellow-brown discoloration.

Histological studies on lasered skin will show a variety of
effects. These include reversal of epidermal dysplasia and thick-
ening of the Grenz zone with collagen deposition. Solar elasto-
sis is noted to decrease with greater fibrillar content.

One unwanted phenomenon of CO, laser resurfacing is hypo-
pigmentation. Whereas many resurfacing techniques create
pseudohypopigmentation by way of removing sun-damaged,
hyperpigmented skin, deep ablative CO, laser resurfacing may
lead to an actual decrease in the presence of melanocytes. This
true hypopigmentation is a delayed phenomenon and irreversi-
ble. It is one of the prime impetuses for the search for other
resurfacing modalities such as erbium and fractional devices.

The CO, laser can also be used as a cutting or coagulating
tool. In these modes, the laser has been used in blepharoplasty
and rhinophyma removal.

3.4.2 Erbium

Erbium lasers include the 2,790-nm erbium:yttrium scandium
gallium garnet (Er:YSGG) and the 2,940-nm Er:YAG. Lasers with
wavelengths in this range have even higher water absorption
than CO,, with the 2,940-nm wavelength having 12 times the
absorption. In addition, like CO, lasers, erbium devices provide
an excellent tool for skin resurfacing. They can be used to
reverse signs of aging such as rhytids, dyschromias, coarse skin
texture, and skin laxity, as well as acne and traumatic scarring.

Because of erbium lasers’ higher water absorption, they are
associated with more ablation and less coagulation and thermal
tightening. The ablation threshold is much lower for the erbium
lasers than for the CO, lasers (1.6 vs. 5.0 J/cm?2).12 This has pre-
sented two issues—pinpoint bleeding after treatment and less
thermal tightening than with CO, lasers. Newer devices have
longer pulse options combined with lower fluences that allow
for more coagulative effect when desired and at least partial
correction of both of these issues.

Like CO,, lasers, erbium can be delivered via a fixed spot, or a
scanning or fractional handpiece. Like CO,, the laser is in the
invisible infrared region and thus requires an aiming beam.
Erbium lasers use a flashlamp for excitation.

There are a variety of benefits to erbium’s higher water
absorption and less thermal effect. Recovery is typically shorter,
being 1 week or less with ablative resurfacing versus 10 days to
2 weeks with CO,. Erbium lasers in general can treat a broader
range of skin types than CO,—Fitzpatrick skin types III and IV
can be safely treated with ablative erbium at appropriate set-
tings. Lastly, the long-term risk of hypopigmentation is gener-
ally less than with traditional CO,.
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Although they have similar effects, the Er:YSGG can be seen
as halfway between the Er:YAG and the CO, laser. It has less
water absorption than the Er:YAG, but still 5 times that of CO,.
This gives it a more ablative effect than CO,, but a more coagu-
lative effect than Er:YAG.13

3.4.3 Argon Laser

The argon laser emits light at multiple wavelengths between
458 to 514 nm with high absorption by hemoglobin. It was one
of the original lasers studied for the treatment of vascular
lesions and produced results that made it the treatment of
choice for several years.!4 The laser is used with shuttered pulse
widths of 50 milliseconds to 0.3 seconds and with spot sizes of
0.1 to 1 mm. The laser was the first device to prove effective in
lightening vascular lesions, with up to 75% showing improve-
ment. Its shorter wavelength, however, was preferentially
absorbed superficially preventing effective treatment of deeper
lesions. In addition, scarring proved unacceptably high,!> stimu-
lating the search for a safer, more effective device.

3.4.4 Pulsed Dye Laser

The flashlamp-excited pulsed dye laser has been the gold
standard for the treatment of vascular lesions for years.!6 At
585 nm, its wavelength is close to that of one of oxyhemoglo-
bin’s peaks at 577 nm, allowing preferential absorption by red
blood cells.

This has allowed effective treatment of a variety of vascular
pathologies, including telangiectasias, port-wine stains, and
hemangiomas. The laser has also been used for the improve-
ment of scars as well as improvement in postsurgical bruising.

The medium for the laser is rhodamine dye. The laser has
been associated with a purpuric effect that persists for days to
weeks after treatment (> Fig. 3.7). To minimize this as well as
improve effectiveness, both wavelength and pulse width have
been modified. Newer devices have up to a 1.5-ms pulse width
(vs. 450ps) that provides slower heating, less vessel rupture,
and thus less purpura. Longer wavelengths (600 nm) have been
used for deeper penetration and more effective treatment of
larger, deeper lesions.

Fig. 3.7 Purpura is seen after treatment with short-pulsed pulsed dye
laser.
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3.4.5 Ruby Laser

The ruby laser is also a flashlamp-excited laser. With strong
absorption by melanin, it was one of the first devices for laser
hair removal. It was also one of the first devices utilized for tat-
too removal and has proven effective for black, blue-black, and
green ink. It is capable of treating pigmented lesions, with its
longer wavelength allowing for deeper penetration.

The laser emits light at the 694-nm wavelength and is visible.
It can be delivered as a Q-switched device used for tattoo and
pigmented lesion removal or as a longer pulse width device for
laser hair removal.

3.4.6 Alexandrite Laser

At 755 nm, the alexandrite wavelength is effective in treating
green and black tattoos, unwanted hair, and pigmented lesions.
Its longer wavelength allows deeper penetration into the skin.
This, combined with high melanin absorption, has made it the
most commonly used wavelength for hair removal. On the flip
side, its high melanin absorption limits its use in darker skin
types. It is a solid state device and being in the infrared region
does require an aiming beam.

3.4.7 Diode Laser

Diode lasers are the most commonly manufactured laser type,
with uses in everything from bar code scanners to laser
pointers. They come in a variety of wavelengths depending on
use. In medicine, the 810-nm wavelength is used for hair
removal. It can be combined with a contact cooling system to
allow use of higher fluencies without skin damage.

3.4.8 Nd:YAG Laser

The 1,064-nm wavelength has been used for a variety of pur-
poses including the treatment of vascular lesions, laser hair
removal, nonablative skin remodeling, and as a dissection tool.
Its use in different areas is related to modifications in delivery,
pulse width, and spot size.

3.4.9 KTP Laser

The KTP laser is an Nd:YAG laser where the 1,064-nm light is
passed through an optical crystal composed of potassium titan-
yl phosphate (KTP) that changes the wavelength to 532 nm. This
frequency-doubled Nd:YAG has proven effective at treating vas-
cular lesions. Its ability to use longer wavelengths has allowed
treatment of vascular lesions without purpura, as seen with tra-
ditional pulsed dye lasers (> Fig. 3.8a, b). One device has com-
bined the 532-nm wavelength with a unique water-cooled glass
piece to protect the skin. A Q-switched, 532-nm laser is avail-
able for effective treatment of pigmented lesions. In addition,
the 532-nm wavelength can be utilized in a cutting, coagulating
contact mode.

Fig. 3.8 Longer wavelengths allow treatment of vascular lesions
without purpura, as seen with traditional pulsed dye lasers. (a) Short-
pulsed, yellow-light treatment of vascular lesion with vessel rupture
versus (b) longer pulsed, green-light treatment with vessel shrinkage
and avoidance of purpura.

3.5 Summary

Better understanding of laser-tissue interactions has improved
our ability to utilize this technology. We can look forward to
future research exploring laser physics for improved outcomes,
less downtime, and fewer risks.
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4 Ablative Carbon Dioxide Laser Treatment

Michael A. Persky and |. Kevin Duplechain

4.1 Historical Perspective

Those who have used lasers in their medical training and prac-
tices will be able to relate to my thoughts the first time I used a
laser: “How did anyone ever think of using light in such an
extraordinary fashion?” Thankfully, as in many other aspects of
our practices, we are the beneficiaries of the genius minds that
came before us. We are fortunate to “stand on the shoulders of
giants!”

Several decades ago the laser was used in science fiction as a
death-ray machine. Today the laser has evolved to be a most
useful tool in aesthetic medicine. Almost 60 years before the
first actual laser was built, Albert Einstein developed the early
theories essential to the development of the laser. His 1917
paper, “Zur Quantentheorie der Strahlung,” was the first to dis-
cuss stimulated emission.! Gordon, Zeiger, and Townes built the
first microwave laser, called a maser, in 1954.2 The first theoret-
ical calculations for a visible light laser were published by
Schawlow and Townes at Bell Laboratories in 1958.3

The first laser used a ruby crystal and a lamp that produced
weak flashes of red light. In 1960 Theodore Maiman at Hughes
Aircraft made this first laser with pulses of light in the red spec-
trum at 694 nm.# Commercial lasers became available a year lat-
er. In 1961 a prototype ruby laser was the first laser used on a
patient; it was used to destroy a retinal tumor. As lasers devel-
oped, medical experts considered further how lasers could help
in patient care, particularly for surgical applications. Lasers
quickly went from the laboratory to clinical use, with practi-
tioners keeping in mind the potential occupational hazards,
rather than repeating Madame Curie’s slow realization of radia-
tion hazards from radiographs (poor Madame Curie’s hands!).

The expansion of laser use from ophthalmology to other
medical fields was pioneered by Leon Goldman. In 1963 Gold-
man and colleagues described the pathological effects of the
laser beam on the skin.> These authors also considered the
potential use of lasers in medicine.

The carbon dioxide (CO,) laser was developed in 1964 by
Patel and coworkers;® however, it was not until 1968 when
Polanyi’ developed the articulated arm that more diverse spe-
cialized medical applications were possible. The CO, laser con-
sists of a sealed tube of helium, nitrogen, and carbon dioxide
gases. The gaseous mixture, called the gain medium, is stimu-
lated either by high-voltage currents or radiofrequency dis-
charge to produce an invisible infrared beam of 10,600-nm
energy.® An “aiming” helium-neon laser that produces red light
is used in conjunction with the CO, laser.

CO, laser ablation occurs when 10,600-nm energy is
absorbed by tissue water, resulting in the production of heat
and an ablative thermal effect. Once the temperature rises
above 100°C, water in the tissue vaporizes. The steam expands
and further tears open the tissue. Early medical lasers were
used as light scalpels because they had simultaneous cutting
and cauterizing capabilities. The early CO, lasers were continu-
ous wave with a constant beam of energy delivered to the tis-
sue. The CO, laser was used in head and neck surgery for tissue
ablation, creating intense localized heat to effect vaporization
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of intracellular and extracellular water, leading to coagulative
necrosis. Collateral heating of the zone adjacent to the area of
vaporization is unique to CO, laser wounds. Otolaryngology
was the first surgical specialty in which the CO, laser character-
istics were recognized and successfully applied to large-scale
clinical situations.

The ablative CO, laser held great promise as an aesthetic tool
because of its unique ablative and thermal wound characteris-
tics. It was not until the principle of selective photothermolysis
was reported® that manufacturers began to develop lasers that
reduced thermal injury by delivering energy in a series of short,
repetitive bursts rather than a continuous, uninterrupted beam.
When energy was delivered in pulses the lasered tissue had
time to cool between pulses, a feature that gave rise to the use
of CO,, lasers for facial cosmetic applications.

During the 1990s these pulsed, ablative CO, lasers became
very popular for skin resurfacing. Two CO, laser systems specif-
ically designed for skin resurfacing were the Ultrapulse (Coher-
ent Inc., Palo Alto, California) and the Silktouch (Sharplan Lasers
Inc., Allendale, New Jersey). David and associates'® were the
first to report using the CO, laser for cosmetic correction of
facial actinic damage, later expanding its use for purely cosmet-
ic correction of surface wrinkling in the face and hands. The
development of more sophisticated handpieces allowed the
laser beam to be applied to human skin in many prepro-
grammed patterns and in a much shorter duration that pre-
vented hot spots and bulk heating. Continuous wave lasers
controlled depth of injury by the number of passes performed
on a single area.

4.2 Rationale for Treatment

The rationale behind ablative CO, laser use for skin resurfacing
is that it is still considered the best device for the correction of
facial rhytids and remains the gold standard for facial skin
resurfacing (> Fig. 4.1 and » Fig. 4.2). It was extremely popular
in the 1990s but, due to the very long healing times, prolonged
erythema, lines of demarcation, and scarring, its use declined
except in the hands of experienced and skillful surgeons.

4.3 Pertinent Anatomy

Knowledge of skin microanatomy, histology, physiology, and
function are essential in all laser resurfacing procedures, partic-
ularly when using ablative CO, lasers. Skin is a dynamic organ
and is continuously changing throughout life; outer layers are
shed and replaced by inner layers. Skin also varies in thickness
with age, anatomical location, and the gender of the individual.
Skin consists of two layers (> Fig. 4.3), the epidermis and
dermis, which lie above the fatty subcutaneous layer, the panni-
culus adiposus. The epidermis has pigment-containing melano-
cytes and does not contain any blood vessels. The dermis
contains elastic fibers, collagen, blood vessels, nerves, and fibro-
blasts. The dermis has two layers, the more superficial papillary
dermis, and the deeper reticular dermis.
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The papillary dermis is made up of loose, connective tissue
containing capillaries, elastic fibers, reticular fibers, and some
collagen. The reticular dermis is a denser layer of connective tis-
sue with larger blood vessels, bundles of collagen fibers
arranged in layers parallel to the surface, and tightly interlaced
elastic fibers. The reticular dermis also contains fibroblasts and
epidermal appendages. The epidermal appendages of the retic-
ular dermis are essential for proper skin healing following CO,
laser resurfacing.!!

Knowledge of the relative skin depth and thickness in various
parts of the face is valuable to ensure that the laser does not
penetrate too deeply, which could result in unnecessary skin
injury and other complications. Histological studies of human
skin!? show that facial skin epidermis (forehead, nose, cheeks,
chin) varies in depth from 110 to 126 pm (mean 120.2), where-
as depth of the papillary dermis is more variable (75-110 um,
mean 94.2). The reticular dermis is deeper (mean 1,980 um)
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Fig.4.1 (a, b) A 54-year-old woman who under-
went fully ablative laser resurfacing with Lumenis
ultrapulse CO, laser. She was treated at 100
millijoules (m]), density of 5, at 250 Hz. The neck
was treated at 80 m|, density of 3, at 250 Hz.
Note significant improvement in tone and texture
with moderate wrinkle reduction.

Fig.4.2 (a) The effect of fully ablative CO,
resurfacing combined with facelift surgery. (b) 3-
month postoperative photograph.

and facial areas are less variable (range 1700-2100 um). Facial
skin thicknesses, the sums of epidermal and dermal depths,
range from 1,915 pm in the forehead to 2,360 pm in the medial
cheek. The upper, middle, and lower neck skins are thinner
(1,690, 1,552, and 1,330 um, respectively) and more depleted of
adnexa. Epidermal depths of the upper, middle, and lower neck
areas are 115, 75, and 70 pm, respectively. The eyelids have
much thinner skin, at 502 and 497 um for the upper and lower
eyelids, respectively.

When using ablative CO, lasers, it is essential that the laser
operator is well aware of the depth of the laser effect. For many
years the depth of penetration was visually assessed by the col-
or of the treated area. Pink-lasered skin indicates epidermis;
gray denotes papillary dermis; a yellow color reflects the retic-
ular dermis. The absolute end point of the most aggressive abla-
tive laser treatment is the yellowish, chamois-cloth color. In
order to avoid permanent scarring, laser surgeons should not
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Fig. 4.3 Diagram of skin layers. (Courtesy of Lumenis Inc., Yokneum,
Israel.)

proceed with further laser passes once the chamois appearance
is present.

These early techniques of visually inspecting the skin during
the treatment were likely among the causes of complications
related to CO, resurfacing. Although clinical results were often
outstanding, patients frequently endured several months of
erythema, which frequently led to permanent hypopigmenta-
tion. Most laser companies now provide a depth of injury guide
with a diagram identifying the depth of ablative and thermal
injury so the treating physician can precisely plan and manage
the level of injury. This advance in the treatment of patients in
the authors’ opinion has significantly reduced the incidence of
complications.

4.4 Indications

Reduction of wrinkles and improvement of tone and texture
are the most common indications for ablative CO, laser resur-
facing. The fully ablative CO, laser is, after 20 years, still consid-
ered the gold standard by which all skin rejuvenation
procedures are judged. Creating treatment protocols allows
safe, fully ablative treatments and yields substantially better
results than other treatment options. The versatility of the CO,
device allows for fully ablative treatment options that signifi-
cantly reduce the degree of wrinkles in a pan-facial manner.
The laser can also be used more elegantly to simply remove a
portion of the epidermis that will heal in 3 to 5 days (a “light
CO,, ablative peel”).

CO, laser resurfacing can be combined with facial rejuvena-
tion surgery including blepharoplasty, rhytidectomy, forehead
lift, and neck rejuvenation surgery to enhance the appearance
of the skin. In these instances, resurfacing limited to a portion
of the epidermis can be performed safely and with satisfying
results.!2
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There has been a significant resurgence in the use of the CO,
laser in the treatment of postsurgical scars and, most recently,
burn scars and scars related to battlefield wounds.!3 Ablative
and nonablative lasers have demonstrated a resetting of the
wound healing processes at a molecular level that involves
matrix metalloproteinase, transforming growth factor-beta
(TGF-B1), and messenger ribonucleic acid (mRNA) for collagen
synthesis.13.14

The treatment of acne scars has received additional attention
with the development of deep fractional CO, lasers. The combi-
nation of both a deep fractional treatment with a more super-
ficial fully ablative treatment in the authors’ experience has
significantly improved outcomes. Fat grafting and subcision
have also been combined simultaneously.'? » Fig. 4.4 shows a
patient who underwent fat grafting in combination with CO,
laser resurfacing.

A series of treatments may be required for hypertrophic scars
and keloids, which are known to respond well to both ablative
and nonablative treatments. Surgical resection of keloids with
the CO, laser in conjunction with intralesional steroid injec-
tions were some of the earlier treatment options available for
recurrent keloids.!> Similar results were noted on sternal scars
of patients who had undergone bypass surgery.!6

Exophytic epidermal conditions that respond well to CO,
laser include solar and actinic keratosis, sebaceous gland hyper-
plasia, lentigines, verruca vulgaris, and dermatosis papulosa
nigra. Dermal exophytic lesions treated with the CO, laser tend
to recur. These include xanthelasmas, syringomas, adenoma
sebaceum, and angiofibromas. The CO, laser is a treatment of
choice for rhinophyma. Bulky rhinophyma may require scalpel
excision combined with CO, laser energy, whereas mild rhino-
phyma can be treated with laser alone. Actinic cheilitis
responds permanently as long as sun protection is practiced
after treatment.

4.5 Contraindications

Patients taking oral retinoids should not be treated with an
ablative CO, laser for at least 12 months. A clinical guide to fol-
low before treating those with a history of oral retinoids is to
observe the return of oily skin or active acne lesions. Oral reti-
noids interfere with the function of sebaceous glands, prevent-
ing normal epithelial healing. Atypical hypertrophic scars may
develop in patients treated too soon after oral retinoid therapy.

Active herpes simplex virus infection, skin infection, irradi-
ated skin, and scleroderma are absolute contraindications for
CO, laser treatment.

Patients who have had extensive electrolysis, deep chemical
peel treatment, dermabrasion, or split thickness skin grafting
may heal abnormally and should be treated with caution. Other
relative contraindications include ongoing exposure to ultravio-
let light and history of scarring or keloids, treatment of nonfa-
cial areas, treatment despite a dark skin type (IV-VI), and
collagen vascular disease. Patients with psychoneuroses (i.e.,
facial pickers) should not be treated.

The lower eyelids should be treated cautiously in patients
with lower lid laxity and in patients with previous skin excision
blepharoplasty. Excessive tightening of the delicate skin in this
area may result in ectropion.
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Patients should be discouraged from smoking prior to and
after laser surgery to avoid possible delayed or impaired heal-
ing. Excessive sun exposure is also a relative contraindication.
Patients are typically counseled to avoid sun exposure for ~ 1
week prior to laser resurfacing and for a slightly longer period
following the procedure. In many practices more ablative pro-
cedures are performed in the winter, since many patients are
typically not able to avoid routine sun exposure during the
summer months.

4.6 Advantages of Ablative Carbon
Dioxide Laser

Any advantage offered by a device is often counteracted by a
relative disadvantage. This is true of most resurfacing tools. For
example, devices that offer shorter healing times and lower risk
of complications typically yield less than stellar results. In con-
trast, devices such as the CO, laser, still the gold standard of
resurfacing 20 years after its introduction, is considered by
some a risky treatment with potential complications that may
not warrant the risk. We believe this may have been true when
CO,, resurfacing was in its infancy, when treatment parameters
and protocols were unclear and users were overly aggressive
without giving enough thought to specific anatomical sites and
depths of injury. Poor postoperative protocols also likely were
responsible for bad outcomes. With the current ability to pin-
point the depth of injury and to manage the frequency, pulse
width, and treatment density, CO, ablative resurfacing offers

Fig.4.4 A 70-year-old woman who underwent
complete facial rejuvenation with laser resurfac-
ing and fat grafting. (a) Before surgery. (b) One
day after surgery. (c) Closeup before surgery. (d)
3 weeks after surgery.

many advantages when compared to other skin rejuvenation
procedures.

CO, ablative laser treatment gives excellent results in the
treatment of facial and neck rhytids, as well as the tightening of
infraorbital skin in combination with transconjunctival blephar-
oplasty (> Fig. 4.5). The treatment of rhinophyma due to a coag-
ulative effect results in less bleeding and better hemostasis.

4.7 Disadvantages of Ablative
Carbon Dioxide Laser

As mentioned above, for every advantage, there is typically a
coinciding disadvantage. In most cases of complications that
occur as a result of CO, resurfacing, errors in treatment are
most commonly the culprit. Attempts at “hitting a home run,”
despite good intentions, often result in complications that are
avoidable if the surgeon adheres to more conservative treat-
ment parameters. In almost every case we have been asked to
investigate where a complication occurred, errors in judgment
regarding treatment parameters were apparent. Despite adher-
ing to these rules, complications can and still do occur, just not
with the frequency of a decade ago. Some of the most common
complications are slowly resolving erythema over months, tem-
porary hyperpigmentation that may last for 6 to 9 months, and
permanent hypopigmentation with lines of demarcation. Other
adverse events include bacterial, yeast, and viral infections.
Inherent thermal injury may result in collateral tissue damage
and increased potential of skin scarring.
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4.8 Preoperative Preparation of
Patient

As with any aesthetic procedure, it is imperative for the physi-
cian to make absolutely sure that the patient has realistic
expectations about ablative CO, laser resurfacing. For example,
dynamic wrinkles will likely still be present after CO, treat-
ment. There is the expectation that healing will be longer than
with ablative fractional resurfacing, but in some cases healing
times of epidermal fully ablative resurfacing can approach
those of aggressive fractional resurfacing. The patient must be
clearly informed of the arduous postoperative course. Patients
should be shown clear examples of subjects who have been
treated with ablative CO,—not just before and after pictures,
but photos taken immediately after treatment and every few
days during the initial recovery period. Postoperative written
instructions should be provided and reviewed prior to treat-
ment. Patients are advised to follow the postoperative protocol
precisely because often the introduction of unapproved com-
pounds will irritate the skin during the immediate period fol-
lowing laser treatment. Patients are provided a 3-month
postoperative protocol that will hopefully continue long after
the treatment period. A comprehensive informed consent
should be signed at the preoperative visit.

All patients begin antiviral medication 1 day prior to their
treatment and continue for 7 days until the skin has re-epithe-
lialized. There have been reports of patients denying history of
herpetic infections, only to have widespread herpes infection
after treatment. Commonly used regimens include famciclovir
250mg orally twice daily, acyclovir 400 mg orally three times
daily, or valacyclovir 500 mg orally twice daily for 7 days. We
prefer valacyclovir due to its higher bioavailability.

Some laser surgeons use a broad spectrum antibiotic such as
cephalexin 500 mg twice daily for 10 days, whereas studies by
Alster!” and a colleague (conversation with ]. K. Duplechain, MD,
February 2014) have demonstrated no benefit. Although we do
not routinely prescribe oral steroids, some surgeons use both
intravenous (IV) steroid intraoperatively followed by a methyl-
prednisolone dose pack postoperatively. Ortiz and colleagues's
reported a few infections after the use of steroid cream.
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Fig.4.5 (a) A 68-year-old patient is shown with
severe solar damage, volume loss, and marked
facial laxity. (b) Three months after undergoing
combined facelift, blepharoplasty, browlift, fat

grafting, and fully ablative laser resurfacing.

We do not use pretreatment skin care regimes because we
have found no clinical benefit, although many others use treti-
noin and hydroquinone preoperatively. Unless patients have
experienced postinflammatory hyperpigmentation (PIH) in a
previous treatment, the authors do not routinely recommend
their use because of the inconsistency in results as part of a pre-
operative regimen. Often PIH can be minimized with proper
density, frequency, and pulse duration settings.

Pretreatment with tyrosine inhibitors still remains contro-
versial. Chan'® recommended a 2-week course of hydroquinone
and azelaic acid in Fitzpatrick skin types Il and above; this was
thought to possibly reduce the severity of PIH but not the
incidence.

In considering any patient for fully ablative CO, laser resurfac-
ing, the final question that is always asked at consultation and
the preoperative visit is when the patient can resume normal
activities. This is defined as being able to drive, return to work,
or manage household duties. This final question helps determine
the depth of injury associated with the treatment. As mentioned
previously, epidermal fully ablative treatments can heal within 4
to 5 days and allow patients to resume day-to-day activities. It is
the depth of ablation that is the limiting factor in the rate of re-
epithelialization. Certainly a 50-um, fully ablative epidermal
injury will heal much more quickly than a 150-um injury
(Video 4.1).

4.9 Perioperative Care of the
Patient

The skin is thoroughly prepped with a cleanser (we prefer chlo-
rhexidine or Hibiclens [chlorhexidine gluconate 4%, Mdlnlycke
Health Care US, LLC, Norcross, Georgia]). A nonflammable
degreasing agent should be used to avoid combustion such as
may occur with solutions containing alcohol or acetone.

The patient should be upright when marking the cosmetic
units of the face and carefully outlining the jawline. Markings
should be made 1 to 2cm above and below the jawline, where
feathering should be performed to minimize lines of demarca-
tion. Although with the new, shorter pulsed duration lasers, both
the face and neck may be treated without hypopigmentation.
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Fully ablative resurfacing is a painful procedure and is diffi-
cult to complete with topical anesthesia only. Local anesthesia
is only used for small areas, and regional nerve blocks are useful
for the perioral and forehead areas. Tumescent local anesthesia
is useful for the cheeks and temples. IV sedation and general
anesthesia are the mainstay anesthesia for full-face ablative
CO,. Plastic eye shields should never be used because they do
not protect the globe. Nonflammable, sterile drapes must be
used. Wet drapes and/or a reservoir of water must be immedi-
ately available at the treatment site in case of fire.

4.10 Postoperative and Home
Care of the Patient

Immediately after the procedure the patient’s face is covered
with cool, moist compresses for 20 to 30 minutes. Despite the
use of a topical or infiltrative anesthetic, most patients do
notice a burning sensation for this period of time. Pretreatment
or intraoperative treatment with ketorolac 60 mg does signifi-
cantly improve the degree of discomfort, but a few minutes of
burning sensation is expected. During the postoperative recov-
ery period, patients are advised to use moist, cool compresses
almost continuously, or at least as much as possible. The moist,
cool compresses provide a level of comfort for patients, and
most importantly provide essential moisture to the skin so that
desiccation is minimized or prevented.

In fully ablative treatments, all of the stratum corneum has
been removed. This essential layer prevents the skin from dry-
ing out. Its absence allows essential moisture to quickly evapo-
rate, slowing the healing process. Although there are many
options and documented home remedies, none seems to pro-
vide better moisture than cool compresses. Patients are allowed
to shower twice daily on the day following treatment. The hair
can be washed with a gentle baby shampoo, but cleansers are
avoided on the face until re-epithelialization has occurred. The
use of acetic acid soaks has not been adopted. As an adjunct to
cool compresses, a perfluorodecalin product, Cutagenix (Cuta-
genesis Lafayette, Louisiana), has been utilized three to four
times daily to help the skin remain soothed. This nonirritating
product is discussed fully in Chapter 13 in this book. Significant
reduction in complications has been observed while using this
product, which has been well received by patients.

Patients are usually seen 1 week after treatment and skin
care is reviewed. It is not unusual to hear from patients by
phone during the first week. If there is any question about the
course of healing, the patient is asked to e-mail a photo that is
immediately reviewed. The most common reason for a call is
that the skin may feel tight or swollen, both of which are
expected and normal. Reassurance is provided and the use of
moisture is reiterated.

The fully ablative CO, laser procedure removes the epidermis
and heats the upper papillary dermis. Once re-epithelialization
has occurred at 5 to 7 days, patients are allowed to use a simple
cleanser such as Cetaphil (Galderma Laboratories, Ft. Worth,
Texas) or CeraVe (Coria Laboratories, Ltd., Ft. Worth, Texas).
Mineral makeup can be applied and a titanium and/or zinc-
based sunscreen of sun protection factor (SPF) 50 (L'Oréal,
Clichy, Hauts-de-Seine, France) must be utilized. No additional
topical with the exception of the perfluorodecalin product is
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used. We have found this to provide the best outcomes and
have experienced fewer minor or major complications than
with any other therapy. Milia rate is 1% with this regimen and
acneiform eruptions have not occurred in more than 500
patients.

Patients are again seen at 1 month after the procedure. Skin
care is reviewed and it is not uncommon to consider the addi-
tion of an epidermal growth factor product or a low-dose reti-
nol. If retinol is initiated, it is usually applied two or three times
weekly for a period of 2 months. If evidence of hyperpigmenta-
tion is present, patients are placed on a kojic acid pad with 8%
arbutin (Young Pharmaceuticals Inc., Wethersfield, Connecticut)
or Trauma (Galderma, Ft. Worth, Texas)). We prefer the kojic
acid pads because Trauma contains cortisone that has been
shown to downregulate TGF-f1 and insulin-like growth factor
1 (IGF-1) when applied topically. Oral and topical corticostero-
ids reduce the levels of TGF-B1 and IGF-1.20

4.11 Complications

Fully ablative resurfacing is the mainstay of the type of skin
rejuvenation that one of the authors (J. K. D.) performs with
and without facial rejuvenation surgery. Over the years, he has
found the procedure the most reliable of any resurfacing treat-
ment available to his patients. Its precision is a true advantage
in that depth of injury and density are absolutely controllable.
The ability to regulate these two parameters with absolute
accuracy makes this treatment extremely safe and predictable
in expert hands.

The most common complications of ablative CO, laser are
erythema, prolonged swelling, pruritus, contact dermatitis, PIH,
hypopigmentation (> Fig. 4.6), acne flare up, milia, infection
(herpetic, Candida albicans, Staphylococcus aureus), and hyper-
trophic scarring. Please see Chapter 13 for a more detailed
discussion.

4.12 Counseling the Patient

Ablative CO, laser patients need to have appropriate and realis-
tic expectations. Photographs are shown to patients at different
intervals following treatment, including 1 day, 1 week, and 3
and 6 months. Understanding that early improvement is not
the “endgame” and that healing will occur for about 6 months
will help temper early disappointment if all wrinkles are not
completely erased by the treatment. We manage all of the
skin care for a period of at least 3 months, encouraging the
use of products we believe will enhance collagenesis. Risks
including scarring, failure to remove all the wrinkles, infec-
tion, and hyperpigmentation are discussed with the patient.
We usually try to quantify a percentage of improvement for a
particular area within the facial subunits. For example, if
patients have deep perioral wrinkles, they are told that a 50
to 75% improvement may be expected, and that a second
treatment will be necessary for better results. We explain
that the skin simply can’t withstand a more aggressive treat-
ment than the one they are receiving without significantly
increasing the risk of scarring. We have found this to be very
helpful in preparing patients for the treatment and postop-
erative period.
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Fig.4.7 A 68-year-old patient who underwent fully ablative CO,
resurfacing of the perioral area in combination with facial rejuvenation
surgery including facelift. The perioral area was treated with a double
pass removing all of the epidermis and a portion of the papillary
dermis. (a) Pre-treatment. (b) Post-treatment.

4.13 Pearls and Pitfalls

The greatest pearl that we can share is that when undertaking
CO, ablative resurfacing, it is important—above all else—to
know the laser you are using extremely well (> Fig. 4.7). Under-
standing density, frequency, thermal relaxation time of skin,
and the energy required for skin ablation are the most impor-
tant parameters in treatment planning to ensure success in
helping your patients achieve their aesthetic goals in the safest
and most efficient manner. Fully ablative CO, laser resurfacing
is not a commodity; rather it is dependent on the dedication,

Fig.4.6 Upper lip hypopigmentation at posta-
blative CO, resurfacing.

skill, and experience of the laser surgeon to help patients
achieve excellent results. Understand and discuss with your pa-
tient the goals that are achievable during the time frame set by
the patient. Realistic expectations are paramount! The last
question we ask patients prior to starting therapy is: “How
much time have you allowed for healing?” With this time peri-
od in mind, we can treat 100% of the epidermis at a depth that
should allow the patient to heal successfully in the prescribed
period.

A few final thoughts and pearls include the pretreatment use
of onabotulinumtoxinA (Botox Cosmetic, Allergan, Inc., Irvine,
California) in the forehead and crow’s-feet areas. The two facial
regions that deserve cautious attention to avoid hypertrophic
scarring are the infraorbital area and the lower half of the man-
dibular ridge. Respect and do not cross aesthetic facial units
when partially treating the face. Avoid charring by not overlap-
ping pulses and flatten high points when possible.

Be prepared for the unexpected. As in any surgical procedure,
prepare your patients well and listen to their complaints during
the postoperative period. The laser surgeon must be cautious
when using any laser; when using ablative CO, lasers, the sur-
geon must be extra cautious to ensure the best results in the
safest manner.

4.14 Disclosure

Author ]. Kevin Duplechain is a founder and stockholder of
Cutagenesis, Lafayette, Louisiana.
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5 Fractional Laser Skin Resurfacing

Paul |. Carniol and Louis M. Dejoseph

5.1 Introduction

Ablative skin resurfacing lasers were developed in the early
1990s. These resurfacing devices utilized high fluence, pulsed
carbon dioxide (CO,) lasers. They produced dramatic clinical
results in the treatment of photodamaged facial skin, rhytids,
lentigines, and dermal elastosis. However, this laser treatment
frequently had a prolonged recovery with associated pinkness
and risk of potential complications. These issues made laser
resurfacing a less attractive skin rejuvenation option.!

This led to the development of other devices including frac-
tional lasers. The first fractional lasers were nonablative. These
were soon followed by ablative fractional lasers. These lasers
provide clinically significant results with increased tolerability,
lower risk of complications than ablative resurfacing, and a rela-
tively minimal recovery.?

5.2 Background

Fractional photothermolysis has revolutionized laser skin resur-
facing by providing significant improvement in clinical results
with a relatively mild posttreatment recovery. There are also
lower complication rates and associated morbidity.

The concept of fractional photothermolysis was first intro-
duced by Manstein and colleagues in 2004.3 Fractional lasers
differ from ablative resurfacing lasers in that ablative lasers cre-
ate microcolumns with intervening zones of untreated skin.
Lasered columns are created in the epidermal and dermal
layers to controlled depth, width, and spacing (> Fig. 5.1).

With these untreated areas there is additional cooling by heat
dissipation through the unlasered area during treatment. Inter-
estingly, bulk dermal heating occurs under the treated and
untreated areas. This bulk heating creates a cascade of histo-
chemical effects.

This is in contrast to devices that ablate the contiguous skin
surface to a given depth. By ablating only columns of tissue,
healing is more rapid and the potential for adverse effects such
as new dyschromia, infection, scarring, and prolonged erythe-
ma is diminished. The adjacent untreated skin also allows for

Non-Ablative

Superficial Fractional Fractional Resurfacing 600-1000 microns

Ablative
resurfacing
(Co2 & 2.94 erb: YAG)
10-200 microns

Ablative Resurfacing  600-1000 microns
(CO2 & 2.94 Erb:YAQG)

10-70 microns
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healing by epithelial migration from the adjacent unlasered
areas. Thus, there is more rapid healing due to the benefits of
the keratinocytes in the surrounding untreated skin.*

Ablative devices include the CO, (10,600-nm), erbium:
yttrium scandium gallium garnet (Er:YSGG) (2,790-nm), and
erbium:yttrium aluminum garnet (Er:YAG) (2,940-nm) lasers.
The chromophore or target for these lasers is water in the epi-
dermal and dermal skin layers. These high-energy lasers
instantly heat the water causing vaporization of the treated tis-
sue with each pulse. This creates wound columns.

Depending on the lasers, settings, and techniques during the
first 24 hours, there can be minor bleeding, serous drainage,
and/or swelling.

Time to initial recovery can range from a few days to 7 to 10
days. The duration of erythema postfractional ablative resurfac-
ing varies but typically it lasts from 3 to 7 days. Uncommonly,
depending on multiple variables including individual response
to the procedure, postresurfacing pinkness can last for weeks.

Nonablative fractional lasers include 850- to 1,350-nm infra-
red, 915-nm, and 1,440-nm neodymium:yttrium aluminum
garnet (Nd:YAG). These lasers are coagulative in nature, with
no epidermal ablation. Recovery varies depending again on
multiple variables and in general is shorter than ablative
resurfacing.”

With these nonablative lasers, multiple treatments may be
required to achieve the desired results and with present tech-
nology they may not be equivalent to the results of fractional
ablative resurfacing. Longer wavelength, nonablative fractional
lasers can be used to treat some conditions, such as scars, in
patients with higher Fitzpatrick skin types (> Table 5.1).

5.3 Anatomy of Facial Resurfacing

The anatomical subunits of the face are an important concept in
all cosmetic procedures of the face (> Fig. 5.2). Knowledge of
these helps guide the physician when deciding on a segmental
area of resurfacing versus a full-face procedure.

If a segmental resurfacing of the face is planned, such as rhy-
tids in the perioral or periorbital regions, care must be taken to

Ablative Fractional

Resurfacing Fig.5.1 The evolution of resurfacing lasers lead-

ing to fractional ablation is demonstrated in this
illustration.
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Table 5.1 Fitzpatrick sun-reactive skin types and skin-color tanning
response

Type | White, always burns, never tans

Type Il White, usually burns, tans with difficulty

Type Il White, sometimes burns mildly, achieves average tan
Type IV Brown, rarely burns, tans with ease

Type V Dark brown, very rarely burns, tans very easily

Type VI Black, never burns, tans very easily

resurface the entire subunit for proper blending. Also certain
areas of the face can be more prone to scarring such as the
malar prominence, and along the jawline. The subunits can be
drawn on the face prior to resurfacing to help guide the practi-
tioner. The authors prefer not to resurface individual facial sub-
units, but to perform a full facial resurfacing encompassing all
subunits for balance and blending.

In general when an area is resurfaced, it has less photodam-
age and is smoother and tighter. Even with fractional ablative
resurfacing, there may be a noticeable difference between the
resurfaced area and an adjacent untreated area. Therefore, if
segmental resurfacing is planned, we prefer to resurface at least
the entire lower or upper two thirds of the face.

It is important to evaluate the characteristics of the skin
when considering a resurfacing procedure.

Fitzpatrick skin typing groups a patient’s skin based on sun
reactivity and tanning response. Skin types I through III are
usually considered resurfacing candidates because they have
less pigmentation and hence less chance of dyschromia. It
should be noted in patients with Fitzpatrick Il skin type, if
there are any olive tones to the skin there may be a greater risk
of dyschromia. The authors do not routinely perform ablative
fractional resurfacing on patients with Fitzpatrick skin types V
and VI. Patients with Fitzpatrick skin type IV can have signifi-
cant variation in skin tone. The authors only perform fractional
ablative resurfacing on these patients if they have lighter skin
tones. The Fitzpatrick skin type scale is listed in » Table 5.1.

Another important skin characteristic is skin thickness. As
patients get older their skin gets thinner. There is also a differ-
ence in skin thickness in different locations. For example, lower
eyelid skin is significantly thinner than nasal skin.

The density and function of skin appendages are important
and vary in different locations.

In general skin heals most rapidly and with a lower rate of
complications where there is the greatest number of skin
appendages and optimal blood supply. Medications such as iso-
tretinoin reduce skin appendages and can cause a healing
problem.

5.4 Patient Selection

One of the most important steps in the decision to perform a
cosmetic procedure is proper patient selection. Several key
points should be addressed in discussions with the patient prior
to the procedure:

1. Patient concerns

2. Pertinent medical history (Hx)
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Fig.5.2 Facial aesthetic subunits are shown in this drawing.

3. Physical examination

4. Treatment options

5. Patient expectations

6. Patient procedural experience

7. Complications, as well as after care

These obviously apply to every procedure we perform but some
specifics to evaluation for laser resurfacing require discussion.
The first step in the evaluation is patient concerns. Often it is
helpful to have patients stand in front of a mirror with bright
lighting, and point out the areas on the skin they would like
addressed. This creates a general cosmetic skin “wish list” that
really helps the practitioner understand patient desires. These
commonly include rhytids, acne scarring, dyschromias, lenti-
gines, rosacea, and actinic changes.

During this dialogue, a thorough evaluation of patient skin
should be performed. This includes examination of elasticity,
pigment, texture, laxity, thickness, scarring, actinic change, and
of course neoplastic processes. All cosmetics should have been
removed prior to this portion of the evaluation. In addition, a
full facial examination should be undertaken with focus on
areas of concern for laser resurfacing such as previous surgical
and laser procedures, skin cancer resections, radiation therapy,
Accutane (isotretinoin) usage in the last year, or Hx of scar or
keloid formation. Radiation therapy, isotretinoin use, scleroder-
ma, or Hx of burns can damage the adnexal structures of the
skin that are vital to skin healing because re-epithelialization is
initiated from within these structures. We recommend a 12-
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month waiting period after cessation of isotretinoin before
resurfacing. Attention should be placed on the periorbital re-
gion and Hx of blepharoplasty because even a slight lower
ectropion or lid contraction can be greatly worsened by resur-
facing. This can be evaluated by having the patient look upward
while opening the mouth, which will reveal retraction or loss of
lid elasticity.

The purpose of the initial patient evaluation is gaining a clear
understanding of patient expectations, and managing them
accordingly. We feel it is important to explain the expected
result and that results vary from patient to patient. Photos of
similar patients before and after the procedure help educate
patients on expected changes. Showing staged photos of
patients on days 1, 2, etc., demonstrating the healing and
appearance during the postprocedure period have also proven
helpful.

5.5 Preoperative Preparation

All patients are instructed to avoid sun exposure for 4 weeks
prior to resurfacing and taught proper sun protection after the
procedure. Preconditioning is accomplished with application of
retinoic acid 0.025% cream 3 weeks prior to speed re-epithelial-
ization.8 Hydroquinone is used 3 weeks prior to decrease
potential for postinflammatory hyperpigmentation, espe-
cially in darker skin types. Hydroquinone acts to block tyro-
sinase that decreases the formation and increases the
destruction of melanosomes within the melanocytes.” Oral
antibiotics are prescribed to start 2 days prior and continue
2 days after the procedure to diminish risk of superficial
infection from skin bacterial organisms. Acyclovir is also
started empirically 2 days prior at 800 mg twice daily and
continued for a total of 5 days to help prevent herpes sim-
plex virus (HSV) outbreak. Preoperative photographs are also
obtained consisting of a front view and right and left three-
quarter lateral views.

5.6 Procedure Technique

Patients are asked to cleanse their faces before coming in for
the procedure and advised not to apply any makeup, moistur-
izer, or other topical skin products after cleansing. Because
some patients will still apply moisturizer to their faces, we
always ask when they arrive.

Further skin cleansing can be performed prior to the proce-
dure with mild soap or glycolic wash. The type of anesthesia
required for ablative fractional resurfacing can vary depending
on the specific laser and the surgeon’s preference.

The authors use a topical anesthesia regimen of 6% lidocaine
and 6% tetracaine prior to the procedure. This is applied to the
face and cervical region for 15 to 30 minutes. No occlusion of
the topical anesthesia is used. This regimen provides a good lev-
el of anesthesia and patients are comfortable. It is then thor-
oughly removed. Because the lasers’ chromophore is water, the
face should be completely dry prior to starting the procedure.

During the procedure a chiller is used. This provides a com-
forting jet of cool air over the facial skin during the treatment.
This increases patient comfort and helps to cool the surface of
the unlasered portions of the skin.
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We have not found a need for oral sedation for this technique
or injection of any local anesthesia; however, there is no contra-
indication to either if needed for patient comfort. If sedation is
utilized, patients should be carefully monitored.

Immediately prior to commencing the procedure, standard
laser safety precautions are undertaken. These include but are
not limited to: blocking out light from any windows, immediate
availability of water, ease of access to a fire extinguisher, and
eye protection. There should be eye protection for patient and
staff. Staff eye protection should be designed for the type of
laser that is being used. Patient eyes should be covered with
metal eye shields. These can be external or corneal types of
shields. Plastic eye shields are not used because there is a risk of
melting if struck by the laser.

A multitude of lasers exist for fractional resurfacing today. As
of this writing, there is no split-face study that clearly demon-
strates the superiority of any one fractional resurfacing laser.
The first author frequently uses a Cortex fractional CO, laser
(Ellman International, Hicksville, New York). Some patients
have extensive superficial actinic changes of their facial skin.
These patients may derive greater benefit from combined laser
treatment with a fractional CO, laser and superficial erbium
laser treatment. Two separate laser devices can be used or both
lasers may be available in the same laser device such as in the
Cortex laser.

There are multiple fractional CO, lasers that are available.
The settings used vary depending on numerous factors. First
are physician laser experience and preference. Second are pa-
tient and physician goals for this treatment. Third are the time
of recovery and the recovery experience that the patient is will-
ing to undergo. Fourth are any potential risk factors for healing
problems both systemic and local. Fifth are patient age and skin
thickness. Although the authors rarely do this for fractional
resurfacing, if there is any question about the effects of a
planned laser treatment, test spots can be performed and com-
plete treatment deferred until the results of the test spots are
evaluated.

Another consideration is that if, at any time during the course
of a laser procedure, either patient experience or effects of the
laser vary from what was anticipated prior to the treatment,
the procedure should be interrupted and an evaluation should
be performed as to whether to continue.

The following settings are those used by the second author
when treating patients with the Sandstone Matrix laser (Ell-
man). This laser has the capability of controlling many aspects
of the laser process such as density, which is directly propor-
tional to the percentage of skin surface area that is treated. The
settings or techniques may be laser-specific and may not apply
to any other device.

Before using a laser, check with the manufacturer for recom-
mended settings and techniques. Pulse duration represents the
pulse width or tissue ablation time. Laser power represented in
watts (W) correlates directly with the laser fluence. All resur-
facing is done in continuous wave mode for fractional ablation.
The pattern is generated in the handpiece and can be used in
differing sizes and shapes depending on the operator’s prefer-
ence and the area being treated.

The laser is positioned at the patient’s side with the laser arm
manipulated by the physician. The second author frequently
uses a power of 21 to 23 W, density of ~ 30%, and duration of up

Al'l use subject to https://ww. ebsco. conltermns-of -use



Fractional Laser Skin Resurfacing

EBSCChost -

to 2 ms. These settings are not universally used by all treating
physicians on all patients. The second author treats each subu-
nit with a uniformly, nonoverlapping, square-beam pattern
beginning at the forehead. Care is taken to feather into the hair-
line for completeness. The first author does not treat by subu-
nits. Rather he prefers to treat at least the lower two thirds of
the face and, depending on the clinical findings, treat or omit
treatment to the forehead region. An important consideration
for any fractional laser is the dermal thermal effects. Excessive
dermal heating can develop related to fluence, dermal density,
and/or pulse duration. If the dermis is overheated there is a
greater risk for scarring.

Most physicians use a smoke evacuator to remove the laser
plume. Surgical masks with a 0.1-um pore size are also fre-
quently used by the physician and any other staff in the proce-
dure room.

If resurfacing is performed in the periorbital area, milder
settings should be used. The authors do not routinely resur-
face the skin of the upper eyelid below the upper eyelid fold.
This is particularly important because fractional CO, laser
resurfacing can have a significant penetration depth. Frac-
tional CO, lasers can penetrate deeper than nonfractional
resurfacing lasers.

The number of passes that are performed and the settings for
each pass vary for each patient and among treating physicians.
If a second pass is performed, it should be done starting over at
the area that was first treated so that the dermis in this area
has had time to cool while subsequent areas were treated. Fur-
thermore, the fractional pattern of the second pass should not
overlap the first pass to avoid double pulsing any area and ther-
mal stacking.

The skin can have a patternlike appearance after fractional
resurfacing. As long as excessive settings have not been used
and there are no healing or infectious problems during the
recovery period, this pattern is not visible after healing is com-
pleted. Pinpoint bleeding may also be noted in some areas
immediately after the procedure or the evening after the treat-
ment. This can occur when the fractional resurfacing extends
into the level of the dermal plexus of vessels. The authors rou-
tinely discuss this possibility with their patients so it will not
be a cause for concern.

Resurfacing will on occasion be extended into the neck and
décolleté area. This can be done quite effectively with fractional
resurfacing, but adjustment of the laser settings must be done.
Patients should understand that as reduced settings are used,
there will be a more limited result. Moving to a lower power
(16 W), decreasing density to around 21%, and lowering dura-
tion to 0.8 ms have been proven safe and effective in this area
for the second author. However, it should be remembered that
the neck and décolleté area have a lower sebaceous unit
(adnexal structure) count in comparison to the face, different
blood supply, and a significantly greater tendency for scarring.

The lower settings are used to allow for these differences.
Only one pass is made in these areas. These areas should be
treated carefully because significant scarring has been reported
in the cervical region after fractionated resurfacing.® The
authors cannot guarantee the safety of these settings for any
particular patient. Physicians must make their own judgments.

Two areas on the face that warrant further discussion and
caution are the infraorbital and mandibular ridge regions. The
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skin of the infraorbital region is significantly thinner than the
surrounding facial skin. This places it at higher risk for hyper-
trophic scarring and ectropion formation.® Care should be taken
in this area with lowered passes or energy settings, especially
when laxity or previous surgery is noted. Similarly, the skin of
the mandibular ridge is prone to hypertrophic scarring; thus
fewer passes, reduced energy, and/or lower density may be
warranted in this area.

5.7 Postoperative Care

After the laser procedure is completed, as a comfort measure,
the patient can be handed a chiller on a low setting to cool the
treated surface. Aquaphor (Beiersdorf Inc., Wilton, Connecticut)
or another petroleum-based ointment is then applied with a
tongue depressor to all the treated areas. The first author has
patients apply moist gauze compresses to the treated area with
a mixture of white vinegar and water (1 tsp of white vinegar to
2 cups of water) at least three times a day and then reapply the
Aquaphor. This vinegar and water mixture can be refrigerated
to increase patient comfort.

The ointment can predispose the patient to milia or acnei-
form eruptions. Removing the ointment three times a day and
applying the moist compresses helps to reduce this. Further-
more, the ointment use is reduced or discontinued when possi-
ble on the 4th day after the procedure. If a patient still has
significant dry crusts after 3 days, it is continued for an addi-
tional 1 or 2 days.

In order to decrease the possibility of developing significant
dyschromia after the procedure, it is important to avoid sun
exposure. The authors start patients on daytime use of a
sunscreen such as micronized zinc oxide that blocks ultraviolet
A (UVA) and ultraviolet B (UVB), as soon as the Aquaphor use is
diminished. In speaking with their patients, the authors
emphasize the importance of the sunscreen. Many patients can
start using a mineral-base foundation 5 to 7 days after the pro-
cedure. Typically, a mineral-base foundation also provides addi-
tional sun protection.

Patients may experience some pruritus during the 1st or 2nd
week after treatment. If a patient scratches a resurfaced area,
this can lead to hypertrophic scarring. Scratching can occur
even while a patient is sleeping. Therefore it is important to dis-
cuss this with the patient after the procedure. The first author’s
standard postresurfacing instructions, in addition to advising
the patient not to scratch, include taking an antihistamine such
as diphenhydramine at bedtime, if there is even minimal pruri-
tus. An antiscratching measure also discussed is the wearing of
white cotton gloves while sleeping. The second author advises
using a 1%-hydrocortisone cream once or twice daily for
extreme itching. The first author does not routinely suggest
this.

5.8 Expected Results

The results obtained from fractional CO, laser resurfacing can
vary from patient to patient and with the problems being
treated. Results can be quite dramatic when considering the
reduced downtime associated with these lasers (» Fig. 5.3,
» Fig. 5.4, » Fig. 5.5). After fractional resurfacing collagen
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stimulation occurs for at least 6 months. This is a gradual effect
and is best seen comparing serial photographs. Because this is a
gradual, progressive change, it may not be as obvious to
patients who are checking their skin daily in the mirror. There-
fore, the authors do not typically perform a second treatment
until 6 months after the first treatment. This should be dis-
cussed in advance with patients so they are prepared for the
gradual improvement.

Acne scars can be improved with minimal downtime with
fractional resurfacing. As with other modalities and previous
studies, different types of acne scars have a varied response to
the laser treatments. The majority of patients will see a notice-
able improvement. More than one treatment may be necessary
to maximize the results. Patients should also be aware that acne
scars cannot be completely removed.

Fractional and nonfractional CO, laser resurfacing have
been shown to have similar histochemical effects. Reilly et
al'% demonstrated significant changes in the gene expression
of several matrix metalloproteinases similar to full ablative

Fig.5.3 Dramatic procedure results. (a) Before periorbital, segmental
fractional CO, laser resurfacing. (b) 1 year after the treatment.

resurfacing. Orringer et al found proinflammatory cytokine
induction and an increase in type I collagen after fractional
resurfacing.!’ Naouri et al demonstrated an increase in der-
mal thickness after fractional resurfacing.!?> Another study
found greater deposition of type III collagen and neocollagen
deposition on electron microscopy after fractional CO, laser
resurfacing.!3

Healing after CO, laser resurfacing appears to adhere to the
well-established phases of wound healing.!* The literature sug-
gests a combination of collagen denaturation and contraction,
and neocollagenesis as the most likely mechanism(s) of action
for skin healing after laser resurfacing.141>.16

Fig.5.4 Before and after photos of a particular modality. (a) Before
periorbital, segmental fractional CO, laser resurfacing. (b) 6 months
after the procedure.

Fig.5.5 Outcome of full-face technique com-
bined with other modalities. (a) Before full-face
fractional CO, laser resurfacing combined with
facelift and upper lid blepharoplasty. (b) Results
after the procedure.
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5.9 Complications and Manage-
ment

With any procedure there is an associated risk of complications.
Careful preoperative planning and preparation reduce this risk
but cannot eliminate it. Complications can occur. Early recogni-
tion and effective management can reduce but not completely
eliminate the possibility of scarring or other undesirable seque-
lae. Some patients have a more challenging recovery than
others. These challenges that may develop include but are not
limited to pruritus, acneiform breakout, immediate posttreat-
ment pinkness, minor bleeding, and edema. These should prob-
ably be considered minor complications. Other complications
can be more significant (Video 5.1).

5.9.1 Prolonged Erythema

Prolonged erythema after fractional laser resurfacing has
been reported in up to 7% of cases of ablative laser resurfac-
ing at 3 months’ posttreatment.'”1® Traditional ablative
resurfacing tends to carry a higher risk of prolonged erythe-
ma; however, fractional techniques that employ multiple
passes, deep penetration, or pulse stacking (the authors rec-
ommend avoiding pulse stacking) also increase the incidence
of prolonged erythema.!® Treatment of this often consists of
watchful waiting because most cases resolve within 3
months. Persistent pinkness should be differentiated from
the erythema that can be associated with developing hyper-
trophic scars.

Treatment with 590-nm, light-emitting diode (LED) lasers
has been reported to reduce the erythema intensity.2 Flash-
lamp-pumped dye lasers and 532-nm, LED lasers can also be
used to reduce this. If these modalities are used, it is important
to use low settings so the erythema is improved and not wors-
ened. Ascorbic acid applied topically has also been shown to
decrease duration and intensity of erythema.?!

5.9.2 Acne and Milia

Acne and milia are relatively common after fractional skin
resurfacing, with 2 to 19% reported incidence 2223242526 They
seem to relate to the use of occlusive ointment or moisturizers.
In most cases, discontinuing occlusive moisturizers as early as
possible postoperatively diminishes the risk of occurrence. As
already described, removing the occlusive ointment at least
three times daily and applying moist gauze compresses with a
diluted white vinegar and water solution have almost com-
pletely eliminated these problems for patients of the first
author. Occurrences usually respond well to discontinuing the
occlusive moisturizer. If there appears to be an associated infec-
tion then antibiotic therapy should be initiated.

5.9.3 Pigmentary Changes

Postinflammatory hyperpigmentation (PIH) is uncommon
after fractional skin resurfacing in comparison to nonfrac-
tional laser resurfacing. It has been reported ranging from 1
to 32%, depending on type of laser, intensity of treatment,
and patient skin type.17.23.27.28.29,3031.32 |t s more common in
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patients with higher Fitzpatrick skin types. Due to this risk,
the authors do not routinely perform fractional ablative CO,
resurfacing on patients with darker Fitzpatrick 1V, V, and VI
skin types.

All patients are instructed on sun-exposure avoidance for 4
weeks before and after the procedure to reduce PIH.2%33 In gen-
eral, patients with darker Fitzpatrick skin types (IV-VI) carry a
higher likelihood of developing PIH.

In Asian patients, it’s imperative that laser fluencies are
reduced, lower densities used, and longer intervals between
treatments utilized.2%34 This hyperpigmentation usually is self-
limited and resolves with time; however, it can be treated with
strict sun precautions, topical lightening agents, and hydroxy
acid skin peels. UVA and UVB sunscreens are also mainstays of
treatment to reduce pigmentary melanocytic activity. Patients
should be reminded to apply them each morning before leaving
home for their regular activities.

At the other end of the spectrum is hypopigmentation, which
is rare with fractional skin resurfacing. Delayed hypopigmenta-
tion occurs more frequently after multipass CO, laser resurfac-
ing. Hypopigmentation after fractional resurfacing has been
reported in two patients in an area of hypertrophic cervical
scarring occurring in two patients.3? This persisted for several
months and eventually resolved.

When performing fractional resurfacing, care should be taken
especially in the neck region where scarring can occur.?

5.9.4 Infection

Most infections associated with fractional skin resurfacing
develop within the 1st week after treatment. This reinforces the
need for close follow-up and evaluation so that expedient diag-
nosis and treatment can be established. HSV is the most com-
mon infection with fractional laser resurfacing, with incidence
reported from 0.3 to 2%.232535 Most physicians favor pretreat-
ment with antiviral prophylaxis to prevent this complication.
The authors prefer acyclovir for this but have used other antivi-
ral medications. This should be started 24 to 48 hours prior to
the procedure.

If a patient has an active herpetic lesion, laser resurfacing
should be postponed until complete resolution.

Bacterial infection is a rarely seen complication with 0.1% of
cases developing impetigo superficial infection,?> the common
pathogens being Staphylococcus aureus and pseudomonas. If
these infections develop, scarring may occur; thus treatment
needs to be prompt. They present with increased pain, erythe-
ma, exudates, and erosions with crusts in the 1- to 3-day period
posttreatment. Appropriate antibiotic therapy should be started
along with wound culture and sensitivity tests. Fungal infection
can also develop after laser treatment.3? Candida albicans is the
most common pathogen and can occur at a later postoperative
period (7 to 14 days). Treatment is with appropriate antifungal
medications because these infections have been shown to pro-
duce scarring.89

As previously noted, the first author has patients cleanse and
soak with a dilute acetic acid solution consisting of 1 tsp of
white vinegar mixed with 2 cups of water. This inhibits the
growth of fungal and gram-negative organisms. He believes
that this diminishes the risk of pseudomonas and fungal infec-
tions postresurfacing.
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5.9.5 Scarring

The most feared complication of all resurfacing is scarring. It is
relatively uncommon with traditional ablative resurfacing.!2 It
is even less common with fractional resurfacing but it has been
reported.3936 A literature review on the subject demonstrated
that 9 of 10 published cases were from treatment on the neck
area, resulting in vertical and horizontal hypertrophic scarring.*

They commonly present with areas of localized erythema
and induration at 2 to 4 weeks posttreatment. Prompt diagnosis
and treatment are important to decrease the scarring. It is the-
orized that the relative paucity of pilosebaceous units, as well
as a different blood supply pattern in the neck in comparison to
the face, lead to the increased risk of scarring.3” Also, thin skin
architecture adds to the susceptibility to thermal injury.

Care and caution must be applied when resurfacing the neck
area. Cervical fractional resurfacing is not recommended for
physicians who are just starting to use lasers. The indications
for performing fractional resurfacing of this area vary among
surgeons. Other areas of known concern are over the margin of
the mandible and the lower eyelids. These areas should also be
approached with caution because they are at risk for scar for-
mation.® If a patient has a history of prior radiation therapy to
an area for which laser treatment is being considered, there can
be an associated risk of a healing problem. Radiation therapy to
a different area (such as the breast or prostate) should not affect
facial healing. Prior surgery to an area for which laser treatment
is being considered may increase the risk of complications but
is not a contraindication. With prior lower eyelid surgery there
can be a greater risk of an ectropion. Surgery to the face or neck
can increase the risk of a healing problem.

Problems with scarring can develop for multiple reasons.
Depending on the reason this developed, a prior problem with
scarring may not be a contraindication to a fractional resurfac-
ing procedure. More recently, fractional lasers have been used
to treat or prevent scarring.38-3940

If hypertrophic scarring starts to develop, there are several
treatment modalities available. These include vascular laser
treatments, topical silicone gel products, and corticosteroids.
The authors reserve intralesional corticosteroid injection for
scars that do not respond to the prior three treatments.

5.10 Conclusion

Fractional ablative resurfacing has been a significant advance
for skin rejuvenation. It bridges the gap that has existed
between clinical results and postprocedure downtime. The first
nonablative fractional laser treatment by Manstein et al in 2004
represented the step leading to a significant improvement in
recovery compared to traditional resurfacing and the eventual
development of fractional resurfacing.?

Fractional resurfacing has an easier, shorter recovery than
traditional resurfacing. There is also a lower incidence of
adverse events than with traditional CO, resurfacing.> Nonabla-
tive fractional modalities have been used to improve pigmenta-
ry%’ changes and skin texture. However for these conditions,
fractional resurfacing laser results have been more notable.

These more outstanding results with their relatively high-
safety profiles have led to increasing popularity for these

procedures. Hantash et al4! in 2007 published the first results
of ablative fractional laser resurfacing, demonstrating promis-
ing results with skin-tightening comparable to ablative CO, and
Er:YAG, but with shorter recovery periods of 7 to 14 days. These
fractional lasers have been shown to be effective in the treat-
ment of acne scarring!8 and facial rhytid reduction.*?

Fractional resurfacing represents one of the most important
and exciting discoveries in skin rejuvenation of the prior dec-
ade. The technology behind fractional resurfacing should con-
tinue to improve, as demand for cutting-edge treatments
increases. The uses of this technology are already far-reaching,
and will only magnify as research into the technology of frac-
tional resurfacing delves deeper into improving results and
defining new uses. It has become an effective and popular tech-
nology for the treatment of cutaneous photoaging, facial rhy-
tids, dyschromia, acne scars, and other conditions.
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6 Erbium:Yttrium Aluminum Garnet Laser Skin Resurfacing

J. David Holcomb

6.1 Background|History

The mid-1990s saw the publication of several initial reports
regarding early experience with 2,940-nm erbium:yttrium alu-
minum garnet (Er:-YAG) laser skin resurfacing.!23 The clinical
allure of an alternative wavelength to the 10,600-nm carbon
dioxide (CO,) skin resurfacing laser was in part related to the
desire to improve skin tone and texture while minimizing col-
lateral thermal effects. The first Er:YAG skin resurfacing devices
were low-power, narrow pulse width lasers with clinically lim-
iting tissue ablation efficiency and minimal tissue coagulation
effect. As a result, per-pass tissue ablation depth was shallow
and multiple passes were required to reach the papillary der-
mis.3 Whereas superficial dyschromia was greatly improved,
the lack of a significant tissue coagulation effect resulted in
bleeding upon reaching the papillary dermis and poor wrinkle
effacement. The subsequent ability to modify the pulse dura-
tion (variable pulse vs. quasi-long pulse) and other energy
delivery advances (e.g., optical multiplexing—see following
text) with higher powered devices enabled laser surgeons to
perform deeper treatments with less bleeding and improved
rhytid reduction and tissue tightening.

The convergence of wavelengths for the Er:YAG skin resurfac-
ing laser with the peak for water absorption in the near infrared
spectrum (both ~ 2,940 nm) enables the defining characteristic
photomechanical tissue interaction of this device. Extremely
rapid and efficient absorption of radiant energy from the 2,940-
nm Er:YAG skin resurfacing laser causes near instantaneous
conversion of light energy into mechanical energy as the
affected layers of the skin are photodisrupted, ejected, and par-
tially vaporized; very little tissue coagulation occurs with the
short pulse Er:YAG skin resurfacing laser. By comparison, with
far less efficient water absorption (2,940-nm Er:YAG ~ 16 times
greater), the 10,600-nm CO, skin resurfacing laser interacts
with skin tissue primarily via a photothermal effect that creates
extensive tissue coagulation and relatively less tissue ablation.*

Lengthening the pulse duration of the Er:YAG skin resurfac-
ing laser through a series or train of subablative (laser fluence
or energy below the threshold for maximum photomechanical
effect and skin vaporization) pulses enabled laser surgeons to
mimic the photothermal effect of the CO, laser. This new fea-
ture became known as “dual mode” or “variable pulse mode,”
wherein the Er:YAG laser was capable of delivering energy to
the tissue via a short pulse (ablation) mode or a long pulse
(coagulation) mode. Optical multiplexing—the use of a spinning
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mirror assembly to integrate the photon energy output of two
separate laser heads operating in either ablate or coagulate
modes—was another significant and necessary tissue delivery
advance that allowed laser surgeons to effectively harness the
power of the new dual mode (ablation, coagulation) Er:YAG
laser skin resurfacing systems for maximum flexibility and
speed in treatment.> The ability to use either ablate or coagulate
modes or both ablate and coagulate modes simultaneously
while also controlling the depth of effect for each became
known as “blending” or “tuning” the dual mode Er:YAG laser to
meet specific treatment objectives.

6.2 Indications/Contraindications

Skin rejuvenation, the primary indication for Er:YAG laser skin
resurfacing, encompasses improvement of coarse, dull surface
texture, reduction of dyschromia and photodamage, along with
wrinkle effacement and improvement of scarring (> Fig. 6.1,
» Fig. 6.2, » Fig. 6.3 and » Fig. 6.4). Whereas traditional full-
field, dual mode Er:YAG deep laser skin resurfacing is most
often performed in Fitzpatrick skin types I, II, and possibly III, a
more superficial full-field, ablate mode-only Er:YAG laser skin
resurfacing treatment may be preferred in darker Fitzpatrick
skin types (III, IV, and V). Deeper dual mode treatments have
been associated with prolonged erythema (more than 4
months) and a relatively high rate (nearly 40%) of postinflam-
matory hyperpigmentation (PIH).67

Several split-face (side-by-side) studies comparing modu-
lated Er:YAG and pulsed CO, skin resurfacing lasers have deter-
mined that benefits from dual mode Er:YAG laser skin
resurfacing of facial rhytids approach or match those of CO,
laser skin resurfacing (treatment outcomes evaluated included
wrinkle improvement, skin tightening, and improvement in
photoaging scores), when similar immediate posttreatment end
points are reached clinically and histologically.89.10.11 Although
similar clinical results may be achieved, tissue contraction may
be mediated differently with heat-induced collagen tightening
from the pulsed CO, laser with its significantly deeper residual
thermal damage (e.g., 200 um vs. up to 50 um) and with wound
contracture secondary to tissue healing following treatment
with the Er:YAG laser.!2

Photodamage and superficial dyschromia may be effectively
treated with a single-pass intraepidermal peel (e.g., 50-um
depth) using ablate-only mode; however, when desired, the

Fig.6.1 (a) Before and (b) 7 months after close-
up photographs of perioral area following dual
mode erbium:yttrium aluminum garnet (Er:YAG)
laser skin resurfacing (66-year-old woman, Fitz-
patrick skin type II, four passes at 50% overlap
with ablate/coagulate settings 120/0, 100/50,
140/50, and 50/100). Note: near complete
effacement of perioral lines and wrinkles.
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Fig.6.3 (a) Before and (b) 7 months after close-up images of
periorbital area following dual mode erbium:yttrium aluminum garnet
(Er:YAG) laser skin resurfacing (66-year-old woman, Fitzpatrick skin
type II, three passes at 50% overlap with ablate/coagulate settings 80/
0, 60/50, and 60/50). Note: effacement of rhytids and skin tightening
of the upper and lower eyelids.

entire epidermis may be removed and the upper dermis parti-
ally ablated with a single pass (e.g., up to 200-um total depth in
ablate-only mode) (Video 6.1). In addition to clinically evident
improvement of skin tone, superficial or microablative (intra-
epidermal, i.e., basement membrane remains intact) Er:YAG
laser skin peels have also been shown to increase dermal matrix
remodeling and to increase collagen types I, I, and VII as well
as newly synthesized collagen (e.g., procollagen I and III) and
tropoelastin.’31415 Although microablative Er:YAG laser treat-
ments (Video 6.2) initiate inflammatory and tissue regenerative
responses that extend into the dermis and well beyond the
depth of tissue injury, it appears that maintenance of these
changes may require ongoing interval treatments with repeated
stimulation of the skin. The advent of nonablative fractional
resurfacing (NFR) and ablative fractional resurfacing (AFR)
enabled thermal and/or mechanical microablative injury with
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Fig.6.2 (a) Before and (b) 7 months after left
lateral photos following dual mode erbium:
yttrium aluminum garnet (Er:YAG) laser skin
resurfacing (66-year-old woman, Fitzpatrick skin
type Il, two passes on cheek areas at 50% overlap
with ablate/coagulate settings 120/0 and 100/
50). Note: effacement of rhytids, skin tightening,
and increased contrast in skin tone between
treated and untreated skin areas at jawline.

related long-term structural change extending from the epider-
mis into the deep dermis (e.g., up to 1,000-um depth) with just
transient erythema (NFR) or limited downtime (AFR).

Although effective for removal of actinic keratoses and for
nonmelanoma skin cancer prophylaxis, full-field laser skin
resurfacing is not superior to other common treatment
approaches including topical 5-fluorouracil (5-FU) or trichloro-
acetic acid (TCA) peels.!6 Various types of benign skin lesions
(e.g., moles, seborrheic keratosis) may be effectively removed
using a handpiece with a small spot (e.g., 2 mm) or point beam
mode (Video 6.3). Skin layers covering deeper milia and small
intradermal pseudocysts may be ablated, enabling mechanical
extraction and/or laser ablation. In select cases large patulous
pores or deep ice pick scars may be de-epithelialized and then
allowed to close through cicatricial wound contracture or they
may be closed with one or more small sutures. Whereas Er:YAG
laser skin resurfacing has been employed for treatment of vari-
ous types of scarring, newer approaches with NFR and AFR have
become more prevalent and the de facto nonsurgical standard
of care for these conditions.

Pretreatment considerations for Er:YAG laser skin resurfacing
include absolute and relative contraindications that may
require avoidance, delay, or modification of the proposed treat-
ment. Patients who are deemed appropriate candidates for laser
skin resurfacing must indicate willingness to accept downtime
and responsibility for wound care during healing, as well as
possible sequelae and attendant risks of complications. Abso-
lute contraindications for laser skin resurfacing include active
skin infection (bacterial, viral), isotretinoin use in the past 12
months, impaired immune function, suspicious skin lesion or
skin cancer in treatment area, melasma, and unrealistic expect-
ations regarding laser skin resurfacing benefits and outcomes.

Relative contraindications for laser skin resurfacing include
collagen vascular disease, abnormal scarring, prior radiation
therapy or deep burn in treatment area, diffuse hyperpigmenta-
tion, Koebnerizing skin conditions, inflammatory condition of
skin, severe skin sensitivity, lower eyelid laxity, and prior lower
eyelid surgery. Severe hyperpigmentation affecting the face,
neck, and other areas of the body may lead to relative
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Fig. 6.4 Composite of six separate left oblique photographs documenting progression of erythema following dual mode erbium:yttrium aluminum
garnet (Er:YAG) laser skin resurfacing (66-year-old woman, Fitzpatrick skin type Il). (a) Before; (b) 7 days after; (c) 30 days after; (d) 60 days after; (e)
90 days after; (f) 210 days after. Note: persistent erythema 90 days following treatment and resulting moderate hypopigmentation at 210 days.

hypopigmentation of the treated skin with an unusually stark
contrast between treated lower facial skin and untreated neck
skin (> Fig. 6.2). Posttreatment camouflage with mineral make-
up and/or adjunctive treatment(s) of the adjacent skin (e.g.,
intense pulse light photorejuvenation) may be beneficial.
Patients with abnormal lower eyelid laxity are at higher risk for
treatment-related lower eyelid malposition following deep
laser resurfacing of the lower eyelid skin; therefore, preemptive
(pretreatment or concurrent) lower eyelid tightening (e.g., lat-
eral canthoplasty) should be considered. Paradoxically, patients
with minimal lower eyelid skin laxity following transcutaneous
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lower eyelid blepharoplasty may also be at higher risk for lower
eyelid malposition after deep periorbital laser skin resurfa-
cing—skin tightening achieved may exceed the ability of the
lower eyelid to maintain its normal vector and apposition to
the globe.

6.3 Advantages/Disadvantages

Compared to the CO, laser, healing time for re-epithelialization
following dual mode Er:YAG skin resurfacing is slightly shorter;
and posttreatment sequelae and complications are more
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favorable, with decreased posttreatment erythema intensity
and duration, similar incidence but shorter duration posttreat-
ment hyperpigmentation, and reduced risk of hypopigmenta-
tion.’7 The ability to precisely control tissue ablation depth
(e.g., 4-200um) and the more limited depth of residual thermal
damage with the dual mode Er:YAG skin resurfacing laser ena-
ble greater flexibility in treatment approaches over a wider
range of skin types. Nevertheless, excellent correlation of chos-
en treatment depth and histological treatment depth (ablate or
ablate plus coagulate) with the dual mode Er:YAG skin resurfac-
ing laser is not well maintained beyond the initial pass.'® The
main disadvantages of the dual mode Er:YAG skin resurfacing
laser lie in the more limited depth of residual thermal damage
and the modest decrease in ability to efface the most severe
rhytids when compared to the CO, laser.1?

6.3.1 Clinical Treatment Approach

Preoperative considerations include establishing proper indica-
tions, absence of contraindications, and obtaining an appropri-
ate informed consent for the proposed laser skin resurfacing
procedure. Although studies have not generated a consensus on
the benefit of pretreatment topical therapy (e.g., tretinoin,
alpha hydroxy acid [AHA], bleaching agents) or on the use of
perioperative antibiotics, herpes simplex virus (HSV) prophy-
laxis with antiviral therapy (generally starting the night before
and continuing for 1 week after treatment) is clearly beneficial
when treating the perioral skin regardless of HSV infection
history.

Microablative laser skin resurfacing (micro peel or micro
laser peel; ablate mode only, Video 6.2) may be performed with
topical anesthesia if the ablation depth is very superficial.
Regional nerve blocks, labial blocks, and oral medication(s)
(e.g., anxiolytic and/or narcotic) may be desirable with deeper
ablate mode-only intraepidermal peels. Deep laser skin resur-
facing treatments require greater sedation and pain control
(e.g., oral anxiolytic supplemented with intramuscular narcotic,
intravenous sedation, and general anesthesia). Safety considera-
tions during treatment under general anesthesia include ensur-
ing use of a laser-safe endotracheal tube or laryngeal mask
airway. For patients under other types of sedation, supplemen-
tal oxygen should be discontinued before use of the Er:YAG skin
resurfacing laser. Many potential postoperative problems may
be avoided by following a detailed laser skin peel treatment
plan and by careful attention to execution of the technical
aspects of the procedure. Additional passes and/or repeated
overlap of adjacent scans may create excessive wound depth
and lead to delayed healing, prolonged redness, and scarring.

Immediate postoperative care involves application of a
hydrating, nonirritant, protective artificial barrier to help pre-
vent contamination and desiccation as well as to provide an
optimal environment for efficient re-epithelialization. Many
different products have been used by the author including pet-
rolatum-paraffin balm, aqueous gel, plant oil-based balm, and
more recently a 3%-micronized sucralfate emulsion (Eau Ther-
male Avéne, Cicalfate Post-Procedure Skin Recovery Emulsion,
Pierre Fabre Dermo-Cosmetique, Parsippany, New Jersey)
supplemented with hydrating water spray as needed (Eau
Thermale Avéne, Thermal Spring Water, Pierre Fabre Dermo-
Cosmetique, Parsippany, New Jersey).
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Early studies on chronic wounds have suggested that treat-
ment of wounded skin with noncontact low frequency ultra-
sound (NCLF-US) may enhance skin healing through reduction
of bacteria counts, mechanical cleansing, and stimulation of
healing through multiple pathways.2021 We implemented
NCLF-US in our clinic to facilitate acute wound healing after
laser skin resurfacing several years ago. The NCLF-US device
(MIST Therapy, Celleration, Inc., Eden Prairie, Minnesota) uses a
disposable tip that is held approximately 1cm offset from the
skin’s surface while a gentle saline mist or spray carries the low
frequency (40kHz) ultrasound energy to the wound (Video
6.4). Our nurses perform NCLF-US treatments at multiple inter-
vals (e.g., postoperative days 1, 3, 5, and 7) following laser skin
resurfacing. In addition to the benefits listed above, the protocol
of periodically reevaluating each patient’s progress during the
critical initial healing period enables earlier recognition and in-
tervention for unforeseen problems that may interfere with
normal skin healing.

Follow-up after dual mode Er:YAG laser skin resurfacing
should continue at regular intervals after initial healing is com-
plete. During these subsequent intervals continued healing
occurs with normalization of erythema, skin tone, texture, and
sensitivity and with ongoing tissue contraction and dermal tis-
sue remodeling. Common patient questions early on after treat-
ment include: “What is the expected duration of erythema?
When can I resume normal activity? When should I use
sunscreen? When should I resume use of topical cosmeceuti-
cals and/or medications? When will my skin itching stop?” And
“why do I still have lines?”

In general, erythema intensity and duration is related to skin
type and condition as well as depth of treatment and extent of
thermal injury. Fair skin types, with preexisting redness, who
undergo deep, multipass, dual mode laser skin resurfacing may
have posttreatment erythema that lasts up to several months or
longer. Posttreatment erythema may be exacerbated by skin
sensitivity and contact dermatitis. Resumption of normal activ-
ity is permissible sooner (e.g., upon completion of re-epithelial-
ization) with more superficial microablative laser skin
resurfacing treatments. Deeper laser skin resurfacing treat-
ments have the potential for relatively increased skin sensitivity
for several weeks or longer after re-epithelialization is com-
plete. Topical sunscreens, cosmeceuticals, and medications
should not be introduced until erythema and peak skin-sensi-
tivity have substantially abated. At that point, introduction of
these substances to the newly resurfaced skin should be done
individually so that assessment for irritation is accurate. Pruri-
tus of newly resurfaced skin may indicate ongoing skin irrita-
tion and contact dermatitis and the need to remove the
offending substance(s) from the skin care regimen. Pretreat-
ment patient counseling regarding the expected benefits for
wrinkles versus dynamic facial lines may reduce the potential
for posttreatment concern about “nonresponsive” dynamic
facial lines.

6.3.2 Treating Complications

Adequate pretreatment informed consent and education are
essential to prepare patients for the possibility of treatment-
related complications. Prolonged posttreatment erythema last-
ing more than 4 months may occur after aggressive dual mode
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Er:YAG laser skin resurfacing (> Fig. 6.4). Prolonged erythema
after Er:YAG laser skin resurfacing may precede hypopigmenta-
tion in patients with lighter (e.g., Fitzpatrick I or II) skin types
(» Fig. 6.4), whereas temporary skin darkening may follow pro-
longed erythema after Er:YAG laser skin resurfacing in patients
with darker skin types (Fitzpatrick III and higher). Although
localized hypopigmentation may respond to a series of fraction-
al laser skin resurfacing treatments, a modality for diffuse
hypopigmentation is lacking. Epidermal PIH may respond to
topical tyrosinase inhibition, retinoids, corticosteroids, or a ser-
ies of light chemical (e.g., AHA) peels.

Delayed healing may be the result of desiccation, infection,
overly aggressive treatment, secondary wounding, decreased
activity of pilosebaceous units (e.g., isotretinoin, prior radiation
therapy), or unknown factors. Delayed healing is more likely in
areas of the face that may be less vascular (e.g., peripheral
areas). Patients who have undergone prior facelift procedures
wherein neck skin has been transposed up over the caudal mar-
gin of the mandible may be at higher risk for healing complica-
tions in these areas. Atrophic or hypertrophic scarring may
occur following delayed wound healing (typically the result of
excessively deep laser skin resurfacing treatment, wound desic-
cation, or infection). Appropriate treatment for hypertrophic
scarring may involve corticosteroid or 5-FU injections, whereas
both atrophic and hypertrophic scars may require surgical scar
revision or AFR.

Although many studies have shown that concurrent facelift
surgery and laser skin resurfacing may be performed safely,2?
typical deep dual mode Er:YAG resurfacing should not be per-
formed over skin flaps. And whereas deeper resurfacing may be
permissible over composite flaps, few rhytids are typically
present over the posterior cheek after rhytidectomy. In the
event that complete re-epithelialization has not occurred with-
in 7 days after Er:YAG laser skin resurfacing, reevaluation of the
current skin condition is warranted. Alternative topical therapy
(e.g., silver sulfadiazine 1%, if not precluded by medication
allergy) and meticulous wound care or promotion of natural
tissue regeneration with porcine urinary bladder matrix (epi-
thelial basement membrane extracellular matrix, MatriStem
Wound Matrix, Acell, Inc., Columbia, Maryland) may help pre-
vent an unsatisfactory outcome such as atrophic or hypertro-
phic scarring.?3

Infection can lead to delayed wound healing and scarring.
Whereas maintaining good hygiene may be second nature for
health care workers, patients undergoing laser skin resurfacing
procedures (and any responsible caregivers) should receive for-
mal wound care instructions from nursing staff regarding the
imperative of avoiding skin contamination during the initial
healing process. Bacterial wound colonization invariably occurs
during the initial healing process following laser skin resurfac-
ing; nevertheless, bacterial counts may be affected by the par-
ticular wound care regimen implemented?* and may be
diminished with supplemental NCLF-US treatments. Despite
the potential for bacterial and fungal wound infection following
laser skin resurfacing and no consensus regarding prophylactic
antibiotic and/or antifungal coverage, many laser surgeons
nonetheless implement perioperative antibiotic coverage.2>

With nearly ubiquitous potential for activation of latent HSV
following perioral laser skin resurfacing (including patients
with a negative history of HSV infection), consensus does exist
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for prophylactic antiviral coverage (e.g., acyclovir, famciclovir,
and valacyclovir).26 Although HSV activation following perioral
laser skin resurfacing may begin as a mild, localized viral exan-
them, progression to extensive involvement of the perioral and
adjacent skin may occur. Uncontrolled HSV infection requires
more aggressive therapy with intravenous antiviral medication
to minimize the risk of delayed wound healing and scarring.
With appropriate laser skin resurfacing treatment, antibiotic
and antiviral prophylaxis (if indicated), and meticulous wound
care, infectious complications are unlikely.

Dermatitis, milia, and unmet expectations are among the
most common complications encountered following laser skin
resurfacing. Despite best efforts, contact (allergic, irritant) der-
matitis may occur prior to reformation of the normal skin archi-
tecture or following re-epithelialization. Manifestations may
include edema, erythema, pruritus, and an apparent setback in
the healing process. Supportive care generally includes chang-
ing the skin care regimen in an attempt to eliminate continuing
irritation, oral antihistamines, and a burst and taper of systemic
corticosteroids. Milia are keratin-filled pseudocysts that fre-
quently occur during the early postoperative period. The use of
occlusive topical medications to facilitate re-epithelialization or
the subsequent use of topical moisturizers may contribute to
the formation of milia. Although milia may resolve spontane-
ously, manual extraction may become necessary. Unrealized or
unmet patient expectations should be preempted where possi-
ble through appropriate pretreatment patient counseling and
education regarding alternatives, risks, and likely outcomes.

6.4 Pearls and Pitfalls

A thriving laser skin resurfacing practice must: (1) carefully
select patients for procedures with extended downtime; (2)
skillfully match indications with appropriate treatments; (3)
provide thorough pretreatment patient education regarding
related risks, alternatives, and anticipated benefits; (4) compe-
tently execute the planned treatment while avoiding overtreat-
ment; and (5) supply compassionate and substantive
postresurfacing skin care during initial healing and beyond, until
the newly resurfaced skin reaches maximum improvement with
respect to tone, texture, and sensitivity. Despite these efforts, pa-
tient expectations regarding downtime and outcomes may fail
to align with the skin’s response to treatment.

6.5 Conclusion and Future
Directions

Full-field Er:YAG laser skin resurfacing remains both challeng-
ing and gratifying. The challenge lies in selecting effective
therapies for particular skin types and conditions while avoid-
ing undesirable outcomes. The flexibility of the dual mode Er:
YAG skin resurfacing laser to meet diverse patient needs (e.g.,
removal of skin lesions, treatment of superficial photodamage
and dyschromia, effacement of lines and wrinkles) provides
repeated validation of the technology and gratification for the
laser surgeon. So far, the “future”—that now includes both abla-
tive and nonablative erbium-based fractional laser skin rejuve-
nation treatment approaches—has not significantly eroded the
utility of traditional full-field Er:YAG laser skin resurfacing.
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7 Combining Different Lasers in the Same Session for
Optimal Outcomes in Treating Aging Skin

Elizabeth F. Rostan

7.1 Introduction

Aging and sun damage of the skin results in skin laxity, rhytids,
texture irregularities, dyspigmentation, and vascular changes.
This book outlines the use of many different laser devices to
correct these changes of age and photodamage. Vascular lasers
such as the pulsed dye laser (PDL) are used to treat redness and
telangiectasia; long-pulsed (LP) alexandrite and quality-
switched or Q-switched (QS) lasers are used to treat pigment
abnormalities including lentigines and melasma; and ablative
and fractional skin resurfacing procedures stimulate collagen
and treat all aspects of solar damage including deeper wrinkles.
In this chapter, the author describes her experience in combin-
ing laser technologies—different wavelengths and application-
s—in the same treatment session in order to achieve better
outcomes with fewer visits for the patient.

7.2 Pigment and Vascular Lasers

Even in young patients with early changes of sun damage, there
are often several different aspects of photoaging present—lenti-
gines, erythema and telangiectasia, and wrinkles or skin texture
changes. The author has found that treatment outcomes and
patient satisfaction are increased when these different aspects
of photodamage are targeted using two or more different lasers
in the same session. Patients get better results with fewer treat-
ments—saving money and time with both visits to the office as
well as periods of healing.

The PDL laser is an excellent choice for reducing redness and
very fine telangiectasias. Larger telangiectasias are more effec-
tively treated with a 1,064-nm neodymium:yttrium aluminum
garnet (Nd:YAG) laser. The longer wavelength of 1,064 nm can
penetrate more deeply to better reach the deeper vessels, and
longer pulse widths can be matched to larger vessel sizes. In the
treatment of redness and capillaries, such as is often seen in
rosacea as well as sun damage, the author often combines both
the 595-nm PDL (Vbeam Perfecta, Candela Corporation,
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Wayland, Massachusetts) and the LP 1,064-nm Nd:YAG laser
(GentleYag, Candela Corporation, Wayland, Massachusetts). The
1,064-nm wavelength is first used to treat the more visible and
larger telangiectasias; then, immediately after treatment with
the Nd:YAG, the PDL is used to treat the finer vessels and dif-
fuse erythema (> Fig. 7.1). This combination is so frequently
used together that the lasers are kept in the same room.

There are a number of lasers that can be used to target the
dyspigmentation of photodamaged skin. LP alexandrite and QS
lasers—including QS 532-nm Nd:YAG, QS ruby, and QS alexan-
drite—can target specific pigmented lesions such as freckles or
lentigines. QS lasers emit very short pulses of light that match
the thermal relaxation time of the small particles of melanin
and melanin storage units—melanosomes. LP alexandrite lasers
likely target the larger melanocytes or the diffuse melanin
staining of keratinocytes that characterizes solar lentigines.

Intense pulsed light (IPL) is a nonlaser, light-based system
that is used to treat photodamage as well as unwanted hair. The
IPL has a spectrum of wavelengths with an output of noncoher-
ent light ranging from 500 to 1,200 nm, depending on cutoff fil-
ters on the lower wavelength spectrum. These varied
wavelengths include wavelengths that target erythema (hemo-
globin) as well as wavelengths that target pigment (melanin),
and even longer wavelengths that target water to induce der-
mal heating and collagen remodeling. Because the energy is
spread over a range of wavelengths, no single wavelength is
particularly focused or powerful. Thus, the IPL is best used for
mild changes of sun damage, maintenance of results achieved
from other procedures, or for those who desire a treatment
with minimal downtime. With more significant changes of
either a vascular or a pigmented nature, better results may be
achieved using lasers whose wavelengths more specifically tar-
get the predominant issue. Additionally, in the treatment of
more severely sun-damaged skin that has a significant amount
of erythema or pigment, IPL can leave well-demarcated areas of
clearance in the rectangular shape of the delivery crystal. Sub-
sequent treatments with IPL can reduce the appearance of

Fig.7.1 Laser treatments for telangiectasias and
erythema. (a) Prior to procedures. (b) Improve-
ment shown after one treatment with combina-
tion long-pulsed (LP) dye laser and 1,064-nm
neodymium:yttrium aluminum garnet (Nd:YAG)
laser.
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these areas but patient distress in between treatments can be
significant.

Fractional resurfacing devices can treat dyspigmentation
while globally improving photodamaged skin. Fractional photo-
thermolysis (FP) creates microscopic columns of thermal injury
referred to as MENDs or microscopic epidermal necrotic debris
columns. As these MENDs heal, pigment can be pushed to the
surface and subsequently exfoliated—resulting in improvement
in unwanted pigment.

The author’s selection of laser in the treatment of pigmented
lesions depends on the clinical situation. In the case of a light-
skinned patient with darker lentigines that are either diffusely
spread over a large area or just a few larger lesions, the author
prefers the LP 755-nm alexandrite laser (Candela GentleLase,
Candela). This laser is used at a low fluence with no epidermal
cooling (i.e., dynamic cryogen cooling turned off). Typically a
spot size of 12 mm and an energy setting of 16 to 30 J/cm? are
used, depending on patient skin type and darkness of the le-
sion. Higher fluence can be used in lighter skin types. Overlap-
ping and multiple passes are done over the entire cosmetic unit
(cheeks, forehead, or full face) until a slight change is noted in
the pigmented lesions, which should turn darker with possibly
a slightly dry appearance and redness at the periphery. No blis-
tering or lifting of the skin should be seen. The efficacy of this
treatment is best when the contrast between skin color and
pigmented target is great (i.e., very fair skin and very dark spots
are the most ideal situation). This observation has also been
noted in a controlled study.! When there is very little contrast
between skin color and pigmented lesion color, the author does
not use this technique due to lack of efficacy and increased risk
of unwanted side effects. The LP alexandrite is not used on
tanned skin or any skin type darker than Fitzpatrick type IV.
The lighter the lesion, the more energy is required to have an
effect on the target. For darker lesions, lower energy is needed
to achieve a clinical effect and to minimize side effects.

In the case of lighter lentigines, darker skin types, treatment
location of arms or legs, or very little contrast between skin col-
or and lesion color, the author chooses either QS 532-nm laser
spot treatment or a nonablative fractional laser alone or in com-
bination with an LP alexandrite or a QS laser. Desired end points
of treatment with the QS laser are varying degrees of whitening
or an ashy appearance—in lighter skin types a larger degree of
whitening is appropriate and more effective; however, in darker
skin types, a very slight whitening or only slight ashy appear-
ance is preferred in order to minimize size effects of hypopig-
mentation and postinflammatory hyperpigmentation.

7.3 Combining Lasers in the Same
Treatment Session

7.3.1 Background

A number of devices have built-in combinations of therapies.
Radiofrequency (RF) energy has been combined in several devi-
ces with IPL and diode lasers. The goal of the combination of
technology is to achieve skin tightening and improvement in
the visible changes of sun damage in the skin, or enhancement
of the improvement seen with the light-based device alone.
Sadick? et al reported significant overall skin improvement
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(75.3%) and significant patient satisfaction (92%) using the nov-
el device of electro-optical synergy (ELOS) that combines RF
and IPL energy in a single pulse. In 2006, Alexiades-Armenakas3
evaluated the sequential combination use of two devices that
combined bipolar RF with light-based energy—one device com-
bined RF with a diode laser and the other mechanism combined
RF with IPL. Blinded physician evaluation of improvement per
category (rhytids, laxity, elastosis, dyschromias, erythema-
telangiectasias, keratoses, and texture) after each treatment
was mild (average improvement of 10.9% per treatment), but
overall patient satisfaction was significantly higher (71.4%). Pa-
tient satisfaction was attributed to the combined effects of the
technologies.

Several studies have investigated the combinations of differ-
ent lasers in the same session for the cosmetic enhancement of
facial skin. Berlin* et al reported successful combination of very
light erbium followed sequentially by IPL. The number of
patients who finished the study (12 out of 15) reported mild
erythema lasting up to 1 week and mild scaling for 3 to 4 days
after the treatment. Overall satisfaction at the 3-month follow-
up was 63%. A study by Lee> compared the efficacy of the 532-
nm, msec potassium titanyl phosphate (KTP) laser alone and
the 1,064-nm, msec Nd:YAG laser alone as well as in combina-
tion for the treatment of skin changes of photoaging. The com-
bination of the two wavelengths gave slightly better results
than either alone. A similar study by Tan® et al was a split-face
study that showed slightly greater improvement in the side that
received combination treatment of 532-nm and 1,064-nm
wavelengths. Studies by Goldman’38 et al have shown benefit in
sequential use of ablative erbium immediately after ablative
carbon dioxide (CO,) laser in resurfacing to improve healing
times and outcomes.

The combination of QS lasers—532nm followed by
1,064 nm—was shown to be significantly more effective in the
treatment of Hori’s nevus than the 1,064 nm alone.® A higher
incidence of postinflammatory hyperpigmentation was seen on
the combination laser side but all resolved in 2 months. In
treating giant congenital nevi, Funayama et al demonstrated
effective and safe pigment lightening using sequential PDL fol-
lowed immediately by QS ruby laser.1° Trelles et al reported bet-
ter results in leg vein treatment (blue veins and veins>1 mm
responded best) using a laser that combined a pulsed dye and
Nd:YAG laser sequentially in the same pulse.!’ The sequential
pulsed dye-1,064-nm Nd:YAG laser has also been reported to
be an effective and safe treatment for venous malformation.!2

Recently, investigators have shown safe, same-session combi-
nation of nonablative fractional lasers with other laser and light
sources. Chan et al demonstrated the safety of combination IPL
and nonablative fractional treatment on the same treatment day
(either before or after nonablative fractional treatment).!3 A ret-
rospective chart review detailed similar clinical outcomes after
one treatment on the chest of either IPL or nonablative fraction-
al combined with LP, PDL, and QS alexandrite. Safety was con-
firmed with the combination of devices and there was a trend
toward greater wrinkle and texture improvement in the combi-
nation laser group, suggesting assessment after more treatments
might reveal an advantage to the combination approach.!#

In nonrejuvenation applications, lasers have been combined
to treat tattoos as well as unwanted hair. Recently, Weiss and
Geronemus reported more efficient tattoo removal with
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sequential QS ruby laser followed by ablative fractional resur-
facing in the same session.!> Not all studies have shown benefit
in combining wavelengths in the same session. A private group
in Iran reported a study of laser hair removal on the legs using
either 755-nm alexandrite, 1,064-nm Nd:YAG, or a combination
of both lasers.!® There was greater pain and increased side
effects in the area treated with the combination of the two
wavelengths.

7.4 Personal Experience in
Combining Lasers

7.4.1 Nonablative Lasers

As previously discussed, it is commonplace for this author to
combine LP 1,064-nm Nd:YAG laser with PDL in the same ses-
sion for more effective clearance of vascular conditions. There is
also frequent combination of a vascular laser treatment (595-
nm pulsed dye, 1,064-nm Nd:YAG, or both) with a laser treat-
ment specifically to target the pigmented areas of concern. This
approach is chosen by the author when it is felt that the vascu-
lar component is too great to get good results with IPL but there
is also pigment present to treat. A good example would be a
face with numerous larger telangiectasias as well as lentigines
and freckles.

For larger areas of pigment or large patches of pigment such
as seen in melasma, a nonablative fractional laser (1,550 nm or
1,927 nm) is used either alone or in combination with low
energy LP alexandrite laser prior to the fractional laser. If there
is any erythema or telangiectasia, it is treated with one or both
of the vascular lasers prior to treatment with the nonablative
fractional laser. There is a nominal charge for the additional
laser treatments and patient satisfaction with the procedure is
greatly increased because several different aspects of skin con-
cerns are taken care of in one session. The series is as follows if
all lasers are utilized: vascular lasers first, then LP alexandrite
or QS 532-nm Nd:YAG laser, then fractional nonablative laser.

When there are more significant texture changes or rhytids
from sun damage, the preference is to use a nonablative frac-
tional device. In order to achieve the most consistent and quick
results with pigment when a patient is having a series of frac-
tional nonablative procedures, the LP alexandrite laser is often
used, as described above, prior to the fractional laser on the
same day. Similarly, erythema and telangiectasias are pre-
treated with a vascular laser before the fractional treatment
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(» Fig. 7.2). Fractional nonablative lasers do effectively treat pig-
ment but the response is enhanced with pretreatment with the
alexandrite laser; and patients note immediate improvement
with reduction of pigmented lesions, whereas the collagen
remodeling takes several months to occur. Another frequently
used combination is pretreatment with full-face IPL followed by
fractional nonablative laser (> Fig. 7.3).

7.4.2 Ablative Lasers

It is well known that the combination of ablative CO, laser
resurfacing with erbium resurfacing can yield better outcomes
and improved healing times than ablative CO, laser resurfacing
alone. The erbium laser can be used to blend edges of the treat-
ment area, remove CO,-charred tissue to improve healing, and
can also be used to sculpt down edges of deep lines and scars.
With the advent of fractional ablative lasers, the number of
completely ablative resurfacing cases has declined for most
practitioners. In very deep rhytids and severe elastotic changes
from sun damage, the CO, laser remains the gold standard;
however, often the fractional CO, is the selected modality due
to its shorter healing time and reduced side-effect profile com-
pared to ablative resurfacing.

In many cases, patients and this practitioner elect to do full-
face fractional CO, except in regions of more severe rhytids,
such as the glabella and perioral areas. In these locations, fully
ablative CO, is done. The downtime and wound care for these
localized areas are more manageable than for full-face ablative
treatments.

This author first became interested in combining ablative and
fractional ablative treatments by fate. A resurfacing case was
planned with full-face fractional CO, and traditional ablative
CO, laser in the perioral area for deeper lines and elastosis. Dur-
ing the case, the CO, laser malfunctioned and would not pro-
duce enough energy for resurfacing. It was decided to treat
with high energy fractional CO, in the perioral area and follow
that with ablative erbium resurfacing. The patient, who was a
smoker, did very well and had excellent healing except in a few
areas where this practitioner was more aggressive with the
erbium laser—angled to carve down the edges of deep, vertical
lip lines. The author felt that these areas healed with mild
hypopigmentation; however, these were the areas the patient
was most happy about because they were the smoothest. A sec-
ond resurfacing procedure was done in the perioral area with
ablative CO, and erbium 6 months after the initial treatment
(» Fig. 7.4). Since that case, the author frequently treats the

Fig. 7.2 Erythema and telangiectasias’ combined
pretreatment and treatment. (a) Image before
utilization of modalities. (b) Benefits apparent 1
month after single, sequentially combined use of
pulsed dye laser (PDL), long-pulsed (LP) alexan-
drite laser, and fractional nonablative laser.
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perioral area with full treatment of fractional CO, laser prior to
ablative resurfacing and working the edges of rhytids with
erbium laser.

Other lasers that are combined with fractional CO, include
pretreatment of lentigines with the LP alexandrite and occa-
sionally treatment of vascular lesions with the PDL or Nd:YAG
laser. The nonspecific heat of the fractional CO, laser can reduce
telangiectasias so that often the treatment of the telangiecta-
sias, especially smaller diameter ones, is saved until after heal-
ing from the fractional laser.

7.5 Limitations and Precautions

Lasers deliver significant amounts of heat to the tissue. When
different lasers are combined in the same session, caution must
be used to avoid too much heat delivery to a confined area—a
so-called “heat sink” issue. A short amount of time in between
successive lasers is usually adequate to avoid overheating the
tissue. During treatment, heat of the tissue is often checked
subjectively by touching the skin. If the skin feels very hot, then
the procedure is paused until the skin cools to the touch. Over-
heating the tissue may lead to blistering and even deep dermal
damage that can lead to atrophic scarring. The risk for overheat-
ing the tissue is greatest when there is a significant amount of
target such as in a deeply colored, port-wine stain.
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Fig. 7.3 Enhanced facial response following laser
preprocedure and procedure. (a) Initial photo. (b)
Dramatic difference 1 month after two combi-
nation treatments utilizing intense pulsed light
(IPL) and then fractional nonablative laser.

Fig. 7.4 More youthful appearance after two
separate resurfacing procedures. (a) Before
treatments. (b) 18 months after ablative frac-
tional carbon dioxide (CO,) immediately followed
by erbium resurfacing and second ablative CO,
and erbium laser treatment 6 months after initial
treatment.

Use of several lasers in one session may also increase the
downtime for the patient. When vascular lasers such as the IPL
or PDL are used, more edema is expected after the treatment. If
lasers that specifically target pigment are used, there may be a
slight increase in light crusting or dryness over the lesions and
the treated lesions often appear slightly darker before peeling.

Additionally, even when combining lasers, often a series of
procedures is needed for optimal results. Setting patient
expectations and preparing the patient for the treatments is
critical to success. Finally, the treatment of aging and photo-
damage requires attention to many different aspects of the
aging face including treating laxity of skin and facial structures,
addressing loss of volume in the face, and relaxing lines of
muscle movement as well as addressing the visible changes of
sun damage and aging in the skin with lasers, peels, and/or skin
care.

7.6 Summary

Correction of sun damage of the skin can be achieved safely and
efficiently using combinations of different lasers in the same
session. Choice of laser treatments is customized to patient
goals and the degree and type of changes that are present. Cau-
tion should be used when combining laser treatments, but
careful attention to tissue reaction during treatment should
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avoid any untoward side effects. Using combinations of lasers
that specifically target diverse aspects of photoaging in the
same session can achieve better outcomes and greater patient
satisfaction.

7.7 Key Points

o Different lasers can be safely and effectively combined in the
same treatment session.

¢ Choice of lasers depends on skin type of patient, degree of
sun damage, and goals of treatment.

e Frequently used combinations include the combination of
vascular lasers with lasers to target pigment and the combi-
nation of one or both of these with fractional nonablative
lasers.

e Laser treatments can be combined with fractional ablative
lasers but with greater caution due to the amount of heat
delivered to skin during fractional ablation.

e Combinations of lasers can achieve better outcomes in fewer
sessions and lead to greater patient satisfaction.
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8 Subcutaneous Fiber Laser and Energy-Based Techniques

for Facial Rejuvenation

Richard D. Gentile

8.1 Introduction

Less invasive procedures for facial rejuvenation are becoming
more and more popular as prospective patients seek out treat-
ment options that offer the best possible results with the least
amount of downtime. As the demand for “quick-recovery” pro-
cedures increases and patients spend more time researching
options, more informed choices are being made and many
times patients opt for technologically advanced procedures. The
interface of advanced technology and aesthetic surgery has
been characterized by several different practice-altering tech-
nological innovations that have occurred. These recent advan-
ces are represented by the rapid introduction of a new aesthetic
technology that has quickly and favorably been integrated into
mainstream aesthetic practice. The first such innovation
occurred in the early 1990s when laser skin rejuvenation was
introduced for rhytids and actinic skin damage. Radiofrequency
(RF) approaches to skin tightening in 2006 are considered
another practice-altering technological innovation. The advent
of fiber lasers for lipolysis and internal aesthetic surgery in
2007 is also a practice-altering technological advance. One
might ask how the impact and potential benefit to patients
from technological innovations are assessed. Although this has
never been reviewed, the author would like to suggest parame-
ters that would correlate with the significance of the technolog-
ical innovation being introduced. As shown in » Table 8.1,
which details technology innovations and transformational
change in aesthetic surgery, the criteria for assessing improved
outcomes in technology-aided procedures should describe
what the technology adds to current practice or conventional
methods. Six criteria for assessing potential benefits of the use
of a specific innovation are listed; it could be inferred that the
more criteria the technological innovation fulfills, the more
likely it will become an important innovation for clinical aes-
thetic practice. Likewise those innovations meeting few criteria
will most likely not be long-lived in clinical aesthetic practice.
Patients are now more informed about aesthetic technology
than ever before and are more likely to undergo technology-
aided procedures—especially if the tech-aided innovation is
perceived to shorten the recovery period, reduce risk (e.g.,

Table 8.1 Criteria for assessing improved outcomes in aesthetic surgery
resulting from technology innovations

Criteria Reduces anesthetic requirements for procedure
Reduces operating time for procedure
Reduces complications or morbidity for procedure

Reduces recovery time for procedure

Facilitates new or improved technical approaches lacking
in conventional or existing techniques

More than one novel application is possible with new
technology
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anesthetic risk), or improve the outcome. One such technologi-
cal option involves subcutaneous fiber laser and energy-based
techniques for facial rejuvenation that center on interstitial
laser lipolysis and skin tightening through tissue coagulation of
the fibroseptal network (FSN) of skin, reticular dermis, and
superficial soft tissues. These techniques for facial rejuvenation
provide a revolutionary and minimally invasive procedure
using a high-peak power laser to aid in tissue separation with
simultaneous skin tightening through tissue coagulation and
induced changes in the FSN and extracellular network of the
hypodermis.

8.2 History of Subcutaneous Fiber
Laser Techniques for Facial and
Neck Rejuvenation

The history of laser lipolysis and energy-based soft tissue coag-
ulation/contraction is a relatively brief one and has been sum-
marized well by DiBernardo et al' who note Apfelberg? is
credited for describing the laser-fat interaction in 1992. Publi-
cations by Blugerman, Schavelzon, and Goldman3 followed
where each demonstrated personal experience with lasers on
adipose tissue. Badin et al* also highlighted the important tis-
sue retraction observed with a technique of laser lipolysis. Ichi-
kawa et al®> published on the histological evaluation of tissue
treated with laser lipolysis, showing the destructive changes of
heat-coagulated collagen fibers and degenerated fat cell mem-
branes with dispersion of lipids after laser irradiation of human
specimens. These histological changes correlate with clinical
changes seen by both physician and patient. Further, the hemo-
static properties of the 1,064-nm wavelength have been well
documented. The thermal effect produced by the neodymium:
yttrium aluminum garnet (Nd:YAG) laser (1,064 nm) in the adi-
pose tissue promotes better hemostasis resulting in less surgical
trauma and wound healing with fewer adverse sequelae. In
addition to the histological evidence, the clinical evaluation
shows improved postoperative recovery, resulting in a more
rapid return to daily activities with an excellent aesthetic result.
The application of laser lipolysis to facial and neck rejuvenation
in conjunction with the advanced facial rejuvenation techniques
of SmartLifting were first studied by Gentile in 2007 and
reported in 2008,% 2009, 2010,8 and 2011.%10 The initial proce-
dures were performed with the SmartLipo (> Fig. 8.1) (Cyno-
sure, Waltham, Massachusetts) 1,064-nm laser but on
introduction of the SmartLipo MPX (Cynosure) (> Fig. 8.2) the
1,064/1,320-nm multiplexed laser was used. The SmartLipo Tri-
plex (> Fig. 8.3) and, beginning in 2012, the Precision TX hand-
piece (> Fig. 8.4)—operating at 1,440 nm and delivered through
an 800-pum fiber—have been utilized. The Cynosure SmartLipo
laser was the first laser to be approved by the Food and Drug
Administration (FDA) for laser lipolysis. In addition to the laser
lipolysis indication the laser is approved for the surgical
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Fig. 8.1 Small Footprint SmartLipo 1,064-nm neodymium:yttrium
aluminum garnet (Nd:YAG) laser. The SmartLipo laser was initially
approved at 6 watts (W) and underwent power upgrades to 18 W prior
to advancing to the MPX and now Triplex versions. (Reproduced with
permission from Gentile RD, ed. Neck Rejuvenation. New York, NY:
Thieme Medical Publishers; 2011:147.)

incision, excision, vaporization, ablation, and coagulation of soft
tissue. All soft tissue is included—skin, cutaneous tissue, subcu-
taneous tissue, striated and smooth tissue, muscle, cartilage
meniscus, mucous membrane, lymph vessels and nodes, organs,
and glands. Since the 2006 advent of subcutaneous laser-based
lipolysis techniques, many other laser companies have devel-
oped similar products and many have introduced different
wavelengths for the specific indication of laser lipolysis. Other
wavelengths for laser lipolysis include 980 and 1,444 nm. Since
the introduction of these fiber laser techniques in 2007 many
other authors including DiBernardo,!! Sasaki,'? Holcomb et al,'3
Goldman et al,'* and Sarnoff'> have described their experiences
with subcutaneous fiber lasers in facial and neck rejuvenation
procedures.

8.3 The Technology of Subcuta-
neous Fiber Laser Techniques for
Facial and Neck Rejuvenation

The original SmartLipo laser (> Fig. 8.1) delivered 1,064 nm of
optical energy through a 300-um fiber at 6 W (> Fig. 8.5). Sub-
sequently, next-generation Cynosure SmartLipo and SmartLipo
MPX lasers utilized a 600-um fiber (> Fig. 8.6) as well as a
1,000-um fiber (> Fig. 8.7) for high-power laser lipolysis. The
unit developed for dedicated facial and neck contouring known

printed on 2/11/2023 4:37 AMvia .

Fig. 8.2 SmartLipo MPX. The MPX or MultiPlex permits laser use in
either the 1,064 or 1,320-nm mode or MultiPlex, which is sequential
emission of 1,064 and 1,320 nm in three blends. (Reproduced with
permission from Gentile RD, ed. Neck Rejuvenation. New York, NY:
Thieme Medical Publishers; 2011:149.)

as the Precision TX handpiece utilizes an 800-um fiber. First-ge-
neration lasers operating at 6, 10, 12, and 18 W utilized a 600-
pm optical fiber introduced through a 1-mm diameter stainless
steel microcannula of variable length for facial laser-assisted
procedures. The laser is fired through the distal end of the fiber
that protrudes 2 mm beyond the tip of the cannula. The distal
end of the fiber interacts with the facial and neck soft tissue.
For visualization purposes, an aiming laser source is provided
in the beam path providing the precise location of the fiber tip,
indicating where the laser is working. For most facial and neck
anatomical regions, a 6- to 12-W setting, 100-ps pulsed laser at
40Hz and 150 m] was used. The SmartLipo MPX laser, which is
capable of blending both the 1,064- and 1,320-nm wavelengths,
was used in subsequent years and in 2012 was replaced by the
1,440-nm laser available in the SmartLipo Triplex and is also
used in the Cellulaze (Cynosure) system. The SmartLipo systems
all utilize an Nd:YAG laser tuned to the desired wavelength that
produces photomechanical and thermal effects. This facilitates
dissection of tissues quickly and easily. In addition, the Nd:
YAG laser’s hemostatic properties allowed for the coagulation
of small blood vessels in the subcutaneous plane with
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Fig. 8.3 Introduced in 2011, the advancement of the SmartLipo Triplex
allows the use of three laser wavelengths (1,064, 1,320, and 1,440 nm)
to be utilized independently or uniquely blending the MultiPlex
technology. The 1,440-nm wavelength alone has a 40 x greater
absorption rate in fatty tissue than that of other diode lasers (924 and
980 nm) available. The Triplex also offers the Cellulaze platform for
correction of cellulite. (Courtesy of Cynosure, Westford, Massachusetts.)

Fig. 8.4 The Precision TX fiber (SideLaze 800 3D) uses the same laser
wavelength as Cellulaze but the fiber is smaller and is able to deliver
less energy more precisely. The laser beam is split, just as is in Cellulaze,
so that the energy can be directed toward the undersurface of the skin
to achieve enhanced skin tightening. The Precision TX device was
designed to treat small areas in the face such as the neck and jowls.
(Courtesy of Cynosure, Westford, Massachusetts.)

preservation of the dermal plexus of vessels. Multiplexing the
1,064- and 1,320-nm wavelengths provides some unique
advantages. SmartLipo with multiplex (SmartLipo MPX)
(» Fig. 8.2) allows individual as well as sequential emission of
1,064- and 1,320-nm wavelengths. The sequential firing of
these two wavelengths in combination maximizes the positive
properties of both. The combination of these wavelengths
increases the efficiency of fat lipolysis and offers a more evenly
distributed laser energy profile that benefits superficial and
deep treatment. These two wavelengths emitted sequentially
offer a more efficient vascular coagulation through the conver-
sion of hemoglobin to methemoglobin.8 The 1,320-nm wave-
length heats the blood, converting hemoglobin to
methemoglobin. The 1,064-nm wavelength has a 3 to 5 times
greater affinity for methemoglobin than for hemoglobin, there-
by increasing absorption resulting in more efficient coagulation
leading to enhanced skin tightening. SmartLifting permitted
flap separation in typically difficult to reach areas such as the
nasal labial folds (NLF) and the corner of the mouth and infra-
commissural folds, also known as marionette lines, when com-
pleting “full rhytidectomy.” The wavelength characteristics and

‘"

Fig. 8.5 The original 300-um fiber used for
lipolysis and tissue coagulation. (Reproduced
with permission from Gentile RD, ed. Neck
Rejuvenation. New York, NY: Thieme Medical
Publishers; 2011:148.)
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Fig.8.10 The Sidelaze 3D fiber permits the surgeon to aim the beam
down, sideways, or up, which facilitates lipolysis, fibroseptal network
(FSN) tightening, and dermal skin tightening.

thermodynamic photo spectrum of the 1,064-nm laser are
shown in » Fig. 8.8; and the properties of the blended 1,064/
1,320-nm multiplexed laser are displayed in » Fig. 8.9. With the
advent of the SmartLipo MPX laser, several innovations were
introduced to enhance patient safety in reducing the risk of
thermal injury. One feature is the SmartSense motion control
sensor that will stop laser emission when the laser is not being

moved. The second device is the ThermaGuide, a deep temper-
ature sensor that gives the operator instant feedback on the
temperature of the laser internally. The final technology inno-
vation by Cynosure in the SmartLipo platform and a by-product
of the Cellulaze research is the Precision TX (> Fig. 8.4 and
» Fig. 8.10) fiber utilized with the 1,440-nm laser also known
as SideLaze 3D. Due to its unique structure and design it is able
to fire in specific directions. This differs from the unidirectional
firing of the earlier SmartLipo fibers. The operator changes
hand position in order to change laser firing position from
down to sideways to up. The laser also fires ahead as well as the
other selected direction. A chevron marks the spot of direction-
al firing for the Precision TX (> Fig. 8.11). The incorporation of
the 1,440-nm wavelength offers increased benefits for laser lip-
olysis and tissue lifting for facial rejuvenation. The 1,440-nm
wavelength achieves high thermal absorption within fat and
collagen (water), leading to fat reduction and collagen denatu-
ration, and progressive tissue lifting. The longer wavelength
provides increased localized photothermal and vaporizing
effects in front of the fiber on fatty tissue and collagen fibers
(water), achieving 20 times more absorption in adipose tissue
than the 1,064/1,320-nm (> Fig. 8.12) and 40 times more
absorption than the 924/980-nm wavelengths. The combina-
tion of the 1,440-nm wavelength, side-firing fiber, and the
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Fig.8.11 The Precision TX handpiece and Sidelaze 3D fiber are aimed
by having the chevron on the handpiece positioned down, sideways, or

up.

thermal-control systems provided a safe and effective means
for facial rejuvenation.

8.4 C(lassification of Energy-Based
Fiber Laser Lifts for Facial and Neck
Rejuvenation Techniques

As the technology powering the lipolysis lasers advanced over
the past decade, the types of procedures being done in conjunc-
tion with interstitial laser lipolysis did so as well. As with other
types of techniques, not every surgeon performs each proce-
dure in quite the same way. For example, in performing “laser
facelifting” or fiber laser lifting (FLL): is the surgeon only laser
treating the face and neck subcutaneously? Or is the surgeon
laser treating the face and neck, aspirating and placing sutures,
or removing skin in conjunction with the interstitial laser lipol-
ysis? As the number of reports of these procedures grew, the
author wanted to develop a classification system of energy-
based facial and neck rejuvenation procedures that would per-
mit students and colleagues to understand exactly what was
being done in conjunction with the interstitial laser lipolysis. It
was decided to broaden the categorization to include as well
energy-based neck treatments that do not puncture the skin
and are delivered transcutaneously.

8.4.1 Type I: Superficial Noninvasive
Transcutaneous Laser or Energy-Based
Face/Neck/Skin Rejuvenation

There has been a very rapid progression of technologies that
have facilitated our ability to provide moderate, minimally inva-
sive, nonexcisional skin tightening with transcutaneous laser
and energy-based devices. Many of these procedures have
become important and sought after by our patient populations
and are a centerpiece of consumer interest. Because patients
desire effective procedures with decreased downtime, it
behooves aesthetic physicians and surgeons to seek a nonsurgi-
cal approach to neck rejuvenation that centers on skin tighten-
ing. There has been an evolution of devices starting with
near-infrared lasers operating in the 1,320- to 1,440-nm wave-
lengths, long-pulsed Nd:YAG lasers, and multiplexed lasers
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Fig.8.12 The water and fat absorption graph shows peak absorption
for fat at 1,210, 1,740, and 2,300 nm. The 1,440-nm wavelength alone
has a 40 x greater absorption rate in fatty tissue than that of other
diode lasers (924 and 980 nm) available.

operating in the same infrared spectrum. These lasers were
then replaced by various RF externally applied instruments that
acted as efficient “bulk heaters” of the dermis. Monopolar RF
and combined optical-bipolar RF mechanisms emerged and
used procedures with multiple-pass, multiple-session proto-
cols. These tools are static in nature and provide inadequate
dermal stimulation, exposing dermal tissues to relatively low
thermal stimulation due to short pulse duration. More recent
developments in technology have produced devices that are
not short pulse duration in design. These are continuous wave-
length (CW) RF systems that are constantly moved along the
surface of the skin. These dynamic systems have the ability to
heat tissues to therapeutic temperatures relatively quickly, and
to maintain these therapeutic temperatures for longer periods
of time without significant patient discomfort or thermal-
related skin complications. These transcutaneous, deep, dermal
ablative devices include high frequency ultrasound (US) that
acts by creating US-induced fractional thermal ablative zones in
the deep dermis and in some cases the superficial aponeurotic
system. These devices and their trade names are reviewed by
Mulholland.'®

8.4.2 Type lI: Subcutaneous Laser or
Energy-Based Interstitial Lipolysis/Lipo-
sculpture and the Fibroseptal Network

Type II procedures are focused on the subcutaneous and inter-
stitial application of energy (laser or RF) via small portals on
the face and neck. As this chapter goes to press several new
devices have been introduced that utilize RF microneedling
techniques such as the Syneron Profound and the Lutronic
Infini. These devices will be classified as Type II A (> Fig. 8.42)
as they perforate the skin aiming energy at the reticular dermis
(the microincision laser or catheter-based devices are classified
as Type Il B). The interaction of the laser with the tissue is
achieved by the absorption of the laser energy by the receptive
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Fig. 8.13 Effects of subcutaneous laser and energy-based devices in
dermis and hypodermis. (a) Short-term soft tissue effects in dermis
and hypodermis are depicted: (1) nonablative papillary changes, (2)
reticular dermal coagulation, (3) adipose coagulation, vascular
coagulation, and (4) contracted fibroseptal network (FSN) bands. (b)
Also shown are long-term reorientation of intermediate hypodermis
and FSN, and (1) dermal neocollagenesis with remodeling; dermal
remodeling 30% contraction; and (2) remodeled FSN bands.

chromophores, thus producing sufficient heat to cause the
desired thermal damage. The heat acts on the fatty cell and the
extracellular matrix including the fibrous septa (fibroseptal net-
work [FSN]) to produce both reversible and irreversible cellular
damage. Several studies have demonstrated that for low energy
settings at different wavelengths a tumefaction of the adipo-
cytes is observed leading to an increase of their diameter up to
100 um.*> The heat generated by the laser would alter the bal-
ance of sodium and potassium of the cellular membrane, allow-
ing the free transport of extracellular liquid to the intracellular
atmosphere. For higher energy settings, rupture of adipocytes
and coagulation of collagen fiber and small vessels are
observed.3> Due to the rupture of the membrane, lipases liber-
ated by the adipocyte are responsible for the liquefaction of the
tissue, which further facilitates the subsequent aspiration.
Through the liquefactive effect of the laser, the back and forth
movement of the cannula is performed much more easily than
when performing the conventional liposuction technique. The
fact that heat also induces coagulation of small vessels in the fat
tissue is very important; this phenomenon facilitates the lipo-
suction through lesser trauma and bleeding. Liposculpture
removes significant amounts of fat, serum, and blood. In cases
where large amounts of fatty tissue are to be removed, a phys-
iologically significant loss of blood can provoke metabolic alter-
ations. In this way, laser-assisted liposculpture offers the
advantage of removing larger volumes of fat without hemody-
namic repercussions.* As with type I procedures, the thermic
and athermic events induce deep reticular dermal collagen
denaturization and a cascade to neocollagenesis of the deep
reticular layer and remodeling of the FSN (> Fig. 8.13,
» Fig. 8.14, » Fig. 8.15), which serve to help firm, tighten, tone,
or lift the skin. In FLL type II the procedure description should
include referencing whether or not aspiration was performed.

8.4.3 Type lll: Concurrent Nonexcisional
Surgical Neck Techniques
(Submentoplasty or SMAS Procedures)

In the remainder of the energy-based facial and neck rejuvena-
tion techniques, all procedures are preceded by a subcutaneous
interstitial laser lipolysis and then a subsequent rhytidectomy
procedure of the neck (FLL type III), face (FLL type IV), or both

Fig. 8.14 The LaserFacialSculpting (LFS) treatment grids utilized for
delineating the procedure areas in facial zones in midface, lower face,
and lateral neck. (Reproduced with permission from Gentile RD, ed.
Neck Rejuvenation. New York, NY: Thieme Medical Publishers;
2011:159.)

Fig.8.15 The LaserFacialSculpting (LFS) central and lateral treatment
zones for the middle neck. (Reproduced with permission from Gentile
RD, ed. Neck Rejuvenation. New York, NY: Thieme Medical Publishers;
2011:159.)
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Table 8.2 Gentile rhytidectomy classifications

Mini-lift (mini-lifts are designated by either being ML type | (short flap)
short flap or short scar including minimal-
incision approaches.)

ML type Il (short scar/minimal incision)

ML type Ill (combined)

Intermediate lift IL type |
IL type Il
IL type Ill

Full facelift FFL type |

FFL type Il

FFL type IlI

Flap length from tragus<3-4 cm

The incision(s) are limited, not extending beyond
the retrotragal component. A series of small
incisions are also classified as short scar.

Incorporates both short flap and short scar/
minimal-incision components

Flap length>4 cm from tragus
Incision extends>1cm into posterior hairline
Incorporates both longer flap and longer incision

Incorporates IL with extended dissection past
zygomatic or mandibular cutaneous ligaments or
to the nasal labial fold (NLF)

Incorporates IL with extended (side-to-side) neck
dissection

Incorporates both extended facial and neck
dissection

Note: The use of terms to describe more limited rhytidectomy techniques should take into consideration: anesthesia requirements, operative time,

complication risk, and recovery time.

face and neck (FLL type V) involving concurrent rhytidectomy
techniques. In type Il procedures, there are isolated nonexci-
sional platysmal or superficial musculoaponeurotic system
(SMAS) procedures that may include surgical correction of pla-
tysmal banding that can be diminished by plication or division
of the platysma muscle. Limited SMAS elevation can also be
placed in this minimal incision non-excisional category. After
identifying the medial platysmal edges, approximation is per-
formed. An absorbable or nonabsorbable suture is used to
create a muscle sling. The plication should extend from the
submental incision to the thyroid cartilage. If a running suture is
used, the plication should continue in a reverse direction, allow-
ing for the plication of the lateral edges. A wedge excision of the
medial border of the platysma at the cervicomental angle may
also provide additional definition. Another technique for platys-
maplasty is purse-string platysmaplasty.!” At times in the per-
formance of a laser neck lift the author will also place lateral
sutures or a running suture along the inferior border of the
mandible in order to define the mandible. In type IIl procedures,
any nonexcisional neck rejuvenation procedure performed and
preferred by the surgeon in completing an isolated submento-
plasty or isolated neck lift can be performed, and it differs only
by the antecedent laser irradiation/elevation of the neck flaps
with or without concurrent laser lipolysis and liposculpture.

8.4.4 Type IV: Concurrent Facial
Rhytidectomy Techniques (Mini-Lifts)

In FLL type IV procedures a platysmaplasty or submentoplasty
is not performed but a facial rhytidectomy is performed. This

rhytidectomy may include a lateral plication of the superficial
musculoaponeurotic system (SMAS), but does not utilize
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midline surgical techniques other than laser lipolysis with or
without liposculpture. In the event subplatysmal fat is treated,
it would be classified as a type IV procedure provided medial
suture techniques are not used. As with the FLL type III proce-
dures, any type of rhytidectomy procedure may be performed
as long as midline platysmaplasty techniques are not used.
Most commonly in the author's practice a mixed plane rhytidec-
tomy'8 is performed via an intermediate length incision and a
short or intermediate flap elevation. In adding rhytidectomy
techniques it is useful to know what exactly is done during the
rhytidectomy, and there exists considerable confusion as to
what different nomenclature means. Is the lift called a mini-lift
short scar, short flap, or both? In order to be able to compare
facelift results based on what actually was done, the author has
proposed a classification of cervicofacial rhytidectomy that sim-
plifies the nomenclature. Up until now the definition and classi-
fication of mini-lifts and other more extensive forms of
rhytidectomy have been lacking in the plastic surgery literature.
A classification listing the extent of rhytidectomy performed is
shown in » Table 8.2, referencing flap and incision length as
the parameters of assessment.

8.4.5 Type V: Concurrent Surgery for
both Face and Neck (Cervicofacial
Rhytidectomy)

FLL type V patients are characterized by subcutaneous laser-
assisted cervicofacial flap elevation with or without interstitial
laser lipolysis and liposculpture, and the performance of rhyti-
dectomy procedures of the face and neck including midline pla-
tysmal plication or platysmaplasty.
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8.5 Subcutaneous Optical Energy
and Laser-Tissue Interaction

8.5.1 Hemostasis

The clinical observation of hemostatic effect of the fiber laser
treatment of the facial flap in an early patient in 2007 led to a
small clinical study that compared the 980-nm CW diode laser
to the pulsed 1,064 Nd:YAG SmartLipo and SmartLipo MPX that
utilized both the 1,064 and 1,320 nm in single wavelength or
multiplexed mode. Split-face studies were done utilizing the
same 10-W setting with the following findings: The diode laser
was much more effective in passing through the superficial soft
tissues when compared to the SmartLipo laser, but the hemo-
static effects observed with the SmartLipo were not present in
the diode laser. This was true when comparing the 980-nm
diode to the 1,064 and 1,320 nm, or blended multiplexed 1,064/
1,320-nm wavelengths. A similar comparison with the 1,440-

Gated Pulse

Standard Pulse
Gradient Pulse

Fig.8.16 Gradient pulse characteristics of SmartLipo and SmartLipo
MPX. Wave configuration has much to do with the hemostatic
properties of the investigated fiber lasers. The pulsed lasers generate
higher peak powers for cauterization of facial blood vessels.
(Reproduced with permission from Gentile RD, ed. Neck Rejuvenation.
New York, NY: Thieme Medical Publishers; 2011:157.)

nm wavelengths likewise demonstrated less hemostatic ability
than the 1,064 or 1,064/1,320 nm blended. A quantitative com-
parison showed that the SmartLipo had roughly 5 times the
hemostatic capability when compared to the diode laser based
on sponge counts. An explanation of this is shown in the follow-
ing illustrations. First when comparing the pulse characteristics
of the SmartLipo laser, it is evident that high-peak powers are
generated with each laser pulse. This is known as a gradient
pulse (> Fig. 8.16). The high-peak energies are responsible for
sealing off the blood vessels before the fiber laser divides the
blood vessels, and the probability of vessel coagulation is
related to the high-peak power of the pulsed laser (> Fig. 8.17).
The 980-nm CW laser does not generate the high-peak power
seen in the SmartLipo laser—whether the 1,064-nm or the
1,064/1,320-nm blended MPX unit or the Triplex or the 1,440-
nm laser alone. When the laser is passed subcutaneously, it
simply divides the vessel without cauterizing it (> Fig. 8.18),
which leads to no advantage for the laser use if hemostasis is
the desired end point. At meetings over the past several years,
the author has seen clinical photos of fairly large hematomas
during use of the 980-nm CW diode laser subcutaneously in the
face. This is not surprising because, as demonstrated in the
author's study, the fixed-pulse, 980-nm fiber laser operating at
10W and used subcutaneously does not provide substantial
hemostatic effects. The author would be concerned about using
the 980-nm CW diode laser on lower orbital fat due to the fact

o
. W . %

Fig. 8.18 Blood vessel interaction with continuous wavelength (CW)
versus pulsed lasers. (a) CW lasers thermally lacerate blood vessels with
little coagulation of the blood vessel. Red blood count (RBC)
extravasation into the tissue increasing ecchymosis and edema. (b)
High-energy pulsed lasers rapidly coagulate the blood vessel and divide
it, sealing it off from RBC extravasation and reducing the sequelae of
ecchymosis and edema.

Fig.8.17 Pulse characteristics, power, and the

probability of vessel coagulation according to

9 vessel size. CW, continuous wavelength.
g Higher Vessel  (Reproduced with permission from Gentile RD,
3 'tgbability diameter ed. Neck Rejuvenation. New York, NY: Thieme
o Medical Publishers; 2011:158.)
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Fig.8.19 The characteristics of an ideal youthful neck are shown: (1)
epidermis, (2) dermis, (3) hypodermis (interstitial space), (4) platysma,
and (5) deep platysmal fat.

that lack of effective hemostasis in orbital fat vessels could lead
to catastrophic complications. Complications with skin burns
and full-thickness necrosis have been reported with the 980-
nm diode laser when used without temperature monitoring.'?

8.5.2 Interstitial Lipolysis

A brief overview has already been presented of the laser-tissue
interaction and the fundamental laser physics of interstitial
laser lipolysis. To summarize, the laser-tissue interaction laser
lipolysis works by a mechanism of photoacoustic ablation and
selective photothermolysis of fibrous septa comprising the FSN.
Different wavelengths have been selected for laser lipolysis in
an attempt to specifically target fat, collagen (water), and blood
vessels. According to the theory of selective photothermolysis,
these chromophores will preferentially absorb laser energy on
the basis of their absorption coefficients at specific wave-
lengths. Various wavelengths, including 924, 968, 980, 1,064,
1,319, 1,320, 1,344, and 1,440nm, have been evaluated for
interactions within the subcutaneous compartment. Whereas
the debate over which wavelength is ideal for interstitial laser
lipolysis continues on, research data suggest that the ideal
wavelength peaks of 1,210, 1,440, and 1,720 nm are the peaks
for fat absorption. Goldman et al'4 and McBean and Katz20 have
theorized that most of the purported mechanisms of action for
interstitial laser lipolysis (photoacoustical, photomechanical, or
photothermal effects) are either secondary to—or have been
replaced by—the idea that heat generated on tissue is the pri-
mary mode of action in laser lipolysis. Khoury et al?! proposed
that photoacoustic ablation lends to thermal damage, although
photoacoustic damage is difficult to evaluate histologically.
Thus, the favored mechanism of action for laser lipolysis is a
purely thermal effect.

printed on 2/11/2023 4:37 AMvia .

8.5.3 Tightening of the Fibroseptal
Network and Reticular Dermis (Skin
Tightening)

The superiority of interstitial laser lipolysis over conventional
lipolysis relies on the well-established and reviewed skin-tight-
ening effect, and is perhaps the most significant advantage of
laser lipolysis.122 The basic premise of the skin-tightening abil-
ity of interstitial laser lipolysis is in targeting water as its chro-
mophore—there is initial collagen contraction and destruction
through both mechanical and biochemical pathways. As a result
of the deep-delivered energy into the skin, collagen remodeling
through a controlled wound-healing response occurs over time
with associated neocollagenesis. This collagen remodeling also
yields the desired tissue tightening that is seen with laser lipol-
ysis. Early reports regarding the lack of efficacy of skin tighten-
ing in interstitial laser lipolysis may be related to the steep
learning curve of the procedure, inadequate energy application,
or insufficient heat accumulation. The emphasis in these proce-
dures is to reach the goal internal temperature ranging between
48 and 50°C and external temperature of treatment location
approximately 38 to 40°C. Reaching therapeutic temperature
end points is facilitated by the use of internal temperature
monitoring as well as external temperature sensing devices.
Thermal stimulation results in deep reticular dermal collagen
denaturization and a cascade to neocollagenesis of the deep
reticular layer that serves to help firm, tighten, tone, or lift the
skin. Surgeons and patients should also remember that skin
tightening continues to improve several months and perhaps as
long as a year after subcutaneous laser treatment due to the
delayed nature of neocollagenesis (> Fig. 8.13).

8.6 Results of Subcutaneous Laser
and Energy-Based Facial and Neck
Rejuvenation

8.6.1 Type | Procedures and Results

Facial and nonfacial skin laxity has traditionally been treated
using surgical lifting procedures. Over the past two decades, a
wide range of noninvasive treatments such as ablative and non-
ablative laser skin resurfacing—usually infrared light devices
and RF or US energy—have been introduced as alternative
therapies to achieve variable degrees and depths of tissue tight-
ening through controlled dermal tissue heating3456789.10 [p
essence, these treatments deliver infrared light, RF energy, or
US energy to induce controlled thermal injury as deep as 2 to
4mm in the dermis.’'12 Volumetric tissue heating causes
immediate collagen contraction and delayed neocollagenesis
over a period of 6 months, which leads to clinical skin tighten-
ing. Although tightening has been shown with these devices,
several shortcomings exist; these include inconsistent clinical
outcomes, need for multiple treatment sessions, and associated
pain and costs. Treatment protocols vary for these devices but
most do rely on repeated sessions of treatment. Advantages of
these types of energy-based treatments are in the limited
downtime and reduced costs when compared to excisional
surgery. Type I transcutaneous energy-based lifting of a patient
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undergoing facial and neck-firming procedures is shown in
> Fig. 8.20.

8.6.2 Type Il Procedures and Results
Interstitial Laser Lipolysis Technique

Until late 2007, most in-office procedures, which included
SmartLipo techniques, were completed by using the laser for
laser lipolysis, some liposuction, and the concurrent tightening
of the facial soft tissues through tissue coagulation and the
thermal and athermal effects that follow laser lipolysis. The first
procedures usually did not have external temperature monitor-
ing, so it is likely that the tissue tightening that was obtained
was less than possible now; thermal end points have been
introduced that bring the skin temperature to the highest possi-
ble temperature without inducing skin necrosis. These studies
were first completed by DiBernardo,! who demonstrated that
epidermal necrosis was associated with skin temperatures
approaching 48 to 52°C. DiBernardo later published his results
showing the degree of skin tightening available with subcuta-
neous laser irradiation with the thermal end points not exceed-
ing 42°C! The techniques for fiber laser or SmartLifting
procedures have evolved, and the various techniques from the
most fundamental to the more extensive are presented here.
The subcutaneous technique without any concurrent rhytidec-
tomy techniques is referred to as interstitial laser lipolysis or
LaserFacialSculpting (LFS)? and is categorized as a type Il fiber
laser lift (FLL). Most of the procedures with concurrent rhyti-
dectomy techniques utilized the initial subcutaneous LFS tech-
niques prior to elevating the skin flaps and performing various
deep tissue lifting maneuvers. These include the LaserNeckLift'0
(FLL type III), UltraMiniLift (FLL type IV), and the LaserSmartLift
(FLL type V). The UltraMiniLifts are minimal-incision techni-
ques without significant skin excision and utilize self-retaining
sutures. The protocol for LFS procedures includes facial and
neck patient marking into grids depicting the subcutaneous
laser treatment zones of the lateral and midface as well as the
lateral and central neck. The grids for the lateral and midface
are shown in » Fig. 8.14 and » Fig. 8.15. The treatment zones
for the lateral and central neck are shown in » Fig. 8.19. After
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Fig.8.20 (a, b) Results from an energy-based
type | treatment, which is noninvasive, nonexci-
sional, and utilizes transcutaneous radiofre-
quency (RF) treatment of lower face and neck.

Fig. 8.21 LaserFacialSculpting (LFS) access incisions for infiltration and
treatment. Three small incisions (red lines) are made for both
infiltration of tumescent anesthetic fluid as well as fiber laser
introduction. (Reproduced with permission from Gentile RD, ed. Neck
Rejuvenation. New York, NY: Thieme Medical Publishers; 2011:160.)

marking, the access ports for both the tumescent anesthesia
and the laser access are drawn (> Fig. 8.21). As shown, these
small incisions are located in the temple, anterior to the lobule,
and in the posterior hairline. A modified Klein’s tumescent sol-
ution is then infiltrated. The composition of the modified
Klein’s solution infiltrated is shown in » Table 8.3. Just prior to
the tumescent infiltration 20mL of 0.5% Xylocaine with
1:200,000 parts epinephrine is infiltrated into the grids. The
tumescent solution is infiltrated with the use of a compression
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Table 8.3 Modified Klein’s solution
Component

Normal saline

Xylocaine

Epinephrine

Sodium bicarbonate
Triamcinolone (optional)

Abbreviation: mEq, milliequivalent.

Amount

1,000 mL
500-1,000 mg
0.5-0.65mg
10 mEq

10mg

sleeve on the liter bag of tumescent fluid dispensed through an
infiltration cannula attached to a control cannula. After about 8
to 10 minutes the laser is inserted and treatment of each grid is
accomplished. Because superheating a treatment area can lead
to thermal necrosis, the more distal grid is always treated first
before passing into the grids adjacent to the portals. This
reduces the laser exposure to the more proximal grids and pre-
vents the overtreatment of the sites closest to the insertion
points. The treatment end points for FLL type II procedures
(LFS) are 47 to 50°C internally and 38 to 40°C for those proce-
dures that are not elevated. In skin flaps that will be elevated
and skin placed under tension, 36°C is used as the end point

Fig. 8.22 A 50-year-old woman undergoing LaserFacialSculpting (LFS) fiber laser lift (FLL type II). This patient is shown (a, c, e) before and (b, d, f) 9
months after LFS with chin augmentation and microablative skin rejuvenation. The noticeable thinning of her face is evident with contour
enhancements of the mandibular border. (Reproduced with permission from Gentile RD, ed. Neck Rejuvenation. New York, NY: Thieme Medical

Publishers; 2011:161.)
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Fig.8.23 A 52-year-old woman undergoing LaserFacialSculpting (LFS) fiber laser lift (FLL type Il). This patient is shown (a, c, e) before and (b, d, f) 6
months after LFS with microablative skin rejuvenation. She demonstrates an almost complete correction of her midline fullness without any skin
excision whatsoever. (Reproduced with permission from Gentile RD, ed. Neck Rejuvenation. New York, NY: Thieme Medical Publishers; 2011:162.)

because there is less need to try to achieve maximal skin con-
traction and skin excisional techniques are also being
employed. The typical patient undergoing FLL type II techniques
(LFS) has early laxity of the face and neck with fatty deposition
and associated jowling that is not significantly ptotic. As jowling
and facial and neck laxity increases, different rhytidectomy
techniques rely on SMAS repositioning to achieve a satisfactory
aesthetic result. Patients who desire facial firming and do not
want incisions or a rhytidectomy are also good candidates for
the procedure. Several FLL type II (LFS) patients undergoing
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firming and sculpting procedures are shown in » Fig. 8.22,
» Fig. 8.23, » Fig. 8.24.

8.6.3 Type lll Procedures and Results
LaserNeckLift Surgical Technique

The process of consultation with patients about their interest in
facial rejuvenation involves a complete understanding of what
the patients expect, and also what they believe is possible with
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Fig.8.24 A 26-year-old woman undergoing in-
terstitial laser lipolysis fiber laser lift (FLL type Il).
This patient had a significant excess of cervical fat
and was an excellent candidate for a FLL type Il
procedure consisting predominantly of interstitial
laser lipolysis. She is shown (a) preoperatively, (b)
24 hours postoperatively, (c) 1 month post-
operatively, and (d) 4 months postoperatively.

Fig. 8.25 (a, b) Quill “hammock platysmaplasty” or LaserNeckLift fiber laser lift (FLL type Ill). The LaserFacialSculpting (LFS) procedure may be
enhanced by minor platysmal surgery. In patients undergoing LFS the surgical field in the central neck is very hemostatic and permits platysmal
modification to be accomplished with minimal bleeding. (Reproduced with permission from Gentile RD. Neck Rejuvenation. New York, NY: Thieme
Medical Publishers; 2011:165.)
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Fig.8.26 A 50-year-old woman undergoing LaserNeckLift fiber laser lift (FLL type Ill). This patient underwent nonexcisional neck lift with isolated
medial and lateral platysmaplasty with minimal incisions. She is shown (a) preoperatively, (b) 4 months postoperatively, and (c) 1 year postoperatively.
Previously it had been thought that this result would require a full excisional rhytidectomy. No skin was excised in this patient.

advances in facial rejuvenation procedures. In developing
quick-recovery methods, there are several discussions that
must be completed during this process. The fact that smaller
incisions or less invasive methods can be utilized in a patient’s
treatment plan does not always mean that this will result in the
best overall aesthetic outcome for the patient. Also in some
minimal-incision techniques, the bruising and swelling may be
on par with what may be seen in some mini-lift procedures. So
patients must be counseled in such a way that gives them a
complete understanding of what the final result can or will be
and what the recovery time should be. In some of the LFS pro-
cedures and minimal-incision lifts the “maturation” phase of
the result can take as long as 6 months to finalize, and the pa-
tient must be made to understand that quick recovery is not
equated with the quick achievement of postoperative results. In
attempting to bridge the results obtainable with LFS techniques

Fig.8.27 A 57-year-old man 2 days after Laser-
FacialSculpting (LFS) with LaserNeckLift fiber laser
lift (FLL type IIl). Quick-recovery characteristics of
the LaserNeckLift are seen in this patient shown
(a) preoperatively, and (b) 3 days after surgery,
with minimal bruising and swelling. (Reproduced
with permission from Gentile RD, ed. Neck
Rejuvenation. New York, NY: Thieme Medical
Publishers; 2011:168.)

and mini-lifts, we started to implement some platysmaplasty
techniques through very limited incisions with no skin excision.
After following these patients for up to 6 months it became evi-
dent that platysmaplasty techniques via minimal-incisional
approaches did contribute to enhanced neck results in certain
patients. This has been especially evident in men with signifi-
cant midline laxity and who would be thought to benefit only
from facial and neck lift combined procedures. The technique
for these patients includes performing LFS prior to focusing on
the neck via the midline and posterior neck incision. We utilize
a “hammock platysmaplasty” or midline platysmal overlap
approach that was first described by Fuente del Campo.23 In our
modification of the overlap technique, we utilize Quill self-
retaining sutures (SRS) (Angiotech Inc., Vancouver, British
Columbia, Canada) and then purse-string the lateral component
to the mastoid periosteal. The technique is shown in » Fig. 8.25.
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Fig. 8.28 Temporal tragal incision (red line) used for UltraMiniLift fiber
laser lift (FLL type Ill). The UltraMiniLift is performed through a very
limited superior-based temporal tragal incision. The incision may
occasionally extend just past the lobule if necessary for contouring the
skin. Minimal skin is excised with this technique. (Reproduced with
permission from Gentile RD, ed. Neck Rejuvenation. New York, NY:
Thieme Medical Publishers; 2011:163.)

Patients undergoing LaserNeckLift procedures are shown in
> Fig. 8.26 and » Fig. 8.27.

UltraMiniLift Surgical Technique

A significant benefit of subcutaneous laser dissection is that it
readily separates the skin from the deeper subcutaneous tissues
with significant hemostasis. This permits the surgeon to consid-
er lifting procedures and suture techniques for the SMAS per-
formed through a very limited incision. Due to a very controlled
dissection with little bleeding, the surgeon can be less con-
cerned about having access to bleeding sites that would require
the passage of cautery devices. The ability to obtain hemostasis
frequently requires wide access and a larger skin incision. The
UltraMiniLift was developed to permit a vertical elevation of the
jowl via a small temporal-tragal incision (> Fig. 8.28 and
» Fig. 8.29). The procedure involves performing LFS as described
via the three portals, making the larger incision, and elevating a
facial skin flap of 5 to 5.5cm through the limited or short-scar
incision. Liposculpture of the jowl is frequently performed after
LFS especially in the heavier jowl or face. Buccal fat may be con-
tributing to large jowls and must be considered when complet-
ing the surgery, and in those patients buccal fat reduction may
be completed. Next the midface and jowl are elevated with
the Quill SRS technique of the mixed plane rhytidectomy
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Fig.8.29 Complications of LaserSmartLift fiber laser lift (FLL type IV).
(a) Epidermal and (b) dermal necroses. (Reproduced with permission
from Gentile RD, ed. Neck Rejuvenation. New York, NY: Thieme
Medical Publishers; 2011:154.)

(» Fig. 8.30). This technique does not include the lower face or
neck sutures. After the plication is completed, redundant skin is
excised from the temporal-tragal incision (> Fig. 8.31). In some
patients, repositioning of the temporal hair tuft is necessary to
avoid an elevated hairline. The UltraMiniLift can be combined
with limited-access platysmaplasty, due to the ability of the sur-
geon to widely undermine the midline and lateral neck skin
through a very small incision. If midline platysmaplasty is per-
formed, the procedure would be classified as an FLL type V pro-
cedure. Results of UltraMinilLift procedures can be enhanced
with the use of ablative fractional skin rejuvenation. A patient
undergoing UltraMinilLift is shown in » Fig. 8.32.

8.6.4 Type IV and Type V Procedures
and Results

LaserSmartLift Surgical Technique

The LaserSmartLift is the most frequently performed FLL or
SmartLifting procedure and represents the combination of an
LFS procedure with a mixed plane rhytidectomy (type IV)
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Fig. 8.30 Jowl lift in UltraMiniLift fiber laser lift (FLL type Ill) and LaserSmartLift (FLL type IV). This mixed plane rhytidectomy technique utilizing (a)
Quill self-retaining suture (SRS) is employed to elevate the jowl in patients who may need extra elevation to contour the mandibular border. Small
green arrow: starting point of double-ended suture. Purple arrows: direction of malar and cervical suture plication/imbrication. (b) Lift of the jowl also
lifts the superior platysma in the neck. Suture continues down the neck for lateral platysmal tightening. Gray arrow: strong vertical vector lift achieved
when completed. (Reproduced with permission from Gentile RD. Neck Rejuvenation. New York, NY: Thieme Medical Publishers; 2011:163.)

Fig.8.31 Limited skin excision in UltraMiniLift fiber laser lift (FLL type
lI). In the UltraMinilift a limited amount of skin is removed. The
technique relies on skin contraction via tissue tightening to achieve its
end points. (Reproduced with permission from Gentile RD, ed. Neck
Rejuvenation. New York, NY: Thieme Medical Publishers; 2011:164.)

including platysmaplasty (type V). In the procedure, LFS is first
performed prior to marking and elevating a 5- to 6-cm inter-
mediate facial flap. The incision is depicted in » Fig. 8.33 and is
variable in the posterior neck, reflecting the skin redundancy or
lack thereof. In some patients a very limited posterior incision
is made. Certain patients will have an intermediate extension
into the hairline, and for severe neck-skin redundancy the inci-
sion will extend well into the hairline. After elevating the skin
flap, the upper and lower Quill SRS are placed consistent with
the mixed plane rhytidectomy technique and the skin is
redraped and trimmed of excess (> Fig. 8.29, » Fig. 8.30,
> Fig. 8.34). In most patients, we reposition the temporal hair
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tuft by excising a burrow’s triangle and moving the hairline
downward, as is done with a classic Hamra deep plane rhyti-
dectomy. Patients with low temporal hair tufts may not require
repositioning. It is rare for us to perform midline medial platys-
maplasty procedures unless there is extensive subplatysmal fat
or very heavy medial platysmal bands that need to be
addressed. Patients undergoing LaserSmartLift procedures are
shown in » Fig. 8.29, » Fig. 835, » Fig. 8.36, » Fig. 8.37,
» Fig. 8.38.

LaserSmartLift Extended and Ancillary
Surgical Techniques

In some circumstances the flap elevation is longer than 6 cm to
permit certain adjunctive procedures. In patients with
extremely deep NLF, we will perform an upper face dissection
along the zygomatic major muscle extending past the NLF and
crease. One of the newer applications in laser-assisted facelift-
ing is the use of the fiber laser (FL) to undermine the superior
NLF, as shown in > Fig. 8.39 and > Fig. 8.40. By freeing the der-
mal cuticular ligaments, a more significant correction of the
NLF is accomplished than would be possible in rhytidectomy
procedures lacking this release. In these patients a portal and FL
dissection are done through a small stab incision in the nasal
labial crease (> Fig. 8.39). In some circumstances, the mouth
has pronounced melolabial folds and in these patients, the
author will dissect past the depressor anguli oris and release
the mandibular cutaneous ligaments. The author may section
the depressor anguli oris in these patients. Some patients will
have prominent buccal fat (> Fig. 8.41), and when the mixed
plane plication is performed excessive fullness in the midface
may result. In these patients a subtotal excision of the buccal fat
pad is accomplished. A patient undergoing extended Laser-
SmartLifting techniques is shown in > Fig. 8.40.
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Fig. 8.32 A 53-year-old woman undergoing UltraMiniLift fiber laser lift (FLL type Ill). This patient is shown (a, c, e) preoperatively and (b, d, f) 1 year
postoperative UltraMiniLift with upper and lower blepharoplasty. The reduction in vertical height of the face is demonstrated with a more youthful
contour. (Reproduced with permission from Gentile RD, ed. Neck Rejuvenation. New York, NY: Thieme Medical Publishers; 2011:164.)
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Fig. 8.33 Incision for LaserSmartLift fiber laser lift (FLL type IV). The
incision for the LaserSmartLift (red line) is similar to other rhytidec-
tomies but the posterior limb is adjusted to account for the amount of
neck skin expected to be removed. (Reproduced with permission from
Gentile RD, ed. Neck Rejuvenation. New York, NY: Thieme Medical
Publishers; 2011:168.)

Other Energy-Based Devices and
Subcutaneous Interstitial Techniques

With the advent of internal laser aesthetic plastic surgery
encompassing subcutaneous techniques after the FDA approval
of the original SmartLipo laser, other technologies have been
introduced that also work in the interstitial layer that is inter-
mediate to the deep reticular dermis and the hypodermis. Most
of the subcutaneous devices introduced employ RF and include
the ePrime system from Syneron (Yokneam, Israel) (> Fig. 8.42)
and the ThermiRF devices (> Fig. 8.42b and » Fig. 8.43) by Ther-
miAesthetics (Southlake, Texas). Although the delivery methods
differ in the type of delivery interface (e.g., needles vs. blunt
cannula), the technology is RF energy delivered subcutaneously
into the fibroseptal network (FSN). Temperature-controlled
subcutaneous RF enables three-dimensional (3D) structural lift-
ing and tightening of tissue, and many primary investigators of
this device now have more than 1-year clinical follow-up.2*
Thermistor-controlled subdermal skin tightening via percuta-
neous RF provides controlled thermogenesis to subcutaneous
collagenous tissue, which includes the papillary and reticular
layer of the dermis, the fascia layer between muscle and skin,
and the septal connective tissue segmenting fat lobules. Treat-
ing the interstitial layer may be possible with other technolo-
gies that aim to bypass the epidermis and dermis in the
delivery of thermogenic energy. ThermiRF is the first tempera-
ture-controlled RF device for general subcutaneous use in
applications for soft-tissue tightening. One useful treatment
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Fig. 8.34 (a) Grid for SMAS-Platysma Plication. (b) The SMAS Plication
of the malar segment has been completed.

protocol of the Thermi procedure is the use of a thermal imag-
ing camera during the treatment (> Fig. 8.44). The combination
of internal thermal sensors and external thermal monitoring
makes this a very useful procedure, assuring that therapeutic
temperatures are reached subcutaneously and are maintained
at the level of the epidermis. It is estimated that significant skin
tightening occurs with subcutaneous temperature in the inter-
stitial layers of 65°C, and with adequate temperature control to
not elevate epidermal temperatures to above 46 to 48°C
because this is the threshold for skin blistering and full-thick-
ness burns.

8.7 Complications of Fiber Laser
and Energy-Based Techniques

Since 2007 the author has utilized subcutaneous FL and
energy-based techniques in close to 1,500 procedures and has
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Fig. 8.35 Patient after LaserSmartLift fiber laser lift (FLL type IV). A 54-year-old woman with facial, perioral, and neck laxity is shown (a, c, e)
preoperatively, and (b, d, f) 6 months postoperative LaserSmartLift, which is LaserFacialSculpting (LFS) followed by mixed plane rhytidectomy.
Used with permission from Gentile RD, ed. Neck Rejuvenation. New York, NY: Thieme Medical Publishers; 2011:169.
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Fig. 8.36 Patient after LaserSmartLift, platysmaplasty. Following weight loss, a 48-year-old woman is shown (a, c, e) preoperatively and (b, d, f) 6
months after LaserSmartLift with platysmaplasty.
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Fig. 8.37 Patient after LaserSmartLift with platysmaplasty, extended to encompass extensive laxity of face and neck. Patient is shown (a, c, e)
preoperatively and (b, d, f) 9 months after extended LaserSmartLift, upper blepharoplasty, and fractional laser skin rejuvenation of lower eyelids and
upper lip. (Reproduced with permission from Gentile RD, ed. Neck Rejuvenation. New York, NY: Thieme Medical Publishers; 2011:172.)
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Fig. 8.38 Patient before (a, c, e) and after (b, d, f) LaserSmartLift fiber laser lift (FLL type IV). (Reproduced with permission from Gentile RD, ed. Neck
Rejuvenation. New York, NY: Thieme Medical Publishers; 2011:170.)
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Fig. 8.39 Nasal labial fold (NLF) dissection. (a) The fiber laser is used to
undermine the NLF, releasing the dermal cuticular attachments. (b)
Undermining extends past the NLF, which facilitates correction of the
excess.
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seen very few complications. The complications encountered
could have occurred with or without the use of the laser to
undermine the facial skin flaps—hematomas, or seroma, or oth-
er complications typically associated with facial and cervical
rhytidectomy. Whereas the specific data do not exist to prove
or disprove a lower hematoma rate or bruising or swelling
reduction, the author's observations are that these are all gen-
erally lower in patients treated with the subcutaneous laser pri-
or to rhytidectomy. One benefit of laser-flap elevation is that
the laser tends to elevate the flap with a flap thickness that is
ideal for flap viability. With laser-flap undermining, there is
very little variability in flap thickness. This is especially useful
in revision rhytidectomy and the laser’s ability to easily pene-
trate scar tissue during the flap separation.

8.7.1 Epidermal and Dermal Necroses

Although laser-flap elevation may be suspect of increasing the
incidence of flap necrosis, this has not been a finding in many
case procedures. Unlike trunk and extremity laser lipolysis, the
energy settings for the SmartLifting are very low—rarely
exceeding 9 to 12 W. With these lower energies and a selective
slow heating of the flap, the author has not seen dermal and
epidermal necroses in these patients that would exceed the
expected incidence of 3%. As in non-laser-assisted flap eleva-
tion these can and do occur but are extremely rare. There were
four episodes of minor blistering, one of which involved a
necrosis near the lateral canthal area that most likely occurred
due to the laser being used without the benefit of enough
tumescent fluid; these also occurred prior to using extensive
thermal monitoring of the regions (> Fig. 8.45 and » Fig. 8.46).
One of the patients with thermal injury most likely had dermal
involvement due to electrocautery use but this occurred during
a LaserSmartLift. The author finds it unnecessary and inadvis-
able to do extensive laser undermining inside the limits of the
orbital rim. There were two episodes of full-thickness cervical
blistering and skin necrosis despite thermal monitoring, and
this was most likely due in part to using more than 15 W to per-
form the neck elevation. When using higher energies, the rate
of temperature elevation is more unpredictable and overshoot-
ing the upper limit for skin safety can occur. With the advent of
thermal guides and better appreciation of the thermodynamics
of the skin heating process, fewer of these complications have
been observed. All complications reported as a result of thermal
injury and skin necrosis have responded well to conservative
treatment. The patients underwent a limited scar revision with
good aesthetic results. With thermal monitoring there have not
been any thermal-related complications.

8.7.2 Neural Injury

It is recognized that the greatest fear of utilizing lasers subcuta-
neously in the face is that the energy will be uncontrolled and
facial motor nerve injury will occur. Again, with hundreds of
successful SmartLifting procedures this is not a documented
complication, providing the laser and surgical guidelines are
followed. It is very important to always see the aiming beam of
the laser when elevating the skin flap, and if the laser is passed
too deeply it is possible to cause neural injury. There were some
short-term marginal mandibular neurapraxias in several
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Fig. 8.40 Patient after LaserSmartLift, platysmaplasty fiber laser lift (FLL type V, with nasal labial fold [NLF] extension). A 58-year-old woman with
extensive facial and neck laxity and deep NLF is shown (a, c, e) preoperatively, and (b, d, f) 3 months after LaserSmartLift with extended dissection into
the NLF. (Reproduced with permission from Gentile RD, ed. Neck Rejuvenation. New York, NY: Thieme Medical Publishers; 2011:171.)
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Fig.8.41 Patient after LaserSmartLift, platysmaplasty fiber laser lift (FLL type V, with buccal fat removal). A 75-year-old woman undergoing extended
LaserSmartLift to remove excess buccal fat. In this patient, intraoral excision was not performed and the buccal fat was removed via external approach.
Patient is shown (a, c, e) preoperatively, and (b, d, f) 9 months after extended LaserSmartLift with platysmaplasty and buccal fat extraction.
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Fig. 8.42 ePrime from Syneron. The ePrime
system (a) utilizes a minimally invasive micro-
needle electrode array (b) to deliver bipolar
radiofrequency (RF) energy directly into the (c)
deep reticular dermis, without thermal impact to
the epidermis. Clinical use: targets deep reticular
dermis with fractionated RF energy. (Courtesy of
Syneron-Candela, Yokneam, Israel.)

Fig. 8.43 ThermiTight from ThermiAesthetics is a new approach for
stimulating the development of collagen. It is a nonsurgical procedure
that introduces radiofrequency (RF) energy beneath the skin to
stimulate the production of collagen to tighten and smooth the skin on
the face, neck, and body. (Courtesy of ThermiAesthetics, Southlake,
Texas.)

Fig. 8.44 Infrared thermal imaging. ThermiTight precisely monitors
skin temperatures using an advanced infrared imaging camera that
contributes to the overall safety of the device. The precise level of
external and subsurface tissue monitoring enables medical profes-
sionals to deliver controlled heat to targeted tissues, without risking
epidermal damage and helping patients reach their cosmetic goals.
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Fig. 8.45 Lateral canthal hyperpigmentation after LaserSmartLift. This
patient had minor thermal injury due to either laser energy or most
likely electrosurgical collateral injury. (a) Hyperpigmentation of the skin
occurred. (b) Successful treatment with pulsed light treatment and
filler to dermis. (Reproduced with permission from Gentile RD, ed.
Neck Rejuvenation. New York, NY: Thieme Medical Publishers;
2011:173.)

patients—all of which resolved within weeks. The author occa-
sionally sees these neurapraxias in nonlaser-elevated rhytidec-
tomy patients, and attributes these temporary neurapraxias to
liposuction trauma more than thermal trauma. There have been
no permanent nerve injuries in any patient undergoing Smar-
tLifting procedures. As with traditional rhytidectomy, there is
temporary interruption of cutaneous sensory nerves during the
flap elevation and repositioning phases of the rhytidectomy,
and the resolution of the temporary sensory deficits is identical
to the resolution of nonlaser-elevated rhytidectomies.
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William H. Truswell

She walks in beauty, like the night

Of cloudless climes and starry skies

And all that’s best of dark and bright

Meet in her aspect and her eyes...

—Lord Byron, English Romantic poet, 1788-1824

9.1 Introduction

Poets have extoled the beauty of women’s eyes in countless
ways and over all of time. When we first meet someone and
when we converse we look into the person’s eyes.

The eyes are the facial feature we spend the most time
observing in human intercourse. Women spend millions of dol-
lars each year on eyeshade, mascara, Latisse (Allergan, Inc.,
Irvine, California), brow waxing, neuromodulation, and surgery
to make their eyes more attractive and alluring.

When describing their perception of how they look, patients
often use negative terms describing how their character or per-
sonality is projected vis-a-vis the appearance of their eyes. At
the more youthful end of the aging spectrum, a patient will
often complain of looking tired or unhappy. Whereas at the
opposite end of this continuum, an older individual’'s vision
may be obscured by redundant upper lid skin, and laxity of the
lower lid may cause ectropion with chronic inflammation and
irritation.!

Patients, wishing to have a more youthful appearance of the
lower eyelid, most often speak of “my bags,” wrinkles, and “dark
circles.” The lower lid, with its own senescent changes to the
surrounding anatomical structures of the midface, necessitates a
broader discussion with the patient. In youth, the actual demar-
cation between the lower lid and cheek is blurred. As a person
passes through the late 30s and early 40s the malar fat pad and
suborbicularis oculi fat (SOOF) pad descend. This enhances the
separation of lower lid and cheek and draws increased attention
to aging changes in the lower lid.23 The goal of most patients is
to have the “bags” reduced and the wrinkles softened. The pro-
cedure this author favors is a transconjunctival approach to the
fat and fractional or ablative carbon dioxide (CO,) laser resurfac-
ing of the eyelid skin. If needed, fat repositioning can be done at
the same time. When the lid needs tightening, a concomitant
“pinch” technique will gain access for canthoplasty, canthopexy,
tarsal strip, or other lid-supporting techniques.

The numerous techniques for lower lid surgery, midface ele-
vation, and volume restoration are beyond the scope of this
chapter. The focus of this chapter is on the application and
rationale of using the CO, laser in rejuvenation of the lower
eyelid. All the ancillary procedures for lid tightening, midface
lifting, and volume restoration can be done, if indicated,
concomitantly.

9.2 Anatomy of the Lower Eyelid

The lower eyelid extends from medial to lateral canthus and
downward from its free upper edge to the orbital rim. There is a
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crease near the inferior border of the tarsal plate associated
with fibers from the anterior layer of the capsulopalpebral fas-
cia extending to the skin.# The lower lid consists of three lamel-
lae. The description of these lamellae is not universal in the
literature; however, the concept is useful in surgical approaches
to the lower eyelid. The anterior lamella is made up of the skin
and orbicularis oculi muscle.

The thinness of the skin of the lower eyelid is unmatched on
the human body. The subcutaneous fat is meager and lies over
the orbicularis oculi muscle. This muscle has three distinct
parts, the pretarsal, palpebral or preseptal, and the orbital.
Their points of origin are the inferomedial orbital rim, the fron-
tal process of the maxilla, and the medial palpebral ligament.>6.
7 The medial canthal ligament attaches to the frontal process of
the maxilla and the posterior lacrimal crest. The lateral canthal
tendon attaches to the Whitnall tubercle. The tendons form
thickened attachments to the tarsal plate, and together they
support the eyelid (> Fig. 9.1).>7

The middle lamella is the orbital septum. The orbital septum
is a dense extension of the orbital periosteum arising at the
arcus marginalis. The orbital septum retains the orbital fat. The
fat is divided into three pads. The inferior oblique muscle lies
between the medial and middle pads. The arcuate expansion of
the Lockwood ligament delineates the middle fat pad from the
lateral pad. This particular division usually becomes visible in
the aging lower lid.>68

The posterior lamella consists of the tarsus, the lid retractors,
and the conjunctiva. The capsulopalpebral fascia of the inferior
rectus muscle splits to encompass the inferior oblique muscle
before reuniting and forming a dense band that joins with the
orbital septum to become the Lockwood ligament. The Lock-
wood ligament inserts into the inferior edge of the tarsal plate.
The lid retractors are composed of the capsulopalpebral fascia
and the tarsal muscle. On the surface of the lower lid conjuncti-
va is a vertical array of blood vessels.

9.3 How the Lower Eyelid Ages

The complex anatomical components of the lower eyelid age at
different times and different rates. Like the entirety of the aging
face, the lower lid will mature basically in three separate ways.
The first to age is the skin, followed by laxity and loosening of
structures, and volume loss of the tissues. When one is a teen-
ager and is in the 20s and early-to-mid 30s, the skin shows that
“glow of youth.” It is smooth without rhytids, discoloration, and
visible pores. The keratinocytes form at the basement mem-
brane and rise upward forming the various dermal layers and
the epidermis until they become the stratum corneum, cells
without nuclei and organelles. At this point washing the face
sheds them. In youth, washing cleans the lost cells away.?
As age moves one into the later 30s and beyond, this layer
becomes more adherent and the glow of youth surrenders to
the flat and dull look of maturity. Extrinsic factors influence the
rate and degree of aging skin. Sun exposure and tobacco use
notoriously damage the skin. With time, the architecture of the
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dermis and epidermis alters. The skin becomes dry and flakey
as the vascular supply diminishes and the tissue dehydrates.
The epidermis no longer adheres firmly to the dermis with
attenuation of the rete ridges. The various dermal glands and
hair follicles lessen in number. Rhytids appear and deepen and
elongate.®10 Photodamage lends greatly to the appearance of
lesions such as lentigines, actinic keratoses, seborrheic kerato-
ses, and skin cancers. » Fig. 9.2a shows a 60-year-old woman
before surgery. » Fig. 9.2b is a computer-generated depiction of
a Wood lamp view of her face. This highlights the photodamage
and marked rhytids of her face. » Fig. 9.2c,d are the postoperati-
ve pictures of the same woman after undergoing an endoscopic
forehead lift, upper and laser-assisted lower eyelid blepharo-
plasty, facelift, and full face and neck fractional laser resurfacing
including the eyelids. Note the marked rejuvenation of her skin
with considerable softening of her rhytids and improvement of
her photodamage secondary to the laser resurfacing. A lifetime
of smiling coupled with thinning periocular skin produces visi-
ble “crow’s-feet.” These are seen at first in the younger patient
only with a smile. As time advances and aging changes acceler-
ate, these rhytids remain visible at rest.

The relation of the lower eyelid to the midface testifies to the
youth or senescence of the face. In the young face, the skin
descends from the lower edge of the tarsus in one smooth
curve, a single convexity, to the mandible. This curve also
extends smoothly from the nose, nasolabial fold, and corner of
the mouth laterally across the cheek. The integrity of the lid
structures is firm and supportive of lid position. Many events
occur with aging in all the associated anatomical structures and
contribute to the evolution of an older eye. Alterations in the
appearance of the lower lid become evident about the start of
the 5th decade of life. The orbital structures weaken and attenu-
ate leading to descent of the globe within the orbit>1! This
pushes the inferior orbital fat against the weakening orbital sep-
tum. The laxity of the orbital septum, the attenuation of the
orbicularis oculi muscle, and the downward pressure of the
globe force the fat pockets to move forward as a pseudohernia-
tion and create the lower lid “bags.” The orbital septum is firmly
attached to the orbital rim at the arcus marginalis. This prevents
the lid structures from descending below the orbital rim.!2
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Fig.9.1 Cross-sectional anatomy of the lower
eyelid. Blue arrows are the outer lamella: 1, skin;
2, orbicularis oculi muscle. Red arrow is the
middle lamella: 3, orbital septum. Green arrows
are the inner lamella: 4, tarsal plate; 5, con-
junctiva; 6, Lockwood ligament; 7, capsulopal-
pebral fascia; and 8, tarsal muscle. Purple arrow:
9, orbital fat.

As the intrinsic changes of the lid occur, the malar fat pad
and the suborbicularis oculi fat pad descend and pull away from
the rim, which becomes skeletonized. Thus the single convexity
of youth morphs into the double convexity of age. A depression
is seen along the orbital rim between the pseudoherniated orbi-
tal fat and the lowering malar fat pad and SOOF, and the nasoju-
gal groove or tear trough deformity develops. As the midface
descent progresses and the lid structures continue to weaken,
there is elongation of the lower eyelid. With time, senile ectro-
pion may develop with all its attendant consequences of dry
eye, chronic inflammation, and meibomian gland dysfunction
(> Fig. 9.3).23513

The aging changes occurring in the lower eyelid and periorbi-
ta and the descent of the malar and SOOF fat pads are further
exacerbated by the alteration of the facial skeletal structure. As
the soft tissues of the midface lower, volume is lost in the
muscles, fat, and bone. The mature adult facial skeleton has a
balance among the horizontal thirds of the face. As the face
transitions to one of old age, the bony changes in the orbits
manifest as an enlargement of the circle of the rims, and a later-
al downward teardrop appearance occurs. This creates a more
infantile shape where the upper third dominates the shape of
the face and head (> Fig. 9.4).913 The eyes appear sunken.

9.4 Clinical Assessment

Proper patient selection for lower eyelid blepharoplasty will be
accomplished by conducting a complete and systematic consul-
tation. As in all things medical, a total, detailed history is taken.
The first things to be established are: Why is the patient seek-
ing lower eyelid surgery? Are the patient’s expectations realis-
tic? This process involves a give-and-take between surgeon and
patient. An ophthalmic history is taken along with general
medical queries. The doctor must also educate the patient on
the findings of the eye examination, on what can be accom-
plished and how it will be done, on what the patient should
expect the outcome to be, on the preoperative and postoper-
ative course, and on the likely sequelae and possible complica-
tions of the procedure.

Al'l use subject to https://ww.ebsco.coniterns-of-use



Laser-Assisted Lower Lid Blepharoplasty

EBSCChost -

It is essential to note the general health of the patient, what
prescriptive and over-the-counter medicines and supplements
are taken, and what surgeries the patient may have had. Note if
there is a bleeding or easy-bruising tendency. It is important to
include history of alcohol and tobacco use. Record when the last
ophthalmic examination was done, what the patient’s vision is,
and if there is a history of dry eye. The surgeon should ask the
patient about itchy eyes or a sensation of something in the eye.
Are over-the-counter eye drops used? Positive responses would
suggest a developing dry eye syndrome and may warrant an
ophthalmology consultation. Record the presence or absence of
glaucoma, cataracts, recurring conjunctivitis, previous ophthal-
mic surgery, or trauma.!»

It is also important to find out a history of skin disorders that
could affect healing of lasered skin. Contraindications to
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Fig.9.2 (a) A 60-year-old woman before surgery.
(b) Patient in a computer-generated Wood lamp
depiction demonstrating the marked rhytidosis
and photodamage of her skin. (c, d) Patient after
an endoscopic forehead lift, upper and laser-

" assisted lower eyelid blepharoplasty, facelift, and
full face and neck carbon dioxide (CO,) laser
fractional resurfacing. (Reproduced with permis-
~ sion from Truswell WH, IV. Combining fractional
carbon-dioxide laser resurfacing with face-lift
surgery. Facial Plast Surg Clin North Am 2012; 20:

201-213, vi.)

‘-Mﬁ‘

“-—-ﬂ

resurfacing include skin diseases like scleroderma, sarcoidosis,
psoriasis, eczema, irradiated skin, vitiligo, and a history of
keloid or hypertrophic scarring. Is there a history of previous
resurfacing of the skin? What cosmeceuticals does the patient
use? Has the patient been on isotretinoin, which delays heal-
ing?10.14

The physical examination focuses on the structures to be
addressed and the face as a whole. The Fitzpatrick or Glogau
skin type, the amount of photodamage, and the degree of rhy-
tids should be recorded. Determine the state of hydration. It is
important to recognize telangiectasias and the presence of rosa-
cea. Ascertain if there are any skin lesions such as lentigines,
actinic keratoses, seborrheic keratoses, basal cell carcinomas,
squamous cell carcinomas, and suspicious nevi. Determine how
much asymmetry of the face is present and point it out to the
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Fig.9.3 The aging eye. Note: rhytids, photodamaged skin, eyebrow
ptosis, upper eyelid dermatochalasis and hooding, laxity and rounding
of the lower eyelid, elongation of the lower eyelid, nasojugal groove
(red arrowhead), and skeletonization of the orbital rim (green
arrowhead). There is also pseudoherniation of the medial, middle, and
lateral fat pads (blue, green, and yellow dots, respectively).

Fig.9.5 The snap back test.

patient. Pay particular attention to asymmetries of the periorbi-
ta and be certain the patient acknowledges them.

The eye examination is done with the head and gaze in the
neutral position. The lower lid margin will sit just touching the
lower limbus. If the white of the sclera can be seen, it indicates
possible lid laxity. Checking for lid laxity is done with the snap
back test and the retraction test. To perform the snap back test
(» Fig. 9.5), the lower lid is drawn gently forward from the
globe and released. If it drifts back slowly it is an indicator of
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Fig.9.4 The transition from the (a) adult to the (b) senescent facial
skeleton. (Reproduced with permission from Truswell WH, IV. Aging
changes of the periorbita, cheeks, and midface. Facial Plast Surg 2013;
29: 3-12.)

Fig.9.6 The lid retraction test.

laxity. The lid retraction test (> Fig. 9.6) is done by drawing the
lower lid downward. The test is positive if the puncta can be
retracted more than 3 mm beyond the medial canthus. If so, a
medial canthopexy may be necessary. If both or either of these
tests is positive, the surgeon must consider performing a hori-
zontal lid tightening procedure at the time of surgery. The
integrity of the medial and lateral tendons is also determined.
The medial canthal tendon is drawn laterally and released and
the lateral canthus is, likewise, drawn medially and released. If
either is easily pulled or stretched, a canthal tendon tuck proce-
dure may be indicated.!> If lid laxity goes unrecognized and
addressed, it can lead to scleral show or ectropion.
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The lower lid fat pads are evaluated in the neutral gaze and
with the patient looking upward without moving the head. The
lateral fat pads are best seen when the patient looks upward
and to the opposite side of the eye being examined. Gentle
pressure on the globe with the eyes closed will also delineate
the pads.

Photographic documentation is an essential part of the
recording process. Photographs of the face and neck in the neu-
tral position (the Frankfort horizontal plane), forward, lateral,
and 45-degree oblique positions are routine. Pictures should be
taken in these positions with the face expressionless as well as
smiling. A frontal photograph with the patient in upward gaze
should be included, as well.

Once the patient’s concerns have been heard and the exami-
nation is completed, it is time to review the options with the
individual. Part of the education process is how the person’s
concerns can be addressed and what results are likely, given the
physical findings. The patient must understand what the limita-
tions are, as well as the certain sequelae and possible complica-
tions. Often an individual may worry about the “dark circles”
under the eyes. These are often shadows under the protruding
pseudoherniated fat. Sometimes they are from pigmentation
that could be superficial or deep. The former may be helped by
laser resurfacing. If they are deep, the patient must understand
that they will persist. In some very fair-skinned people, the col-
or of the orbicularis oculi can “bleed through.” Another com-
mon concern is the wrinkled skin. This will be addressed with
CO,, laser resurfacing.

It is important to distinguish between the wrinkles seen at
rest and the hyperdynamic crow’s-feet. Whereas the laser will
address the former, the latter will require neuromodulation.
Lastly, patients often do not distinguish between the lower lid
pseudoherniated fat and malar bags. When malar bags are
present, it is imperative to point these out to the patient so
there is comprehension that these will remain posttreatment.

9.5 Rationale

The transconjunctival approach to lower lid blepharoplasty
with CO, laser resurfacing is the preferred technique for this
author. The most common complications of transcutaneous
lower eyelid blepharoplasty are lid retraction and ectropion.
Scarring of the orbital septum causes postoperative retraction
of the lower lid. The transcutaneous approach necessitates
incising the orbital septum to reach the orbital fat. Scar tissue
forms in the septum and adjacent tissues. As the scar tissue
contracts over time, rounding of the canthus and scleral show
occur. Excessive removal of skin from the lower lid will cause
cicatricial ectropion.16.17

The transconjunctival incision allows direct access to the
orbital fat without violating the orbital septum. Many studies
have demonstrated that this approach all but eliminates
these complications. Westfall et al analyzed 1,200 transcon-
junctival blepharoplasties and reported only 1 case of ectro-
pion. The rate of ectropion on a number of studies ranges
from 12 to 42%.!% Often, other maneuvers are necessary to
correct the problems with the aging lower eyelid. All the lid
tightening and supportive procedures, orbital fat reposition-
ing, and the pinch technique can be done without incising
the orbital septum.
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It is essential to understand that skin excision will not elimi-
nate wrinkles or the crepelike appearance of the lid skin. The
rhytids are a result of the intrinsic aging changes in the lid skin
as described earlier. Attempts to eliminate or lessen the rhytids
by putting tension on lid skin will increase the risk of ectropion.
Skin resurfacing by chemical peels or laser is the most effective
procedure to rejuvenate the skin. The fractional CO, laser is safe
and effective and can be used to treat all types of skin. Fraction-
al laser resurfacing allows quicker healing time with rapid
return to normal skin color. The incidence of pigment altera-
tions is lower than with ablative techniques.' The fractional
laser allows the operator to choose what percentage of tissue is
necessary up to full ablation. Full ablation should be restricted
to Fitzpatrick skin types I through II1.19

9.6 Technique

Once surgery has been scheduled, the patient meets with a
nurse 3 weeks ahead of time for preoperative instructions. Pre-
scriptions for an antibiotic, antiviral, and antifungal are given to
the patient. At this visit a light chemical peel is performed con-
sisting, in our protocol, of Sensi Peel (Physician’s Choice of Ari-
zona Inc. [PCA], Scottsdale, Arizona)—active ingredients: 12%
lactic acid, 6% trichloroacetic and 3% kojic acids, and a single
layer of 10% retinol.

The procedure is carried out with monitored anesthesia care
(Video 9.1). » Fig. 9.7 shows the instrumentation used. Once
the patient is medicated, the face is prepped and draped. The
lower lid is everted and the globe protected with a spatula-
shaped shield. The conjunctiva is infiltrated with 1% lidocaine
with a 1:100,000-epinephrine ratio. Time allowed to elapse for
vasoconstriction to occur is 10 minutes. The surgical technician
protects the globe with the spatulate shield. The lid is everted
manually. Using the laser as a cutting tool, an incision is made
(» Fig. 9.8a, b) in the conjunctiva through the middle of the ver-
tical vascular arcade and carried through the lid retractors. The
eyelid retractor holds the incision open. This allows a direct
approach to the orbital fat. The fat is teased up with forceps and

Fig.9.7 Left to right: Cutting handpiece for the Ultrapulse Encore
(Lumenis, Inc., Palo Alto, California) carbon dioxide (CO,) laser,
ophthalmic forceps, double-ball retractor, lid retractor, spatulate globe
shield, and towel clip. All are burnished for laser safety.
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Fig. 9.8 (a, b) Incision location through the middle of the vertical vascular arcade on the conjunctival side of the lower eyelid (nose to right). (c, d) Fat
pads exposed. In (d) red arrows and numbers: 1, lower lid everted; 2, lower lid retractor; 3, fat pad exposed; and 4, spatulate retractor protecting the
globe. (e) Laser excision of fat pads using the lid retractor as a “backstop” (nose to right).

either excised (using the eyelid retractor as a protective “back-
stop”) or repositioned as the situation dictates (> Fig. 9.8c-e).
After the pads are removed, the laser beam is defocused and
the fat is vaporized to the level of the inferior orbital rim. The
incision is not sutured. The cut conjunctiva edges oppose
directly when the lid is returned to position. If another lid pro-
cedure is indicated, it will be carried out at this juncture.

Once the surgical procedure(s) is done, the skin of the lower
eyelid and crow’s-feet area is resurfaced. Laser beam density
and energy are chosen according to the degree of rhytidosis
and skin type present. The deep beam, Deep FX (Lumenis, Inc.,
Palo Alto, California), is used over the periocular areas being
treated but not over the lid skin. The settings the author
employs for this beam are: energy, 17.5 to 20.0 mJ; power,
350Hz; and density, 15. The superficial beam, Active FX (Lume-
nis, Inc., Palo Alto, California), is then applied. The density set-
tings for Active FX with their respective percentages of surface
ablation are: 1 (55%), 2 (68%), 3 (82%), and 4 and greater (100%)
or total ablation. In Fitzpatrick skin types IV through VI, the
density is not set higher than 3 and total ablation is never done.
The energy settings for Active FX are 80 to 90 mJ directly on the
lids to within 1 mm of the ciliary margin and the periocular skin
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for skin types I through III, and 60 to 70 m] for skin types IV
through VI.

When done, Aquaphor (Eucerin, a division of Beiersdorf, Inc.,
Wilton, Connecticut) is applied to the lasered skin. If full abla-
tion was carried out, platelet gel is sprayed over the skin and
Silon-TSR dressing is applied (Bio Med Sciences, Bethlehem,
Pennsylvania). The author’s laser experience has been with the
Lumenis UltraPulse 5000c CO, (Lumenis, Inc., Palo Alto, Califor-
nia) laser since 1995, and the Lumenis UltraPulse Encore CO,
laser since January 2009. » Fig. 9.9 shows the platelet gel and
Silon-TSR dressing in place on a postoperative lower eyelid ble-
pharoplasty patient. The patient is recovered in the postanes-
thesia recovery unit with cold compresses until discharge.

The patient is seen on postoperative days 1, 4, and 8, and
then weekly for 2 or 3 weeks to check on the lasered skin.
Patients treated with the fractional beam will wash their faces
with tepid water several times a day. The skin will peel heavily.
On the 4th-day postoperative visit, the nurse washes the
remaining desquamating epithelium from the patient’s face and
applies Restorative Ointment (SkinMedica, Carlsbad, California).
From the 5th day forward, the patient is instructed to wash the
face with tepid water twice a day. The patient then begins using
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Fig.9.9 Platelet gel and Silon-TSR dressing (Bio Med Sciences,
Bethlehem, Pennsylvania) in place after a laser-assisted lower eyelid
blepharoplasty and endoscopic brow lift. (Reproduced with permission
from Truswell WH, IV. Combining fractional carbon-dioxide laser
resurfacing with face-lift surgery. Facial Plast Surg Clin North Am 2012;
20: 201-213, vi.)

Fig.9.11 Before (a) and 3 months after (b) endoscopic forehead lift
and fractional laser-assisted lower lid blepharoplasty.

TNS Recovery Complex (SkinMedica) and TNS Ceramide Treat-
ment Cream (SkinMedica) twice a day, with a minimum sun-
block of sun protection factor (SPF) 30. At this point makeup
can be applied. The skin color is at or near normal in 7 to 10
days. Where the Deep FX was used, pinkness may persist for
another few weeks.

Patients who had full ablation will be applying eye pads
soaked in acidulated water (1 tsp white vinegar in 1 cup cool
water) 6 times a day. On the 4th postoperative day, the Silon-TSR
dressing is removed and any remaining platelet gel washed away.
The same regimen as above proceeds forward from here. The
platelet gel decreases the duration of pinkness to about 10 days.

» Fig. 9.10 shows before (bottom) and 10 days after (top) full
ablative laser resurfacing and the use of platelet gel and Silon-
TSR dressing. » Fig. 9.11 displays a patient before (left) and 3
months after (right) endoscopic forehead lift and fractional
laser-assisted lower lid blepharoplasty. » Fig. 9.12 is a man (top)
with dermatochalasis and hooding of the upper eyelids, lower
eyelid laxity with rounding of the lid margin, pseudoherniation
of fat in all three compartments, and rhytids and photodamage
of the lower eyelids. The bottom photo was taken 6 months fol-
lowing upper lid and fractional laser-assisted lower lid blephar-
oplasty with a tarsal strip procedure. The patient in » Fig. 9.13 is
shown before (left) and 1 year after (right) an endoscopic fore-
head lift, rhinoplasty, facelift, and fractional laser-assisted lower
lid blepharoplasty. » Fig. 9.14 depicts before (top) and 1-year-
after (bottom) results of an endoscopic forehead lift and frac-
tional laser-assisted lower lid blepharoplasty.
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Fig.9.10 Before (b) and 10 days postoperative (a) following an upper
and laser-assisted lower eyelid blepharoplasty with total ablation,
demonstrating the effectiveness of platelet gel and Silon-TSR dressing
(Bio Med Sciences, Bethlehem, Pennsylvania) to hasten normalization
of posttreatment color.

Fig.9.12 (a) A man with dermatochalasis and hooding of the upper
eyelids, lower eyelid laxity with rounding of the lid margin,
pseudoherniation of fat in all three compartments, with rhytids and
photodamage of the lower eyelids. (b) The photo was taken 6 months
following upper lid and fractional laser-assisted lower lid blepharo-
plasty with a tarsal strip procedure.

9.7 Personal Experience with
Laser-Assisted Lower Lid
Blepharoplasty

The author has been using this technique for 8 years as of this
writing. During that time period, 482 patients (419 women and
63 men) were treated with this procedure. Of the total number
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of patients, 16% also underwent ancillary lid procedures. The
complication rate in this series was 12% (> Table 9.1). Prior to
2009 all patients underwent full ablative resurfacing. There-
after, all had fractional CO, laser resurfacing. The overall com-
plication rate was 12%. Pigmentary changes numbered 19 (~
4%)—14 postinflammatory hyperpigmentation (PIH) cases and
5 patients with hypopigmentation. All of the PIH cases resolved
with topical treatment. Hypopigmentation occurred in Fitzpa-
trick skin types I and II only, was spotty, and permanent. None
of the pigmentation problems were seen in patients undergoing
fractional CO, laser resurfacing. It is important to note that in
the author's practice more than 90% of all the patients treated
3 i were Fitzpatrick skin types I through III, and the majority of
Fig.9.13 Before (a) and 1 year after (b) an endoscopic forehead lift, them were type I or II. There were 39 (~ 8%) patients with pro-
rhinoplasty, facelift, and fractional laser-assisted lower lid blephar- longed erythema, all occurring with total ablation. There were
oplasty. no incidences of infection, lid retraction, or ectropion.

9.8 Conclusion

It is this author’s opinion that the approach described above is
safe with a lower rate of complications. The results are reliable
and reproducible. When indicated, lid tightening and other
ancillary procedures can be done in addition to this approach.
Fractional laser resurfacing is a far more directed and effective
way to treat rhytids of the lid than skin resection. Many
patients undergoing lid surgery have concomitant cutaneous
photodamage of the lid and periocular area. Considerable
reduction or elimination of this problem greatly enhances the
rejuvenation results achieved with blepharoplasty.
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10 Simultaneous Full-Face Laser Resurfacing in the Setting

of Facelift Surgery

Scott Shadfar and Stephen W. Perkins

10.1 Introduction

Facial rejuvenation and contouring procedures have evolved
with a host of techniques aimed at addressing clinical aging.
Patients often present with concerns regarding laxity, rhytids,
and fat accumulation. As discussed in Chapter 2, the skin’s
unique anatomy and physiology result in specific pathological
changes giving an aged appearance to the face and neck. Photo-
aging, for example, is a consequence of primarily sun-induced
damage from ultraviolet (UV) irradiation and, like chronological
aging, is a cumulative process. Patients with this cumulative
damage present with moderate to severe rhytids of the cheeks,
perioral region, and periocular crow’s-feet, with overlying dif-
fuse actinic damage and solar lentigines.

Whether using lasers, scalpels, or the combination of various
new instruments and tools, the principal techniques in facial
rejuvenation include surgical and nonsurgical therapies
designed to refresh, contour, and resuspend those tissues. Sag-
ging, lax skin is generally treated surgically with facial rhytidec-
tomy; however, this does not address the fine wrinkles from
aging or the photodamage from sun exposure. Conversely, laser
resurfacing is used to address the cutaneous rhytids and actinic
changes, and although some collagen contraction and remodel-
ing can be seen with the carbon dioxide (CO,) or erbium:
yttrium aluminum garnet (Er:YAG) lasers, the tightening effects
are not as long lasting, and cannot address severe laxity to the
extent of a rhytidectomy. Therefore, the combination of rhyti-
dectomy with simultaneous full-face laser resurfacing has
emerged as a viable option in facial rejuvenation, allowing a
dual cosmetic benefit with consolidation of the anesthetic and
recovery times for patients.!2

10.1.1 Historical Perspective

Historically, simultaneous resurfacing and surgical undermin-
ing in rhytidectomy was advised against because of reported
skin necrosis seen after treatments with deep chemical peels.3*
5 Over the past few decades, isolated use of CO, and various
lasers for full-face ablative resurfacing has shown beneficial
effects with wide acceptance in aesthetic practices. More
recently with fractional ablative resurfacing platforms, patients
have enjoyed skin rejuvenation with less downtime than tradi-
tional ablative resurfacing, and potentially fewer risks.678 Fur-
ther details into the history, mechanisms, and the benefits of
various laser therapies and systems are discussed throughout
other chapters within this text.

Due to advances in resurfacing platforms, as well as improve-
ments and better understanding of rhytidectomy techniques,
the outcomes of simultaneous flap elevation and skin exfolia-
tion have shown excellent results without an increased risk to
the undermined skin flaps.? Different areas of the face often
require varying levels of laser treatment, whether or not a
simultaneous procedure is performed. The pertinent technical
details are outlined to guide those physicians with a similar
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patient population wishing to implement this combined modal-
ity in their practice.

10.2 Patient Selection

Evaluation of the patient begins with a complete medical his-
tory with special attention to, and documentation of, medica-
tion use, skin sensitivities, and allergy history. Patients should
be screened for conditions that may increase their risk of com-
plications, or diseases that might prolong the postoperative
healing time. These conditions include diabetes, peripheral vas-
cular disease, collagen vascular diseases, and some autoimmune
disorders that could compromise the microvasculature of the
tissues.?

Another segment of patients who are very important to iden-
tify include patients who are actively smoking. Smoking greatly
compromises the vascularity of the skin flap, increasing the
likelihood of postoperative necrosis and sloughing with rhyti-
dectomy alone. Therefore, the authors deem active tobacco use
as a contraindication to simultaneous rhytidectomy with laser
resurfacing.

Pertinent medications include previous or current use of
powerful retinoids such as isotretinoin (Accutane, Roche Phar-
maceutical, Basel, Switzerland) that can lead to increased scar-
ring in patients undergoing facial resurfacing.!'®!! This
medication can blunt regrowth of epithelial appendages that
are essential for postoperative re-epithelialization.!® The
authors recommend waiting 6 to 12 months after use of isotre-
tinoin before undergoing any type of ablative resurfacing
procedure.

Patients with a history of head and neck radiation should also
be approached cautiously when resurfacing because this subset
of patients can have microvascular compromise even more
severe than that of smokers. Radiation can decrease the blood
supply as well as the number of pilosebaceous subunits, further
delaying healing and potentially increasing the risk of scarring.
Individuals who have active autoimmune diseases such as scle-
roderma, lupus, or Sjogren syndrome similarly carry a higher
risk of skin flap compromise, and the decision to operate on
these patients should be considered a relative contraindication.
Discussions with a patient’s rheumatologist should be initiated
given the poor and unpredictable healing that can occur, as well
as the risks of reactive cutaneous flares that can occur in these
disease processes with laser treatment.

As always in the setting of aesthetic surgery, the motivations
of the patient are of paramount importance. The surgeon
should ensure the patient has realistic expectations and a firm
understanding of the potential complications. This allows the
patient and surgeon to choose the appropriate treatment and
ensures that the patient understands the associated risks of
combined modality treatment. The surgeon should not hesitate
to defer treatment, and then schedule a second consultation
to explore the patients’ motives and ensure their expectations
are realistic and align with the proposed intervention.
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Table 10.1 Glogau photoaging classification

Group Il Wrinkles in motion
Group Il Wrinkles at rest
Group IV Only wrinkles

Keratosis palpable but not visible Late 30's to 40s

Obvious dyschromias, telangiecta-  50s and older

sias, and keratoses

Actinic keratoses with or without 70s and older

skin cancers

(Adapted with permission from Glogau RG, Matarasso SL. Chemical face peeling: patient and peeling agent selection. Facial Plast Surg 1995; 11: 1-8.)

Considerations for psychological consultation should be raised
in a patient who continues to have unrealistic expectations.?

Classification of the patient’s skin type is essential before pro-
ceeding with a resurfacing procedure. The Fitzpatrick classifica-
tion uses the skin’s response to sun exposure and the person’s
baseline skin color as a means of categorizing patients
(» Table 5.1).12 Patients with darker complexions undergoing
deep resurfacing procedures carry an increased risk of pigmen-
tary changes, and therefore the ideal candidate for deep resur-
facing would be a person of Celtic or northern European
descent with Fitzpatrick skin type I or IL.13 Glogau further clas-
sifies the skin according to the amount of clinical photodamage
(» Table 10.1), which guides the physician in choosing the
appropriate level of resurfacing.!* Most patients necessitating
and undergoing CO, or deep Er:YAG ablative procedures would
fall into the higher groups, such as Ill or IV (> Fig. 10.1).

10.3 Preoperative Care

Preoperative topical therapies are used by most treating physi-
cians with several preoperative skin treatment regimens avail-
able to help maximize resurfacing techniques.!>16 Tretinoin and
glycolic acid are the most commonly used agents preopera-
tively, and are utilized for their exfoliative and rejuvenating
effects to improve the skin’s response to ablative wounding.
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Fig.10.1 (a) A 69-year-old woman with preope-
rative facial aging and severe photodamage. (b)
Results 12 months postoperative following si-
multaneous rhytidectomy, full-face laser resur-
facing, endoscopic forehead lift, and upper and
lower eyelid blepharoplasty.

Additionally, a preoperative course of topical hydroquinone or
hydroquinone mixtures (e.g., tretinoin, hydroquinone, and
hydrocortisone) can help to reduce the risk of postoperative
hyperpigmentation in those patients with darker complex-
ions.1>17

The authors advocate for prophylactic treatment of all
patients, with or without a known history of herpes labialis,
with a regimen of acyclovir 800 mg orally three times a day.
This course is started 2 days preoperatively and continued for
10 to 14 days after the resurfacing procedure, or until re-epi-
thelialization is complete.

10.3.1 Anesthesia

Although rhytidectomy can be performed under local anes-
thetic, the addition of simultaneous laser resurfacing is advised
against because many patients may still experience discomfort
from areas that could not be fully anesthetized, as well as fur-
ther discomfort from being supine for several hours while
awake. Intravenous sedation in addition to a local anesthetic
could be considered in the correct patient population; however,
the authors prefer the use of a general anesthetic for patient
comfort. Precautions should be taken with the use of lasers in
the setting of an inhaled anesthetic or oxygen, given the known
risk of airway fires.
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10.4 Rhytidectomy Technique

Rhytidectomy begins with proper incision placement and con-
cludes with meticulous closure resulting in well-hidden scars
without changes in hairline position. This is central to achieve
long-term patient satisfaction, by giving patients the freedom
to style their hair without concerns of their scars showing.® The
senior author’s technique for the extended superficial muscular
aponeurotic system (SMAS) rhytidectomy, including incision
planning, has previously been described in detail, and relevant
points are now highlighted.?

Utilizing a submental incision, the rhytidectomy begins by
addressing the problematic areas within the neck. This may
include submental, submandibular, and jowl liposuction, as
well as anterior cervical platysma plication using the senior
author’s previously described Kelly-Clamp technique.® The neck
skin is undermined completely in a subcutaneous plane using
facelift scissors freeing the platysma from the overlying skin.

Using a no. 15 scalpel blade, the postauricular incision is
started at the earlobe and continued along the posterior surface
of the concha (not in the postauricular sulcus). At the level of
the helical insertion or eminence of the concha, the incision is
continued posteriorly with a gentle curve into the hairline but
not parallel to the hairline. The incision should be beveled in
the hair-bearing region, and the posterior skin flap is partially
elevated maintaining the plane of dissection in the hair-bearing
region deep to the roots of the hair follicles and superficial to
the fascia of the sternocleidomastoid muscle. Postauricular skin
flaps should then be elevated in the immediate subcutaneous
plane and connected with the neck skin elevation.

From a preauricular aspect, beginning at the level of the heli-
cal insertion, dissection is carried forward in the subcutaneous
plane and continued into the malar region just above the zygo-
matic arch in the subcutaneous plane extending just inferior to
the orbicularis oculi muscle. This allows the dermal ligamen-
tous attachments to the malar eminence to be released. Subcu-
taneous dissection is continued approximately 4 to 6cm
medially in the preauricular region connecting down to the ele-
vated neck and postauricular flap allowing visualization of the
neck-face interface at or below the mandibular margin into the
neck (> Fig. 10.2).

An incision is then made in the SMAS extending from the
inferior border of the zygomatic arch at the malar eminence
diagonally down to the level of the earlobe and then continuing
inferiorly 1cm in front of the anterior border of the sternoclei-
domastoid. Dissection should then be carried out underneath
the platysma muscle at approximately 3 to 4 cm. The first centi-
meter of SMAS elevation is performed with horizontal scissor
dissection overlying the parotid gland. Further elevation of the
SMAS is performed by spreading the scissors in a more vertical
fashion, forming tunnels and bridges as the dissection is carried
anteriorly.?

Just above the mandibular margin, dissection is continued
anteriorly superficial to the masseter muscle over the premas-
seteric fascia in a deep sub-SMAS plane. The marginal mandib-
ular nerve often is easily visualized in this transition from the
neck up and over the mandibular inferior border.

When indicated, elevation should then extend superficial to
the level of the zygomaticus muscle into the midcheek region.
At this point there is a significant amount of skin elevated in
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Fig. 10.2 Demonstration of the neck-face interface (highlighted area),
or junction of SMAS (**) with the platysma (*), following elevation and
connection of facial and neck subcutaneous dissections.

addition to the SMAS, creating two separate flaps for biplane
vector suspension and redraping.?

The suspension of the midface and jowl tissues is accom-
plished by advancing the SMAS-subcutaneous skin unit in a
posterior-superior fashion toward the helical insertion. The
superior triangular portion of the SMAS is advanced, and the
redundant preauricular portion excised. This is suspended with
a buried 0 polyglactin 910 suture (Vicryl, Ethicon Inc., Somer-
ville, New Jersey) at the level of the helical insertion and the
postauricular mastoid fascia. Then 3-0 poliglecaprone 25
sutures (Monocryl, Ethicon) are used to reinforce the platysma-
SMAS unit in the mastoid, infra-auricular, and preauricular
areas.

The skin is advanced in a more posterior vector with 2 to
3 cm of undermined skin in the preauricular region remaining.
The skin from the neck is also advanced toward the posterior
mastoid hairline, and rotated superiorly. A single suspension
staple is then placed high in the postauricular incision. The
hair-bearing portions are approximated with staples allowing
maintenance of the postauricular hairline and avoiding step-off
deformities. A drain attached to a closed suction bulb system is
placed in the neck portion of the wound on either side. The skin
in the preauricular and tragal region is trimmed judiciously,
with care taken to ensure that the earlobe is supported in a
superior fashion to avoid a Satyr’s ear deformity. The periauric-
ular skin should be redraped and tailored so that there is no
tension on incision line closure. Two simple interrupted 6-0
nylon sutures are used to reapproximate the ear lobule and
remain in place for 10 days. The remaining incision lines are
sutured with running interlocking 5-0 plain catgut sutures, and
after 1 week, if they have not already dissolved, they are
removed.?

10.5 Laser Resurfacing Technique
10.5.1 Carbon Dioxide Laser

Preoperatively all patients undergo facial cleansing and washes
with Septisol (Sandent Co., Murfreesboro, Tennessee). The
authors use a Lumenis Encore Ultrapulse 5000 (Coherent Inc.,
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Table 10.2 Carbon dioxide (CO,) laser settings by facial aesthetic unit: Part |

Treatment areas Pulse energy (m]) Fluence (J/cm?)

Initial pass

Perioral, lips, chin 80 6.0
Cheeks 80 6.0
Forehead 80 6.0
Eyelids 70 5.3

Additional pass*

Glabella, crow’s-feet 70 53
Perioral, lips, chin 70 53
Cheeks 70 53

Additional pass**

Previously treated areas 60 4.5

Pulse width (Hz) Power (W) Density
600 48 5
600 48 5
600 48 5
600 42 4
600 42 4
600 42 4
600 42 4
600 36 4

Note: *Reserved for treatment of moderate to severe rhytids. **Reserved only for the most severe rhytids; rarely performed by the authors.

Table 10.3 Carbon dioxide (CO,) laser settings by facial aesthetic unit: Part Il

Treatment areas Pulse energy (m]) Fluence (J/cm?)

Initial pass

Preauricular undermined 70 5.3
skin

Inferior mandibular border 70 53

Additional pass*

Preauricular undermined 60 4.5
skin
Inferior mandibular border 60 4.5

Note: *Not routinely performed by the authors.

Fig. 10.3 Patient intraoperatively following rhytidectomy and full-face
resurfacing sparing 2 cm of preauricular undermined skin and along
the inferior mandibular border (highlighted area).

Palo Alto, California) for full-face CO, laser resurfacing. The
most commonly used settings by the senior author are depicted
in » Table 10.2 and » Table 10.3. The first laser pass on the face,
excluding the upper and lower eyelids and preauricular area, is

Pulse width (Hz) Power (W) Density
600 42 4
600 42 4
600 36 4
600 36 4

performed at an energy of 80 mJ, fluence of 6.0 J/cm?, power of
48 W, and a density of 5, with a square pattern to move along
the face expeditiously while maintaining control over the por-
tions of the flap that are treated with the laser.

Once the first pass is made, the surface char should be gently
wiped and removed with wet and dry gauze. The second pass is
directed to areas of deeper wrinkles, such as the glabella,
crow’s-feet, and perioral region, and should be performed at an
energy of 70 m], fluence of 5.3 J/cm?2, power of 42 W, and a den-
sity of 4. Similarly, the first treatment of the eyelids and preaur-
icular area should be at the same settings. This is performed
with an appropriate rectangular pattern to address each ana-
tomical area (e.g., smaller for the eyelids). A 2- to 3-cm area of
preauricular skin is left untreated by the senior author; how-
ever, if desired the surgeon may “taper” over the area corre-
sponding to the subcutaneous skin elevation (> Fig. 10.3).
Tapering involves decreasing the density to 4, while decreasing
the fluence from 70 mJ to 60 mJ, which allows the surgeon to
safely go over the 2- to 3-cm area of undermined skin in the
preauricular region and jawline for blending and feathering
(» Table 10.3).

Once again the surface char should be removed. Occasionally,
a second pass can be made over the eyelids at an energy of 60
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Table 10.4 Erbium:yttrium aluminum garnet (Er:YAG) laser settings by facial aesthetic unit

Treatment areas Depth (um) Fluence (J/cm?)
Resurfacing settings

Full face 100 25.0

Eyelids 80 20.0
Preauricular undermined 50 12.5

skin

Inferior mandibular border 50 12.5
Fractionated settings

Full face 250-350 62.5-87.5
Eyelids 80 20.0

Preauricular undermined  Not treated -

skin

Inferior mandibular border Not treated -

m], fluence of 4.5 J/cm?2, power of 36 W, and a density of 4. If
necessary, this setting is also used for feathering the jawline
and for selected deep rhytids of perioral, glabella, and forehead
regions. This additional pass is solely reserved for the deepest
and most severe rhytids and is rarely used by the authors.
Immediately there will be visible tightening secondary to
desiccation of the skin from heating of the subdermal vascula-
ture. Punctate dermal bleeding can be visualized; however, this
is often minimal with the CO, laser. If the chamois color is
obtained in any areas, this marks the absolute deepest to carry
treatment and should signal the end point to the surgeon.

10.5.2 Erbium:Yttrium Aluminum
Garnet Laser

Patients undergoing simultaneous Er:YAG treatment are pre-
pared preoperatively in an identical fashion to the CO, patients
described above. The most commonly used settings for the Er:
YAG laser are depicted in » Table 10.4. Using a variable pulsed
Er:YAG system (Contour, Sciton, Palo Alto, California), our tech-
nique begins with a 4-mm scanner resurfacing handpiece cali-
brated to a 100-pm depth and a 50% spot overlap. This initial
resurfacing pass is used to treat the perioral region including
vermilion border and chin, as well as the cheeks and forehead.
Lower settings are used for the eyelids and preauricular region
as depicted in » Table 10.4.

The handpiece is then changed for vertical wounding using
an erbium profractional scanner to treat all areas with the set-
tings as dictated in » Table 10.4; however, the preauricular area
is spared. Although the preauricular area can be treated, and
has been described as treated to within 2 mm of the incision
line by Alster et al,2 the senior author prefers to leave the imme-
diate 2 to 3cm of undermined tissue untreated. By doing so
there is an attenuation of energy dispersed over the lateral
aspects of the cheeks and jawline.

A major distinction between use of the CO, and Er:YAG lasers
is the lack of hemostasis with the Er:YAG treatments. Any 00z-
ing should be wiped clear before treating an area. By maintain-
ing a clean field the surgeon can avoid missing any untreated
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Overlap (%) Coag Density
50 0 =

50 0 -

50 0 -

50 0 -

0.7 0 22

1.3 0 11

regions, ensuring a more comprehensive treatment and achiev-
ing a more cohesive final result. Additionally, by recognizing
previously treated regions, the surgeon can confidently avoid
stacking pulses over any one area.

10.6 Postoperative Care and
Home Care

The authors counsel patients to expect 2 weeks of downtime
before they may feel comfortable being seen in public following
full-face ablative resurfacing. Patients must commit preopera-
tively to an intense postoperative skin care routine, and support
from family and friends is encouraged. Additionally, because
there is a line of demarcation early after treatment between the
untreated preauricular area and the treated cheek tissue,
patients often need frequent reassurance that these areas will
blend without sequelae.

Immediately postoperative when the CO, laser is used, a
Silon-TSR dressing (Bio Med Sciences, Bethlehem, Pennsylvania)
is applied to the full face. An Aquaphor-coated (Beiersdorf Inc.,
Wilton, Connecticut), nonadherent, single-layer dressing is
applied over the periauricular areas and secured with a light,
compressive, facial-gauze head wrap overnight (> Fig. 10.4).

All dressings and drains are removed the following morning
on postoperative day 1, with exception of the Silon dressing.
The Silon dressing, if used, should remain in place until post-
operative day 3, after which time the patients begin their local
wound care regimen. Our standard wound care regimen con-
sists of water-soaked gauze cleanses and reapplication of an
Aquaphor barrier 5 to 6 times a day to avoid any drying of the
treated areas. This above-described regimen is also used for Er:
YAG laser-treated areas immediately postoperative, however,
without use of the Silon dressing. The wound care regimen is
continued until re-epithelialization has been achieved, usually
at the 10-day mark. If there is evidence of refractory crusting,
then dilute acetic acid soaks as well are performed several
times a day to loosen the crusts.

Once complete re-epithelialization has occurred, application
of anti-inflammatory cream should be initiated with a
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Fig. 10.4 (a) Postoperative facial dressing with Silon-TSR wound
contact layer dressing (Bio Med Sciences, Bethlehem, Pennsylvania)
and (b) light, compressive wrap.

nonfluorinated steroid, such as mometasone. For areas of
delayed healing an occlusive hydrocolloid dressing may be left
in place for 48 to 72 hours until epithelialization is complete. A
skin care and makeup consultation is done on postoperative
day 10, and the patient is allowed to resume normal daily activ-
ities, with reasonable discretion. Postoperatively it is imperative
that the patient avoids direct sun exposure, and the regular use
of sunscreen with a sun protection factor (SPF) of 45 or higher
is mandatory to avoid compromising results. Preoperative and
postoperative photos of a patient are shown in > Fig. 10.1.

10.7 Complications

Complications related to isolated laser resurfacing include pig-
mentary changes, prominent lines of demarcation, prolonged
erythema, and scarring, with the latter being related to unpre-
dictable extended thermal damage previously seen with the
use of older continuous wave and superpulsed CO, laser plat-
forms. Simultaneous rhytidectomy and full-face laser resurfac-
ing do not carry any further increased risk of hypopigmentation
or hyperpigmentation than either treatment alone, when the
patient-selection process as discussed earlier is followed. The
complications listed below pertain more to those adverse con-
ditions associated with surgical rhytidectomy alone. Please refer
to Chapter 19 of this book for discussions of complications sec-
ondary to laser resurfacing, which could also be seen as part of
this concurrent treatment regimen.
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10.7.1 Flap Necrosis

Skin slough after rhytidectomy alone has historically been
reported at a rate of 1.1 to 3.0%.!8 Various animal models have
shown flap necrosis and deleterious effects of laser treatment;
however, those studies used higher settings with multiple
passes.192021 Consequently, the authors advocate the settings
as described in the text and » Table 10.2, » Table 10.3, and
» Table 10.4. When combining rhytidectomy with CO, or Er:
YAG laser resurfacing, there is a potential risk of irreversible
injury to the delicate undermined tissue. In a meta-analysis,
Koch and Perkins! as well as several other authors reported the
percentages of complications in simultaneous modalities were
no different from those of rhytidectomy alone with regard to
flap loss and skin slough.2223 Similarly, Alster et al? and Wein-
stein et al?* compared various ablative modalities with up to six
passes with the Er:YAG laser in the setting of concurrent rhyti-
dectomy without an increase in complications or skin slough.

10.7.2 Delayed Healing

Delayed healing occurs when a treated area persistently fails to
re-epithelialize for more than 14 days. Care should also be tak-
en to prevent some of the causes of delayed healing, such as
management of patient comorbidities, infections, herpetic out-
breaks, poor postoperative care, or secondary tissue injury,
which may occur as a result of overaggressive cleansing, pick-
ing, or scratching the freshly wounded tissues.!! The mainstay
of treatment in cases of delayed healing is to apply an occlusive
hydrocolloid dressing or ointment that protects the area and
that allows for better epithelial cell migration.!>

10.7.3 Infection

Resurfacing procedures by definition violate the protective epi-
dermal barrier, exposing the skin to environmental factors that
may make the skin more susceptible to infection. The patients’
comorbidities can also reduce immune function—especially
patients who are taking immunocompromising medications or
patients with diabetes.

Superficial infections associated with laser resurfacing alone,
whether bacterial, fungal, or herpetiform, have a reported inci-
dence of 2 to 7%, despite prophylactic therapy.!-?> The authors’
perioperative routine includes prophylactic antibiotic dosing
with a first-generation oral cephalosporin, as well as an antivi-
ral prophylactic dose of acyclovir 800 mg three times daily prior
to the laser treatment, which is then continued until epitheliali-
zation. As previously reported, the rates of superficial infection
using the combination treatment do not differ, highlighting the
robustness in the underlying vascularity even in the face under-
going concomitant rhytidectomy.!-2

10.7.4 Hematoma

Hematoma is the most common complication following rhyti-
dectomy, and more common in men. The incidence in the liter-
ature varies from 2 to 15%, with the senior author’s experience
ranging from 1 to 2% incidence of hematoma with the use of
closed-suction bulb system drains postoperatively.®26 When
patients present with a postoperative hematoma, management
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includes observation or needle drainage for minimal to small
hematomas; conversely, surgical evacuation and exploration
are necessary for large, rapidly expanding hematomas.

10.7.5 Nerve Injury

Sensory and motor nerve injuries are rare, with a reported inci-
dence of 0.7 to 2.5%.27 The great auricular nerve, which provides
sensation to the periauricular region, is the most frequently
injured nerve. If injury is noted during surgery, primary repair
is deemed the best practice because it can result in the return
of sensation within 12 to 18 months usually.28

The temporal branch of the facial nerve is the most frequently
injured motor nerve in most series, with a reported incidence
of 0.8% temporary injury and of 0.1% permanent injury in a
review of more than 12,000 rhytidectomies.2’ With meticulous
dissection and the use of the modified SMAS elevation
described earlier, surgeons should be able to prevent any injury
to the facial nerve during rhytidectomy.?

10.8 Conclusion

Simultaneous rhytidectomy and full-face laser resurfacing con-
tinues to evolve with technological advances in laser platforms
allowing precise control of thermal dispersion, while minimiz-
ing the number of passes necessary to treat actinic changes and
static rhytids that may not be addressed with rhytidectomy
alone. Simultaneous rhytidectomy and full-face laser resurfac-
ing can safely provide an excellent cosmetic benefit for aes-
thetic rejuvenation of the face, while consolidating the
anesthetic and recovery times for patients without an increase
in complications.
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11 Nonablative Laser and Light Devices

Joely Kaufman and Sophie D. Liao

11.1 Introduction

The development of laser and light therapy for skin resurfacing
has revolutionized the treatment of photodamage, wrinkles,
scars, and a variety of pigmented lesions. The earliest lasers
used for this purpose were ablative and included carbon diox-
ide (CO;) and erbium: yttrium aluminum garnet (Er:YAG) devi-
ces. Treatment with these ablative lasers results in coagulation
and vaporization of the entire epidermal unit with the goal of
improving the quality of treated skin. Downtime is in the range
of 5 to 14 days, and over this period of time patients can experi-
ence edema, oozing, and discomfort. Erythema can last for
months to years and dyspigmentation, including depigmenta-
tion, can appear at any time after treatment—including years
later. These complications are of particular concern for patients
of higher Fitzpatrick skin types, and limit the use of these lasers
to Fitzpatrick types I through IIL Infection and scarring can
occur as well due to prolonged compromise of the epidermal
barrier unit. Results are dramatic for reversal of photoaging, but
the side-effect profile is a deterrent for some patients and
physicians and has limited the use of fully ablative laser resur-
facing.1-23

Nonablative technologies were developed to allow for faster
postprocedure skin recovery, targeting the deep dermis to
remodel collagen. Although these lasers have the benefit of
shorter downtime, more sessions are required to achieve results
similar to the ablative lasers, often requiring five or six monthly
treatments. These devices are also typically paired with a cool-
ing tip that allows for cooling of the epidermis and selective
treatment to the dermis. The damage induced by nonablative
devices is by definition “not ablative” and does not result in dis-
ruption of the epidermis or vaporization of tissue. Characteris-
tic histology includes coagulation of dermal components. The
term nonablative is broad in nature, and can include any device
that does not cause ablation. However, for true practical pur-
poses, and for this chapter, the nonablative devices are those
that are moderately absorbed by water with wavelengths rang-
ing from 1,064 to 2,000 nm. Other devices, which deliver non-
specific thermal energy and are by definition nonablative such
as radiofrequency and ultrasound technologies, are not dis-
cussed here.

11.2 Nonablative Nonfractionated
Lasers

The 1,320-nm neodymium:yttrium aluminum garnet (Nd:YAG)
laser (CoolTouch, ICN Pharmaceuticals, Costa Mesa, California)
was the first exclusively nonablative laser developed. Energy
penetration occurs to a depth of 1,600 um, a potentially effec-
tive treatment depth. Safety was optimal, yet studies showed
only minimal clinical improvement in rhytids and photoaging.
56 The Smoothbeam laser (Candela Corp., Wayland, Massachu-
setts) emits coherent light at 1,450 nm. This device also uses
water as the chromophore and results in thermal injury to the
dermis and dermal components. The epidermis is protected via
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dynamic cryogen cooling. In 2003, Tanzi et al reported a mild to
moderate clinical improvement of wrinkles after a series of four
treatments with the 1,450-nm diode laser. Biopsies showed an
increase in collagen production in the dermis.” Although origi-
nally designed and cleared for wrinkle reduction, the clinical
results for photoaging are modest, and now the device is more
commonly used for the treatment of acne. Heating of the seba-
ceous glands results in improvement of acneiform lesions.
Reports of mild improvement in atrophic acne scarring are also
published, with the 1,450-nm diode laser outperforming the
1,320-nm laser. Nearly all subsequently developed nonablative
lasers, including various Nd:YAG, 1,450-nm diode, 1,540-nm
Erbium:glass (Er:glass), and 1,550-nm fractional nonablative
lasers, have utilized fractionated delivery systems.

11.3 Broadband Light

Broadband light devices, also known as intense pulsed light
(IPL), emit noncoherent, noncollimated polychromatic light in
the 550- to 1,200-nm range. Since they can target melanin,
hemoglobin, and water chromophores, they are useful particu-
larly for removal of pigmented and vascular lesions, but have
also been found to be useful for photoaging. Studies demon-
strate new collagen formation 6 months posttreatment, and
moderate subjective and objective improvement in rhytids and
dyspigmentation can be seen.8?

The current nonablative lasers in wide use utilize fractional
photothermolysis (FP). The development of the concept of FP
has completely changed the manner in which skin resurfacing
is performed. In 2004, Manstein et al published a pivotal article
describing this novel concept that focuses on the treatment of a
fraction of the skin’s surface. Tiny microscopic beams heat small
columns of skin, leaving adjacent areas completely intact. The
treated columns are termed microthermal treatment zones
(MTZs). These MTZs vary in diameter and depth depending on
the wavelength used and the energy employed, but are gener-
ally less than 400 ym in diameter.!0 In addition, the number of
columns per square centimeter of skin, a parameter termed
treatment density, can be changed in order to adjust the
aggressiveness of a treatment. Treatment densities vary among
devices, with average density ranging from 6 to 40%. A treat-
ment density of 100% would be equivalent to the previously
described full-face traditional ablative resurfacing and is gener-
ally not used in fractional devices. Producing tiny columns of
damage surrounded by intact tissue allows the healing process
to proceed at a much faster rate. In healing after fractional
resurfacing, intact viable cells are able to migrate over the
treated MTZs. In contrast, the healing process in traditional
fully ablative resurfacing requires full differentiation. The proc-
ess of healing in fractional resurfacing can take anywhere from
24 hours to 3 or 4 days.!! The decrease in epidermal compro-
mise has resulted in a decrease in downtime and complication
rates, while maintaining an acceptable efficacy rate.

The introduction of fractional resurfacing has revolutionized
laser treatment of photodamage. Devices can be divided into
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Fig. 11.1 All nonablative lasers use wavelengths that are moderately
well absorbed by water (shorter than 2,000 nm). The ablative lasers use
wavelengths that are highly absorbed by water (longer than 2000 nm).

nonablative and ablative types. The first fractional device intro-
duced by Manstein and colleagues was a nonablative device—-
meaning that the dermis is targeted—leaving the epidermis
entirely intact.!9 Fractional ablative devices were introduced a
few years later. All resurfacing devices, including fractional
resurfacing devices, use water as their target chromophore. All
of these wavelengths are in the infrared range, since this is
where water is able to absorb light most efficiently (> Fig. 11.1).
Ablative devices produce wavelengths that are highly absorbed
by water, resulting in rapid heating of water and vaporization
of tissue. Nonablative devices employ wavelengths that are only
moderately or mildly absorbed by water, which results in low,
slow heating and resultant coagulation of tissue. Both are used
in fractional resurfacing and confer different risks and benefits.
Ablative fractional devices include the CO, laser, Er:YAG laser,
and erbium:yttrium scandium gallium garnet (Er:YSGG) laser
(» Table 11.1). The nonablative lasers include the Er:glass and
Nd:YAG lasers with wavelengths of 1,410, 1,440, 1,540, and
1,550 nm, as well as the Titan infrared light device, which uti-
lizes wavelengths between 1,100-1,800 nm (Cutera, Brisbane,
California). The 1,927-nm fractional device functions like a
combination of the ablative and nonablative lasers. Each wave-
length has its place in the armamentarium of fractional devices
for photorejuvenation.

The parameters used in fractional resurfacing are somewhat
different from those of traditional lasers. Most lasers operate by
varying fluence (the amount of energy delivered to a certain
surface area). Fractional resurfacing allows the amount of laser
energy and treatment density to be adjusted independently.
The energy chosen determines the depth of penetration of the
treatment column. For low-energy settings, the penetration will
be superficial. The converse is also true; higher energy settings
allow for deeper dermal penetration. The energy should be
chosen based on the condition being treated. For superficial
lesions, a lower energy is needed; for deeper dermal conditions,
a higher energy is required. The treatment density can vary
depending on the wavelength used but, in general, the higher
the density the larger the area of treatment and the more
aggressive the treatment. Density settings may need to be
reduced when treating darker skin types because lower
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Table 11.1 Ablative devices

Ablative Devices Wavelength
CO2 (Fraxel re:pair) 10,600 nm
Er:YAG (Sciton ProFractional) 2,940 nm
Er:YSGG (Cutera Pearl) 2,790 nm

Table 11.2 Nonablative devices

Nonablative devices Wavelength
CoolTouch 1,320 nm
Smoothbeam 1,450 nm
Emerge 1,410 nm

Clear and Brilliant 1,440 nm
Fractional XF 1,540 nm

Fraxel restore 1,550 nm

Titan 1,100-1,800 nm
Permea 1,927 nm

Fraxel Dual 1,550/1,927 nm

densities result in fewer side effects, such as dyspigmentation.!'?
A higher treatment density may require fewer sessions to reach
clinical efficacy. As energy settings are increased, MTZs will also
increase due to the boost in heat delivered. The spot size from
the light device itself does not change but the size of the MTZs
will increase as energy rises. Furthermore, a larger diameter
MTZ will step up the treatment density. Some devices on the
market adjust for this and others do not. It is important to
remember this when using a stamp technique device.

11.4 Nonablative Fractional Lasers

The nonablative fractional lasers were the first fractional devi-
ces to be introduced. The first nonablative fractional device was
cleared by the Food and Drug Administration (FDA) in 2003.
This original instrument is a 1,550-nm laser and was called the
Fraxel laser (Solta Medical, San Francisco, California). Since its
introduction, numerous fractional nonablative tools using mul-
tiple wavelengths have become available. All of these wave-
lengths (> Table 11.2) are only moderately well absorbed by
water and result in tissue coagulation and not vaporization. The
microscopic spot size, along with the relatively low affinity for
water, allows the nonablative wavelengths to have deep pene-
tration. The depth of penetration depends on the device, wave-
length, and energy used. On average, a classic, nonablative
fractional laser of 1,540 or 1,550 nm can deliver tissue coagula-
tion to a dermal depth of up to 700 um to 1 mm,913.14 although
proprietary data from one company claims to reach a depth of
1,400 um (Fraxel Dual 1,550/1,927 nm). The ability to reach
deep into the dermis and cause tissue remodeling while main-
taining a very attractive side-effect profile is revolutionary for
the field of laser medicine. Whereas a depth of 1 mm may not
be needed in many clinical situations, deep penetration is desir-
able in some instances. Dermal conditions, such as deep wrin-
kling and scarring, respond best to treatment in the deep
dermis, whereas superficial conditions, such as pigmentation,
may not require such energy.
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Recently, nonablative lasers that deliver light at wavelengths
of 1,410 and 1,440 nm with relatively low densities have been
introduced. These were designed for a “no downtime” proce-
dure that can gradually improve skin texture and pigmentation
with repeated treatments. Depth of penetration is up to
390 um, reaching the dermis, although still relatively superficial
when compared to the 1,540- and 1,550-nm instruments. One
group presented findings with the 1,440-nm system on pore
size and skin texture at the April 2012 American Society for
Lasers in Medicine and Surgery meeting.!> A group of 20
patients (Fitzpatrick I-VI) received 6 full-face treatments
spaced 2 weeks apart using the company-recommended 8
passes at different preset levels. Using the VISIA-CR Imaging
System (Canfield, Fairfield, New Jersey), a pore score was quan-
titatively evaluated, and a significant reduction was observed.
On average, it was a 17% reduction in size. Patients can expect
up to only a few hours of erythema. Treatments should be
repeated for optimal results.

11.5 Histology of Nonablative
Laser Treatment

Histological results of treatment with a nonablative fractional
laser have been well studied. We briefly review findings here.
Directly after treatment with nonablative FP, four characteristic
features are seen: (1) a columnlike denaturation of the epider-
mis and dermis that represents the MTZ, (2) an intact stratum
corneum, with (3) subepidermal clefting, and (4) adjacent vital,
unharmed tissue. This viable tissue serves as a reservoir for
healing of the treated sites. Within the first 24 hours, keratino-
cytes from the surrounding untreated skin migrate to replace
the coagulated areas of epidermis. By the end of 24 hours, the
epidermis is already fully re-epithelialized and the continuity of
the epidermal basal cell layer is restored.’16 A button-shaped
structure that is located below the intact stratum corneum over
each MTZ and has been shown to contain necrotic tissue
becomes evident as early as 1 day after FP. It therefore has been
named microscopic epidermal necrotic debris (MENDSs). This is
a collection of coagulated dermal structures that are shuttled
out of the skin. Melanin, elastic tissue, and other dermal con-
tents can be found within this structure. These MENDs eventu-
ally get eliminated transepidermally through the stratum
corneum. This process has been called the MEND-shuttle
because it literally “shuttles” dermal content out of the skin.
These MENDs are represented clinically by the bronzing of the
skin that takes place from days 3 to 7 posttreatment. By day 7
most of these MENDS are completely shed and the skin returns
to normal color. Introduction of thermal damage and coagula-
tion of epidermis and dermis triggers the histological cascade
of the wound healing process. Heat shock protein 70 is induced
and collagen production is stimulated. Collagen remodeling in
the dermis continues for 3 to 6 months in each MTZ site.!0

11.6 Clinical Indications and Pearls

The original nonablative fractional device, as noted earlier,
received FDA clearance in 2003 for the coagulation of soft tis-
sue.l0 After further studies in 2004, this 1,550-nm fractional
device obtained further approval for the treatment of
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pigmented lesions on and off the face and for periorbital wrin-
kles. Currently, the nonablative devices are also authorized for
the treatment of melasma, acne scars, surgical scars, and actinic
keratoses.

11.7 Clinical Data on Use of
Nonablative Fractional Resurfacing
for Photoaging

Changes associated with photoaging—including solar lentigines,
actinic keratoses, dyspigmentation, poor skin texture, pore
enlargement, and fine and moderate rhytids—respond well to
nonablative FP. Procedures can be spaced 1 or more weeks
apart and typically require several sessions. Unlike ablative
laser resurfacing, which is safest used on the thicker skin of the
face due to complications such as scarring and hyperpigmenta-
tion, nonablative fractional laser resurfacing can be used both
on and off the face, including on the chest, back, neck, and
extremities.1718.19.20.2122.23 [ gne study of 50 women with pho-
todamage to the face, neck, and chest, 73% of women with facial
photodamage and 55% of women with nonfacial photodamage
experienced at least 51 to 75% clinical improvement in dyspig-
mentation, skin irregularities, and rhytids at 9 months as
assessed by masked investigators. Three treatments spaced 3 to
4 weeks apart were given using a 1,550-nm erbium-doped fiber
laser (Fraxel, Solta Medical, San Francisco, California). Facial skin
was treated with a fluence of 8 mJ/cm? and density of 250 MTZ/
cm? to a total of 2,000 MTZ/cm2. Nonfacial skin was treated
with the same fluence and similar total density.23 Other investi-
gators have found similar results with significant improvements
in skin texture and rhytids of the face02224; perioral rhytids??;
actinic keratoses?!; and skin texture and rhytids of the hands,20
back, and extremities.22 Energies and densities vary depending
on the device manufacturer and the wavelength employed.

11.8 Clinical Data for Acne and
Surgical Scarring

Extensive data also support the utility of nonablative FP in
treating acne, surgical, and burn scars. Improvement in acne
scar appearance and objective scar volume assessed by topo-
graphic imaging, ranging from 22 to 66%, was noted in one
study.?2 Several other studies have reported success in the sub-
group of atrophic acne scars, achieving up to 95% improvement
in 90% of patients after serial monthly treatments.2>26 Unlike
conventional ablative therapies, nonablative fractional lasers
can be used to treat patients of higher Fitzpatrick skin types,
who usually have a greater risk of postinflammatory hyperpig-
mentation (PIH). Although the threat of PIH still remains, reduc-
ing the number of passes and total treatment density were
found to decrease the risk of PIH significantly in one study of 47
Asian patients treated for acne scarring.?’ Other investigators
have reported successful use of this technology with darker
phototypes.1222.2829

Hypertrophic surgical scars—which practitioners have
attempted to treat by multiple modalities including intralesion-
al steroid or 5-fluorouracil injections, massage, topical silicone,
surgical excision, or pulsed dye and Nd:YAG lasers—have also
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been successfully treated with nonablative fractional lasers. Lin
et al performed nonablative fractional laser resurfacing for 20
patients with surgical hypertrophic scars in a randomized con-
trolled trial. The linear scars were split into a treatment side
and a control side and subjects were also randomized into a
low-density treatment arm, with 14% coverage, and a high-den-
sity treatment arm, with 26% coverage. Therapy was performed
four times with treatments separated every 2 weeks. Of the 20
patients, 17 noted subjective improvement on the treated por-
tion of their scars. Blinded observers rated scar appearance
including pigmentation, erythema, and texture, all of which
were improved compared to the untreated side.2® Successful
outcomes in other studies of postsurgical scar treatment have
been reported.3132 Beneficial results have been documented in
hypopigmented surgical and poststeroid injection scars as
well.33 In one small study, 7 patients with long-standing hypo-
pigmented scars were treated with a 1,550-nm nonablative
fractional device up to four times, and all experienced signifi-
cant subjective and objective improvement.3* In other research
of 14 patients, 85% of the individuals experienced greater than
50% improvement in hypopigmented scars with the use of two
or more 1,550-nm nonablative fractional resurfacing (NAFR)
treatments with adjunctive topical bimatoprost and tretinoin or
pimecrolimus.3> Pham et al also found that postsurgical scars
treated with four sessions of NAFR utilizing a 1,550-nm laser
resulted in subjective improvement in 13 patients’ ratings of
color, stiffness, thickness, and irregularity as well.36

Burn scars, which also have been difficult to treat historically,
were shown in one randomized controlled study to respond
with improved skin texture after treatment with a nonablative
fractional laser. Three monthly treatments were performed
with a 1,540-nm instrument and blinded evaluations were
performed 1 and 3 months after the final procedure. Of the
total number of patients, 47% reported moderate or significant
improvement, and another 47% reported mild improvement.3?

11.9 Striae

Striae distensae, which may be found in all genders and races,
may present with atrophic or depressed violaceous or white lin-
ear plaques. Erythematous striae have traditionally been treated
with the pulsed dye laser with good results. However, striae
alba, or hypopigmented lesions, had been difficult to treat until
the nonablative fractional laser mechanisms were developed. A
study by Stotland et al38 assessed 20 patients with striae disten-
sae treated with nonablative fractional laser, and found 26 to
50% improvement overall in 63% of patients. Of the 20 individu-
als, 50% had an improvement in texture of up to 50%. Improve-
ment of striae distensae has also been reported by others.2239
Several procedures are needed to obtain the maximum benefit.
A new deep-penetrating, pronged handpiece for the 1,540-nm
tool has been helpful in our practice for the treatment of striae.

11.10 Clinical Data on Periorbital
Resurfacing or Tightening

Periorbital tightening of lateral rhytids was first assessed by
Manstein et al in 2004 on 30 patients with Fitzpatrick skin
types II through III. Four treatments were given 4 to 7 days
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apart. At 1 month, 54% of test subjects demonstrated moderate
to significant improvement in the appearance of wrinkles, 30%
showed noticeable improvement, and 53% displayed moderate
improvement in skin texture. These results were somewhat
attenuated at 3 months postprocedure, with 34% of subjects
exhibiting moderate improvement in wrinkles and 47% with
moderate improvement in skin texture.l® Other investigators
have found improvement in periorbital skin laxity and rhytids,
with one study showing greater than 50% eyelid tightening in
55% of test subjects and widening of the palpebral aperture in
56% of patients.30 In another study, 55% of patients displayed
moderate to excellent improvement after three serial treat-
ments.*? Because eyelid skin is very thin, high energies are not
required to achieve effective skin tightening in this area, even
with a nonablative device. A series of treatments is recom-
mended for optimal results.

11.11 Clinical Data on Melasma

Melasma predominantly affects women, but is also seen in a
minority of men. It can be very difficult to treat. Due to a high
incidence of PIH, only modest success has been achieved with
conventional ablative lasers. Tannous and Astner published the
first case report using a nonablative fractional laser to treat a
patient with melasma. Two treatments 3 weeks apart resulted
in significant resolution of the subject’s melasma, with only
mild erythema for 2 days and mild bronzing lasting 3 days. Res-
olution of the melasma was maintained 6 months after the last
procedure.*! One group followed eight patients treated for mel-
asma who had failed multiple prior treatments. Patients were
pretreated and posttreated with a bleaching agent to reduce
the risk of PIH, then given two to seven treatments separated
by 4 to 7 weeks. Long-term follow-up to 3 years found that five
of the eight patients had no or minimal recurrence of melasma,
whereas three experienced some recurrence.4? Others have
reported successful use of nonablative fractional laser proce-
dure in Asian patients with melasma with careful pretreatment
and posttreatment adjunctive use of sunblock and bleaching
agents for several months.2728 As exhibited in the above-refer-
enced publications, treatment of melasma with any heat-based
device can be problematic. Although some patients improve,
others do not; in still others, the disease can worsen. Care must
be taken to pretreat and posttreat these patients with hydro-
quinone, sun protection, and in many cases topical steroids for
prolonged erythema. Patients with melasma should be treated
as one would treat Fitzpatrick darker skin types, including the
use of cooling and low-density treatments to avoid complica-
tions. Patients should be counseled on the possible risks of pro-
cedures. Fractional nonablative resurfacing for melasma is not a
first-line treatment; however, it may be useful for those cases
resistant to other procedure modalities or in those with dermal
melasma for which there is no other effective strategy. Extreme
caution should be used when treating melasma patients with
any heat-based device, and the possible risks should be clearly
explained to patients.

11.12 Miscellaneous Conditions

NAFR has been reported in a small number of cases to benefit
several other conditions, including nevus of Ota, poikiloderma
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of Civatte, minocycline-induced hyperpigmentation, and others.
Kouba et al reported one case of an Asian man with a nevus of
Ota treated twice with a 1,440-nm fractionated Nd:YAG laser.
The treatments were spaced 1 month apart, and by 6 weeks
after the second treatment the lesion was completely
resolved.*3 Behroozan and colleagues reported a case of poikilo-
derma of Civatte of the neck treated with the 1,550-nm Fraxel
laser. After a single treatment complicated by only mild post-
operative edema for 24 hours, improvement in the telangiec-
tatic component of the lesion was noted within 2 weeks with
persistence of the results at a 2-month follow-up visit.4 Izikson
and Anderson reported one case of a patient with minocycline-
induced facial hyperpigmentation treated with serial Fraxel
resurfacing. Four treatments spaced several months apart were
given, with reported near-complete resolution of the pig-
ment.*> Karsai and colleagues reported one case of a patient
with granuloma annulare of the arm treated with a 1,440-nm
nonablative fractional Nd:YAG laser. Two treatments given 3
weeks apart resulted in significant improvement in the hyper-
pigmentation of the treated lesions within 10 days after the
second treatment, complicated only by edema of the treated
areas lasting 6 hours and erythema lasting up to 4 weeks. The
patient subsequently underwent three total procedures for
multiple lesions of the trunk and arms with complete clearance
reported within 8 months.*¢ One case of glabellar wrinkling
with poor skin texture and scarring after prior excision and
ablative laser treatment of a congenital hemangioma was
reported to have excellent results after two procedures with a
1,440-nm erbium-doped fiber laser (Fraxel, Solta Medical, San
Francisco, California).4” Glaich and colleagues reported one case
of a patient with matted telangiectasias of the thigh treated
with a 1,550-nm nonablative fractional device. The patient was
treated five times in a monthly fashion, and was reported to
have significant improvement in the lesions 6 months after the
final process.*® A single case of a patient with facial colloid mil-
ium was also reported by Marra and colleagues to resolve suc-
cessfully after five treatments using a 1,550-nm fractional
photothermolysis device, with treatments separated by 2 to 3
weeks. Long-term follow-up in this case was not reported.*?
Although no complications such as hyperpigmentation, hypo-
pigmentation, or scarring were noted in any of these cases,
more data regarding use of NAFR for these and other conditions
would be helpful in determining the effectiveness of treatment.
Given the small number of cases treated, caution should be
exercised in utilizing nonablative fractional lasers for any of
these conditions.

11.13 Side Effects and
Complications

FP is well tolerated with few serious side effects. In contrast to
the complete loss of the epidermis that is seen in traditional
ablative laser resurfacing, in NAFR the stratum corneum
remains intact. Despite the preserved function of the epidermis,
side effects and complications can still occur. In the immediate
postoperative period, patients may report erythema, edema,
flaking, xerosis, pruritus, bronzing, and acneiform eruptions.>®
51 Rarer side effects include hyperpigmentation and hypopig-
mentation, herpes simplex viral reactivation, and bacterial
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infection. In a retrospective evaluation of 961 treatments for
patients with Fitzpatrick skin types ranging from I through V,
an overall complication rate of 7.6% was seen. Of these compli-
cations, 1.9% were acneiform and 1.8% were herpes simplex
viral outbreaks. None of the complications resulted in long-
term sequelae or scarring.®! In other studies, short-term com-
plications such as erythema and edema of the treated areas
were noted to last an average of 2 to 3 days, and bronzing lasted
5 days.3? Another study that utilized physician-administered
questionnaires to 60 patients during follow-up visits after FP
found that all patients reported transient posttreatment eryth-
ema, with more than 50% of the subjects experiencing transient
facial edema, dry skin, and flaking. Of the 60 patients, 47%
reported small superficial scratches, 37% had pruritus, and 27%
had bronzing, all of which resolved. Only 10% of patients
reported acneiform eruptions, and there were no patients with
scarring, hyperpigmentation or hypopigmentation, infection, or
herpetic outbreaks.3” Of special note, treatment of higher skin
types carries a risk of PIH. As previously mentioned, this threat
may be mitigated by reducing the number of passes performed
and hence the treatment density.’® Furthermore, modifying
treatments by decreasing the fluence as well as reducing the
density has been shown to be well tolerated and efficacious in
such patients.2!

11.14 Conclusion

In summary, nonablative treatments refer to those devices
emitting energy that is mildly or moderately absorbed by water.
This results in heating of the dermis while maintaining the
integrity of the epidermis. This category can include laser and
light devices and also radiofrequency and ultrasound technol-
ogy that result in thermal injury without vaporization of tissue.
However, in clinical practice, most nonablative devices in use
are nonablative fractional lasers. FP is a relatively new idea that
has revolutionized treatment options for skin resurfacing. Since
Manstein and colleagues’ pivotal 2004 paper, centers around
the world have found nonablative fractional lasers to be of great
utility in the current armament of laser technology. These devi-
ces have FDA clearance for soft tissue coagulation, treatment of
pigmented facial and nonfacial lesions, periorbital rhytids, mel-
asma, acne scars, surgical scars, and actinic keratoses; and they
have been found to be useful in the improvement of striae dis-
tensae, burn scars, and multiple other lesions. Furthermore,
treatment across all skin types has been found to be feasible,
without undue elevation of the risk of PIH in higher skin types.
Although results may not be as rapid or dramatic as those seen
with conventional ablative lasers or even ablative fractional
lasers, nonablative FP offers expanded options for treatment of
a wide variety of conditions with minimal downtime and an
excellent side-effect profile.
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Marcelo Hochman

12.1 Introduction

There are numerous vascular lesions that affect the skin and
mucosa of the head and neck and they constitute some of the
most common indications for the use of lasers. This chapter
uses the accepted nomenclature to describe vascular anomalies
as detailed by the International Society for the Study of Vascular
Anomalies.! The discussion is limited to the most common of
these anomalies and other frequently encountered facial vascu-
lar conditions for which laser therapy is appropriate.

The concept of selective photothermolysis by laser energy is
detailed throughout this book and applies to treatment of vas-
cular lesions as well. The target chromophore in the vascular le-
sion is oxyhemoglobin, with absorption peaks at 18, 542, and
577 nm. The thermal relaxation time is the cooling time of oxy-
hemoglobin and is proportional to the vessel diameter squared.
By keeping the pulse duration equal to or less than the thermal
relaxation time, thermal injury to the surrounding tissues is
minimized. Devices with adjustable pulse durations allow for
treatment of vessels of different sizes. Melanin has a broad
absorption spectrum (250-1,200 nm) that unfortunately over-
laps the peaks of oxyhemoglobin. This makes it difficult to treat
vascular lesions in dark-skinned or tan individuals and needs to
be taken into account in the parameters used. In addition, in
order to see continued improvement in some anomalies, it is
often necessary to employ high energy levels that exceed the
calculation of the thermal relaxation time for blood vessels. In
order to address this problem and the problem of heat accumu-
lation by the energy absorption of melanin, cooling mecha-
nisms have been added to the laser devices. By simultaneously
cooling the skin before, during, and after the laser pulse, the
unwanted heat accumulation is minimized and, additionally,
patient comfort is increased. Laser spot size is another determi-
nant of laser depth penetration. Larger spot sizes allow for
greater penetration of larger fluences (energy per unit area, J/
cm?). Thus devices with adjustable spot sizes allow for treat-
ment of vessels at different depths. The dynamic cooling devices
increase the safety of using larger spot sizes.

The introduction of the pulsed dye laser (PDL) in 1989 revolu-
tionized the treatment of vascular lesions and anomalies and
has since been the gold standard. The first-generation PDL
emitted laser light at 577 nm, coinciding with the last peak of
oxyhemoglobin. Currently available PDLs emit a wavelength of
585 or 595 nm with longer pulse durations. The longer wave-
lengths and pulse durations allow for greater depth penetration
but require higher fluences to compensate for lower absorption
beyond 585 nm. Again, the dynamic cooling devices allow for
safe-guarding the epidermis under these conditions. Despite
being a major advancement, the PDL is still limited in the size
of vessels it can coagulate and the depth of penetration of the
beam. The therapeutically effective depth of penetration is esti-
mated to be 0.07 mm from the epidermal-dermal junction with
poor coagulation beyond 1.16 mm. The vessel size and depth of
vessels may be an explanation for the resistance of port-wine
stains (PWS, capillary malformations) to treatment and/or
incomplete clearance despite multiple PDL procedures. The
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same can be said for decreased effectiveness in treating prolif-
erating superficial infantile hemangiomas or the superficial
component of compound hemangiomas greater than 3 mm in
thickness. Thus it is common for several devices to be used dur-
ing an extended treatment protocol to address the heterogene-
ity in vessel size and depth within the vascular lesion. Therapy
is first initiated with shorter wavelengths and pulses to target
the typical small-diameter (30-50 um) vessels. Thereafter, lon-
ger wavelengths and pulses can be used to target the larger and
deeper blood vessels. Laser systems with longer wavelengths
currently used for treatment of vascular lesions are the neody-
mium:yttrium aluminum garnet (Nd:YAG) (1,064nm) and
long-pulsed alexandrite (755 nm). Although not a longer wave-
length, the frequency-doubled, potassium titanyl phosphate
(KTP) (532 nm) can also be used.

The Nd:YAG, a continuous wave infrared laser (1,064 nm), is
not ideal for treating cutaneous vascular lesions due to deep
penetration (4-6mm) and preferential damage to arteries
rather than veins. Thermal injury of these deeper vessels may
lead to dermal necrosis with increased risk of scarring. This
higher risk is thought to be due to partial conversion of oxyhe-
moglobin to methemoglobin causing a very steep fluence-re-
sponse curve leading to rapid skin temperature and purpuric
changes. The Nd:YAG laser induces shrinkage of vascular lesions
by nonspecific thermal damage so it is used primarily for deep-
er (not cutaneous) lesions such as venous malformations. Deliv-
ery of the wavelength transmucosally or interstitially through a
bare quartz fiber via a puncture, however, are useful
techniques.

The long-pulsed alexandrite has selective absorption of deox-
yhemoglobin and 50 to 75% deeper tissue penetration than
PDL. The 755-nm wavelength may be used alone or in combina-
tion with PDL for improved efficacy of treatment-resistant PWS
or hypertrophic lesions without an increase in complications.
Permanent hair reduction is a potential side effect of which
patients must be warned.

The 532-nm KTP laser emits green light near the 542-nm
hemoglobin absorption peak but is absorbed by melanin more
than the PDL, which may lead to higher rates of scarring and
dyspigmentation. However, at low fluences and longer pulses of
10 to 50 ms, superficial facial vessels respond very well with lit-
tle morbidity.

12.2 Treatment of Specific
Vascular Lesions

12.2.1 Infantile Hemangiomas

Infantile hemangiomas (IHs) are the most common benign
tumors of infancy. They have a peculiar, extensively reviewed?3
natural history characterized by rapid postnatal proliferation of
the tumor followed by variable involution. [Hs are classified by
degree of involvement of the dermis, with superficial IHs
involving the upper layers, deep IHs the lower dermis, and com-
pound IHs (> Fig. 12.1) having both a superficial and deep
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component. Multimodality therapy is the norm and involves
combinations of observation, laser treatment, medical therapy,
and/or surgery. The role of laser therapy can be to effect total
resolution of the macular proliferative lesion, retard the prolif-
eration, and/or treat the superficial residuum of involution. Giv-
en the excellent safety profile and selectivity of its wavelength,
the PDL is the treatment of choice for the superficial component
of proliferating and involuting IHs in these children. As dis-
cussed, depth of penetration of the 585-nm wavelength is lim-
ited; therefore, it is most effective in treating the superficial
component that is<3mm in thickness. It has been shown to
achieve >95% reduction in proliferating thin lesions after four
treatments (7 mm spot size, 1.5-3 ms pulse duration, and up to
10 J/cm?) spaced 1 month apart versus 85% reduction in color
with little change in thickness with the same parameters in
those >3 mm in thickness. So, the PDL has more of a chance of
penetrating the entirety of the lesion leading to photocoagula-
tion, cell death, and clearance—the thinner the superficial com-
ponent. Treatment of thicker lesions leads to reduction in the
color but not necessarily in the volume. The PDL, or any intersti-
tial delivery of laser energy, has no proven role in the treatment
of the deep component of focal, deep, or compound IHs.*

Approximately 10% of proliferating IHs ulcerate, most com-
monly involving segmental [Hs of the perineal area and focal
lesions of the lip. The open wounds are painful and, in the dia-
per area, compounded by soiling and constant need for clean-
ing. Treatment of ulcerated IHs (> Fig. 12.2) involves local
wound care, pain management, and laser therapy. The PDL is
extremely effective in healing the ulcers in as few as one to two
treatments spaced 7 to 10 days apart. A 7 or 10 mm spot size is
used with a short pulse duration (1.5 ms-3 ms) and high flu-
ence (10 J/cm?2).> Propranolol, a beta-antagonist, has become
the first line of medical therapy for IH and is useful in treatment
of complicated IHs. The mechanism of action is thought to be by
inhibition of vasodilation thus causing vasoconstriction of the
IH capillaries, reduction in angiogenesis by downregulation of
vascular endothelial factor A, and induction of apoptosis. It is
useful in both the proliferative and involution phases of the IH
natural course.®

Segmental facial IHs (> Fig. 12.3) treated concurrently with
propranolol and the PDL show more rapid and complete
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Fig.12.1 Compound proliferating infantile he-
mangioma (IH) (a) before, (b) during, and (c)
after treatment of the superficial component
| with the pulsed dye laser (PDL).

Fig. 12.2 Ulcerated proliferating infantile hemangioma (IH) (a) before
and (b) after two treatments with the pulsed dye laser (PDL). Once the
ulceration is healed, the stage is set for more definitive multimodality
procedures to achieve a final result.

clearance than those treated with either alone.” This approach
is more desirable than the use of longer wavelength lasers with
deeper penetration due to the risk of epidermal scarring in
these young children.

During involution or after it is complete, the PDL is still the
laser of choice to reduce the color of the superficial component
or treat residual telangiectasias. For the latter, the KTP is also
effective. The PDL can also be used to treat residual erythema of
scars resulting from surgical approaches used in the manage-
ment of [H. Very conservative laser resurfacing with the carbon
dioxide laser can be used for scar camouflage as well.

12.2.2 Malformations

Malformations, in distinction to IH, are always present at birth,
grow commensurate with the patient, and never regress. They
are a result of congenital errors in vasculogenesis and are classi-
fied by the vessels involved (venous, capillaries, arterial, lym-
phatic, etc.). These lesions have been extensively reviewed
elsewhere as well.3
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PWS (> Fig. 12.4) are a type of vascular malformation, specifi-
cally a capillary malformation composed of ectatic vessels in
the papillary dermis. Over time, these vessels expand leading to
hypertrophy of the involved tissues, nodules, and disfigure-
ment. Avoiding these changes is the impetus for early treat-
ment. PWS most commonly involve the face along the
cutaneous distributions of the trigeminal nerve but can be
found anywhere on the body. The presence of a PWS in the oph-
thalmic dermatome merits special attention because 25% of
affected children will have an associated ipsilateral vascular
malformation of the leptomeninges. This association is known
as Sturge-Weber syndrome.

The mainstay of treatment of capillary malformations is laser
photocoagulation with the PDL. There is universal improvement
in the PWS with laser treatments but only about 20% total clea-
rance. Early treatment leads to better results because the skin
of infants is more translucent, the vessels are smaller, and the
PWS occupies a smaller surface area.®'9 The heterogeneity of
the vasculature is compounded by variations in optical charac-
teristics of the skin of various parts of the face and among
patients, making it difficult to define ideal parameters to
achieve maximal clearance. Central face PWS respond less well
than those of the lateral face and neck. PWS involving the
extremities and lower body respond less well than those of the
upper chest. When therapy is first initiated, smaller vessels are
targeted w