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Preface

It is a pleasure to introduce a new specialist surgery series textbook entitled Plastic and
Reconstructive Surgery. When I was approached to edit this book, I realized that it would
be a tremendous task and asked Dr. Marita Eisenmann-Klein, from Regensburg, Germany,
to serve as coeditor. The reason for inviting Dr. Eisenmann-Klein was her important role
as Deputy General Secretary of the International Confederation of Plastic, Reconstructive,
and Aesthetic Surgery and the intention, to have an international approach and divide
the book into chapters where the best experts from different continents and countries
would present their contributions.

The 52 chapters in this book are divided into eight subcategories of topics and are
outlined in the following order:

Part I - General Principles presents physiology and wound healing, immunology of
tissue transplantation, anesthesia, and critical care.

Part IT - General Surgical Techniques presents principles of wound repair, grafts, local
and regional flaps, microsurgical techniques, minimally invasive techniques of plastic
surgery, liposuction techniques, biomaterials in craniofacial surgery, and tissue
engineering.

Part III - Skin and Adnexa presents skin anatomy and physiology, congenital malfor-
mations, burns and trauma, benign and malignant skin tumors, and aesthetic skin
treatments.

Part IV - Head and Neck presents head and neck embryology and anatomy, craniofa-
cial clefts and syndromes, benign and malignant tumors of the head and neck, craniofa-
cial trauma and reconstruction, eyelid and periorbital aesthetic surgery, nasal
reconstruction and aesthetic rhinoplasty, lip and cheek reconstruction, auricular recon-
struction for microtia, aesthetic surgery of the aging face and neck, treatment of head-
aches with plastic surgery, and facial reanimation.

Part V - Breast presents congenital malformations of the breast, breast reduction and
mastopexy, postmastectomy breast reconstruction, augmentation mammoplasty, and
gynecomastia.

Part VI - Hand and Upper Extremity presents hand anatomy and examination, con-
genital deformities and reconstruction, hand trauma, dislocations and fractures, infec-
tions, peripheral nerve injuries, tendon repair and reconstruction, benign and malignant
hand tumors, ischemic and vasospastic conditions, acquired diseases of the hand, toe-to-
hand transfers, and brachial plexus injuries and repair.
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Part VII - Trunk and Lower Extremity presents trunk reconstruction, lower extremity
reconstruction following trauma and tumors, abdominoplasty, lymphedema of the
extremities, postbariatric reconstruction, and reconstructive and aesthetic surgery of the
genitalia.

Part VIII - Future Directions in Research presents anesthesia and pathophysiology of
microcirculation, experimental composite tissue transplantation models, and clinical
experience with hand transplantation.

The diverse group of 85 authors from three continents and 13 countries, including
Austria, Belgium, Canada, France, Germany, Great Britain, Ireland, Italy, Poland,
Switzerland, Taiwan, Turkey, and the US have presented, in this book, their most updated
practical expertise and personal techniques, and I am confident that this book will be
more comprehensive than the plastic surgery texts currently available.

Most importantly, the idea when designing this book, was to allow the established
authors of the chapters to present their own techniques and innovations; consequently, it
is not simply an update of existing plastic surgery texts., In fact, it is quite unique, in the
sense that many of the techniques and approaches presented, have been described for the
first time.

The process of editing this book was relatively smooth and, as expected, with many
contributors and chapters, constant communication and diligence were required in
responding to editorial queries. I would like to take this opportunity to thank my coedi-
tor, Dr. Marita Eisenmann-Klein, and all the 85 contributors for their excellent collabora-
tion and timely responses.

I would like to emphasize, once again, that the international and intercontinental con-
tributions to this book should make it a unique plastic surgery text for the reader, and an
important and invaluable addition to every plastic surgeon’s library.

Maria Siemionow
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Physiology and Wound Healing

Raymund E. Horch, Oliver Bleiziffer, and Ulrich Kneser

Summary

Wound Healing is a complex and tightly regu-
lated process involving different cell types and
a large number of growth factors and cytokines
which have their specific roles in the wound
healing phases which are referred to as inflam-
mation, proliferation and regeneration. Dysre-
gulation of the physiologic wound healing
process may lead to disturbed wound healing
such as scar formation or delayed healing.
The aim of current wound therapy is to opti-
mize conditions for the healing process and
provide custom-tailored individual treatment
for different wound healing problems by the
use of adjunct therapies as well as innovative
therapeutic strategies.

Abbreviations

bFGF Basic fibroblast growth factor

GM-CSF  Granulocyte monocyte colony stimu-
lating factor
IFNy Interferon-gamma

IL Interleukin

MMP Matrix metalloproteinase
PDGF Platelet-derived growth factor
PF Platelet factor

TGF  Transforming growth factor

TNF Tumor necrosis factor
tPA Tissue-type plasminogen activator

uPA Urokinase-type plasminogen activator
VEGF Vascular endothelial growth factor
Introduction

All surgical specialties rely on a detailed knowl-
edge of the mechanisms of wound healing and
frequently encounter the challenge of the treat-
ment of chronic wounds. The healing of a wound
requires a sequence of processes to occur in a
characteristic manner, with distinct roles for a
large number of different types of cells, growth
factors, cytokines, and other agents. Although
countless experimental as well as clinical studies
have identified the key players and their role in
wound repair, clinicians still face conditions in
which the regular healing process is disturbed.
Alterations of physiologic wound healing can
occur in certain circumstances where dysregula-
tion of the cellular processes can lead to exces-
sive scarring, resulting in hypertrophic scars and
keloids. On other occasions, abnormalities in
wound repair result in deficient wound healing,
as can be seen in chronic, nonhealing wounds.
The aim of this review is to summarize the
current understanding of the wound healing
process, mainly focusing on skin wound healing.
Furthermore, current wound therapy is briefly
reviewed.

M.Z. Siemionow and M. Eisenmann-Klein (eds.), Plastic and Reconstructive Surgery, 3
Springer Specialist Surgery Series, © Springer-Verlag London Limited 2010
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Phases of Wound Healing

Wound healing occurs in three distinct but over-
lapping phases, which are referred to as inflamma-

tion, proliferation, and regeneration’ (Figure 1.1)).

Hemostasis and Inflammation
(Immediately After Wounding Through
Days 4-6)

Upon wounding, blood vessels are injured,
resulting in activation of the endothelium and
adjacent platelets followed by vasoconstriction
and activation of the coagulation cascade, respec-
tively. A fibrin clot is formed, which consists of
fibronectin, thrombin, platelets, and collagen.
The importance of the clot is twofold. First, it is a
rich source of cytokines and growth factors,
which are released as activated platelets degran-
ulate.’* Second, it serves as a scaffold for
invading cells, such as neutrophils, monocytes,
macrophages, and endothelial cells, which are
chemotactically attracted via cellular signaling
immediately after clot formation.'

Chemotaxis and Activation

The influx of neutrophils is enabled through
vasodilation, which in turn is caused by prosta-
glandins activated through inflammatory medi-
ators released through platelet degranulation
and products of proteolysis of fibrin and other
matrix components. Interleukin (IL)-1, tumor
necrosis factor alpha (TNF-o), transforming
growth factor (TGF-B), platelet factor-4 (PF4),
and bacterial degradation products all attract
neutrophils into the wound. Infiltration with
neutrophils occurs within 24 to 48 h after injury.

4
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They do not appear to contribute to the normal
healing process other than preventing infection
and debriding the wound. Depletion of neutro-
phils does not result in significant alteration of
the healing process. Subsequently, monocytes
are attracted into the wounded area, where they
transform into macrophages. The recruitment of
macrophages and their activation are essential
for effective wound healing; failure to recruit
them will result in severely impaired wound
healing. They represent the predominant cell
type within the wound between 48 and 72 h after
wounding. The tasks of macrophages include
phagocytosis of expendable neutrophils, patho-
genic organisms, cell and matrix debris;
mediation of angiogenesis and fibroplasia; and
synthesis of nitric oxide (NO). They also initiate
the transition to the proliferative phase.”

Epithelialization, Angiogenesis,
and Provisional Matrix Formation (Day 4
Through 14)

Once activated, macrophages release a multitude
of agents at the wound site, thereby initiating the
proliferative phase of wound healing: Collag-
enases debride the wound; interleukins and TNF
stimulate fibroblasts, which initiate granulation,
tissue formation, and collagen deposition, TNF-o
and basic fibroblast growth factor (bFGF) pro-
mote angiogenesis; while TGF stimulates kerati-
nocytes, which in turn leads to epithelialization.
Macrophages also secrete IL-1 and keratinocyte
growth factor 2 (KGF-2), which stimulates fibro-
blasts to secrete KGF-2 and IL-6, which in turn
cause keratinocytes to proliferate and migrate.’
Keratinocytes are then able to express IL-6 and
NO themselves and thereby perpetuate the
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Figure 1.1.Time course and overlapping of the three distinct phases of wound healing. Time i indicated by days after wounding. Figure modified from:
Arco G, Horch RE. Chirurgie der Narben. Grundlagen, Prévention und Behandlungsmethoden. CHAZ.2009; 10:1 German.
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process. If the basement membrane has been
destroyed, epidermal regeneration occurs from
proliferating epithelial cells located on the skin
edge of the wound. In order to restore the integ-
rity of the epidermal layer, keratinocytes must
migrate over the wound margin and therefore cut
a path through the fibrin clot or along the inter-
face between the clot and the healthy dermis. For
this purpose, leading edge keratinocytes express
particularly high levels of tissue-type plasmino-
gen activator (tPA) or urokinase-type plasmino-
gen activator (uPA), both of which activate
plasmin, the chief fibrinolytic enzyme. Various
members of the matrix metalloproteinase (MMP)
family are also preferentially generated by lead-
ing edge keratinocytes as well as fibroblasts, mac-
rophages, and monocytes. In particular, MMPs-1,
-9, and -10 facilitate migration of the above cells
through the extracellular matrix.

The connective tissue in the wound is referred
to as granulation tissue because of the granular
appearance caused by the invading capillaries.
Angiogenesis, that is, the process of forming new
blood vessels, is ongoing throughout the previ-
ously mentioned phases of wound healing. bFGF
and vascular endothelial growth factor (VEGF)
are released at the wound site by endothelial
cells, macrophages, and  keratinocytes.
Endothelial cells also generate NO in response to
hypoxia, and this in turn stimulates more VEGF
production. NO causes vasodilation of the
endothelium and has a protective effect on newly
formed tissue with regard to ischemia and rep-
erfusion injury.

The formation of granulation tissue is the
final part of the proliferative phase. Platelet-
derived growth factor (PDGF) and EGF, which
are generated by fibroblasts and macrophages,
serve as the main signals for incoming fibro-
blasts to synthesize collagen. Fibroblasts them-
selves perpetuate the process with autocrine and
paracrine stimulation with PDGE.

Fibroblasts that are located directly at the site
of injury not only synthesize collagen for granu-
lation tissue formation but can also be stimu-
lated by macrophages (through TGF-B1 and
PDGF) to transform into a myofibroblast and
contribute to wound contraction. By about a
week after wounding, fibroblasts are the pre-
dominant cell type in the wound. At the same
time, the fibrin clot will have been remodeled
toward a collagen-rich matrix, and wound con-
traction will subsequently take place under the
influence of the myofibroblast.®
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Maturation and Remodeling

Maturation and remodeling of wound healing
begins at around a week after wounding and con-
tinues for over months for until a year after
wounding. It encompasses collagen deposition in
an organized manner toward a stable network.
Clinically, maturation and remodeling is a par-
ticularly relevant stage in wound healing, since
problems will occur through matrix deposition
deficits (reducing wound strength) as well as
through excessive matrix deposition (formation
of hypertrophic scars and keloids). The collagen
initially formed after wounding is thinner than
that in unwounded skin. The increased rate of
collagen deposition after wounding is the result
of both a net increase in collagen production per
fibroblast and an increase in the number of fibro-
blasts.” TGF-[ directs the construction of the col-
lagen matrix, with growth factor levels peaking in
the wound between day 7 and 14 after wounding.
Over time, the initial collagen is replaced by col-
lagen strands that are thicker and therefore more
stable. This can be verified by the increase in ten-
sile strength of the wound over time. Nevertheless,
the collagen in the resulting scar will never reach
the stability of the collagen present in intact skin.
Therefore, wound strength may reach up to only
about 80% of that in uninjured skin, compared
with 3% at 1 week and 30% at 3 weeks."

gives an overview of the several cell
types involved in the different phases of wound
healing as outlined here, the growth factors and
cytokines they secrete, and their actions. A sum-
mary of the growth factors involved and their
actions can be found in

Abnormal Wound Healing

A multitude of local as well as systemic factors
or conditions are associated with or will result in
abnormal wound healing. Abnormal wound
healing is often multifactorial.

Delayed Wound Healing

Numerous local and systemic factors can greatly
influence wound healing. Adequate blood sup-
ply to provide glucose and oxygen during the
healing process, which is characterized by
increased metabolism and protein synthesis, is
of paramount importance. Hypoxia results in a
delay of the healing process. Prolonged times of



R
0

PLASTIC AND RECONSTRUCTIVE SURGERY

Table 1.1. Growth factors, cytokines, and other mediators and their role in wound healing.

Growth factor Source cells

PDGF Platelets, macrophages, monocytes, fibroblasts,

smooth muscle cells, endothelial cells

Functions

Chemotaxis and activation of neutrophils and macrophages,
fibroblast proliferation, chemotaxis and collagen metabolism,
angiogenesis

VEGF Receptors found on endothelial cells only Expressed Does not act on macrophages, fibroblasts, and smooth

by most skin cells

muscle cells

EGF Platelets, macrophages Mitogenic for keratinocytes and fibroblasts, stimulation of
keratinocyte migration

TNF-o. Macrophages, mast cells, T lymphocytes Activation of macrophages and stimulation of angiogenesis,
mitogenic for fibroblasts

KGF Fibroblasts Stimulation of keratinocyte proliferation, migration, and
differentiation

TGF-o Macrophages, T lymphocytes, keratinocytes Mitogenic for keratinocytes and fibroblasts, stimulates
keratinocyte migration

TGF-B Platelets, T lymphocytes, macrophages, endothelial Chemotaxis of cells stimulating angiogenesis and fibroplasia

cells, keratinocytes

Interleukins Macrophages, mast cells, keratinocytes, lymphocytes  IL-1:Induction of fever and adrenocorticotrophic hormone

release, activation of granulocytes and endothelial cells,
stimulation of hematopoiesis, enhances TNF-cc and IFN-y
IL-2: activates macrophages, T cells, natural killer cells,and
lymphokine-activated killer cells, stimulates differentiation
of activated B cells, stimulates proliferation of activated B
and T cells, induces fever

IL-6:induces fever and enhances release of hepatic
acute-phase proteins

IL-8:enhances neutrophil adherence, chemotaxis, and
granule release

FGF Macrophages, mast cells, T lymphocytes, endothelial  Chemotaxis and mitogenesis for keratinocytes and

cells

Table 1.2. Commercially available growth factor products.

fibroblasts, stimulation of angiogenesis

Name Growth factor ~ Comments
Regranex (Ortho-McNeil PDGF-BB FDA-approved for diabetic foot ulcers but also appears to be efficient in treatment
Pharmaceutical) of other types of wounds, such as pressure ulcers, pyoderma gangrenosum, ulcers of

vasculitis, and acute surgical defects. First recombinant human growth factor to be
used in clinical practice.

Procuren (Curative Health Services) ~ PDGF The first product to be commercially available. Platelet collected from patient’s
blood. Therefore, other growth factors may be part of the preparation.
Leukine (Immunex Corp.) GM-CSF Primarily treatment for patients with AML and bone marrow rescue, but also tried

in some chronic wounds with promising results, injectable around ulcerated areas,
topically as aqueous solution.

Repifermin (Human Genom Sciences) ~ KGF-2 Treatment for cancer therapy-induced mucositis, venous ulcers, and skin grafts.
Shown to significantly increase healing and epithelialization over the wound bed.
Initial trial in venous ulcers with very promising results. Currently phase two clinical
development.

hypoxia will result in endothelial cell apoptosis
induced by TNF-0," while wound neutrophils
show decreased activity. Their function is also
impaired through low temperature, low pH, and
elevated glucose concentrations.! Fibroblasts

respond to hypoxia with a reduced formation of
the extracellular matrix, resulting in delayed
healing.

Edema leads to increased interstitial pressure
and thereby tissue ischemia. Clinically, tissue
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edema after ischemia-reperfusion injury in skel-
etal muscle can lead to the compartment syndrome.
Raised tissue pressure induces increased capil-
lary closure, leading to severe hypoxia, which in
turn results in cell death with necrosis of various
tissues."”

Local wound infection exerts an inhibitory effect
on wound healing, because bacteria prolong the
inflammatory phase and inhibit epithelialization,
contraction, and collagen deposition. Collagen
degradation is increased due to increased collage-
nase levels. Bacterial infection is precipitated by
foreign bodies. Moreover, they constitute a physical
obstacle within the wound, preventing wound
contraction and complete epithelialization.

Wound complications also occur when patients
have characteristics on a systemic level that pre-
dispose them to wound healing problems.
Conditions such as old age, smoking, obesity,
burns, steroid therapy, and diabetes have been
associated with delayed wound healing for a long
time. The impairment of healing in diabetic
patients is due to several etiologies.’ So-called
diabetic ulcers usually occur in diabetic patients
suffering from neuropathy, leading to impaired
sensibility and failure to release cutaneous pres-
sure. The concomitant vasculopathy leads to isch-
emia and reduced supply of oxygen and other
nutrients. The risk for infections is increased due
to impaired function and chemotaxis of granulo-
cytes. Diabetic ulcers are also characterized by
prolonged inflammation, impairment of neovas-
cularization, decreased collagens synthesis,
increased levels of metalloproteinases, and defec-
tive macrophage function.

Increased serum glucose has a major effect on
wound healing. Traditionally, diabetic complica-
tions were believed to be related mainly to micro-
vascular occlusive disease, but recent research
points to an additional direction.® Accumulation
of the toxic byproduct of glucose metabolism,
sorbitol, appears to account for vascular, renal,
and ocular complications associated with diabe-
tes. Dermal vascular permeability is increased
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and leads to pericapillary albumin deposition,
resulting in impaired diffusion of oxygen and
nutrients. The function of structural and enzy-
matic proteins is impaired due to hyperglycemia-
associated nonenzymatic glycosylation, the latter
increasing collagen’s resistance to enzymatic
degradation and rendering it less soluble.’
Experimental as well as clinical studies of dia-
betic wound healing show decreases in granula-
tion tissue formation and decreased collagen
levels in granulation tissue along with defects in
collagen maturation. Wound maturation is
delayed and the number of dermal fibroblasts
is decreased. The levels of several different growth
factors were shown to be reduced as well.®

Adjuncts to Wound Healing

Adjuncts to wound healing attempt to correct
some of the described obstacles to wound heal-
ing on several different levels. Some of the most
promising adjuncts are presented in the following
sections.

Bioengineered Skin

Skin replacement products such as bioengi-
neered skin can be differentiated based on their
composition and classified based on their struc-
ture as either epidermal, dermal, or composite
and as living or nonliving ([Table 1.3). Their pur-
pose is to supply the wound with ingredients
favorable to healing, such as growth factors,
cytokines, a collagen matrix, and - depending
on the product - cells.” Apligraft, for example, is
a composite consisting of neonatal fibroblasts,
keratinocytes on a collagen allograft. The cells
appear to act as a rich source of growth factors
and collagens, which stimulate epithelialization,
formation of granulation tissue, angiogenesis,
and chemotaxis while they themselves prolifer-
ate, thereby contributing to wound coverage in
an autocrine and paracrine fashion.?

Table 1.3.Bioengineered skin substitutes and their features.

Composition

Cultured keratinocyte autografts
Treated cadaver skin allograft
Bovine collagen/glycosaminoglycan/Silastic

Neonatal fibroblast/polyglactin mesh allograft
Neonatal fibroblast/keratinocyte collagen allografts

Structure/living  Trade name
Epidermal/yes Epicel
Dermal/no AlloDerm
Dermal/no Integra
Dermal/yes Dermagraft
Composite/yes Apligraf
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Growth Factors

Numerous experimental studies have demon-
strated the beneficial effects of recombinant
growth factors in different wound healing models
in the past. This has prompted clinical studies in
the course of which some of the initial hopes
were disappointed but, nevertheless, resulted in
clinical approval of several commercially available

growth factor products’® (Table 1.2).

Negative Pressure Therapy

Negative pressure therapy, also labeled vacuum-
assisted closure, uses a subatmospheric pressure
dressing and converts an open wound into a
controlled, closed wound. Negative pressure pro-
vides wound conditioning and promotes healing
through several different mechanisms. First, tis-
sue oxygenation is improved by reduction of
edema and interstitial fluid. Granulation tissue
formation was shown to be enhanced compared
with controls. Infected wounds benefit because
wound bacterial count is reduced by ongoing
negative pressure therapy (Figure 1.2). Inflam-
matory mediators that suppress the normal pro-
gression are removed more efficiently.> Hence,
the indications for use of vacuum-assisted clo-
sure devices is manifold and includes soft tissue
loss, exposed bone, hardware, or prostheses, and
as a skin graft bolster. Contraindications are few
and include malignancy present in the wound or

Figure 1.2. Negative pressure therapy can help to induce granulation
tissue and eliminate bacterial burdens from an infected wound like in
decubital ulcers, as shown here in a presacral ulcer after 1 week of con-
tinuous vacuum therapy.
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when the foam would be placed directly over
exposed arteries or veins. Caution should be
exerted when there is active bleeding in the
wound; hemostasis is difficult due to debride-
ment or anticoagulant therapy." Overall, the
vacuum dressing has been a valuable addition to
wound therapy, because it gives the patient and
the surgeon time to improve wound conditions
and thereby significantly improve the efficiency
of other therapeutic measures, including recon-
structive plastic defect coverage.

Keloids and Hypertrophic Scars

Hypertrophic scars are raised but limited to the
borders of the incision. Keloids, on the other
hand, are scars that have overgrown the bound-
aries of the incision. Both are fibroproliferative
disorders characterized by excess accumulation
of collagen within the wound.* Abnormalities
have been described in cell synthesis and migra-
tion, synthesis and secretion of extracellular
matrix proteins, and remodeling of the wound
matrix. Increased activity of fibrogenic cytokines
and an exaggerated response to these cytokines
have also been reported. Additionally, abnormal
epidermal-mesenchymal interaction and muta-
tion in regulatory genes have been proposed to
help explain abnormal healing in this context.

Keloids occur during periods of physical
growth in the majority of cases, with a peak
between age 10 to 30 years."” All races are affected
by keloids, but darkly pigmented skin is affected
15 times more often than light skin. The most
common causes appear to be unspecific trauma,
vaccinations, and tattoos, with the strongest
predisposing factor being earlobe piercing.

The etiology of keloid formation remains to
be identified; possible causes include abnormal
fibroblast activity, increased levels of certain
growth factors such as TGF-B1 and -2, decreased
apoptosis, increased levels of plasminogen acti-
vator inhibitor-1, abnormal immune reactions,
and hypoxia.

Hypertrophic scars usually occur within 4
weeks after injury and may regress with time.
Most keloids form within 1 year after wounding
but may begin to grow years after the initial
injury. A multitude of treatment options are
available, but none of them has been shown to
be completely effective. Keloids are particularly
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notorious for high recurrence rates. Surgical
excision or excision using a laser, steroid injec-
tions, radiation therapy, magnetic discs, cryosur-
gery, and application of silicone gel sheets have
all been used and shown to be beneficial to a
certain extent. However, no universally effective
treatment has emerged so far. Corticosteroid
injections using triamcinolone are commonly
regarded as an efficacious first-line therapy.
Silicone gel sheets are often a good recommen-
dation in children and those who do not tolerate
the pain associated with other therapies.’?

Future Wound Healing Therapies

Skin is an easily accessible tissue, and its most
superficial part, the epidermis, is characterized
by a high turnover rate. During wound healing, a
multitude of cytokines and growth factors
undergo short-term up- and downregulation.
All these facts render skin wound healing an
ideal setting for gene therapy approaches, which
are currently believed to be the most promising
tool to enhance wound healing in the future.
Short-term gene expression, which is often a
drawback of many gene therapy vectors in other
circumstances, is desirable when it comes to
wound healing. Induction of the gene into the
wound can be carried out either directly or indi-
rectly by keratinocytes or fibroblasts, which can
be harvested and cultured in vitro, followed by
transduction with a gene of interest, for example,
a gene encoding a growth factor, and finally
transplanted into the wound. Many different
protocols and vectors have been investigated,'
and the most common and promising are pre-
sented in the following section.

Viral Techniques

The most common viral vectors in gene therapy
for wound healing have been retroviruses, aden-
oviruses, and adeno-associated viruses.
Recombinant viral vectors are generally created
by deletion of certain parts of their genome,
thereby disabling viral replication, while at the
same time a gene of interest is inserted, most
commonly encoding for a growth factor. The
packaging capacity of the vector limits the size
of the gene that can be inserted and is dependent
on the type of virus. The gene of interest is usually
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cloned under the control of a particularly pow-
erful promoter such as the cytomegalovirus pro-
moter to optimize the expression of the desired
gene. Retroviruses have a high efficiency in ex
vivo transduction but carry the risk of inser-
tional mutagenesis and subsequent tumorigenic
transformation. Adenoviruses also attain good
transfection efficiency in vivo but can induce an
immune response and allow only small DNA
inserts up to 8kb. Adeno-associated viruses can
provide particularly long-lasting gene expres-
sion, while they are difficult to grow to high titers
and also carry the risk for insertional mutagen-
esis. Herpes simplex virus allows for particularly
large DNA inserts but is difficult to manipulate
due to its complex life cycle and carries the risk
of potential wild-type breakthrough. Generally,
nonviral gene transfer techniques are consid-
ered safer but often less efficient in terms of
efficiency.'®

Naked DNA

Transduction using naked DNA is probably the
safest method for gene delivery. Simple injection
using hypodermic needles was shown to deliver
and express genes in clinically relevant concen-
trations, even though the transduction efficiency
is very low. The “gene gun” approach where DNA-
coated gold particles are employed or micro-
seeding, which employs a set of oscillating
needles to which DNA is delivered via an infu-
sion pump, provided superior gene transfer to
wounds by increase in the surface area and
induction of microtrauma of the treated tissue,
thereby improving DNA uptake.

In electroporation, brief electric impulses tran-
siently create pores in the plasma membrane of
the cell to allow for DNA diffusion into the cell.

Cationic Liposomes

These positively charged lipid vesicles form a
complex with negatively charged DNA. Transfer
of the DNA across the cell membrane appears to
occur through an endocytosis-like process. Due
to their lack of immunogenicity, repeated deliv-
eries in vivo are possible. Another advantage is
the potential to deliver large amounts of DNA and
to incorporate large transgenes. The limiting
factor,however, is their low transfection efficiency
in vivo compared with that of viral vectors.
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Conclusion

Adequate wound management relies on a multi-
tude of factors and requires a profound knowl-
edge of the mechanisms of wound healing and
the factors that influence it.
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Immunology of Tissue Transplantation

Aleksandra Klimczak and Maria Siemionow

Summary

Composite tissue allograft (CTA) is one of the
tissue reconstruction options in plastic and
reconstructive surgery. Surgical techniques
in CTA are well established; however, the
immunologic characters of the components
of CTA still require extensive research to
protect allografts from rejection. CTA are
histologically heterogeneous and composed
of tissues such as skin, muscle, bone with
bone marrow, lymph nodes, nerves, and
vessels, which represent variable levels of
immunogenicity and may generate different
types of immunologic responses.

This chapter introduces the immunological
status of CTA components, the role of immu-
nomodulatory and inflammatory mediators
for allograft acceptance, immune response to
foreign antigens, and the hierarchy of anti-
genicity of individual components of CTA
compared with the whole CTA transplant.

Abbreviations

APC  Antigen-presenting cells

ICAM-1 Intercellular adhesion molecule-1
LC Langerhans cells

MAd-CAM-1 Mucosal addressin cellular adhe-
sion molecule-1

MHC Major histocompatibility complex

OPN Osteopontin

SALT Skin-associated lymphoid tissues

SIS Skin immune system

Tc T cytotoxic

Th T-helper

VCAM-1 Vascular cell adhesion molecule-1

Introduction

Composite tissue allograft (CTA) is one of the
tissue reconstructive options in plastic and recon-
structive surgery and inclusion of CTA into the
armamentarium of reconstructive surgery is
encouraged. CTAs differ histologically and
immunologically from solid organ transplants.
CTA are histologically heterogeneous and
composed of different tissue types, such as skin,
muscle, bone with bone marrow, lymph nodes,
nerves, and vessels, which exhibit differential
antigenicity and susceptibility to rejection.
After transplantation, host immunocompetent
cells may elicit immune responses to the foreign

CGRP Calcitonin gene-related peptide antigens coming from the diffe-rent tissues of
CLA  Cutaneous lymphocyte-associated ~ CTA. This may result in allograft rejection, which
antigen is an inflammatory process coordinated by a series
CTA  Composite tissue allografts of events, such as activation of leukocytes, adhe-
DDC  Dermal dendritic cells sion to the vascular endothelium, and migration
FDC  Follicular dendritic cells to the target tissues, leading to their destruction.
M.Z. Siemionow and M. Eisenmann-Klein (eds.), Plastic and Reconstructive Surgery, 11
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The uniqueness and complexity of responses
specific to different CTA components, such as
skin, muscle, bone with bone marrow, lymph
nodes, nerves, and vessels, are outlined here.

Inflammatory Mediators

Immune response is a multistep process invol-
ving cell adhesion molecules (CAM), cytokines,
and chemokines, leading to T-cell activation.
Cytokines are regulatory proteins secreted by a
variety of cells; however, constitutive production
and secretion of cytokines are usually low or
absent. Cytokine production is regulated by var-
ious stimuli and is usually transient. They act
locally by binding to the cell originating from
the same line (autocrine) or to the target cell in
the vicinity (paracrine).! According to their
functional and biological role in inflammation,
cytokines are subdivided into proinflammatory
cytokines (interleukins: IL-10, IL-1[3,1L-6; tumor
necrosis factors: TNF-o, TNF-B), cytokines
involved in T-cell differentiation (IL-2,IL-4,IL-5,
IL-10, IL-12,IL-13, and IFN-y), and cytokines of
immunoregulatory function belonging to the
TGF-B family, which promotes wound healing
and fibrosis.!

Chemokines are a subset of cytokines that are
defined as small chemotactic cytokines and
are produced by leukocytes and other cells.
Chemokines, which are constitutively expressed,
are involved in homeostatic lymphocyte traf-
ficking to the lymphoid organs. The main role of
proinflammatory chemokines (MIP-1c, MIP-1f3,
MCP-1,and RANTES) is to attract neutrophils to
inflammatory sites and trigger T-lymphocytes
to elicit inflammatory responses.’

Chemokines bind to the cellular component
by a specific chemokine receptor. Chemokine
receptor binding initiates a cascade of intracellular
events, leading to the activation of leukocytes by
upregulation of adhesion proteins.'

Cell adhesion molecules play a role in leuko-
cyte migration from the circulation to tissues.
Three types of CAM are involved in the transmi-
gration process: selectins (L-, E-,and P-selectins)
mediating the rolling of leukocytes along the
vascular endothelium, integrins [intercellular
adhesion molecule-1 (ICAM-1), vascular cell
adhesion molecule-1 (VCAM-1), mucosal
addressin cellular adhesion molecule-1 (MAd-
CAM-1)] leading to leukocyte adhesion to
the endothelium, and finally immunoglobulin
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superfamily platelet endothelial cell adhesion
molecule-1 (PECAM-1) responsible for transmi-
gration of leukocytes.’?

The complex specific migration of leukocytes
to the target tissue requires a coordinated process
of proinflammatory mediators. Proinflammatory
cytokines, IL-1oc and TNF-o, may induce expres-
sion of proinflammatory chemokines. Chemokines
play a major role in the activation of integrins
needed for adhesion of rolling leukocytes to the
vessel endothelium, and this process leads to
leukocyte transmigration to the surrounding
tissue, initiating the inflammatory process.

Hierarchy of Inmunogenicity of
CTA

The hierarchy of immunogenicity of tissues
and organs was introduced for the first time by
Murray and skin was assessed to be the most
immunogenic organ.* In composite tissue allograft
(CTA) experimental models, the knowledge of
the relative antigenic strengths of allograft is
based on experimental data of allograft survival
and split tolerance studies.>”’” The highest degree
of antigenicity was assessed to the skin, and
muscles were determined of intermediate immu-
nogenicity. Bone marrow and lymph nodes
contain immunocompetent cells and may partici-
pate in the immunologic response. Lower
immunogenicity was assessed in the nerve, bone,
and vessels, and the least antigenic tissues were
found to be cartilage and tendon.®”

Skin
Immune System of the Skin

Skin is the largest organ in the human body with
a specific immunological microenvironment
formed by cells and humoral compounds with a
precise organization and represents a natural
barrier with the ability to respond to foreign
antigen with innate (inflammatory) and adoptive
(specific) immune responses. The active defense
function of the skin is accomplished by a specific
immune system known as skin-associated lymphoid
tissue (SALT) and skin immune system (SIS).
The cellular components of the SALT include
(1) antigen-presenting cells (APC), (2) skin-seeking
lymphocytes, (3) keratinocytes and fibroblasts,
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(4) dermal microvascular unit, (5) neural immu-
nologic network, (6) skin-draining lymph nodes.®
However, in many studies the skin-draining
lymph nodes are not included in the immune
system of the skin, and these immune compo-
nents of the skin without skin-draining lymph
nodes are known as SIS.’

Skin-Resident Cells - a Component
of the Skin Immune System

Antigen-Presenting Cells

Within the skin there are different types of cells
with antigen-presenting function. In the epider-
mis they are Langerhans cells (LC), in the dermis
they are dermal dendritic cells (DDC)," and both
belong to the network of cutaneous dendritic
cells (DC). LC and DDC represent the main popu-
lations of professional antigen-presenting cells
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(APC) in the skin, and they are able to internalize
and process antigen, migrate to the peripheral
lymphoid organs, and stimulate naive T cells. All
express major histocompatibility complex (MHC)
class I and class II molecules; costimulatory
molecules CD80, CD86, CD45R0O, CD13, and
CD33'% adhesion molecules CD11a, CD44, and
CD54; as well as cutaneous lymphocyte-associated
antigen (CLA) and L-selectin (known as a lymph
node homing molecule).!*"! Moreover, LC and
DDC produce and secrete a set of cytokines, such
as IL-10, TGF-B1, and IL-23. Skin DC have the
capacity to induce primary response to foreign
antigens invading the skin, and in the presence
of proinflammatory cytokines IL-1a;, IL-13, TNF,
and prostaglandin E2, they migrate into draining
lymph nodes to initiate immune responses'
). However, immunogenic and tolero-
genic functions of skin-resident DC to foreign
stimuli constitute a major barrier to skin and

Immunomodulation

o DERMIS
DDC o < Chemokine
&
{:}{} CLA-positive
{} {:} @ T-cells
© o

Cytokines

{:} secretion

%broblasts

Firm adhesion

VCAM-1
l ICAM-1

Transmigration

Skin postcapillary venule

Endothelial
cells

Figure 2.1. Schematic overview of the skin-associated immune system. Defense function of the skin is accomplished by interactions between antigen-
presenting cells, dermal T-lymphocytes, and proinflammatory and immunomodulatory mediators, such as cytokines, chemokines, and cell adhesion
molecules.
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bone marrow allotransplantation, as skin DC are
essential for initiation of immune response and
allograft rejection.'>™

Skin-Seeking Lymphocytes

Lymphocytes present in normal skin are of T-cell
type, and 90% of them are preferentially localized
around the vessels. Skin perivascular T cells are
composed of CD4 cells (T-helper subset (Th)), and
in most cases they are activated as express MHC
class IT molecules. In contrast, intraepidermal T
cells are mostly CD8 cells (suppressor-cytotoxic
subset (Tc)).”” Memory T cells present in the
skin are responsible for initiation of immune
responses. T-helper cells are divided into two
subgroups: Th1 cells producing IL-2, IL-12, and
IFN-y cytokines are responsible for cell-mediated
immune response, and Th2 cells secreting IL-4,
IL-5,IL-6,IL-10, and IL-13 cytokines are responsible
for humoral immune response.

B cells were not detected in the normal skin."

Keratinocytes and Fibroblasts

Keratinocytes represent the principal cell popu-
lation of the epidermis, and via secretion of
cytokines and expression of adhesion molecules,
they create a specific microenvironment and
regulate the immunologic response to exogenous
antigens. Many cytokines are produced by kerati-
nocytes constitutively or on induction of various
stimuli. A set of cytokines produced and secreted
by keratinocytes includes (i) proinflammatory
cytokines IL-1,IL-6,IL-8, and TNF-o; (ii) T-cell-
tropic cytokines IL-7 and IL-15; and (iii) immu-
nomodulatory cytokines IL-10, IL-12, and IL-18.
Keratinocytes were also recognized as being a
source or target of IL-10 family members such as
IL-20 and IL-24.' Moreover, on stimulation by
IFN-y keratinocytes express MHC class II mole-
cules and ICAM-1. Keratinocytes expressing MHC
class II molecules have the ability to not only
take up antigen but also efficiently process it and
present to both the Th1 and Th2 types of CD4 +
T cells. These findings demonstrate that activated
keratinocytes may act as an APC and are able to
induce functional responses.!” Cytokine produc-
tion by keratinocytes has systemic effects on the
immune system and multiple implications for
migration of inflammatory cells.

Skin fibroblasts belong to the nonimmune-
response associated cells in the skin, and, as pro-
posed by Postlethwaite, fibroblasts are included
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in the dermal immune system (DIS) mainly
because they are intrinsically related to homeo-
stasis of other skin components such
as epidermis.’® Fibroblasts produce a variety of
cytokine types and growth factors including
IL-1, IL-2, IL-8, IFN-B, G-CSF, M-CSF, GM-CSF,
TGF-0, TGF-B, and SCF. Moreover, stimulated
by proinflammatory cytokines, skin fibroblasts
express ICAM-1 involved in adherence of leuko-
cytes in the dermis. In addition, extracellular
matrix proteins such as fibronectin, vitronectin,
and collagen produced by skin fibroblasts may
modulate immune responses.

Dermal Microvascular Unit

The dermal microvascular unit constitutes a
specific microenvironment around the postcap-
illary venules and is composed of endothelial
cells of the vessels, perivascular mast cells, DDC,
macrophages, and T cells. Endothelial cells of the
skin postcapillary venules constitutively express
low levels of E-selectin and ICAM-1, adhesion
molecules that are responsible for the initial
step in emigration of T cells from the blood
into the skin. After initiation of antigen stimuli
perivascular mast cells secrete cytokines that
activate endothelial cells and by this way regulate
expression of adhesion molecules.’

Neural Imnmunologic Network

The dermis is replete with unmyelinated nerve
axons that are located very close to the dermal
vascular unit mainly in the vicinity of mast cells
and endothelial cells. Nerve endings in the
epidermis are located close to Langerhans cells.
Neurogenic influence on the reaction of the
immune system may be regulated by neurotrans-
mitters such as calcitonin gene-related peptide
(CGRP), vasoactive intestinal polypeptide (VIP),
and substance P, which can activate mast cells.

Skin-Draining Lymph Nodes

In many studies skin-draining lymph nodes
are not included in the SIS; however, regional
lymph nodes are the first destination of the APC
migrating from the skin. Skin APC stimulated by
foreign antigens are capable of capturing antigen
and migrating to the regional lymph nodes,
where they present antigen to naive and memory
T cells. Activated and memory T cells then home
to the skin and can recognize foreign antigens.
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Skin-draining lymph nodes, in addition to T- and
B-lymphocytes, contain several phenotypically
distinguishable dendritic cell populations at diffe-
rent maturation stages capable of induction of
primary or secondary immune responses against
foreign antigens delivered to the lymph nodes.”

Hair Follicle

The hair follicle constitutes an integral part
of hair-bearing skin. In adult skin the bulge of
hair follicle contains a reservoir of stem cells,
which can be mobilized to regenerate the new
follicle with each hair cycle and to reepithelialize
epidermis during wound healing. When active
hair growth (anagen) ceases, the lower half of
each follicle degenerates (catagen).After the rest
period (telogen), the stimulus involving the
dermal papilla signals follicle epithelial cells at
the base to initiate the regeneration of the lower
follicle to produce a new hair.*® Hair follicle
immune system is represented by cellular compo-
nents such as Langerhans cells, T-lymphocytes,
mast cells, and macrophages. Langerhans cells
are restricted only to the distal part of the follicle
where they usually display dendritic phenotype.

Distribution of intraepithelial T cells to the
distal outer root sheath is similar to the localiza-
tion of Langerhans cells. In the mouse, intraepi-
thelial T-lymphocytes are represented mainly
by y0T-cell subpopulation, whereas in humans
ofT-cell subset predominates.

Perifollicular mast cells and macrophages,
despite extraepithelial localization, constitute
integral components of the hair follicle immune
system, and mast cells are most numerous in
hairy human skin. In addition to their role
in antimicrobial defense, mast cells and mac-
rophages participate as cellular components
involved in hair biology, regulating hair growth,
by secreting cytokines during hair follicle
regression (catagen).”

The important finding in hair follicle is that
the proximal epithelial hair bulb represents
an immunologically privileged site in the mam-
malian body. The most distinctive difference
between SIS and hair follicle immune system is
the absence of expression of MHC class I and
class II antigens in the proximal epithelial hair
bulb of the normal hair follicle, making hair
follicle an immune privileged site.” There is also
a decreased number of Langerhans cells and lack
of any type of T-lymphocytes. The immune
privilege mechanism is also accomplished in the
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anagen phase of hair follicle by the production
of immunosuppressive cytokines TGF-B and
IGF-1.% The loss of immune privilege status of the
hair follicle results in upregulation of MHC class
I and class II molecules on follicular epithelium,
which is usually the effect of increased IFN-y
production as presented in human autoimmune
conditions in alopecia areata.”? Moreover, IFN-y
may induce microvascular endothelial cells of
hair follicle to express the adhesion molecules
ELAM-1 and ICAM-1 responsible for the homing
of lymphocytes to sites of inflammation.

Muscle

Muscle constitutes one of the largest cellular
compartments of CTA. Skeletal muscle repre-
sents a specific immunologic microenvironment
and can actively participate in local immune
responses. Under certain conditions muscle has
important immunoregulatory capacities due to
specific pathways of positive and negative
muscle-derived regulators, which may initiate
immune responses.” Under physiological condi-
tions, neither MHC class I nor class II molecules
are detectable on the mature muscle fibers.
However, MHC class I molecules are upregulated
on the muscle cells in various autoimmune and
inflammatory diseases. Studies on expression of
MHC class II molecules on the surface of muscle
fibers in inflammatory myopathies are inconsis-
tent.”»*® However, it was proven recently that
[FN-y, TNF-q, and IL-1B induce expression of
MHC class II molecules on the cultured human
myoblasts.” If the muscle does express MHC
class II molecules in vivo, they could hypotheti-
cally present not only viral or bacterial antigens
but also muscle autoantigens or alloantigens to
CD4 T cells.”?

In addition to expression of classical MHC
class I and MHC class II molecules, skeletal
muscle can express HLA-G ‘nonclassical’ MHC
class I molecule. HLA-G has been described as
a molecule that mediates immunotolerizing
function.”

Muscle fibers do not express the classical
costimulatory molecules B7.1 and B7.2. Recently,
it was reported that under inflammatory condi-
tions (e.g., inflammatory myopathies) muscle
fibers express muscle related costimulatory
members of the B7-family (ICOS-L, B7-H, B7-H2),
and ICOS-L is capable of interacting with the
ICOS receptor present on activated T cells®*%
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Figure 2.2. Immunoregulatory function of skeletal muscle cells.Immunocompetence of the muscle cells is accomplished by expression of classical and
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and triggers immune response (Figure 2.2).
The presence of MHC class I and class II mole-
cules and nonclassical costimulatory molecules
on the muscle fibers supports the concept that
muscle plays an active role in muscle-immune
interactions and under certain conditions (IFN-y,
TNF-0) may act as a nonprofessional APC.*

Nerve

Nerves represent an important component of
CTA responsible for proper motor function
of transplanted allograft. Peripheral nerves
comprise neural and nonneural elements such
as (i) conducting axons, (ii) insulating Schwann
cells,and (iii) surrounding connective tissue matrix.
Schwann cells ensheath myelinated nerve fibers
individually, whereas unmyelinated nerve
fibers are surrounded by Schwann cells in groups.
Myelinated and unmyelinated nerve fibers are

HLA molecules; adhesion and costimulatory molecules; and secretion of cytokines, chemokines, and matrix metalloproteinases.

embedded within a connective tissue called
the endoneurium. The endoneurium is encircled
by the perineurium, which is composed of
concentrically arranged elongated perineural
cells. The perineurium divides nerve fibers into
fascicles. Nerve fascicles are embedded within a
connective tissue compartment called the inter-
nal epineurium. Both the internal and external
epineurium contain fibroblasts, macrophages,
mast cells, blood vessels, and fat.*

Schwann cells represent the natural component
of the nerve tissue and may act as immunomod-
ulators by producing and secreting a variety of
cytokines. Under certain conditions, Schwann
cells are capable of regulating the production of
proinflammatory cytokines IL-1, IL-6, and TNF-o
and immunoregulatory cytokine TGF-B in a
specific autocrine manner. Schwann cells may
also synthesize other proinflammatory and immu-
noregulatory mediators such as prostaglandin E ,
thromboxane A, and leukotriene C,, which may
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regulate the immune cascade in the inflammatory
conditions.’ It was also reported that Schwann
cells constructively express MHC class I but not
MHC class II molecules.’?> However, after nerve
injury in immune mediated disorders, in the
presence of activated T-lymphocyte-released
IEN-v, MHC class I molecules were also detected
on the Schwann cells, suggesting that these cells
may act as an APC* and may contribute to local
immune response.

The immunomodulatory function of Schwann
cells is accomplished by the production of
erythropoietin, which prevents axonal degener-
ation, reduces TNF-o production and Wallerian
degeneration, and decreases pain-related behav-
iors after peripheral nerve injury.**

The peripheral nervous system is protected
from the immune compartment by the blood-
nerve barrier. However, this barrier is not
complete at the root entry and exit zones, and
soluble factors or immunocompetent cells

may invade the nervous system (Figure 2.3).
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Activated T-lymphocytes and B-lymphocytes
constantly patrol the peripheral nervous system,
irrespective of their antigen specificity.*> Macro-
phages represent APC in the peripheral nerve
compartment and constitute a major population
of nerve-resident cells. Macrophages are identi-
fied as a cellular source of proinflammatory
cytokines IL-23 and TNF-o. Their role as an APC
was confirmed by expression of MHC class II
molecules and costimulatory molecules B7-1 and
B7-2, which are essential for effective antigen
presentation to T cells, thereby modulating the
local immune response.”

Bone

Bone is a key component of hand transplant, and
the antigenicity of the bone unit is considered to
be low. Osteopontin (OPN) is a natural protein,
which constitutes a bridge between bone and the
immune system. OPN is a multifunctional protein

Schwann cells

y

TGF-B

v

Erythropoietin - MHC class |

° 8 o
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Antibodies

Figure 2.3. Schematic overview of local immune system in the peripheral nerve. Peripheral nerve immune system constitutes cellular (macrophages,
T-lymphocytes, B-lymphocytes, Schwann cells) and extracellular components (cytokines, chemokines) modulating local immune response.
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secreted by activated macrophages, leukocytes,
and activated T-lymphocytes and is present in
the extracellular matrix of mineralized tissue.*
OPN is abundant in the bone, where it facilitates
the attachment of osteoclasts to the bone matrix
via interaction with cell surface integrins and
CD44. Binding of OPN to these cell surface recep-
tors stimulates cell adhesion, migration, and spe-
cific signaling function.*® Upregulation of OPN
leads to fibrosis, including cardiac fibrosis,” bil-
iary atresia fibrosis,” interstitial kidney fibrosis® as
well as acute kidney allograft rejection, which
was confirmed in multiple tissues.*

The bone component of the hand transplant
contains hematolymphoid tissue such as bone
marrow and surrounding stromal elements. Bone
marrow has the potential to attack the recipient
immune system or under proper conditions
(immunosuppression) may downregulate the
host immune response against the graft and
induce tolerance.*

Bone Marrow Cells

Transplanted vascularized bone, such as human
hand, contains multilineage hematopoietic cells
such as myeloid, lymphoid, and erythroid at var-
ious stages of differentiation and maturation.
Within hematopoietic tissue, hematopoietic
stem cells are present and are capable for lym-
phomyeloid reconstitution in the recipient body.
The donor-origin hematopoietic cells may be
involved in tolerance induction. After CTA trans-
plantation donor bone marrow cells may migrate
from transplanted tissues and colonize lymphoid
and nonlymphoid organs of recipients, and
engraftment of donor-origin cells into recipient
lymphoid and nonlymphoid tissues is known as
a chimerism.” Donor hematopoietic cells can
develop two types of macrochimerism: (1) full
chimerism when recipient immune system is
destroyed by myeloablation and replaced fully
(donor cells 100%) by donor hematopoietic cells
or (2) mixed chimerism induced after nonmy-
eloablative host conditioning when donor and
recipient hematopoietic cells coexist with the
recipient (donor cells > 1% < 100%).** The third
type of chimerism is defined as microchimerism,
which usually occurs spontaneously after organ
transplantation, and donor-origin cells represent
less then 1%.*

The importance of the development of
donor-specific chimerism in CTA is debatable.
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However, it is important to remember that
over-representation of donor immunocompetent
cells is associated with development of graft-vs-
host disease, which may be fatal.**

The immunomodulatory function of bone
marrow compartment may also be also accom-
plished by bone marrow-derived dendritic cells.
Depending on the maturation status, bone
marrow-derived dendritic cells may act either as
an APC or may lead to tolerance induction.*
After migration to T-cell areas of secondary
lymphoid organs (e.g., draining lymph nodes),
bone marrow-derived dendritic cells can both
induce and regulate immune responses.*

Lymph Nodes

Lymph nodes represent the immunocompetent
component of CTA and may participate in immu-
nologic response. In contrast to other organs,
lymph nodes comprise cellular elements (mostly
lymphocytes) that are only temporary residents,
since naive lymphocytes continuously recirculate
between different lymphoid organs. In the lymph
nodes, T- and B cells are localized into separate
zones. B cells are organized into follicles, located
in the cortex of the lymph node; T cells arelocated
in the paracortex in the T-zone. The B-cell follicle
also contains follicular dendritic cells (FDC) and
a small number of T cells. Continuous cellular
migration facilitates interaction between differ-
ent cellular components. Naive T cells enter
lymph nodes via postcapillary venules in the
paracortex. Naive T cells are primed by interac-
tion with peptide/MHC on dendritic cells. When
primed T cells ligate the same peptide/MHC on
the surfaces of B cells and they can trigger activa-
tion of B cells. B-cell activation requires interac-
tion between T cells and B cells that recognize the
same antigen. Once activated, B cells proliferate
and differentiate, leading to antibody formation.
Moreover, proliferation of B cells in the germinal
center resulted in the production of memory and
plasma cells. This process is thought to involve B
cells, T cells, and FDC.** Memory and effector
cells and APC migrate to the lymph nodes via
afferent lymphatics.

Lymph nodes within the transplanted tissues
are important contributors of induction of the
recipient alloimmune responses. As presented
in the mice intestinal transplantation model,
recipient T cells migrate to the lymph nodes of the
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transplanted organ where they undergo exten-
sive proliferation and develop effector function,
leading to allograft rejection.*

Vessels

The vascular unit of CTA constitutes a specific
component of the allograft that is responsible
for graft revascularization and blood supply.
The vascular system is lined by endothelial cells
that play a multifunctional role, including regu-
lation of thrombosis and thrombolysis, platelet
adherence, modulation of vasomotor tone and
blood flow, and regulation of immune and
inflammatory responses. As a barrier, the vessel
endothelium is semipermeable and controls
the transfer of small and large molecules. An
immune and inflammatory reaction is regulated
by controlling leukocyte interaction with the
blood vessels. Under inflammatory conditions,
vessel endothelial cells may secrete proinflam-
matory cytokines IL-1, IL-6, and IL-8, and
subsequently activated endothelial cells induce
the expression of P-selectin and E-selectin and
cell adhesion molecules (ICAM-1 and ICAM-2
and VCAM-1), facilitating leukocyte extravasa-
tion into surrounding tissue.” Moreover, vessel
endothelial cells express APC-related MHC class
II molecules and costimulatory molecule CD40,
leading to proliferation and differentiation of
activated or memory but not naive T cells.*®

Immunogenicity of CTA
Components vs Imnmunogenicity
of Whole CTA

Skin is the most immunogenic component of the
CTA, and in contrast to the other organs or tissues,
true tolerance to the skin was not achieved in the
clinic. However, in the experimental face trans-
plant model, operational tolerance to the skin
flap was introduced under a low nontoxic dose
of CsA therapy.*” Recently, in the experimental
rat model, tolerance to limb allograft includ-
ing skin was successfully reported under
temporary T-cell depletion and short-term
administration of calcineurin inhibitors, without
chronic immunosuppression.®®” Long-term
survival of limb allografts and tolerance was asso-
ciated with the presence of stable donor-specific
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chimerism in the rat model.’**! However, in the
miniature swine hind-limb allograft model, toler-
ance was achieved to the musculoskeletal part of
the limb allograft but not to the skin.>** These
studies demonstrated split tolerance to the mus-
culoskeletal part of the allograft but not to the
skin component, and chimerism declined once
12-day CsA therapy was discontinued.

Interestingly, in the rodent experimental model
immunogenicity of the whole CTA was found to
be less antigenic than single components of the
limb allograft.” This phenomenon is still unclear,
but decrease in skin immunogenicity may be
explained by antigen competition.*

The hierarchy of antigenicity of limb allograft
tissues was also confirmed by the cytokine profile
of individual limb allograft components and
showed that the skin component produced the
greatest Th1l-type cytokines and appears to be the
critical component of the overall antigenicity
of the whole limb allograft, as evidenced by the
shift to Th2 profile when skin was removed. Muscle
induced the least Thl type of response, whereas
nerve presented with intermediate response.”

The peripheral nervous system is separated
from the immune system by the blood-nerve
barrier, and this is the first factor making nerve
tissue less immunogenic compared with skin
and muscle. Expression of many immunological
mediators by the nerve tissue suggests that the
secretion of proinflammatory mediators may
be balanced by the immunomodulatory function
of Schwann cells, due to secretion of erythro-
poietin, and this may be a second explanation
why nerve tissue is less immunogenic compared
with skin and muscle.”

Human hand transplants, which contain
bone with bone marrow, represent a model of
vascularized bone marrow transplant (BMT).
However, in human hand allograft recipients,
peripheral chimerism has not been detected.
Only transient microchimerism was reported as
a presence of donor APC in the epidermis at 77
days after hand transplantation, but it was not
detected thereafter.” The bone marrow in human
CTA is thought of as an immunoregulatory organ
where mature immune cells of the graft without
proper immunosuppression may induce immune
response. On the other hand, donor hematopoi-
etic cells may play an immunomodulatory role,
facilitating solid organ transplant acceptance.”
This was clinically applied recently as a supportive
therapy in first partial human face transplant.”
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The immunomodulatory effect of donor-origin
hematopoietic cells for chimerism induction
and allograft acceptance was proved in experi-
mental models by the delivery of donor bone
marrow cells in different forms, such as cellular
BMT"*® and vascularized or an unprocessed
(crude) form of BMT.>%>%>

The immune response may be altered when
specialized immune organs are absent. In the
absence of secondary lymphoid organs, normal
immune responses to the viruses are significantly
delayed.®® Experimental studies demonstrated
that the absence of spleen resulted in defective
antibody response to vascularized organ trans-
plants. Moreover, in the mouse experimental
model, in the absence of both spleen and
lymph nodes, mice accepted transplanted heart
allografts indefinitely.®!

Vascularized CTA may initiate alloimmune
responses independent of secondary lymphoid
organs, since vessel endothelial cells are effec-
tive as an APC. Discordant stimulation of
vessel endothelial cells or uncontrolled immune
response lead to endothelial injury, dysfunction,
and activation and subsequently to allograft
vasculopathy.*’*®

Conclusion

Composite tissue allograft transplantation is
accepted as an alternative reconstructive option
in plastic and reconstructive surgery. However,
immunological characteristics of transplanted
CTA are complex and require further investi-
gations. Further, the need for lifelong immuno-
suppression following CTA transplantation to
prevent allograft rejection is still required, and
this limits routine application of CTA in clinical
practice. With better understanding of the
mechanism of rejection and novel therapies
targeted at different CTA components, the future
is open for CTA in plastic surgery.
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Summary

The development of modern anesthesia has
enabled safe conduction of the most exten-
sive reconstructive surgical procedures, even
in patients with multiple comorbidities. At
the same time, continuous development and
modification of anesthetic armamentarium
have enabled a smooth shift from hospital-
based procedures to office and ambulatory
centers, without compromising patients’
safety and satisfaction. The role of the anes-
thesiologist involves not only intraoperative
patient care but also extends to preoperative
evaluation as well as postoperative recovery.
Careful preoperative assessment helps decide
which anesthetic technique will suit the
patient best and provide optimal surgical
conditions. Although all anesthetic agents
and techniques are very safe, there is a grow-
ing body of evidence that anesthetic choices
during the perioperative period may affect
long-term outcomes because of their influence
on the immune system as well as perioperative
inflammatory processes.

Abbreviations

ACC  American College of Cardiologists
AHA  American Heart Association

ASA  American Society of Anesthesiologists
BB Beta blockers

BIS Bispectral index
CEPOD Confidential Enquiry into
Perioperative Deaths

LMA Laryngeal mask airway
MAC Monitored anesthesia care
PONV  Postoperative nausea and vomiting

TEE Transesophageal echocardiography
TIVA Total intravenous anesthesia

Introduction

Development of modern anesthesia (since its
introduction in 1846) and critical care has
allowed for the safe conduction of extensive
surgical procedures with acceptably low risk
for patients. The role of the anesthesiologist
has evolved over time from merely providing
anesthetic care in the operating room to orches-
trating preoperative evaluation and optimiza-
tion, as well as postoperative critical care and
acute and chronic pain management for surgical
patients. Continuous improvements of anes-
thetic techniques, perioperative monitoring,
and preoperative optimization processes have
made anesthesia very safe, with quoted mortality
related solely to anesthesia at 1 in 185,000,
whereas in 7 of 10,000 cases anesthesia contrib-
uted to mortality as reported by the Confidential
Enquiry into Perioperative Deaths (CEPOD).'
Overall mortality related to anesthetic care is
estimated at 1 per 13,000 anesthetics and has
remained stable over the past two decades.”

M.Z. Siemionow and M. Eisenmann-Klein (eds.), Plastic and Reconstructive Surgery, 23
Springer Specialist Surgery Series, © Springer-Verlag London Limited 2010
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With a low rate of mortality and major mor-
bidity related to anesthetic care, there is increas-
ing interest in the effect of anesthetic care on
more subtle, yet very important, outcomes such
as postoperative cognitive dysfunction, immu-
nomodulation, modulation of inflammatory
processes and their effects on long-term out-
comes, as well as overall patient satisfaction,
quality of life, and economic efficiency.

This chapter outlines perioperative anesthetic
care and the effects of anesthesia on selected
outcomes.

Preoperative Assessment

Anesthetic care starts with preoperative evalua-
tion to ensure that all comorbid conditions and
anesthetic issues are optimized before a sched-
uled surgical procedure. The importance of pre-
operative evaluation and optimization (for
instance, starting beta blockers (BB) or statins in
patients with coronary artery disease, optimiza-
tion of chronic medical conditions such as dia-
betes, hypertension, etc.) has been shown to
reduce morbidity as well as surgery cancellation
rate.?** Review of past medical history and
physical examination, as well as additional tests
and past anesthetic history, will help the anes-
thesiologist formulate an anesthetic plan, assess
patient risk, order additional workup, or imple-
ment perioperative interventions when appro-
priate.Outofthethreecomponentsof preoperative
assessment (past medical history, physical exam-
ination,and laboratory tests), past medical history
is the most valuable. Studies have shown that
almost 86% of diagnoses are dependent entirely
on the information obtained from a patient’s
history.”

Preoperative evaluation may be conducted in
different forms, such as telephone interview,

Table 3.1. Recommended preoperative tests for asymptomatic patients.

Age Male

< 6 Months
6 Months—40 years

None
Hemoglobin or hematocrit

4065 years Hemoglobin or hematocrit and ECG

65 years and older Hemoglobin or hematocrit, ECG, BUN,

glucose

pY!
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medical records review, or formal interview and
assessment at the preoperative clinic where a
patient is examined and assessed by an anesthe-
siologist or nurse practitioner trained to per-
form preanesthetic evaluations. A preoperative
interview focused on planned anesthesia has been
shown to reduce a patient’s preoperative anxiety
level on the day of the surgery.” Routine preo-
perative testing should be minimized; extensive
laboratory workup increases the cost of providing
care without any apparent medical benefit.”” The
currently recommended routine tests for an other-
wise healthy patient are summarized in [Table 3.1.
Preoperative tests should be ordered based on a
patient’s specific medical condition and the
planned surgical procedure.*

Preoperative assessment also helps to deter-
mine a patient’s candidacy for office or ambu-
latory-based surgery as well as how to tailor
the anesthetic plan to the patient’s medical and
psychological condition. Although office- and
ambulatory-based surgeries are cost-efficient
alternatives to hospital-based surgery, proper
patient selection is very important. Patients with
significant comorbidities who may require
extended recovery or are at high risk of develop-
ing postoperative complications may be better
served in hospital settings,* where resources are
readily available to deal with postoperative prob-
lems should they arise. Conditions that may pre-
clude procedures requiring anesthesia care from
being done in the outpatient setting include seri-
ous, potentially life-threatening diseases that are
not optimally managed (e.g., brittle diabetes,
unstable angina, symptomatic asthma), history
of difficult airway, expected significant blood
loss or postoperative pain, morbid obesity
complicated by symptomatic cardiovascular or
respiratory problems, history of substance abuse,
ex-premature infants less than 60 weeks of

Female

None

Hemoglobin or hematocrit, + pregnancy test for females in
childbearing age

Hemoglobin or hematocrit and ECG, = pregnancy test for
females in childbearing age

Hemoglobin or hematocrit, ECG, BUN, glucose

Source: Reprinted with permission from Miller’s Anesthesia, 6th ed., Volume 1, Miller RD, ed., pp. 964—965. Copyright Elsevier 2005.
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postconceptual age, who require general endo-
tracheal anesthesia (increased incidence of
postoperative apnea), lack of transportation
from home or a responsible adult at home to care
for the patient on the evening after surgery, and
history of previous adverse reaction to anesthe-
sia.”® The American Society of Anesthesiologists
(ASA) developed a simple classification system
based on a patient’s comorbid conditions, which
helps to determine clinical risk (see[Table 3.2). It
provides an excellent measurement of the global
well-being of a patient, based on the patient’s
physical status, medical comorbidities, and
physiological stability.**

Since cardiovascular complications account for
a significant portion of perioperative morbidity
and mortality, an expert panel from the American
College of Cardiologists (ACC) and the American
Heart Association (AHA) has developed a ratio-
nal, stepwise approach to cardiac workup before
noncardiac surgery. A full description of the
guidelines is beyond the scope of this chapter;
however, it is important to remember that the
need for testing and perioperative intervention
depends on interaction between the patients’
cardiac risk factors, risk of the surgical proce-
dure, and the patients’ exercise capacity.® It was
shown in the CARP trial that coronary revasculari-
zation before noncardiac vascular surgery did
not affect overall postoperative morbidity and
mortality.®® There is a uniform agreement that
cardiovascular interventions (coronary artery
bypass, percutaneous coronary intervention) are
not indicated unless they need to be performed
irrespective of perioperative context.*®

Alllocations (office,ambulatory center, hospi-
tal) where anesthetic care is provided are held at
the same high standard of patient safety.”® Many
states have strict regulations as to personnel,
organization, and equipment requirements for

Table 3.2. ASA physical status classification.

ASA physical status Description

| Healthy patient

Il Mild systemic disease

I Severe systemic disease with
functional limitation

1% Severe systemic disease, constant threat
to life
V Moribund, unlikely to survive 24h

Source: Adapted from ASA (1963) New classification of physical status.
Anesthesiology 24:111.
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ambulatory and office-based practices where
sedation or anesthesia is administered. The ASA
has also developed guidelines to assist its mem-
bers who are considering the practice of ambu-
latory anesthesia in the office setting.”

Monitoring and Anesthetic Technique

In early 1986, ASA was the first medical specialty
to adopt standards for patient care for its mem-
bers. Today more than 30 standards, guidelines,
and statements developed by the society address
minimum requirements for the care of patients
before, during, and after surgery. These guide-
lines were developed to improve patient safety
and to provide the same high quality of patient
care regardless of the type of anesthesia and the
anesthetizing location.® Standards of basic
monitoring during anesthetic care are described
in published ASA guidelines® and require con-
tinuous monitoring of the patient’s oxygenation,
ventilation, circulation, and temperature by a
qualified anesthesia provider. Use of additional
invasive monitors beyond this standard, such as
arterial line, central venous pressure, pulmonary
artery catheter, and transesophageal echocar-
diography (TEE), are dictated by the patient’s
comorbid conditions and the invasiveness of the
surgical procedure.

The anesthetic technique should be tailored
to provide optimal surgical conditions and
account for patient-specific requirements.
Some of the procedures can be successfully
done with a local anesthetic injection at the
surgical site and minimal intravenous sedation
(frequently described as conscious sedation).
Other procedures, however, might require a
deeper or changing level of sedation, nerve
block, or a combination of both. It is important
to understand that sedation is a continuum
ranging from anxiolysis when all protective
airway reflexes are preserved and the patient is
able to cooperate, to a state of general anesthe-
sia, where patients are completely unconscious,
airway reflexes are absent, and airway and
respiratory  function require  support.®
Conscious sedation may be provided by a
nonanesthesiologist in the presence of a per-
son trained in establishing a patent airway and
basic life support. Deeper levels of sedation
(monitored anesthesia care [MAC], general
anesthesia) and regional or central nerve
blocks should be administered by a trained
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anesthesia provider.® The choice of the anes-
thetic technique is based on the surgical
requirements (type and length of the planned
surgical procedure), the patient’s comorbidi-
ties and preferences, as well as position during
the surgery. Two patients undergoing the same
procedure may require different types of anes-
thetic due to a unique combination of physical,
medical, and psychological status.

Procedural sedation/analgesia is defined as
the proper administration of drugs to obtund,
dull, or reduce the intensity of pain or awareness;
and where the administration of those drugs by
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any route carries the risk of loss of protective
reflexes.

Definition of levels of procedural sedation/
analgesia are shown in [Table 3.3 (levels 1 and 2
are not covered in this chapter).®

Monitored Anesthesia Care

Monitored anesthesia care is provided by a
trained anesthesia provider to achieve patient
comfort and optimal operating conditions for
the surgeon when the level of sedation is beyond
simple anxiolysis. Since the level of sedation

Table 3.3. Continuum of depth of sedation definition of general anesthesia and levels of sedation/analgesial(approved by ASA house of delegates on

October 13,1999, and amended on October 27,2004).

Moderate sedation/
Minimal sedation analgesia (“conscious Deep sedation/
(anxiolysis) sedation”) analgesia General anesthesia
Responsiveness Normal response to Purposefupresponse to Purposefum response Unarousable even with
verbal stimulation verbal or tactile following repeated or painful stimulus
stimulation painful stimulation
Airway Unaffected No intervention required Intervention may be Intervention often
required required
Spontaneous Unaffected Adequate May be inadequate Frequently inadequate
ventilation
Cardiovascular Unaffected Usually maintained Usually maintained May be impaired
function

Minimal sedation (anxiolysis) is a drug-induced state during which patients respond normally to verbal commands. Although cognitive
function and coordination may be impaired, ventilatory and cardiovascular functions are unaffected.

7

Moderate sedation/analgesia (“

‘conscious sedation”) is a drug-induced depression of consciousness during which patients respond

purposefull)ﬁto verbal commands [note, reflex withdrawal from a painful stimulus is not considered a purposeful response], either alone or
accompanied by light tactile stimulation. No interventions are required to maintain a patent airway, and spontaneous ventilation is adequate.

Cardiovascular function is usually maintained.

Deep sedation/analgesia [monitored anesthesia care (MAC)] is a drug-induced depression of consciousness during which patients cannot
be easily aroused but respond purposefull)ﬂfollowing repeated or painful stimulation. The ability to independently maintain ventilatory
function may be impaired. Patients may require assistance in maintaining a patent airway, and spontaneous ventilation may be inadequate.

(ardiovascular function is usually maintained.

General anesthesia is a drug-induced loss of consciousness during which patients are not arousable, even by painful stimulation.The ability
to independently maintain ventilatory function is often impaired. Patients often require assistance in maintaining a patent airway, and positive
pressure ventilation may be required because of depressed spontaneous ventilation or drug-induced depression of neuromuscular function.

(ardiovascular function may be impaired.

Because sedation is a continuum, it is not always possible to predict how an individual patient will respond. Hence, practitioners intending to
produce a given level of sedation should be able to rescueﬂpatients whose level of sedation becomes deeper than initially intended. Individuals
administering moderate sedation/analgesia (“conscious sedation”) should be able to rescuddpatients who enter a state of deep sedation/
analgesia, while those administering deep sedation/analgesia should be able to rescueEbatients who enter a state of general anesthesia.

¢ Monitored anesthesia care does not describe the continuum of depth of sedation, rather it describes“a specific anesthesia service in which an anesthesiologist
has been requested to participate in the care of a patient undergoing a diagnostic or therapeutic procedure.”

b Reflex withdrawal from a painful stimulus is NOT considered a purposeful response.

“Rescue of a patient from a deeper level of sedation than intended is an intervention by a practitioner proficient in airway management and advanced life support.
The qualified practitioner corrects adverse physiologic consequences of the deeper-than-intended level of sedation (such as hypoventilation, hypoxia, and hypoten-

sion) and returns the patient to the originally intended level of sedation.

Source: Fromfhttp://www.asaha.org/publicationsAndServices/standards/20.pdfl Reprinted with permission of the American Society of Anesthesiologists, 520 N. Northwest

Highway, Park Ridge, IL 60068-2573.


http://www.asahq.org/publicationsAndServices/standards/20.pdf
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during MAC may change depending on the pro-
cedure or the patient’s needs, airway support
may be necessary. The boundaries between MAC
and general anesthesia are fluid and frequently
crossed during the same procedure. Frequently,
MAC is used to supplement local anesthesia
achieved with generous infiltration of local anes-
thetic at the surgical site. Although different
medications (or combinations) have been suc-
cessfully used to provide MAC, the introduction
of propofol to clinical practice has made it pos-
sible to precisely control the desired depth of
MAC with minimal effect on the recovery time.

General Anesthesia

There are four components of general anesthesia:
hypnosis, amnesia, analgesia, and areflexia. The
concept of “balanced anesthesia” was developed
to achieve each of the components with a spe-
cific agent rather than the use of a single drug to
provide all aspects of general anesthesia. This
approach enables better control over the desired
depth of a particular component of general anes-
thesia and minimizes undesirable side effects.
During general anesthesia, airway-supporting
devices are frequently used to maintain the pat-
ency of airway passages; they range from simple
oral and nasal airways to laryngeal mask airway
(LMA) and endotracheal tubes. If there is a need
for muscle relaxation and mechanical ventila-
tion, the airway is secured preferably with an
endotracheal tube. However, under certain cir-
cumstances, it is acceptable to deliver positive
pressure ventilation via LMA. LMA can be
inserted without the use of muscle relaxants, and
patients report less sore throat symptoms post-
operatively as compared with an endotracheal
tube.”” Individuals who are at risk for aspiration
of the gastric content (“full stomach,” incompe-
tent gastroesophageal sphincter, morbidly obese
patients) require endotracheal intubation when
the anticipated level of sedation impairs the pro-
tective airway reflexes. For craniofacial (major
jaw reconstruction, etc.) and oral (hard palate) sur-
gery, it may be necessary to perform nasal intu-
bation so that the endotracheal tube does not
interfere with the operating field; for this pur-
pose, preshaped endotracheal tubes are used.
Induction of general anesthesia frequently
renders a patient unable to support airway patency
and apneic; therefore, it is crucial to be prepared
if problems with establishing the airway and
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effective oxygenation arise after induction. ASA
developed a difficult airway algorithm to facili-
tate management of such instances, offering a
stepwise approach ranging from the use of dif-
ferent airway devices to the surgical airway (tra-
cheostomy) in order to establish effective
oxygenation and ventilation.” Some patients can
be predictably difficult to mask ventilate and/or
intubate due to craniofacial abnormalities or
coexisting conditions. Predictors of difficult
intubation include relatively long upper incisors,
prominent “overbite” (maxillary incisors ante-
rior to mandibular incisors), mandibular incisors
anterior to maxillary incisors, interincisor dis-
tance less than 3 cm, inability to visualize uvula
when tongue is protruded with patient in sitting
position (e.g., Mallampati class greater than II),
highly arched or very narrow hard palate, stiff,
indurated, occupied by mass, or nonresilient
submandibular space, thyromental distance less
than three ordinary finger breadths, short or
thick neck, and limited neck and head range of
motion.’ In these instances, the safest option of
securing the airway is awake fiberoptic intuba-
tion before induction of general anesthesia with
the patient being minimally sedated and breath-
ing spontaneously while upper airways are anes-
thetized for patient comfort with topical
anesthetic or by means of nerve blocks. If efforts
to place the endotracheal tube are unsuccessful,
a surgically placed tracheostomy may be neces-
sary. Patients with a potentially difficult airway
are not well suited for procedures requiring deep
sedation or general anesthesia in the ambulatory
or office-based setting.

General anesthesia can be maintained using a
combination of inhalation and intravenous
agents or only intravenous drugs (TIVA - total
intravenous anesthesia). There is no obvious
advantage to using one technique over the other
in all patients; however, specific clinical situa-
tions may be better served with the TIVA tech-
nique. Description of the pharmacodynamics
and pharmacokinetics of the medications used
in anesthetic practice is beyond the scope of this
chapter.

Regional Anesthesia

Regional anesthesia includes local infiltration
(usually done by the surgeon), peripheral nerve
blocks, and neuroaxial blocks (epidural, spinal,
caudal). Regional anesthesia is frequently supple-
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mented by sedation, MAC, or general anesthesia
depending on surgical and patient needs.
Advantages of regional techniques include excel-
lent surgical analgesia, blockade of the systemic
stress response to the surgical stimulation, supe-
rior postoperative pain control,and avoidance of
the side effects of general anesthesia.

Neuroaxial Blocks

Spinal anesthesia is probably the simplest and
most reliable regional anesthetic technique; local
anesthetic with or without any adjuvants is
deposited in the lumbar subarachnoid space.
However, the incidence of side effects may be
quite high, especially when used in the ambula-
tory setting. The most troublesome complications
of outpatient spinal anesthesia are prolonged
residual block of motor, sensory, and sympa-
thetic nervous system function, which can con-
tribute to delayed ambulation, dizziness, urinary
retention, impaired balance, and delayed dis-
charge from the ambulatory facility. When com-
pared with general anesthesia, the use of spinal
anesthesia, even with small doses of short-acting
local anesthetics, is associated with a higher
incidence of backache, 35% vs. 14%, which may
be difficult to accept in the outpatient surgical
setting.”

Epidural anesthesia may be technically more
difficult to perform when compared with spinal
anesthesia. It also has a slower onset of action
and is associated with a greater chance of an
incomplete sensory block than spinal anesthe-
sia. On the other hand, one advantage of having
the catheter placed in the epidural space is the
ability to extend the duration of anesthesia for
procedures with variable surgical times. An epi-
dural catheter can also be used during the post-
operativeperiodtoprovideexcellentpostoperative
analgesia, in particular after extensive recon-
structive surgeries. An epidural catheter can be
placed at different levels of the spine (lumbar,
thoracic, or cervical) to limit the neuroaxial
block to the surgical site only; and by using a dif-
ferent concentration of a local anesthetic, selec-
tive blockade can be achieved (sympathetic,
sensory, or motor) to meet the specific clinical
goals.

The use of a combined spinal-epidural anesthe-
sia technique allows for the reliability of spinal
anesthesia with the flexibility of continuous epi-
dural anesthesia, which can extend to the post-
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operative period.”””> A small initial dose of
intrathecal local anesthetic (spinal) with a nee-
dle-through-needle technique is given, and then
an epidural catheter is placed. If necessary,
the epidural catheter could be used to extend
the block beyond the duration of the spinal
anesthetic.

Peripheral Nerve Blocks

Peripheral nerve blocks are well suited for surgical
procedures on extremities. They may be com-
bined with sedation or light general anesthesia.
One of the advantages of a peripheral nerve
block is that the duration of analgesia extends
well beyond the surgical procedure, hence imme-
diate postoperative recovery and time to dis-
charge can be shortened. Local anesthetics can
be also delivered via a catheter placed around
the major peripheral nerves, providing excellent
analgesia for the extended period of time. The
technique of peripheral nerve blocks has evolved
over time; and nowadays, utilization of nerve
stimulators and ultrasound imaging helps an
anesthesiologist perform peripheral nerve
blocks with great precision, efficiency, and with
low risk of complications. The use of peripheral
regional analgesic techniques as a single injec-
tion or continuous infusion can provide superior
postoperative analgesia compared with systemic
opioids*' and may even result in improvement
in various outcomes.'”’®

One has to remember that some blocks may
be time consuming to perform, and when the
patients are discharged before resolution of the
block or with the peripheral nerve catheter,
there must be a system in place to monitor for
possible complications and follow-up with the
patient’s recovery.

Patient Positioning

Patient positioning should accommodate a sur-
geon’s need for proper exposure of the operating
site; however, if done improperly it may cause
injury to the anesthetized patient. Ideally, the
patient should position himself/herself in an
anticipated position without any discomfort and
then be anesthetized. Unfortunately, this solu-
tion is frequently impractical due to difficulties
with induction of general anesthesia and/or
securing airway in certain positions (prone, lateral
decubitus). The patient is most commonly posi-
tioned for the surgery after being anesthetized.
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Table 3.4. Possible complications related to surgical positioning.

)
Y

Prevention

Avoid pressure on the ulnar groove and the
spiral groove of the humerus

Proper head support (foam pillows, horse-shoe
headrest, head pins)

Use of chest rolls

Proper positioning of chest rolls

Bringing the arm into a more anterior plane
with the body

Use of axillary roll

Proper padding between the head of the fibula
and the lithotomy bar

Avoid pressure over the medial tibial condyle
Avoid extensive hip flexion

Limit the head down angle

Position Complication

Supine Ulnar nerve injury (most common peripheral nerve injury)

Prone Eyes, face injury
Increased intra-abdominal pressure
Female breasts

Lateral Brachial plexus injury

Lithotomy Peroneal nerve injury
Saphenous nerve injury
Lower extremity compartment syndrome

Trendelenburg Increases central venous pressure, intracranial and intraocular
pressure, myocardial work, and pulmonary venous pressure and
decreases pulmonary compliance and functional residual capacity,
swelling of the face, eyelids, conjunctiva, and tongue, venous stasis
in the head and neck

Sitting Air embolism

Spinal cord ischemia, obstruction of carotid and vertebral arteries,

and embolic or thrombotic stroke

Therefore, all possible efforts should be made to
protect pressure points, eyes, ears, nerves, etc.,
against injury. Table 3.4 summarizes the most
common injuries related to patient positioning.
Peripheral nerve injury is the most serious com-
plication related to improper patient position-
ing. There are five preventable causes of nerve
injury: stretch, compression, ischemia, metabolic
derangement, and surgical transection, of which
the first three causes may be directly related to
the surgical position. The ASA task force
addressed the issue of prevention of periope-
rative peripheral neuropathies in a practice
advisory document.'

Postoperative Recovery, Postoperative
Pain Control, Nausea, and Vomiting

Recovery from anesthesia may vary depending
on the patient and type of anesthetic used; how-
ever, the experience that follows surgery and
anesthesia is what the patient is likely to remem-
ber. In the postanesthesia unit, as the patient
goes through the recovery process, common
postoperative problems are addressed (postop-
erative nausea and vomiting [PONV], pain, etc.)
as well as less common, but potentially serious,

Meticulous surgical technique
Prevent excessive flexion of the neck

respiratory (hypoxia, hypoventilation) and
cardiovascular (hypotension, hypertension) com-
plications. At the same time, patients are continu-
ously assessed whether discharge criteria are met.
There are numerous scoring systems assessing
patient readiness to discharge; probably the
most popular is the modified Aldrete score. It is
a simple sum of numerical values assigned to
activity, respiration, circulation, consciousness,
and oxygen saturation. Importantly, it provides a
simple and easy way to assess patient readiness
for discharge (a score of at least 9 out of 10 indi-
cates patient readiness for discharge) (Table 3.5).
Frequently, the Aldrete score is modified by add-
ing the assessment of pain, nausea/vomiting,
and surgical bleeding to the evaluation of vital
signs and activity.! There are multiple factors
affecting duration of postanesthesia unit length
of stay. Some of them are directly related to the
intraoperative anesthetic care, but some may be
related to the nature of the surgical procedure.
Postoperative nausea and vomiting, inadequate
pain control or prolonged residual neuroaxial
block, as well as type of anesthetic used (GA vs.
sedation) all can delay recovery and time to discharge
and need to be taken into consideration when
planning anesthetic care. In addition, the type
and duration of the surgical procedure, the
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patient’s ASA physical status, and intraoperative
blood loss can affect the duration of recovery
and time to discharge as well.”!

Optimal postoperative pain control is impor-
tant not only for patient comfort but also
because it has been demonstrated that adequate
pain control decreases the serum levels of
stress hormones and reduces postoperative
morbidity.*” Use of patient-controlled analgesia
enables titration of the analgesic (intravenous
or epidural) to the patient’s comfort and is more
effective than intermittent intramuscular or
intravenous analgesic injections.”” Continuous
epidural analgesia and peripheral nerve cathe-
ters provide excellent postoperative analgesia.
They reduce the concentration of circulating
stress hormones and provide pharmacologic
sympathectomy, which prevents peripheral
vasoconstriction and provides better blood flow
to the tissues within anesthetized dermatomes.
This may be beneficial after reconstructive sur-
gery, in particular when free flaps are used.® A
multimodal approach to treatment of postop-
erative pain has gained a great deal of popular-

Table 3.5. Two examples of discharge criteria systems.

Postanesthesia recovery score (modified Aldrete score)
Activity

2= Moves all extremities voluntarily/on command

1= Moves two extremities

0 = Unable to move extremities

Respiration

2 = Breathes deeply and coughs freely
1=Dyspneic, shallow or limited breathing
0 = Apneic

Circulation

2=BP + 20 mm of preanesthetic level
1=BP + 20—50 mm of preanesthetic level
0=BP -+ 50 mm of preanesthetic level

Consciousness

2 = Fully awake

1= Arousable on calling
0= Not responding

Oxygen saturation

2=Spo, > 92% on room air

1= Supplemental 0, req. to maintain Spo, > 90%
0 =Spo, < 92% with 0, supplementation

10 =Total score

Score > 9 required for discharge
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ity, since it allows an anesthesiologist to take
advantage of a synergistic analgesic effect of
agents acting by different mechanisms (e.g.,
opioids and NSAIDs) thus reducing the dose of
each drug. Adequate pain control during the
perioperative period may improve postopera-
tive functional recovery and prevent develop-
ment of chronic pain syndromes as well as
improve patient satisfaction.”® PONV has a sig-
nificant impact on patient satisfaction, overall
cost of providing care, and surgical outcomes.
There are recognized factors affecting the risk
of PONV: female gender, nonsmoking status,
history of motion sickness and/or prior PONYV,
and use of opioids.*® An aggressive multi-
modal approach to PONV prevention (antiemet-
ics-S-HT3 receptor antagonists, dexamethasone)
as well as possible modification of the anesthetic
technique (avoidance of opioids, use of regional
technique, local anesthetics) can substantially
decrease the incidence of this postoperative
complication.*® Prevention is by far more effec-
tive than treatment of well-established PONV.
Studies have shown that a patient’s fear of PONV

Postanesthesia discharge scoring system

Vital signs (BP and pulse)

2 = Within 20% of preoperative baseline
1=20—-40% of preoperative baseline
0= >40% of preoperative baseline
Activity

2 =Steady qait, no dizziness

1= Requires assistance

0= Unable to ambulate

Nausea and vomiting

2 = Minimal: treat with PO medications

1= Moderate: treat with IM medications

0 = Continuous: repeated treatment

Pain

Acceptable to patient; control with PO medications
2=Yes

1=No

Surgical bleeding

2 = Minimal: no dressing change required
1= Moderate: up to two dressing changes
0= Severe: more than three dressing changes
10 = Maximum score

Score > 9 required for discharge

Source: Reprinted with permission from Miller’s Anesthesia, 6th ed., Volume 2, Miller RD, ed., p. 2709, Copyright Elsevier 2005.
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is greater than fear of postoperative pain and
other side effects of anesthetic care."®*

Regional vs. General Anesthesia
and Outcomes

Regional anesthesia is known to prevent or at
least attenuate a systemic stress response to sur-
gery by blocking afferent noxious neural trans-
mission to the central nervous system.” However,
it has been difficult to translate this benefit into
improvement of major patient outcomes.®
Multiple studies have shown lower serum con-
centration of the stress hormones during and
after surgical procedures when the neuroaxial
blocks were used as compared with general
anesthesia.!®?° However, there is still an unsettled
debate as to whether regional or general anes-
thesia is more beneficial for patients’ hard out-
comes (mortality and major morbidity). Initial
enthusiasm favoring regional techniques® has
been tempered over time by the results of better
designed trials and meta-analyses showing min-
imal difference in outcomes between the two
techniques.*>* Many investigators have hypoth-
esized that an exaggerated stress response to the
surgical procedure may increase morbidity and
mortality and as such needs to be blocked before
the surgical stimulation.?**>”" Although further
investigation of this matter failed to show con-
vincing evidence of earlier suspected advantages
of regional anesthesia, there is a strong belief by
some that under selected clinical circumstances
regional anesthesia may be advantageous.® This
assumption is supported by studies linking
regional anesthesia with decreased incidence of
thrombotic complications,”” improvement in
microcirculation blood flow, and diminished
inflammatory and hypercoagulable response.®”
For instance, continuous epidural anesthesia and
postoperative analgesia may be beneficial in
reconstructive surgery to improve microcircula-
tion in free flaps by induced sympathectomy and
potentially reduce the complication rate related
to thrombogenic activity and vasospasm. It also
provides superb postoperative pain control with
minimal systemic side effects, which is impor-
tant after extensive reconstructive surgeries,
since inadequate pain control activates the sys-
temic stress response (increased sympathetic tone
and hypercoagulable state). The benefit of the
regional technique may be difficult to prove if
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only major, but relatively rare, postoperative
complications are considered (death, myocardial
infarction, pulmonary embolism, etc.) as out-
come measures. To achieve adequate power, a
large number of patients need to be enrolled in
the study, making it extremely difficult to con-
duct. However, there are data suggesting that
regional anesthesia and local anesthetics have a
profound beneficial effect on the inflammatory
response during surgery and immunomodu-
lation in the perioperative period where impact
on the outcome has to be determined.”

Anesthetic Consideration in Cosmetic
Surgery

Anesthesia for cosmetic surgery presents a
unique challenge since the procedures them-
selves have no medical indications, and the
patients expect smooth, side-effect-free recov-
ery. These patients not only expect to look and
feel better after the procedure, but they also
would accept no additional discomfort during
the process; therefore, cosmetic surgery patients
tend to be more demanding and highly critical
of all aspects of perioperative care. It is a purely
consumer-driven medical care. Although many
small cosmetic procedures can be performed
under local anesthesia and without or only with
minimal sedation, more extensive procedures
require MAC, general anesthesia, or nerve block.
The goal of anesthetic management for these
mostly outpatient, office-based procedures is to
provide excellent surgical conditions as well as
to facilitate fast and complication-free recovery.
Some of the side effects of anesthesia, such as
PONYV, may not only be very dissatisfactory for
the patient, but also jeopardize the results of the
surgical procedure (facelift, abdominoplasty).
There is no single (“fits all”) anesthetic tech-
nique for a cosmetic procedure and as with any
other procedure, anesthetic care has to be tai-
lored to the clinical situation. Use of a local anes-
thetic at the surgical site helps to minimize or
even eliminate the need for intravenous opioids
and significantly decreases the incidence of
PONV.* It has to be stressed that the maximal
safe dose of a local anesthetic should not be
exceeded due to the risk of serious cardiovascular
complications. In particular, tumescent lidocaine
solutions used during liposuction, lipoplasty, or
suction-assisted lipectomy accounted for a sig-
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nificant part of morbidity and mortality related
to cosmetic surgery; therefore, utmost attention
should be paid when using a large volume (dose)
of a local anesthetic. Propofol infusion supple-
mented with ketamine and generous local anes-
thetic instillation at the operative site by the
surgeon has been reported to be a very successful
anesthetic technique for the most common
cosmetic surgeries (liposuction, breast augmen-
tation, abdominoplasty, facelift) with minimal to
almost no side effects, great patient satisfaction,
and fast recovery.”

Perioperative Anesthetic Care
and Outcomes

Choice of Anesthetic

There is a growing body of evidence bringing
forth new information that perioperative events
and anesthetic clinical care choices may affect
patient morbidity and mortality for months or
even years following surgery.”®*? Better under-
standing of the role of inflammation and immu-
nomodulation during the perioperative period
has led to a realization that the impact of anes-
thetic management may have long-term conse-
quences.'>** Anesthesia and surgery acutely
alter the function of the immune system through
a multifactorial process.” In the perioperative
period, signals affecting the immune system
include fear, tissue injury, hypothermia, pharma-
cologic agents, blood transfusions, pain, infection,
and hyperglycemia, just to mention a few. Volatile
anesthetic agents have been shown in vitro to
have a dose-dependent inhibitory effect on neu-
trophil function; they suppress cytokine release
in peripheral blood mononuclear cells, decrease
lymphocyte proliferation,and induce lymphocyte
apoptosis.?»?**>% Although human studies are
more difficult to interpret because changes in the
immunologic system seem to be multifactorial
and frequently difficult to separate, Schneemilch
and colleagues® compared the immune effects of
TIVA (propofol, sufentanil) with balanced inhala-
tion anesthesia (sevoflurane, nitrous oxide, fenta-
nyl) during minor surgery. They found that
absolute numbers of T-lymphocytes, expression
of histocompatibility locus antigen, and activa-
tion markers decreased more in response to
balanced inhalation anesthesia.”” The causality of
exposure to volatile anesthetics and increased
rate of infection or better graft survival is not
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definitively supported by clinical studies; how-
ever, one has to consider the possibility that
exposure to inhaled anesthetics could be associ-
ated with long-term sequelae.® At the same time,
volatile anesthetics (sevoflurane, desflurane) have
been implicated to have anti-inflammatory prop-
erties and protective effects against ischemia
reperfusion injury of the myocardium during
coronary artery bypass surgery with quite mea-
surable improvement in the outcomes.?

The pleiotropic effect (sodium channel-inde-
pendent) of local anesthetics exerted by interact-
ingwith other molecularsites (e.g.,M1 muscarinic
receptors, G-protein-coupled receptors) at con-
centrations far below those required to achieve
neuronal blockade may be an important factor
affecting selected outcomes.**>* Local anesthet-
ics reduce inflammation by interfering with the
inflammatory cascade at multiple levels and have
demonstrated beneficial effects in the clinical
treatment of acute and chronic inflammatory
diseases.”” The results of studies have demon-
strated clearly that local anesthetics attenuate
important proinflammatory effector functions,
such as the expression of pro-adhesive leukocyte
integrins (e.g., CD11b-CD18), formation of reac-
tive oxygen metabolites, and the release of leu-
kotrienes interleukin-la and histamine.?>*>7
This evidence helps to explain the ability of local
anesthetics to ameliorate leukocyte adherence,
transmigration, edema formation, and tissue
damage in different animal models of acute
injury (e.g., acute respiratory distress syndrome,
thermal injury, myocardial infarction) and
chronic inflammatory diseases such as inflam-
matory bowel disease.”” What is interesting is
that local anesthetic-induced reductions in leu-
kocyte activation do not seem to be offset by
clinically relevant reductions in microbicidal
capacity.®*® Clinical benefits of systemic local
anesthetics have been demonstrated by
Herroeder et al.*® in a prospective, randomized
trial, which showed that patients who received
intravenous lidocaine perioperatively had faster
recovery of bowel function and shorter hospital
stay after colorectal surgery when compared
with patients receiving a placebo.

Although all modern anesthetic agents are
safe and direct serious toxicity is almost nonex-
istent in clinically relevant doses, they may have an
impact on long-term outcomes. The discussion
of the pharmacokinetic and pharmacodynamic
properties of all anesthetic agents is beyond the
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scope of this chapter; however it is important to
mention that there is a growing body of evidence
suggesting that intravenous opioids inhibit both
cellular and humoral immune function.®””® This
effect may be important in oncologic surgery as
well as have an impact on the incidence of post-
operative infectious complications. Exadaktylos
et al.” showed in a retrospective review that the
use of paravertebral block for breast surgery can
affect (lower) the rate of breast cancer recur-
rence. Although it would be oversimplification to
state that general anesthesia increases the recur-
rence of cancer after oncologic surgery, one has
to recognize the effect of different types of anes-
thetics on the function of natural killer cells,
which are thought to play a key role in prevent-
ing tumor dissemination and growth."? This
finding is in concordance with previous animal
(rat) studies that demonstrated that surgical
stress is attenuated better by regional rather than
general anesthesia and that, consequently, natu-
ral killer cell function is better preserved and
metastatic load to the lungs is reduced while
regional anesthesia is used.’

Temperature Control

It is well documented that postoperative hypo-
thermia negatively affects outcome after a surgi-
cal procedure.’ Major outcome studies have
demonstrated that the risk of surgical wound
infection is reduced threefold simply by keeping
patients normothermic.®® All surgical patients
are at a risk for wound infection, and after sur-
gery, this risk increases if tissue perfusion is
poor. Melling et al. illustrated that a 14% postop-
erative infection rate was reduced to 5% by
applying a 30-min period of preoperative warm-
ing.”! Frank et al.” showed in a randomized, con-
trolled trial comparing routine thermal care
(hypothermic group) to additional supplemen-
tal warming care (normothermic group) that
hypothermia was associated with a higher inci-
dence of morbid cardiac events and ventricular
tachycardia. Kurz et al.* found that hypothermic
patients on average stayed 2.6 days longer in the
hospital than a normothermic group. Mild hypo-
thermia reduces platelet function and decreases
the activation of the coagulation cascade. In
vitro studies are consistent with the clinical
experience; hypothermia significantly increased
blood loss and the need for allogeneic transfu-
sion, which was demonstrated during elective
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primary hip arthroplasty.®® It is well recognized
that even mild hypothermia (0.5°C to 1.2°C
below normal core temperature) increases levels
of circulating norepinephrine by 100% to 700%,
causing generalized systemic vasoconstriction.*
It also directly impairs immune function (espe-
cially oxidative killing by neutrophils), decreases
the cutaneous blood flow, which reduces the
delivery of oxygen to tissue, causes protein wast-
ing, and decreases the synthesis of collagen,
which may impair wound healing.'**

Preemptive Analgesia

The concept of preemptive analgesia (providing
analgesic intervention before surgical incision)
has been recently scrutinized in a systematic
review of published randomized trials evaluat-
ing the effect of administered analgesia before
incision on the level of postoperative pain.”® The
overall conclusion from the review was that pre-
emptive analgesia had no effect on postoperative
pain in the first 24 h.>® It may be argued that per-
haps the beneficial effect was delayed beyond
the first postoperative day, thus it was not shown
in the review. On the other hand, it was demon-
strated in the small study that patients who
received a local anesthetic or fentanyl via epidu-
ral catheter before incision had not only better
pain control during immediate postoperative
period but also had an increased activity level as
well as less pain weeks after hospital discharge®;
hence, it might be that the benefits of preemptive
analgesia are more apparent in long-term fol-
low-up of the surgical procedure and improved
patient’s long-term quality of life.

Depth of Anesthesia

The potential effects of anesthesia on long-term
survival were suggested by Monk and col-
leagues.” They demonstrated that maintenance
of deeper levels of anesthesia, as assessed by a
bispectral index (BIS) monitor, were associated
with higher 1-year postoperative death rates for
patients 40 years and older undergoing major,
noncardiac surgery. Farag et al.,”® on the other
hand, suggested in a prospective trail that deeper
levels of anesthesia (assessed by a bispectral
index) were associated with better cognitive
function 4-6 weeks postoperatively, particularly
with respect to the ability to process information.
Further work is required to determine whether
these results reflect a true pathophysiologic link
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between management of the anesthesia depth
and long-term outcome or a simple statistical
association. Before one can make any recom-
mendation regarding the depth of anesthesia in
surgical patients, further prospective studies are
needed using more sensitive tools to assess the
long-term effects of general anesthetics on cog-
nitive function.

Inspired Oxygen Concentration

Perioperative factors, such as providing supple-
mental oxygen, may modulate postoperative
infection risk even though infections are not
detected clinically until days later.'"* Infection
risk is reduced by an additional factor of two if
supplemental oxygen is provided (80% vs. 30%)
during surgery and for the initial hours after
surgery.*

Perioperative Glycemia Control

Although the contribution, if any, of periopera-
tive tight glucose control on postoperative out-
comes in a noncardiac surgery setting have yet
to be suitably tested, it was demonstrated in an
intensive care unit as well as cardiac surgery
patients that tight glucose control improves
selected outcomes.'®***””* Hyperglycemia causes
endothelial dysfunction, increased expression of
adhesion molecules, O, radical production,
defect in NO production, tissue acidosis, poor
wound healing, and so forth. Hence, it is plausi-
ble to assume that tight glucose control during
the perioperative period in major reconstructive
surgery may be beneficial.

Perioperative Medications

Statins showed promising results in reducing
the incidence of cardiovascular events during
the perioperative period, and their benefit is
beyond the lipid-lowering effect.?* Their benefi-
cial anti-inflammatory properties and effect on
postoperative outcomes still need to be further
explored; however, initial results are promising.*
Perioperative beta-blockers have been shown
in earlier studies to reduce the risk of short- and
long-term cardiovascular events. Mangano and
colleagues® performed a randomized clinical
trial in which 7 days of perioperative 3-blockade
was compared with placebo in high-risk patients
undergoing noncardiac surgery. They reported
significantly improved survival at 6 months,
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which remained significant during the 2 years
of follow-up. However, recent trials (DIPOM,
POBBLE) have questioned the benefit of periop-
erative beta blockers."*2 Therefore, ACCand AHA
recently revised indications for their use during
the perioperative period.” Although there is a
well-documented physiologic rationale for use of
perioperative beta blockers, there are still ques-
tions to be answered by ongoing trials regarding
the perioperative benefit of these drugs.
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Medical Liability in Plastic
and Reconstructive Surgery

Mark Gorney

Summary

With the increasing popularity and interest in
aesthetic surgery among the general popula-
tion, the need for an adequate understanding
of the complicated interplay of circumstances
that leads to dissatisfied patients and potential
legal action has great significance. This chapter
aims to identify the salient legal principles
related to patient care as well as potential
pitfalls. In addition, this chapter examines
how the summative contributions of patient
selection, the type of procedure, and the
associated psychological aspects of anatomy
modification could increase the likelihood of
a physician being faced with a dissatisfied
patient and/or legal action. By understanding
these basic legal principles as well as the afore-
mentioned predisposing factors, one may be
able to minimize the frequency and severity
of legal claims.

Abbreviation

BDD Body dysmorphic disorder

<
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Legal Principles Applied
to Plastic Surgery

Standard of Care

Malpractice generally means treatment that is
contrary to accepted medical standards and that
produces injurious results in the patient. Most
medical malpractice actions are based on laws
governing negligence. Thus, the cause of action
is usually the “failure” of the physician to exercise
that reasonable degree of skill,learning, and care
ordinarily possessed by others of the same profes-
sion in the community. Although in the past, the
term “community” was accepted geographically,
it is now based on the supposition that all doctors
keep up with the latest developments in their field.
The community today is generally interpreted as
a “specialty community.” The standards are now
for those of the specialty as a whole irrespective
of geographic location. This series of norms is
commonly referred to as “standard of care.”

Warranty

The law holds that by merely engaging to render
treatment,a doctor warrants that he or she has the
learning and skill of the average member of that
specialty and that he or she will apply that learn-
ing and skill with ordinary and reasonable care.
The warranty is for due care. It is legally implied. It
need notbe mentioned by the physician or the patient.

M.Z. Siemionow and M. Eisenmann-Klein (eds.), Plastic and Reconstructive Surgery, 37
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However, the warranty is one of service, not cure.
Thus, the doctor does not imply that the opera-
tion will be a success, that results will be favorable,
or that he or she will not commit any medical
errors not caused by lack of skill or care.

Disclosure

While attempting to define the yardstick of disclo-
sure, the courts divide medical and surgical
procedures into two categories:

1. Common procedures that incur minor or
remote serious risk, for example, the
administration of acetaminophen.

2. Procedures involving serious risks that the
doctor has an affirmative duty to disclose.
He or she is bound to explain in detail the
complications that might possibly occur.

Affirmative duty means that the physician is
obliged to disclose risks on his or her own, without
waiting for the patient to ask. The courts have
long held that it is the patient, not the physician,
who has the prerogative of determining what is
in his or her best interests. Thus, the surgeon is
legally obligated to discuss with the patient
therapeutic alternatives and their particular
hazards in order to provide sufficient information
to determine the individual’s own best interest.
How much explanation and in what detail are
dictated by a balance between the surgeon’s
judgments about his or her patient and the legal
requirements applicable. It is simply not possible
to tell patients everything without unnecessarily
dissuading them from appropriate treatment.
Rather, the law holds that patients must be told
the most probable of known dangers and the
percentage likelihood. More remote risks may be
disclosed in general terms, while placing them in
a context of suffering from any unusual event.

Obviously, the most common complications
should be volunteered frankly and openly, and
their probability, based on the surgeon’s personal
experience, should also be discussed. Finally, any
or all of this information is wasted unless it is
documented in the patient’s record. For legal pur-
poses, if it is not in the record, it never happened!

Informing Your Patients Before
They Consent

In the last five years, most medical liability
carriers have experienced a significant increase
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in claims alleging failure to obtain a proper
informed consent prior to treatment. This trend is
particularly noticeable in claims against surgical
specialties performing elective procedures.

Informed consent means that adult patients
who are capable of rational communication
must be provided with sufficient information
about risks, benefits, and alternatives to make an
informed decision regarding a proposed course
of treatment. (The same is true for “emancipated”
or “self-sufficient” minor patients.) In most states,
physicians have an “affirmative duty’ to disclose
such information. This means that you must not
wait for questions from your patients; you must
volunteer the information.

Without informed consent, you risk legal
liability for a complication or untoward result -
even if it was not caused negligently.

The essence of this widely accepted legal
doctrine is that patient must be given all informa-
tion about risks that are relevant to a meaningful
decision-making process. It is the prerogative of
the patient, not the physician, to determine the
direction in which it is believed his or her best
interests lie. Thus, reasonable familiarity with
therapeutic (and/or diagnostic) alternatives and
their hazards is essential.

Do patients have the legal right to make bad
judgments because they fear a possible compli-
cation? Increasingly, the courts answer affirma-
tively. Once the information has been fully
disclosed, that aspect of the physician’s obligation
has been fulfilled. The final decision on therapy
is usually the patient’s.

“Prudent Patient” Test

In many states, the most important element in
claims involving disputes over informed con-
sent is the prudent patient test. The judge will
inform the jury that there is no liability on the
doctor’s part if a prudent person in the patient’s
position would have accepted the treatment
had he/she been adequately informed of all sig-
nificant perils. Although this concept is subject
to reevaluation in hindsight, the prudent patient
test becomes most meaningful where treatment is
lifesaving or urgent.

The concept also may apply to simple procedures
where the danger is commonly appreciated to
be remote. In such cases, disclosure need not
be extensive, and the prudent patient test will
usually prevail.
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Refusals

As part of medical counseling, many state laws
mandate that physicians warn patients of the
consequences involved in failing to heed medical
advice by refusing treatment or diagnostic tests.
Obviously, patients have a right to refuse.In such
circumstances, it is essential that you carefully
document such refusals and their consequences
and that you verify and note that the patient
understood the consequences.

Documentation is particularly important in
cases involving malignancy, where rejection of
tests may impair diagnosis and refusal of treat-
ment may lead to a fatal outcome. Remember to
date all such entries in the patient record.

If the information you present includes per-
centages or other specific figures that allow the
patient to compare risks, be certain that your
figures conform to the latest reliable data.

Consent-in-Fact and Implied Consent

What is the distinction between ordinary consent
to treatment (consent-in-fact) and informed
consent? Simply stated, the latter verifies that
the patient is aware of anticipated benefits as
well as risks and alternatives to a given proce-
dure, treatment, or test. On the other hand,
proceeding with treatment of any kind without
actual consent is “unlawful touching” and may
therefore be considered “battery.”

When the patient is unable to communicate
rationally, as in many emergency cases, there may
be alegally implied consent to treat. The implied
consent in an emergency is assumed only for the
duration of that emergency.

Minors

Except in urgent situations, treating minors
without consent from a parent, legal guardian,
appropriate government agency, or court carries
a high risk of civil or even criminal charges.
There are statutory exceptions, such as for an
emancipated adolescent or a married minor. If
you regularly treat young people, you should
familiarize yourself with the existing statutory
provisions in your state and keep up to date.

Religious and Other Obstacles

Occasionally, you may be placed in the difficult
position of being refused permission to treat or
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conduct diagnostic tests on the basis of a patient’s
religious or other beliefs. Although grave conse-
quences may ensue, there is little that you can do
in most states beyond making an intense effort
to convince the patient; in some states, court
intervention may be obtained. Here too, knowing
the law of the state in which you practice is
advisable. In all cases, the informed refusal must
be carefully documented.

If a patient is either a minor or incompetent
(and the parent or guardian refuses treatment),
and you know serious consequences will ensue
if appropriate tests and/or treatments are not
undertaken, your legal and moral obligations
change. You must then resort to a court order or
another appropriate governmental process in an
attempt to secure surrogate consent. The partici-
pation of personal or hospital legal counsel is
advisable to ensure that the legal requirements
applicable in your locale are met.

The Six Elements of Informed Consent

Where treatment is urgent (e.g.,in a case of severe
trauma), it may be needless and cruel to engage in
extensive disclosure that could augment existing
anxieties. However, you should inform the patient
of the treatment’s risks and consequences and
record such discussions.

In general, it is important to discuss the fol-
lowing six elements of a valid informed consent
with your patients and/or their families:

1. The diagnosis or suspected diagnosis

2. The nature and purpose of the proposed
treatment or procedure and its anticipated
benefits

3. The risks, complications, or side effects

4. The probability of success, based on the

patient’s condition

Reasonable available alternatives

6. Possible consequences if advice is not
followed

o

In situations where the nature of the tests or
treatment is purely elective, as with cosmetic
surgery, the disclosure of risks and consequences
may need to be expanded. Office literature can
provide additional details about the procedure.
In addition, an expanded discussion should take
place regarding the foreseeable risks, possible
untoward consequences,or unpleasant side effects
associated with the procedure. This expansion
is particularly necessary if the procedure is new,
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experimental, especially hazardous, purely for
cosmetic purposes, or capable of altering sex-
ual capacity or fertility.

Documentation

Written verification of consent to diagnostic
or therapeutic procedures is crucial. Also,
remember, however, that in an increasing number
of circumstances laws now require the comple-
tion of specifically designed consent forms.

Studies indicate that physicians sometimes
underestimate the patient’s ability to understand.
If your records disclose no discussion or consent,
the burden will be on you to demonstrate legally
sufficient reasons for such absence.

It is a test of your good judgment of what to say
to your patient and of how to say it to obtain mean-
ingful consent without frightening the patient.

No permit or form will absolve you from
responsibility if there is negligence, nor can a
form guarantee that you will not be sued. Permits
may vary from simple to incomprehensibly
detailed. Most medical-legal authorities agree
that a middle ground exists.

A well-drafted informed-consent document is
proof that you tried to give the patient sufficient
information on which to base an intelligent deci-
sion. Such a document, supported by a handwritten
note and entered in the patient’s medical record, is
often the key to a successful malpractice defense
when the issue of consent to treatment arises.

The Therapeutic Alliance

Obtaining informed consent need not be an
impersonal legal requirement. When properly
conducted, the process of obtaining informed
consent can help establish a “therapeutic alliance”
and launch or reinforce a positive doctor-patient
relationship. If an unfavorable outcome occurs,
that relationship can be crucial to maintaining
patient trust.

A common patient’s defense mechanism against
uncertainty is to endow his or her doctor with
omniscience in the science of medicine, an aura of
omnipotence. By weighing how you say something
as heavily as what you say, you can turn an anxiety-
ridden ritual into an effective therapeutic alliance.
Psychiatric literature refers to this as the “sharing
of uncertainty.” Rather than shattering a patient’s
inherent trust in you by presenting an insensitive
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approach, your dialogue should be sympathetic to
the patient’s particular concerns or tensions and
should project believable reactions to an anxious
and difficult situation.

Consider, for example, the different effects
that the following two statements would have:

1. “Here is a list of complications that could
occur during your treatment (operation).
Please read the list and sign it.”

2. “I wish I could guarantee you that there
will be no problems during your treatment
(operation), but that wouldn’t be realistic.
Sometimes there are problems that cannot
be foreseen, and I want you to know about
them. Please read about the possible prob-
lems, and let’s talk about them.”

By using the second statement, you can reduce
the patient’s omnipotent image of you to that of
a more realistic and imperfect human being, who
is facing, and thus sharing, the same uncertainty.
The implication is clear: we — you and I - are
going to cooperate in doing something to your
body that we hope will make you better, but you
must assume some of the responsibility.

To allay anxiety, you may seek to reassure
your patients. However, in so doing, be wary of
creating unwarranted expectations or implying
a guarantee. Consider the different implications
of these two statements:

1. “Don’t worry about a thing. I've taken
care of hundreds of cases like yours.
Youll do just fine.”

2. “Barring any unforeseen problems, I see no
reason why you shouldn’t do very well. T’ll
certainly do everything I can to help you.”

If you make the first statement and the patient
does not do “fine,” he or she is likely to be angry
with you. The second statement gently deflates the
patient’s fantasies to realistic proportions. This
statement simultaneously reassures the patient
and helps him or her to accept reality.

The therapeutic objective of informed consent
should be to replace some of the patient’s anxiety
with a sense of his or her participation with you in
the procedure. Such a sense of participation
strengthens the therapeutic alliance between you
and your patients. Instead of seeing each other as
potential adversaries if an unfavorable or less than
perfect outcome results, you and your patients are



g

MEDICAL LIABILITY IN PLASTIC AND RECONSTRUCTIVE SURGERY

drawn closer by sharing acceptance and under-
standing the uncertainty of clinical practice.

Patient Selection Criteria

Contemporary plastic and reconstructive surgeons
practicing in the United States will find it virtu-
ally impossible to end their careers unblemished
by a claim of malpractice.

However, well over half of this is preventable.
Most are based either on failures of communica-
tion and patient selection criteria, not on tech-
nical fault. Patient selection is an inexact science.
It requires a mixture of surgical judgment and
gut reaction. Regardless of technical ability, a
surgeon who appears cold, arrogant, or insensitive
is more likely to be sued than one who relates
at a “personal” level. A surgeon who is warm,
sensitive, naturally caring, with a well-developed
sense of humor and cordial attitude, is less likely
to be the target of a malpractice claim.

Communication is the sine qua non of building
a doctor-patient relationship. Unfortunately, the
ability to communicate well is a skill that cannot
be easily learned in adulthood. It is an integral
part of the surgeon’s personality. There are,
however, a number of helpful guidelines.

* Great expectations. There are certain
patients who have an unrealistic and
idealized, but vague, conception of what
elective aesthetic surgery is going to do for
them. They anticipate a major change in
life style, with immediate recognition of
their newly acquired attractiveness. These
patients have an unrealistic concept of
where their surgical journey is taking them
and have great difficulty in accepting the
fact that any major surgical procedure
carries inherent risk.

* Excessively demanding patients. In general,
the patient who brings with him or her
photographs, drawings, and exact architec-
tural specifications, should be managed
with great caution. Such a patient has little
comprehension that the surgeon is dealing
with human flesh and blood, not wood or
clay. This patient must be made to under-
stand the realities of surgery, the vagaries
of the healing process, and the margin of
error that is a natural part of any elective
procedure. Such patients show very little
flexibility in accepting any failure on the
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part of the surgeon to deliver what was
anticipated.

The indecisive patient. To the question
“Doctor, do you think I ought to have this
done?,” the prudent surgeon should
respond, “This is a decision which I cannot
make for you. It is one you have to make
yourself. I can tell you what I think we
can achieve, but if you have any doubt
whatsoever, I recommend strongly that
you think about it carefully before
deciding whether or not to accept the
risks which I have discussed with you.”
The more the decision to undergo
surgery is motivated from within and
not “sold,” the less likely recrimination
will follow an unfavorable result.

The immature patient. The experienced
surgeon should assess not only the
physical but also the emotional maturity
of the patient. Youthful or immature
patients (age has no relationship to
maturity) may have excessively romantic
expectations and an unrealistic concept
of what the surgery will achieve. When
confronted with the mirror postopera-
tively, they may react in disconcerting or
even violent fashion if the degree of
change achieved does not coincide with
their preconceived notions.

The secretive patient. Certain patients
wish to convert their surgery into a
“secret” and request elaborate precautions
to prevent anyone from knowing they are
undergoing cosmetic surgery. Aside from
the fact that such arrangements are
difficult to achieve, this tendency is a
strong indication that the patient has a
degree of guilt about the procedure. Thus,
there is a higher likelihood of subsequent
dissatisfaction.

Familial disapproval. It is far more com-
fortable, although not essential, if the
immediate family approves of the surgery
being sought. If there is disapproval, less
than optimal results may produce a “See,
I told you so!” reaction, which deepens
the guilt and dissatisfaction of the patient.

Patients you do not like (or who do not
like you). Regardless of the surgeon’s
personality, in life there are people whom
you simply “do not like” or who do not
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like you. Accepting a patient whom you
basically dislike is a serious mistake.
A clash of personalities for whatever
reason is bound to affect the outcome of
the case, regardless of the actual quality
of the postoperative result. No matter how
“Interesting” such a case may appear, it is
far better to decline the patient.

* The“surgiholic.” A patient who has had a
variety of plastic surgery procedures
performed, and who is a “surgiholic,” often
attempts to compensate for a poor self-
image with repeated surgeries. In addition
to the implications of such a personality
pattern, the surgeon is also confronted with
a more difficult anatomical situation due to
the previous surgeries. He or she also risks
unfavorable comparison with previous
surgeons. Often the percentage of achievable
improvement is not worth the risk of the
procedure.

Generally, there is a clear risk/benefit ratio to
every surgical procedure. If the risk/benefit ratio
is favorable, the surgery should probably be
encouraged and has a reasonable probability of
success. If the risk/benefit ratio is unfavorable, the
reverse not only applies but also the unintended
consequences of the unfavorable outcome may
turn out to be disproportionate to the surgical
result. The only way to avoid this debacle is to
learn how to distinguish those patients whose
bodyimage and personality characteristics make
them unsuitable for the surgery that they seek.

The Wheel of Misfortune:
Exposures Most Likely to
Generate Claims

It should come as no surprise that the overwhel-
ming majority of all malpractice claims lodged
against plastic and reconstructive surgeons
are concentrated in a handful of aesthetic surgery
operations. Unlike other surgical specialists, the
plastic surgeon attending a patient who seeks
aesthetic improvement is not trying to make a
sick patient well, but rather a well patient better.
This not only places a heavier burden of respon-
sibility on the operating surgeon but also subjects
him or her to a broader range of possible reasons
for unhappiness. Sources of dissatisfaction canrange
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from a poor result to something as unpredictable
as a patient’s hidden emotional agenda or a simple
communications failure.

Competitive pressures in the last few years
have also blurred strict criteria for patient selec-
tion. As a result it is not surprising to see a steadily
upward trending in the frequency of claims
against plastic and reconstructive surgeons. We
have surveyed the genesis of patient complaints in
a universe of plastic and reconstructive surgeons
numbering roughly 700 across 15 years of expe-
rience. The loss experience in plastic surgery is
notable for its frequency, rather than its severity
(the large number of claims alleging relatively
minor damages). The average plastic surgeon
reports a claim every 254 years. Although severity
has not characterized plastic surgery’s loss expe-
rience in the past, the trend is toward larger awards,
particularly in those cases where an elective
procedure has resulted in a fatal outcome. An
important example is the claims arising out of
“large-volume,” suction-assisted lipectomy. This
category of claims is more carefully examined
toward the conclusion of this chapter.

e Scarring in General

Most surgeons assume the patient understands
that healing entails the formation of scars.
Unfortunately, it is seldom discussed in the
preoperative consultation. In plastic and recon-
structive surgery, the appearance of the resulting
scar can be the major genesis of dissatisfaction.
It is imperative that the plastic surgeon obtains
from the patients clear evidence of their compre-
hension that without a scar, there is no healing.
The patients must be made to understand that
their healing qualities are as individual to them as
the texture of their hair or the color of their eyes; it
isbuiltintotheirgeneticprogram.Documentation
of such conversations in the preoperative chart
is most important.

¢ Breast Reduction

The genesis of dissatisfaction most often involves
the following:

* Unsatisfactory scar

* Loss of nipple or breast skin cover requiring
revision

* Asymmetry or “disfigurement”

* Breast Augmentation

Litigation involving breast augmentation is
even more common than breast reduction.
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Approximately 44% of all elective aesthetic
surgery claims involve augmentation. Setting
aside for the moment breast implants and
autoimmune disease, the most frequent causes
of dissatisfaction are the following:

* Encapsulation with distortion and
firmness

* Wrong size (too little/too much)

* Infection

* Repetitive surgeries and attendant costs

* Nerve damage with sensory loss

* Face-Lift/Blepharoplasty

Face-lift and blepharoplasty account for approx-
imately 11% of claims. The commonest allegations
are the following:

* Excessive skin removal resulting in a
“starry” look

* Dry eyes/inability to close

* Nerve damage resulting in distorted
expression

» Skin slough resulting in excessive scarring
and additional surgery

The trend toward treating the vast majority of
these patients on an outpatient basis deserves
some comment. In a survey of blindness after
blepharoplasty carried out by the author at
The Doctors Company in 1999, it was discovered
that the only trait all cases had in common was the
fact that they were discharged very shortly after
the termination of the outpatient surgery. Upon
arrival at home, each did something to generate
a sudden rise in blood pressure at the time of
maximal reactive hyperemia, as the epinephrine
in the local anesthetic wore off (constipated
bowel movement, sudden coughing fit, bending
over, and reaching down to tie shoes, etc.) It is
imperative that all patients undergoing outpatient
surgery involving undermining of heavily
vascularized tissues be strictly warned not to
undertake any maneuvers that will generate
sudden elevations in blood pressure. Additionally,
it is strongly recommended that no patient be
discharged from an out-patient surgical facility
until at least after 3h have elapsed and there is
evidence that all the local anesthetic effects have
worn off.

* Rhino-Septoplasty

This category of cases constitutes approxi-
mately 8% of the claims. Among the commonest
allegations are the following:
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 Unsatisfactory result: improper performance
allegations

* Continued breathing difficulties

* Asymmetry

The one most commonly seen (by far) is the first.
Of all the operations performed by plastic and
reconstructive surgeons, regrettably this is the
one with the highest degree of unpredictability.
The problem is greatly aggravated by inappro-
priate patient selection criteria. In these claims,
there is almost universally a gap between the
patient’s expectations and results obtained, even
when the surgical outcome appears excellent.
The inappropriate use of imaging devices or the
showing of “brag books” containing only excellent
results often causes patients to have unrealistic
expectations. The clear implication is “this is the
kind of work that I do, and this is what you can
expect.” Unfortunately, in many cases the actual
result falls short of the promise, and the usual cycle
is put into motion: surprise — disappointment -
anger — perceived arrogance - increased avoidance -
rising hostility - visit to the lawyer.

e Abdominoplasty

Abdominoplasty with or without suction-assisted
lipectomy represents approximately 3% of claims.
The most common allegations are the following:

 Skin loss with poor scars

* Nerve damage

e Inappropriate operation

 Infection with preoperative
mismanagement

There is little question that the combination
of suction-assisted lipoplasty prior to the actual
abdominoplasty has significantly increased the
morbidity of this operation and increased the
number of claims in this category. There is a higher
percentage of skin sloughs in those procedures
when preceded by suction-assisted lipectomy.

* Suction-Assisted Lipectomy

Suction-assisted lipectomy procedures, whether
conventional or ultrasonic, have now become the
single most requested elective aesthetic proce-
dure in the United States. Approximately 145,000
of these procedures were performed in the year
1997, according to ASPRS statistics.! However, the
rising popularity of this procedure has brought
with it a host of problems. To begin with, since

! ASPRS statistic, 1997.
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this is not a surgical procedure in the “traditional”
sense, it is being performed by a wide variety of
practitioners, some of them with no surgical
background or clear understanding of the surgical
anatomy involved. Secondly, it is a procedure most
commonly done on an outpatient basis outside
of the control of any regulatory authorities.”
Additionally, with the advent of “tumescent” tech-
niques, an unseemly race has developed to see
who can suction out the most fat. The net result
has been a dramatic rise in severe morbidity and
fatal outcomes from “high-volume” liposuction.
What is high volume? It is generally agreed that
anything above 5000 cc of extracted fat constitutes
“high volume.” The extraction of this amount of
fat causes profound physiological changes, which
in turn can lead to severe complications and/or
fatal outcomes. The infusion of large amounts of
fluid with even a weak concentration of lidocaine
has also resulted in a number of fatal outcomes as
aresult of anesthetic overdose.

To make matters even worse, these procedures
are often combined with other prolonged opera-
tions. Our experience clearly indicates that when
a patient has been under anesthesia for more
than 6h, undergoing multiple procedures, the
percentage of complications and/or fatal outcome
rises dramatically.

Overall, there are two categories of liability from
conventional assisted lipectomy procedures.

* Minor Allegations

* Disfigurement and contour irregularities
* Numbness
 Disappointment/dissatisfaction

* Major Allegations

* Unrecognized abdominal perforation
resulting in disabling secondary

* Surgery or death

* Lidocaine overdose with fatal outcome

* Pulmonary edema from overhydration

* Pulmonary embolism and death

The cavalier way in which this operation is
sometimes performed requires rethinking, par-
ticularly when the amounts of fat extracted are
major. In a number of venues in the United States,
state medical regulatory authorities are beginning
to take notice, and unless there is a significant
downturn in the morbidity of this procedure,

?TDC Guidelines for SAL, 2001/ASPS Standing Guidelines.
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there will undoubtedly be some regulatory inter-
vention to control the rising tide of misfortune.

 Skin Resurfacing

Chemical peels and laser resurfacing constitute the
next category of claims, constituting roughly 3%.
The principal allegations here are the following:

* Blistering/burns with significant scarring
* Infection/preoperative mismanagement
* Permanent discoloration postoperatively

Because of the unpredictability of individual
healing characteristics, it is probably a good idea
to do a “test patch” in an area that can be hidden
(e.g., the back of the neck). Certainly, the documen-
tation preceding this operation should contain
clear warnings that the quality of healing is
linked to the individual’s genetic makeup and
cannot be predicted.

The operator must make it clear to the patient
that final color and texture determination is not in
the hands of the surgeon and heavy makeup may
be needed for an indeterminate period of time.

e Miscellaneous

Approximately 5% of all complaints against plas-
tic and reconstructive surgeons have to do with
miscellaneous allegations such as the following:

* Untoward reaction to medications or
anesthesia

» Improper use of pre- or postoperative photos

* Sexual misconduct (doctor or employee)

There are certain common issues among all
procedures performed by plastic and reconstruc-
tive surgeons that are commonly not brought to
the attention of the patient in the preoperative
consultations and often represent the triggering
mechanism for a claim. They are as follows:

* Unexpected scarring

* Lack of adequate disclosure (tailored to
the patient’s level of understanding)

* General dissatisfaction: the patient’s
expectations were not met

Psychological and Psychiatric
Aspects of Modifying Anatomy

The growing popularity of elective aesthetic
surgery makes it imperative to establish clear
criteria of patient selection.
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Who is the “ideal” candidate for aesthetic
surgery? There is no such thing, but the surgeon
should note any personality factors that will tend
to enhance or detract from the physical improve-
ments sought. The surgeon must differentiate
between healthy and unhealthy reasons for
seeking aesthetic improvement.

There are basically two categories that make
the patient a poor candidate for elective aesthetic
surgery. The first is anatomic unsuitability, but
the second is equally important, though more
subtle - psychological inadequacy.

Strength of motivation is critical. It has a star-
tlingly close relationship with the patient’s satis-
faction postoperatively. Furthermore, a strongly
motivated patient will tend to have less pain, a
better postoperative course, and a significantly
higher index of satisfaction. Although these char-
acteristics are impossible to predict with absolute
accuracy, it is possible to establish some objective
criteria for patient selection. These are illustrated
in Figure 4.1.

Figure 4.1 depicts a patient’s objective defor-
mity along the horizontal axis (as judged by the
surgeon) versus the patient’s degree of concern
over that deformity (vertical axis) as perceived
by the patient. Two opposite extremes emerge:

1. The patient with major deformity but
minimal concern (lower right-hand
corner). This is a patient with an obvious
major deformity in whom it is clear that
any degree of improvement will be
regarded with satisfaction.

Figure 4.1. A patient’s objective deformity, as judged by the
surgeon, versus the patient’s degree of concern over that deformity,
as perceived by the patient.
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2. The patient with the minor deformity but
extreme concern (upper left-hand comer).
This, in contrast, is a patient with a
deformity which the surgeon perceives to
be minor, but who demonstrates an
inordinate degree of concern and emo-
tional turmoil. Such patients are most
likely to be dissatisfied with any outcome.
The anxiety expressed over the “deformity
is merely a manifestation of inner turmoil,
which is better served by a psychiatrist’s
couch than a surgeon’s operating table.

»

Most who seek aesthetic surgery fit somewhere
on a diagonal between the two contralateral
corners. The closer the patient comes to the upper
left-hand corner, the more likely is an unfavorably
perceived outcome, as is a visit to an attorney.

¢ Effective Communication

Most litigation in plastic surgery has the common
denominator of poor communication. This doctor-
patient relationship can be shattered by the
surgeon’s arrogance, hostility, coldness (real or
imagined), or simply by the fact that “he or she
didn’t care” There are only two ways to avoid such
a debacle: (1) make sure that the patient has no
reason to feel that way, and (2) avoid a patient who
is going to feel that way no matter what is done.

Although the doctor’s skill, reputation, and
other intangible factors contribute to a patient’s
sense of confidence, rapport between patient
and doctor is based on forthright and accurate
communication. This will normally prevent the
vicious cycle of disappointment, anger, and frus-
tration by the patient and reactive hostility,
defensiveness, and arrogance from the doctor,
which deepens the patient’s anger and ultimately
may provoke a lawsuit.

* Anger: A Root Cause of Malpractice
Claims

Patients feel both anxious and bewildered
when elective surgery does not go smoothly. The
borderline between anxiety and anger is tenuous,
and the conversion factor is uncertainty - fear of
the unknown. A patient frightened by a postop-
erative complication or uncertain about the
future may surmise: “If it is the doctor’s fault,
then the responsibility for correction falls on the
doctor.”

The patient’s perceptions may clash with the
physician’s anxieties, insecurities, and wounded
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pride. The patient blames the physician, who in
turn becomes defensive. At this delicate juncture,
the physician’s reaction can set in motion or
prevent a chain reaction. The physician must put
aside feelings of disappointment, anxiety, defen-
siveness, and hostility to understand that he or
she is probably dealing with a frightened patient
who is using anger to gain control.

The patient’s perception that the physician
understands that uncertainty, and will join with
him/her to help to overcome it, may be the deciding
factor in preserving the therapeutic relationship.

One of the worst errors in dealing with angry
or dissatisfied patients is to try to avoid them.
It is necessary to actively participate in the
process rather than attempting to avoid the issue.

* Body Dysmorphic Disorder

As the popularity of aesthetic surgery increases,
one is reminded of the fairy tale that asks the
question: “Mirror, mirror on the wall, who’s
the fairest of them all?” The number of patients
finding comfort and solace in repetitive elective
surgical procedures is growing. Beyond the unre-
alistic expectations of aesthetic correction, many
patients are seeking surgery when the need for it
is dubious at best. The physical change sought
through surgery is usually more a manifestation
of flawed body image than a measurable devia-
tion from physical normality. Body dysmorphic
disorder (BDD) represents a pathological preoc-
cupation by the patient about a physical trait
that may be within normal limits or so insignifi-
cant as to be hardly noticeable. However, to the
patient it has become a consuming obsession.

As the trend of advertising and “marketing”
cosmetic surgery grows worldwide, there is greater
probability that those living in the shadow of this
diagnosis will eventually decide on the surgeon’s
scalpel, rather than the psychiatrist’s consultation,
as an answer to their problem.

Increasingly, we see traditional surgical judg-
ment replaced either by financial consideration
or plain ego on the part of the surgeon. Since
patients with BDD never carry that diagnosis
openly into the consultation with the plastic
surgeon, medical disputes about the surgical
outcome depend entirely on what was said
versus what was understood.

In the best of all possible worlds, the pro-
spective patient would project from the mind
onto a screen exactly the changes he or she
conceives for the surgeon to decide whether or
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not he or she can translate that image into reality.
Lamentably, we are still many decades short of
achieving such imaginary technology. It is easy
for the well-meaning surgeon to be deceived
about the patient’s pathological motivation. It is
also conceivable that the physical deformity really
is at the center of the patient’s psychological
fragility. There are many examples of beneficial
change wrought through successful aesthetic
corrective surgery. Nonetheless, statistically the
odds for an unfavorable result and a claim are
much greater when the disproportion between
the objective deformity and the distress it creates
in the patient is out of proportion. The surgeon
is cautioned to search for appropriate psycho-
logical balance and lean strongly against surgery
in those in whom there is doubt.

At a time of convulsive change in the history
of health care delivery in the United States, certain
socioeconomic factors also come into play. With
the rising number of practitioners in many
specialties, competitive pressures have begun to
affect patient selection criteria. There is a trend
toward substitution of economic considerations
for surgical judgment. Because of recent constric-
tions on medical incomes, some practitioners
see elective aesthetic surgery as the last area of
practice unencumbered by either insurance or
governmental restrictions. This has attracted
individuals with inadequate qualifications. Even
within the ranks of board-certified plastic
surgeons, the rising trend toward “marketing”
and the need to “sell surgery (which should always
be motivated by the patient: not the surgeon)
have further blurred patient selection criteria.

As the popularity of aesthetic surgery grows,
the trend to solve emotional or psychological
problems with a scalpel grows with it - and
so does the trailing liability. It is critically impor-
tant that you remain wary. Always protect yourself
with quality pre- and postoperative sequential
photographs plus complete, clear medical records.
Quite simply, these precautions make the differ-
ence between winning or losing your case. They
are really all you have to verify your work.

Finally, all plastic surgeons soon learn that
although it is impossible to eliminate every
possibility of dissatisfaction or conflict arising
out of elective surgery, it is certainly possible to
reduce such thoroughly unpleasant experiences
by adhering to some very basic principles: Be a
complete physician in the full dimension of the
term, not just a clever technician; avoid hyping
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your unique talent; always strive to maintain
good communication and rapport with your
patients; restrict your procedures to the ones
that you feel comfortable performing; and resist
the temptations to rush into new procedures
until you're ready.

There is a somber reminder in the ultimate
manifestation of the consequence of ignoring
those “shades of gray” and their silent signals.
During the past four decades, the lives of a
number of our colleagues, five of them in the
United States, were lost when they were shot to
death by aesthetic surgery patients terminally
unhappy with their surgical result...quality not
withstanding.
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Sociopsychological Issues and Research A

on Attractiveness

Marita Eisenmann-Klein

Summary

The success of a plastic surgeon depends on
his or her understanding of the psychological
and social aspects of physical attractiveness.
Studies demonstrate that physical attractive-
ness has a dramatic effect on the life of
an individual. Many parameters of physical
attractiveness apply to men and women; within
the past 20 years transcultural studies and
observations indicate that there seems to be a
development towards a global consent in the
perception of physical attractiveness. Yet there
is a whole variety of personality disorders,
psychiatric diseases and neurotic abnormalities,
which might be a contraindication for aesthetic
surgery. It is essential that a plastic surgeon
knows how to evaluate the state of mental
health in a patient.

Introduction

Plastic surgery is frequently misunderstood as
the speciality, which deals with beauty. The artist
Ugo Dossi states about beauty: “I don’t want to
reduce beauty to a phenomenon of formal aes-
thetics. The concept of beauty, perfection and
maturity has to be present inside of us like a kind
of inner North Pole. The whole of evolution
seems to pursue this goal which isn’t discernible as
such yet at the same time and out of the invisible
attracts everything towards it.”

This statement explains why we should not
use the term “beauty” for aesthetic purposes.
Physical attractiveness, however, can be created
or improved by plastic surgery. Interestingly and
in contradiction to the enormous importance of
physical attractiveness, there was little research
in this field until the end of the twentieth cen-
tury. A better understanding of psychological
and social aspects, however, is essential for the
success of a plastic surgeon. John M. Goin and
Marcia Kraft-Goin deserve the credit for being the
first plastic surgery research group in this field.
Their book Changing the Body: Psychological
Effects of Plastic Surgery was published in 1981.}

How to Define Physical
Attractiveness?

Langlois and Roggman concluded in their study:
“Attractive faces are only average”. They found
out that by mixing faces in the so-called “mor-
phing process” the resulting images were consid-
ered to be more attractive than the natural images
of women. This phenomenon might be evolution
based (best selection of criteria) or occurs
because major asymmetries get eliminated dur-
ing the morphing process.’ Characteristics from
attractive female faces are sun tanned skin, oval-
shaped face, full lips, wider distance between
eyes, narrow dark eyebrows, long and dark
eye lashes, high cheek bones, narrow nose and
well-shaped lids.!

M.Z. Siemionow and M. Eisenmann-Klein (eds.), Plastic and Reconstructive Surgery, 49
Springer Specialist Surgery Series, © Springer-Verlag London Limited 2010
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The criteria for attractiveness in male faces
are sun tanned skin, oval-shaped face, full lips,
dark eyebrows, dark eye lashes, upper half of the
face broader than lower half, high cheek bones,
prominent lower jaws, prominent chin, no reced-
ing hairline, well-shaped lids and no visible
nasolabial fold.!

Martin Gruendl demonstrated that by adding
childlike features to a female face, attractiveness
could be increased considerably. In male faces
attractiveness could be improved by adding
signs of dominance' (Figure 5.1).

Study results about the importance of symme-
try are inconsistent. Studies by Gruendl et al.!
have shown that the correlation between attrac-
tiveness of the face and symmetry is less important
than estimated in the past.
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Our study group also looked for an answer to
the question whether high curved eyebrows are
considered to be attractive in females. The results
were striking: unanimously young test subjects
considered a lower eyebrow position to be more
attractive. Old female test subjects were the only
group who preferred the high and curved eye-
brow position. Old male test subjects tended to
prefer the lower position.®

We also found a difference between male and
female test subjects in an online experiment, in
which more than 90,000 participants evaluated
the attractiveness of a female body. There were
168 options in this virtual body contest (Figure
5.2a-d).

In summary, above average length of legs and hip/
waist ratio were the main criteria of attractiveness

3

Figure 5.1. By using the morphing technique, the facial shape of the female face (No. 6) was changed gradually into the shape of a facial scheme of
childlike characteristics. Only the proportions of the face were manipulated, whereas the color values remained unchanged. Face 1: 50% child, 50%
adult woman. Face 2:40% child, 60% adult woman. Face 3:30% child, 70% adultwoman. Face 4:20% child, 80% adult woman. Face 5:10% child, 90%

adult woman. Face 6:0% child, 100% adult woman.
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Figure 5.2. Four types of female bodies used as examples for the stimulus material (from left to right). (a) The average female figure with “normal
measurements.” (b) The classic 90-60—90 type with hourglass figure. (c) The athletic type: masculine, narrow pelvis, but large breasts. (d) The“Barbie-

type”:slim, large breasts, narrow pelvis, long legs.

in a female body. Male test subjects preferred
larger breasts than female test subjects did.’

Attractiveness and Its Effect on
Daily Life

All studies on social perception show that individ-
uals with more attractive faces were assessed to be
more successful, contended, pleasant, intelligent,
sociable, exciting, creative and diligent. This is a
confirmation of the so-called “Halo Effect”. It
means that attractive individuals are considered to
be better human beings.>* It is striking that new
borns, only 14-h old, look at attractive faces longer
than at non-attractive ones.'® Attractive looking
children get more attention from their parents and
teachers. Their intelligence is estimated higher
than that of non-attractive children. In the judge-
ment of their classmates, they are considered to
succeed in an academic career in 75% of cases,
whereas the chances of non-attractive children
were estimated to be in the range of 25%. These
results were evaluated in a meta-analysis from 21
studies." The influence of physical attractiveness
in the choice of a partner is more important in
women than in men. This seems to be a subject of
change within the past 20 years. One of the reasons

might be the fact that the media now frequently
show perfect male bodies. An example of the silent
manipulation is the popular toy figure GI Joe,which
originally resembled the average American male
individual 25 years ago. It has now changed to a per-
fect image of Arnold Schwarzenegger (Figure 5.3).

Figure 5.3. The toy figure Gl Joe in 1982 and in 2004.
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In summary, the results of all meta-analyses show
that the effect of attractiveness is dramatic and
universal.

Is There a Global Consent About
Physical Attractiveness?

Transcultural studies have shown a high level
of agreement among people of different races
and different cultures about the attractiveness
of a face.! Personal studies revealed that a
slightly ascending angle of the eye to the lat-
eral side increases the attractiveness of a face.
These results might be interpreted as a sign of
global consent in the perception of physical
attractiveness.®

When the implant crises started in the United
States in 1992, a breast that was considered to be
normal sized in Europe was too small for the
taste of Northern Americans and far too big for
South Americans. However, the same implant
sizes are used around the world. Obviously, we
are approaching a global ideal of beauty of the
female breast.

Psychological Features
and Psychiatric Disorders

There is no doubt that the success of a plastic
surgeon correlates with the right patient selec-
tion. It is essential to find out whether the patient
is in a good state of mental health during the first
consultation. Therefore, it is extremely important
to understand the motives for aesthetic surgery.
In our study we focused on three core psycho-
logical issues (self-esteem, body image, and psy-
chopathology), which we tested in our patients
preoperatively. In consistency with the results of
other studies, conducted in Canada, we found
that our patients had an above average level of
self-esteem. However, they were more critical
with their body features. Their body awareness
was higher than that in control groups.>”>**

Body Dysmorphophobic Disorders and
Thersites Syndrome

The group of patients that in most cases fail to
benefit from aesthetic surgery are patients
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with dysmorphophobia. According to Sarwer,
7% of candidates for aesthetic surgery belong
to this group. Only a small minority benefits
from surgery: about 10%. In 90%, patients
decompensate and an exacerbation of symp-
toms occurs.

So far, there are no criteria to identify the
minority group of patients who experience an
improvement with plastic surgery.'* The diagno-
sis of dysmorphophobia is not always easy. One
should be cautious if the patient feels “ugly”
although there are no objective signs of ugliness.
The diagnosis is much more difficult in a patient
with Thersites syndrome in which the dysmor-
phophobic disorder meets objective criteria of
ugliness. Thersites was the ugliest warrior in the
army of Alexander the Great."

All these patients have in common the trait
of overestimating the degree of deficiency.
They are convinced that their deficits affect all
aspects of their life. A high percentage of them
admit that they thought about committing
suicide.

Borderline Personality Disorders
with Self-Mutilation

Borderline personality disorder is a common
mental illness. Two percent of adults suffer from
it. It is characterized by instability in mood,
behavior and personal relationships.”

Self-mutilation in borderline disorders is not a
rare problem. Most of these patients are young
women with a history of being abused in child-
hood. Self-infliction might be interpreted as an
attempt to gain control over the infringing act
against their body integrity. There are multiple
types of self-infliction: Most common are multi-
ple parallel knife cuts on both arms, mostly fore-
arms. We have also seen patients who scratched
their faces. One of our patients injected toilet
cleaner, mixed with soil, into her subcutaneous
tissue. This patient had already undergone more
than 300 surgical interventions. Another patient
was admitted repeatedly with stab wounds in her
abdomen.

The chances of curing this disorder are mini-
mal. Frequently, but not always, the tendency to
perform self-inflictions subsides when the
patients reach the age of 30 years. A higher risk
of committing suicide or dying from an accident
remains throughout the life of these patients.'
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Psychotic Disorders: Schizophrenia and
Bipolar Disorders

Patients suffering from depressive disorders as
well as from schizophrenia sometimes injure
themselves by attempting to commit suicide
(e.g., pressure sores after being unconscious).
During a schizophrenic episode, some patients
cut themselves or burn themselves. We treated a
patient who lost eight fingers by holding her
hands in boiling water. Injuries in psychotic
patients are frequently very severe.

Neurotic Disorders

Neurosis is characterized as a mental disorder
which affects only part of the personality (like
anxieties, phobia, etc.). Patients with inadequate
motives, unrealistic expectations or severe anxi-
eties are quite common in plastic surgery.
Neurotic patients frequently attribute their lack
of success in life to other persons (parents, part-
ners, etc.) or to unfavorable circumstances (e.g.
ugly features). Neurotic disorders may be a rela-
tive contraindication for plastic surgery.

Conclusion

The term “beauty” should not be used as a syn-
onym for physical attractiveness.

Criteria of physical attractiveness have been
defined by researchers.

Physical attractiveness means an enormous
competitive advantage in private, social and pro-
fessional life. There is a global consent about
attractiveness in different ethnic groups.

Patients asking for aesthetic surgery have a
high level of self-esteem but are more critical
about their body features. Dysmorphophobia
and Thersites syndrome are relative contraindi-
cations for aesthetic surgery. Self-infliction is fre-
quently associated with a history of abuse in
childhood. Treatment options for this disorder
are minimal. Self-infliction during psychosis may
happen actively or indirectly by attempting to
commit suicide. Neurotic disorders are common
among patients opting for aesthetic surgery. They
might cause contraindications for aesthetic pro-
cedures. Referring the patient to a psychiatrist
frequently does not work out. Psychiatrists are
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powerless if patients do not see the necessity for
treatment. In order to avoid postoperative disas-
ters, it is essential that plastic surgeons have a
basic knowledge of psychiatric disorders.
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Principles of Wound Repair

Ve

Oliver Bleiziffer, Ulrich Kneser, and Raymund E. Horch

Summary

Basic principles as reviewed in this chapter
can be applied to any reconstructive problem,
from the most basic to the most complex, and
help improve the overall aesthetic outcome of
wound closure and scar formation. A thor-
ough assessment of the reconstructive prob-
lem, careful consideration of the affected
anatomic region and proper patient selection
are essential in choosing the optimal thera-
peutic approach to achieve the best recon-
structive outcome.

Abbreviation

RSTLs Relaxed skin tension lines

Introduction

Application of certain basic principles allow the
plastic surgeon to solve reconstructive problems
in all areas of the body, to apply known proce-
dures to other body parts, or to solve unusual
problems altogether. These broad basic princi-
ples can be applied to simple skin excisions or to
complex free tissue transfers.

Regardless of the area, size and shape of
the defect, the objective is always to formulate
the correct plan for closure or reconstruction.

The so-called “reconstructive ladder” (Figure 6.1)
implies consideration of the simplest alternative
first and then progressing to more and more
complex treatment strategies. In detail, progres-
sive advancement from primary closure to skin
grafting, local flaps to distant flaps and finally to
microvascular free tissue transfer can be applied
to any reconstructive situation.

In this chapter, skin excision and simple clo-
sure, Z- and W-plasties and simple local skin
flaps are covered. More advanced techniques of
reconstruction are covered in detail in the fol-
lowing chapters.

Closure of Skin Wounds

Surgical wound closure is the surgeon’s contri-
bution to wound repair that is propagated by the
body itself through epithelialization, wound
contraction and host defense mechanisms.

To attain an optimal scar, the following basic
principles should be followed when suturing
skin wounds: Skin edges should be debrided
whenever necessary and everted and approxi-
mated without tension. The wound is closed in
layers, with the dermal sutures providing the
strength to the closure and relieving tension on
the wound edges. On the other hand, subcutane-
ous fat does not necessarily require suturing,
which may even lead to ischemia and necrosis.

In the early stages of wound healing, the suture
(Figure 6.2) is mainly responsible for keeping
the wound together. Wounds never attain the
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Figure 6.1. Reconstructive ladder demonstrating the range of options for defect closure, starting with the simplest and gradually progressing to the
most sophisticated.

Figure 6.2. Suture techniques. Simple interrupted suture (top row). Interrupted inverted intradermal suture (middle row).Near-far pulley suture
(bottom row).
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tensile strength of normal unwounded skin, reach-
ing a maximum of 80% of normal unwounded
tensile strength. At 1 week after wounding, tensile
strength is as low as 5% of unwounded skin, 10%
at two weeks, 25% at 4 weeks, 40% at 6 weeks and
80% at 8-10 weeks.

Suturing Techniques

Simple interrupted sutures are the most common
suturing techniques. The needle enters and exits
the tissue at 90°, grasping equal amounts of tissue
while passing into the deep dermis at a point of
furthest distance from needle entry. After tying
the knot, the suture will appear pear shaped in
cross-section, everting the skin edges. To approx-
imate edges when one side of the wound is higher
than the other the tissues are grasped “high in the
high”, that is closer to the epidermis, and “low in
the low”, that is farther from the epidermis.

Vertical and horizontal mattress sutures are espe-
cially useful when wound edges are hard to evert
with a simple interrupted suture. However, horizon-
tal mattress sutures cause more ischemia, and verti-
cal mattress sutures leave obvious cross-hatching.

Subcuticular or intradermal continuous sutures
avoid suture marks and result in the most
favorable scar as the needle is passed through
the superficial dermis parallel to the skin surface.
Placing of the suture at the same level is
important. These statements, however, need to
be taken with the caveat that at moments when
wound situations are challenging, for example
when the risk of infection is high, other suture
techniques may be more appropriate. Moreover,
when early suture removal can be anticipated,
such as in the face, intradermal sutures are not
necessarily mandatory to achieve an aesthetically
favorable result.

Half buried mattress sutures, also referred to
as McGregor stitch or three-corner stitch, are
particularly useful when skin edges of different
thickness or texture are to be adapted or a
V-shaped wound needs to be closed. Moreover,
all the knots will lie on one side of the suture line
with no suture marks on the other side. This is
an advantage when insetting the areola, for
example, leaving the suture marks on the dark
areola where they are less conspicuous.

Running sutures can be placed rapidly and
provide hemostasis by compression. It is partic-
ularly popular in the scalp area.
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Suture materials include both absorbable and
nonabsorbable monofilaments that can function
as foreign bodies and thereby evoke an inflam-
matory tissue reaction. This may lead to impair-
ment of healing, infection or wound dehiscence.
Therefore, selection of the appropriate suture
material for a given situation is crucial and
depends on the healing properties and require-
ments of the involved tissue, biologic and physi-
cal properties of the suture material, location of
the wound on the body and individual patient
considerations.

Skin Excision

Although wound closure is of high importance
to achieve an optimal result in terms of scar for-
mation, skin excision methods predetermine
the final orientation and position of the scar.
A number of different skin excision methods exist
depending on the clinical problem at hand, and
their proper execution is a prerequisite to achieve
a satisfactory result in terms of scar formation.
To predict the final appearance of scars following
a skin incision to a certain extent, the knowledge
of two theories describing inherent features of
the skin are crucial: Langer’s lines and relaxed
skin tension lines (RSTLs).

When the skin of cadavers is punctured with a
rounded sharp object, the resulting holes show
an elliptical shape due to the tension of the skin.
Langer was the first to describe this phenome-
non and stated that human skin was less disten-
sible in the direction of the lines than across
them. Given that some tension lines were found
to run across areas of natural creases, wrinkles
and flexion lines and they do not correlate with
the direction of dermal collagen fiber orienta-
tion, Langer’s lines are nowadays mostly of
historic interest. Instead, RSTLs are recom-
mended as guidelines for the placement of skin
incisions.

RSTLs are also known as wrinkle lines and are
the lines of facial expression. They are accentu-
ated by contraction of facial muscles, lie perpen-
dicular to their long axis and become more
discernible with increasing age.

According to these observations, the optimal
scar is a fine, flat and concealed scar lying within
a skin wrinkle or RSTL. Distortion of adjacent
anatomic and aesthetic units or landmarks
should be carefully avoided.
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For the excision of skin lesions, elliptical,
wedge or circular excisions may be used.

Most skin lesions can be removed by simple
elliptical excision, with the long axis in, or paral-
leling a wrinkle, contour line or RSTL. The edges
may be rounded or angular. As a general rule, it is
recommended that the long axis be four times
longer than the short axis. When the ellipse is
made too short or one side of the ellipse is longer
than the other, so-called “dog ears” are the result.
They may be flattened over time but are best
taken care of immediately. If the elliptical exci-
sion is too short, it can be lengthened to include
the excessive tissue. Alternatively, the redundant
tissue can be excised as two small triangles. If
one side of the ellipse is longer than the other a
short triangle or 45° incision at the end of the
ellipse can be performed, and the redundant tis-
sue can be removed.

Wedge excisions have their primary indica-
tions for lesions on the free margins of the ear,
lip, eyelid or nostril.

Closure of circular defects are usually per-
formed either by a local flap or a skin graft.

Under certain circumstances, serial excisions
may become necessary when particularly large
lesions such as giant naevi or large areas of
scarring are excised. In these cases, serial exci-
sions may be used in combination with tissue
expanders.

The viscoelastic properties of the skin and
creep and stress relaxation phenomena enable
successful application of serial excision tech-
niques. One indication has been the treatment of
male-pattern baldness by serial excision of non-
hair bearing areas of the scalp.

Surgical Treatment of Scars

Scar formation is an inherent part of every
wound healing process regardless of whether it is
caused by trauma or surgery. Scarring can be
reduced by correct placement of incisions, mini-
mization of trauma during surgery and use of
appropriate suturing and dressing material and
techniques. Younger patients are more prone to
scarring than older patients, and African and
Asian populations usually exhibit worse scarring
compared with Caucasians. Scars usually become
more conspicuous for around 3 months after
surgery, followed by regression over the following
months. Surgical correction should be performed
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once the scar has matured. This point is usually
reached between 9 months and 2 years after surgery.
Scar revision aims for making it level with adja-
cent tissue, dividing it into smaller pieces and
reorienting it. Nonsurgical means to achieve the
most favorable scars possible include protection
from light, compression therapy and application
of silicon sheets.

Z-Plasty

The Z-plasty is an ingenious technique in which
two triangular flaps undergo transposition with-
out tension** (Figures 6.3 and 6.4). The results
are a gain in length along the direction of the
common limb of the Z, which is useful in the man-
agement of scar contractures, and a change in
direction of the common limb of the Z, which
can be useful in the management of facial scars.
The central limb is usually placed along the line
of contracture or scar, whereas the two remain-
ing limbs, which must be equal in length to permit
the skin flaps to fit together after transposition,
are positioned to resemble a Z or reversed Z.
They can extend at varying angles from 30 to 90°,
depending on the desired gain in length. The
wider the angles of the triangular flaps, the
greater the difference between the long and short
diagonals and thus the greater the lengthening.
The classic Z-plasty has an angle of 60° and pro-
vides a 75% theoretical gain in length of the cen-
tral limb. A prerequisite for successful execution
of a Z-plasty is sufficient laxity laterally to achieve
the appropriate lengthening perpendicular to it.
Angles significantly less than 60° do not achieve
sufficient lengthening and result in flap narrow-
ing, increasing the risk for vascular compromise
and flap tip necrosis. On the other hand, angles
that are too wide produce undue tension in adja-
cent tissue, thereby preventing flap transposi-
tion. A 30° angle produces a 25% increase in
length; a 45° angle, a 50% increase; a 75° angle, a
100% increase and a 90° angle, a 120% increase.
These theoretical values provide a good approxi-
mation of the actual final lengthening, which will
be slightly less based on mechanical properties
of the skin.

In scar revision, the final central limb will lie
perpendicular to the original central limb after
flap transposition and should be selected first.
Since the total length of the limb of multiple
Z-plasties can equal the length of the central limb
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Figure 6.3. (a) Design and planning of Z-plasty. Left panel: The limbs of the Z must be equal in length to the central member.
The angle between the limbs is 60° in this example. Central panel: The flaps are raised. Right panel:The flaps are transposed to their final position,
altering the original direction of the scar. (b) Multiple serial Z-plasties. Transverse shortening is reduced and lateral tension is distributed more evenly
compared to a single Z-plasty. Reprinted from [5] with friendly permission from Dr.R.Kaden Publishing.

of a single Z-plasty, they both can produce a simi-
lar degree of lengthening. Multiple small Z-plasties,
however, tend to produce results superior to one
large Z-plasty. Moreover, they produce less trans-
verse shortening and provide a more equal distri-
bution of lateral tension over the entire length of
the central limbs. Applications include facial scars
as well as U-shaped and circumferential scars.
Caution should be executed in burn contracture,
where the necessary lateral skin excess on either
side of the contracture is not available.

An example of efficient application of multi-
ple Z-plasties is the double opposing Z-plasty,
also referred to as jumping man plasty. It is

particularly useful for release of contractures of
concave body regions, for example the medial
canthal region or interdigital Web spaces. The
two Z-plasties on each side of the central flap
are transposed, whereas the central flap is
advanced in a Y-V fashion.

W-Plasty

This technique is another method of changing
the direction of a linear scar (Figure 6.5). The
scar is excised using multiple small triangles on
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Figure 6.4. Clinical applications of Z-plasty. (a) and (b) Opposing Z-plasty involving the medial eyelid. (a) Incision and raise of the lateral flap which
is to be advanced. (b) Flap advancement, gaining length in the vertical direction. (c) Four-flap Z-plasty for correction of a thumb adduction contracture.
Reprinted from [5] with friendly permission from Dr.R.Kaden Publishing.

either side of the scar, with the opposite sides of ~ W-plasty does not decrease tension in a scarred
the triangles interdigitating with each other."*  area but rather increases it due to the inherent
Towards the ends of the scar, the size of the sacrifice of tissue. It should also be avoided when
excised triangles should gradually decrease, thegoalis tolengthen a contracted scar,in which
resulting in flattening of the W’s limbs. The case a Z-plasty is preferable.
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Figure 6.5. W-plasty. (a) Zigzag pattern incision along both sides of the
scar. (b) The scar has been excised, resulting in tips and corresponding
bases of the incsions lying opposite  each  other.
(c) Result after wound closure where corresponding tips and bases inter-
digitate with each other, resulting in the typical W-shaped scar. Reprinted
from [5] with friendly permission from Dr.R.Kaden Publishing.
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Grafts, Local and Regional Flaps

Jay W. Granzow and J. Brian Boyd

Summary

Over the last century, numerous solutions
have been devised for the closure of defects
where tissue is missing or which cannot be
closed with the simple approximation of the
wound edges. Grafts and flaps both represent
tissue transfer from one location to another.
Grafts differ from flaps in that they do not
have their own blood supply, whereas flaps
bring their own blood supply when trans-
ferred to a new location. This chapter pro-
vides a basic overview of flaps and grafts and
lists several examples of each.

Abbreviations
TRAM Transverse rectus abdominis
musculocutaneous

VAC Vacuum assisted closure

Introduction

Surgeons have faced the dilemma of wound clo-
sure for thousands of years. Indeed, the first
account of skin flaps, attributed to Sushruta, was
recorded at least 400 years before Christ. This
ingenious surgeon devised a method, very similar

to the modern-day forehead flap, for the repair
of nasal defects that were often sustained in bat-
tle or inflicted as punishment for adultery in
ancient India. In 1597, Gasparo Tagliacozzi
(Figure 7.1) wrote a landmark treatise discuss-
ing the closure of wounds with tissue from adja-
cent or distant areas of the body.

Over the last century, numerous solutions
have been devised for the closure of defects
where tissue is missing or which cannot be
closed with the simple approximation of the
wound edges.

Grafts and flaps both represent tissue transfer
from one location to another. Grafts differ from
flaps in that they do not have their own blood
supply, whereas flaps bring their own blood sup-
ply when transferred to a new location. Grafts
survive on a blood supply acquired from the
recipient bed, and typically, the tissue of a graft
must lie within 1-2mm of the recipient blood
supply to survive. This limits the type and
amount of tissue that can survive as a graft. In
contrast, properly designed flaps can be used to
transfer much larger amounts of tissue in a safe,
predictable, and reliable way.

There exists a simple paradigm often known
as a “reconstructive ladder” (Figure 7.2). It states
that when reviewing options for reconstruction,
simple methods are considered first and pro-
gressively more complex and difficult ones are
thought of next. Of course, specific instances and
indications may call for a surgeon to “skip”
basic steps and immediately proceed with more
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Figure 7.1. Plate from Gasparo Tagliacozzi’s De Curtorum Chirurgra

perinsitionem, Libri Duo (Venice, 1597).
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Figure 7.2. Reconstructive ladder.
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complex procedures, but in general, the excep-
tion proves the rule.

Principle of Aesthetic Units

Certain areas of the body require specific atten-
tion to maximize the functional and aesthetic
result. One such important area is the face
(Figure 7.3), which consists of different facial
subunits. These subunits describe natural
patterns that the eye and the brain recognize as
fitting together. It has been found that recon-
struction of an entire subunit is preferable to
reconstruction of only a partial subunit.Incisions
should fall within the borders between the
subunits to minimize their prominence and
allow for an improved aesthetic result. Similarly,
other portions of the body, such as the breasts
(Figure 7.4), are also said to have subunits, and
aesthetic reconstruction achieves better results
when these subunits are respected.

Figure 7.3. Aesthetic units of the face. (Reprinted from Gonzalez-Ulloa
M. Restoration of the face covering by means of selected skin in regional
aesthetic units. Br J Plast Surg. 2005;9:212. Copyright (1956), with per-
mission from Elsevier.)
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Figure 7.4. Examples of subunits of the breast. (Reprinted with permission from Scott and Davison.?)

Grafts

A graftis a tissue that is transferred but does not
maintain its own blood supply. Instead, the graft
relies on the recipient bed for nutritional sup-
port while it becomes incorporated at its new
location. The graft can consist of virtually any
native tissue such as skin, fat, nerve, blood vessel,
fascia, tendon, or bone.

Cells within a graft typically need to lie within
1-2mm of the blood supply in the recipient bed
to survive and be effective. Split- or full-thickness
skin grafts may have a large surface area, but
they must be extremely thin to maintain cellular
viability while circulation is reestablished.

Certain tissues with very low metabolic activ-
ity or which contain a large amount of minimally
vascularized framework, such as bone, tendon,
or cartilage, can be transferred in larger units
and still remain viable.

Since grafts depend on picking up a blood
supply from the recipient bed on which they are
placed, that bed must have good vascularity.
There are times when the bed has insufficient
blood supply to support a graft. The following
structures will not support a graft:

Bone

Cartilage

Tendon

Hardware, implants, or other foreign material

However, some of the supporting tissues associ-
ated with bone (periosteum), cartilage (peri-
chondrium), and tendon (paratenon) have a
vigorous blood supply and may form healthy
recipient beds for grafted cells.

Wound VAC

A relatively recent innovation, called the wound
VAC (vacuum-assisted closure), has provided a
novel way to encourage the growth of granula-
tion tissue over a previously ungraftable wound
(Figure 7.5).

VAC therapy consists of a controlled application
of continuous or intermittent subatmospheric
pressure to a sponge-like wound dressing to pro-
mote healing. Tissue edema and discharge are suc-
tioned away from the wound, while cell migration
and proliferation are promoted. The tissue that is
encouraged to proliferate typically takes the form
of granulation tissue, allowing improvement of the
vascular supply in a given recipient site. This gran-
ulation tissue can spread across an avascular area
and can also fill in defects and smooth out the con-
tour of the recipient site. However, the VAC has its
limitations and cannot be used in all instances,
particularly when the wound is infected.

The dressing is changed much less frequently
than routine wet-to-dry dressings: every 2-4
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Figure 7.5. Wound VAC.Wound closure using only sequential debride-
ments and VAC therapy. Patient was a 7-year-old girl following avul-

sion of dorsum of foot, including skin, tendons, and bone cortices. Note

exposed bone, tendon, and soft tissue. (a) Day 0. (b) Day 3. (c) Day 13.

(d) Day 41.(e) Final result after VAC and subsequent skin grafting only.

days rather than every 6-8 h. The appearance of
a thickened bed of fine granulation tissue sets
the stage for wound closure with simple grafting
rather than more complex flap coverage.

Skin Grafts

Skin is a multilayered organ, which varies greatly
in its characteristics throughout the body. Skin
always consists of an epidermis with a basement
membrane overlying a layer of dermis (Figure

7.6). The dermis is variable in thickness and
ranges from several millimeters on the back to
less than 1 mm in areas such as the eyelid. Skin
contains multiple epithelial appendages, such as
hair follicles, sebaceous glands and sweat glands,
which extend into the dermis below the basement
membrane. (The hair follicles may even protrude
into the subcutaneous fat beneath the dermis.)

Epithelial cells from these structures that are
embedded in the dermis form the basis for the
re-epithelialization of a split-thickness skin graft
donor site.
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Figure 7.6. Elements of the skin.

Skin grafts allow the transfer of epithelial cells
and can provide coverage for large open wounds.
They have the advantage that they are easy to
harvest, can close large open wounds quickly,
and completely regenerate themselves in 2-4
weeks. Drawbacks include a recipient site less
resistant to surface trauma and shear than nor-
mal skin, a color mismatch with the surrounding
tissues, and a contour deformity due to the lack
of subcutaneous fat.

These grafts may be taken as either split- or
full-thickness grafts. A full-thickness skin graft
consists of epidermis plus the entire dermis. A
split-thickness skin graft consists of epidermis
and only a fraction of the dermis. It should be
noted that both split- and full-thickness skin
grafts contain the epidermis plus more or less of
the underlying dermis. The thicker the graft, the
more durable the result and the less wound con-
tracture seen as the graft heals. This is thought
to be due to the ability of fresh dermis to inhibit
the action of myofibroblasts in the wound bed.

Split-thickness skin grafts initially contract
less than their thicker, full-thickness counter-
parts, because of a smaller amount of elastic tis-
sue contained within them. However, as healing
occurs, these grafts are much more susceptible
to contracture and shrinkage than full-thickness
skin grafts.
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Split-thickness skin grafts are easy to harvest
and are typically taken directly with a knife or
with an instrument such as a dermatome. They
may be expanded in size using a meshing device
that evenly perforates the graft and allows both
its expansion as well as the egress of fluids, which
if trapped beneath the graft would impair its
incorporation (Figure 7.7).

Skin Graft Failure

Causes of skin graft failure include the following:
Infection - Infection results in the destruction of
the skin graft by the invading microorganisms
or interference with its adherence to the bed.
Shear stress — It is the mechanical breakdown of
the connections between the skin graft and
its recipient bed after initial adherence. It is
caused by movement of the graft over the
recipient site.

Accumulation of fluid under the graft — This is typi-
cally prevented by meticulous hemostasis, an
even pressure dressing, and by either meshing or
“pie crusting” the skin graft.

Skin Graft Staging

Skin graft occurs in three stages.



Figure 7.7. Split-thickness skin graft.

Plasmatic Imbibition

Plasma derived from the recipient capillary bed
enters the graft’s open vessels by capillary action.
Nutrients and oxygen are thereby exchanged
between the cells of the graft and those of the
recipient bed. This allows survival of the imme-
diate postoperative ischemia after skin graft
harvest but before circulation is established.

Inosculation and Capillary Ingrowth

At approximately 24-48 h after placement of a
graft, a very fine network of vessels begins to
be established. Capillary buds from the recipi-
ent bed grow into the open vessels on the
undersurface of the skin graft. This is the
precursor to the establishment of circulation
within the graft.

Revascularization

Revascularization describes the process in which
a series of circulatory loops are established
within the graft. Soon a proper circulation is cre-
ated, and this is capable of nourishing the graft
on a permanent basis.

Graft Classifications

Grafts can also be classified according to the ori-
gin of their tissues (Table 7.1):
Autografts — Grafts are from the same individual.
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Table 7.1. Types of grafts.
Examples of types of grafts
Graft type Application
Split-thickness skin Open wounds, burns
grafts
Full-thickness skin grafts ~ Wounds, facial resurfacing
Bone grafts Bone defect from trauma, cancer

resection

Vessel grafts Vessel bypass or vascular repair

Nerve grafts Nerve defect repair
Hair transplants Hair loss (hereditary, traumatic)
Cultured autografts Extremely large defects with few

donor sites

Allografts — Grafts are from the same species.
Xenografts - Grafts are from different species.
Xenografts are not incorporated into the host.
They can provide some temporary cover and
homeostasis, but they undergo rejection and will
have to be removed.

Isografts — Grafts are between identical twins
(same genotype).

Human Cadaveric Dermis (Alloderm
and Others)
Allografts of human cadaveric dermis are com-

monly used to replace tissue lost to trauma or
surgery or to supply strength to otherwise weak
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Figure 7.8. Closure of a temporal defect with human cadaveric dermis. The allograft provided a scaffold for secondary healing to provide good contour
and color match without significant wound contracture or brow elevation. (a) Initial malignant melanoma. (b) Result of wide local excision. (c) One day
after allograft application. (d) Seven days postop. (e) Thirty-five days postop. (f) Sixty days postop.

or deficient facial layers, such as in the abdomen.
The material typically integrates very well with
the recipient’s tissues and has a low incidence of
infection or extrusion (Figure 7.8).

Tendon grafts — Autologous or cadaveric ten-
don may be used as a tendon graft in the hand
and extremities (Figure 7.9). These grafts
require healthy vascularized soft tissue cover-
age, as they do not carry their own blood
supply.

Bone grafts — Like tendon grafts, these grafts
may be transferred to fill structural defects in a
recipient area (Figure 7.10).

Cultured autografts — Cultured autografts may
be used to graft large open wounds in a patient
with little available autologous donor tissue.
Such a situation would occur in an extensive
burn. A small sample of the patient’s own cells is
harvested and cultured in vitro to produce a
large sheet of epithelial cells. These may then be
grafted on to the patient. Unfortunately, the lack
of dermis makes the graft rather fragile and sus-
ceptible to shearing forces. Attempts are being
made to use cultured epithelial cells together
with dermal scaffolds such as Alloderm or
Integra to make them more durable.
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Figure 7.9.Tendon graft. Patient with previous zone two flexor tendon avulsion injury, cross finger flap,and Hunter rod placement. (a) Initial operative
view with Hunter rod in place. (b) Substitution of Hunter rod with tendon graft. (c), (d) Postoperative flexion and extension of digit.

Figure 7.10. Bone graft. Patient with proximal tibial bone defect sustained from a shotgun wound. (a) Tibial bony defect. (b) Allograft and tibial
fixation plate. (c) Postoperative appearance after additional lateral bipedicled advancement flap closure.
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Flaps

A flap is a tongue of tissue designed for recon-
struction and having its own intrinsic blood sup-
ply. Flaps are not new and date back to well before
the time of Christ. In ancient India, the first fore-
head flaps were performed for nasal reconstruc-
tion. Flaps may be divided into two groups: axial
and random. The former have a known vessel
traversing their length, but the latter are based on
a random, nonspecific blood supply.

Axial flaps may be pedicled at their base
(pedicled flaps) or on their skeletonized blood
vessels (island flaps). The vessels may be severed
and the flap transplanted to some other part
of the body using microvascular anastomosis
(free flaps). Flaps may be further classified
according to their constituent parts: muscle,
bone, musculocutaneous, fascial, fasciocutane-
ous, osteofasciocutaneous, and so on. Perforator
flaps refer to flaps in which the main feeding
vessels pass through muscle and require meticu-
lous dissection to isolate them for free tissue
transfer.

Random flaps are generally classified accord-
ing to their geometry (see Table 7.2). The blood
flow to a random pattern flap may be improved
by dividing a portion of the blood supply to the
flap that is not incorporated into the flap pedicle
approximately 7-10 days prior to complete
elevation of the flap itself. This causes the blood
supply to the remaining soft tissue pedicle to

Table 7.2. Examples of types of flaps.

Examples of types of flaps
Flap type Application
Pedicled flaps
Random pattern Repair of small facial defects

Axial pattern (fasciocutane-
ous, muscle,and
musculocutaneous

Repair of large adjacent
defects, breast reconstruc-
tion, extremity

reconstruction
Free flaps
Fasciocutaneous flaps Head and neck, extremity
Muscle/musculocutaneous reconstruction
flaps Breast, extremity
Perforator (muscle sparing reconstruction
flaps, e.g., DIEP flap) Breast, extremity
reconstruction

TR
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become more robust, increasing the viability of
the flap tissue itself.

In summary, pedicled flaps remain attached to
their intrinsic blood supply and are discussed
further below. They may be axial or random.
Free flaps take their blood supply from specific,
axial vessels, which are carefully prepared and
divided during the course of the flap harvest.
These vessels then require to be joined to recipi-
ent vessels in their new location. The vessels are
quite small, measuring a few millimeters in
diameter. Commonly, the operating microscope
is employed, thus giving rise to the term “micro-
vascular surgery.” Free flaps are addressed in
another chapter of this text.

Pedicled Flaps

Pedicled flaps remain attached at their site of
origin. That attachment forms a vascular “leash,”
which can limit the distance a flap can be rotated
to reach its recipient site. Such flaps tend to be
relatively fast and easy to raise and can reliably
transfer tissue a short distance from a donor to a
recipient site. A flap that includes a named vessel
is called an “axial” flap and can consist of large
amounts of tissue.

Local Random Pattern Flaps

Local random pattern flaps are skin flaps that do
not contain a named or axial vessel and are sup-
ported by the subdermal plexus. Classically, the
maximum length-to-width ratio to permit com-
plete survival of these flaps is said to be 3:1 or
4:1. Longer flaps may undergo necrosis at their
tips - the portion of the flap of most clinical
value. However, clinical observation of flap sur-
vival and controlled experiments in animals
indicate that a certain finite length can be
reached in most random pattern flaps regardless
of a 3:1 classic length-to-width ratio.

Types of local random pattern flaps are listed
below.

Monopedicle Advancement Flap

Monopedicle flaps are created from results
from two parallel incisions that extend from
the defect to adjacent tissue. Tissue of the flap
islifted and advanced into the area of the defect

\J
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Burow’s triangle

Figure 7.11. Monopedicle advancement flap. (From Jackson.?)

(Figure 7.11). This creates areas of increased
and decreased tension and also localized
bunching of tissue, which is referred to as
“standing cones.” These standing cones may be
removed at the time of flap surgery or at a later
time by the excision of so-called “Burrow’s
triangles.”

V-to-Y Advancement Flap

This is a triangular-shaped flap that allows
advancement of tissue to an adjacent area and
the primary closure of the trailing tissue (Figure
7.12). The initial defect appears similar to the
letter V, and the resulting defect appears closer
in shape to the letter Y. This triangular flap
will lengthen tissue in line with its backward
motion.

A-TFlap

An A-T flap allows bilateral advancement of tis-
sues and is well suited for closure of a triangular
defect, or defects, which are adjacent to a facial
subunit or a linear junctional area such as the
hairline or near the lip or eyebrow (Figure 7.13).

Rotation Flap

Rotation flaps allow the rotation of tissue along a
semicircular arc from one area to another. The

T IO Y
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length of the perimeter of the flap is typically
at least seven times the width of the defect,
which allows easy closure of the donor site and
appropriate tension distribution along the suture
line. Sometimes a relaxing incision, or “back cut,”
is required to allow proper rotation of tissue.
The line of maximum tension typically follows
between the angles of 90° and 135° from the
defect (Figure 7.14).

Transposition Flap

Transposition flaps are based at the edge of a
defect and are moved over intervening tissue to
close the defect. This allows skin to be taken from
an adjacent loose area, where it can be spared,
and used for reconstruction where skin is defi-
cient (Figure 7.15).

Bilobed Flap

A bilobed flap is a double transposition flap. It
involves a single pedicle carrying two lobes. The
first fills the defect, and the second closes the
donor site of the first. The lead flap is the size of
the defect, whereas a secondary flap is approxi-
mately half the size of the defect (Figure 7.16).
The second donor site is closed primarily. Its
main advantage is that when loose skin is not
immediately adjacent to a defect, it can be
recruited from further afield where there is more
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Figure 7.13. A-T flap. (From Jackson.?)

laxity. The bilobed flap is commonly used on the
nose. The disadvantages of a bilobed flap are that
multiple scars are created and each lobe may
contract, resulting in a pincushion appearance.

Rhomboid (Limberg) Flap

Originally attributed to Limberg, the rhomboid
flap is a specially designed transposition flap
involving closure of a recipient defect, which is
made to take the shape of an equilateral rhom-

boid. Typically, the defect has two pairs of oppos-
ing angles of 60° and 120° (Figures 7.17 and 7.18).
The design is versatile and allows for the cre-
ation of four possible rhomboid flaps with dif-
ferent orientations around a recipient defect. All
the lines are equal in length and all the angles
are either 60° or 120°. The leading edge of each
flap is based on the lateral extension of a line
joining the two 120° angles. Considerations of
skin tension and scar position determine which
one is selected.
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Area of greatest risk

Figure 7.14. Rotation flap. (From Jackson.?)

Figure 7.15. Transposition flap. (From Jackson.?)
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Figure 7.16. Bilobed flap. (From Jackson.?)

Island Flap

This flap derives its blood supply from a subcu-
taneous connective tissue pedicle that is tun-
neled under intervening skin (Figure. 7.19). This
is most safely performed with a named (axial)
vessel in the supporting tissue.

Interpolation Flap

An interpolation flap is similar to an island flap,
the difference being that the supporting pedicle
crosses over the top of intervening tissue.
Typically, the pedicle is divided when the flap is
inset a few weeks later. By the time, neovascular-
ization from the recipient site will sustain it.

Z-Plasty

Z-plasties involve the creation of two transposi-
tion flaps that are interdigitated with each other
(Figure 7.20). The flaps are cut with identical line

5, Y
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Table 7.3. Theoretical gain in Length from Z-plasty.

Z-plasty: Theoretical gain in length resulting from various
limb angles

Angle of each lateral limb  Theoretical gain in central

(degrees) limb length (as a % increase
in wound length)

30 25

45 50

60 75

75 100

20 120

length and angles to allow precise closure.
Z-plasties are typically used when increased
length is required along a line, such as in a scar
contracture. The center line of the Z-plasty is
placed along the scar, since it is this component
that will belengthened. The angles of the Z-plasty
limbs relate to a theoretical gain in length accord-
ing to Table 7.3.

Axial Pattern Flaps

Manchot*is usually credited with the first detailed
description and modern understanding of the
blood supply of the skin. Taylor” has shown that
the entire skin is divided into territories, each of
which is supplied by specific named vessels or
groups of vessels. Each of these areas is termed
an angiosome.

Axial pattern flaps are based on a single
named vessel or vessels and provide a relatively
predictable blood supply. The transfer of large
amounts of tissues is possible, as the tissue trans-
ferred belongs to one specific angiosome and is
supplied directly by a single vascular network.
Taylor states that a flap elevated on a single vas-
cular pedicle can recruit, at the most, an adjacent
angiosome as well.

Fasciocutaneous Flaps

Fasciocutaneous flaps contain skin, fascia, and a
named blood vessel. They allow the transfer of a
thin flap of tissue for coverage of defects such as
those of the nasal tip (e.g., forehead flap) or the
extremity (e.g., reverse radial forearm flap,
reverse sural artery flap).

Cormack and Lamberty devised a system
(Figure 7.21) for classifying fasciocutaneous flaps.
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Figure 7.18. Rhomboid (Limberg) flap. (a), (b) Defect from excision of basal cell carcinoma. (c) Flap elevation. (d) Flap in position.
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Figure 7.19. Island flap. (From Jackson.?)
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Figure 7.20. Z-plasty. (From Jackson.?)

Paramedian Forehead Flap

The Paramedian forehead flap is a fasciocu-
taneous flap useful for covering nasal defects.
It involves the use of skin, underlying subcuta-
neous fat, and the frontalis muscle and is based
on the supratrochlear vessels.

Nasolabial Flap

Pedicled flaps taken from the nasolabial crease
are often used to cover defects of the nose and
nasal ala (Figure 7.22).

Reverse Sural Artery Flap

A distally pedicled flap based on reverse flow
through the sural artery; the reverse sural flap
offers a local flap alternative to a microvascular
free flap for coverage of the distal third of

Contractural
diagonal
lengthens
when scar
tissue cut

the lower extremity. Advantages include ease
of harvest and disadvantages include possible
limitations of flap inset due to tethering of
the supporting pedicle and increased likelihood
of venous congestion (Figure 7.23).

(Reverse) Radial Forearm Pedicled Flap

Skin and fascia of the volar forearm, based on
direct perforators from the radial artery, may be
used to resurface portions of the forearm and
elbow (Figure 7.24). This flap is more commonly
taken as a free flap for defects such as those found
in the head and neck after tumor resection.

Groin Flap

Skin and fascia from the groin area based on the
superficial circumflex iliac artery can be used to
cover difficult wounds of the hand and distal
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General Scheme of Vascularization

Vascular plexus of the
deep fascia supplying
overlying skin

Fasciocutaneous perforators
lying in intermuscular
fascial septum

Subcutaneous vein draining
the skin through the
superficial venous system

Muscle belly—generally long, thin muscles

Venae comitantes of regional artery

May also receive veins draining down
along fascial septum

Type A—
subcutaneous

Figure 7.21. Cormack and Lamberty classification system for fasciocutaneous flaps. (From Cormack and Lamberty.")
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Figure 7.22. Nasolabial flap. (a), (b) Basal cell carcinoma of left nasal ala. (c) Defect after
tumor resection. (d) Placement of auricular cartilage scaffold. (e) Nasolabial flap. (f), (g) Defect
3 months after surgery.
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Figure 7.23. Reverse sural artery flap. The reverse sural artery flap for coverage of an open ankle fracture with exposed orthopedic hardware. (a)
Initial presentation. (b), (c) Reverse sural artery flap. (d), (e) Flap 5 months after surgery.

upper extremity (Figure 7.25). This flap is often
a “lifeboat” flap to be used when other options
are not available.

Cross Finger Flap

Finger flap commonly used to cover defects on
an adjacent finger with exposed bone or tendon.
Tissue from an adjacent finger dorsum is pedi-
cled to the volar defect and the pedicle divided
after 12-15 days (Figure 7.26).

Moberg Flap

Flap of volar tissue advanced distally used to
cover defects of the volar thumb tip (Figure 7.26).

Bipedicled Flap

A fasciocutaneous flap elevated over an easily
covered area, such as muscle, with pedicled attach-
ments at both ends and translated sideways to
cover a defect. A skin graft used to cover the donor
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Figure 7.24. Reverse radial forearm flap: () Exposed tendons after MVA. (b) Flap marking. (c) Flap elevated. (d) Flap in place with split-thickness skin
graft on donor area and graftable areas.

site. This is sometimes used in low-velocity lower-
extremity wound coverage (Figure 7.27).

Cross-Leg Flap

An older type of flap once commonly used for
coverage of distal lower-extremity defects
before the advent of microsurgery and free
flaps. A fasciocutaneous flap from the opposite
leg is raised on a pedicle and used to cover the
defect. The pedicle is divided approximately 2
weeks later.

Deltopectoral Flap

A now rarely used fasciocutaneous flap taken
from the area overlying the pectoralis major and
deltoid and based on the second and third inter-
costal perforators of the internal mammary
artery. The flap is based medially and its distal
end is used for head and neck reconstruction. It
is an interpolated flap; its pedicle is divided 2-3
weeks after initial transfer.

Muscle and Musculocutaneous
Flaps

Muscle and surrounding tissue may also be
transferred as an axial pattern soft tissue flap.
Musculocutaneous flaps still make up the

majority of the pedicled, axial pattern flaps
used today. They are typically employed to
provide robust vascular coverage to a defect
often lacking adequate blood supply as well as
tissue. Examples include the transverse rectus
abdominis musculocutaneous (TRAM) flap,
the latissimus dorsi flap, and the pectoralis
major flap. Musculocutaneous and muscle flaps
may be classified according to the pattern of
blood supply of the muscle concerned (Figure
7.28).

The advantage of such flaps is the speed
and ease of flap harvest and their generally high
reliability. The obvious limitation of these flaps
is their tethered vascular pedicle, which limits
their reach, and loss of function due to muscle
sacrifice. In addition, the vascular pedicle may
be subject to compression or kinking, resulting
ininterruption of the blood supply if compressed
under adjacent tissue or if twisted during flap
inset at the recipient site.

Pectoralis Major Flap

Pectoralis major flap is used rarely but is based
on the thoracoacromial pedicle and can provide
coverage for sternal, truncal, and head and neck
defects. A skin paddle, supported by cutaneous
perforators from the main pedicle, may also
be harvested to provide epithelial coverage as
needed (Figure 7.29).
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Figure 7.25. Groin flap. (a) Complete skin necrosis leaving exposed nerve and tendon. (b) Groin flap markings. (c) Tubed groin flap. (d) Groin flap
after pedicle division. (e) Flap after revision.
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Figure 7.26. Fingertip defects covered with Moberg and cross finger flaps. (a) Initial defects of left thumb tip and index finger tip. (b) Elevation
of cross finger flap. (c) Elevation of Moberg flap. (d) Inset of cross finger flap. (e) Inset of Moberg flap. (f) Result after division of cross finger flap and

healing of wounds.

Figure 7.27. Bipedicled flap used to cover pretibial defect. (a), (b) Open pretibial wound. (c) Initial appearance 1 week after surgery. (d) Appearance

4 months after surgery.

Pedicled TRAM Flap

First described by Hartrampf, the pedicled
TRAM flap is chiefly used for breast reconstruc-
tion by many community physicians. The rectus
abdominis muscle is used as a carrier for the
deep superior epigastric vessels. These vessels
provide the blood supply to the abdominal skin

and fat that are used to shape a new breast
mound. This is an example of a single vessel car-
rying not only its own vascular territory but also
the next one along. It provides a simple and reli-
able option for breast reconstruction but has a
risk of fat necrosis and healing problems within
the flap and a significant incidence of abdominal
weakness and hernia (Figure 7.30).
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Type | Type Il Type Il Type V

Figure 7.28. Mathes and Nahai classification of blood supply to muscle flaps. This figure was published in Mathes and Nahai*®*". (Copyright Elsevier,
1979.Reprinted with permission.)

Figure 7.29. Pectoralis major musculocutaneous flap. (a) Defect following primary oral cancer resection including segmental mandibulectomy
and neck dissection. (b) Postoperative appearance of chest wall donor site. (c) Postoperative appearance of oral skin paddle.
Figure 7.30. Pedicled TRAM flap. (a) Preoperative markings. (b) Postoperative appearance after initial surgery. (c) Appearance after nipple
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reconstruction.

VRAM Flap

A variation of the pedicled TRAM flap, the
VRAM flap uses the rectus abdominis muscle
based on either the superior epigastric or deep
inferior epigastric vessels — with or without an
overlying skin paddle - for coverage of defects
of the sternum, chest wall, or of the pelvic and
perineal areas.

Latissimus Dorsi Flap

The Latissimus dorsi flap is often used for breast
reconstruction. This reliable flap can be har-
vested from its native location on the back of the
chest wall, pedicled on the thoracodorsal vessels
entering the muscle in the axilla and tunneled
to the recipient anteriorly. When used from
breast reconstruction,an implant is often needed
to supply adequate volume to reconstruct the
appearance of the native breast mound.

Conclusion

In conclusion, both grafts and flaps are time-
honored, safe, and reliable methods for soft tis-

sue transfer and are integral to the armamen-
tarium of any plastic surgeon. They are relatively
simple and quick to perform and are used in the
overwhelming majority of cases requiring
wound coverage. Modern methods of microvas-
cular surgery and free tissue transfer have sup-
planted pedicled flaps and grafts mostly in the
most difficult wounds such as the areas of head
and neck cancer reconstruction, distal extremity
reconstruction, and increasingly in advanced
autologous breast reconstruction.
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Summary

Although relatively young as a surgical disci-
pline, microsurgery has become a critical part
of the plastic and reconstructive surgeon’s arma-
mentarium over the last century. Familiarity
with basic microsurgical instrumentation and
technique, a sound understanding of indica-
tions for free tissue transfer, and judicious
flap selection are paramount. Thoughtful
operative planning and meticulous execution
are essential to successful microsurgery. Careful
postoperative flap monitoring as well as selec-
tive use of pharmacologic adjuncts, such as
thrombolytics, heparin, aspirin, and dextran
helps to ensure good outcomes. When flap
viability is uncertain, reoperation and flap
revision are required. Now routinely performed
in most major medical centers, microsurgery
has an exciting future due to the increasing
demand and growing list of indications for
these complex interventions.

Introduction

No chapter on microsurgery can begin without
considering its relatively brief but dense history.
Although microsurgery dates back to early 1921,
when Nylen used a microscope for ear surgery,
microvascular surgery did not begin in earnest

until technological advances in equipment
allowed small vessel re-approximation, first per-
formed by Jacobsen and Suarez'? in early 1960.
Multiple reports of microsurgical replantation
of severed body parts followed. With the success
of these procedures, microscopes, suture mate-
rial, instruments, and techniques all improved
dramatically. This era of research and develop-
ment culminated in the first free tissue transfer
being performed in 1972 by McClean and
Buncke® who transferred omentum for the cov-
erage of a scalp defect.

The 1970s saw the expansion of donor site
choices to meet the many different needs of
reconstruction: toe to hand transfers, skin flap
transfers, muscle transfers, bone transfers, as
well as a combination of all the above. By the
1980s, microvascular surgery became a routine
part of the plastic surgery armamentarium in
many major medical centers. In fact, reconstruc-
tive microsurgery has now become a requisite
and integral part of plastic surgery training.

Basic Instrumentation
and Techniques

Optimal training requires the use of a microvas-
cular laboratory in which techniques of micro-
vascular surgery can be mastered using animals
before performing these procedures on patients.
The skills that must be mastered include becoming
familiar with the operating microscope as well as

M.Z. Siemionow and M. Eisenmann-Klein (eds.), Plastic and Reconstructive Surgery, 89
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the basic instrumentations, including micro nee-
dle holders, jeweler’s forceps, and micro dissecting
scissors to perform the microvascular anasto-
mosis (Figure 8.1). Another important instru-
ment,which aids in performing the microvascular
anastomosis is a single or double microvascular
clamp. The double clamp can be used to align and
approximate the vessels to each other for easier
placement of sutures while maintaining hemostasis,
stability, and a tension-free, even vessel orienta-
tion. Clamps used for microvascular surgery
should not exceed 30 g/mm? of pressure to avoid
tissue damage of the intima and media.*

When using the operating microscope, choos-
ing the appropriate level of magnification is cru-
cial to efficient maneuvering and performance of
the anastomosis. Magnification can be broken
down into three basic levels. Low magnification
(6x to 12x) can be used for vessel preparation
and suture tying, middle magnification (10x to
15x) can be used for placement of the suture, and
higher magnifications are used for performing
small caliber vessel anastomosis and inspection

PLASTIC AND RECONSTRUCTIVE SURGERY

of the anastomosis at the completion of the pro-
cedure. In certain cases, high-powered (5% to 6x)
loupe magnification has also been used with great
success for microvascular anastomosis of a vessel
greater than 1 mm in diameter.” Loupe magnifica-
tion allows efficiency, portability, freedom of
movement and cost confinement in comparison
with the use of a large operating microscope.
Understanding the use of appropriate suture
material and needle for different vessel sizes is
crucial to obtain a perfect anastomosis. Most
commonly, free flaps have vessel diameters rang-
ing in size from 1 to 3mm. Those vessels of
approximately 1 mm are best closed with 9-0 to
10-0 sutures, whereas those closer to the 3mm
range can be re-approximated with either an 8-0
or 9-0 suture. Appropriate needle choice is
important to avoid unnecessary vessel injury
and suture holes during the anastomosis.
Another method used to perform an anasto-
mosis involves a coupling device (Figure 8.2).
When using this technique, each of the vessel
ends is brought through a polyethylene ring-pin

Figure 8.1. Basic microsurgical instrumentation, including irrigating catheter, jeweler forceps, micro needle driver, and micro scissors.
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Figure 8.2. A microvascular coupling device, such as the one shown
here, may be used to facilitate creation of the vascular anastomosis.

device, and the edges of the vessels are evenly
secured through the pins. Once both sides of the
vessel ends are secured, the two rings are then
brought together with the aid of the coupling
approximator device. Vessels suitable for this
coupling technique are between 1.5 and 3.0mm
in diameter. Although the coupler has been used
most frequently for venous anastomosis with
great success, there have been recent reports of
use of this device for arterial anastomosis in
ideal and specific circumstances.*’

In preparing to perform a microsurgical anas-
tomosis, both the operating surgeon and the
assistant need to position themselves comfort-
ably, either sitting down or standing up. Most
importantly, the hands and wrists of the operat-
ing surgeons have to rest adjacent to the opera-
tive field. If necessary, they may be supported
with surgical towels. This avoids early fatigue of
the operating surgeon’s hands and wrists and
ensures minimization of tremors.

Before placement of sutures, the surgical field
should be arranged to optimize the conditions
for successful anastomosis. If the vessels are
located deep in the wound, placing a surgical
sponge or instrument wipe will bring the vessels
closer to the surface. Placing a background (e.g.
plastic sheet) in addition to the sponge will keep
the vessels clear from the surrounding debris
and easily visualized during the placement of
sutures. To keep the operative field relatively dry
from excessive irrigating fluid or other tissue
fluid, a small suction catheter can be placed
under the surgical sponge mentioned above.
This suction catheter can be fashioned from a
small pediatric feeding tube connected to a small
Frazier tip suction (Figure 8.3).

Before performing the anastomosis, the end of
the vessels should be cleanly cut and excess
adventitia should be removed using sharp scis-
sors and fine forceps. Vessel ends can also be
dilated using a specialized blunt tip, vessel dilat-
ing forceps to assist in size matching the vessel
ends to be anastomosed. Over-dilation of the ves-
sels is not recommended as it can damage the
intima. Heparin irrigation at a concentration of
5,000 U in 100ml of LR or saline is then used to
wash out both vessel lumens and their edges.
Prior to the anastomosis, a final inspection of the
luminal intima has to be performed to identify
any luminal irregularities or intimal damage that
might cause turbulent flow and thrombogenicity.
To stabilize the vessels for anastomosis, a double
clamp is applied as mentioned above. Prior to the
application of the clamps, administration of a
single bolus of heparin between 2,000 and 5,000 U
has been recommended to improve patency.

Figure 8.3. Preparation of the surgical field may include the use of a
sponge and background material to facilitate vessel sewing and small
catheter suction tubing to keep the field free of fluid.
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In placing the sutures, one can grasp the
adventitial tissue near the anastomosis site with
forceps or support the inner lumen of the vessel
with the forceps. The needle is then passed
perpendicular to the surface of the vessel wall
(Figure 8.4). It is important to follow the curva-
ture of the needle while driving it through the
vessel wall in order to avoid inadvertent tears
and unnecessary injury to the vessel itself,
especially if the vessel is previously irradiated,
fragile, or calcified. For better accuracy, it is wise
to pull through the needle and suture almost

PLASTIC AND RECONSTRUCTIVE SURGERY

completely prior to the placement of the needle
into the inner lining of the second vessel wall.
Bites should be taken approximately 0.2-0.3 mm
from the vessel ends and should be equal on
both sides of the anastomosis. Before tying the
knot, pull the suture through until there is only a
short segment of the loose suture end, just
enough to make a knot; too long of a suture end
makes tying a knot cumbersome and difficult. In
making the first knot, grasp the long end of the
suture with the forceps and make a double loop
over the needle holder (Figure 8.5). Then grasp

Figure 8.4.The needle is passed perpendicular to the vessel wall to minimize trauma to the vessel.

Figure 8.5. The first throw of the knot is performed by looping the long end of the suture twice around the forceps, then grasping the short end, and

gently laying down the knot.
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the short loose end of the suture and pull it
through to make a knot. This double knot is also
known as a surgeon’s knot and is very useful
if slight tension exists between the two approxi-
mating vessels. After this first knot, subsequent
knots can be placed by using a single-loop
technique (Figure 8.6). It is important that each
knot be squared in opposite directions for secure
tying. Usually, three to four knots are recom-
mended to complete the tie.

The second suture is placed approximately
180° from the first one (Figure 8.7). This maneu-
ver equally distributes tension on the vessel ends

and brings the anterior half of the anastomosis
into position for sewing. Subsequent sutures are
placed by sequentially bisecting the remaining
distance between two sutures, paying attention
to precise suture placement and maintaining
equal distance between each stitch. Once one
side of the vessel wall is completed, then the
other side of the vessel is completed in similar
manner by flipping the double clamp that holds
the vessels.

Before the completion of the anastomosis,
it is important to irrigate the lumen of the
vessel with heparin solution to remove any

Figure 8.6. Subsequent knots are tied using single throws around the forceps.

Figure 8.7. Placement of the second suture should be approximately 180° from the first one.



Figure 8.8. An end-to-side anastomosis.

debris left in the lumen and to inspect for any
“back-walling” during the anastomosis. Once the
anastomosis is completed, the clamps are gently
removed to establish flow through the patent
anastomosis.

The most common type of microsurgical
anastomosis is the end-to-end anastomosis. This
is usually performed when the vessels are equal
in caliber. For vessel discrepancies greater than
2:1 ratio, an end-to-side anastomosis is prefer-
able to avoid excessive turbulent flow and throm-
bogenicity. An end-to-side anastomosis is also
performed when there is a significant size
discrepancy between vessels (greater than 2:1)
involving single, vital vessels that cannot be
sacrificed.

In performing an end-to-side anastomosis, a
small area from the side of a larger vessel is
removed. For arterial anastomoses, first remove
the adventitial layer with forceps and scissors by
a gentle pulling of the tissue. Then carefully
create an oval-shaped opening that is similar in
size to that of the other vessel to be approxi-
mated (Figure 8.8). If the donor vessel size is
small, the luminal size diameter can be enlarged
by cutting its end obliquely or forming a funnel
(Carrel’s patch) at a branching point.

Indications for Free Tissue
Transfer

The decision to use microvascular tissue trans-
fer to solve a reconstructive problem is based on
numerous considerations. Its best indication,
however, is when no other type of reconstruc-
tion can solve the problem at hand. One example
of this would be a complex wound of the distal
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third of the tibia where no local flaps can
adequately cover the defect.

Although the principle of “reconstructive lad-
der” has been well-regarded and respected for
many years, the time has come to use a “recon-
structive elevator” (L. Gottlieb, 2002, personal
communication).

Performing a microvascular procedure, which
used to be regarded as complex surgery, has
become the less complex alternative to many of
the surgeries done in the past. As an example,
consider the reconstructive problem of providing
soft tissue coverage to the dorsum of the hand.
One popular and long-accepted technique for
addressing this problem involves use of the pedi-
cled groin flap. This procedure requires sewing
the flap into the defect and prolonged immobili-
zation of the arm while the flap is vascularized
by the recipient site. A subsequent procedure
is then required to divide the flap once new
blood vessels at the recipient site have been
established. By choosing this flap, the patient is
committed to at least two surgeries as well as
prolonged and inconvenient arm immobiliza-
tion. Alternatively, free tissue transfer using a
lateral arm flap or other fasciocutaneous flap
can safely accomplish wound coverage in a single
operation with minimal donor-site morbidity.

Patient Considerations

In considering free tissue transfer, it is essential
to take into account the patient’s health condi-
tion. The patient has to be fit and appropriate to
undergo a free flap procedure. Their chronologi-
cal age is not necessarily the limiting factor as
long as their health condition permits surgery.
Free tissue transfers have been performed in
children as well in elderly patients with great
success.*’ However, basic criteria and principles
of preoperative evaluations have to be respected
for safety.

Although several studies have shown that
smoking showed no significant difference in ves-
sel patency, flap survival and re-operation rate in
comparison to patients who do not smoke,”
smoking remains a main contributor to wound
complications in the donor site as well as the
wound interface between the flap and recipient
wound."

As a result, for most surgeons, smoking
continues to be a relative contraindication for
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microsurgery reconstruction.'®! Its risk and
potential complications have to be clearly explai-
ned to the patients who are to undergo such
operations.

Evaluation of Defect and Flap
Choice

There are almost as many flap choices as there
are different types of tissue in the human body.
Deciding which type of tissue to use to achieve a
reconstructive goal is based on several factors.
First and foremost the surgeon must identify
the missing components of the defect. Is it only
skin and fat? Does the deficit include missing
function, bone or skeletal support? Will recon-
struction require bulk or rather a thin and
pliable coverage? What are the dimensions
and how much volume is required? Once these
questions have been considered, the specific
decision regarding which tissue to transfer can
be made. Mature planning of the reconstructive
effort has to be thoroughly premeditated before
the real execution. Important questions to con-
sider include the following: will the flap pedicle
length and caliber of vessels be sufficient? What
is the likelihood of size matching between flap
and recipient vessels? Will there be adequate
length between the donor pedicle and the recipient
vessels to reach the defect? Might an interposi-
tional vein graft be necessary? Ultimately, the
reconstruction must allow for a tension-free
anastomosis.

The various tissue types used for microvascu-
lar transfer include muscle, skin and fat, fat alone,
omentum, bone, jejunum, nerve, as well as
composite toes to hands. Each of these tissue
types has a specific advantage relating to the
reconstructive goals.

The most commonly transferred tissues
include skin and subcutaneous tissues. These
can be further described based on their blood
supply. An axial skin flap has a vessel traveling
along the length of the flap that goes directly
into the skin. The groin flap is an example of an
axial skin flap. A fasciocutaneous flap is supplied
by subcutaneous perforators that course between
the muscles, with the radial forearm and lateral
arm flaps being examples. Musculocutaneous
flaps include the vessels that traverse the muscle
coming from the blood supply to the muscle itself.
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Examples of this type of flap include latissimus
dorsi including skin as well as the traditional
TRAM free flaps. The final group is made up of a
refinement of the musculocutaneous flap in
which the perforators are dissected free of
the muscle and only the skin, subcutaneous
tissue and vessel is taken while leaving the
muscle behind with preservation of its function.
This has been categorized as perforator free
flaps, which have been described more recently.
The potential benefit of this type of free flap
would be the minimization of the morbidity of
the donor site. These types of flap can also
include a nerve and be sensate, therefore possi-
bly eliminating or decreasing a chance for injury
to areas of the reconstructed site.

Another major group of free flaps are muscle
only flaps. These flaps typically have a robust
blood supply and conform well to irregular
defects. In addition, muscle can be transferred as
a functional flap in which the motor nerve is
connected to a recipient nerve allowing restora-
tion of function, such as using gracilis flap in
facial reanimation.

Bone transferred as a free flap is another
major category that is routinely used in micro-
vascular reconstructions. These flaps can be
used to replace deficits in support and form.
Most commonly these flaps are needed after
tumor resections, which often leave deficiencies
in form and support. The harvest of these bone
flaps can be combined with the adjacent tissue
using the same or different types of pedicle as a
composite tissue transfer.

Less commonly transferred tissues include
jejunum, which has been used for laryngeal esoph-
ageal reconstructions of vascularized nerves
to reconstruct brachial plexus for long nerve
defects and omentum for numerous tissue
deficits.

For a detailed description of the specific types
of flaps including flap vascular supply and inner-
vation, average vessel caliber and technique
for flap elevation, the reader is encouraged to
consult Microvascular Surgery: Anatomy and
Operative Techniques by Strauch and Liang.'

Preoperative Planning

Once a specific flap is chosen for the reconstruc-
tion, there is extensive preoperative planning
required before the surgery itself. On occasion, it
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is necessary to obtain an arteriogram to define
the vascular anatomy of the flap. This can be
done with magnetic resonance arteriogram,
computerized tomographic angiogram, Doppler
sonography or traditional arteriogram.*!* These
technologies have also been employed in evaluat-
ing the recipient vessels, particularly if there are
known or suspected diseased or injured vessels.

In cases where reconstructive microsurgery is
needed for an infected or traumatic open wound,
preparation of the recipient site includes adequate
debridement of the wound itself. If necessary, the
main microsurgical reconstruction should be
postponed until adequate control of the wound is
achieved. Extensive knowledge of the vascular
anatomy of the recipient site is necessary before
reconstruction in a traumatic wound. The zone of
injury needs to be taken into consideration with
the anastomosis placed out of this zone.

Technical Considerations — Flap
Elevation

Harvesting a free flap requires knowledge of the
course of the vessels supplying the transferred
tissue. Often this will require specific identifica-
tion of the perforators, anatomic landmarks and
the course of pertinent vessels. If available, pre-
operative mapping may be extremely beneficial.
Such mapping, in many instances, will speed up
the dissection and elevation of the tissue to be
transferred. It is also important that in taking
donor tissue the overall morbidity to the patient
is taken into consideration. The benefits of using
the tissue have to be weighed against the mor-
bidity of taking that tissue. When possible, a
two-team approach should also be considered to
make efficient use of operating room (OR) time
and minimize the length of general anesthetic
time for the patient. A two-team approach allows
for one surgical team to prepare the recipient
site while the other team conducts the harvest.
Donor- and recipient-site dissections can gener-
ally be performed under loop magnification.
During the vascular anastomosis, a decision
needs to be made as to whether it is appropriate
to give anticoagulation therapy such as heparin,
which is sometimes carried into the postopera-
tive time period. Another commonly used agent
in the postoperative period is an antiplatelet
therapy such as aspirin.
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Postoperative Care
and Monitoring

The final essential aspect of microsurgery is
monitoring of the flap during the initial periop-
erative period. Early microsurgical literature
reported the risk of flap vascular thrombosis in
microsurgery to be between 0.9% and 16.7%.
When thrombosis occurs, this may culminate in
flap loss. More recent reports indicate improve-
ments in success rates in microsurgery, which
now approach 95-98%. Maintaining this high
success rate requires meticulous microsurgical
technique and planning as well as vigilant post-
operative monitoring. If there is an anastomotic
compromise of either arterial or venous supply
to the flap, it is crucial to recognize the problem
promptly to salvage it.'>'

Clinical observation of the free flap provides
information including color, turgor, capillary refill,
and surface temperature. This clinical assess-
ment has been the gold standard for monitoring
free flaps and ideally should be performed
hourly in the immediate postoperative period.
However, with limited availability of trained
personnel able to perform this duty, it is important
to have other methods to objectively identify
postoperative vascular compromise. The avail-
able adjunctive monitoring techniques include
Doppler technology, surface temperature moni-
toring, tissue oxygen tension measurement,
tissue pH levels, fluorescein dye mapping, near-
infrared spectroscopy, thermodilution technology,
photoplethysmography and nuclear medicine
studies.'” Ultimately, which adjunctive measures
are chosen to monitor the transferred tissue is a
matter of surgeon and institutional preferences.
Whichever modality is chosen, close flap moni-
toring should be a standard part of the postop-
erative care of these patients during the first 72h
after surgery at a minimum.

Management of the Ailing Free
Flaps

Although the success rate of free tissue transfer
has been very high, in the range of 96-99%, there
are times when flaps fail to thrive. As many of
these flaps may be salvaged, it is important to
accurately detect the failing flap and intervene
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without delay. This is accomplished through
attentive flap surveillance, especially in the first
72h following surgery. When a marginally viable
or failing flap is identified, one must first identify
the most likely causes of impending flap failure.
Although the most common causes are technical
deficiencies in the vascular anastomosis, at least
two other conditions exist that must be recog-
nized as potential causes for flap compromise.
External compression could be easily missed if
unrecognized. The surgical dressing itself may
compress the flap if too tight or if the dressing
maintains the flap pedicle in a position that
causes some degree of kinking. For example, a
bulky dressing over the lower-extremity free
flap, commonly placed for immobilization and
protection of the newly reconstructed area, may
actually compromise the microcirculation itself.
Hematoma is another cause of vascular com-
pression. A slow accumulation of hematoma can
compromise the flow of the small caliber vessels.
When these problems are detected, a simple
decompression of hematoma by releasing some
of the sutures or loosening the dressings often-
times is a helpful measure in temporizing an
immediate threat to the flap before the salvage
procedure in the OR.

Another important consideration in dealing
with a failing flap is the condition of the patient.
Is the patient hemodynamically stable? Was
there any recent administration of vasopressor
agents to augment the patient’s hemodynamic
status? Has there been adequate urine output?
Are the patient and the room where the patient
is located cold? How is the temperature of the
flap compared to the surrounding tissue in the
body and room temperature? In general, flaps do
best when the patient remains warm, well per-
fused and hemodynamically stable, and these
are generally easy measures to address before
any surgical intervention, which may improve
flap salvage rates.

The most common cause of the failing flap,
however, is technical error. Such errors include
imprecise suture placement or unrecognized
damage to the vessels due to rough tissue han-
dling as previously mentioned. There should be
neither hesitation nor delay in opting to exam-
ine the flap in the OR and check the anastomo-
sitic patency under the microscope. If there is
some imperfection in the microcirculation, one
should never hesitate to take down the anasto-
mosis and do it again. During the take down of

o
4 \' IS
Y

the anastomosis, one would look for any thrombus
formation and for its correctible causes, includ-
ing intimal/endothelial damage, significant
vessel size mismatch, twists or kinks with turbu-
lent flow.

If there is significant clot formation in the ves-
sels, the affected vessels must be resected. If, after
resection, there is insufficient vessel length to
re-perform the anastomosis, an interpositional
vein graft might be needed. This should be antic-
ipated before the second-look operation so that
a potential donor site can be prepared.

Even after a new anastomosis has been per-
formed with perfection, it is still necessary to
observe the flap microcirculation for some time
in the OR under well-controlled, optimized con-
ditions (hemodynamic stability, warm room and
body temperature).

Thrombolytics in Flap Salvage

Thromblytic agents (streptokinase, urokinase,
tissue plasminogen activator, and other similar
agents) have been used by many surgeons in
attempting to salvage an ailing flap. It is very
important to avoid systemic fibrinolyzation
when performing this maneuver; otherwise, a
life-threatening bleeding complication can occur.
The use of the thrombolytic agents is usually
confined to the circulation within the flap itself
with the use of microclamps or by venting the
venous effluent with care to flush it out with a
heparinized solution before restoring systemic
circulation.'®? Moreover, there is some evidence
that addition of systemic heparin following
thrombolysis may further increase patency and
salvage rates.”

Other Pharmacologic Adjuncts

Aspirin is a cyclooxygenase inhibitor that exerts
an antiplatelet effect by means of inhibiting
the products of arachidonic acid metabolism.
This leads, in turn, to decreases in throm-
boxane-mediated vasoconstriction and plate-
let aggregation. Lower-dose aspirin regimens
(50-100mg) have been advocated based on an
apparent selectivity for platelet-derived cycloox-
ygenase inhibition at these lower doses.'*?*?
Platelet-derived cyclooxygenase is thought to be
the primary source of thromboxane, the potent
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vasoconstrictor and platelet aggregator. In contrast,
endothelial-derived cyclooxygenase produces
other prostaglandins. Selective inhibition of
platelet-derived cyclooxygenase, then, may
provide the antiplatelet benefits while permit-
ting lower dosing and perhaps minimizing the
risk of other adverse effects of therapy, such as
gastritis or salicylate toxicity.

Heparin exerts an antithrombin effect by inhi-
bition of antithrombin II1.* In the setting of
microsurgery, heparin is commonly used as an
irrigant in preparing the vessels for anastomosis
and just prior to completion of the anastomosis.
In both of these instances, its use is meant to
irrigate away any luminal debris and to rid the
vessel of any adherent thrombus. There also
seems to be a preventative effect of heparin irri-
gant on thrombus formation, which further jus-
tifies its topical use.”*?” The generally agreed
upon concentration of the heparin-saline irrig-
ant is 100 U heparin/ml.

Heparin may also be used systemically at the
time of microvascular surgery prior to clamp
release. Although this use finds support in the
microsurgery literature,'”?** the data remain
mixed in the animal literature,”*' and systemic
heparin use remains controversial. Its use must
be balanced against the risk of bleeding compli-
cations and postoperative hematomas, which, in
the extreme scenario, may lead to pedicle kink-
ing and flap compromise.

Dextran is a polysaccharide synthesized from
sucrose as a low molecular weight (dextran 40)
or high molecular weight (dextran 70) polymer.”
According to Conrad, “Its five mechanisms
of action include 1) increasing the electroneg-
ativity on platelets and endothelium, thus
preventing platelet aggregation; 2)modifying
the structure of fibrin, making fibrin more
susceptible to degradation; 3) inhibiting alpha-2
antiplasmin and subsequently activating plas-
minogen; 4) decreasing factor VIII and von
Willebrand factor leading to decreased platelet
function; and 5) altering the rheologic proper-
ties of blood and acting as a volume expander.'”
Its use in microsurgery remains controversial
although there is some support in the literature
for its use in maintaining early patency of micro-
vascular anastomoses.’>** Furthermore, there is
accumulating evidence in the microsurgical
and plastic surgical literature that dextran use is
not as innocuous as once thought.** A measured
approach in deciding to use dextran is advocated
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by many surgeons given the increasingly appre-
ciated complications associated with its use,
including pulmonary edema, bleeding, and
anaphylaxis.***

In summary, there are many antithrombotic
pharmacologic regimens that may be used in
microsurgery. Some of these have been clearly
shown to be beneficial, whereas others remain
controversial. Whichever regimen or adjuncts
are chosen, it is clear that no pharmacologic
intervention can compensate for poor surgical
technique. Meticulous technique is paramount
in ensuring good outcomes.

The No-Reflow Phenomenon

The no-reflow phenomenon as it pertains to
microsurgery describes the inability to maintain
perfusion to the transferred tissue despite resto-
ration of blood flow through a technically accept-
able anastomosis. The no-reflow phenomenon
was originally described by Ames et al.* in a
rabbit cerebral ischemia model. Noting that
ischemic areas at times failed to reperfuse once
blood flow was reestablished, he suggested that
another independent factor in determining
viability after reperfusion may relate to early
ischemic changes in the blood vessels. Since his
1968 article, the no-reflow phenomenon has
come to be understood in terms of ischemia-
induced endothelial injury.

It is believed that ischemic insult to vascular
endothelium leads to cellular swelling, leakage
of fluid into the interstitial spaces, exposure of
subendothelial collagen, platelet aggregation,
and ultimately slowed vascular flow through the
injured vessels. If the slow flow state persists,
thrombus formation and flap failure occur.
The histologic changes associated with the
no-reflow phenomenon may be reversible up to
12h after reperfusion but are likely irreversible
beyond that time.* Factors that may reverse or
limit ischemic changes include thrombolyt-
ics,** nonsteroidal anti-inflammatory drugs,*
and other pharmacologic substances that affect
prostaglandin levels in the ischemic tissue.**¥
However, the most important factor in minimiz-
ing ischemic changes in microsurgery is good
surgical technique, including meticulous preop-
erative planning, careful donor-site preparation,
and diligent efforts to keep ischemic times as
brief as possible.
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The Future of Microsurgery

As noted in this chapter many of the techniques
have been refined to a point that microvascular
surgery has become routine at large medical
centers. There, however, is still room for growth
in microvascular surgery, and on the horizon the
next major milestones will likely come from
composite, cadaveric tissue transfer. This work
has already started with exciting results in cadav-
eric hand and partial face transplantation.

Overall microvascular surgery requires a
significant degree of technical expertise, but
given the advances made during the last 50
years, we can look forward to greater use of our
techniques.
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Summary

Is minimally invasive surgery a myth or is it
based on reality? Can you achieve results of
the quality similar to that of traditional open
procedures while minimizing surgical scars,
pain, decreasing recovery time, and decreas-
ing morbidity? Or do minimally invasive
techniques yield minimal results? Although
the demand for these procedures increases,
plastic surgeons may need to adapt and change
their approaches to commonly performed
procedures. In addition, training programs
may need to take into account the latest trends
in plastic surgery to appropriately prepare
the young plastic surgeons for successful
careers. Although it is impossible to account
for all the available minimally invasive tech-
niques, this chapter attempts to review the
most commonly performed techniques.

Abbreviations

MACS Minimal access cranial suspension

SMAS  Superficial muscular aponeurotic system

TUBA  Transumbilical endoscopic breast augmen-
tation

Introduction

Can you get more with less and is the new wave
of minimally invasive surgery a myth or reality?
Or is it merely a marketing ploy? Although these
concepts have great appeal, these questions will
be answered only after review of evidence-based
literature and long-term results. There is a con-
stant desire among patients and surgeons to
achieve more with less and to accomplish more
with smaller incisions. Although there is a time
and place to undertake and perform lesser pro-
cedures to achieve desired outcomes, such deci-
sions should be made after thoughtful planning
and sound judgment. It is of critical importance
for plastic surgeons to be aware of all of the
available innovations in the specialty. Although
it is beyond the scope of this chapter to cover
each of these minimally invasive procedures in
detail, the purpose of this chapter is to introduce
these concepts and techniques to the reader.
References have been liberally cited to assist the
reader who would like to explore these areas in
greater detail.

Technological and conceptual innovations
have led to a significant growth of newer plastic
surgical procedures. Such techniques include, but
are not limited to, injectables and fillers, endo-
scopic surgical techniques, laser and light-based
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modalities, limited incision procedures, and
other less common procedures. Many prod-
ucts have come to the marketplace with claims
of optimal results with minimal surgery and
recovery time.

A number of endoscopic procedures have
been added to the plastic surgeon’s arma-
mentarium with the benefit of limited postoper-
ative morbidity, pain, and recovery time. Such
procedures include the browlift, facelift, endo-
scopic nasal surgery, breast augmentation, and a
variety of reconstructive procedures. Recently,
endoscopic techniques have been used to repair
facial fractures and perform craniofacial surgical
procedures.

Endoscopic Techniques
and Applications

Endoscopic techniques have changed the plastic
surgeon’s approach to a number of procedures
since their introduction to plastic surgery in the
late 1980s and early 1990s. In the early 1990s,
Vasconez et al.’® popularized the endoscopic
browlift. This became possible when it was real-
ized that if the soft tissue of the forehead was
elevated from the periosteum, an “optical cavity”
could be created. This became the first of many
endoscopic techniques to be introduced to plas-
tic surgery. Videoscopic equipment with magni-
fication allowing visualization with great detail
and new endoscopic instruments have been
developed to aid the surgeon in performing
operations with precision and accuracy.

Endoscopic Facial Surgery

The browlift is the most commonly performed
endoscopic procedure in plastic surgery. It avoids
the long scar associated with the more tradi-
tional coronal browlift. Since its introduction in
1992 by Vasconez et al.,’! and its later popu-
larization by others such as Ramirez and
Robertson,” it has gained wide acceptance. This
procedure has undergone many alterations and
is one among several methods available to
rejuvenate the ptotic brow and rhytids of the
forehead. This procedure involves the creation
of small (approximately 2 cm) access ports in
the hair-bearing scalp through which an endoscope
and various dissection tools are introduced.
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The number of access ports vary based on sur-
geons’ preference. Under video guidance, the
skin, soft tissues, and ligamentous attachments
of the forehead are dissected and released. The
dissection plane is either subperiosteal or sub-
galeal. The subperiosteal dissection allows for
greater illumination when compared with the
subgaleal release because of the lighter color of
the bone when the subperiosteal dissection is
performed. However, some feel that release is
more effective in the subgaleal plane.’ A critical
part of this procedure is the adequate release of
the attachments at the temporal fusion line and
along the lateral orbital rim including the lateral
orbital retaining ligaments. Some surgeons
advocate wide release down to the zygomatic
arch.! The plane of dissection is in the subperiosteal
plane in the forehead and on the temporalis
fascia proper (deep temporal fascia) in the tem-
poral region. This is merged around the lateral
orbital rim and the temporal fusion line to the
subperiosteal plane in the forehead. Care is
taken to avoid injury to the frontal branch of the
facial nerve, which travels within the superficial
temporoparietal fascia and lateral branch of the
supraorbital nerve lying between the periosteum
and galea just medial to the temporal fusion
line.”” Once adequate release is performed, the
skin and soft tissues are anchored in a higher
and lateral position to obtain the desired brow
position. Many methods are used for anchoring
the soft tissues including bone tunnels, resorb-
able screws, sutures, resorbable tines, and surgi-
cal adhesives. The optimum time needed for
adequate fixation to occur is controversial.” In
some cases no fixation is done with the belief
that adequate release is the most critical maneu-
ver in obtaining adequate brow elevation.
Through the aid of video guidance, the medial
brow depressors are also dissected, transected,
or resected to eliminate the glabellar rhytids. Care
is taken to avoid injury to the supratrochlear
and supraorbital neurovascular bundles. The
supratrochlear nerve bundle travels within
the corrugator muscle mass. Some also score the
frontalis to improve the horizontal forehead rhytids.
Limitations or pitfalls of the procedure include
inadequate soft tissue release, inadequate or
improper fixation, and recurrent frown lines
because of inadequate muscle resection. In addi-
tion, it is easy to overelevate the medial brow and
harder to adequately elevate the brow laterally
(Figure 9.1).
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Using the same temporal access ports, the
midface can be accessed. The midface lift can be
done through this endoscopic temporal approach
only** or through a combined temporal and
intraoral approach.”” Again, subperiosteal dis-
section is performed along the lateral and
infraorbital rims and along the anterior surface
of the maxilla. An intraoral incision may be used
for additional access to the midface. This sim-
plifies the dissection and shortens the procedure.

Figure 9.1. (a) A 49-year-old
woman with eyebrow ptosis,
preoperative view. (b) Same
patient 2 years following
endoscopic subperiosteal
browlift.

Figure 9.2. (a) Preoperative
view of a 57-year-old woman
with brow ptosis and midface
descent. (b) Postoperative
view following endoscopically
assisted midface lift through a
temporal approach and
intraoral incision.

However, it does, at least theoretically, increase
the possibility of intraoral contamination of the
temporal dissection. Once wide undermining is
performed, resorbable or nonresorbable sutures
are used to anchor the ptotic midface soft tis-
sues, which are then elevated superolaterally
and anchored to the deep temporal fascia.
Alternatively, an endotine midface device can be
used to maintain elevation of the midface tis-
sues (Figure 9.2).
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Figure 9.3. (a) Preoperative view of a 76-year-old woman with cheek laxity, deep nasolabial folds, jowling, and neck laxity. (b)
Postoperative view of the patient following MACs facelift for cheek correction, necklift, and platymaplasty.

Although the endoscopic subperiosteal facelift
was popularized by Ramirez,** it has not gained
widespread acceptance in facial cosmetic surgery.
The traditional route of skin, superficial muscu-
lar aponeurotic system (SMAS) surgery along
with the newer small scar techniques has gained
popularity®® Of the short-scar techniques,
Tonnard’s minimal access cranial suspension
(MAC)’s lift and Baker’s lateral SMASectomy are
perhaps the most popular (Figure 9.3).

Endoscopic Nasal Surgery

A variety of endoscopic nasal surgical proce-
dures are well described in the otolaryngology
literature. Although these techniques have not
gained popularity in plastic surgery, their appli-
cation to aesthetic plastic surgery is clear, and
they most likely will ultimately find a place in our
armamentarium. The areas currently being
addressed include inferior turbinates, middle
turbinates, and the septum. In many situations,
cosmetic rhinoplasty can be combined with
functional endoscopic nasal surgery to address
inferior turbinate hypertrophy and other ana-
tomical obstructions in the nasal cavity. The
same endoscopic equipment used for other
endoscopic techniques can be used. The nose is
first decongested with oxymetazoline or other

decongesting agents. A 0° endoscope is intro-
duced into the nasal cavity to visualize the
anatomic problems with the inferior turbinates,
septum, and the middle turbinates. With the use
of powered instruments that can remove and
reduce the size of the hypertrophied inferior tur-
binate submucosa, stroma and the bone can be
removed with limited incisions in the mucosa
(Figure 9.4). This is done without thermal injury
to the mucosa, preventing injury to the vital
physiologic function of the mucosa. With the use
of these techniques, the morbidity and blood loss
can be minimized. Recovery is rapid as there is
less chance of complications such as synechiae
formation, nasal crusting, and bleeding. Many
publications in the ENT literature have demon-
strated that the endoscopic techniques for infe-
rior turbinate reduction are superior to the
traditional techniques used.

Recently, Joniau et al.'” completed a long-term
comparison between submucosal cauterization
and power reduction of the inferior turbinate.
Their study concluded that endoscopic powered
turbinoplasty leads to decreased patient morbid-
ity during postoperative healing and to a better
control of long-term results when compared with
submucosal cautery. They demonstrated that
endoscopic powered turbinoplasty was superior
to cautery in all measured aspects, including
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Figure 9.4. (a) Preoperative view of left inferior turbinate. (b) Postoperative view of endoscopically reduced left inferior turbinate.

crusting, acoustic rhinometry, cross-sectional
area, and nasal cavity volume. A similar study by
Gupta et al."” performed an outcome analysis on
endoscopic inferior turbinate reduction via a
patient questionnaire confirming the long-term
effectiveness of endoscopic turbinate reduction
for the relief of nasal obstruction. Retrospective
data collected at our own institution using this
procedure for the past 2 years indicated that 90%
of patients have complete or near-complete relief
of nasal obstruction. Greater than 90% of the
patients were satisfied with the outcome and
would recommend this procedure to others.
Further objective analyses that include measure-
ment of nasal airway and rhinometric studies
are underway to determine objective outcomes
with this technique.

Similar endoscopic techniques can be used to
address isolated septal spurs as well. Limited
local incisions can be made in the mucosa close
to the site of interest and only the anatomic area
of the problem can be addressed, without having
to raise widely undermined flaps or perform
extensive septal surgery.

The learning curve for some of these proce-
dures is steep. However, with time, many of these
procedures can be done very efficiently.

Endoscopic Breast Surgery

Endoscopic breast augmentation has now been
practiced for more than 10 years. The commonly
used submammary and periareolar incisions
have the disadvantage of placing a scar on the
aesthetic unit of the breast. To limit the visible

scarring associated with these procedures, an
endoscopic guided creation of a subglandu-
lar, subpectoral, or subfascial pocket through
camouflaged incisions has been popularized
using several routes to access the breast. The
transumbilical endoscopic breast augmentation
(TUBA) and the transaxillary endoscopic breast
augmentation have been successfully and safely
used with reportedly good outcomes.

This procedure involves creating subglandu-
lar or subpectoral pockets with blunt dissection
using long instruments with blunt tips passed
subcutaneously through a supraumbilical tunnel.**
Equipment required for this procedure include
a high-resolution endoscopic video camera, a
monitor, tube, long suction instrument, and an
obturator with a rounded tip. A periumbilical
incision is made and dissection is taken down to
the level of the rectus sheath. A subcutaneous
tunnel is created above the rectus sheath on each
side using the tube and obturator as one unit to
the level of the inframammary crease. The endo-
scope is inserted into the tube to confirm the
cannula position by visualizing the mammary
tissue and the pectoralis muscle. The tube is
removed, and the obturator is inserted into the
tunnel and using blunt dissection, a subglan-
dular, or subpectoral pocket is created. The
dissection is done blindly aided by preopera-
tive markings. The endoscope is then used to
ensure entrance into the right plane of dissection
and to check for bleeding in the dissected
pocket. A significant portion of the dissection
is done hydraulically with the implant sizer,
which is rolled like a cigar and pushed through
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the tunnel into the dissected pocket. Only saline
implants, not prefilled and preferably smooth,
can be used for this procedure. The TUBA avoids
ascar on the aesthetic unit of the breast. The main
disadvantage of this technique is the limited
choice of implants since prefilled saline and
silicone implants are not suitable for transumbilical
insertion. Contraindications for TUBA include
thoracic wall deformity and the presence of an
incisional hernia or scarring in the pathway of
the tunnel.

Several series in the literature describe the
techniqueand outcomesof the TUBA.? Dowden*"
recently reported good results with the tech-
nique. He reported no complications in 597 cases
(479 prepectoral and 118 subpectoral) except for
one patient who had to be explored for asym-
metrical edema. Brennan and Haiavy® similarly
reported good results with a low complication
rate. The learning curve for these procedures
is steep. Some inherent difficulties with this
procedure include the added dissection of the
abdominal wall, the possibility of imprecise or
imperfect pocket creation and location, difficulty
controlling the inframammary fold, and diffi-
culty controlling postoperative bleeding. Despite
its introduction in breast augmentation surgery,
it has not gained wide popularity.

Although the blind transaxillary breast aug-
mentation approach has been used successfully
for many years, there were instances where it
was difficult to address the inframammary fold
adequately. Bleeding could also be difficult to
control. To address these problems, the tech-
nique was modified from a blind blunt dissec-
tion to endoscopic-guided cautery dissection.
The endoscopic dissection is performed through
a single port using an endoscope-retractor sys-
tem. Electrocautery dissection in the subglandu-
lar or subpectoral pocket is performed under
direct vision. The axillary incision is made 1 cm
posterior to the posterior edge of the pectoralis
lateral border and extends posteriorly through a
dot in the apex of the axilla. Care must be taken
to avoid dissection of the axillary fat pad to avoid
injury to the intercostobrachial nerve branches
and branches of the lateral thoracic artery and
vein. Suboptimal retractor positioning can also
pose the risk of injury to the brachial plexus.
After the lateral edge of the pectoralis major
muscle is identified, a tunnel is created in a plane
immediately adjacent to the muscle, and using
the endoscope-retractor system, the pocket is
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dissected with needle electrocautery in the desired
plane along the preoperative breast markings.
Both saline and gel-filled implants can be inserted
through the axillary approach. Larger size implants
require larger, more conspicuous incisions.
As with the TUBA, the main advantage of this
technique is locating the scar off the aesthetic
unit of the breast. Disadvantages include longer
operative time and the need for previous training
to handle endoscopic equipment. Dissecting near
the axilla can also cause sensory denervation
changes, seroma formation, and may limit post-
operative arm motion.

Tebbetts® described his 28-year experience
with this approach and compared 331 patients
who underwent blind blunt dissection with 359
patients who underwent endoscopic electrocau-
tery dissection. He reported less capsular contrac-
ture, less transient arm sensory changes and less
axillary lymphatic banding in the latter group.

Endoscopic Techniques in Body
Contouring

Endoscopic rectus plication and mini abdomi-
noplasties can be done with limited abdominal
incisions. Through ports introduced in the lower
abdomen or around the umbilicus, the rectus
diastasis can be tightened with endoscopic
suturing of the rectus fascia. These procedures
have relatively limited use for carefully selected
patients. Although most patients with lax abdom-
inal wall fascia have significant skin excess as
well, there are those patients who present with
significant rectus diastasis and minimal skin
excess. Such patients can undergo limited
incision endoscopic surgery to perform rectus
plication.

Minimally Invasive Techniques in
Facial Aesthetic Surgery

Many devices have been developed recently to
aid the plastic surgeon in performing aesthetic
and reconstructive facial surgery using endo-
scopic and minimally invasive techniques. This
includes a variety of Coapt devices, suture/
string/thread devices, and implants. The Coapt
devices (Coapt systems, Palo Alto, California)
are products that are made of bioabsorbable
implants for use in plastic surgery for fixation of
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soft tissue and bone, which are shaped and sized
according to need. Once such device, the endot-
ine forehead 3.5, was approved by the U.S. Food
and Drug Administration for endoscopic brow-
lifts. These polylactide homopolymer products
have tines on the superior surface for engaging
the deep soft tissues. These tines are capable of
penetrating soft tissue and allow elevation and
distraction of these tissues, which can then be
anchored to a predetermined desired location.
The posterior surface that abuts the anterior
table of the skull has a post for setting into a cra-
nial drill hole. Once the forehead and temporal
soft tissues are adequately released and elevated,
a Coapt endotine device can be secured to the
anterior table of the skull on one surface. The
other surface that has the prong is then force-
fully imbedded and allowed to anchor the deep
soft tissues that are held in place. Another Coapt
device has been designed for midface or cheek
elevation. This device is longer and wider, is
placed through a temporal incision, and with
endoscopic assistance or through an additional
intraoral incision, is used once the subperiosteal
cheeklift is completed.

More recently,some innovative surgical devices
that use minimal access incision have been
developed, but instead of using resorbable tined
devices, barbed sutures are used to anchor and
distract and elevate soft tissues. One procedure
that is done in this manner is a lower facelift that
is given many names such as a thread-lift or
string-lift. A small incision is made in the
temporal, preauricular,or otherlocations through
which a long needle that is attached to a barbed
suture is introduced. This is passed through the
soft tissues of the face to a desired distance such
as the nasolabial fold and is then looped around
and passed back through the same incision.
The barbed suture has the ability to imbed and
distract and elevate the intervening soft tissues
which is then anchored in the temporal region.
Most reports describing this technique are anec-
dotal and long-term objective outcome studies
are currently lacking.'>**

Limited-Incision Facial Aesthetic Surgery

Short-scar facelift surgery has gained recent
popularity. Several names are used to describe
such procedures such as the short-scar facelift,
the MACs-lift, and the S-lift. All such procedures
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use a variation of the more standard facelift
techniques. The incision is limited to the preau-
ricular and temporal areas, and the amount of
dissection and fixation of the deeper tissues
are limited. These procedures are designed to
address mild to moderate changes in the facial
aging. Such procedures are best used in carefully
selected younger patients with minimal or mild
facial aging. These techniques are also useful
in secondary facelifts when minimal or no
neck dissection is needed, or when formal
sub-SMAS dissection is not planned or contrain-
dicated (Figure 9.2). With proper patient selec-
tion, aesthetic goals and gratifying results can be
achieved.

Often in the elderly patients,a combination of
smaller procedures can achieve significant
improvement in facial aging while reducing the
complexity and the potential morbidity of larger
procedures. In these situations, direct excisions
of skin excess can replace traditional facelift
surgery. The incisions are planned where skin
excess is greatest, the trade-off being a tempo-
rarily visible scar. However, since these elderly
patients tend to heal with excellent scars, the
relatively long-term result can be quite gratify-
ing. Such procedures include direct excision of
nasolabial folds (Figure 9.5), direct excision
of neck skin and Z-plasty for the correction of
the “turkey gobbler” deformity (Figure 9.6), and/
or the direct excision of skin excess in the mari-
onette line area.

The direct excision of the nasolabial fold is
also a quite reasonable procedure post facelift in
those patients with extremely deep nasolabial
folds who have not responded ideally to facelift
surgery. In these instances, the interval between
facelift surgery and direct nasolabial fold excision
is generally 3 months.

Finally, the direct browlift is a reasonable
alternative to open browlift surgery in the elderly
male who is concerned about larger incisions or
greater downtime.

An alternative procedure to necklift surgery is
the anterior-only approach or the anterior lipec-
tomy and platysmaplasty. This procedure avoids
a preauricular incision and the postauricular
extension. It is ideal for those patients who are
interested in a change in their profile only and
have no concerns about the midface. The proce-
dure is performed under local anesthesia with
conscious sedation. It is begun through a 3cm
submental incision. The skin is completely released
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Figure 9.5. An 89-year-old woman with deep nasolabial folds, cheek laxity, and neck laxity. (a) Preoperative view. (b) 2.5 months following direct

excision of the nasolabial folds.

from the underlying platysma to the extent
of skin laxity. Submental and submandibular
fat resection is performed superficial to the
platysma and then the plastyma is opened.
Subplatysmal fat is removed and a platysmaplasty
of choice is then performed.

This procedure takes advantage of the inher-
ent ability of the neck skin to contract over time.
The extent of skin undermining should be simi-
lar to the amount of undermining that would be
performed if the patient under consideration
was to have a traditional necklift operation. Good
and long-lasting results have been demonstrated
in the literature using this technique.'>'®* The
procedure can be done in conjunction with
a filler to the nasolabial folds, marionette lines,
and other areas of the face.

Zins and Fardo* classified these patients
into three categories: (1) patients with obtuse
cervicomental angles and good skin elasticity
who may be treated with liposuction alone,
(2) patients with subplatysmal fat or mild to
moderate skin and muscle laxity who are best
treated with anterior lipectomy and platysma-
plasty, and (3) those with marked skin excess
or severe skin laxity who are treated with a
traditional lower face and necklift or a direct
Z-plasty skin excision. Good long-term results

can be achieved with such minimally invasive
procedures (Figure 9.7).

Minimally Invasive Techniques
in Skincare and Rejuvenation

Skincare has evolved significantly in the past
few years. The advent of a variety of laser and
light-based technology using nonablative tech-
niques has changed skincare in the hands of
many surgeons. Traditional, more aggressive,
skin-resurfacing techniques such as the CO, laser,
dermabrasion, and other intermediate and deep
resurfacing techniques have lost popularity
with the development of a variety of nonablative
laser resurfacing modalities. Nonablative laser
therapies can improve skin quality, reduce hyper-
pigmentation and skin irregularities, reduce
redness and, perhaps, tighten skin without
the surface injuries and prolonged erythema
associated with more traditional ablative
techniques. The current options include frac-
tionated erbium and CO,, intense-pulsed light
and radiofrequency, radiofrequency alone, and
photodynamic therapy. The large variety of laser
and light-based modalities attests to the fact that
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Figure 9.6. Preoperative view of a 74-year-old man with neck laxity and “turkey gobbler” deformity. (a) Preoperative frontal view. (b) One-year
postoperative frontal view. (c) Preoperative profile view. (d) One-year postoperative profile view.

no one method has demonstrated clear superi-
ority over the others. Clearly, this technology will
continue to evolve and newer techniques will inev-
itably become available. This changing the land-
scape can make it difficult for the practitioner
to choose the best course. This is compounded
by the fact that the physician incurs signifi-
cant cost with each of these light-based or laser
modalities.

Stem cell research is one of the most rapidly
evolving and most promising areas of basic sci-
ence medical research today. Advances in adult-
derived, adipose stem cells are promising and
may lead to clinical improvements in current fat
transfer or injection outcomes. Fat grafting and
dermis-fat grafting have a long history in plastic
surgery dating back to the 1950s.>?* Coleman’s
technique or Coleman variants are now used by
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Figure 9.7. (a) Preoperative frontal view of a 63-year-old woman with skin excess and neck laxity. (b) Postoperative view 2 months
following necklift without preauricular incision. (c) Preoperative profile view. (d) Two months postoperative profile view. (Reprinted from Zins and Moreira-
Gonzalez. A, Advances in facial aesthetic surgery: new approaches to old problems and current approaches to new problems. In: Siemionow M, ed.,
Tissue Surgery, with kind permission of Springer Science and Business Media. © 2005.)

plastic surgeons nationally and internation-
ally.® This has occurred despite the lack of
vigorous outcome measures.'®

Coleman’s technique involves the atraumatic
harvest of fat from the patient’s abdomen, thighs
or buttocks. The fat is then centrifuged to isolate
the fat from oils and other debris and is then

reinjected into desired areas of the face. The
areas of the face most often treated include
the nasolabial folds, the marionette lines, the
infraorbital rim or the nasojugal groove, the upper
eyelid, and the malar/cheek area. Coleman
uses the multipass, multi-injection technique
where the injectate is placed in various layers of
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the skin and subcutaneous tissues. There may be
a secondary effect from the edema that further
improves the ultimate outcome.

In addition to the use of autologous fat trans-
fer to facial aesthetic and reconstructive proce-
dures,some innovative surgeons have introduced
this technique in breast augmentation, revision
breast surgery, and body contouring procedures.
Large quantities of fat are harvested from the
abdominal wall or the lateral thighs and pro-
cessed atraumatically. Significant volumes of this
autologous fat are then injected into breast tis-
sues to correct various contour irregularities
and deflation. This has been used in both pri-
mary breast augmentation and ancillary recon-
structive breast procedures. Preliminary data
have shown long-term improvement in breast
size and shape. Recently, Spear et al.** have shown
that autologous fat transfer is safe and reliable
in the improvement of contour irregularities in
reconstructed breasts.

More data will undoubtedly be gathered and
reported to study this exciting new use of the
autologous fat transfer further. Using similar
principles, autologous fat transfer can be per-
formed in many other parts of the body to
improve contours, shapes, and sizes.

Recent research has also shown the secondary
benefits to the skin from these fat injections.
Recent reports claim improvement in the qual-
ity, complexion, pigmentation, and general
health of the skin from fat injection. The hypoth-
esis that the injected fat may contain various
amounts of stem cells that, when they survive,
can repopulate the areas with healthy cells that
improve the skin as a secondary benefit has been
brought forward but as yet is unproved.
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Liposuction Techniques

Dennis J. Hurwitz

Summary

Liposuction treats lipodystrophy and reduces
the thickness of body contouring flaps. Patients
are evaluated for suitability of deformity, skin
quality, and understanding of the procedure.
Inelastic and hanging skin is contraindicated
for aesthetic lipoplasty. In general, a circumfer-
ential approach is taken to maximize skin
shrinkage and harmonize the result. The tradi-
tional technique of suction-assisted lipectomy
is presented with emphasis on smoothing and
delivering the fat by the helping hand. Large-
volume liposuction requires attention to main-
tain normothermia, fluid balance, and deep
vein thrombosis (DVT) prophylaxis. Of the spe-
cial energy sources, power assisted, laser, and
ultrasonic, the author prefers and elaborates
on ultrasonic and radio-frequency usage. By
reducing, undermining, and gentle fat removal,
liposuction can safely and effectively be com-
bined with extensive body contouring surgery.

Abbreviations

IPC Intermittent pneumatic compression
LVL Large-volume liposuction

PAL Power-assisted lipoplasty

SAL Suction-assisted lipectomy

UAL Ultrasonic-assisted lipoplasty

RFAL Radio-frequency-Assisted lipoplasty

Ve

Introduction

Liposuction is aspiration of fat from the
subcutaneous tissue. Liposuction can be applied
to aesthetic lipoplasty or combined with body
contouring surgery. Aesthetic lipoplasty is com-
monly called suction-assisted lipectomy (SAL).
Blunt-tipped cannula, high-vacuum method of
SAL was introduced in the United States from
Europe and was rapidly embraced during
the 1980s.22 SAL is repeatedly surveyed as the
most common aesthetic procedure performed
by plastic surgeons.* Liposuction treats lip-
odystrophy, which is characterized by gender-
specific deforming accumulations of fat. Men
tend to seek reduction of gynecomastia, flank,
and central abdominal fat. Women desire removal
of fat from the central neck, lateral to the breasts,
through the mid torso, along the hips, lateral
thighs, inner thighs, and knees.

Liposuction is a closed technique that applies
destructive energy to the subcutaneous tissue
followed by aspiration of the emulsion. The usual
energy is high-pressure vacuum pulling and
avulsing fat through side openings in a hollow
cannula. Alternative energy systems are power-
assisted, laser-assisted, ultrasonic-assisted lip-
oplasty and radio-frequency-assisted.

Evaluation of the Patient

Ideal candidates for SAL complain of local-
ized bulges of fat. They are young, healthy, and

M.Z. Siemionow and M. Eisenmann-Klein (eds.), Plastic and Reconstructive Surgery, 113
Springer Specialist Surgery Series, © Springer-Verlag London Limited 2010
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of normal weight, with good skin turgor and
understand the objectives, risks, and postoperative
management of their planned treatment. In most
areas, hundreds of cc’s of fat emulsion can be
removed, and normal skin retracts to the smaller
volume. Commonly successful locations are the
male breasts, hips, lateral thighs, medial thighs,
and knees. Nearly as predictable are the neck,
flanks,back,abdomen,and upperarms.Prolonged
swelling, contour irregularities, and inadequate
results limit procedures in the calf and ankle.”

To avoid looseness or sagging, the skin needs
to be elastic, and that determination is based on
observation and palpation. There are some
physical signs that predict diminished elastic
recoil- a dense pattern of striae or stretch marks
due to fractured dermal elastin subsequent to
pregnancy, prolonged use of steroids, or rapid
increase in size portents poorly for contractility
after fat removal. Doughy skin is soft with poor
tone and does not contract. The puckering of
cellulite is indicative of disordered adipose
architecture, which may be further distorted
after liposuction. Excessively mobile and sag-
ging skin is a contraindication for SAL.

A few patients describe a local area of contour
bulge, and after proper evaluation, it may be
treated in isolation. Most patients presenting for
body sculpturing through liposuction have a
three-dimensional deformity. The plastic surgeon
must appreciate idealized gender-specific contours
and be able to imagine them on his/her patient to
plan the fat removal. Both the focal areas of con-
cern and the adjacent areas need treatment. The
focal areas are blended into each other, generally
requiring a circumferential approach.

Candidates for localized reduction have lim-
ited excess fat with adequate tone and minimal
striae. Localized suctioning is most suitable in
the abdomen. Care must be taken to rule out
epigastric bulges due to visceral adiposity and/
or myofascial weakness. Extension of the fat
removal through the enlarged flanks is often
advantageous but can be of limited benefit in the
apple-shaped torso.

Circumferential Liposuction and
Planning

When contour deformity of the lower extremities
is being treated, one considers circumferential
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liposuction, which means that the suctioning of
one area of fullness is continuously blended into
another. Circumferential liposuction enhances
skin shrinkage. The author believes that this hap-
pens because the less vigorously treated blended
zones undergo far less trauma from the liposuc-
tion. With only minimal fat removed, the connec-
tive tissue is better preserved,leading to maximal
contractility. The fully suctioned bulging areas
sustain greater damage to the connective tissue,
which limits contraction. It is commonly accepted
that superficial lipoplasty immediately under the
skin assists in skin contraction. Unfortunately,
this approach risks devascularization of the skin,
which leads to skin necrosis. Therefore, most
plastic surgeons are reluctant to take maximal
advantage of superficial lipoplasty. Finally, injury
to connective tissue may lead to scar formation,
with resulting shortening of collagen bundles,
leading to dermal skin retraction. Excessive scar-
ring leaves the skin firm and wrinkled.

The patient stands for preoperative liposuc-
tion planning. Bulging areas are observed,
palpated, and lightly stroked and pinched to
map out removal. The focal area is outlined, and
the magnitude of excess fat is indicated by plus
marks ranging from + to+++. Skin quality is
considered. Depression areas are indicated by
minus marks. Lipoaugmenation may be per-
formed for some fill in those areas. Markings are
circumferential with one focal zone blending
into another. There are recognized zones of
adherence about the lower lateral and lower pos-
terior thigh. It is exceptional that much needs to
be removed in those regions.

Examine for symmetry and overall contour.
Estimate the volume of removal to guide fluid
infusion and need for hospitalization. A simple
aid to estimating volume is to multiply place a
60 cc syringe in the area of planned liposuction
and count the number of syringes that would
be filled by the excess volume and multiply
by 60. Generally, 1cc of fluid is infused for
every cubic centimeter of anticipated fat removal.
Over 5,000 cc of removal prompts overnight in-
hospital monitoring.** Patient positioning is
considered. For most procedures, the patient
lies supine and is turned from side to side. If
considerable fat is to be removed from the back,
the operation is begun while the patient lies in
the prone position. Several access sites are
chosen for each area. There are a variety of
cannulas, aspirators, and energy-assist systems.
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The surgeon’s experience and judgment far
outweigh the advantages of a particular tool.
I suggest continuing trials with new equipment
with purported improved features.

SAL Technique

As a blind procedure, SAL relies on tactile feed-
back, observation of the effluent, and contour
change. As much as possible, the surgeon’s domi-
nant hand infuses the preparatory fluid, directs
the energy-tipped probe, and aspirates the
fat. The helping hand is flattened as it detects
the progressive thickening of the infusing fluid
through the layers of subcutaneous tissue. During
liposuction, the hand smoothes and firmly com-
presses the target area to expedite the fat removal
and sense the depth of delivery. Greatest com-
pression is over the multiple plus areas or when
the fat does not evacuate easily. Grasping the
tissue, forming a cylinder and suctioning within
the hand are discouraged as that method leads to
ridging or depression.

SAL begins with infusion of saline containing
xylocaine with epinephrine into the target sub-
cutaneous tissues until a palpable firmness is
attained. One ampule (1 mg) of epinephrine and
20ml of 1% xylocaine plus sodium bicarbonate
10% by volume are added per liter.?® A thin, mul-
tiple-holed, reusable, blunt-tipped needle is con-
nected to the infusion tubing and pump that
delivers fluids under desired speeds. Infusion
speed, up to 450 cc/min, increases with the antic-
ipated volume of aspirate and the thickness and
firmness of the tissues. Through even diffuse
infiltration of fluid, the target is enlarged, anes-
thetized, and vasoconstricted, making the aspi-
ration easier, more even, and virtually bloodless.
The operation starts with larger cannulas (diam-
eters between 4 and 5mm) with multiple holes
to speed the evacuation of deeper layers of sub-
cutaneous fat. One area is incompletely treated
before advancing to a contiguous one. Then a
return is made to the previous area to allow for
controlled progressive reduction in volume, all
the while continuously assessing the reduced
thickness and evenness of the subcutaneous
layer with the helping hand. Smaller cannulas
(diameters between 2 and 4 mm) follow for even
removal of subdermal fat and persistent bulges.
When nearing the completion of liposuction,
two-handed pinch and spreading evaluation is
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needed. Crisscross suctioning further smoothes
out areas. Minor lumpiness can be corrected
by firm message with a pizza type roller. For
large-volume fat removal, multiple holes increase
the evacuation of fat, especially when they are
staggered. A 5mm in diameter, 20 offset holed
cannula is a remarkably rapid aspirator, particu-
larly in fibrous tissue.

Fat removal in the extremities is primarily
through long longitudinal strokes, supplemented
with secondary shorter, roughly perpendicular
strokes through staggered access incisions. The
main access incisions of the upper arm are made
around the elbow and the Deltopectoral groove.
Incisions of the hip and lateral thighs are made
along the mid lateral line. Refinement of the con-
tour is mainly transversely oriented with smaller
cannulas moved rapidly in a radial manner. Stay
deep in the lateral thigh. Frequently assess the con-
tour to avoid over-resection. Transversely oriented
excessive liposuction leads to unsightly transverse
depressions, which are most noticeable when
standing. Multiple access sites allow for better
blending of areas in a circumferential effort.

Medical Management

Circumferential liposuction takes longer than
focal liposuction, with considerable exposure of
the body, usually with position changes and
larger volume removal. Greater quantities of
aspirate simply magnify the safety consider-
ations. Large-volume liposuction (LVL) aspirates
over 5,000 cc.** Consideration must be given to
avoiding intraoperative hypothermia, appropri-
ate fluid resuscitation, and deep vein thromposis
(DVT) prophylaxis™.

Hypothermia

Although profound hypothermia with its atten-
dant cardiac and coagulation instability is rare,
only a few degrees centigrade drop may lead to
wound infections if combined with excisional
surgery.* Force hot air warming, warmed fluids,
and warmed room are recommended. Force hot
air warming of the patient in the preoperative
area may be advantageous but may be difficult to
organize. If the marking is performed immedi-
ately preoperatively, expect the patient to be
chilled and consider a 15-min warmup period
before the induction of anesthesia.
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Fluids

Intravenous fluid management relates to the
magnitude of subcutaneous fluid infusion for
the liposuction. Fluid shifts in LVL can be quite
dramatic, leading to either hypovolemia or
fluid overload, necessitating in-hospital man-
agement until stable.””*! Overload leading to
congestive heart failure or pulmonary edema
is at greater risk for the larger volume aspirates
since between 60% and 80% of the infiltrating
wetting solution remains in the subcutaneous
tissue until slowly absorbed or drained by
closed suction. In addition to maintenance flu-
ids, intraoperative replacement fluid is 0.25s cc
crystalloid for each 1 cc of aspirate over 5,000 cc.
A simplified and effective method of managing
intraoperative fluids is to maintain a fluid ratio
of 1 and a urine output of 1-1.5ml/kg/h. The
intraoperative fluid ratio is defined as tumes-
cent fluid volume plus intraoperative replace-
ment divided by the volume of the aspirate.*>*
Since there is no linear correlation between
the postoperative drop in hemoglobin level
and the volume aspirate, measured hemoglo-
bin levels and clinical judgment should be
used.” Postoperative fluid maintenance should
probably be less than 2cc/kg/h with adjust-
ments based on urine output, vital signs, and
condition of the patient.

Xylocaine and Epinephrine

At about 30ml of 1% xylocaine per liter of
infusate, the analgesic effect is adequate with
minimal sedation. The role of infusate xylo-
caine under general anesthesia is questioned
because of toxicity.” Obviously, the risk of xylo-
caine toxicity is completely avoided by omitting
it from the infiltration solution. The analgesic
effect lasts less than 8h, even though xylocaine
and its active metabolic byproducts last up to
28h. Patients appreciate the virtually pain-free
emergence from anesthesia after major body
contouring surgery; xylocaine is used in the
first 3,000cc and then reduced in further
infusions.*

At 1mg/l epinephrine infusion, plasma epi-
nephrine levels may increase 3-4 times above
baseline during liposuction, with peak concen-
trations around 300 pg/ml reached between 1 and
4h after infiltration began.® Approximately 30%
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of the infiltrated epinephrine is absorbed, with
no clinical signs of toxicity such as anxiety, rest-
less, weakness, pallor, tremor, heart palpitations,
and/or vomiting.

All patients are started on an intermittent
pneumatic compression (IPC) device immedi-
ately before surgery and are continued through-
out the hospitalization and until regularly
ambulating. Low-dose,low molecular weight hep-
arin is considered until ambulating in patients
with multiple risk factors.*

Postoperative Care

After a compulsive effort is made to smooth out
irregularities, the small incisions are loosely
closed with 3-0 nylon sutures. Tightly fitting,
encompassing, commercially available elastic
garments support the operative areas. Along the
extremities, circumferential = compression
encourages drainage and retards swelling. The
expected drainage is allowed to leak out of the
access incisions through the garment. Drains
may be used in the thighs when large volumes
are removed. There may be no practical means
to immediately compress the larger thighs and
that may await custom fitting some weeks later.
If ace wrapping is done, choose 6-in. wide or
greater, and monitor for constricting bands or
pressure skin necrosis over drains. Compression
is not so effective in the torso, so a 7-mm diam-
eter suction drain is drawn across the abdomen
through the two flank incisions. Thin sheets of
foam are placed on the torso, especially within
the flanks and where needed to smooth out skin
folds. If the foam has a sticky side, multiply
incise the edges for an inch or so to minimize
shearing that causes blistering.

The garments and foam are removed 5-7 days
later. Elastic garments are continued for 3-6
weeks, allowing removal for bathing the second
week; sleeping, the third; and inactive periods,
the fourth. The drain(s) is/are removed in the
first postoperative visit unless there is more than
50cc of output per day. The patient returns
within a week to 10 days for check on seromas or
cellulitis. Most swelling is gone by 6 weeks, but
final healing may not resolve for 6 months.
Unless there is severe deformity, try to postpone
revision procedures until then for a more accu-
rate appraisal.
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Power-Assisted Lipoplasty

The ease and speed of fat removal can be expe-
dited by the adaptation of a power drill, lasers, or
internal therapeutic ultrasound. Power-assisted
lipoplasty (PAL) is a reciprocating cannula (pow-
ered by gas or electricity) that powers through
tissue and vacuums out fat with minimal effort
by the surgeon. The author is familiar with the
Microaire (www.microaire.com/pal) device with
a 2mm excursion at 4,000 cycles/s. The equip-
ment is highly expensive with only a small num-
ber of surgeons using it. It is purported to be a
speedier and less injurious to the patient, caus-
ing less bruising, swelling, and discomfort, and
thereby leading to more rapid recovery.* In a
15-patient pilot study, PAL had a higher per area
suction removal capacity compared with tradi-
tional SAL with comparable aesthetic results.”
The author finds that the PAL works smoothly
with minimal bleeding, but the vibration and
noise are annoying.

Laser-Assisted Lipoplasty

Recentlyanewlaser energy devise called SmartLipo
by Cybnosure, Inc. (Westford, Massachusetts)
has been resurrected in the form of 1064nm
ND:Yag delivered by short pulses through a
600 um optical fiber housed in a microcannula.
Ten years ago laser-assisted lipoplasty was found
to have no advantage over SAL.> SmartLipo
appears best suited for smaller contour bulges.
The cannula is inserted through a small incision
and with the guidance of a red helium-neon
laser source a liquefied fatty emulsion is created,
which maybe absorbed or suctioned. A smoother
result with better skin contraction is claimed.'
Direct to consumer marketing of this minimally
invasive procedure has been very effective. The
author is awaiting conformational studies in the
United States.

Ultrasonic-Assisted Lipoplasty

In 20% of the surveyed cases, the most common
high-tech energy source for liposuction is ultra-
sound vibration.* Introduced from Europe in the
mid-1990s, UAL is the internal use of probes for
cavitation and percussion to emulsify undesirable
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fat. The goal is aesthetic recontouring of all
accessible regions of the body with maximal skin
contraction and rapid recovery. Unquestionably
UAL is physically easier than SAL on the sur-
geon.>” It virtually glides through the tissue,
with particular advantage with more fibrous tis-
sues such as the male breasts, the back, and
flanks or when stroking through the scarred
subcutaneous tissue of secondary surgery. The
vibrating probe appears to bounce off the scar
tissue and seeks fat. Less force or thrust by the
surgeon may mean a smoother, more consistent
result. Vessel disruption with bleeding is rare.
Larger volumes may be removed with less effort
and no fatigue.

Introduced in 1994, the LySonix,” with inline
suction has a new 3000 model with a pulsed
mode to lower heat generation at the tip. MySonix
(Framington, New York), www.misonix.com,
produces this reliable machine for Mentor
Corporation (Santa Barbara, California). About
9 years ago Sound Surgical Technologies, www.
soundsurgical.com, produced the VASER®, a
smaller diameter, multiringed probe that is more
efficient at less energy than the LySonix. The
sonic energy is increasingly splayed out from
one to three rings. The greater the number of
rings, the more diffuse is the sonic energy and
the less is the thermal injury to the tissues. High
resistance to the passage of the probe will prompt
the use of a single ring. The VASER® mode rap-
idly cycles the probe on and off, keeping the rod
from generating too much heat. The sonic energy
is predominantly percussive. Having extra hand
pieces are essential because shutdowns occa-
sionally occur with either machine.

The probe is rhythmically passed through the
subcutaneous tissue layer by layer. I prefer to
start in the subdermal plane and proceed deeper
in laminated planes. The tissues are coolest at
the start with less chance of damage by the probe
tip. The probe should be moved continuously as
a motionless probe is not cooled and, hence will
generate undesirable focal thermal injury. The
entry points are placed in inconspicuous loca-
tions and asymmetrically staggered. The helping
hand messages the target tissue to the probe,
taking care to flatten curvatures of the dermis to
avoid end hits. End hits are the thermal damage
done to the underside of the skin due to force by
the vibrating probe held in place with blanching
pressure against the skin.


www.microaire.com/pal
www.misonix.com
www.soundsurgical.com
www.soundsurgical.com
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Evacuation of the emulsion is performed by
more rapid-stroke liposuction. Sound Surgical
Technologies provide a vented suction system,
called Ventx®, which theoretically causes less
damage to the connective tissue. When the
threshold vacuum pressure is reached, the can-
nula releases the tissues, avoiding avulsion of
connective tissue. Accordingly, the Ventx” cannu-
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lae rarely clog. For both UAL and traditional SAL,
drains are used for very large-volume removals.
For those experienced in its use, UAL causes
less morbidity and more rapid recovery.”” The
result is smoother than I can routinely achieve
with SAL (Figure 10.1). UAL often results in
good skin contraction, but that is not predictable.
UAL is effective in correction of gynecomastia,

Figure 10.1. Cosmetic UAL. The before (a and b) and 5 months after (c and d) UAL (VASER) of the abdomen, flanks, hips, thighs, arms, and submental
region in a 35-year old, weighing 160 Ib (BMI 26). She was infused with 3,300 cc of saline with xylocaine and epinephrine. A two-ting probe with
VASER was on pulse mode and she was treated for 30 min across the torso and 8 min for each inner and outer thigh. A total of 3,700 cc of fatty emulsion was
aspirated via Ventx, of which 2,400 cc was removed from the torso and 800 cc from each thigh.
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including mild ptosis. Broad UAL application
extending over the anterior to the lateral chest
and onto the abdomen with disruption of the
inframammary fold leaves a smooth even con-
tour. This bloodless operation is usually fol-
lowed by a partial glandular excision pull-through
removal.?’

Clearly, over treatment leaves a leathery
appearance due to subcutaneous scar and altered
pigmentation. Furthermore, the incisions may
be traumatized by torque and hot probe, end hits
burn skin, and with resistance being the major
end point, prolonged subcutaneous induration
can occur.

The initial reports of blistering skin burns,
skin loss, prolonged postoperative pain, and
high seroma rates hampered the adoption of
UAL.">* The troubling pain may be due to blunt
trauma, demyelination injury, or soft tissue scar
contracture with entrapment. When neuralgia
occurs, resolution of the pain takes months
to even years. It is most likely to occur in the
anterior thighs and flanks. These problems
are avoided by using less power and emulsify-
ing over shorter periods of time. The initial
teaching with the inline suction was the end
point of energy usage was the desired contour.
This led to prolonged use of the probe, and
higher power settings were then necessary. The
current teaching is to use only as much power as
needed to easily move the probe through the
tissues. The power should be off when the probe
is not moving. The end point of probe passage is
when tissue resistance is low. The LySonix inline
suction should be seen as a guide to the quality
of aspirate only.

Although adipose is most sensitive, the
destructive forces of ultrasound energy are not
specific for fat. I believe there is a UAL system
that comes closer to optimal fat emulsion
and that is the Surround Aspirating System
developed by El Hassane Tazi of Casablanca,
Morocco. The vibrating probe is encased in a
firm Teflon-coated cylinder that has a short,
enclosed chamber at the end. High suction
delivers the fat to this small chamber for rapid
fragmentation and removal. Over the past 10
years, Tazi has repeatedly shown excellent fat
removal with good skin retraction in large and
very large-volume liposuction (Figure 10.2).*!
We are attempting to introduce this system
into the United States.
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Radio-frequency-Assisted
Lipoplasty

The author is a co-investigator on a recently
completed IRB approved trial on the safety and
effectiveness of using bipolar radiofrequency
internal probe energy for lipolysis tissue healing
and skin tightening duringlipoplasty of the arms,
abdomen and thighs, with attention to technique
and skin temperature the rapid removal of fat
was followed by up to 30% contracture.

Large-Volume Liposuction

For the many patients with primarily contour
excesses and inability to lose weight, an alter-
native is large-volume liposuction (LVL).»>!11841
Regardless of the technique, LVL for obesity is
controversial. Large amounts of fat removal is
hours of trauma to the body. As mentioned,
intraoperative and immediate postoperative
care consider major fluid and electrolyte shifts
and concerns of lidocaine and epinephrine tox-
icity.*>** Retained damaged tissue and bleeding
may be a source for prolonged drainage and
rare serious infection. Damage to connective
tissue and neurovasculature reduction may
prolong postoperative swelling and reduce the
capacity for the skin to shrink down to the
reduced volume. Inadequate contour improve-
ment, sagging skin, and regain of weight are
further problems.

Studies conflict on the medical improvement
such as reduction of cardiac risk factors, blood
pressure, and insulin levels. There are studies
showing benefits of liposuction on cardiovascu-
lar risk factors, diabetes, and insulin require-
ments.'>"»>1% Ttalian researches prospectively
studied the medical effects of LVL (average of
3,540 cc) in 30 obese (BMI 30 to 45) and 30 non-
obese (under 26) subjects.’” Their data showed
than 2-31 of fat removal is safe and associated
with improvement of some metabolic (insulin
resistance) and inflammatory (cytokines and
CRP) markers, which are indicators of cardio-
vascular risk. In fact, a predominant part of the
literature shows that LVL improved cardiac risk
and vascular inflammatory markers, along with
beneficial effects on reduced insulin resistance
and vascular inflammation.'”” This health
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Figure 10.2. Large-volume liposuction as performed
by Dr.Hassane Tazi with SAS/UAL. Preoperative (a and b)
and postoperative (cand d) views after 17.5 | removal of
fat.

improvement was due to reduced adipocyte
reduction of adipokines such as Interleukin-6
and tumor necrosis factor alfa and increased
production of anti-inflammatory adiponectin
and interluekin-10. They suggest that plastic
surgery should be incorporated into a multifac-
eted program of lifestyle changes for the obese
for both contouring and health.*?

PLASTIC AND RECONSTRUCTIVE SURGERY

A group from St. Louis reported in the New
England Journal of Medicine no change in insu-
lin action or risk factors for coronary heart
disease in 15 women 3 months after lipoplasty
of approximately 9.5kg of fat from the subcuta-
neous tissues.”” Patients who went on to lose
further weight were eliminated from the study.
Clearly, when suction of bulging fat encourages
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an improved lifestyle with weight loss, there is an
overall health benefit.

Body Contouring
and Liposuction

Patients seeking generalized liposuction should
be considered for excisional techniques if there is
excess skin. Loose skin after weight loss and/or
aging will sag further after liposuction. Excisional
body contouring surgery improves body con-
tours first by removing excess skin and closing
tightly. Second, adipose is selectively left behind,
transferred as a flap or removed by liposuction.
With increasing presentation of overweight
patients for body contouring, combining liposuc-
tion with body contouring has become more
prevalent. Liposuction maybe performed in a
neighboring region or within the advanced body
contouring flap. Preservation of blood supply is
critical to the safe healing of liposuctioned flaps,
which are usually closed under considerable ten-
sion. Blood supply is preserved by minimal
undermining of flaps and least traumatic fat
suctioning.

Lockwood advanced the mid torso ideal of
a contoured lateral trunk and inguinal region
with a deep waist concavity, convexity of the
hypogastrium, concavity of the epigastrium, and
a valley between the rectus muscle bulges, with a
vertically oriented umbilicus.** He advocated
limited undermining during his high lateral ten-
sion abdominoplasty. After the abdominoplasty
flap is closed, then liposuction is performed in
the epigastrium. A remarkable flattening of the
bulging tissue occurred. Other leading plastic
surgeons have also advocated liposuction in
conjunction with full abdominoplasty'®333640
(Figure 10.3).

Cardenas-Camarena declared his large-vol-
ume torso liposuction (defined as > 1,500 ml,
mean of 4.3kg) and extensive abdominoplasty
(mean pannus resections of 1.3kg) as safe and
effective® (http://online5.hsls.pitt.edu:5551/gw2/
ovidweb.cgi - 79#79). Complications included
seromas in three patients, a dehiscence, and one
distal flap necrosis.

In 2001, Brazilian plastic surgeons emphasized
abdominoplasty without surgical undermining.”
Instead, flap mobility is enhanced by discontinuous
undermining provided by liposuction. French
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plastic surgeons have advanced excision site pro-
found liposuction as a means to best preserve
deep subcutaneous tissue lymphatic channels,
thereby reducing the seromas and lymphocele
formation during abdominoplasty, brachioplasty,
and vertical medial thighplasty.*»**

Over the past 4 years, I have adopted these
principles of lipoabdominoplasty with minimal
undermining of flaps, maximal preservation of
underlying connective tissue, and vascularity
throughout all body contouring operations.
The results are most dramatic in the overweight
patient. On the other hand comes a point at which
the adiposity is too excessive to allow for com-
bined therapy. At that extreme, the region is
tensely swollen with fat and has no discernable
laxity. In those patients, UAL may be all that
is necessary or just the first stage of contour
correction.

Rohrich is a proponent of concomitant, mod-
erate-volume liposuction with abdominoplasty.*
His group averages 41 of UAL (up to 8,450 cc) of
the upper lateral flank, lower back, and upper
buttocks, hips and medial thighs, and entire
abdomen during his central body lift, circumfer-
ential body contouring in 151 patients. He reports
high patient satisfaction, excellent results, and a
low rate of complications: three major (2%) (two
deep vein thrombosis and 1 PE) and 32 minor
(21.1%). Surgical revision was required in eight
patients (5.3%).%

In fact, Lockwood believed there is a safety
factor in discontinuous undermining of the
abdominal flap by means of liposuction. He felt
it was almost as efficacious as direct undermin-
ing with the advantage of improved blood
supply®. The ultimate test of this approach is
the Brazilian lipoabdominoplasty”. All
undermining and fat removal are by liposuc-
tion, and only skin is excised. Others have
reported that the combination of multiple trunk
excisional procedures with liposuction do not
have a greater number of complications than
isolated abdominoplasty®; however, obese
patients have significantly increased morbidity
regardless of the number of procedures."

Cardenas—Camarena combined abdominoplasty
and circumferential liposuction in 310 women
patients during a 7-year period, yielding excellent
body contouring in a single surgical procedure.
There were less than 25% complications even in
mostly overweight women.” Gentle manipulation
of the tissues prevents cutaneous compromise.


http://online5.hsls.pitt.edu:5551/gw2/ovidweb.cgi - 79#79
http://online5.hsls.pitt.edu:5551/gw2/ovidweb.cgi - 79#79
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Figure 10.3. Combining body contouring with UAL.The before (a, b,and ¢) and 1 month (d, e, and f) after UAL (VASER) of the flanks, abdomen, and

flanks with an extended abdominoplasty in a 44-year old, 148-Ib woman.

I agree with this author’s conclusion that the
combination should be used not as a means to
lose weightbutas a surgical procedure thatimproves
the body contour in patients with differing
degrees of obesity.
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Biomaterials in Craniofacial Surgery

Earl Gage, Claude-Jean Langevin, and Frank Papay

Summary

Bone substitutes are increasingly used in
craniofacial surgery. This chapter discusses
the characteristics of an ideal bone substitute
and briefly reviews the evolving history of the
biomaterials with a particular emphasis on
craniofacial reconstruction. Some of the most
important bone substitutes, including cal-
cium phosphate and hydroxyapatite (HA)
ceramics and cements, bioactive glass and
polymer products, are discussed. Areas of
active research and future directions include
tissue-engineered products and an increasing
emphasis on bioactivity of the implant
material.

Introduction

Bone substitutes are increasingly used in cranio-
facial surgery. This trend stems, in part from their
ease of use and handling, improved safety pro-
files, intraoperative cost and time advantages,
and their adaptability to a variety of clinical chal-
lenges. A wide variety of bone substitute materi-
als have been developed during the last 50 years.
Some of the most commonly used bone substi-
tute materials are summarized in Table 11.1.
Biomaterials used in the osseous reconstruction
of the craniofacial skeleton can be broadly cate-
gorized into calcium phosphate-based ceramics
and cements, synthetic polymers, and, more

recently, tissue engineered bone substitutes.
This chapter reviews some of the most important
biomaterials in each of these categories.

Properties of an Ideal Bone
Substitute

The ideal bone substitute should have a number
of important properties. First, it should be bio-
compatible. A substance that is biocompatible is
well tolerated by the host and does not evoke an
adverse inflammatory response. Second, the ideal
bone substitute should be easily molded to the
bony defect it is intended to fill and have a fast
setting time. Third, it should be durable, holding
its shape and volume over time. Fourth, it should
be radiolucent to allow radiographic assessment.
The ideal bone substitute should also be ther-
mally nonconductive, bioactive, sterilizable and
readily available. Finally, in our era of skyrocket-
ing healthcare cost, the ideal bone substitute
should be inexpensive to purchase and use.

Some additional basic terminology is useful
in discussing the biologic characteristics of bone
substitutes. A substance that is osteoconductive
is one that provides a conductive surface for
bone growth. A bone substitute that is osteoin-
ductive has the capacity to induce osteogenesis
by stimulating immature cells to become
prosteoblasts. Finally, osseointegration refers to
stable anchoring of an implant material to the
surrounding bone.

M.Z. Siemionow and M. Eisenmann-Klein (eds.), Plastic and Reconstructive Surgery, 125
Springer Specialist Surgery Series, © Springer-Verlag London Limited 2010



AR
W

Table 11.1. Commonly used calcium-based and polymer bone
substitutes.

Compound Sample of commercial
products

Hydroxyapatite Pro-Osteon, Bio-0ss, Endobon,
(alcitite

Tricalcium phosphate Vitoss

Hydroxyapatite cements Norian CRS, Bone Source,
Mimix Bone Void Filler

Bioactive glass NovaBone

Methylmethacrylate polymer ~ Hard Tissue Replacement

Porous polyethylene polymer  Medpor

History of Bone Substitution
Earliest Origins of Bone Substitution

Although the last 50 years have seen the most
significant and accelerated advances in biomate-
rial technology, the roots of bone substitution
reach back to ancient civilizations. The earliest
evidence of implanted material used to fill bone
defects can be traced to ancient Peruvian civili-
zations. Trephination, the oldest known surgical
procedure, was practiced as early as 3000 BC by
pre-Incan surgeons, and there is evidence to sug-
gest that a variety of alloplastic materials, includ-
ing gourds and metallic plates, were used to fill
trephination defects as long ago as 2000 BC. The
first recorded description of cranioplasty using a
gold plate to cover a cranial defect has been
attributed to Fallopius in the 16th century.*®

The 17th Century

In the 17th century, Job Janszoon van Meekeren,
a surgeon from Amsterdam, was the first to
report a bone xenograft in cranial reconstruc-
tion.*>* Although not the surgeon who per-
formed the procedure, van Meekeren reported
the case of a Russian nobleman who sustained a
sword blow to the head, which resulted in a soft
tissue and cranial bone defect. This was recon-
structed using canine calvarium, and the patient
made a full recovery. Ironically, the patient was
later threatened with excommunication from
the Christian church for having been defiled by
the canine xenograft.*®
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The 18th and 19th Centuries

The 18th and early 19th centuries saw an increased
understanding of the physiology and dynamic
nature of bone healing as documented by the
work of Ollier, Barth, Axhausen and others.
Attempts to cover craniotomy defects with autog-
enous tissue began in earnest at the beginning
of the 20th century with a variety of tissues
being used to fill bony defects, including split
cranial grafts, autogenous bone chips, split rib
grafts and temporoparietal fascia, to mention
only a few.*

The Early 20th Century

The first half of the 20th century is also notable
for expanded attempts to find alloplastic materi-
als for use in craniofacial reconstruction. This
effort was driven, at least in part, by wartime
injuries during World Wars I and II. A variety of
metallic alloplastic implants were trialed during
this time, including gold, silver and aluminum,
continuing work begun at the end of the 19th
century and beginning of the 20th century by
researchers such as Booth, Curtis, Gerster and
Sebieau.”® Additional early metallic implants
included lead, platinum and various other alloys.
Perhaps the most important alloy for its strength,
low cost, inertness and relative radiolucency is
titanium, which was developed for use as a cran-
iofacial alloplast in the 1960s, as first reported by
Simpson.>**’

The Mid 20th Century to the Present

Methylmethacrylate, an acrylic resin, was first
introduced as a bone substitute during the 1940s
and remains a popular choice for cranial recon-
structions for its strength, moldability, low cost
and relative radiolucency.*® Since its initial intro-
duction into the surgeon’s armamentarium,
methylmethacrylate has been combined with
various metallic meshes to facilitate fixation and
provide additional strength. The latter half of
the 20th century has also seen the evolution of
hydroxyapatites and calcium phosphate-based
cements and ceramics and more recently efforts
to develop tissue-engineered products that
incorporate bone growth factors and mesenchy-
mal stem cells. The most important of these bone
substitutes are discussed in more detail below.
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Calcium Phosphate-Based
Compounds

Hydroxyapatite (HA) Ceramics

Hydroxyapatite [Ca (PO,) (OH),] is a calcium
phosphate compound that is the primary min-
eral component of teeth and bone. For the last 30
years, it has found increasing use in craniofacial
and orthognathic surgery for filling bony defects
and smoothing bony contour abnormalities.
Initially developed as a potential bone substitute
in the 1970s, early forms of HA consisted of pre-
formed ceramic products. Created through a
heating process called “sintering,” these early
ceramic forms of HA consisted of thermally
fused crystals and were notable for their strength,
biocompatibility and stability against resorp-
tion.'* However, although these ceramics were
well tolerated after implantation, they were awk-
ward to handle and shape and, as a result, had
applications limited primarily to a few orthog-
nathic and dental surgery procedures.'**#

In 1991, Costantino et al.'¥*” were the first to
characterize and use a new hydroxyapatite
cement paste as a bone substitute in a cat model.
This form of hydroxyapatite differed from the
earlier ceramics in its preparation and did not
require the sintering process. HA cement paste is
prepared by mixing tetracalcium phosphate and
dicalcium phosphate with aqueous solution,
resulting in an isothermic reaction that yields
hydroxyapatite.”® Subsequent investigational
studies have shown that setting time can be
accelerated by addition of a sodium phosphate
buffer solution.'®"* Although not as strong as HA
ceramic and demonstrating more bioresorbabil-
ity, HA cement paste is osteoconductive,' easy
to prepare and apply in the operating room and
highly sculptable, allowing its use in filling a
variety of defect shapes. Disadvantages include
its brittleness and insufficient strength for load-
bearing applications. Commercially available
HA cement products are discussed below.

HA ceramics comes in both naturally occur-
ring and synthetic forms. Clinically available
naturally occurring forms of HA include the
coral-based products Interpore and Pro-osteon
(Interpore International, Inc - Irvine, CA) as
well as bovine-derived products such as Bio-Oss
(Geistlich Biomaterials — Geistlich, Switzerland),
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Osteograf-N (CeraMed Co - Denver, CO) and
Endobon (Merck Co - Darmstadt, Germany).
Synthetic HA products include Calcitite (Sulzer
Calcitek - Carlsbad, CA). HA ceramics comes in
avariety of forms including granules and porous
blocks. In addition, HA is frequently used as a
coating on orthopedic and dental implants to
promote bony in-growth.*

Carbonate- and Silicon-Substituted
Hydroxyapatite Ceramics

Although HA accounts for nearly 70% of the
mineral content of teeth and bone, the naturally
occurring HA in the human body exists in a sub-
stituted form wherein carbonate and silicates,
among other ions, may replace hydroxyl or phos-
phate groups of the apatite structure. Basic sci-
ence investigators have attempted to produce
carbonate- and silicon-substituted synthetic HA
in an effort to produce HA that more closely
resembles the mineral content of native bone
and simultaneously enhance bioactivity and new
bone in-growth.’?

Carbonate substitution can occur at the
hydroxyl position, the phosphate position or
both within the apatite structure resulting in
types A, B or AB carbonate hydroxyapatite
(CHA), respectively.>** Carbonate substitution
produces a ceramic product that is more dense
and able to be sintered at lower temperatures,
approximately 200°C*"* compared to stoichio-
metric HA, which is sintered at temperatures
between 600 and 1,300°C."*** Additionally, the
resultant crystal size of CHA is smaller, with a
crystalline structure that is superior to noncar-
bonate-substituted HA and is more bioresorb-
able.’** The benefit of CHA appears to lie in its
biologic properties, which may promote more
osseointegration compared to nonsubstituted
HA. Despite its increased hardness, attributable
to its greater density and smaller crystalline
granule size, it still should not be considered for
high load-bearing applications.!

Silicon dioxide (SiO,) is thought to be impor-
tant in bone formation and calcification.*”* This
has led researchers to postulate that the bioac-
tivity of HA might be enhanced by substitution
of silicates into the apatite structure in ways
similar to the enhanced bioactivity observed in
CHA. Multiple attempts have been made to pro-
duce a silicon-substituted HA (Si-HA) with only
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modest success.**>*>* One of the more success-
ful approaches produced incorporation of a
small amount of silicon (0.4 wt%) into HA via an
aqueous precipitation reaction done at room
temperature as described by Gibson and col-
leagues.” Si-HA is postulated not only to enhance
osteoclastic absorption at the bone-scaffold
interface but also to potentially promote osteo-
blast activity.® Although early studies regarding
enhanced bioactivity in Si-HA ceramics have
been encouraging, more studies are needed.

Although there are few CHA or Si-HA prod-
ucts in clinical use at this time, hydroxyapatite
substitution is likely to remain an active area of
research.

Tricalcium Phosphate [Ca,(PO,).]

Tricalcium phosphate (TCP) is synthetically cre-
ated by sintering precipitated calcium-deficient
apatite with calcium phosphate in a ratio of 1.5.
That ratio is less than the Ca:P molar ratio of
1.67 found in HA.* TCP is more soluble than HA
as a result of its small granule size and porosity.
A pure TCP product is commercially available as
Vitoss (Orthovita, Inc - Philadelphia, PA). This
product is engineered to resemble cancellous
bone and to fill traumatic cancellous bony
defects. This particular product has not found
broad use in craniofacial reconstruction due to
its rapid dissolution, but many other calcium
phosphate and HA cement products are widely
used.

Hydroxyapatite Cements

As mentioned previously, HA cements were first
offered for clinical use in the early 1990s. Since
then, calcium phosphate cements have become
one of the most versatile bone substitutes for fill-
ing calvarial defects and smoothing contour
defects of the facial skeleton (Figure 11.l1a-e).
These calcium phosphate-based cements do not
have sufficient tensile and compressive strength
to be useful in load-bearing applications, but
their sculptability has made them extremely use-
ful in addressing bony contour irregularities. A
comparison of the three most commonly used
HA cements is summarized in Table 11.2.
Norian CRS bone cement (Synthes - Paoli, PA)
is a moldable calcium phosphate cement that is
mixed in vivo and forms dahllite, a carbonated
apatite, once set. Originally approved by the FDA
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for use in distal radius fractures,? it has found
broad application in craniofacial surgery as well.
Norian CRS bone cement is prepared by mixing
sodium phosphate solution with calcium pow-
der to form a putty. This putty begins to harden
in 2min in a mildly exothermic reaction that
may reach as high as 42°C and is set in 10 min.
Maximum compression strength is reached in
24h.* Norian is absorbed over time and is not
intended for use in load-bearing applications or
in the presence of active infection.

Bone Source (Stryker-Leibinger - Kalamazoo,
MI) is a self-setting calcium phosphate cement
originally approved for use in filling burr holes
and for facial skeleton augmentation.? It is pre-
pared by mixing calcium phosphate salts in a
sodium phosphate buffer to form a putty that
remains moldable for approximately 20min.
Bone Source hardens into hydroxyapatite, and,
like other hydroxyapatite cements, is very slowly
absorbable over time. It is not intended to fill
defects over 25cm? and lacks sufficient strength
for load-bearing applications.

Mimix Bone Void Filler (W. Lorenz Surgical -
Jacksonville, FL), like Bone Source, won FDA
approval for use in filling burr hole and cran-
iotomy defects and in smoothing facial skeletal
contour abnormalities over a surface area no
larger than 25 cm®? This cement product is pre-
pared by mixing dry components of calcium
phosphate powder and sodium citrate dehydrate
with an anhydrous citric acid solution. As it
cures, Mimix hardens into hydroxyapatite and is
mildly exothermic. Mimix Quickset is rapidly
prepared, remains malleable for 3-4min and is
completely set in 4-6min, offering a potential
advantage over other commercially available HA
cement products that take longer to set and
cure.”

Since the introduction of HA cement products
in the mid 1990s, they have found broad use and
application in reconstructing cranial, facial and
orbital defects. Overall results have been excel-
lent. The largest review of experience using HA
cement in craniofacial reconstruction was pub-
lished by Burstein and colleagues’ in 2006. They
reviewed 150 patients who underwent orbitocra-
nial reconstruction using Bone Source and
Mimix HA cements over a 7-year period of time.
The majority of patients were reconstructed
using an onlay technique with or without adjunc-
tive absorbable or titanium mesh. The average
amount of cement used was 26 g with a range of
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Figure 11.1. (a) Anterior view of post-traumatic calvarial defect in a 48-year-old male. (b)The same patient is seen from an oblique angle. ()
Preoperative assessment of the calvarial defect included high-resolution, three-dimensional computed tomography to quantify the size of the defect.
(d) Intraoperative view of the application of the BoneSource bone cement to the calvarial defect after first stage tissue expansion of the adjacent scalp.
(e) Postoperative result after recontouring of the calvarium with bone cement and advancement of the expanded adjacent scalp soft tissue.

(Photographs courtesy of Dan Medalie, MD.)

8-125 g. Excellent results were reported, with 92%
of patients in the study having a satisfactory con-
tour result over a minimum follow-up of 1 year
(mean follow-up, 26 months). Seven patients had

a seroma that required aspiration in the first
week following surgery. Four patients developed
chronic seromas, and three of them required
reoperation for removal of microfragmented HA
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Table 11.2. Comparison of the properties of calcium phosphate cements.
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Norian Bone Source Mimix
Base component Monocalcium phosphate, tricalcium Tetracalcium phosphate Tetra-tri-calcium
phosphate, calcium carbonate phosphate
Compression strength (psi) 4,350 7,396 3,300
Resorbability Complete Minimal Minimal
Pore diameter (LLm) 0.03 0.002-0.005 21
Initial set time (min) 10 10-15 3-4
Final set time Th 4h 4-6min
Sets in a moist environment Yes No Yes
Osteoconductive Yes Yes Yes

cement. One patient required reoperation for
overcorrection of an orbital contour abnormal-
ity, and another patient had to return to the
operating room for removal of a postoperative
drain that had become adherent to the HA
cement. The overall complication rate was 9%.
No infections were reported.

Other series have reported much higher rates
of infection/exposure.>***12% Moreira-Gonzalez
etal.” found that infection or extrusion occurred
in 22.4%, with an increased likelihood of infec-
tion when reconstruction is undertaken in the
vicinity of the frontal sinus. Increased rates of
infection when the frontal sinus is involved are
corroborated by Verret et al.®? In their review of
102 patients undergoing craniofacial reconstruc-
tion for traumatic and malignancy-related
defects, they found a 12% rate of infection/
foreign body reaction requiring implant removal
with tissue irradiation and frontal sinus involve-
ment, both increasing the risk of these complica-
tions. When irradiated patients were not
considered, an infection rate of approximately
5% was noted.

Microfragmentation has also been reported as
a complication of HA cement use.>>** Losee
et al.¥ attribute microfragmentation to brain
pulsations in cranial reconstruction and suggest
that this risk can be mitigated in large defects by
including a mesh as an adjunct to cement use.
Combined use of both titanium and absorbable
mesh products with HA cements has been shown
to be safe and effective by several authors'>**
(Figure 11.2a-d). The choice of HA cement may
affect the rate of microfragmentation, with
Norian having recently been shown to have the
highest mean fracture force for fracturing a
standardized test piece.”® Zins et al.®® reviewed
121 patients undergoing craniofacial reconstruc-
tions using Norian and Bone Source with and

without mesh adjuncts and found an overall
major complication rate of 15%. However, in the
subset of patients undergoing reconstruction for
large (>25 cm?) defects, they report major compli-
cations in 10 of 16 patients (62.5%). Of these, 2
represented minor contour problems that required
re-operation, 3 had fragmentation with infection
and 5 had fragmentation without infection. As a
result of these findings, Zins recommends autog-
enous reconstruction instead of HA cement for
large cranial defects, even if a mesh is used.

Bioactive Glass

Bioactive glass is a synthetic, osteoconductive
silica-containing particulate bone filler, which
forms an osteoconductive apatite layer at the
bone-implant interface, enhancing bone attach-
mentand promoting new bone growth.” Collagen,
mucopolysaccharides and glycoproteins are
recruited from the adjacent bone and facilitate
early bonding of the bioactive glass with sur-
rounding bone. Once mature, this bond has been
shown to be stronger than the native bone itself,
with fracturing more likely to occur within the
native bone or within the bioglass substance
rather than at the interface between the two.'**
In addition to its osteoconductive properties,
bioactive glass has also been noted to be osteoin-
ductive as the bioactive surface becomes coated
with osteogenic stem cells in response to the
controlled release of soluble silicon from the
glass surface. >

NovaBone (Porex Surgical - College Park, GA)
is a commercially available bioactive glass
intended for filling of surgical or traumatic bone
voids.” It is composed of 45% silica dioxide, 45%
sodium oxide, 5% calcium and 5% phosphate.*
NovaBoneAR, a second-generation NovaBone
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Figure 11.2. (a) A toddler with a tight temporoparietal bone defect as seen from anterior and lateral views. (b) Intraoperative views demonstrating
the calvarial defect (feft) and the defect as it appears after partial reconstruction with an absorbable plating system (right). (c) Hydroxyapatite cement
is next applied over the absorbable plate and allowed to set. (d) Postoperative anterior and lateral views demonstrating improved cranial contour.

product, is composed of two components - a
slowly absorbing, melt-derived, calcium phos-
pho-silicate bioglass component and a more
rapidly absorbed, solution-gelation, calcium
phospho-silicate component. The latter compo-
nent is more rapidly absorbed, leaving more
space for bone infiltration in the interstices
between the more slowly absorbed melt-derived
component. NovaBone thus acts as a scaffold for
newbonein-growth and is substantially resorbed
within 6 months. NovaBone Putty* is similar to
NovaBoneAR with the exception that the bio-
glass particulate material is mixed with a gelatin
binding agent to form a malleable putty that can
be gently packed into osseous defects.* The gel-
atin component will reabsorb over time leaving
the osteoconductive bioglass matrix to promote
bone in-growth. NovaBone is not intended for
heavy load-bearing applications before hard-
tissue in-growth has occurred.

Gosain et al. have reviewed the role of bioac-
tive glass in craniofacial surgery, detailing its use
in periodontal, alveolar, orbital floor, maxillofa-
cial and cranial applications.'®** Bioactive glass
has been mixed with autogenous bone particles
as well as demineralized bone matrix, resulting
in accelerated bone healing time compared to
bone grafting alone in some craniofacial appli-
cations.*****% Complication rates from use of
bioactive glass in craniofacial reconstruction are
not well delineated in the literature but may be
as high as 20%.'¢

Polymers

Polymers are extensively used in both bone and
soft tissue reconstruction. There are a variety of
polymer products in use clinically, including
polytetrafluoroethylene  (PTFE), polyesters,
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polypropylene, nylon, silicone, polymethyl-
methacrylate (PMMA) and polyethylene. Not all
of these polymers have applications and uses in
craniofacial reconstruction. This chapter focuses
on the most important ones with craniofacial
applications.

Polymethylmethacrylate

Polymethylmethacrylate is an acrylic-based
resin, which has broad medical and nonmedical
uses. It may be prepared as a cement by mixing
powdered methylmethacrylate polymer and
liquid methylmethacrylate monomer, which
polymerize in an exothermic reaction. PMMA
also comes in block form. PMMA cement has
been used for many years to secure orthopedic
prosthetic devices and to fill craniofacial defects.
This polymer is hard, biologically inert and
minimally reabsorbed. It is also relatively inex-
pensive and easy to obtain.'**® Disadvantages of
its use include its lack of bioactivity, excessive
heat associated with the polymerization reac-
tion, lack of remodeling or replacement by bone
in-growth and lifelong susceptibility to infection
or extrusion.

Hard Tissue Replacement (HTR) (Walter Lorenz
Surgical, Inc., Jacksonville, FL) is a PMMA
product that is fabricated by sintering a polyhy-
droxyethyl and calcium coating over a PMMA
core. The polyhydroxyethyl and calcium coatings
interface with surrounding tissue, whereas
the PMMA does not. The outer coating imparts
hydrophilicity, an extensive porosity (150-350-um
interbead pore size and a 200-um intrabead pore
size, which results in a 20-30% material poros-
ity), a negative surface charge (=8 to —15mV) and
substantial compressive strength (50,0001b/in.?
in particulate form and 5,0001b/in.? in molded
form) despite its porous nature.'> HTR allo-
plastic implants are preconstructed based on
high-resolution computed tomography models
of the bone defects. The custom-made implants
come packaged sterile for immediate use in the
operating room and provide an out-of-the-box
implant that can fit any number of complex-
shaped defects.

Advantages of the HTR include good strength,
durability, surface osteoconductivity, biocom-
patibility and some degree of tissue in-growth
and revascularization. Additionally, there is no
need for intraoperative mixing of reagents or
waiting for cements to set and cure, leading to
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decreased OR time. Disadvantages include life-
long risk of infectious complications, since it is
not entirely reabsorbed, and the need to plan
procedures well in advance to allow time for
prefabrication.

Eppley has written extensively regarding the
clinical use of PMMA and HTR in craniofacial
reconstruction.’®?! In 1990, he evaluated HTR
polymer in reconstructing cranial defects in a
rabbit model using both inlay and onlay grafts."
Histologic evaluation was performed at 60, 120
and 240 days. He reported the HTR polymer
material to be biocompatible, with no evidence
of infection, inflammatory reaction or bone
resorption observed around any of the implants.
He also noted that the best bony in-growth and
osteoconductive effects were observed when
implants were exposed to bleeding cortical mar-
row as inlay grafts.

Eppley also reviewed his experience in seven
patients who had cranial reconstructions using
preformed PMMA implants constructed based
on 3D computed tomography data.?* The antici-
pated defect was calculated preoperatively and
the implant fabricated according to those calcu-
lations. Intraoperatively, Eppley reports the need
for minor modifications based on discrepancies
between the predicted and actual bony defects
after tumor excision. These discrepancies most
often were the result of the actual defect exceed-
ing the size of the implant. The discrepancies
were managed by using HA bone cements to fill
the defect or by using the sterile back-up of the
implant as an addition to the original implant. In
cases where the frontal sinus was in proximity to
the implant, it was either cranialized and obliter-
ated with a pericranial flap or obliterated with
hydroxyapatite cement. Eppley reported excel-
lent cosmetic results and no complications with
a minimum 1 year follow-up.

More recently, Eppley looked at hardness of
the various forms of PMMA, including intraop-
eratively cured and preformed implants fabri-
cated to thicknesses approximating that of native
bone. Mean failure weights were reported of
3.91b (Cranioplast), 4.21b (Cranioplexx), and
4.0lb (HTR polymer). He concluded that all
forms of PMMA compare favorably with native
bone in terms of measured impact resistance.

Infection rates for methylmethacrylates used
in cranial reconstruction have been estimated at
5%, with the risk of infection rising when the
frontal sinus and nose are reconstructed.'®*
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Porous Polyethylene

Medpor (Porex Surgical - College Park, GA) is a
biocompatible, porous, high-density polyethyl-
ene that has been used extensively in orbital
reconstruction and facial recontouring for the
last 20 years.** Coming in sheets, blocks or pre-
formed shapes, Medpor’s high degree of poros-
ity, with an average pore size of 100 um and pore
volume of around 50%, promote tissue in-
growth. The material is flexible enough to bend
yet rigid enough to cut sharply and has good
handling characteristics. Medpor alloplastic
implants may be placed subperiosteally and may
be adequately secured in place by reapproxima-
tion of periosteum and soft tissue over the
implant. Alternatively, titanium or absorbable
screw fixation may be used. Newer generation
Medpor products are also available, with tita-
nium plates extending from the periphery of the
implant to allow easy screw fixation as well as
products that have a titanium mesh incorpo-
rated within the polymer for additional struc-
tural support.

Yaremchuk® has reviewed his Medpor experi-
ence with 370 implants in 162 consecutive
patients over 11 years. Implants were placed for
a variety of acquired, aesthetic and congenital
craniofacial deficits. All implants were placed in
a subperiosteal plane and most of them were
secured using titanium screw fixation. The
author reported infection complications in 3%
(n = 4) and an overall reoperation rate of 10%
(n = 16). Among those that underwent reopera-
tion, nine underwent recontouring procedures,
three operations were performed to remove the
implant at the patient’s request, and four had
operations for infection. No implant extrusions
were reported.

Cenzi® also reported a series of 285 Medpor
grafts in 187 patients placed between 1992 and
1999. Grafts were used almost exclusively for
craniofacial reconstruction and were placed as
both onlays and inlays. Over a mean follow-up of
60 months, Cenzi reports a global complication
rate of 6.3%, with implant exposure and infec-
tion being the most common. Risk factors for
implant extrusion and infection included place-
ment in the maxilla or ear and placement in
areas where soft tissue coverage was thin and/or
scarred from irradiation or previous surgeries.

Menderes et al.* reviewed their experience
reconstructing craniofacial defects using 83
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high-density porous polyethylene implants in 71
patients between 1996 and 2003. Grafts were
placed for malar/infraorbital (n = 30), mandibu-
lar (n = 14), temporofrontal (n = 13), paranasal
(n = 4) and maxillary alveolus augmentation
(n = 2) as well as ear reconstruction (n = 3).
Subperiosteal placement was performed in the
vast majority of patients, and fixation was
accomplished using titanium screws, absorbable
screws and miniplates or stainless steel wire cir-
culage. At a minimum of 1 year follow-up, the
authors report that 7 patients (9.8%) required a
second intervention. Three of the seven second-
ary interventions were for contour alignment,
and four interventions (5.6%) were for extrac-
tion of the implants because of extrusion or
infection. Menderes concludes that use of porous
polyethylene is safe, easy and effective and asso-
ciated with low morbidity.

Tissue Engineering

The rapidly expanding field of tissue engineer-
ing in the context of bone substitutes seeks to
combine the stimulatory effects of bone growth
factors, such as bone morphogenetic protein-2
(BMP-2) and osteogenic protein-1 (OP-1), with
bone substitute carriers to provide structural
support during healing, deliver critical growth
factors to the fracture site and promote more
rapid bone growth and healing. Bone mesenchy-
mal cells have also been explored as a potential
component in engineered bone substitutes for
similar reasons. Potential delivery systems have
included demineralized bone matrix, collagen com-
posites, fibrin, calcium phosphate, polylactide,
polylactide-co-glycolide, polylactide-polyeth-
ylene glycol, HA, dental plaster, titanium and
bioglass.9,l1,12,17,28,37,38,41,46,52,53,60,61 MUCh Of the WOI‘k
in these areas remains preliminary but under-
scores the increasing emphasis not only on the
physical properties of the implant material but
also on the biologic effects on new bone growth.

The Future of Biomaterials

The early history of bone substitution in cranio-
facial surgery emphasized the physical proper-
ties of the material itself, such as inertness,
malleability and strength, among many others.
Over the last 30 years, the science of biomaterials
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and bone substitution has focused increasingly
on the biologic interactions of the implant mate-
rials with the surrounding tissue.! It seems cer-
tain that a mechanistic approach to biomaterials,
which seeks to understand and develop new
products with an eye toward biologic interac-
tions between alloplastic implant and host, will
guide future endeavors.
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Introduction

Over the last several decades, the field of tissue
engineering and regenerative medicine has
begun to move from the research laboratory to
the clinical setting. In 1987, the National Science
Foundation first defined tissue engineering as
“an interdisciplinary field that applies the prin-
ciples of engineering and the life sciences
towards the development of biologic substitutes
that restore, maintain, or improve tissue func-
tion.”® In 2001, the National Institutes of Health
Bioengineering Consortium defined regenera-
tive medicine as “the regeneration and remodel-
ing of tissue in vivo for the purpose of repairing,
replacing, maintaining, or enhancing organ
function, and the engineering and growing of
functional tissue substitutes in vitro for implan-
tation in vivo as a biological substitute for
damaged or diseased tissues and organs.”* Many
authors have used the terms tissue engineering
and regenerative medicine synonymously. The
term “regenerative medicine” is a broader field
that includes the therapeutic techniques of cell
therapy, tissue engineering, and bioartificial
organ construction.'” Regenerative medicine’s
subdivisions of cell therapy, tissue engineering
and bioartificial organ construction are based
on different basic approaches that restore tissues
and organs. Because each major subdivision of
regenerative medicine employs different tech-
niques, they are associated with different gov-
ernmental and institutional regulations.'”’

Different Techniques
of Regenerative Medicine

Cell therapy and tissue engineering techniques
have many potential applications in the field of
surgery. These techniques may be able to provide
tissues de novo that can be used for reconstruc-
tion, eliminating the problem of donor-site
morbidity.*®

Cell Therapy

Cell therapy uses living cells, including stem
cells, to restore, enhance, or maintain specific tis-
sues. Cell therapy does not use cell culture
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expansion, cell differentiation, growth factors, or
other bioactive molecules nor does it use extra-
cellular matrixes or scaffolds.®*'"! For example,
the isolation of adipose-derived stem cells
(ADSCs) from liposuctioned tissue followed by
the reimplanting of ADSCs as soft tissue fillers
would be considered cell therapy. The FDA con-
siders this process “minimal manipulation.”'*
Most general hospitals are able to meet the FDA
regulatory requirements and are able to perform
autologous cell therapy. Generally, governmental
restrictions regarding autologous cell therapy
involves compliance with regulations intended
to prevent the transmission of communicable
diseases."!*>14

Tissue Engineering

Tissue engineering is an extension of the cell
therapy approach and includes the use of stem
cells and the addition of “more than minimal
manipulation” Tissue engineering scaffolds are
used as extracellular matrixes to provide a
3-dimensional (3D) supporting structure to the
cells, resulting in a tissue construct. Cell culture
expansion and amplification, directed cell differ-
entiation, coculture with multiple cell lines,
genetic modification of cells, cell exposure to
cytokines from an ex vivo or in vivo environ-
ment, and the attachment of cells to a scaffold,
which results in mechanical interactions, are all
examples of cell manipulation used by tissue
engineers.

Advancement in the tissue engineering
approaches to regenerative medicine are becom-
ing more complex, and, therefore, more stringent
regulatory policies apply."*'*-'*8 Currently, fabri-
cation of tissue engineering products is beyond
the capacity of most hospitals, and manufactur-
ing usually occurs in the facilities of a biotech-
nology or pharmaceutical company.'””

Various biomaterial scaffolds being researched
include naturally occurring biodegradable poly-
mers, synthetic organic biodegradable polymers,
hydrogels, and nonorganic bioactive glasses and
ceramics. These various biomaterial scaffolds
have been demonstrated to have an effect on the
cellular activity of cells within and adjacent to a
tissue construct.'”” Recently, ceramic and syn-
thetic polymer scaffolds have been designed to
provide a sustained local release of cytokines.
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Bioartificial Organs

An extension of tissue engineering is the con-
struction of bioartificial organs. Organs and
individual tissues differ. Physiologically, organs
function independently as a unit, whereas tis-
sues do not. This independent function allows
the constructed bioartificial organ to be placed
either intra- or extracorporeally. In contrast,
tissue-engineered constructs require a tissue
construct to be implanted intracorporeally to
function appropriately. Intracorporeal and
extracorporeal placement of tissues may be
associated with different degrees of regulatory
oversight, especially if xenotransplanted tissues
are used. Although the FDA considers both an
extracorporeal and intracorporeal xenotrans-
plant similar, the European Union has a higher
degree of regulatory oversight with the use of
intracorporeally  placed xenotransplanted
organs compared to extracorporeally placed
0rgans.107’144

Basic Approaches to Tissue
Engineering

Tissue engineering uses three major means to
repair, restore, maintain, or enhance tissues.
These include the use of cells, cytokines, growth
factors, and scaffolds to create a tissue construct.
A comprehensive understanding of cell and deve-
lopmental biology, cytokine activity, molecular
biology (gene regulation and gene therapy), and
biomaterials is necessary to successfully create
a tissue construct that replaces damaged or
missing tissues. This usually requires close coope-
ration between biologists, material scientists,
and clinicians.*

Tissue engineering uses two different
approaches, the substitutive approach and the
histoconductive or histoinductive approach. The
substitutive approach consists of a living tissue
construct that is composed of living cells on a
scaffold or extracellular matrix. This tissue con-
struct with living cells is manufactured ex vivo
and implanted into the patient. The second
approach, the histoconductive or histoinductive
approach implants an acellular, nonliving scaf-
fold, or matrix material. This implant is designed
to optimize, enhance, or increase the native
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autogenous cell’s regenerative ability to repair
and regenerate tissues in vivo.'**

Substitutive Approach

The substitutive approach to Tissue engineering
involves the ex vivo proliferation of cells and
their application on a scaffold or extracellular
matrix. The result is the formation of a 3D struc-
ture known as a tissue construct. The 3D archi-
tecture of ex vivo formed tissue constructs is due
to cell-cell signaling, cell-matrix interactions,
and the interactions of cells within the local
environment, (including mechanical forces
applied to a cell’s surface proteins by local
biomolecules).””! Ex vivo proliferation uses pro-
genitor cell cultures that have been expanded,
differentiated, and modified before implanta-
tion. This modification can include the addition
of genes that code for growth factors using estab-
lished molecular biology and gene therapy tech-
niques.'»” Tissue constructs may be fully
functional at the time of implantation, but more
commonly, they require maturation to be incor-
porated into the surrounding native tissues.’

The development of such living tissue constructs
before implantation generally takes place in a bio-
reactor. Used by chemical engineers and biologists,
a bioreactor is a vessel that supports and allows liv-
ing cells to grow into a 3D structure. Bioreactors
used in mammalian cell cultures and tissue engi-
neering are complex devices that use multiple sen-
sors and feedback loops to keep the environment
constant. This involves regulation and maintenance
of conditions such as temperature, pH, levels of cell
culture medium, and gas levels, including air, oxy-
gen, nitrogen, and carbon dioxide.**

Histoconductive/Histoinductive
Approaches

In the histoconductive/histoinductive approach,
cell proliferation and differentiation occur in vivo
from native progenitor cells that migrate into an
implanted acellular scaffold. Growth factors and
cytokines used within the scaffold are intended to
increase recruitment of native progenitor cells
and enhance cell expansion and differentiation in
vivo. This approach uses the patient as a “self-bio-
reactor;” allowing for cellular differentiation and
expansion and eventually tissue formation.
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Clinical Applications

In many surgical specialties today, the use of tissue
constructs and bioartificial organs has obvious
clinical utility. The urologist could use tissue
constructs and bioartificial organs to recon-
struct and replace injured or surgically resected
parts of the urinary tract, such as the bladder,
ureters, and kidneys."”** The cardiovascular sur-
geon could use tissue constructs as vascular
grafts for bypass procedures, replace cardiac
valves, and repair injured myocardium after a
myocardial infarction.*® The orthopedic surgeon
could use tissue constructs to replace or repair
tendons, ligaments, cartilage, and bone.*

For the plastic surgeon, the clinical application
of tissue engineering has the potential to limit or
eliminate donor-site morbidity and to generate
tissue banks that can be used for reconstruction,
improving overall outcomes. Tissues of special
interest to the plastic surgeon are skin, fat/soft
tissue fillers, muscle, tendon, cartilage, bone,
peripheral nerves, and nerve conduits, all of
which could be used for reconstructive surgery.
Autologous tissue transfer/transplantation using
Tissue Engineered Constructs is an option for
reconstruction after mastectomy, resection of
head and neck cancers, repair of soft tissue
defects after trauma or surgical resection, and
for the coverage of burn wounds.** Currently,
there are FDA-approved tissue-engineered prod-
ucts on the market, which may be used to repair
or regenerate skin, cartilage, and bone. Simple
collagen scaffolds are available for use as nerve
conduits as well.'»!316°

Cell Types Used in Tissue
Engineering

One of the key components of tissue engineering
is the use and modification of cells to regenerate
and replace injured or lost tissues. Both the
substitutive and histoconductive/histoinductive
approaches are dependent on living stem and
progenitor cells. These cells expand and differen-
tiate forming the basis of regenerated tissues.

Stem Cell Classifications

Stem cells are incompletely differentiated cells
capable of self-renewal by cellular division and
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replication. They have the capacity to differentiate
into multiple specific cell lines. Stem cells are
broadly divided into two groups. (1) The
embryonic stem cell present in the early stages
of embryogenesis and derived from the inner
cell mass of the blastocyst. (2) The adult stem
cell, stem cell obtained from a postnatal
organism.’%'¢*

Stem cells can also be classified based on their
differentiation potential, also known as potency.
The four major classes of stem cells based on
potency are as follows: (1) the totipotent stem
cell, (2) the pluripotent stem cell, (3) the multi-
potent stem cell, and (4) the unipotent stem cell.
The totipotent stem cell has the greatest differ-
entiation potential, while the unipotent stem cell
only retains the ability to differentiate along a
single lineage'*®'”° (see Figure 12.1).

Totipotent stem cells are derived from early
divisions of the zygote. Totipotent stem cells can
be derived from the developing embryo only
until the 8-celled stage morula.'® Each totipo-
tent stem cell is able to generate an entire organ-
ism. It also produces extraembryonic tissues,
such as the placenta and yoke sac.*

Pluripotent stem cells are not able to form
extraembryonic tissue. They are derived from the
inner cell mass of the blastocyst and are able to
form tissues from all three embryonic germ cell
layers, (ectoderm, mesoderm, and endoderm).
Both totipotent and pluripotent stem cells are
considered to be embryonic stem cells.*

Multipotent and Unipotent stem cells are con-
sidered types of adult stem cells. These stem cells
are obtained from postnatal organisms and clas-
sified based on their origin from one of the three
germ cell lineages (ectoderm, mesoderm, or
endoderm)."”

Classically, cell differentiation has been
thought of as a unidirectional progressive pro-
cess with cells proceeding from a completely
undifferentiated totipotent stem cell to a com-
pletely differentiated cell of a particular tissue
type. This unidirectional process has proven not
to be the case. The term plasticity describes an
adult stem cell’s ability to cross the embryonic
germ cell line boundaries between endoderm,
mesoderm, and ectoderm tissues.'®®> Recent
experiments demonstrating the plasticity of
adult stem cells have shown that homogenous
cloned bone marrow-derived mesenchymal stem
cells are able to produce ectodermal tissues such
as nerves and airway epithelium.’®!*7163
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Figure 12.1. Stem cell types, stem cell differentiation, and stem cell plasticity.

Autogeneic vs. Allogeneic Stem Cells

A stem cell has the potential to be either autoge-
neic or allogeneic.

Ideally, tissue engineering cells have the fol-
lowing traits: (1) a cell capable of self-renewal;
(2) a cell that is immunocompatible with the
organism in which it is implanted, (including the
mature daughter cells that make up the tissue
construct once it has been incorporated fully);
and (3) a cell that has regenerative potential.

Autogeneic Stem Cells

Autogeneic stem cells are derived from the same
organism in which they are used and contain the

same genetic material. Autogeneic stem cells are
by definition immunocompatible cells. The only
exception is autoimmune disease, in which the
immune system attacks the cells derived from
the autogeneic stem cell. Autogeneic stem cells
can be isolated from all three germ cell lineages
and from multiple different tissue types within
each germ cell linage.

Ectodermal adult stem cell sources include
tissues such as the retina, hair follicle bulge, cerebral
cortex, olfactory bulb, and the inner ear.534385%

The identified mesenchymal, adult stem
cell sources are bone marrow, adipose, skele-
tal muscle, peripheral and umbilical cord
blood, vascular pericytes, stromal fibroblastic
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cells, synovium, trabecular bone, and
perioSteum.26,30,81,102,130,135,165,174

Endodermal adult stem cells have been iso-
lated from tissues such as gastric and intestinal
epithelium as well as from the pancreas.'®'*'3!

The number of adult stem cells in a given tis-
sue is dependent on many factors. These factors
include the tissue source of the stem cells and
the age of the organism.’” For example, the
number of bone marrow stem cells (BMSCs)
present in an individual is variable between dif-
ferent aspirations and may only be 1 out of 10° to
107 nucleated cells.”*'** In addition, the number
of stem cells decreases as the organism ages.
Mesenchymal stem cells in a newborn have been
reported as high as 1 per 10,000 cells, whereas in
an 80-year-old person, the number is closer to
1 per 2 million cells.'®

Presently, the autologous stem cell approach is
attractive because it avoids immune rejection. It
is however, limited by extensive costs and time.
The difficultly lies in the fact that the cells need
to be harvested from the individual, expanded,
and differentiated in ex vivo cultures, then suc-
cessfully reimplanted. Ex vivo serial passage of
cells affects the differentiation potential of auto-
geneic adult stem cells and may limit their use.'”
The prevention of bacterial and viral contamina-
tion while the cells expand ex vivo must also be
ensured. This approach may be limited by the
availability of adult stem cells for autotransplan-
tation. Problems with the use of autogeneic stem
cells such as harvest-site morbidity and time
delays between harvest and reimplantation exist.
The risks associated with the harvest of autoge-
neic stem cells are dependent on the tissue type
and the anatomic location from which they are
obtained.

Allogeneic Stem Cells

Allogeneic adult stem cells can be expanded ex
vivo and banked as a source of stem cells or
prefabricated into tissue constructs before an
individual patient’s need. This allows for tissue-
engineered products to be available acutely, unlike
the vast majority of autogeneic tissue constructs
available today, which require time for ex vivo
expansion and differentiation after autogenous
harvest. A disadvantage of allogeneic adult stem
cells is the potential for transmission of infectious
disease and immunorejection.
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Processed Lipoaspirate Cells and
Adipose-Derived Stem Cells

The recent description of a multilineage mesen-
chymal adipose-derived stem cell (ADSC) by
Zuk et al. in 2001 is responsible for increasing
the number of adult mesenchymal stem cells
available for research. Processed lipoaspirate
cells have been reported to contain an ADSC
density as high as 1 per 4,000 cells.'”*

The multilineage potential of ADSCs has great
utility as an adult autogeneic stem cell source
and has been shown to produce adipocytes,
myocytes, chondrocytes, osteoblasts, endothelial
cells, and neuron like cells, neuroendocrine cells
that secrete insulin, somatostatin, and
glucagons.120,127,142,174

The higher density of mesenchymal stem cells
from processed lipoaspirate cells compared to
bone marrow aspirates has even greater poten-
tial. It is a plentiful, easily accessible source of
adult stem cells, with a great potential utility and
clinical importance to the plastic surgeon.* The
method by which the tissue is harvested from
the patient is familiar to most plastic surgeons
and simply entails the same process by which
routine liposuction is performed. The cell slurry
from the liposuction is then processed to obtain
processed lipoaspirate cells. Further processing
then allows for the isolation of ADSCs. With
approximately 400,000 liposuction procedures
annually in the United States, (each producing
100 ml to 31liposuctioned fat), the amount of tis-
sue that could be used for stem cell research is
vast, potentially 40,000 to 1.2 million liters
annually.””

Immunocompatibility

Genetically identical, autogeneic stem cells are
generally immunocompatible. Allogeneic stem
cells are not identical genetically but appear to
have some degree of immune-suppressive effects.
Recent studies have demonstrated that adult
autogeneic and allogeneic stem cells secrete a
diffusible factor that has immunosuppressive
properties on both cytotoxic and helper
T-lymphocytes.**'* Despite the secretion of this
factor,immunorejection remains a problem with
the use of both adult and embryonic allogeneic
stem cells.*
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Figure 12.2. Somatic-cell nuclear transfer (SNT) using an allogeneic embryonic stem cell to create immunocompatible cymric stem cells.

Allogeneic human embryonic stem cells have
been demonstrated to increase the number of
major histocompatibility complex I (MHC-I)
proteins on their surface after the differentiation
process. This increase in MHC-I allows for
increased foreign antigen presentation to cyto-
toxic T-cells and can trigger an immunorejec-
tion response.** Further techniques are under
investigation, which may solve the immunore-
jection problem associated with the use of allo-
geneic stem cells.

Somatic-Cell Nuclear Transfer and
Allogeneic Embryonic Stem Cells

The technique of somatic-cell nuclear transfer
(SNT) is one method under investigation that
could potentially circumvent the problem of
immunorejection associated with the use of allo-
geneic embryonic stem cells.® This technique
was used to create “Dolly” the cloned sheep.?
Researchers are currently investigating the use
of SNT in human cell lines, in an attempt to pro-
vide a solution to immunorejection of allogeneic

embryonic stem cells.* The SNT technique entails
taking a nucleus from a somatic cell from the
patient and transferring it into a donor oocyte
forming a cymric cell. This cymric cell can then
be used as a source of embryonic stem cells. The
cymric cell formed has autogeneic nuclear DNA
and allogeneic mitochondrial DNA (see Figure
12.2). Due to the unlimited proliferation capacity
of embryonic stem cells, teratoma and terato-
carcinoma formation is a potential problem.'?
Despite the many uses, ethical and political
considerations affect funding and the amount of
embryonic stem cells available for research.*!
The use of allogeneic embryonic stem cells, like
that of adult allogeneic stem cells, carries the
risk of infectious disease transmission either from
the donor cells or from an acquired infection
during the ex vivo cell expansion and differenti-
ation process.*’

Stem Cell Type Considerations

Each cell type has benefits and drawbacks. A more
practical approach will likely involve the use of
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different stem cell types based on the clinical
applications and desired outcomes.

In general, clinical situations that need emer-
gent use of a tissue-engineered product (such as
a vascular graft for an emergent coronary artery
bypass procedure) will require the use of a product
based on allogeneic stem cells. Conversely, a
delayed breast reconstruction after mastectomy
allows for time to harvest, expand, and differen-
tiate autogeneic stem cells ex vivo before
reimplantation.

Cytokines and Growth Factors

The use of cytokines and growth factors plays an
important role in tissue engineering. A further
understanding of the complex interactions
between cell signaling molecules and their inter-
actions between cells will assist in finding strate-
gies and solutions for the field of regenerative
medicine. Advances in genetic engineering, cell
biology, pharmacology, and material sciences
will allow for a more controlled modification
and manipulation of cellular signaling pathways,
enhancing the regenerative and restorative
processes.

The cellular signaling process is complex and
involves cell-cell interactions and cell-matrix
interactions. Cell signaling is used to regulate
the maintenance of cells, cellular differentiation
and proliferation, and apoptosis. Soluble factors
such as cytokines, growth factors,and hormones
result in cell-cell interactions. These soluble fac-
tors can be classified based on the distance
between their release and the location of their
action (autocrine, paracrine, and systemically
active cytokines and growth factors).*

Autocrine Cytokines and Growth Factors

Autocrine acting cytokines and growth factors
have the potential to play an important role
in both in vivo and ex vivo tissue engineering
products. Cytokines, which have autocrine acti-
vity, are released from the cell that they act on.
Fibroblasts are known to release autocrine
acting cytokines such as transforming growth
factor-beta (TGF)-B. Increase in fibroblast
proliferation, secretion of other tissue growth
factors, and an increase in collagen synthesis
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Figure 12.3. Positive feedback loops using autocrine and paracrine
cytokines and growth factors between fibroblasts and keratinocytes.

have been demonstrated to occur in response to
TGF-B.”! Bioartificial skin tissue constructs with
fibroblasts present capitalize on this autocrine
activity'® (see Figure 12.3).

Paracrine Cytokines and Growth Factors

Paracrine acting cytokines are released locally
and effect nearby surrounding cells. Recent
advances, in material sciences and gene therapy,
have allowed for the manipulation of para-
crine acting cytokines and hold great promise
to tissue engineers. Paracrine acting cytokines
act locally without the downside of systemic
activity.

The paracrine activity of fibroblasts has also
been used to improve keratinocytes growth and
differentiationinskintissue constructs.Fibroblasts
secrete multiple paracrine acting cyto-kines and
growth factors, such as keratinocyte growth fac-
tor (KGF), granulocyte-macrophage colony-
stimulating factor (GM-CSF), interleukin-6 (IL-6),
and fibroblast growth factor-10 (FGF-10), all of
which have a stimulating effect on keratino-
cytes.2?5159160 Thig stimulation of keratinocytes
by paracrine cytokines and growth factors from
fibroblasts results in an increased production of
IL-1 and parathyroid hormone-related peptide
(rPTH).An increased level of IL-1 and rPTH in turn
stimulates the fibroblasts to produce more KGE2***
This paracrine intercellular signaling between
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epidermal keratinocytes and dermal fibroblasts
has been capitalized on by corporations that
manufacture FDA-approved cocultured skin
tissue constructs such as OrCel™ and Apligraf®
(see Figure 12.3). Both products are allogeneic
cocultured tissue constructs approved by the
FDA for the treatment of burn wounds. They con-
tain living keratinocytes in the epidermal layer
supported by living fibroblasts in the dermal layer.
After implantation of such tissue constructs,
maturation and long-term regeneration of the
injured skin is dependent on the stimulation and
ingrowth of autogeneic progenitor cells.'®

Systemic Cytokines and Growth Factors

Systemically administered cytokines with pleio-
tropic effects on various tissues, such as TGF-f3,
FGF types a and b, vascular endothelial growth
factor (VEGF), and platelet-derived growth fac-
tor (PDGF), have been demonstrated to have
adverse effects on tissues distant to the area of
interest. Owing to the short half-life of most
cytokines involved in the stimulation of angio-
genesis, systemic delivery has been problematic
and requires high doses to achieve measurable
effects. Systemic delivery may result in the
growth of occult preexisting tumors due to
increased neovascularization.'*®'¥” FGF delivered
systemically in an attempt to induce angiogene-
sis can result in intimal thickening systemically
and has been shown to have a negative effect on
renal function, hematocrit levels, and platelet
counts.® Tissue engineering has found a poten-
tial solution to this problem. Scaffolds designed
for controlled local release of cytokines and
growth factors have been manufactured. These
scaffolds have circumvented the need for repeti-
tive, high-dose cytokine administration. A fur-
ther understanding of the interactions between
cytokines, growth factors, and cells will allow
future tissue engineers to make advances in tis-
sue regeneration.

Gene Therapy

Gene therapy is the science of the genetic transfer
of material into a cell for the purpose of altering
the molecular and cellular function of that cell.”
The science of gene therapy is being employed by
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tissue engineers in an attempt to provide local
delivery of desired growth factors without the
complications associated with systemic delivery
or repetitive local delivery methods.* Gene ther-
apy has been shown to be a promising technique
for the local delivery of growth factors.’®® The
ideal growth factor in tissue engineering is
released locally at the site of interest and has pre-
dictable pharmacokinetics, such as local concen-
tration, half-life, and duration of release. It should
be upregulated during the regenerative process
and downregulated to basal levels once this pro-
cess is complete. Given that the release of cytok-
ines and growth factors occurs at the cellular level,
tissue engineers have attempted two different
approaches to use gene therapy. The first involves
the substitutive approach with the transfection of
cells ex vivo followed by implantation within the
tissue construct. The second approach is more
novel and is related to the histoconductive/his-
toinductive approach. Scaffolds with incorporated
plasmid DNA are implanted, resulting in in vivo
transfection using liposomal or naked cDNA
uptake techniques.'®*

Gene therapy techniques have been shown to
have a positive effect on in vitro and in vivo
experiments investigating bone regeneration in
craniofacial reconstruction. These experiments
used transfected genes such as TGF-p, insulin-
like growth factor (IGF)-1, and bone morphoge-
netic protein (BMP)-2.> The major drawback of
the gene therapy technique is the concern for
patient safety. This problem was highly publi-
cized after the deaths of several patients enrolled
in various gene therapy trials. Recently, the FDA
has allowed the resumption of clinical trials
using gene therapy, which may lead to further
advancement in tissue engineering.'*® However,
the potential still exists for the abnormal regula-
tion of cell growth, cytokine secretion, and
malignancies due to unexpected gene expres-
sion from transfected genes.

Currently, gene therapy methods are unable to
deliver accurate doses of desired cytokines and
growth factors for predetermined periods.
Some tissue engineers believe that the risks of
gene therapy, at this time, are outweighted by
the potential benefits. This is largely due to the
potential risks of abnormal regulation of trans-
fected genes and the inability to predict the
dosage.”
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Biomaterials and Scaffold

Biomaterials and scaffolds are components used
by tissue engineers. Manufactured scaffolds
should have the following properties: (1) bio-
compatibility, including degradation products,
both of which must not elicit an inflammatory
response; (2) noncytotoxic, including both the
material itself and its degradation products; (3)
noncarcinogenic; (4) sterilizable; (5) predictable
physical and mechanical properties, including
elasticity, load bearing, and shear stress capacity
that are appropriate to the tissue which they
intend to replace; (6) surgical manipulation,
including suturing as required for soft tissue
implantation, and being able to be drilled and
hold screws and hardware as required for bone
and cartilage scaffolds; (7) porosity with at least
an open pore size of 100-150 um to allow for cel-
lular migration and vascularization and allow
for permeation of nutrients, cytokines, and
waste; (8) histoconductivity, which guides and
stimulates proliferation of autogenous progeni-
tor cells that migrate from surrounding tissues
into the scaffold; (9) histoinductivity that induces
proliferation and differentiation of autogenous
progenitor cells that have migrated from sur-
rounding tissues into the scaffold; and (10) have
sites that allow for cellular binding as well as in
vivo drug delivery, including growth factors and
genes'125,154

Tissue-engineered biomaterials used in
scaffold construction can be classified into
many different subtypes and include (1) bio-
degradable, naturally occurring polymers”;
(2) biodegradable, synthetic organic polymers;
(3) bioactive ceramic, most commonly calcium
phosphate hydroxylapatite based; and (4) bio-
active glasses.'”

Naturally Occurring Biodegradable
Polymers

Living organisms synthesize a variety of different
polymer macromolecules. These naturally occur-
ring polymers can be classified into three major
groups: (1) proteins, such as collagen, fibrin, fibro-
nectin, and glycosaminoglycans (GAGs)*"''""'*;
(2) polysaccharides, from plant, animal, and
microbial sources'”; and (3) natural polyesters
derived from microbes such as poly (hydroxybu-
tyrate) and poly (hydroxybutyrate-co-valerate).'”
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Due to advances in biotechnology techniques, these
naturally occurring polymers can be produced in
bulk from microorganisms in a bioreactor or by
in vitro enzymatic synthesis.*»'*> They may also
be produced by tissue extraction from plants®
and animals.”

As naturally occurring polymers are similar
to the extracellular matrix, it is believed that
these materials may avoid the complication of
chronic inflammation that is associated with
synthetic biodegradable polymers.” However,
nonmammalian-based proteins such as silk, soy-
bean, and casein proteins have been shown to
have the propensity to incite an inflammatory
response‘97,151,157

Recently designed hybrid hydrogels that con-
tain polypeptide segments in conjuncture with
synthetic organic compounds, such as poly
(ethylene gylcol),have been created. These hybrid
hydrogels are designed to have a controlled
release of growth factors only after cells have
migrated into the hydrogel.”” Migrating cells
release metalloproteinases, which hydrolyze the
scaffold, thereby releasing the growth factors
trapped within.®”

Synthetic Organic Biodegradable
Polymers

This class of biomaterials is synthetic in nature
and can be manufactured under more controlled
conditions, resulting in products that have fewer
impurities. Synthetic organic biomaterials have
more reproducible mechanical properties, such
as elasticity, tensile strength, sheer stress capacity,
and degradation rates, compared to naturally
occurring biomaterials. This allows for more
precise manufacturing of tissue engineering
scaffolds. These products, however, have a higher
potential for toxicity and can trigger an immu-
nogenic response. This immunogenic response
can be from the material itself or from the acidic
degradation products they form. The result
is chronic inflammation at the implantation
site.!”® Commonly used organic biodegradable
polymers include saturated polyesters, [poly
(lactic acid) (PLA), poly (glycolic acid) (PGA),
poly (lactic-co-glycolide) (PLGA), and poly
(e-caprolactone) (PCL)], and polypropylene
fumarate. These different compounds possess
different degradation times ranging from 1 month
to as long as 5 years.*>6>12¢
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Bioactive Glasses and Ceramics

Bioactive glasses and ceramics in tissue engi-
neering are generally used to create bone forming
scaffolds. Both materials have similar processes
by which hydroxylapatite forms on their sur-
faces. This hydroxylapatite has similar chemistry
and structure as the mineral phase of bone.'!
Bioactive ceramics include calcium phosphates
as well as less commonly used metallic hydro-
xides, such as titanium, zirconium, niobium,
and tantalum.””#*!%+* Calcium phosphate-based
ceramics have been shown to bind directly to
bone and allow for the attachment of osteoblasts
and mesenchymal cells.””

Vascularization and Fabrication
Techniques

The vascularization problem associated with
larger tissue constructs is a complex problem
and has limited the clinical use of prefabricated
tissue constructs to date. Scaffolds larger than
200um require a preformed vascular network
for the supply of adequate nutrients, gas
exchange, and for the removal of waste from the
cells within the scaffold.® Several different fabri-
cation techniques have been in use to create such
scaffolds, including particle leaching, freeze dry-
ing, phase separation, fiber mesh formation
using melt- or solution spun techniques, electro-
spinning fiber formation (Figures 12.4 and 12.5),
and solid free-form fabrication.?>686>7>168 The
purpose of these different fabrication techniques
is to create a scaffold with adequate porosity,

Figure 12.4.Electron microscopy image of electrospun poly(lactic acid)
scaffold. (Courtesy of Dr. Anup Kundu and Dr. Darren Tyson, Dept. of
Urology, University of California, Irvine.)

Figure 12.5. Electron microscopy image of electrospun poly(lactic acid)
scaffold. (Courtesy of Dr. Anup Kundu and Dr. Darren Tyson, Dept. of
Urology, University of California, Irvine.)

allowing for cellular migration and for adequate
vascularization of the scaffold, thereby allowing
for cell survival within the core of a larger tissue
construct.

Three major techniques attempt to provide a
vascular supply to larger tissue constructs. The
first technique involves implantation of endothe-
lial cells into the scaffold. After implantation
these endothelial cells may result in angiogene-
sis and more rapid neovascularization of the tis-
sue construct.®® A second technique is dependent
on the histoconductive/histoinductive approach
to tissue engineering. This approach entails the
implantation of an acellular scaffold followed
by cellular migration of endothelial progenitor
cells, resulting in material vascularization.
Fibronectin arranged in an oriented layered
fashion has recently been shown to increase
endothelial cell adhesion and vascularization of
scaffolds.?” This process may also employ the use
of growth factors released from the scaffold to
induce vascular ingrowth into the acellular
scaffold.!! A more recently developed third tech-
nique involves the use of the free-form
microfabrication.

The process of free-form microfabrication
was initially developed for the construction of
microprocessors and has recently been employed
by tissue engineers. Its application to tissue engi-
neering has allowed for the construction of
artificial microvascular channels and capillary
networks on polymer films. Theses films are
then stacked, resulting in a prefabricated 3D
vascular network within the tissue scaffold.
Currently, tissue constructs with prefabricated
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vascular networks used in combination with
endothelial progenitor cells are under investiga-
tion. If successful, this technique would allow for
a preformed vascular tree, ex vivo, which could
then be implanted.?

Applications of Tissue
Engineering Products

The current approach of using autogenous tis-
sue transfers of skin, soft tissues, muscle, ten-
dons, cartilage, bone, and nerve grafts to achieve
reconstruction may be replaced by implantation
of tissue constructs. These tissue constructs may
be composed of an acellular scaffold alone or of
cells on a scaffold. Implanted tissue constructs
then result in a process that leads to regenera-
tion and restoration of damaged or missing
tissues.

Skin Tissue Engineering

Skin tissue-engineered constructs have the
greatest number of FDA-approved products on
the market and are the most widely used clini-
cally. Multiple FDA-approved products using
tissue-engineered skin constructs are available
for the treatment of burns and chronic wounds.
The development of skin substitutes is based on
their uses as temporary dressings or as replace-
ments to traditional skin grafts.'®®

Integra™ and Hyalomatrix® are acellular con-
structs that are based on a silicone membrane as
an epidermis, with an underlying biologic-based
acellular dermal scaffold. They are histoconduc-
tive/histoinductive and allow for fibroblast pro-
liferation and migration into the dermal
scaffold.

Laserskin® is an epidermal tissue construct
composed of a hyaluronic acid membrane with
implanted keratinocytes. The hyaluronic scaf-
fold has laser-drilled pores, which allow for cel-
lular ingrowth and vascularization from the
dermal layer to the implanted keratinocytes.'?
Epicel®, an autologous epithelial tissue construct,
is available for the treatment of burns, chronic
wounds, and scar revisions.!%

Products with allogeneic cells in the dermal
layer (TransCyte®, Dermagraft®) are used to
increase the concentration of FGF and other
growth factors in the wound. They increase
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native fibroblast and keratinocyte growth and
proliferation. (see section on Systemic Cytokines
and Growth Factors) Dermagraft® uses viable
allogeneic neonatal foreskin fibroblasts, while
TransCyte® has nonviable fibroblasts as a source
of FGE.”!®

Products that use autologous dermal layer
fibroblasts are also approved for use.
Hyalograft-3D® is a product similar to
Hyalomatrix® but uses autogeneic cells expanded
ex vivo."”’ Isolagen® is an autograft fibroblast
product used for the treatment of facial rhytids,
scars, and deformities.”’

More complex tissue constructs with living
allogeneic cells in both the epidermis and
dermis are additionally available, (Apligraf®,
OrCel™). They are used for the treatment of
venous ulcers, diabetic ulcers, and burns.
A recent Cochrane review on the treatment of
venous ulcers found that the use of bioartificial
skins in conjunction with compression bandag-
ing results in improved healing of chronic venous
ulcers compared with compression bandaging
alone.”

Cartilage Tissue Engineering

Due to cartilage’s limited ability to self-repair
and its general avascular nature, it is an ideal
candidate for tissue engineering.’* Autologous
chondrocyte transplantation (ACT) with ex vivo
cellular expansion has been in use since 1987
and is the basis of Carticel’, a tissue construct
used to treat full-thickness cartilage defects.”
ACT often results in fibrocartilage (type I colla-
gen), which is not suitable for joint use, as articu-
lar (hyaline) cartilage is generally composed of
type II collagen.”” In order to avoid donor-site
morbidity associated with the harvest of articu-
lar cartilage for ACT, nonarticular sources of
chondrocytes have been investigated. These
nonarticular sources of chondrocytes included
auricular, nasoseptal, and costal cartilage.
Fibroblasts and stem cell sources have also been
developed.”

One of the major challenges tissue engineers
face in constructing articular cartilage is the
need to duplicate the three distinct zones of
articular cartilage.’ Several different fabrication
techniques and biomaterials have been used in
an attempt to replicate these distinct zones.
These biomaterials included natural polymers,
synthetic polymers, and hybrid products, which
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have been used to produce hydrogels, sponges,
and meshes used as scaffolds for chondrocytes
in cartilage tissue constructs.’>!"?

Multilayered poly(ethylene glycol) diacrylate
(PEGDA) hydrogels have been shown to support
subpopulations of chondrocytes similar to that
of native articular cartilage.”*? Scaffolds with
heterogeneous pore sizes throughout have
resulted in tissue constructs with a similar dis-
tribution of GAGs and type II collagen as native
cartilage.'?

Using rapidly biodegradable scaffolds allows
for new cartilaginous formation but may com-
promise structural support of the matrix, result-
inginathinner cartilagelayerinanosteochondral
defect. Conversely, nonbiodegradable and slowly
degradable scaffolds result in thicker cartilage
but are associated with surface fissures and
cracks.”

Bone Tissue Engineering

Bone tissue engineering has been in clinical
practice for a relatively short time. The engineer-
ing of bone tissue constructs is a more complex
problem compared to cartilage. Bone is vascu-
larized and has more extreme mechanical forces
applied to it. Bone must withstand compression,
flexion,and torque forces. Biomaterials employed
in the manufacturing of bone tissue constructs
must have adequate porosity allowing for cellu-
lar and vascular ingrowth. Yet excessive porosity
results in the inability of biomaterials to main-
tain mechanical strength during the incorpora-
tion and maintenance phase of bone
regeneration.'

Bioactive glasses and ceramics are employed
in the construction of bone tissue constructs.
Their surfaces form hydroxylapatite layers,
which are similar in chemistry and structure to
mineralized bone.'*! Bioactive glasses are impor-
tant to tissue engineers and have been shown to
induce differentiation of mesenchymal stem
cells to osteoblasts, stimulate vascularization,
and induce osteoblast adhesion and growth.>%%!
Bioglass® is an amorphous mixture of calcium,
sodium, phosphate, silicon, and oxygen and is
degradable by chemical and cellular mecha-
nisms. This degradation allows Bioglass® to be
replaced with bone, resulting in less than 6%
remaining after 2 years.¥ Bioglass® has been
shown to increase vascularization of tissues
based on its ability to stimulate the release of
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VEGF from cells.”” Bioactive glasses with silver
oxides have been shown to have antimicrobial
properties after transplant in vivo as well.¥
However, the use of bioactive glasses is limited
due to low fracture thresholds and mechanical
strengths.

Bioactive ceramics, particularly calcium phos-
phate-based ceramics, are able to completely
fuse with mineral bone. The mechanical proper-
ties of bioactive ceramics can be manipulated by
the tissue engineer by varying the ceramic’s
porosity, creating scaffolds with different frac-
ture toughness, load capacity, and flex toler-
ance.” Bioactive ceramics, however, have lower
fracture toughness, load capacities, and flex tol-
erance compared to natural bone.

The drawback of calcium phosphate-based
ceramics is that they posses long in vivo degra-
dation times, preventing bone remodeling and
regeneration. Research into the use of various
biodegradable polymers with bioactive ceramics
is needed to create a bone tissue scaffold with
mechanical properties similar to those of natural
bone.

The use of growth factors in combination with
biodegradable polymers is in clinical use at this
time. OP-1 putty (Stryker Biotech) is a tissue
construct that combines lyophilized human
recombinant bone morphogenetic protein-7
(BMP-7) to increase bone growth and regenera-
tion.””® Another FDA-approved bone tissue-
engineered product is INFUSE® (Medtronic
Sofamore Danek). INFUSE® is composed of col-
lagen and sustained-release human recombinant
BMP-2.”* The use of INFUSE® has been shown to
be comparable to autogenous bone grafts.'"

Polypropylene fumarate is a biomaterial of
special interest in bone tissue engineering,
because of its double-bond structure that forms
cross-links once placed in situ. This formation of
cross-links in situ occurs within 10-15min and
results in a hardening of the material, changing
it from a malleable, injectable material to a
hardened solid structure."®

Nerve Tissue Engineering

Peripheral nerve injuries can result from
mechanical, thermal, chemical, congenital, or
pathological etiologies. Peripheral nerves pos-
sess the capacity of self-regeneration, which rep-
resents an important difference to the central
nervous system. In case of loss of important
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nerve tissues, the severed nerves do not sponta-
neously restore their function and continuity. To
date, interposition of an autograft is the “gold
standard” for these critical-sized nerve injuries.
It is associated with numerous disadvantages
such as limited availability, donor-site morbid-
ity, incomplete and nonspecific regneration, and
variable clinical outcomes.”**>'? Nerve regenera-
tion requires a complex interplay between cells,
extracellular matrix, growth factors, and guid-
ance of nerve fibers. The combination of natural
or synthetic nerve conduits (filled or open
lumen) used as a guidance channel with local
growth factor delivery has been demonstrated to
show promising results during the last two
decades.'”” Currently, FDA-approved collagen
nerve conduits NeuraGen® and the NeuraWrap™
(Integra) are used as guidance channels in the
treatment of injured peripheral nerves.'?

Due to the important physiological role of
Schwann cells, cell transplantation represents yet
another strategy to create the optimal microenvi-
ronment for nerve regeneration. Studies using
autogenous Schwann cells for their tissue-engi-
neering nerve constructs were able to obtain
improved axonal growth.””!s' Directed neuronal
differentiation and single or multipe protein
delivery using embryonic or adult stem cells are
alternatives to Schwann cell therapy.®>'®®

Breast and Adipose Tissue Engineering

Breast tissue engineering is one of the most
complex problems facing the tissue engineer. The
fact that human breasts naturally change shape
and size as the patient ages complicates the recon-
struction of a natural breast mound."* Tissue
engineering in breast reconstruction is further
complicated by the fact that adipose is a highly
vascularized tissue, and adipogenesis and angio-
genesis are intimately intertwined.” Two different
tissue-engineering approaches to breast recon-
struction exist, the histoconductive/histoinductive
approach and the substitutive approach.

The histoconductive/histoinductive approach
involves the use of an acellular scaffold to incite
migration of preadipocytes from surrounding
tissues. This cellular migration can be enhanced
by the use of growth factors such as fibroblast
growth factor-2 (FGF-2) and insulin-like growth
factor-1 (IGF-1) delivered via microspheres or
Matrigel (reconstituted basement membrane
matrix)."**'”? The process of adipogenesis has
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been augmented by vascularization of the acel-
lular scaffold using a pedicled blood supply.'*

The substitutive approach to breast tissue
engineeringis even more complex. Prior attempts
to use mature adipocytes in fat transplantations
have resulted in poor long-term results due to
their propensity to be injured by mechanical
forces.”® The use of terminally differentiated
mature adipocytes in ex vivo cultures is pre-
cluded due to the fact that they do not readily
expand in culture. For this reason, current
approaches to breast tissue engineering have
focused on the use of pre-adipocytes, processed
lipoaspirate cells,and adipose-derived stem cells
(ADSC) as a cellular source. One or more than
one of these cell types are then placed onto a
breast tissue scaffold before implantation in the
substitutive approach.'®

The problem of vascularization of an ex vivo
manufactured breast tissue construct is an even
greater obstacle in the substitutive approach
compared to the histoconductive/histoinductive.
The lack of adequate vascularization to an adi-
pose tissue construct has resulted in few studies
able to demonstrate long-term stability of adi-
pose volume."®'*® As aforementioned, angiogen-
esis and fat are intimately intertwined and thus
the problem is complex. Factors from mature
adipocytes have been demonstrated to induce
angiogenesis.”® Conversely, factors released
from endothelial cells are known to promote
preadipocyte proliferation and differentiation.”

Recently, the technique of fat transplantation
has been revisited for breast reconstruction.
“Freshly” isolated processed lipoaspirate cells
have been used as soft tissue filler in breast aug-
mentation with good long-term (12 months)
maintenance of volume. This study demon-
strated that the use of fresh processed lipoaspi-
rate cells in combination with traditional mature
adipocytes resulted in a greater maintenance of
breast volume, compared to fat alone or fat com-
bined with cultured ADSC.'””

Tendon and Skeletal Muscle Tissue
Engineering

The design endpoint of tendon tissue engineer-
ing is to create a substitute that is able to with-
stand forces that are greater than the peak forces
seen in vivo.””® Tendon tissue constructs have
been made using mesenchymal stem cells
(MSCs) in combination with hydrogel and
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sponge scaffolds. These scaffolds are composed
of polymers and proteins such as collagen.®
Advances in ex vivo culture conditions, such as
cell culture on a scaffold under tension, have
been shown to increase the strength of the ten-
don tissue constructs both ex vivo and after
implantation at 12 weeks."*’® Tissue engineers
have also found that alteration in the cell to
matrix ratio has an effect on the load-bearing
capacity of tendon tissue constructs.’

Unlike smooth muscle, in which muscle con-
traction is in multiple directions, skeletal muscle
requires a tissue construct that produces uniax-
ial contractions.'® The cells for such a muscle
tissue construct can potentially be derived from
satellite progenitor cells found in adult striated
muscle or from mesenchymal adult stem
cells.**% The use of an aligned scaffold such as
collagen has been explored with different cell
seeding techniques in an attempt to form a tis-
sue construct that has the desired unidirectional
orientation.'® This has proved to be a difficult
problem, and further research involving cell
implantation techniques and scaffold construc-
tion will be required.

The Future of Tissue Engineering:
Where Are We Going?

The “irrational exuberance”™ of the scientific
community associated with the emergence of
stem cell therapy and tissue engineering has
been tempered by the realization that the pro-
cess of regenerative medicine is more complex
and difficult to achieve than initially expected.
Further basic science research in the fields of
material sciences, gene therapy, and cell and
developmental biology will provide better
insight into the overall potential of tissue engi-
neering and the problems it currently faces.
Eventually, scientific advances in tissue engi-
neering will allow for better tissue constructs
that will improve the overall success rates in
reconstructive surgery using regenerative medi-
cine techniques.

The best source of stem cells for the tissue
engineer has yet to be determined; either autogenesis
vs. allogeneic cells or embryonic vs. adult stem
cells. Evolving ethical and political consider-
ations play a role in the future research of stem
cells and their applications in regenerative medi-
cine. The use of adult stem cells is attractive,
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because it avoids the potential ethical and politi-
cal milieu that surrounds the use of embryonic
stem cells.”* Both the autogeneic adult stem cell
and the allogeneic embryonic stem cell using
SNT will likely require time for the manufactur-
ing of tissue constructs and are unlikely to be
used in acute fashion.

Research with tissue-engineered skin substi-
tutes will likely involve the refinement of pro-
ducts that manipulate growth factors, allowing
for a more rapid healing of wounds. Advancements
will also likely involve the combination of skin
tissue constructs with deep soft tissue con-
structs, such as subcutaneous tissue and fascia.

Ongoing research is attempting to identify
sources of cells capable of producing articular
cartilage or creating a tissue that simulates articu-
lar cartilages’ hydrostatic pressures and ability to
withstand dynamic compression forces. The
development of a zonal cartilage tissue construct
will play an important role in the development of
future tissue-engineered cartilage substitutes.

Advancements in the tissue engineering of
bone will likely result in tissue constructs that
are composed of biodegradable polymers com-
bined with either bioactive glasses or ceramics.
This would create a product with load capacities
and fracture toughness similar to those of natu-
ral bone. Bone tissue constructs will likely
expand to include the use of growth factor and
cytokines to increase the rate at which fracture
repair and regeneration occur.

In the future, more complex devices (nerve
conduits, delivery systems, bioengineered nerve
grafts, etc.) will be needed. A better understand-
ing of the complexity of growth factor therapy
and genetic engineering may help find better
solutions to restore functional peripheral nerve
tissue.

The need for an extensive vascular support
system in breast tissue-engineered constructs is
one of the most limiting factors in creating a
tissue-engineered breast that maintains its vol-
ume and structure. As a result investigators are
researching the use of artery-venous loops with
tissue constructs to improve neovasculariza-
tion.””® The future of breast and adipose tissue
engineering will require additional research to
solve this vascularization problem. Given the
recent result using “fresh” processed lipoaspirate
cells, future approaches to breast reconstruction
will likely involve “fresh” processed lipoaspirate
cells used in concert with a scaffold that may
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or may not contain cells cultured ex vivo.” If a
solution to the vascularization issue is found,
it will have broad applications to fields of
tissue engineering and bioartificial organ
construction.

Tissue-engineered products used to repair
and reconstruct tendons and skeletal muscle
have obvious clinical significance to the plastic
and orthopedic surgeons. The need for clinically
applicable tissue-engineered products that can
replace tendon and skeletal muscle will drive the
advancement of such products. Such tissue con-
structs could be used to repair extremity injuries
that otherwise would result in a nonfunctional
hand or extremity. There would also be a utility
of such products with facial reconstruction and
facial re-animation.'*® Research into tendon tis-
sue engineering will involve the evaluation and
manipulation of cell matrix interactions along
with the use of growth factors to maximize the
mechanical similarities between bioartificial
tendons and native tendons. Advances will also
be directed at decreasing functional recovery
time after implantation. Skeletal muscle tissue
engineering, however, will require further
research to be able to create a tissue construct
with uniaxial contractions.

As awhole, tissue engineering has great poten-
tial for significant advancements in plastic surgery.
The advancements made in engineering and life
sciences have changed how we approach the
problems of reconstruction after traumatic injury
or surgical resection due to neoplasm. Future
advancements will result in tissue-engineered
products that improve patient care and continue
to change how plastic surgeons practice recon-
structive surgery.
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Summary

If plastic surgeons are to provide state-of-the-
art care in the techniques of skin rejuvenation
and minimally invasive treatments for aging,
a thorough understanding of skin, anatomy,
and physiology is required. With the changing
population demographics, the plastic surgeon
must also be knowledgeable about ethnic vari-
ations in skin anatomy and physiology. The
changes that occur with aging skin, inherent
developmental disorders, and development of
skin cancers are complex. This chapter provides
a practical guide to the understanding of skin
and its application to clinical conditions.

Skin

The average thickness of skin is between 2 and
3mm. The thickness of the epidermis and dermis
at the sacrum is significantly greater than that of
the abdominal wall, groin, lateral gluteal area,
and gluteal fold areas." In the face, an area of parti-
cular interest to plastic surgeons, the epidermis
is relatively constant in thickness measuring
approximately 150 um. However, dermal thickness
varies considerably. For example, the dermal
thickness in the periorbital area is approximately
200-250 um, whereas the dermal thickness of
the lip and forehead regions is 900-1,000 um?
(Figure 13.1). This variability has significant

consequences when skin resurfacing is performed.?
An area of skin that measures about 6cm? can
contain upwards of 20 blood vessels, 650 sweat
glands, 60,000 melanocytes, and thousands of
nerve endings.

Other functions include excretion of sweat and
piloerection for temperature regulation. Skin
provides sensation, helping us determine hot
from cold, pressure, injury, vibration, and light
touch. The use of local anesthetics is targeted to
inhibit the sodium pumps in these sensory fibers
to effect afferent signals to the brain to painful
stimuli. The skin can also act as an interface for
the diffusion of substances into the body inclu-
ding gases (CO,, O,, and N, in minute amounts).
Delivery of topical medications is also based on
the absorption and diffusion from the skin.

Skin Embryology

Skin is derived from both ectoderm and meso-
derm. The epithelial layers are formed from the
ectoderm. The various skin appendages including
the pilosebaceous glands, sweat glands, and hair
follicles are ectodermal elements. Specialized
cells including melanocytes and neural elements
are derived from the neuroectoderm. The cells
of the dermal layers that include the fibroblasts,
mast cells, blood vessels, lymphatic channels,and
the adipocytes are derivatives of the meso-
derm. Macrophages, Langerhan’s cells (LCs), and
Merkel cells are also derived from the mesoderm
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Figure 13.1. Variation of the epidermis and dermis about the face.
While the epidermis is relatively uniform from location to location,
the thickness of the dermis varies significantly. (Adapted from Gonzalez-
Ulloa et al.5).

rifice

Figure 13.3. Skin histology of the scalp.
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as are the components of the dermal layer. There
are many inherent processes that are coordi-
nated during embryogenesis for successful
formation of the skin covering. Any alterations
in these processes can lead to abnormal skin
formation. Such congenital skin diseases include
cutis laxa and Ehlers-Danlos syndrome.

Components of Skin

There are three distinct layers of the skin: the
epidermis, the dermis, and the hypodermis
(Figures 13.2 and 13.3). The epidermis is the
primary defense layer against organic elements

Figure 13.2. Histology of aging skin of the face. Note that solar elastosis
and the loss of rete pegs are clearly visible.
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such as bacteria, viruses, parasites, and other
organisms. In addition, the presence of a thick
and tough stratum corneum (the keratin layer)
in conjunction with the melanocytes provides
protection from photodamage. The epidermal
layer of skin also protects us from harsh elements
in the external environment. The epithelial cells
of the epidermis, also known as keratinocytes,
sit on an underlying basal lamina. This layer of
skin contains no blood vessels. The nourishment
for the keratinocytes comes from a process of
diffusion from the underlying dermis. In addition
to keratinocytes, melanocytes, Langerhans’, and
Merkel cells are also present in the epidermal
layer of the skin.

The thickness of the epidermis can vary in
different regions of the body. It is approximately
150 um in the eyelids and almost 1.5mm in the
soles of the feet. Regional variations in epider-
mal thickness result from the different number
of keratinocytes and the length of the rete pegs.
Such anatomical changes should be kept in mind
when handling tissues. Areas where skin is quite
thin are particularly prone to surgical injury
when roughly handled.

Layers of the Epidermis

There are five distinct cellular layers of the
epidermis. These layers include (from superficial
to deep) the stratum corneum, stratum lucidum,
stratum granulosum, stratum spinosum, and stra-
tum germinativum. During mitosis, cells from
the stratum germinativum migrate superficially
to populate the more superficial layers of the epi-
dermis. The deeper layers of cells are columnar
in structure, but as they migrate toward the
surface, they become flatter in appearance as
cellular differentiation takes place. As keratino-
cytes migrate upwards, they mature and fill
with keratin and lipids. Keratinocytes undergo
apoptosis in the stratum granulosum and subse-
quently are shed to make way for newer cells once
they reach the stratum corneum. This process,
known as keratinization, happens continuously
throughout life.

The stratum corneum is sometimes described
as the “horny” layer. Composed mainly of dead
keratinocytes, the stratum corneum is the final
stop for skin cells before they are shed. The cells
in this layer contain mainly keratin and lipids.
The protein keratin is of vital importance, because
it keeps the human body hydrated by minimizing
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evaporative water loss from the skin. While
preventing dehydration, keratin can also absorb
outside moisture. The thickness of the stratum
corneum varies in different parts of the body.
Skin that covers body parts exposed to constant
wear and tear, such as the hands and feet, have
thicker stratum corneum than other parts of the
body. Also skin that is located on pressure points
and joint surfaces such as the sacrum, elbows,
and knees is much thicker. Beneath the stratum
corneum is the stratum lucidum, so named for
its translucent appearance. The stratum lucidum
is a thin layer of dead cells that contain Eledin, a
clear intermediate form of keratin that contrib-
utes to its “lucid” appearance. Usually, thicker parts
of the body, that is, palms and soles, contain the
stratum lucidum.

The stratum granulosum is found just below
the stratum lucidum and is present in all regions.
Characterized by small basophilic granules in
the cytoplasm of squamous cells, the stratum
granulosum is the outermost layer where living
cells are found. The granules in these cells
contain phosphorylated histidine-rich and other
cystine-rich proteins through which keratin
bundles traverse. The stratum granulosum also
helps bundle keratin through a protein called
filagrin. “Membrane-coated” lamellar granules
are also present and contain lipids. The lamellar
granules are exocytosed in this layer to generate
a waterproof barrier. This physical barrier to
evaporative water loss also prevents life-sustaining
nutrient diffusion for these cells and thus leads
to the characteristic cell death of the outer layers
of keratinized epithelium.”"!

The next layer of the epidermis is the stratum
spinosum. Sitting underneath the stratum
granulosum, the stratum spinosum consists of
cuboidal cells in a multilayered fashion. The kera-
tinocytes flatten out as they progress through the
stratum spinosum. When these cells shrink during
staining, they sometimes look spiny from the
desmosomes that connect them together, hence,
the name “spinosum.” Cells of the stratum spino-
sum actively synthesize intermediate filaments
called cytokeratins. These intermediate filaments
are anchored to the desmosomes joining adja-
cent cells to provide structural support, helping
the skin resist abrasion.”

The basal layer of the epidermis is the stratum
germinativum. This layer is composed of columnar
cells that undergo mitosis to populate the
epidermis and gradually migrate superficially.
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This layer of cells lies directly on the basal lamina
of the skin and forms the dermal/epidermal
junction.

A desmosome or macula adherens functions
in cell-to-cell adhesion. Found in the cell mem-
brane between keratinocytes, desmosomes are
important in controlling shearing forces in the
epithelium by anchoring cells to each other. As
complexes of proteins, desmosomes help link cell
surface proteins to intracellular keratin cytoskel-
etal filaments. An autoimmune disease known as
pemphigus vulgaris is caused by auto antibodies
to desmosomes. Such an aberrant process leads
to acantholysis or separation of the adherent cell
layers and results in the characteristic sloughing
of skin and formation of painful blisters.

Melanocytes are cells found in the stratum
germinativum of the epidermis and in the
middle layer of the eye. Melanogenesis, which
is the production of melanin by melanocytes,
can be altered by various stimuli. The production
process is not completely understood at this time,
but isobutylmethylxanthine, retinoids, melanocyte-
stimulating hormone (Melanotan), metabolites
of vitamin D, cholera toxin, forskolin, UV light,
ACTH, and diacylglycerol all stimulate the
process of melanogenesis.”* In addition, DNA
damaged by UV radiation can lead to the forma-
tion of thymidine dinucleotide (pTpT) fragments
that can stimulate melanogenesis. Once made,
melanin is moved along dendrites in a special
container called a melanosome. Melanosomes
are organized into a cap and protect the DNA in
the nucleus of the keratinocyte from ultraviolet
light. One keratinocyte provides melanin for 4 to
10 keratinocytes.® Melanin provides pigment to
the skin. The skin helps protect against harmful
UV irradiation and contains enzymes to help
repair DNA damage from UV light.

Differences in skin pigmentation between
races can be directly associated with the latitude
of various continents. More melanin provides
greater protection against increased UV radiation
near the equator and gives individuals a darker
pigmentation. Data show that skin tone is inde-
pendent of geographic origins of a human race,
being derived from ancestral pigmentation.'

The Langerhans’ cells, also located in the
epidermis, play a vital role in the immune response.
Langerhans’ cells are classified as dendritic cells
or antigen trapping dendrites. After capturing the
antigens, these cells travel from the epidermis to
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local and regional lymph nodes. While in transit,
the Langerhans’ cells (LCs) become activated
and expose the captured antigens to circulating
T cells. Although the main function of LCs is to
aid in host protection, dysfunction of these cells
can lead to neoplastic changes. Langerhans’ cell
tumors are a result of cellular atypia.

Dermis

The second major layer of the skin is the dermis
composed of collagen, elastin, salts, water, and
a gel of glycosamin proteoglycans. All these
proteins and molecules give significant density
to the dermal layer of the skin. The dermis varies
considerably in thickness from location to
location. It can be as thin as 200 um in the eyelid
and as thick as 3mm on the back skin. The dermis
provides protection from stress and strain by
providing a cushion. Hair follicles, sweat glands,
sebaceous glands, apocrine glands, and blood
vessels all partially exist within the dermis and
exit through the dermis. Nourishment and waste
removal of the dermis are dependent on the
blood vessels that exist in the vicinity.

Dermal fibroblasts help control the production
and maintenance of the dominant structural
components of the dermis. Fibroblasts make up
the majority of cells in the dermis along with
interspersed mast cells and tissue macrophages.

The tensile strength of the dermis comes from
collagen, which accounts for a significant amount
of the fat-free dry weight of skin. The majority
of collagen in the dermis is Type I collagen
and constitutes up to 80% of the collagen in
skin. Type III collagen constitutes about 15%,
while Type V and VI account for the remainder.
The typical ratio of Type I collagen to Type III
collagen is 4:1. This ratio is maintained even in
scars after wound healing.

Collagen is the most abundant protein in
mammals and is found mainly in connective
tissue. As a long fibrous structural protein,
bundles of collagen or collagen fibers are the
major constituent of the extracellular matrix.
The collagen fibers provide support for tissue
and cell structures. Collagen has significant
tensile strength and is found in the fascia, liga-
ments, tendons, bone, teeth, and cartilage.
Collagen maintains skin elasticity and strength
in a synergistic manner with elastin. Tissue
development is also aided by collagen because
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of the support it gives to blood vessels. With
decreased production and turnover of collagen,
the signs of aging including rhytids, loss of
skin elasticity, and thinning of skin become
apparent. In conjunction with collagen, elastin
fibers help maintain structure and allow for
flexibility of the skin.

Papillary Dermis

The dermis comprises two layers: pars papillaris
and pars reticularis. The papillary dermis is the
thinner and more superficial layer of the dermis
zepidermis and dermis are contoured by ridges
and folds of papillae that arise from the papil-
lary layer of the dermis, which give integrity and
increase the surface area of the dermal/epidermal
junction. The folds and ridges are referred to as
rete pegs. With aging, these rete pegs diminish
and subsequently lead to a decrease in the
surface area of the dermal-epidermal junction.
This phenomenon can lead to epidermal gliding
and shearing. Papillae are most prominent in the
hands (palms and fingers) and the feet (soles and
toes) as these areas must withstand the greatest
frictional forces. Rete pegs are also known as
friction ridges, because the exaggerated rete
pattern gives the hands and feet the ability to
grasp objects through friction.

Elastin and collagen fibers are dispersed more
widely and are arranged in a more haphazard
fashion in the papillary dermis than in the retic-
ular dermis. However, the papillary dermis has a
higher amount of ground substance and connec-
tive tissue cells. Blood vessels and lymphatic
plexuses are found in the papillary region directly
below the dermal papillary ridges.

Reticular Dermis

Directly below the papillary dermis is the reticular
dermis. Thicker than its more superficial coun-
terpart, the reticular dermis is avascular and
acellular, but contains a high amount of collage-
nous and elastic tissue. Type III and V collagen
fibers are seen mostly in the epidermal-dermal
junction. However, they are also found in both
the papillary and reticular dermis as sheaths
for epithelial appendage structures, vessels, and
nerves.

These collagen fibers are arranged in an inter-
woven, crisscross pattern in a plane parallel with
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the skin. The arrangement of the collagen fibers
was first observed by Langer (1861) who described
the arrangement as a “lattice-like network with
much extended rhomboidal meshes.” The pattern
performs important functions especially with
regard to skin extensibility. An anatomic feature
in this layer of the dermis is the even distribution
in thickness of the collagen and elastin fibers.

Dermal Ground Substance

An important component of the dermal connec-
tive tissue is what is known as ground substance.
This substance is composed of a broad class of
anionic polysaccharides or glycosaminoglycans,
which comprise the milieu for cells of the dermis.”
Hyaluronates, dermatan sulfate, chondroitin-4-
sulfate,and heparin sulfate constitute the ground
substance in the skin and are regulated by fibro-
blasts and mast cells. Existing as a viscoelastic
solgel of hydrophilic polymers, the ground
substance in the dermis has complex interac-
tions involving water binding, flow resistance,
collagen, and other glycosaminoglycans.

Clinical Correlation: Skin Expansion

When there is a shortage of skin because of
injury or skin needs replacement because of
tumor resection, plastic surgeons may take
advantage of the viscoelastic nature of the
dermis. This can be accomplished by expansion
of the residual skin. Skin expanders are placed
subcutaneously and are gradually inflated to
stretch the skin taking advantage of the process
called “creep.” The collagen and elastin fibers
located in the dermis are stretched and the
ground substance located in the dermis is
displaced out of the area of expansion allowing
for skin expansion. As a result, the dermis gradu-
ally thins and the epidermis thickens. The under-
lying subcutaneous tissues and muscle also
undergo some degree of atrophy and thinning.
Any underlying bone will also undergo some
resorption or remodeling. Such expansion is
ideally performed over months and is done in
areas adjacent to the area in need of reconstruc-
tion. Once the skin is expanded and used in
reconstruction, it gradually undergoes a reversal
of the changes noted prior to expansion and
can return close it its normal anatomic and
physiologic composition (Figure 13.4).
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Figure 13.4. (a) Skin expander in the lateral back. Healed burn with skin contracture noted. (b) Expander removed with the expanded skin shown. (c)

The reconstructed skin contracture with the expanded skin.

Skin Circulation

Cutaneous branches of the musculocutaneous
arteries are the main suppliers of blood for the
skin. Branches from these cutaneous arteries
form a small vessel plexus within the dermis.
Some of these branches protrude outward as
perforating arteries morphing into arterioles as
they reach the papillary dermis layer of the skin.
The small arterioles and venules constitute the
microvasculature/microcirculation of the skin.
The circulation in the skin plays a vital role in
maintaining the body temperature in concert
with the temperature-regulating control centers
in the hypothalamus. Chronic changes that occur
from diabetes, smoking, and other vascular
disorders can lead to changes in skin circulation
and can cause significant soft tissue injury. Some
of the autoimmune disorders such as Raynaud’s
lead to decreased circulation in the skin of the
digits and result in pain and discoloration and
cold intolerance.

Nerve

Within the deep dermal plexus, branches of
myelinated sensory nerves lie parallel to the skin
surface. These branches project upward into the
dermis to form a web in the superficial dermal
plexus. These nerves convey sensations from the
skin to the brain through specialized receptors
for touch, pressure, temperature, and pain. These
nerves also carry autonomic fibers that innervate
the smooth muscles of the cutaneous blood
vessels, pilomotor units in the hair follicles, and

the sweat and sebaceous glands.* Cholinergic
fibers use acetylcholine, adrenergic fibers use
norepinephrine, and the purinergic terminals
use ATP as a neurotransmitter.

Clinical Correlation

The use of botulinum toxin for hyperhydrosis
of skin is specifically targeted to inhibit the
cholinergic fibers that innervate the sweat glands.
Excellent results can be obtained with appropriate
use of this medication in patients with hyperhy-
drosis. The appearance of rhytids or wrinkles as
a result of the action of the underlying facial
mimetic musculature can also be improved with
selective weakening of the mimetic muscles
with botulinum toxin. This minimally invasive
procedure involves injection of small quantities
of the toxin directly into the muscles of interest
that results in improvement in rhytids caused by
the facial mimetic muscles (Figurel3.6).

Hair Follicles

Hair follicles in the skin contain lanceolate
terminals, Merkel cell-neurite complexes, and
Ruffini corpuscles. The lanceolate terminal is
composed of axon endings and Schwann cell
membranes located over the hair bulb on the
sheath. For fine body hair, the terminals encircle
the whole shaft, whereas in terminal hairs, they
are less evenly distributed. Hair pigmentation is
dependent on the amount of melanin in the hair
follicle. The melanin present produces eumelanin
and pheomelanin giving hair a specific color. It has
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Figure 13.5. Skin resurfacing using phenol-croton oil peeling. (a) Preoperative. (b) Intraoperative view after application of peel. (c) Eight-

month postoperative result.

been shown that genetics plays an important role
in hair color.” Production of melanin decreases
with age. The new hairs that grow in the elderly
grow without melanin, which results in grey hairs.
This process is not limited to the elderly but can
present as early as adolescence in some individ-
uals. Stem cells responsible for the maintenance
of the melanin are reduced with increasing age,
resulting in a decrease in melanin production.”

Clinical Correlation

Another important function of the hair follicle is
its involvement in the regenerative capacity of
the epidermis. Progenitor epithelial cells located
along the hair bulb and shaft migrate outward
to areas of de-epithelialization gradually repop-
ulating it with new keratinocytes. This regenera-
tive capacity of skin is of vital importance in burns
and other trauma. This principle applies in the use
of split-thickness skin grafts as well. Preservation
of these skin appendages is crucial in the proper
execution of skin resurfacing procedures as well.
Loss of these appendages from trauma, burn, or
iatrogenic causes will lead to wound healing with
delayed re-epithelialization. If re-epithelialization
is significantly delayed, hypertrophic scarring
becomes more likely. In situations of full-thickness
skin loss, it is important to recognize the extent
of the injury early and perform reconstructive
surgery to prevent hypertrophic scarring and
possible scar contractures. This is especially true
in preservation of the functional anatomic areas,
such as the joints, hands, feet, neck, and face.
Any skin resurfacing procedures should be
done with precise knowledge of the desired
depth of skin injury. Laser resurfacing or deep
chemical peeling procedures must extend deep
enough to eradicate wrinkles but not so deep as
to destroy epidermal progenitor cells in the
reticular dermis if healing is to proceed without

hypertrophic scarring. This depth is controlled
by limiting the fluence (energy) and/or the num-
ber of passes with an ablative laser. Similarly, the
number of coats of any chemical peeling agent
should be limited and the appearance of skin and
the resultant desired changes with application
should be understood to prevent unwanted injury
to skin (Figure 13.5).

Eccrine Glands

Eccrine sweat glands are distributed over the
entire body surface but are particularly abundant
on the palms of hands, soles of feet, and the fore-
head. Eccrine glands play an integral role in
temperature regulation of the body. Eccrine sweat
glands are coiled tubular glands derived from
squamous epithelium that extends into the
dermis. The sweat glands are controlled by
Sympathetic cholinergic nerves, which are
controlled by a center in the hypothalamus. The
hypothalamus senses core temperature directly
via thermoreceptors in close proximity to circu-
lating blood and also has input from tempera-
ture receptors in the skin. The hypothalamus
maintains homeostasis by modifying sweat out-
put, along with other thermoregulatory processes.

Apocrine Glands

Apocrine glands develop during early to mid
puberty. They help regulate sweat production.
Apocrine glands are mainly found in hair-
bearing areas such as the axillae and genitalia.
The sweat produced by these glands can have an
odor due to the bacteria that break down the
organic compounds in the sweat. Emotional stress
increases the production of sweat from the
apocrine glands.



Figure 13.6. Hidradenitis suppurativa of the axilla. Note areas of
folliculitis.

Clinical Correlation

Hidradenitis suppuritiva, which results in multi-
ple abscesses, is a disease of the apocrine sweat
glands and occurring predominantly in hair-
bearing areas. An alternative mechanism of this
condition is thought to occur from acne-like
follicular obstruction and hence is referred to
as acne inverse by some dermatologists and
dermatopathologists. It is associated with repeated
bouts of inflammation, infection, and abscess
formation. Treatment usually consists of multiple
courses of antibiotics. Severe cases not respon-
sive to conservative treatment require radical
debridement and secondary wound healing or
reconstructive procedures (Figure 13.6).

Acne and Inflammatory
Conditions of the Skin

Early in the teenage years acne can cause
physical and emotional stress. There have been
many products and procedures recommended
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for its treatment. However, none has proved to be
uniformly successful. This condition is caused
by the production of excess sebum associated
with follicular hyperkeratinization. This leads to
the formation of a keratin plug that obstructs
the follicular opening and is clinically seen as a
comedo. Subsequently, local inflammation and
secondary contamination by skin flora lead to
the formation of papules, pustules, and skin
nodules. This is thought to be heavily influenced
by the hormonal changes that occur during the
teenage years. The general treatment is to target
the various processes that are affected. Benzyl
peroxide is used as an antibacterial agent and as
a comedolytic agent. Topical antibiotics such as
clindamycin are used to target the secondary
bacterial overgrowth. Retinoids are the mainstay
of acne treatment. They target the initial events in
acne formation - follicular hyperkeratinization,
excessive sebum production, and inflammation.
They also improve the vascularity and turnover of
the dermal components. Such retinoids include
tretinoin in a topical format and isotretinoin given
in a pill format. Isotretinoin should be avoided in
patients with liver disease or lipid abnormalities.
It is a potent teratogen. Women of child-bearing
potential must use two forms of birth control and
be closely monitored with monthly pregnancy
tests while taking the medication. Systemic
retinoids should also be avoided before any skin
resurfacing procedures as they interfere with the
re-epithelialization of the skin. Some agents such
as vitamin C and plant extracts may be used as anti-
oxidants. Various peels that use alpha hydroxyls,
such as glycolic acid, kojic acid, and salicylic acid,
are used to exfoliate the superficial dead layers of
skin, thus clearing obstructed pores. More inva-
sive peels using potent chemicals that penetrate
deeper can be combined with the more superficial
alpha hydroxyl agents to resurface the skin.

Skin Aging

Skin aging is a product of a variety of factors.?
With age, the dermis changes anatomically and
physiologically. Vital functions such as vitamin D
production, sensory perception, wound healing,
and other functions have been shown to decline.**
The most evident component of skin change is
dermal atrophy resulting from decreased produc-
tion and turnover of collagen. Enzymes associated
with post-translational processing of collagen
decrease with age.
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Hydroxylation and glycosylation of the collagen
proteins also decline and cross-linking between
collagen molecules tends to decrease with age.
Fibroblast numbers that produce collagen and
blood vessels decrease with age.’ In women,
collagen decline can be reduced with exogenous
estrogen as there is a direct correlation between
skin collagen production and estrogen.'® It has
been shown that estrogen has a positive effect
on wound healing as estrogen increases the
production of TGF-f secretion.

Skin thickness also changes with age. These
changes can be evident as early as age 20 and
continue into late adulthood. In women, decline
in skin thickness can reach up to 1.13% per year.
The thickness of skin is directly related to and
dependent on the components of the dermis, inclu-
ding collagen, elastin, and the ground substance.

Wound healing can also be impaired with
the aging process. Proper wound healing is
dependent on neovascularization, granulation,
collagen deposition, and re-epithelialization,
which all decrease in efficiency with age.

Clinical Correlation

Treatments exist to help slow down the signs of
skin aging and in some instances reverse the
aging process. These treatments target various
processes in the skin and include sunscreen to
reduce the harmful ultraviolet radiation of the sun
preventing photodamage to skin, antioxidants
(vitamin C, vitamin E, coenzyme q10, lipoate) to
combat the oxygen-free radicals, DNA repair agents
(niacin, folate, reemergence) to help repair damaged
cells, cell turnover stimulants such as retinoic
acid and niacin, and epidermal barrier enhan-
cing agents (niacin). The newest of these agents
are topical prodrugs aimed at delivery of mole-
cules that penetrate the skin and function as
precursors at various stages to improve skin
health. Other agents target the loss of the ground
substance and the decrease in the collagen
content of the skin. Such products include the
various fillers used to augment the soft tissues
(hyaluronic acid fillers, collagen-based fillers,
hydroxyapatite fillers, PMMA fillers, and other
agents). The plastic surgery and dermatology
literature is replete with articles that describe
results with these various agents.

The use of hyaluronic acid for soft tissue
augmentation is a popular treatment gaining
widespread acceptance in plastic surgery and
dermatology. This product is associated with
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minimal side affects and requires no skin testing.
Maintenance of volume enhancement can be seen
with time as the product is hydrophilic, recruiting
water molecules and maintaining the augmenta-
tion of the soft tissues. A new calcium hydroxy-
apatite treatment mixes calcium hydroxyapatite
with a polysaccharide gel for soft tissue augmen-
tation use. This treatment serves as a base for
collagen growth and has been shown to be safe
in humans.

The use of dermal fillers is rapidly increasing.
Recent estimates by the American Society of
Plastic Surgeons estimate that more than 5,00,000
patients were injected with hyaluronic acid in
2006." It should be noted that these fillers are
FDA approved for nasolabial fold correction
only. Any other use is off-label.

Classification of Skin Types

Often in plastic surgery and dermatology, skin
is classified in terms of its response to sun expo-
sure and the resultant changes that occur with
photodamage. This is termed Fitzpatrick classi-
fication (Figure 13.7). The resultant pigmentation/
tanning changes that occur with sun exposure are
due to alterations in the production of melanin.
There is a paucity of melanin in the lighter skin
types and is usually only located in the basal layer.
In the darker skin types, there is an abundance of
melanin and it is also present in more superficial
layers of the skin. The presence of melanin plays
a protective role in minimizing photodamage
to skin.

Clinical Correlation

A thorough knowledge of skin type and the ability
to correctly assign a skin classification to a patient
are important when skin resurfacing or nonab-
lative laser or light-based treatment is being
considered. Such classification can help a plastic
surgeon decide on the appropriate skin care or
rejuvenation procedure. Inappropriate selection
of skin rejuvenation techniques performed in
skin types IV through VI, including chemical
peels, laser resurfacing, or dermabrasion, can
result in hypopigmentation or hyperpigmentation
(Figure 13.7). In general, melanin suppression
for a minimum of 6 weeks using bleaching agents
such as hydroquinone 4% should be used before
superficial, intermediate, or deep peeling in
darker skinned individuals (Fitzpatrick IV-VI).
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Figure 13.7. The Fitzpatrick skin classifications. | (never tan, always burns) to VI (dark, African-American skin type).

References

1. Cosmetic Plastic Surgery Trends. Available at http://
plasticsurgery.org/media/statistics/2006-Statistics.cfm.
2006.

2. Brincat M. Hormone Replacement Therapy and the Skin.
UK: Parthenon; 2001.

3. Castelo-Branco C. Skin collagen changes related to age,
menopause and hormone replacement therapy. In:
Brincat M, ed. Hormone Replacement Therapy and the
Skin. UK: Parthenon; 2001.

. Colborn G, Skandalakis J. Clinical Gross Anatomy.

New York: Parthenon; 1993.

. Comper WD, Laurent TC. Physiological function of

connective tissue polysaccharides. Physiol Rev. 1978
Jan;58(1):255-315.

. Eller MS, Maeda T, Magnoni C, Atwal D, Gilchrest BA.

Enhancement of DNA repair in human skin cells by thy-
midine dinucleotides: evidence for a p53-mediated mam-
malian SOS response. Proc Natl Acad Sci U S A. 1997 Nov
11;94(23):12627-1232.

. Gartner L, Hiatt J. Color Atlas of Histology. 3rd ed. Elsevier:

Philadelphia, PA; 2007:331-336.


http://plasticsurgery.org/media/statistics/2006-Statistics.cfm.
http://plasticsurgery.org/media/statistics/2006-Statistics.cfm.

17

SKIN ANATOMY AND PHYSIOLOGY

10.

11.

12.

. Gonzalez-Ulloa M, Castillo A, Stevens E, Alvarez Fuertes

G, Leonelli F, Ubaldo F. Preliminary study of the total
restoration of the facial skin. Plast Reconstr Surg. (1946).
1954 Mar;13(3):151-161.

. Hall GK, Phillips TJ. Skin and hormone therapy. Clin

Obstet Gynecol. 2004 June;47(2):437-449.

Hwang K, Kim DJ, Lee I]. An anatomic comparison of the
skin of five donor sites for dermal fat graft. Ann Plast
Surg.2001 Mar;46(3):327-331.

Junqueria C. Basic Histology Text and Atlas. New York:
McGraw Hill; 2005:361.

Lao O, de Gruijter JM, van Duijn K, Navarro A, Kayser M.
Signatures of positive selection in genes associated with
human skin pigmentation as revealed from analyses of
single nucleotide polymorphisms. Ann Hum Genet. 2007
May;71(pt 3):354-369.

13.

14.

15.

16.

17.

Pavelka M, Roth J. Functional Ultrastructure: An Atlas of
Tissue Biology and Pathology. New York: Springer Verlag;
2005.

Romero-Graillet C, Aberdam E, Biagoli N, Massabni W,
Ortonne JP, Ballotti R. Ultraviolet B radiation acts through
the nitric oxide and cGMP signal transduction pathway
to stimulate melanogenesis in human melanocytes. J Biol
Chem. 1996 Nov 8;271(45):28052-28056.

Sarin KY, Artandi SE. Aging, graying and loss of
melanocyte stem cells. Stem Cell Rev. Fall 2007;3(3):
212-217.

Shah M, Maibach H. Estrogen and skin. Am J Clin Derm.
2001;2:143-150.

Sulem P, Gudbjartsson DF, Stacey SN, et al. Genetic
determinants of hair, eye and skin pigmentation in
Europeans. Nat Genet. 2007 Dec;39(12):1443-1452.



14
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Summary

Vascular birthmarks are a common cutaneous
finding in newborns and infants. Charac-
terization of these vascular anomalies is
challenging and the terminology has histori-
cally been confusing. A classification system
was proposed by Mulliken and Glowacki and
modified by the International Society for the
Study of Vascular Anomalies in 1996 to help
clarify this confusion. It separates vascular
anomalies into two distinct categories, tumors
and vascular malformations, based on clinical
appearance, natural history, and pathologic
characteristics. The term hemangioma is
reserved for congenital vascular tumors, while
vascular malformations include a variety of
lesions with varying clinical presentations.
Proper identification and classification of
these lesions have important implications in
their management and treatment.

Abbreviations

AVM Arteriovenous malformations

KTS Klippel-Trenaunay syndrome

LM Lymphatic malformation

NICH Noninvoluting congenital heman-
giomas

PWS Port wine stains

PHACES Posterior fossa, Hemangioma, Arterial,
Cardiac defect, Coarctation of the
aorta, Eye anomaly, Sternal clefting,
or Supraumbilical raphe

PDL Pulsed dye laser

RICH Rapidly  Involuting  Congenital
Hemangiomas

SWS Sturge-Weber syndrome

VM Venous malformations

Infantile Hemangiomas
Introduction

Vascular birthmarks are a common cutaneous
finding in infants and children. Historically,
characterization of these vascular anomalies was
challenging, and the term hemangioma has been
used indiscriminately. A classification system
purposed by Mulliken and Glowacki and

BRBN Blue rubber bleb nevus modified by the International Society for the

CM Capillary malformations Study of Vascular Anomalies in 1996 has helped

CMTC  Cutis marmorata telangiectatica to clarify this confusion. It separates vascular
congenital anomalies into two distinct categories, tumors

GVM Glomuvenous malformations and vascular malformations, based on their

ISSVA International Society for the Study clinical appearance, natural history, and patho-
of Vascular Anomalies logic characteristics (Table 14.1).°

M.Z. Siemionow and M. Eisenmann-Klein (eds.), Plastic and Reconstructive Surgery, 173

Springer Specialist Surgery Series, © Springer-Verlag London Limited 2010



o\
< ‘S‘;

174

Table 14.1. Vascular anomaly classification.

Tumor Malformation
Endothelial cell hyperplasia Vascular hamartoma
Present in early infancy Present at birth
Rapid proliferation Growth with the child
Spontaneous involution No involution

Epidemiology

Infantile hemangiomas are the most common
tumor of childhood affecting approximately 1-2%
of neonates and up to 10-12% of 1-year-old
infants.”” Present in all races, Caucasians are
most commonly affected. For unclear reasons,
there is a female predominance, with a female-
to-male ratio ranging from 2:1 to 5:1.'% Other
correlations include prematurity, low birth weight,
and chorionic villus sampling at gestational
weeks 9-12.1%%42 Inheritance is sporadic; however,
in six families an autosomal dominant inheritance
has been demonstrated.®

Clinical Features/Natural History

The clinical appearance of an infantile heman-
gioma varies depending on the depth of the tumor
and its stage of development. Clinical subtypes
include superficial (50-60%), deep (15%),
and mixed (25-35%) hemangiomas."” Superficial
hemangiomas, commonly referred to as “straw-
berry hemangiomas,” are bright red, raised,
incompletely blanching plaques (see Figure 14.1).
Deep hemangiomas, often referred to as “cavernous
hemangiomas,” are soft, bluish, ill-defined nodules
or masses (see Figure 14.2). Mixed heman-
giomas have a deep and superficial component

Figure 14.1. Superficial hemangioma of the forehead and upper eyelid
causing obstruction of vision.

PLASTIC AND RECONSTRUCTIVE SURGERY

Figure 14.2. Deep hemangioma of left cheek with overlying
telangiectasias.

(see Figure 14.3a and b). The typical presentation
is of a solitary tumor but 15-30% of the time
multiple lesions are present.”” The most common
location is the head and neck (60%) followed by
the trunk (25%) and extremities (15%).’°

Hemangiomas have a predictable natural
history. Typically absent at birth, a precursor
lesion, ranging from a telangiectatic or pale
macule to a scratch or bruise, is observed in half
the infants. Within weeks to months of birth, the
proliferative phases ensue and the hemangioma
becomes evident. Growth is most rapid in the
first 3-6 months, and maximal size is obtained
by 9-12 months of age. Involution classically
ensues by 12-18 months, correlating clinically to
centrifugally spreading pallor and compressibi-
lity. Complete involution follows at a rate of 10%
per year (Rule of 10), such that by 9 years of age,
90% have involuted.” Residual changes persist in
half the patients, especially if involution occurs
after 6 years of age.’® The changes range from
telangiectasias and atrophic wrinkling to redun-
dant skin or scarring.

Clinically Important Presentations

Segmental Hemangiomas

Segmental hemangiomas are large, plaque-like,
linear, or geometric tumors associated with
an increased risk of complications (Table 14.2).
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Figure 14.3. (a) Superficial and deep hemangioma (mixed) of the back with partial involution of superficial component. (b) Mixed hemangioma
showing further involution of superficial and deep component with no intervention.

Table 14.2. Complications of cutaneous hemangiomas.

Complication Hemangioma characteristics

Ulceration Perioral, perineal, skin fold
location

Airway obstruction (laryngeal Beard distribution

and/or subglottic

involvement)

Permanent visual deficits Periorbital

PHACES syndrome Large segmental cervicofacial

Spinal dysraphism, Lumbosacral and segmental

tethered cord

Genitourinary anomalies Lumbosacral and segmental

Hypothyroidism Large hemangiomas productive

of 3-iodothyronine deiodinase

They carry a higher risk of ulceration and are often
a marker for visceral involvement, syndromic
associations, and poorer outcome.*

Ulcerated Hemangiomas

Ulceration is the most common complication
affecting approximately 10% of hemangiomas.

Asso-ciated with chronic irritation, they are located
in areas of high friction, such as the perioral
skin, skin folds of the neck, and anogenital
regions (see Figure 14.4). Segmental morpho-logy,
large size, and mixed clinical type are other predis-
posing features. The ulcerations usually present
around 4 months of age during the tumor’s prolif-
erative phase. They are more likely to bleed (41%)
and have an increased risk of infection (16%)."

Airway Hemangiomas

Beard-like, segmental hemangiomas of the
mandibular area involving the preauricular
skin, lower lip, chin, and anterior neck often
correlate with an underlying visceral heman-
gioma of the upper airway (larynx or subglottic)
(see Figure 14.5a and b). Rapid airway obstruction
and respiratory distress can occur as the visceral
hemangioma proliferates. The classic presenta-
tion is a 6- to 12-week-old infant with worsening
inspiratory and/or expiratory stridor, cough,
respiratory distress, hoarseness, and/or cyanosis.
Imaging with direct laryngoscopic visualization
is often required, and up to 40% of these children
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Figure 14.5. (a) Eighteen-month-old girl with large hemangioma of left side of neck and chin. Patient developed stridor. Laryngoscopy revealed a
subglottic hemangioma, and patient required intubation and oral corticosteroids. (b) MRI of patient in (a) illustrating enhancing hemangioma along
the anterior wall of subglottic trachea. The signal void of the airway lumen represents an endotracheal tube that flattens the free margin of the

hemangioma.

require a tracheotomy. Close observation of
these infants is essential, especially for the first
3-4 months of life.*

Periorbital Hemangiomas

Periorbital hemangiomas are an ophthalmologic
emergency as their rapid growth can lead to

visual compromise and permanent visual
deficits (see Figure 14.6a and b). Potential
sequelae include amblyopia, refractive errors,
strabismus, astigmatism, and ptosis. Urgent
ophthalmologic evaluation should be obtained
and treatment started to avoid permanent visual
disturbances."
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Figure 14.6. (a) Newborn baby girl with faint blanchable patches of left side of forehead and upper eyelid (feft). (b) Baby girl at
4 weeks of age with rapidly growing superficial hemangioma causing closure of left eye. Cushingoid appearance is due to oral corticosteroids (right).

@WA*'

Figure 14.7 (a) Two-month old baby girl with large plaque-like hemangioma of right side of face, upper eyelid, and neck. Radiologic evaluation was
performed to rule out PHACES. Patient was evaluated by a pediatric ophthalmologist who instituted oral prednisolone. (b) MRA of patient shown in (a)
with occlusion of the right internal carotid artery. Branches visible on the right are external carotid branches. Carotid bifurcation is below the field of

view. Right distal vertebral artery also shows poor flow-related enhancement in comparison with the left. Cardiac evaluation was normal.

PHACES Syndrome

PHACES syndrome is a multisystemic associa-
tion of anomalies consisting of a large segmental
cervicofacial hemangioma (see Figure 14.7a)
and at least one of the following: Posterior fossa
malformation (most commonly a Dandy-Walker
malformation), hemangioma, arterial anomaly
(carotid [see Figure 14.7b] and cerebral artery
anomaly, persistent embryonic arteries), cardiac

defect, coarctation of the aorta, eye anomaly
(micro-ophthalmia, cataracts, glaucoma), sternal
clefting, or supraumbilical raphe. The majority
of patients (70%) present with only one extra-
cutaneous finding. A structural cerebral or
cerebrovascular anomaly accounts for 72% of
cases. Patients with cerebrovascular disease are
at increased risk for ischemic strokes. Approxi-
mately 90% of affected infants are female.*>*’
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Segmental Lumbosacral Hemangiomas

Midline lumbosacral segmental hemangiomas
are associated with an increased risk of spinal
dysraphism, a tethered cord, and/or genitourinary
anomalies. Spinal dysraphism has been demon-
strated in 17.5% of these hemangiomas. A tethered
cord can result in permanent neurologic deficits.
As such, aggressive investigation with a thorough
neurologic examination and spinal imaging
(MRI, ultrasound) should be pursued. A deviated
supragluteal cleft is a particularly concerning
sign. Syndromic findings have also been reported
(anorectal anomalies, renal anomalies, abnormal
genitalia, bony sacral abnormalities, and spinal
cord abnormalities).?*

Benign/Diffuse Neonatal Hemangiomatosis

Benign neonatal hemangiomatosis refers to
multiple (=5) discrete cutaneous hemangiomas
present at birth or within the first few weeks
of life. This syndrome runs a benign course.
Diffuse neonatal hemangiomatosis, in contrast,
consists of multiple cutaneous hemangiomas
in association with visceral involvement. Left
untreated, the mortality rate is as high as 77%.%
The most common extracutaneous site of
involvement is the liver, but any site including
the gastrointestinal tract and brain can be
affected. When associated with an arterio-
venous malformation (AVM), high-output
cardiac failure, hepatomegaly, and/or anemia
can occur. Infants with =5 hemangiomas should
have a complete history and physical examina-
tion and may require adjunctive studies to rule
out extracutaneous involvement, including an
abdominal ultrasound with Doppler to assess
hepatic involvement, complete blood count, liver
function tests, coagulation studies, guaiac of the
stools, chest x-ray, CNS imaging, echocardiogram,
electrocardiogram, and consultation with a pedi-
atric cardiologist. Close follow-up is essential.’

Hypothyroidism

Large hemangiomas, especially hepatic heman-
giomas, produce high amounts of 3-iodothyronine
deiodinase, which inactivates thyroxine. Infants
cannot compensate for this deactivation, resulting
in hypothyroidism. This places them at risk for
irreversible mental sequelae.”
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Congenital Hemangiomas

Congenital hemangiomas account for 3% of all
hemangiomas and are present in their mature
form at birth. In utero development, including
a proliferative phase, is believed to account for
their different clinical appearance and course.
As a group, they are solitary tumors composed
of high-flow vasculature. Histologically, they can
be differentiated from infantile hemangiomas
by staining negative for GLUT-1. A subset of these
hemangiomas, rapidly involuting congenital
hemangiomas (RICH), undergo early involution
that is usually completed by 6-14 months of age.
Noninvoluting congenital hemangiomas (NICH)
continue to proliferate after birth and may
worsen with maturity (see Figure 14.8). NICH
lesions may require surgical excision, while
RICH lesions can be observed for involution.”

Kasabach—Merritt Phenomenon

Kasabach-Merritt phenomenon is a consumptive
coagulopathy associated with kaposiform
hemangioendotheliomas and tufted angiomas.
Hemangiomas are not associated with this phe-
nomenon. The clinical presentation is that of a
rapidly enlarging vascular tumor in association
with thrombocytopenia, anemia, and dissemi-
nated intravascular coagulation. Given the high
mortality rate, early aggressive treatment and
close observation are essential.*?

Figure 14.8. Noninvoluting congenital hemangioma (NICH) of the left
shoulder of a 14-year-old girl. The central vascular nodule grew rapidly at
puberty. MRI/MRA confirmed the findings of a hemangioma.
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Pathology and Pathogenesis

Infantile hemangiomas are composed of lobules
of endothelial cells with few lumens. During
the proliferative phase these cells enlarge and
rapidly divide. During involution the vascular
lumens dilate and the endothelial cells are replaced
with fibrofatty tissue. Mast cells are numerous
during proliferation and involution. Hemangiomas
stain positive for placenta-associated vascular
antigens GLUT-1, FcyRII, Lewis Y antigen, and
merosin (North et al. 2001). They lack Weibel-
Palade bodies.

The pathogenesis remains unclear and is
likely multifactorial. Current hypotheses include
sequestered angioblasts, a placental or tropho-
blastic origin (given their positive staining),
an embryonal developmental field defect, or
mutations of the cytokine regulatory pathway
leading to deranged angiogenesis.’

Treatment

Most infantile hemangiomas (80-90%) are
uncomplicated and amenable to treatment with
active nonintervention.”” Family counseling and
frequent, regular follow-up, especially during the
proliferative phase, are essential. The family
must be counseled on a hemangioma’s natural
history, potential for complications, and realistic
expectations of the final cosmetic outcome.

High-risk hemangiomas require treatment,
that is, those threatening the function of a vital
organ, structure, or life of the patient. Other
hemangiomas requiring treatment are those at
risk for bleeding, scarring, disfigurement, or
pain. Many of these complications are seen with
ulceration. Large, plaque-like hemangiomas
and those of the nose, lip, and ear have a high
propensity for disfigurement. The psychosocial
impact on the patient and family should also be
minimized.*

Systemic corticosteroids are a mainstay of
treatment for proliferating hemangiomas with a
response rate of approximately 84%.* Prednisone
2-3mg/kg daily (or an equivalent dosage of
prednisolone) is given as a single morning
dose for at least 1 month. Responsiveness can
be determined within the first few weeks of treat-
ment, but a taper must continue often for several
months. Early discontinuation will result in
rebound proliferation. Severe or life-threatening
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hemangiomas often require higher dosages.
Rare side effects may include cushingoid appear-
ance, transient growth retardation, personality
changes, gastric irritation, hypertension, and
adrenal suppression.**

Treatment with intralesional or ultrapotent
topical corticosteroids is most effective in
small, superficial hemangiomas. These are most
extensively studied in tumors of the periocular
location. Intralesional corticosteroids (triamci-
nolone acetonidel0-40mg/mL up to a total
dose of <3 mg/kg and repeated every 6-8 weeks
as needed) although effective can induce
adrenal suppression, retinal artery occlusion,
subcutaneous fat atrophy, dystrophic calcifica-
tions, dyspigmentation of the periocular skin,
and eyelid necrosis.'** Ultrapotent topical
steroids have shown a 74% good or partial
response with daily or twice-daily application to
superficial hemangiomas.?

Other systemic treatment options include
interferon alpha and vincristine. Interferon-alpha
2a and 2b at a dosage of 1-3 million U/m?* body
surface area daily can inhibit angiogenesis and
induce shrinkage. The high rate of side effects
(spastic diplegia, fever, malaise, neutropenia,
anemia, and liver transaminitis) has, however,
limited its use.* Vincristine (0.05mg/kg in
children < 10kg or 1.5 mg/m? in children > 10kg
IV weekly) has replaced interferon alpha as
a second-line systemic treatment.” The most
significant side effect is an acute, mild, and
transient peripheral neuropathy. Given the
caustic nature of the medication, placement of
a central line is often required.

Lasers targeting intravascular oxyhemoglobin
can be used to treat superficial and symptomatic
hemangiomas via photothermolysis. Specific
indications include treatment of the prolifera-
tive phase, ulcerations, and bleeding. They can
also be used to treat the residual telangiecta-
sias of an involuted hemangioma. There is
often transient erythema and bruising after
treatment. Much less commonly hyperpigmen-
tation, hypopigmentation, or scarring may occur
following laser treatment. The most commonly
used lasers are the 585 or 595nm flashlamp
pulsed dye laser (PDL). For thicker heman-
giomas, the 755nm alexandrite, 800-940 nm
diode, or 1064nm Nd:YAG may be used for
deeper penetration of the laser light. Residual
telangiectasias following involution can be
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treated with the 532 nm KTP or the 585 or 595 nm
PDL. Several treatments are often required on a
6-8 week basis. (author’s experience®)

Ulceration is the most common complication
of a hemangioma and is associated with signifi-
cant morbidity. Local wound care is the mainstay
of treatment and often consists of topical anti-
biotics (mupirocin, bacitracin, metronidazole),
barrier pastes (zinc oxide), and occlusive ban-
dages or petroleum gauze. Vascular laser and
systemic corticosteroids are sometimes required.
Unique to ulcerated hemangiomas, becaplermin
0.01% gel,a recombinant human platelet-derived
growth factor, has proven an effective treatment
bringing about healing in 3-21 days.*

Other treatment options may include cryo-
therapy, surgical excision, or embolization. Topical
imiquimod 5% cream applied 3 times weekly
for a mean of 17 weeks may also induce impro-
vement in superficial hemangiomas. In a retro-
spective study, 4 of 22 patients had complete
remission.”

Vascular Malformations
Introduction

Vascular malformations are a broad category of
disorders characterized by errors in vascular
development that occur in 0.3-0.5% of the
population.’® As such, they are less common
than infantile hemangiomas, lesions with
which they have historically been confused.
Historically, congenital vascular tumors were
classified according to their clinical and/or
histological appearance regardless of biologic
behavior, leading to confusing terminology.
Mulliken and Glowacki proposed the first clas-
sification scheme to incorporate biologic behavior
of these lesions, separating hemangiomas from
vascular malformations.* Unlike hemangiomas,
vascular malformations have an equal gender
distribution and, while also present at birth, do
not undergo rapid growth followed by involution.
Instead, vascular malformations tend to grow
proportionally with the child and exhibit greater
prominence at puberty. Histologically, they
demonstrate mature and nonproliferative vascular
or lymphatic channels, lacking expression of the
proliferative markers and antigens associated
with hemangiomas. The updated International
Society for the Study of Vascular Anomalies
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(ISSVA)/Mulliken classification of 1996 therefore
distinguishes vascular tumors (which include
hemangiomas) and vascular malformations."
Despite this separation, the term “hemangioma”
continues to be inappropriately used in the litera-
ture to describe various vascular malformations.
Vascular malformations are further subdivided
based on their flow characteristics and likely
primary vascular component: slow-flow lesions
typically resulting from venous, capillary, or lym-
phatic malformations (LMs), fast-flow lesions
representing arterial malformations, or a com-
bination of the two.

Capillary Malformations

(linical Features

Capillary malformations (CM), also referred to
as port wine stains (PWS), are very common,
affecting approximately 3 of 1,000 infants.'®
Usually present at birth, they have an equal
gender distribution with a wide variety of clini-
cal presentations. Initially, they present as pale
pink macules or patches and may be seen on
virtually any cutaneous surface. The head and
neck are particularly common sites,and mucosal
surfaces may also be involved in these cases
(Figure 14.9). Clinical behavior seems to vary

Figure 14.9. Capillary malformation (port wine stain).No tissue hyper-
trophy or vascular blebbing is noted.
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Figure 14.10. Capillary malformation. Located on the posterior neck,
these lesions are often referred to as a “stork bite nevus” or nevus
flammeus.

based on anatomic location. Lesions located on
the nape of the neck and central forehead or face,
referred to as “stork bite nevi” and “angel’s kiss,’
respectively, tend to lighten and/or disappear
within the first few years of life and do not
demonstrate tissue hypertrophy or vascular blebs
when persistent (Figure 14.10). Other terms used
in the past to refer to these lesions include nevus
simplex, nevus flammeus, vascular stain, and
fading macular stains. These lesions likely repre-
sent a distinct clinical entity separate from true
capillary malformations. “True” capillary malfor-
mations of the head and neck have a tendency
to darken and thicken over time, often with
hyperkeratosis and vascular blebs (Figure 14.11).
Lesions on the trunk and extremities may be red
at birth and fade over time. Hypertrophy and
vascular blebs, when seen on the extremity,
usually are associated with a lymphatic or
lymphatic-venous malformation (VM). Extremity
lesions may also be associated with bone and
soft tissue hypertrophy. Clinically, extremity lesions
are more likely to have well-defined, rather
than patchy, borders. Midline lesions may be
associated with occult spinal dysraphism, espe-
cially when associated with a cutaneous pit or
underlying mass, while bilateral facial lesions
have a higher association of associated eye and
brain abnormalities.'s*>%

Pathogenesis

The appearance of capillary malformations is
due to increased number of ectatic vessels of the
papillary and reticular dermis, with a mean vessel
depth of 0.46 mm, though this varies with anatomic

Figure 14.11. Longstanding capillary malformation with cutaneous
hypertrophy and vascular blebs.

location. (Eubanks, 2001) Lesions of the extremi-
ties and V3 dermatome tend to be deeper lesions.
With age, mean vessel area increases, correlating
with the change in clinical appearance. Lesions
have also been noted to exhibit a decreased
number of associated neurons (Rydh, 1991). It is
unclear if abnormal neuronal control contributes
to the abnormal flow characteristics of these
lesions or if this finding is simply secondary to
the malformation. While several gene loci have
been associated with some capillary malforma-
tions, a definitive pathogenesis has yet to be
elucidated. They are slow-flow malformations.

Diagnosis

The diagnosis of capillary malformations is based
largely on clinical grounds. Doppler ultrasonog-
raphy may be used to detect the presence of
an arteriovenous fistula, as erythema overlying
arteriovenous malformations (AVM) may mimic
CMs. The physical examination should be directed
toward detection of possible deeper vascular mal-
formations and/or associated congenital defects.
If suspected, magnetic resonance imaging (MRI),
magnetic resonance angiography (MRA), duplex
Doppler ultrasonography, lymphoscintigraphy,
and bone radiographs may be of help. A discus-
sion of the more common congenital syndromes
is included at the end of this chapter.

Management

The treatment of choice for CMs is the flashlamp
pulsed dye laser (PDL), effectively lightening up
to 80% of all lesions (Reyes, 1990). These lasers
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(577,585,595 nm) selectively target oxyhemoglobin,
resulting in intravascular coagulation and thermal
damage to the vessel wall. Though lesions are
unlikely to clear completely, the majority of
patients experience satisfactory cosmetic results.
Generally, lesions associated with a more favor-
able response include those of younger patients,
lighter in color, and located on the trunk.*
Longstanding or hypertrophic lesions as well
as those on the central face or extremities are
more likely to respond poorly or require a
greater number of treatments. The timing of
intervention is somewhat controversial, but most
agree that treatment during early childhood is
preferable in order to reduce the psychological
impact of these lesions and possibly produce a
greater response.! Treatment of young patients
with extensive lesions often requires general anes-
thesia. Recent evidence suggests that recurrence
may occur as soon as 3—4 years after treatment,
however.

Some studies suggest that as many as 35% of
CMs will respond poorly to treatment.”” Treatment
options for these lesions include newer PDL
(595nm) with longer pulse widths and dynamic
cooling devices. Stubborn lesions that were
initially responsive to treatment often have a
deeper component for which treatment with
longer wavelengths such as the long-pulsed
(millisecond) alexandrite (755nm) and Nd:YAG
(1,064 nm) lasers are helpful. Multiple-pass treat-
ment has also been reported to be beneficial.

Venous Malformations

(linical Features

Venous malformations are much rarer than
capillary malformations and typically present
as soft, compressible blue nodules or masses that
enlarge with activity, crying, or in a dependent
position. While typically present at birth, they
may not be evident until the patient gets older,
most notably between infancy and puberty.
There is no palpable thrill or temperature change
with these lesions, and they may be located on
any site. Head and neck VMs may be more
extensive than apparent on examination and
may involve musculature, mucosa, and parotid
gland (Figure 14.12). As the lesions enlarge,
bony abnormalities may result. There may be
associated recurrent bleeding, airway obstruc-
tion, cosmetic deficit, dental abnormality, and
speech impediment.
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Figure 14.12. Venous malformation. This patient presented with
enlargement of his left cheek and neck.

Lesions of the extremity are usually local, but
they may extend into underlying joints or
musculature, resulting in decreased limb circum-
ference and/or slight hypertrophy. This should be
distinguished from Klippel-Trenaunay syndrome
(KTS), which is discussed later. Lesions without
a significant superficial component may go
unrecognized for some time, until the patient
presents with functional impairment or pain. Also
associated with VMs are phlebolith formation
and coagulopathy due to localized intravascular
coagulation within the lesion. This is distinct from
the Kasabach-Merritt syndrome associated with
infantile vascular tumors.

Pathogenesis

Venous malformations (VM) are slow-flow
vascular malformations composed of numerous
ectatic and irregular venous channels in the
dermis. There is no known molecular basis for
sporadic VMs, though some familial cases have
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been linked to mutations in the endothelial
receptor Tie2, which plays a role in the branching
and sprouting of the capillary plexus. Previous
terminology has included venous angioma,
cavernous angioma, cavernous hemangioma,
and phlebangioma. These terms may imply
similarity with true hemangiomas (a proliferative
lesion) and should be avoided.

Diagnosis

Ultrasonography may help to diagnose a VM,
but it will not be able to evaluate the size of
the lesion. MRI may be useful to evaluate the
extent of the VM. MRA may help to identify a
large feeding vessel amenable to sclerotherapy.
A coagulation profile will rule out underlying
inwwtravascular coagulopathy when suspected.

Management

Management of VMs requires a multidisciplinary
approach. Treatment modalities include sclero-
therapy, surgical excision, or a combination of
both. VMs of the head and neck are often
amenable to sclerotherapy by an interventional
radiologist.* Multiple treatments may be required.
The lesions are unlikely to fully resolve but
will shrink significantly. Surgical excision with
reconstruction may be a reasonable option
following sclerotherapy. Surgical resection alone
is not generally recommended due to the risk of
bleeding and recurrence. VMs of the extremities
are often more extensive and less amenable to
interventional treatment. Eighty-eight percent
of patients with large lesions exhibit chronic
localized intravascular coagulation and mildly
decreased platelet count (Enjolras, 1997). Partial
treatment with sclerotherapy may decrease pain
and swelling but is not curative. Compression
garments help decrease pain, swelling, and
intravascular coagulation.

Glomuvenous Malformations
(Glomangioma)

(linical Features

Glomuvenous malformations (GVM) are relatively
rare vascular malformations characterized by
purple to blue nodules with a “cobblestone”
or “pebbled” surface. They are often firm and
painful with palpation and typically involve only
the skin and subcutis. Approximately 60% of
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cases are familial and inherited in an autosomal
dominant pattern.'”® A subset called congenital,
plaque-type glomuvenous malformations may
be mistaken for other vascular malformations
at birth but may progress with significant
cutaneous thickening.

Pathogenesis

GVMs are composed of numerous ectatic vascular
channels surrounded by glomus cells and are
caused by mutation in the glomulin gene on
chromosome 1p21-22. The glomus cells are
believed to be aberrantly differentiated vascular
smooth muscle cells.®

Diagnosis

Diagnosis is made on clinical grounds.

Management

Small or well-localized lesions may be amenable
to surgical excision. Sclerotherapy is less
effective for GVMs than for VMs. Compression
garments may increase the pain associated with
these lesions.

Arteriovenous Malformations

Clinical Features

Most commonly located on the head and
neck, AVMs exhibit no gender predilection
(Figure 14.13). About one-half of all AVMs are
evident at birth, while approximately one-third

Figure 14.13. Arteriovenous malformation.
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become apparent during childhood. They are
staged using the ISSVA-approved Schobinger
scoring system.” Stage I is characterized by
asymptomatic and quiescent lesions from birth
through adolescence that are either not clinically
apparent or resemble involuting hemangiomas
or CMs. Thrills, bruits, and increased warmth
may be present. If progressive, stage II lesions
begin during adolescence and are characterized
by darkening, enlargement, and invasion of
deeper structures. Tortuous vessels may appear.
Stage III involves deeper tissue disruption with
necrosis, ulceration, bleeding, pain, and lytic
bone lesions. Stage IV occurs in the setting
of cardiac decompensation due to high-output
heart failure.

Pathogenesis

AVMs are considered arterial and venous vessels
connected without an intervening capillary
network formed due to failed regression of
arteriovenous channels of the embryologic
retiform plexus. They are considered high-flow
malformations. Familial cases of AVMs in asso-
ciation with CMs have been linked to mutation
in RASA1,a gene encoding p120-rasGAP (Eerola,
2003). Several other signaling molecules have
been implicated in the formation of sporadic
AVMs, though these have yet to be fully evaluated
in humans.

Diagnosis

Diagnosis is made on clinical and radiographic
grounds. Ultrasonography can best characterize
the flow characteristics of the lesion and is espe-
cially recommended for pediatric patients. MRI
may be helpful in delineating the extent of the
lesion, while MRA can identify vessels amenable
to therapeutic intervention."

Management

Treatment of AVMs can be challenging. Due to
recurrences following partial treatment, it is
recommended that asymptomatic or quiescent
lesions without impeding functional impairment
be managed conservatively and followed closely.
Conversely, stage I lesions are often more ame-
nable to therapy, suggesting that early interven-
tion may be a viable approach to prevent the
complications associated with stage II-IV lesions.
Combination treatment with initial embolization
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followed by surgical resection is the treatment of
choice.* Embolization alone may be used for
symptomatic improvement in many lesions.

Lymphatic Malformations

The terminology regarding lymphatic malfor-
mations is unclear. In this discussion, the term
lymphatic malformation (LM) refers to congenital
localized malformations. These have historically
been separated as either deep (macrocystic) or
superficial (microcystic) lesions. Lymphangioma
circumscriptum is a term used to describe super-
ficial skin lesions, while cystic hygroma is a form
of deep LM on the neck or axilla.

Clinical Features

LMs are typically apparent by 2 years of age,
though most of them are present at birth.
Microcystic LMs may occur on any part of the
body, though they favor the proximal limbs. They
appear as clusters of shiny clear to red-black
papules resembling “frog spawn.” While they
appear localized and discrete, they may be part
of much larger and deeper lesions." Lesions on
the genitalia have been confused with genital
warts.”” Lesions commonly bleed or ooze clear
lymphatic fluid with mild trauma. Macrocystic
lesions usually present at birth as poorly defined
subcutaneous masses that enlarge over time.
Complications from deep LMs are dependent on
the location of the lymphatic malformation. LMs
on the head and neck may impair vaginal delivery,
cause airway obstruction, mandibular hypertro-
phy, or lead to speech or feeding abnormality.
Other reported location-dependent complications
include ocular swelling, congenital cataract,
strabismus, diplopia, abdominal distension, and
volvulus.'

Pathogenesis

While debate still exists as to the etiology of LMs,
many theorize that LMs are malformations of
the lymphatic system and not true neoplasms.
Some authors have proposed that LMs represent
somatic or mosaic mutations in genes regulating
normal lymphangiogenesis.

Diagnosis

The diagnosis of LMS is typically made clinically,
especially when a superficial component exists.
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A skin biopsy may confirm the diagnosis. Many
macrocystic LMs are diagnosed prenatally via
ultrasonography, though many of these children
do not survive to delivery. Imaging of super-
ficial lesions is important to rule out deeper
involvement.** While MRI is the gold standard,
ultrasonography may also be helpful in younger
infants. Additionally, Doppler studies can distin-
guish between slow-flow venous malformations
and no-flow LMs.

Management

LMs that threaten vital functions must be
managed quickly.’” Patients noted to have large
cervical LMs on ultrasound are delivered via
cesarean section with immediate airway manage-
ment as needed. The most common interven-
tional treatment for well-defined lesions is surgical
excision, though multiple procedures may be neces-
sary. When removed in their entirety, recurrence
rates are estimated to be near 25% and much
higher with incomplete excision. Unresectable
cases may be treated with percutaneous sclero-
therapy, which is more effective in treating
macrocystic LMs. Ablative lasers can be used for
superficial LMs, though recurrence is common.

Syndromes Associated with Vascular
Malformations

Sturge—Weber Syndrome

Sturge-Weber syndrome (SWS) is a congenital
syndrome that includes the triad of facial CM,
ipsilateral leptomeningeal angiomatosis, and
vascular malformation of the choroid with glau-
coma.'”* While classic SWS includes all elements
of the triad, cases of partial expression have
been reported. The facial CM of SWS is distributed
in at least the V1 dermatome, but it may also
include V2 or V3 distribution (Figure 14.14).
Involvement of multiple dermatomes or bilat-
eral involvement is associated with a higher
incidence of ocular or CNS involvement. Leptome-
ningeal involvement is most commonly located over
the occipital lobes. Associated findings include
seizure, mental retardation, glaucoma, growth
delay, and hemiplegia. Plain radiographs of the
skull may detect “tram-track” intracranial calci-
fications after 2 years of age, though CT is more
sensitive and may detect lesions at 1 year of age.
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Figure 14.14. Sturge—Weber syndrome.

MRI is the imaging modality of choice to detect
intracranial vascular anomalies, though newer
imaging modalities have been successful as well.
SWS should be suspected in any patient with a
CM in the V1 or V2 dermatome.

Klippel-Trenaunay and Parkes—Weber Syndromes

Klippel-Trenaunay syndrome (KTS) refers to
the presence of CMs of the extremity in asso-
ciation with varicosities, soft tissue and bony
hypertrophy, and possible deep venous malfor-
mations of the affected limb(s) (Figure 14.15).
The above, in conjunction with an associated
AVM, is referred to as Parkes—Weber syndrome.
The affected limb will often be longer and have
a greater circumference than the unaffected limb.
Ultrasonography is useful to characterize the
underlying vascular malformation, while MRI may
detect the extent of the lesion and the presence
of lymphatic anomaly. (Baskerville, 1985) KTS
must be distinguished from an extensive venous
malformation of the extremity. KTS exhibits
minimal muscular involvement.
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Figure 14.15. Klippel-Trenaunay syndrome.

Cutis Marmorata Telangiectatica Congenita

Cutis marmorata telangiectatica congenita
(CMTC) is a congenital but mostly sporadic
syndrome characterized by fixed reticulated
violaceous patches that may be localized or
widespread (Figure 14.16). It is differentiated by
physiologic cutis marmorata by persistence after
warming. Capillary malformations and varicosi-
ties may also be seen. While cutaneous lesions
are most often the only manifestations of CMTC,
associated findings may include overlying
skin and soft tissue atrophy, limb hypoplasia or
hyperplasia, congenital melanocytic nevi,dermal
melanosis,scoliosis,syndactyly,anogenital abnor-
mality, skull asymmetry, hypothyroidism, and
developmental delay.>'® These features are most
commonly present in cases where the cutaneous
lesions are widespread. Other syndromes have
been described of which CMTC is a part. Unlike
capillary malformations, CMTC tends to lighten
(but not resolve) over time, usually within the
first 2 years of life. Treatment with a PDL has met
with variable results.

PLASTIC AND RECONSTRUCTIVE SURGERY

Figure 14.16. Cutis marmorata telangiectatica congenita.

Cobb Syndrome

Cobb syndrome is the association of spinal
AVMs with an overlying congenital cutaneous
AVM in the same dermatome. Identification of
an AVM over the spinal column should raise the
possibility of Cobb syndrome and possible
neurologic complications.

Blue Rubber Bleb Nevus Syndrome

Blue rubber bleb nevus (BRBN) or Bean syndrome
is a disorder of venous malformations occurring
in the skin and gastrointestinal tract. It is char-
acterized by the appearance of compressible or
“rubbery” blue nodules that appear soon after
birth and increase in size and number with time.
While the trunk and extremities are the most
common locations, lesions may occur anywhere
on the skin or mucosa and are often tender.
Orthopedic complications and pathologic



187

CONGENITAL MALFORMATIONS

fracture may result from extension and compres-
sion of overlying cutaneous malformations."
The greatest degree of morbidity results from
gastrointestinal lesions, typically in the colon
or small intestine. Manifestations include
hemorrhage, anemia, melena, abdominal pain,
intussusception, and consumptive coagulopathy.
Patients with multiple VMs or a clinical picture
suggestive of BRBN should undergo evaluation
for gastrointestinal involvement and anemia.
Reportedly successful treatment methods for
gastrointestinal lesions include surgical resection,
laser ablation, and systemic steroids.

Proteus Syndrome

Proteus syndrome is characterized by a constel-
lation of findings and diagnosed clinically on
these grounds. Diagnostic criteria were proposed
in 1998 and include one or more vascular malfor-
mations, connective tissue nevi (often of the palms
and soles), epidermal nevi, disproportionate limb
overgrowth, ovarian cystadenomas, parotid mono-
morphic adenomas, dysregulated adipose tissue
deposition (lipomas or regional absence of fat),
lung cysts, and distinct facies.” The clinical
findings between patients may be quite varied,
leading to diagnostic confusion.” Lung abnor-
malities (cysts, infections), renal abnormalities
(cysts, vascular anomalies, diabetes insipidus),
and neurologic impairment may also be seen.
It is important to note that the presence of
slow-flow vascular malformations may predispose
these patients to deep venous thromboses and
pulmonary emboli. The etiology of Proteus
syndrome is still unclear, but it may be linked to
mutation in the PTEN tumor suppressor gene.
Treatment is supportive.
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Burn Trauma
J. Brian Boyd

Summary

Burn trauma is still a significant cause of mor-
bidity and mortality in the United States. It
causes a spectrum of disability and deformity
primarily by damaging the integumentary sys-
tem of its victims. However, it is the systemic
effects caused by sepsis, fluid and electrolyte
imbalance, shock, inhalation injury and myone-
crosis that are the usual agents of death. Patients
must be assessed and treated expectantly to
ensure adequate rehydration, and prevent acute
life-threatening complications resulting from
infection, respiratory burns, poisoning and
compartment syndromes. Close monitoring is
required during the initial resuscitation when
large volumes of fluid will need to be adminis-
tered. The modern trend is for early excision of
the burn wound to speed rehabilitation and
lessen the risk of sepsis. This is facilitated by the
increasing use of cultured skin and skin substi-
tutes. Finally, the importance of rehabilitation
and secondary surgery cannot be overstated in
terms of re-integrating the burned patient into
society as well as returning him or her to the
workforce.

Introduction

In the United States, approximately 5,00,000 peo-
ple are treated for burn injuries every year,
resulting in 40,000 admissions to hospital. Burns

Ve

may be thermal, electrical, or chemical; but most
are thermal, resulting from house fires. Of 4,000
deaths due to burns, 3,500 follow domestic con-
flagrations. Today, burns constitute the third
largest cause of accidental death in the United
States.! 810

Pathology

Skin is the primary organ of injury in burns
(Figure 15.1), and the harmful effects of burns
are determined largely by the depth of injury
and the surface area involved.

In the normal epidermis, the deeper layers
divide to produce the stratum corneum and also
contain pigment to protect against UV radiation;
while the outer cells are dead, act as a mechanical
buffer and form a watertight seal.

The dermis contains tough, elastic connective
tissue containing sebaceous glands. Their secre-
tions keep the skin waterproof and usually dis-
charge around hair shafts. The dermis also
contains hair follicles (that produce hair from each
hair root or papilla); sweat glands; nerve endings,
and blood vessels. The hair follicles, sweat glands,
and sebaceous glands extend into the dermis and
are lined with epithelium. Thus, there is an exten-
sive network of epithelial cells within and
occasionally - in the case of hair follicles - some-
what below the dermis as well. It is from these
epithelial cells that regeneration occurs after
partial-thickness burns and also after the har-
vesting of split-thickness skin grafts.

M.Z. Siemionow and M. Eisenmann-Klein (eds.), Plastic and Reconstructive Surgery, 189
Springer Specialist Surgery Series, © Springer-Verlag London Limited 2010
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Epidermis

Dermis

Subcutaneous tissue
Muscle

Figure 15.1. Cross section of normal skin showing the epidermis (pink) and dermis (pale pink) containing epithelial adnexial structures, such as hair folli-
cles and sebaceous and sweat glands. Nerve endings are also present in the dermis as well as arteries and veins. Below the dermis lie fat and muscle. (With
kind permission of The Cleveland Clinic Center for Medical Art and Photography © 2008.)

Epidermis

Dermis

B Subcutaneous tissue
Muscle

Figure 15.2. A superficial burn involves the epidermis only. There are superficial ulcers within the epithelium (peeling) but little or no bleeding. A complete
recovery is anticipated. (With kind permission of The Cleveland Clinic Center for Medical Art and Photography © 2008.)

Burns are broadly classified into superficial,
partial-thickness, or full-thickness. Superficial
burns (Figure 15.2) involve the epidermis and
are familiar to all as sunburn. The skin is red-
dened and warm, there is tenderness and pain
together with edema, but blistering is absent.
Part of the epidermis may peel, however. The

affected skin blanches under pressure, and healing
is complete in less than a week.

Partial-Thickness Burns

Partial thickness implies that there are enough
epithelial remnants left deep to the burn for
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spontaneous regeneration to occur. The damage
extends through the epidermis and involves the
dermis. However, the skin can regenerate from
the epithelial lining of adnexial structures, such

as hair follicles, sweat, and sebaceous glands.

Partial-thickness burns are therefore character-

ized by blistering and loss of the epithelial layer
(Figure 15.3). With severe partial-thickness
burns (Figures 15.4 and 15.5), the blisters are
often burned off, leaving a moist, shiny, weeping
dermal surface. The burn is painful and exqui-
sitely sensitive. It may be salmon pink to red and

Epidermis

Dermis

_| Subcutaneous tissue
Muscle

Figure 15.3. A superficial partial-thickness burn penetrates a short distance into the dermis. Blisters are characteristic, and there are plenty of epithe-
lial remnants to permit spontaneous healing in 1—2 weeks. The burn rarely scars but can produce pigmentary changes. (With kind permission of The

(leveland Clinic Center for Medical Art and Photography © 2008.)

Epidermis

Dermis

_| Subcutaneous tissue
Muscle

Figure 15.4. A deep partial-thickness burn. The blisters are burned off leaving a pinkish-white, moist surface. There is often a thin eschar. Healing is
often prolonged 2—6 weeks and hypertrophic scarring is common. (With kind permission of The Cleveland Clinic Center for Medical Art and Photography

©2008.)
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blanch to the touch; or, if deeper, it may be
covered with a superficial soft yellowish-white
eschar. The time taken for re-epithelialization is
proportional to the burn’s depth. It can vary
from 7 to 21 days. The deeper ones, in the pres-
ence of infection or ischemia, can “convert” to
full-thickness burns.

Figure 15.5. A mixed burn showing a central area of full-thickness
injury (zone of coagulation) surrounded by a zone of stasis and then a
zone of hyperemia. The last two zones are partial thickness. The zone of
hyperemia will survive, while the zone of stasis may convert to full thick-
ness unless adequate peripheral perfusion is reestablished and appropri-
ate topical antimicrobial treatment applied.

192

PLASTIC AND RECONSTRUCTIVE SURGERY

Full-Thickness Burns

Full-thickness burns extend through the dermis
and into fat. They leave no deep epithelial rem-
nants and may heal spontaneously only by con-
traction and by migration of epithelial cells from
healthy tissue at their periphery. These burns
generally require skin grafting for optimal heal-
ing. Unlike with partial-thickness burns, the
eschar formation in full-thickness burns is uni-
versal. It has a hard, dry leathery quality (Figures
15.5 through 15.7). It is frequently insensate to
the touch and painless unless mixed with some
partial-thickness elements. The color is usually
pearly gray to yellowish or a charred black. The
skin is completely denatured and contracted. In
extensive circumferential burns, this contracture
can lead to respiratory compromise — when the
thorax is involved - and peripheral ischemia
when the burn involves the limbs.

Some sequelae of burn trauma to the epidermis
result from the destruction of its waterproofing
and barrier function. Not only does the body
become susceptible to the invasion of bacteria
but it also leaks fluid, losing its ability to maintain
normal water balance. Dead eschar can provide a
breeding ground for bacteria and a focus for
infection. Furthermore, the burned tissues cannot
perform their normal vasoregulatory function,and

Epidermis

Dermis

| Subcutaneous tissue
Muscle

Figure 15.6. A full-thickness burn penetrating through the epidermis and dermis into the fat and destroying all epithelial remnants on the way.
Healing can take place only from the periphery of the wound.This is a slow process and results in scar contracture. (With kind permission of The

Cleveland Clinic Center for Medical Art and Photography © 2008.)
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Figure 15.7. A full-thickness burn involving the axilla and left chest.The
burn is quite discrete and may be excised and grafted in one stage.
However, the patient will likely develop a severe adduction contracture
of the axilla unless appropriate splinting is employed postoperatively.

the individual becomes unable to maintain body
temperature. Secondary healing, by contraction
and scarring, results in disfigurement, distor-
tion, and functional loss.

The evolution of the thermal burn injury is
divided into four phases:

The emergent phase (0-12h) is characterized
by catecholamine release in response to pain and
the cardiovascular sequelae associated with fight
and flight. The pulse rate and the blood pressure
increase accompanied by peripheral vasocon-
striction. The patient is anxious and apprehen-
sive. This overlaps with the second phase: the
fluid shift phase (6-48h), which is associated
with increased capillary permeability leading to
an outpouring of fluid from the intravascular
into the extravascular space. This “third space”
loss is in addition to a considerable loss of fluid
from the burn wound itself. The third phase - or
hypermetabolic phase (day 1-day 30+) — marks
the stabilization of the burn wound and an
increased consumption of energy®'>'> with an
elevated demand for nutrients (not predictably
influenced by closure of the burn wound itself).
This is required for the processes of regenera-
tion and repair. In severe burns this period can
extend several months."* Finally, the resolution
phase (1-6 months+) heralds the formation of
scar and the remodeling of tissue.

Systemic complications in the acute phase can
include fluid and electrolyte loss leading to
hypovolemia and shock. This progresses to hypo-
thermia, infection, and acidosis. The increased
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catecholamine release results in vasoconstric-
tion, which in severe cases can produce renal or
hepatic failure. The need for adequate and accu-
rate fluid replacement is evident.

Jackson’s thermal wound theory (Figure 15.5)
allows conceptualization of the dynamic nature
of the burned wound.> A burn can be imagined
as consisting of three concentric rings where the
inner circle represents an area of full-thickness
loss. This is the zone of coagulation. The outer
circle encloses the zone of hyperemia. This is the
peripheral area of the burn, characterized by
limited inflammation and increased blood flow.
The damage is reversible. Between the outer zone
of hyperemia and the central zone of necrosis
lies the intermediate zone of stasis. Here inflam-
mation is associated with reduced blood flow.
The intermediate zone may survive with appro-
priate treatment but may be lost with inadequate
resuscitation or superimposed infection.

Susceptibility of the patient to infection is
related to the depth and extent of the burn; pre-
existing medical conditions; extremes of age;
impaired blood supply (e.g.,shock, thick eschar);
low wound pH; and a hot moist environment."
Although the mortality from burns has decreased
over the past 25 years, the leading cause of death
continues to be sepsis. However, due to the
increased use of topical microbial agents, the
sepsis is now more commonly derived from
bronchopneumonia than from burn wound
infection. Silver sulfadiazine and other topical
products have also had the beneficial effect of
reducing the conversion of partial-thickness to
full-thickness burns; although by decreasing the
bacterial count, they have prolonged the sponta-
neous separation of the burn wound slough.

Burn wound sepsis is defined by the patient’s
having a bacterial count of 10° organisms or
more per gram of tissue. Prophylactic systemic
antibiotics are no longer recommended due to
the risks of selecting antibiotic-resistant organ-
isms, particularly MRSA, fungi, and yeasts; but
sepsis must be treated with debridement of
necrotic tissue and the appropriate antibiotic.

Of particular concern in a burn patient is bac-
terial colonization with group A beta hemolytic
streptococcus. This organism secretes a large
number of proteases including streptokinase and
hyaluronidase, which prevent adhesion of skin
grafts — a serious problem in wound closure. The
organism is generally susceptible to penicillin and
should be treated “on sight,”but the infrequency of
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this infection combined with the problems men-
tioned above precludes its prophylactic use.

Assessment of the Patient with
Burn Trauma

The American Burn Association has promul-
gated guidelines for the admission and transfer
of burned patients to specialized burn units:

1. Partial-thickness burns of greater than
10% of the total body surface area.

2. Burns that involve the face, hands, feet,
genitalia, perineum, or major joints.

3. Third-degree burns in any age group.

4. Electrical burns, including lightning

injury.
5. Chemical burns.
6. Inhalation injury.

7. Burn injury in patients with preexisting
medical disorders that could complicate
management, prolong recovery, or affect
mortality.

8. Any patients with burns and concomitant
trauma (such as fractures) in which the
burn injury poses the greatest risk of
morbidity or mortality. In such cases, if the
trauma poses the greater immediate risk,
the patient’s condition may be stabilized
initially in a trauma center before transfer
to a burn center. Physician judgment will
be necessary in such situations and should
be in concert with the regional medical
control plan and triage protocols.

9. Burned children in hospitals without
qualified personnel or equipment for the
care of children.

10. Burn injury in patients who will require
special social, emotional, or rehabilitative
intervention.

Excerpted from Guidelines for the Operation of
Burn Centers (pp. 79-86), Resources for Optimal
Care of the Injured Patient 2006, Committee on
Trauma, American College of Surgeons.

Smaller burns may be handled in a regular
hospital setting. When assessing the burned
patient, a detailed history and examination are
of vital importance. Patients younger than 2
years or older than 55 years develop more com-
plications and have a poorer outlook. Pre-
existing medical conditions can adversely affect
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the individual’s tolerance of the stress of injury
as well as the hemodynamic trauma of resuscita-
tion. It must not be forgotten that burn victims
frequently suffer associated injuries resulting
from falls, motor vehicle accidents, explosions,
inhalation of toxic gasses, and tetanic contractions
- conditions frequently associated with burns but
often missed at initial evaluation. A high index
of suspicion is indicated so that such injuries
may be identified, appropriate treatment begun,
and iatrogenic injury avoided.

The burn agent can significantly affect the
extent of the burn and its management. Most
of this discussion concerns flame burns, but
electrical and chemical burns create specific
problems, requiring special precautions and
individual solutions. It is therefore important to
determine the burn agent at the outset.

Burns in confined spaces or loss of conscious-
ness in a burned area can lead to a life-threaten-
ing inhalation injury, the sequelae of which
(asphyxiation, pulmonary edema, and death)
may become evident only after the patient has
been admitted and is receiving fluid resuscita-
tion. Therefore, patients with respiratory burns
require early endotracheal intubation and active
airway management. This possibility of a respi-
ratory burn must be actively ruled out by taking
a careful history of the circumstances surround-
ing the burn as well as by examining the patient’s
head, neck, and chest for burns; the nares for
singed or burned hairs; the patient’s nasal and
oral mucosa for redness and dryness; the throat
for carbonaceous sputum; the voice for hoarse-
ness, the mouth for drooling; and, if indicated,
the pharynx, larynx, and trachea (via a flexible
bronchoscope) for evidence of supraglottic or
subglottic injury. What are the indications for
performing a flexible bronchoscopy? In addition
to the positive findings mentioned above, they
include a respiratory wheeze, tachypnea, or pul-
monary crepitations. The respiratory rate, on the
other hand, is often unreliable due to the depres-
sant effects of toxic combustion products.
Positive bronchoscopic findings include redness
and dryness of the mucosa and the presence of
carbon particles on the respiratory mucosa.
When a diagnosis of respiratory burn is made,
the patient should be intubated. (Tracheotomy is
avoided due to the risk of infection.) Respiratory
burns are discussed in more detail later.

Circumferential burns can restrict ventila-
tion when the chest is involved. Full-thickness
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burns across a joint area can limit motion,
and circumferential burns of limbs, hands, and
fingers can lead to compartment syndrome
and/or circulatory compromise. These condi-
tions, like the sequelae of respiratory burns,
are greatly exacerbated during the fluid resus-
citation phase when tissue edema can magnify
the constrictive forces produced by the burn.
It is therefore important to recognize circum-
ferential full-thickness burns at the time of
the initial examination and take immediate
measures to relieve their effect. An escharo-
tomy may be performed in the emergency
room or in the burn admission room immedi-
ately after the initial assessment. It consists
of making a series of axial cuts completely
through the burn and allowing the fatty tissue
to bulge through. Each incision must be taken
from uninvolved tissue on one side of the
burn to uninvolved tissue on the other. Since a

a

Head and
neck 9%

Trunk

Anterior 18%
Posterior 18%

Arm 9%
(each)

Genitalia
and perineum 1%
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full-thickness burn is insensate, this is not as
barbaric as it sounds. The physician should
be armed with a scalpel, numerous artery
forceps, and suture-ties, since large subcutaneous
veins are frequently encountered and must be
ligated.

The magnitude of the burn wound is assessed
by calculating the surface area of involvement
according to depth, on a percentage basis. For
the purposes of calculating fluid requirements,
partial-thickness and full-thickness burns are
counted together and superficial burns are gen-
erally ignored.

The percentage surface area is calculated
according to the “rule of nines” (Figure 15.8).
The head and both arms each individually con-
stitute 9%, while the anterior trunk, the poste-
rior trunk, and the lower limbs count for 18%
each. The perineum is 1%. For the purposes of
burn area estimation, the “palm rule” is also

Posterior

Anterior

Relative percentage of body surface area (% BSA) affected by growth

Age
Body Part Oyr 1yr 5yr 10yr 15yr
a = 1/2 of head 91/2 81/2 61/2 51/2 4172
b = 1/2 of 1 thigh 2 3/4 31/4 4 41/4 41/2
c=1/2 of 1 lower leg 21/2 21/2 23/4 3 31/4

Figure 15.8. Charts for the estimation of the burned wound as a percentage of body surface area (bsa) in adults (a) and children (b) In children,

the head is relatively larger,and so the rule of nines is modified accordingly.
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valid. The patient’s palm represents one percent
of his or her body surface area. By calculating
the fraction of each area involved, an approxi-
mation can be made of the percent of body sur-
face area (bsa) burned.

In the estimation of the surface area of pediat-
ric burns, the rule of nines is inaccurate due to
the larger relative head size in infants. The
infant’s head constitutes 18% of his or her total
body surface area, and each leg only 13.5%. For
each year over the age of 1 year, the treating phy-
sician must subtract 1% from the head and add
0.5% equally to each leg.

Initial Management of the
Burned Patient

After the patient has been examined for associ-
ated trauma and had his burn wounds assessed,
consent is obtained for possible blood transfu-
sion and surgery. Two large peripheral intrave-
nous (IV) lines are inserted through which the
patient may then be given analgesia - such as
2mgmorphine - and, if necessary, fluid replace-
ment. Central lines are avoided in burns due to
the risk of sepsis. Patients requiring fluid
replacement should have an indwelling urinary
catheter to monitor urine output. In the initial
24-48h, the hourly urine output is the best
guide to the adequacy of resuscitation.
Escharotomies are performed as described here
and the burns dressed with 1% silver sulfadiaz-
ine cream together with multiple layers of
absorbent gauze. The profuse exudate will
require a dressing change at least daily. If a
respiratory burn is present, the patient is intu-
bated. Positive end expiratory pressure (PEEP)
is then employed to maintain the airway. Blood
is tested for H & H, and a CHEM 7 assay is per-
formed. With burns in a confined space, and in
respiratory burns in general, the blood car-
boxyhemaglobin (COHb) level is assessed and
appropriate actions taken according to the level
(see below). Prior to fluid replacement, the cir-
culatory status is assessed.

Fluid Therapy

Although fluid replacement is an integral part
of burn management, rapid-onset hypovolemic
shock is quite rare: when this is present, there is
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often another cause. Fractures and injuries to
internal structures need to be positively ruled
outbefore proceeding with routine fluid replace-
ment. Burns of limited surface area may not
need IV resuscitation at all, since the fluid loss is
limited and the patient can easily make up the
deficit by mouth. As a general guideline, burns
needing IV resuscitation include the following:

1. Partial-thickness burns exceeding 15%
body surface area

2. Full-thickness burns exceeding 10% body
surface area

It has become accepted that the appropriate
fluid for burn resuscitation in the first 24h is
crystalloid. The amount of fluid given in the first
24h is calculated by the Parkland’ burn formula.
Crystalloid, consisting of Ringer lactate, is pre-
ferred over colloid because of generalized
increased capillary permeability in response to
trauma. It is not desirable for large amounts of
colloid to leak out of the capillaries, particularly
into the lung, which is highly susceptible to pul-
monary edema in the early phases of burn
resuscitation. The Parkland formula® specifies
4ml of Ringer lactate per kilogram body weight
(bw) per percentage body surface area (bsa)
burn or:

4ml/kg bw/%bsa burn

Fifty percent of the total is given in the first 8h
and the rest in the next 16h. To this must be
added the normal daily requirement of about 31/
day in the average adult. When the burn victim
presents to the burn unit some hours after the
injury, it is necessary to give the patient the fluid
he should have had during the delay. For exam-
ple, if a 70kg man received a 40% burn 4h ago,
his total 24 h allotment according to the Parkland
formula is:

4 x 40(%) x 70(kg) =11.21

Fifty percent of this, or 5.61, must be given in the
first 8h. However, in this example, the patient had
no fluidinthe first4 h following his burn. Therefore,
he must receive the whole 5.61 in the next 4h, and
the other 5.61 in the next 16 h. It should be empha-
sized that the Parkland formula is just a guide,and
the amount of fluid given must be titrated accord-
ing to clinical factors such as urine output and
hematocrit. A Foley catheter should be in place
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and vital signs monitored closely. The lungs should
be ascultated for signs of pulmonary edema. The
objectives are to maintain a heart rate of less
than 110; a normal sensorium (awake, alert, and
oriented), and a urine output of 30ml to 50cc
in adults and 1-2ml/kg/% burnin children. Prophy-
lactic anti-biotics are not generally given due to
the risks of inducing the formation of resistant
organisms. (However, proven infections are treated
according to in vitro sensitivities.)

After 24h, fluid loss stabilizes somewhat and
the capillary leak diminishes. At this time the
patient may be given albumen (5% albumen at
0.5ml/kg/bw/%bsa). The patient may also
require blood, particularly if the full-thickness
component exceeds 10% body surface area. The
whole blood requirement is roughly 1% of the
patient’s normal blood volume for each 1% of
deep burn.

Once the patient is stable, hyperalimentation
should be commenced to make up for the mas-
sive loss of energy and protein that characterizes
the catabolic phase of a major burn. The diet
should be high in calories as well as protein and
include necessary vitamins and minerals. If the
patient is not able to take adequate supplemen-
tation by mouth, it may be given via a nasogas-
tric tube (seeBurn Nutrition).

Inhalation Injury

As mentioned here, respiratory burns occur
when an individual is burned or exposed to
products of combustion in closed space. A cough
is usually present, often with carbonaceous spu-
tum. The diagnosis is made from a detailed his-
tory and examination, which may include flexible
bronchoscopy.

Inhalation injuries may be supraglottic or sub-
glottic. Supraglottic injury is more common. The
mucosa is very susceptible to high temperatures,
and injury may result in immediate edema of
the pharynx and larynx. However, the symptoms
may also present late with hoarseness, stridor,
and a brassy cough. Respiratory obstruction and
asphyxiation may result.

Subglottic injury is less common. It involves
injury to the lung parenchyma and is usually due
to superheated steam, aspiration of scalding liq-
uid, or inhalation of toxic smoke or chemicals.
Presentation here is frequently delayed. On aus-
cultation, wheezing or crackles are heard. The
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patient has bronchospasm, a productive cough,
and eventually pulmonary edema.

Management of Inhalation Injury

High-flow oxygen should be administered
immediately via a face mask. The airway should
be assessed early using fiberoptic endoscopy in
patients who are at risk, and early consideration
given to intubation. When airway burns are
seen, the patient should be given 100% oxygen
and ventilated using PEEP. A short course of
high-dose steroids may be considered. In severe
cases, it is sometimes difficult to separate the
symptoms of “burned lung” from fluid over-
load. A Swan-Ganz catheter may help distin-
guish between the two (although, in burns,
central lines are generally avoided because of
the risk of sepsis).

Carbon Monoxide Poisoning

Apart from the effect of thermal damage to the
airways and lung parenchyma, inhalation poi-
soning is a major cause of morbidity and death.
Any patient in a fire has the potential of hypoxia
and carbon monoxide (CO) poisoning. CO is a
product of combustion of organic matter under
conditions of restricted oxygen supply, which
prevents complete oxidation to carbon dioxide
(CO,). CO poisoning is not always associated
with respiratory burns, however, and so a high
index of suspicion should be maintained in any
burned patient. Initial signs include headache,
nausea, apathy, and confusion.

CO binds to hemoglobin (reducing oxygen
transportation), myoglobin (decreasing its oxy-
gen storage capacity), and mitochondrial cyto-
chrome oxidase (inhibiting cellular respiration).
Hemoglobin’s affinity to carbon monoxide is 250
times greater than to oxygen; so small concen-
trations of CO can severely reduce the oxygen-
carrying capacity of the blood. With CO
poisoning, the skin and mucus membranes
become bright pink, but only at levels likely to be
fatal (40%-+). The immediate treatment is to
administer 100% oxygen via a close-fitting mask
and take a blood sample for COHb. Hyperbaric
oxygen should be considered with a COHD level
of 25% or greater. However, the efficacy of this is
still unproven. The half-life of COHb in room air
is 320min, but at three atmospheres it is only
23 min.
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Cyanide or Thiocyanate Poisoning

Another type of inhalation toxicity involves cya-
nide, or thiocyanate poisoning. This is much less
common than CO poisoning but shares some
common features. It can occur following the
combustion of wool, silk, nylon, nitriles, rubber,
and paper. The symptoms are initially flu-like,and
the patient’s skin becomes bright pink (cherry
red) reflecting diminished tissue oxygen extrac-
tion. The patient may smell of “bitter almonds.”
Symptoms soon progress to weakness, headache,
nausea, dyspnea, trembling, convulsions, coma,
severe hypoxemia, and cardiovascular collapse.
Blood gasses show a normal arterial pO, and an
abnormally high venous pO, (decreased A-V O,).
There is a high anion gap, a metabolic acidosis,
and a raised lactate level. An RBC cyanide level is
diagnostic but takes too much time for the result
to influence vital treatment. An antidote “kit” is
available consisting of amyl nitrate, sodium
nitrite, and sodium thiosulfate.

Amyl nitrite perles should be broken onto a
gauze pad and held under the nose, over the
Ambu-valve intake, or placed under the lip of the
face mask. The patient should inhale for 30s
every minute and a new perle used every 3 min if
sodium nitrite infusions will be delayed.

If the patient has not responded to oxygen and
amyl nitrite treatment, sodium nitrite should be
infused intravenously as soon as possible. The
usual adult dose is 10ml of a 3% solution
(300mg) given slowly over no less than 5min;
the average pediatric dose is 0.12-0.33 ml/kg
body weight up to 10ml infused as above. The
blood pressure is monitored during sodium
nitrite administration, and the rate of infusion
slowed if hypotension develops.

Next, sodium thiosulfate is administered intra-
venously. The usual adult dose is 50 ml of a 25%
solution (12.5g) infused over 10-20min; the
average pediatric dose is 1.65ml/kg of a 25%
solution. One-half of the initial dose should be
repeated 30min later if there is an inadequate
clinical response.

Amyl nitrite and sodium nitrite oxidize the
ferrous iron of hemoglobin to methemoglobin.
(Methemoglobin levels should not exceed 20%.)
This creates an additional site for cyanide bind-
ing and promotes dissociation from cytochrome
oxidase. Resultant cyanomethemoglobin may
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then be converted to less toxic thiocyanate through
enzymes such as rhodanese or other sulfurtrans-
ferases in the presence of sodium thiosulfate.
Treatment with nitrite and thiosulfate should be
repeated as required.

The efficacy of hyperbaric oxygen in cyanide
poisoning is unproven. It has been reported to
be useful in severe cases of smoke inhalation
combined with exposure to hydrogen cyanide
and carbon monoxide.

Burn Wound Management

Superficial partial-thickness burns should have
their blisters debrided since the contained fluid
contains prostaglandins, thromboxane, and
prostacycline that can stimulate the release of
free oxygen radicals and cause further tissue
damage.’ In these burns, the underlying tissue is
reddish pink and moist, characterized by the
absence of slough. Such burns may be dressed
with large sheets of (nonadherent) Vaseline-
impregnated gauze such as Xeroform™ and cov-
ered with several bulky layers of burn gauze
(sterile dry gauze in large sheets) to absorb the
exudate. Dressings should be changed daily or
more often if the exudate soaks through.

Deeper burns, which include partial-thick-
ness burns with a yellowish slough as well as
full-thickness burns, should be treated with
copious amounts of 1% silver sulfadiazine cream
and then covered with burn gauze as before.
As well as being a powerful antiseptic, the sil-
ver sulfadiazine cream is something of a de-
sloughing agent: it softens and loosens eschar,
facilitating its ultimate removal. An alternative
to silver sulfadiazine is sulfamylon, an older
preparation with the distinct disadvantage of
stinging on application. However, it is some-
what more effective against pseudomonas and
is occasionally used when this pathogen proves
problematic.

Extensive flame burns frequently have a mixed
pattern of deep partial and full thickness. Often
it is difficult to distinguish one from the other.
The traditional treatment of such burns is to
remove the dressings daily and place the patient
in a “burn tub,” preferably with a whirlpool fea-
ture. With the patient in the bath, the burn nurses
remove all the silver sulfadiazine and gently deb-
ride any loose eschar. Three or 4 weeks of daily
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dressings, bathing, and debridement usually
result in healed partial-thickness burns, com-
plete de-sloughing of full-thickness burns, and
clean granulations ready for skin grafting.
However, when this method is used, there is a
significant morbidity and mortality related to
sepsis; hospitalization is prolonged, and some
partial-thickness burns may convert to full thick-
ness. (The effect of modern antimicrobials is to
actually increase the time taken for de-sloughing
to occur.)

The modern trend is for early burn wound
excision with immediate’ or delayed skin graft-
ing. Of course, it is vital that the patient is com-
pletely resuscitated and stabilized before any
surgery is carried out. It is also important that
the surgeon realize that by excising the burn and
harvesting skin grafts to cover it, there is a dan-
ger of creating an exudating wound far larger
than the original injury - producing fluid shifts
and the need for further IV resuscitation. In
extensive burns it is, therefore, necessary to stage
excision and grafting sessions according, not
only to the surface area of the burn, but also the
patient’s ability to withstand the surgery and the
availability of suitable donor sites. Generally,
such surgery is commenced 2-3 days after
admission and typically a decision is taken to
either excise the burn and apply skin substitutes
or simply excise and graft one anatomical area at
a time. The main role of skin substitutes is to
temporarily stabilize wounds and “buy time”
until definitive skin grafting can safely be
performed.

Where the burn is obviously full thickness, it
may be excised with a scalpel, and hemostasis
achieved with the cautery. Where the burn is
mixed or deep partial thickness, tangential exci-
sion’ is indicated. Tangential excision is per-
formed using a 12-in dermatome (such as a
Humby knife) with the guard wide open (Figure
15.9). Successive thin layers of the burn slough
are “shaved off” until healthy bleeding dermis is
visible. This tissue may then be dressed or
grafted. The concept of tangential excision is to
preserve as much viable tissue as possible. Of
course, in full-thickness areas, tangential exci-
sion will extend completely through the dermis
until viable tissue is found.

If the patient has enough unburned skin to
provide adequate donor sites, then split-thick-
ness skin autografts are used - since they consti-
tute definitive wound closure - provided the
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patient’s condition is stable enough to permit
their harvest. When skin graft donor sites are
limited, a decision may be taken to use whatever
is available to close part of the wound and skin
substitutes, xenografts, or allografts to provide
temporary cover for the rest. Later,as the patient’s
own donor sites regenerate (8-12 days), they can
be “recropped” and the skin used to replace these
products.

Split-thickness grafts are harvested at about
12/1000 of an inch. This produces a useful graft
and a donor site that heals in about 10 days to 2
weeks. To extend the area that can be covered with
such a graft, it may be meshed in a ratio of 1.5 or
3-1.The graft is spread out on a specially grooved
plastic plate, which is then passed through the
rollers of the meshing machine. The rollers are
also grooved and a series of slits are cut in the
skin allowing it to be opened up like a string
undershirt. The openings allow for the drainage
of blood and serum but ultimately epithelialize
from the adjacent meshed skin.

Full-thickness skin grafts have limited appli-
cation in burns. Although they are more durable
than partial-thickness grafts and do not contract
as much, “take” is a little more uncertain, donor
sites are limited, and they must be closed by local
tissue or by split-thickness skin grafts. Full-
thickness skin grafts do have a place, however, in
small localized full-thickness burns, particularly
of the hands and face. In these circumstances,
the burn may be excised early and replaced by
such a graft. Common donor sites include the
opposite upper eyelid (for eyelid reconstruction),

Figure 15.9. Tangential excision: a Humby knife with its roller
guard wide open is used to repeatedly shave down burned tissue
until the healthy bleeding bed is obtained. (With kind permission
of The Cleveland Clinic Center for Medical Art and Photography
©2008.)
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the groin crease (hand), the post auricular
groove, and the supraclavicular fossa (face).

Skin Graft Substitutes

Biologic skin substitutes may be intended for
permanent replacement or as a temporary bio-
logic dressing until a permanent solution is
available or normal skin regeneration and heal-
ing occur. They serve multiple functions: they
decrease the bacterial count and promote a ster-
ile wound; they slow the loss of water, protein,
and electrolytes; they reduce pain and fever, help
restore function, facilitate early motion, and pro-
vide coverage of vessels, tendons, and nerves to
prevent desiccation. The ideal skin substitute is
nontoxic, has little or no antigenicity, is immu-
nologically compatible, and does not transmit
disease.

Cultured Skin

Certain laboratories provide a service whereby a
biopsy is taken of the patient’s own epithelial tis-
sue and is then subjected to tissue culture. Sheets
of epithelial cells are produced that may be used
to resurface burn wounds. Unfortunately, the
grafts — lacking a dermal layer - are somewhat
unstable, making them susceptible to even minor
trauma. Attempts are currently being made to
provide a collagen layer to be used with cultured
cells in the hope of increasing the durability of
the graft. One such method uses cultured skin
on a pig skin mesh. It may also be placed on
Alloderm once the latter has become incorpo-
rated into the wound (see below) or Integra once
the silicone layer has been removed 2-3 weeks
after initial application.

Allografts and Xenografts

Split-thickness cadaver skin grafts are probably
the best alternative to the patient’s own skin
when insufficient of the latter is available. The
use of cadaver allograft for temporary closure
was fairly common in the past but has become
less frequent due to the risks of possible HIV
transmission. The allografts behave like normal
skin autografts but undergo rejection several
days later. Pigskin is a commercial alternative,
but this too undergoes rejection. For this reason,
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both kinds of grafts need to be changed every
3-4 days. Alloderm is an acellular human dermis:
a processed allograft. It comes in sheets of pre-
determined size, is freeze-dried, and has to be
reconstituted in saline before use. Some of its
collagen becomes incorporated in the wound
during healing and may result in more durable
cover once it is skin grafted.

Skin Substitutes

INTEGRA Bilayer Matrix Wound Dressing™ is
an advanced wound care device comprising a
porous matrix of cross-linked bovine tendon
collagen and glycosaminoglycan and a semi-
permeable polysiloxane (silicone) layer. The
semipermeable silicone membrane controls
water vapor loss, provides a flexible adherent
covering for the wound surface, and adds
increased tear strength to the device. The colla-
gen-glycosaminoglycan biodegradable matrix
provides a scaffold for cellular invasion and
capillary growth. At approximately 3 weeks, the
silicone layer may be peeled off and replaced with
cultured epithelial cells or thin split-thickness
skin grafts.

BIOBRANE is a biosynthetic wound dressing
constructed of a silicone film with a nylon fabric
partially embedded into the film. The fabric
presents to the wound bed a complex 3-D struc-
ture of trifilament thread to which collagen has
been chemically bound. Blood/sera clot in the
nylon matrix, thereby firmly adhering the dress-
ing to the wound until epithelialization occurs.

Burn Nutrition

Large burns impose a massive metabolic require-
ment on the patient. There is severe catabolism
in the initial stages, which is accompanied by a
profound disuse atrophy of the muscles due to
inactivity.

The burned patient should be nursed in a
warm room with occlusive dressings to mini-
mize the energy loss due to evaporation.
Immediate rehabilitation with physiotherapy
must be accompanied by a diet high in calories,
protein, and essential vitamins and minerals.
Both should begin after resuscitation — prefera-
bly within 48h of the burn incident. Generally,
the calorie intake should be 35-40 cal/kg/day (or
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about 1.5 times the basal energy expenditure). If
the patient cannot (or will not) ingest the nec-
essary calories by mouth, then nasogastric intu-
bation and postpyloric feeding are indicated.
The protein requirement in a severe burn is 2-3
times the recommended daily requirement
(RDA). The RDA is 0.8 g/kg/day, so the patient
will require 1.5-2g/kg/day. More specifically,
glutamine, the most significant amino acid
lost from muscle, should be given as a separate
oral supplement at the rate of 10-30g/day.
Carbohydrates should provide no more than
60% of total calories. More than this is undesir-
able due to the risks of hyperglycemia and fat
formation. Fat should provide 20-25% of the
total calories. Since endogenous fat will also be
used, more than this should be avoided since fat
can become a substrate for immunosuppressive
mediators. Vitamins and minerals are usually
given in doses 5-10 times the RDA to keep up
with the increased metabolism and quickly
restore deficiencies.

Progress is monitored by daily weighing,
recording of calorie and protein intakes, indi-
rect calorimetry weekly, as well as nitrogen bal-
ance measures, especially if there is evidence of
excessive weight loss or symptoms of excess
lean mass loss.

Blood chemistry is vital in monitoring the
effects of catabolism as well as the treatment.
Major electrolyte shifts occur in burns. Typically
intracellular electrolytes, magnesium, and phos-
phate levels recede to extremely low levels with
the onset of nutrition as the cell mass increases.
Key electrolytes must be given to prevent com-
plications. Hypernatremia can indicate inade-
quate hydration. Blood urea nitrogen typically
increases with protein breakdown, but the level
must be assessed relative to creatinine (renal
function). An elevated BUN is also a marker of
inadequate hydration. Blood glucose is fre-
quently elevated in burns, so glucose intake and
insulin must be carefully adjusted. A rapidly ris-
ing level of alkaline phosphatase may suggest
increasing fat deposition possibly due to over-
feeding. Serum triglycerides measure adequacy
of fat clearance and should not exceed 250 mg/dL
If elevated, fat intake should be decreased.
Prealbumin and transferrin are markers of pro-
tein synthesis and degradation. A continually
decreasing value usually reflects inadequate pro-
tein intake.
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Serum electrolytes, blood urea nitrogen, crea-
tinine, glucose, magnesium, and phosphate as
well as a lipid profile, prealbumin, and transfer-
rin should be monitored at least weekly in
burned patients.

Chemical Burns

Chemical burns are generally the result of indus-
trial accidents. Burns may be caused by acids,
alkalis, or sticky substances such as tar.

Acid burns generally produce a coagulation-
type necrosis creating an eschar: this is usually
a self-limiting injury once the active ions are
used up in the coagulation process. Bases, on
the other hand, produce liquefactive necrosis,
which releases more ions to penetrate deeper
into the wound and produce a more extensive
injury.

Burns from relatively inert chemicals such as
tar occur because the substance acts as a heat
reservoir and adheres to the skin. A contact burn
is produced before the substance can be removed.
A tar burn should be considered as a prolonged
“scalding” injury.

Dry Chemicals often produce burns when
they come in contact with the skin and are
activated by sweat or water used to wash them
off. The addition of water produces an exother-
mic reaction that produces the burn.

The main principle of emergency chemical
burn management is to remove the chemical
from the skin as soon as possible. The patient’s
clothing and footwear should be immediately
taken off and all dry chemicals brushed away.
Notwithstanding the risks of an exothermic
reaction, the burned areas should be flushed for
20-30min with copious amounts of water. This
may involve placing the patient in a shower for
this period of time. Neutralization by adding acid
to alkali or visa versa should not be attempted
because of the risk of severe heat production
and further burns.

When burns involve the eye, the conjunctival
sac should be copiously irrigated medial to lat-
eral with normal saline via a plastic tube derived
from an IV administration set or nasal cannulae.
Contact lenses should be removed. The irriga-
tion should last for 15-20 min at least.

Specific chemical agents are treated according
to these principles:
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Dry lime should be brushed off, since it is
water activated, and then the skin flushed with
copious amounts of saline.

Phenol is not water soluble. If available, alco-
hol should be used to remove the chemical before
copious flushing with water. However, alcohol
should not be used in the eyes.

Sodium and potassium metals react violently
on contact with water. After brushing off any
residue, flushing is required with copious
amounts of water.

Tar burns require the use of ice packs and ice
water to reduce the heat sink effect of the adher-
ent tar. Once this has been achieved, the tar can
be removed using mineral oil - a nontoxic
solvent.

Sulfuric acid generates heat on exposure to
water. The affected area should be washed with
soap to neutralize it and then irrigated with large
quantities of water.

Hydrofluoric acid burns are extremely serious
and often fatal. Fluoride ions penetrate and form
insoluble salts with Ca** and Mg**. However, sol-
uble salts formed with other cations dissociate
rapidly releasing F* ions. These F* ions then con-
tinue to penetrate, causing further and deeper
destruction. Hydrofluoric acid burns are highly
destructive and toxic, burning right through
flesh and into bone without stopping. The pain is
severe and systemic effects are hypocalcemia,
hyperkalemia, hypomagnesemia, and sudden
death - even with burns as small as three percent
body surface area. Treatment involves the appli-
cation of 2.5% calcium gluconate gel to the
burned area and the IV infusion of 0.5ml cal-
cium gluconate solution per square centimeter
of surface burn.

Electrical Burns

Electrical burns arise from contact with an elec-
trical conductor. This may consist of domestic
wiring, electrically powered devices, power
transmission lines, transformers, or lightening.
Damage depends on the intensity of the current
(I). However, although current produces tissue
damage, voltage (V) determines if the current
enters the body. Ohm’s law states that I = V/R
where R represents the resistance of the con-
ducting medium. The current generally follows
the shortest path to the ground, and it is this
path - the course of the current through the
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body - that governs the extent and location of
the injury.

Low voltage usually cannot enter the body
unless the skin is broken or moist. (Once in,
however, it can follow blood vessels and nerves
due to their lower resistance.) A common low-
voltage injury occurs when a child bites or chews
on a domestic electrical wire. Classically, a full-
thickness burn is produced at the corner of the
mouth (Figure 15.10). This takes a long time to
heal and frequently results in microstomia due
to scarring and contracture. The best treatment
for this is a specially made splint that attaches to
the teeth and holds the corner of the mouth in a
lateral position. Healing is still prolonged, but
microstomia does not develop and the aesthetic
result is excellent.”

High-voltage injuries are often devastating.
The magnitude of the voltage easily overcomes
skin resistance and the current enters the body.
The current then passes through the tissues,
which act as a “volume conductor” In other
words, the current passes through all tissues.
However, since I = V/R, the current is maximal
where there is least resistance. Typically the
nerves and blood vessels sustain the most
damage; however, with the passage of massive
currents, no tissues are spared. Myonecrosis is
a prominent feature of high-voltage electrical
burns due to the large volume of muscle in the
limbs. Factors affecting the severity of the elec-
trical burn include the width or extent of the
current pathway, the tissues through which it
passes, the duration of the contact, and whether
the current is alternating or direct.

Alternating current (AC), in addition to direct
tissue damage, can produce tetanic contraction
of muscles, resulting in muscle injury, tendon
rupture, joint dislocation, and fractures. It can
also produce cardiac arrhythmias, apnea, sei-
zures, and spasms, which may keep the patient
from getting free of the current source.

Tissue damage, as mentioned earlier, is due to
heat as current flows through tissues. The exit
and entry burns can be trivial looking, but every-
thing in between can be “cooked.” It should be
noted, however, that higher voltage results in less
trivial external burns.

There are various types of electrical burns:

Contact burns occur when the individual
touches a conductor and an electrical current
passes through his or her body, producing heat
and tissue damage. There is often an entry
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Figure 15.10. Electrical burns caused by children chewing electrical cords. These commonly cause tissue destruction at the corners of the mouth. (a)
Acute burn. (b) Result of excision. (c) Repair. (d) A second patient with an acute burn. () Fitted with a splint and (f) Final result 1 year later. (Reproduced

by permission of Dr.R. M. Zuker, Hospital for Sick Children, Toronto.)

wound and a much larger exit wound. The injury
is greater than that expected by calculating the
body surface area of the burn, since much of
the damage is internal and involves other tissues
in addition to the skin.

Flash burns occur when the current arcs and
a large amount of radiant heat is generated.
The current may or may not enter the patient,
but the patient is burned nevertheless. Such
burns are often superficial or partial thickness
due to the short duration of the flash.

Flame burns result when clothing ignites.
Frequently, high-voltage electrical injuries from,

say, a transformer have a mixed appearance,
combining contact with flash and flame burns.

Lightening usually produces a high-voltage
pattern of burning. However, here too, injury
may result from a direct strike, a side flash, or a
flashover. Severe injuries, often of a mixed pat-
tern, are common.

The management of electrical burns differs
from that for regular burns in a number of key
respects:

Extensiveinternal damageis common.Electrical
burns are usually worse than they appear. As a
rule affected individuals should all be admitted
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to hospital. In the initial assessment, the fluid
requirement calculations should allow for the
fact that there is an internal burn in addition to
the external one, so the “rule of nines” will
underestimate the fluid requirement. The elec-
trical burn may involve many tissues or organs.
A full general examination with EKG and chest
x-ray should be used to rule in or rule out car-
diac or respiratory injury as well as determining
the extent of any damage to the peripheral or
central nervous systems. In addition, the follow-
ing laboratory testing should be performed to
help assess the extent of the injury: CBC, serum
electrolytes, creatinine, urinalysis, creatinine
kinase (CK) level, urine myoglobin, and serum
myoglobin.

Associated injuries are more frequent. A
detailed history mustbe obtained from the patient
and witnesses. A detailed examination must be
performed to rule out musculoskeletal injury.
Fractures must be appropriately immobilized to
prevent further damage. Cardiac, respiratory, and
neurological problems must be addressed. The
patient should be carefully assessed for musculo-
skeletal injury, particularly fracture or dislocation
of the cervical spine, since electrical burns are fre-
quently associated with falls from ladders or elec-
trical structures. Moreover, the tetanic effect of
AC may produce musculoskeletal injury in its
own right. It must also be remembered that indi-
viduals suffering electrical burns in confined
spaces may also be the victims of respiratory
burns or inhalation injury (see above).

Rhabdomyolysis considerations are vital. Fluid
resuscitation must be monitored carefully and
dehydration avoided at all costs. The patient’s fluid
requirement will be far greater than anticipated.
Ringer lactate is given according to surface calcu-
lations and titrated upward to maintain urine out-
put. Muscle damage is extremely common in
high-voltage electrical injuries. This can produce
rhabdomyolysis and renal injury. The urine should
be routinely tested for the presence of myoglobin.
If urinary pigment is present, the patient should
be challenged with two ampoules of sodium bicar-
bonate and 50g of mannitol. Sufficient IV fluids
should be given to maintain the urine output at
100-125ml/h until the urine clears.

Compartment syndrome is common, and it is
often necessary to take the patient to surgery
during resuscitation for emergency fasciotomies.
In addition to assessing the external burn, the
physician should try to imagine the path of the
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current and make some assessment of the inter-
nal burn. He or she should look for evidence of
compartment syndrome (a tense painful limb,
severe pain on passive extension of the digits, an
interstitial tissue pressure of greater than 30 mm
Hg) and arrange urgent fasciotomies if present.

Early and repeated surgical debridements are
carried out due to the difficulty in identifying
living tissue from dead. Such procedures are
performed early and often. Regrettably, amputa-
tions are frequently part of this picture. Often
vital structures such as nerves and blood vessels
become exposed as necrotic tissue is removed,
necessitating early flap coverage. However, this
should not take place until the viability of the
underlying tissue is known.

Rehabilitation and
Reconstruction

Rehabilitation of burns begins immediately.
Burned hands should be splinted in the ideal posi-
tion of function with the wrist extended; the
metacarpophalangeal joints of the index, long,
ring, and little fingers flexed at 90° and the inter-
phalangeal joints splinted straight and the thumb
held abducted and in opposition. In the arms,
burns that cross flexion creases require splintage
of the resting joint in extension to prevent the
formation of contractures. In the burned lower
limb, the knee should be splinted straight, and the
foot should be splinted in a neutral position
between dorsi- and plantar-flexion. Hypertrophic
scarring may be treated by compression garments
until the scars mature. Physiotherapy is com-
menced immediately to mobilize the joints, pre-
serve a normal range of motion, maintain muscle
strength, and facilitate normal ambulation.
Surgical reconstruction is usually commenced
after 6 months or more, by which time the wounds
should have healed and the scars matured. A num-
ber of operative procedures may be contemplated.
However, the principle of the reconstructive ladder
should be considered. Here, the simplest method
of reconstruction is performed if at all possible -
provided it meets the goals of the operation. Only
if it does not, does one consider the next step on
the ladder. For example, a scar may be excised
and a wound produced. The simplest concept is
to close it directly using sutures. If the defect
is too wide for this, then a skin graft may be
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contemplated. If bone or vital structures are
exposed, then a local flap may be necessary. If
there is not enough local tissue for this, then a
regional flap would be preferable. On this stair-
way, a free flap, or, perhaps, a composite tissue
allograft may represent the final step.

Contractures may be released by incisions car-
ried through them into the underlying unburned
tissue. The spaces opened up when the joint is
extended can then be filled with skin grafts or
flaps. Scar revisions may be performed to make
burn scars more acceptable both from an
aesthetic as well as from a functional standpoint.
Revisions may include the narrowing of a scar, its
complete excision, or attempts to realign it into a
less conspicuous position. Narrow scars that form
a web across a joint may be lengthened using a
Z-plasty; but sheets of scar causing a contracture
usually require grafts. Scars may sometimes
be removed and replaced by a local tissue rear-
rangement. Scars that have proven unstable with
recurrent skin breakdowns may be excised and
resurfaced with a skin graft or a flap. To facilitate
the resurfacing of a scar using limited adjacent
tissue, the adjacent skin may be subjected to tissue
expansion prior to the scar’s excision.

Specific structures require special attention
in the reconstruction of the burned patient.
Nowhere is this more evident as in the recon-
struction of the burned hand. Burns are more
likely to be full thickness on the dorsum of the
hand, since the skin is thinner and has less kera-
tin than the palm. Furthermore, the hands are
frequently used to protect other areas from
injury.In such situations, the dorsum of the hand
inevitably faces the flame. However, full-thick-
ness burns of the palm certainly do occur espe-
cially when the burn is a contact burn. While the
burned hand is being dressed and receiving top-
ical treatment, it is important to splint it in a
position of function as described above. The
splint is removed for physiotherapy. Due to their
asymmetrical attachments, the collateral liga-
ments of the finger joints are under maximum
stretch when the hand is in the functional posi-
tion. Any shortening is thus resisted and the full
range of movement maintained, setting the stage
for definitive reconstruction. This may involve
resurfacing, scar releases, the correction of burn
syndactyly, local and distant flaps, fusions, ten-
don reconstructions, and amputations.

Burns involving the axilla can result in a severe
adduction contracture of the shoulder. Assuming
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the contracture is refractory to physiotherapys it
will require a release with the interposition of
healthy tissue such as a graft or flap. Postoperative
splinting and physiotherapy are designed to
maintain and consolidate the gains produced by
surgery.

Another area of concern is the female breast.
Frequently, young children receive a mixed par-
tial and full-thickness flame burn involving the
anterior chest. If the nipple-areola complex is
damaged, then the progenitor cells of the breast
bud may be destroyed leading to underdevelop-
ment. If it remains intact, the breast will develop
normally but may be constricted by overlying
scarring. Even with early wound excision and
skin grafting, the area remains tight and inelas-
tic. As the patient matures, this can adversely
affect the growth of the breast. Frequently, it
becomes necessary to place a subpectoral tissue
expander in the affected side in order to stretch
the skin and permit the placement of an implant.
Successively larger implants may need to be
placed until growth is complete. A decision is
then made whether to carry out a symmetry
operation on the other side and whether to con-
sider autogenous reconstruction.

A particularly disfiguring recipient site for
burns is the face. Frequently, facial burns look
much worse than they are due to severe swelling
and blistering. Often partial-thickness burns may
initially appear to be full thickness. Since com-
plete healing can occur when least expected, a
conservative approach has been adopted in the
treatment of burns of the face. Closed dressings
are seldom used but silver sulfadiazine cream is
applied topically and then washed off before each
new application (twice daily). Tangential excision
has been recommended to remove eschar in cer-
tain cases.* Reconstructive surgery is performed
long after healing is complete, and it takes the
form of the options mentioned above. Of particu-
lar importance in dealing with the face is to recon-
struct in “aesthetic units” (Figure 5.11) to avoid
the appearance of a patchwork quilt. In other
words, when resurfacing is contemplated with the
use of either grafts or flaps, then an entire unit is
replaced, not just its burned component.

Finally, long-term reconstruction of underly-
ing structures is frequently necessary following
electrical burns. Extensive injury to muscles and
nerves may necessitate arthrodeses, tendon
transfers, nerve grafts, flaps, and occasionally
functioning muscle transfers.



Figure 15.11. Aesthetic units of the face. (Reprinted from Gonzalez-
Ulloa M, Restoration of the face covering by means of selected skin in
regional aesthetic units. BrJ Plast Surg.1956;9:212.With permission from
Elsevier © 1956.)
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Benign and Malignant Skin Tumors A
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Summary

Skin neoplasms are common concerns for
which patients seek medical attention.
Familiarity with these benign and malignant
tumors is essential for appropriate evaluation
and management. In the current era, skin
cancer is the most common neoplasm in
humans - more than 1 million new cases will
be diagnosed in the United States this year.
Pigmented lesions pose a particular challenge
because melanoma, the potentially lethal
form of skin cancer, is always part of the dif-
ferential diagnosis. Fortunately, early detec-
tion and prompt treatment of skin cancer,
especially in the case of melanoma, improve
overall prognosis and survival.

This chapter reviews the epidemiology,
pathogenesis, clinical presentation, histopa-
thology, and management of common benign
and malignant skin tumors including sebor-
rheic keratoses, melanocytic nevi, actinic
keratoses, squamous cell carcinoma (SCC),
basal cell carcinoma (BCC), and melanoma.

FAMMM Familial atypical multiple mole mel-
anoma syndrome

MAC Microcystic adnexal carcinoma
NMSC Nonmelanoma skin cancer

PUVA Psoralen plus ultraviolet A radiation
SLNB Sentinel lymph node biopsy

SCC Squamous cell carcinoma
Introduction

Skin neoplasms are a common source of concern
for patients, who seek advice from primary care
physicians, family physicians, plastic surgeons,
and dermatologists. Commonly, patient’s con-
cerns are focused on cosmesis and the potential
of malignancy of the specific skin conditions.
Knowledge about common benign and malignant
skin neoplasms is crucial for an appropriate eval-
uation and management. Of particular impor-
tance is the ability to recognize clinical features
that raise the suspicion of malignant changes.

Seborrheic Keratosis
Definition and Epidemiology

AbbreViationS Seborrheic keratoses are common, benign neo-

plasms of the skin with characteristic clinical
AJCC American Joint Committee on Cancer ~ and histopathologic features. Whether appearing
BCC Basal cell carcinoma as solitary or multiple lesions, the incidence
DFSP Dermatofibrosarcoma protuberans increases with age. Seborrheic keratoses are
EMPD Extramammary Paget’s disease rarely present before the third to fourth decades
M.Z. Siemionow and M. Eisenmann-Klein (eds.), Plastic and Reconstructive Surgery, 207
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and have a prevalence of 80-100% in people
older than 50 years.>*+

Pathogenesis

The pathogenesis of these common growths is
not entirely known but is likely to be multifactorial.
The proposed risk factors include aging, ultra-
violet (UV) light exposure, and mutations in
fibroblast growth factors.>

Clinical Presentation

The face, neck, and trunk are commonly affected
sites, while the palms and soles are spared. Early
lesions appear as hyperpigmented macules, later
evolving into round-oval, light brown to black
papules or plaques with sharp demarcation. The
surface is waxy or verrucous with a “stuck-on”
appearance (Figures 16.1 and 16.2).

Histopathology

Seborrheic keratoses are benign squamous prolif-
erations with variable degrees of acanthosis,
hyperkeratosis, and papillomatosis. They are com-
posed of cells with basaloid morphology, which in
reaction to irritation form structures known as
“squamous eddies.” The presence of horn pseudo-
cysts and melanin pigment is a common finding.

Treatment

Seborrheic keratoses have traditionally been
considered as benign neoplasms; however, differ-
ent types of skin cancers have been reported in
association with seborrheic keratoses. Moreover,
recent data suggest the potential for malignant

Figure 16.1. Multiple early seborrheic keratoses as brown macules
and verrucous papules on the back.

PLASTIC AND RECONSTRUCTIVE SURGERY

Figure 16.2. Seborrheic keratosis as dark keratotic papule with “stuck-
on” appearance.

transformation of seborrheic keratoses.*® Biopsy
should be considered in lesions that appear irri-
tated or have undergone clinical changes.

If malignancy is not a concern after clinical
evaluation, treatment of seborrheic keratoses is
done for cosmetic reasons or to alleviate poten-
tially associated symptoms of pruritus, inflam-
mation, or bleeding. Widely used treatments
include removal with cryosurgery (liquid nitro-
gen), curettage, Co, laser ablation, focal chemical
peeling (trichloroacetic acid), electrodessication,
or surgical excision.

Melanocytic Nevi: Congenital,
Acquired, and Atypical
Definition and Epidemiology

Melanocytic nevior moles are very common benign
skin neoplasms that result from the proliferation
of nevus cells,which are slightly altered melanocytes.
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Depending on the time of appearance, these
neoplasms are subdivided into congenital or
acquired.

The prevalence of acquired nevi depends on
several factors including skin type, age, genetic
predisposition, and sun exposure. These com-
mon neoplasms typically appear after 6-12
months of age; increase in number during child-
hood and adolescence; peak in the third decade;
and tend to disappear with increasing age.

Congenital melanocytic nevi are, by defini-
tion, present at birth; although sometimes they
are not noticed until later during the first year of
life. Their incidence has been calculated between
0.2% and 2.1% of newborns.” Traditionally, con-
genital nevi have been classified according to
theirsizeas small (<1.5cm),medium (1.5-19.9 cm),
and large or giant (>20cm). This classification is
based on the greatest diameter of the nevus in
adulthood.

The atypical or dysplastic nevus is a somewhat
controversial term, which refers to melanocytic
nevi with abnormal or unusual clinical and/or
histopathologic features. As opposed to acquired
melanocytic nevi, atypical moles begin to appear
around puberty and may continue to develop past
the fourth decade. The prevalence of dysplastic
nevi is variable, ranging from 7% to 18%.%

Pathogenesis

Multiple factors are involved in the pathogenesis
of acquired melanocytic nevi and dysplastic
nevi. These factors include skin type, genetic
predisposition, and sun exposure. Congenital
melanocytic nevi develop between weeks 5 and
25 of gestation. They are thought to result from a
dysregulated growth and arrest of melanocytes
during migration from the neural crest to the
skin.® Genetic and familial predisposition is par-
ticularly important in a subset of patients with a
condition known as familial atypical multiple
mole melanoma (FAMMM) syndrome. Patients
with FAMMM syndrome have large amounts of
acquired melanocytic nevi, some of which are
atypical, and have increased risk of melanoma.

Clinical Presentation

Melanocytic nevi present as well-defined, round
or oval, symmetric lesions measuring from 2 to
6mm in diameter. The clinical appearance
depends on the level where the nevus cells are

located. Nevi with a predominant epidermal
component (junctional nevi) appear flat with a
uniform brown to almost black color (Figure
16.3). When the nevus cells involve both the epi-
dermis and the dermis (compound nevi), the
nevus will rise above the skin surface and show
lighter shades of brown when compared to the
junctional counterpart (Figure 16.4). An intrad-
ermal nevus (nevus cells predominantly in the
dermis) is typically a raised, dome-shaped papule,
with pigmentation ranging from light brown to
flesh color (Figure 16.5).

The clinical features of dysplastic nevi include
a diameter larger than 5 mm, irregular pigmenta-
tion, ill-defined or irregular borders, asymmetry,

Figure 16.3. Junctional nevus: symmetric, brown macule with regular
borders.

Figure 16.4. Compound nevus: oval, brown, symmetric papule with
regular borders.
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Figure 16.5. Intradermal nevus: flesh-colored, dome-shaped papule.

Figure 16.6. Dysplastic nevus:brown asymmetric macule with irreqular
borders and irregular surface.

and irregular surface (Figure 16.6). They are
most commonly located on the trunk, although
they may present anywhere in the skin.

PLASTIC AND RECONSTRUCTIVE SURGERY

Figure 16.7. Congenital nevus on trunk with mild surface changes.

Congenital nevi occur most often on the
trunk, followed by the extremities, head, and
neck. Congenital nevi are usually light brown in
the first few weeks of life and frequently undergo
multiple clinical changes, including darkening,
development of hair, nodules, verrucous texture,
erosions, or ulcerations (Figure 16.7). These
changes are seen particularly in large congenital
melanocytic nevi, not so often in small or
medium sized nevi. Patients with large congeni-
tal nevi may also present satellite nevi, which
refers to small or medium-sized congenital nevi
distant from the larger lesion.

Recommended follow-up for patients with
atypical nevi or a family history of skin cancer is
at least an annual full skin examination. Patients
should also be encouraged to perform a self-skin
examination on a monthly basis. Any changing,
growing, or bleeding lesion should be evaluated
by the physician. Since sun exposure is the most
preventable risk factor for skin cancer, sun safety
tips such as daily application and reapplication
of broad spectrum sunscreen, wearing sun
protective clothing (with sunglasses and hats),
seeking shade during peak sun hours (10 a.m.
to 4 p.m.), and avoiding tanning beds should be
suggested to all patients.’

Histopathology

Congenital and acquired nevi may share several
histologic features; therefore, the diagnosis of
congenital nevi is heavily dependent on the pres-
ence at birth as part of the clinical history infor-
mation. Certain features suggestive of this type of
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nevi include involvement of arrector pili muscles,
sebaceous and eccrine glands and splaying of
melanocytes in between collagen fibers.

Dysplastic nevi show cytologic atypia and
architectural abnormalities such as elongated rete
ridges with exuberant proliferation of melano-
cytes, bridging between nests of melanocytes and
lamellar fibroplasia. The presence of a variably
dense lymphocytic infiltrate is also a common
feature.

Management

The rationale for removal of acquired melano-
cytic nevi, typical and atypical, relies on their
associated potential risk for melanoma, and, in
some cases, aesthetics. Although melanomas can
arise from melanocytic nevi, most melanomas
will develop as de novo lesions; and most nevi
(typical and atypical) will not progress to mela-
noma. For this reason, “prophylactic excision” is
generally not recommended, unless there are con-
cerning clinical changes that suggest melanoma.
Although lasers, cryosurgery, and chemical peels
have been used to remove benign-appearing mel-
anocytic nevi, these modalities are generally not
considered appropriate therapy for a nevus with
atypical features, since no tissue will be available
for histologic interpretation and an undetected
melanoma could potentially be present in the
residual lesion. If an atypical nevus is suspected,
an excisional biopsy is preferable.

Treatment of congenital nevi is based on the
size and the location of the lesion. Large congeni-
tal nevi have an increased risk of melanoma,
particularly during childhood and adolescence.”
Management remains controversial as some
authors believe that the risk is not significant
enough to warrant large, complicated surgical
procedures.® However, if a congenital nevus,
regardless of size, is impairing a child’s self-
confidence or social development, possible
excision should be investigated. Treatment options
include surgical excision alone or in conjunction
with tissue expansion and/or skin grafting,
curettage, dermabrasion, chemical peeling, and
lasers.

The risk of melanoma in small and medium
congenital nevi is not well determined and is
thought to be similar to the risk in acquired
melanocytic nevi. For this reason, surgical excision
should be considered on an individual basis.
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Nevus Sebaceous and Epidermal
Nevus

Although not as common as melanocytic nevi,
nevus sebaceous and epidermal nevus are two
nonmelanocytic congenital conditions with
potential important implications.

Nevus sebaceous is a congenital oval or linear,
hairless verrucous plaque most commonly found
on the scalp and face (Figure 16.8). It typically
undergoes distinct phases of growth during
childhood, puberty, and adulthood. Different
benign and malignant neoplasms can potentially
arise in a nevus sebaceous, particularly during
puberty and adulthood. Basal cell carcinoma
(BCC) is the most commonly reported malig-
nant neoplasm in this type of nevi. Treatment of
nevus sebaceous is surgical excision.

Past recommendations for removal of all
lesions are now questioned since the incidence
of malignant transformation is low. Current
practice advocates observation and removal of
lesions clinically suspicious for malignancy.*!

Epidermal nevus present within the first
year of life as well circumscribed, linear, or
whorled plaques commonly found on the trunk
and extremities (Figure 16.9). With time, the
surface may become more verrucous, and pig-
mentation can vary from skin color to pink to
hyperpigmented.

In a subset of patients, the epidermal nevus as
well as the nevus sebaceous and other less com-
mon skin lesions can have associated systemic
involvement, termed epidermal nevus syndrome.

Figure 16.8. Nevus sebaceous: orange-yellow waxy plaque on
the face.
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Figure 16.9. Epidermal nevus: linear, light brown, verrucous/papilloma-
tous plaque.

The most common extracutaneous manifesta-
tions involve those in the central nervous system,
skeletal system, and eyes.*

Actinic Keratosis
Definition and Epidemiology

Actinic keratoses are ultraviolet (UV) light-
induced,in situ epidermal dysplasias,also known
as solar keratoses. Historically considered a pre-
malignant neoplasm with the potential to
develop into a squamous cell carcinoma (SCC),
recent debate has centered on the controversy of
whether they represent a precancerous condi-
tion versus an in situ SCC.

Actinic keratoses occur primarily in fair-
skinned individuals with a history of chronic
sun exposure. With skin phototypes I-III, the
prevalence in patients older than 40 years has
been calculated at 40%. In patients older than 60
years, the prevalence increases to 80%."

Pathogenesis

Natural UV radiation, mainly UV-B (290-
320 nm), is the main associated risk factor in the
development of actinic keratoses in fair-skinned
individuals. Other known causes include prior
exposure to x-irradiation, repeated UV light
exposure from artificial sources, and exposure to
chemicals, including polycyclic aromatic hydro-
carbons and arsenic.?

PLASTIC AND RECONSTRUCTIVE SURGERY

Clinical Presentation

Most commonly, actinic keratoses present as red,
scaling papules or plaques on sun-exposed areas,
mainly on the face, scalp, dorsum of hands, and
shoulders (Figures 16.10 and 16.11). Although
usually presenting as multiple lesions, single
actinic keratosis can occur. On average, they
measure 1-3mm in diameter, but larger or con-
fluent lesions can also be present. The surface is
rough on palpation, and early actinic keratoses
can be more easily felt than seen. Not infre-
quently, the patient may report pruritus, tender-
ness, and burning sensation.

Given the causal effect of UV light exposure,
the surrounding skin typically reveals signs of

Figure 16.10. Actinic keratoses: red, rough plaques on forehead and
scalp.

Figure 16.11. Actinic keratoses: multiple rough, scaly papules on the
dorsum of the hand.
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sun damage, including telangiectasias and blotchy
pigmentation.

Other clinical presentations include the
pigmented actinic keratosis, the cutaneous
horn, actinic cheilitis, and lichen planus-like
keratosis. The cutaneous horn is a hypertro-
phic variant of special consideration, since up
to 8.9% of these lesions are actually SCCs.*
Since the pigmented actinic keratosis can eas-
ily be confused with a solar lentigo or a len-
tigo maligna, histopathologic analysis is
required for differentiation.

Histopathology

The hallmark of actinic keratosis is the presence
of dysplastic keratinocytes in the epidermis
associated with prominent parakeratosis, which
can alternate with orthokeratosis. In early
lesions, dysplastic cells are scattered and involve
the basal layers only. As the dysplasia spreads to
the full thickness of the epidermis, the diagnosis
of in situ SCC is warranted.

Treatment

The main rationale for treating actinic keratoses
is to prevent malignant transformation into SCC,
but cosmesis and symptomatic relief may also
play a role.

Multiple treatment modalities, including
surgical and medical options, are available.***
The treatment of choice must be tailored to the
individual. Factors such as the number and
location of the lesions, clinical subtype, and
patient preference, must be taken into account.
In many cases, a combination of surgical and
medical treatments is optimal. Whenever the
clinical diagnosis is not clear, a biopsy should
be considered.

Procedural options include cryosurgery,
curettage and electrodessication, dermabrasion,
laser ablation with CO, or erbium-YAG lasers,
photodynamic therapy, medium-depth chemical
peeling, and surgical excision.

Medical treatment options are used mainly
for patients with multiple or widespread lesions.
These options include 5-fluorouracil cream/
solution, imiquimod cream, diclofenac gel, oral
and topical retinoids, and interferon-o.-2b.

Regardless of the treatment modality chosen,
photoprotection must always be advised in an
attempt to prevent or reduce the number of
actinic keratoses in the future.
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Nonmelanoma Skin Cancer:
Squamous Cell Carcinoma
and Basal Cell Carcinoma

Definition and Epidemiology

Nonmelanoma skin cancer (NMSC) is a broad term
that includes skin neoplasms arising from cells
other than melanocytes. Although multiple differ-
ent types of such malignancies have been described,
most of them are represented by BCCs and SCCs.
More than 1 million cases of NMSCs are diagnosed
annually,* with BCCs leading the count in a ratio of
approximately 4:1 when compared with SCCs.*®

The risk for developing NMSC increases with
age, particularly in white populations with a his-
tory of chronic sun exposure.

Pathogenesis

Several factors have been implicated in the patho-
genesis of NMSC, the main one being UV radia-
tion. A history of chronic sun exposure
(recreational and occupational) and a history of
sun burns along with other factors including geo-
graphic location, ethnicity, and skin color have a
role in pathogenicity.s Mutations in the p53 tumor-
suppressor gene from UV radiation have been
implicated in the molecular basis of NMSC.5*
Artificial UV radiation also increases the risk of
SCC and BCC, particularly when the first expo-
sure occurs in the first two decades of life.>*

Other less well-studied lifestyle behaviors
have been linked with the development of NMSC
(especially SCC), including smoking and diets
high in fat content.'***

Special consideration should be given to cer-
tain populations with higher risk of NMSC.
These groups include transplant patients,chronic
immunosuppression, patients treated with
ionizing radiation or PUVA (psoralen plus UV
A radiation), exposure to carcinogenic chemicals
such as arsenic, and certain hereditary disorders
including xeroderma pigmentosum and oculo-
cutaneous albinism.?

Clinical Presentation

Squamous Cell Carcinoma

Squamous cell carcinomas may develop in the
skin of any body site or in mucous membranes;



214

Figure 16.12. Squamous cell carcinoma: keratotic plaque on an ery-
thematous base on the forehead.

nevertheless, the most common locations are the
scalp, ears, face, lower lip, neck, and dorsum of
the hands (Figure 16.12). As mentioned above, a
number of SCCs develop from actinic keratoses,
which could be clinically indistinguishable. SCC
in situ presents as sharply demarcated, ery-
thematous, scaly papules or plaques. This early
form of SCC is known as Bowen’s disease.
Erythroplasia of Queyrat is the name given to
SCCin situ when occurring on the glans penis of
uncircumcised men.

More advanced lesions of SCC present as
enlarging, indurated, erythematous, scaly pap-
ules, plaques, or nodules. Itching, pain, or bleed-
ing may be concomitant symptoms. Ulceration
and crusting may be associated features, which,
in certain cases, signal invasion of underlying
structures with development of regional
lymphadenopathy.

Basal Cell Carcinoma

In contrast to SCC, BCC usually arises de novo on
sun-exposed areas, particularly the head and neck.
Different clinical variants have been described, the
most common being nodular and superficial.
Nodular BCC presents as a pearly or waxy papule

PLASTIC AND RECONSTRUCTIVE SURGERY

Figure 16.13. Basal cell carcinoma: pearly nodule with rolled borders
and telangiectasias.

or nodule with a rolled border and overlying
telangiectases (Figure 16.13). Superficial BCC pres-
ents an erythematous, scaly patch or plaque. The
morpheaform or sclerosing clinical variant is an
indurated yellow to white scar-like plaque with
indistinct borders and atrophic surface. Even
though this is an uncommon variety, its aggressive
and invasive growth pattern has important treat-
ment and prognostic implications.

Histopathology

Basal cell carcinoma is composed of deep blue
cells due to a high nucleus to cytoplasm ratio.
There is prominent peripheral palisading com-
monly associated with artifactual cleft formation
between the tumor and the stroma, the latter
being rich in mucin. As previously mentioned,
there are several subtypes of BCC of which the
sclerosing or morpheaform is significant for a
more aggressive behavior.

The precursor lesion of an SCC is the in situ
carcinoma, which is sometimes difficult to dif-
ferentiate from superficially invasive lesions.
Well, moderately, and poorly differentiated
forms are identified together with specific sub-
types. Histological features such as desmoplastic
reaction around keratinocytic islands, perineural
invasion, or intravascular spread are diagnostic
of malignancy.

Treatment and Prognosis

In general, prognosis of primary NMSC is excel-
lent, with low recurrence rates and risk of metastasis
when the appropriate treatment modality has been
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chosen. SCC has a less favorable prognosis than
BCC. The 5-year recurrence rate of primary cuta-
neous lesions has been estimated as 8% for SCC
versus 4.8% for BCC.># The risk of metastasis
is higher in SCC ranging from 0.1% to 9.9%
versus 0.0028% to 0.55% in BCC.*% Several risk
factors for the development of recurrence and
metastases of NMSC have been identified. Particu-
larly important features include size (larger than
2cm in diameter) and depth of invasion, aggres-
sive histologic pattern, perineural and perivascular
involvement, lesions arising in previous radiation
sites, location on the mid-face, ears, lips, and geni-
tals, and immunosuppression.'>*>+

Several treatment modalities, surgical and non-
surgical, can be employed for the treatment of
NMSC. The treatment of choice will depend on
the specific characteristics of the patient and neo-
plasm, such as age, location, risk of recurrence
and metastasis, histologic subtype, and history of
previous NMSC. The gold standard of treatment
is Mohs micrographic surgery, because it maxi-
mally preserves healthy tissue and offers the low-
est 5-year recurrence rates: 1.4% for primary BCC,
4% for recurrent BCC; 2.6% for primary SCC and
5.9% for previously recurrent SCC.?”-*

Mohs micrographic surgery is a precise margin-
controlled surgical technique that allows complete
examination of all margins of tissue removed. Other
surgical options include conventional excision,
electrodessication and curettage, and cryosurgery.
Nonsurgical methods are topical chemotherapy
with 5-fluorouracil, intralesional interferon, imi-
quimod, retinoids, photodynamic therapy, and, in
specific circumstances, radiation therapy.”’

During Mohs surgery, serial horizontal sections
of tumor are removed, mapped, processed by fro-
zen section, and analyzed microscopically. In
contrast to standard, vertically oriented histopa-
thology sections, which assess less than 1% of the
tumor margin, this technique provides up to
100% of the epidermal and deep margins for
examination, allowing more accurate tumor
mapping and cancer clearance.'®” This technique
is usually done with local anesthesia in an outpa-
tient setting. Mohs surgery can be used for mul-
tiple types of tumors including basal cell
carcinoma, SCC, melanoma, sarcomas, and other
nonmelanoma skin cancers, including dermato-
fibrosarcoma protuberans (DFSP), microcystic
adnexal carcinoma (MAC), extramammary Paget’s
disease (EMPD).* The indications for Mohs
micrographic surgery include'®*”* the following:
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* Recurrent tumors

* Tumors greater than 2 cm in size

» Aggressive histological growth patterns

* Tumors with ill-defined clinical margins

* Incompletely excised tumors

* Perineural involvement

e Tumors in areas with high risk of recur-
rence (central face, periorbital, periauricular
areas)

» Tumors arising in irradiated skin

* Tumors in areas in which tissue preserva-
tion is mandatory

In most of the cases, the Mohs micrographic
surgeon performs the reconstruction of the
defect once the tumor is cleared. However, a
multidisciplinary approach including plastic
surgeons, oculoplastic surgeons, and/or head
and neck surgeons can be advantageous for the
excision of deeply invasive tumors or in the
repair of complex defects.’+

Melanoma
Definition and Epidemiology

Cutaneous melanoma is a neoplasm that arises
from melanocytes as a de novo lesion, but it may
also develop from congenital or acquired nevi.
Other potential sites in which melanomas can
form include mucous membranes, retina, lep-
tomeninges, lymph nodes, and gastrointestinal
and genitourinary tracts.

Around the world, the incidence of melanoma
has been increasing steadily, with non-Hispanic
men older than 65 years showing the highest
increase in rate.”” The estimated number of cases
of melanoma in 2007 was 59,940 (33,910 in males,
and 26,030 in females) according to the American
Cancer Society,* giving men an approximately
1.5 times higher risk of developing melanoma
when compared to women. The peak incidence
of melanoma is among people aged 20-45 years,
in contrast to nonmelanoma skin cancer, which
occurs mainly in older patients.

Mortality rates show variable patterns depending on
the geographic location. Even though the mortality
rate in the United States has remained stable in men
and even decreased among women, the worldwide
trend is for uniformly increasing mortality rates.
This increase in mortality is particularly noticeable
in older men and women."” Deaths from melanoma
in 2007 were estimated to be 8,110.
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On the other hand, early detection and educa-
tion programs have led to 5-year survival rates
exceeding 90% in certain countries including the
United States. This highlights the importance of
adequate clinical diagnostic skills to detect early
disease.

Although anyone can develop melanoma, the
particular risk factors include advanced age,
male gender, family history of melanoma,
personal history of melanoma or nonmelanoma
skin cancer, organ transplant recipient, low
socioeconomic status, atypical nevi, and fair-
skinned individuals."”

Pathogenesis

Melanoma develops from a combination of con-
stitutional predisposing and environmental fac-
tors, particularly UV radiation. The role of sun
exposure and melanoma formation is complex,
and both natural and artificial UV light have
been linked to the development of melanoma,
particularly when exposure occurs before the
age of 35 years.” The host factors associated with
increased risk of melanoma include number of
melanocytic nevi (both dysplastic and nondys-
plastic), family history,immunosuppression, and
certain phenotypic characteristics such as blue
or green eyes, blond or red hair, and skin sensi-
tivity to the sun.** Genetic and molecular abnor-
malities associated with some of these host
factors, and therefore linked with melanoma,
include mutations in CDKN2A gene and mel-
anocortin-1 receptor.

The model of progression from normal mel-
anocytes to melanoma was proposed by Clark.
This model refers to stepwise histologic changes,
starting with the acquired melanocytic nevus
undergoing aberrant differentiation and nuclear
atypia resulting in the formation of primary mel-
anoma, which initially has a radial growth phase
followed by a vertical growth phase, ending with
the development of metastatic melanoma."

Clinical Presentation

Clinical evaluation of pigmented lesions can be
complicated, because melanoma is part of the
differential diagnosis. A conventional guide, par-
ticularly for evaluation of nevi, is the ABCDE
acronym, which lists clinical characteristics that
can be associated with melanoma. The acronym
stands for Asymmetry, Border irregularity, Color
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Figure 16.14. Melanoma: large, irregularly pigmented, asymmetric
plaque.

variation, Diameter larger than 6mm, and
Evolving referring to changes in size, shape, sur-
face, shades of color, or presence of symptoms
such as pruritus and pain' (Figure 16.14).
Although not perfect, it represents an appropriate
general guide both for health care providers and
for patients. The “ugly duckling sign” is another
useful clinical finding that refers to the atypical
appearance of a pigmented lesion when com-
pared with surrounding nevi.* Dermoscopy
or epiluminescence microscopy has gained pop-
ularity as the one aiding in the early clinical
diagnosis. This is a noninvasive technique using
a high-resolution, optical, handheld device or
dermoscope to enhance visualization of micro-
scopic structures of pigmented lesions.

A clinicopathologic classification divides
melanomas into superficial spreading, lentigo
maligna, nodular, and acral lentiginous. Appro-
ximately 70% of cases of melanoma are superficial
spreading melanoma, most often occurring on
the back of the legs of women and on the backs
of men. Although acral lentiginous is in general
an uncommon subtype, it represents the most
common type of melanomaamongAsian, Hispanic,
and African patients.

Histopathology

Malignant melanoma can present in normal,
atrophic, hyperplastic, or ulcerated epidermis,
the latter being an important prognostic feature.
There is asymmetrical, nonrandom, cytologic
atypia throughout the lesion with nuclear hyper-
chromasia, irregular nuclear outlines, and the
presence of prominent nucleoli. Intraepidermal
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spreading of malignant single cells in a so-called
pagetoid or “buckshot” pattern is a useful histo-
logical finding. Radial (intraepidermal) and ver-
tical (invasion into the dermis) growth phases
are defined. The most significant histological
characteristic is the Breslow thickness of the
tumor. Other important features are the type of
lesion (superficial spreading, lentigo maligna,
nodular, and acral), number of mitotic figures
per square millimeter, perineural invasion, intra-
vascular spread, cytologic type, presence or
absence of satellite lesions, regression, lympho-
cytic infiltration, and involvement of the mar-
gins of the tumor.

Staging and Prognosis

In 2001 the Melanoma Staging Committee of the
American Joint Committee on Cancer (AJCC)
published the most recent melanoma TNM staging
classification.” Depth of invasion is the most
important histologic prognostic parameter in
primary melanoma. Breslow depth and Clark
level are two different classifications of depth of
invasion that have been recognized for decades.
Breslow depth is a quantitative measurement of
the depth of invasion by measuring the tumor
thickness with an ocular micrometer. Clark’s
staging refers to the histologic level of invasion,
using the epidermis, papillary dermis, reticular
dermis, and subcutaneous fat as the histologic
boundaries. With the 2002 AJCC staging classifi-
cation, tumor thickness measured by Breslow
depth was determined to be the primary factor
for T staging. The presence of ulceration was
found to be a powerful predictor of survival, and
hence it is incorporated in the staging system.
Lymph node involvement, determined with a
sentinel lymph node biopsy (SLNB), is the most
powerful predictor of recurrence and survival.
Sentinel lymph node status also determines the
eligibility for clinical trials and need for adjuvant
therapy. This technique identifies and resects
the first lymph node(s) to drain lymphatic
flow from the primary tumor site by using
Technetium-99 m-labeled radiocolloids and vital
dye. SLNB is considered a staging and possibly
therapeutic procedure. The resected lymph nodes
are then evaluated by hematoxylin-eosin and
immunohistochemical analysis such as S-100,
HMB-45, and MART-1. Ninety-five percent of the
time, the sentinel lymph node can be identified
with only a less than 5% false negative rate.
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Indications for SLNB include tumors at least
1.0mm thick and tumors less than 1.0mm thick
that present with ulceration or Clark’s level IV
involvement. Thinner melanomas (less than
0.8 mm thick) usually do not warrant SLNB, since
the likelihood of finding a metastasis is only 1%.'8

The parameters used to determine the TNM
stage also establish the melanoma clinical stage,
on which prognosis and therapeutic options
are based. Four clinical stages are described;
stages I and II represent localized melanoma,
whereas stage III disease includes regional
metastases and stage IV, distant metastases.
Prognosis varies greatly with 10-year survival
rates ranging from 100% in cases of melanoma
in situ to less than 16% in stage IV disease (dis-
tant metastasis).*

Treatment

The current practice for invasive melanomas
involves excision of cutaneous and subcutane-
ous tissue down to the underlying fascia, with-
out removing it, with a suggested margin of
excision as listed in Table 16.1. Appropriate surgi-
cal treatment should be based on histologic con-
firmation of tumor-free margins. Recent
literature suggests that in some cases of mela-
noma in situ, the standard margin of 0.5 cm may
be insufficient for complete excision.™

Patients with metastatic melanoma (stages
IIT and IV) are candidates for adjuvant therapy.
This includes interferon alpha, granulocyte-
macrophage colony-stimulating factor, cancer
vaccines, and systemic chemotherapeutic agents
such as dacarbazine and interleukin-2. A series
of novel melanoma treatment modalities are
under investigation, including cancer vaccines,
angiogenesis inhibitors, and cytotoxic agents.

Radiation therapy also has a role as primary
treatment of certain subtypes of melanoma,
such as ocular melanoma and lentigo maligna
melanoma. More commonly, it has been used as
adjuvant and palliative therapy.

Table 16.1.Recommended margins of excision in melanoma. 4

Melanoma thickness (mm) Radius of excision (cm)

Insitu At least 0.5
<1.0 1

1.1-2.0 1-2
2.1-4.0 2

>4 At least 2
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Skin Cancer: Early Detection and
Follow-Up

Nationwide campaigns have been established
for prevention and awareness of the increasing
incidence of skin cancer. These campaigns focus
on sun protection, particularly in the first
decades of life. Patients who have had a non-
melanoma skin cancer are at increased risk of
developing a new primary lesion, especially
within the first 3 years of diagnosis and treat-
ment of the initial cancer. Patients diagnosed
with a BCC have a 44% risk at 3 years of devel-
oping a second primary BCC, whereas the risk
for an SCC is 18% at 3 years after the diagnosis
of the first SCC. The main risk factor for devel-
oping subsequent skin cancers is the number of
previous NMSC. A doubled 3-year cumulative
risk has been reported in patients with three or
more prior NMSCs.*

Patients with a history of melanoma should
also be followed closely for the risk of recurrence
and development of a second primary mela-
noma. Recurrence rates of melanoma depend
mostly on the thickness of the primary lesion
and have been reported between 3% and 30%.
On the other hand, up to 12% of patients diag-
nosed with melanoma will develop a second pri-
mary melanoma.’

Given this increased risk, recommendations
have been made to follow up patients for skin
examinations at least twice a year as well as for
education and self-examination, particularly
during the first 3 years after diagnosis. Patients
with a history of melanoma should have a detailed
skin examination initially every 3 months for
2 years, then every 6 months for 3 years, and
once yearly thereafter.

Despite the increasing incidence of skin can-
cer, the overall mortality and survival remain
stable, and in some cases, a decreasing tendency
is evident. Early detection of skin cancer, par-
ticularly melanoma, is of utmost importance for
an appropriate management. Key elements for
this task include education of the general public
about sun exposure and periodic skin examina-
tions, particularly in at-risk populations. Current
and novel treatment options hold promise for
the treatment of the most common human
malignancy.
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Esthetic Skin Treatments (Fillers) A

Michel E. Pfulg and Serge Lé-Huu

Summary

Injectable soft tissue fillers play an important
role in the aesthetic treatment of the ageing
face. Staving off wrinkles and folds accounts
for the most popular minimally invasive pro-
cedures performed.

Since the acceptance of collagen as a filler in
1977, new reabsorbable and non-reabsorbable
implants have appeared with varying degrees
of success. Most of the early dermal-filling
materials, of historical interest, were poten-
tially long lasting, even permanent. Today, as
we know more about products and their
potential complications,a more accurate treat-
ment plan can be arranged for the patient.

The ideal desired characteristics for a soft
tissue filler are that they must be safe, biocom-
patible, easy to inject, readily prepared, easy to
store, affordable, have long lasting cosmetic
effect,and not provoke any complications. In this
chapter, we go through the history of dermal-
filling materials, mentioning the most important
biodegradable, semipermanent, and nonbiode-
gradable fillers. Technical guidelines are given.
The conclusion is that today injectable fillers
based on hyaluronic acid hold many of the
sought-after properties of the ideal filler and
please patients’ demand for products with little
associated risk. Nonbiodegradable fillers can
give a definitive correction but involve the risk of
severe and permanent adverse reactions.

Introduction

The demand in aesthetic plastic surgery and
medicine has grown dramatically in the last 10
years. During this period, the field of cosmetic
medicine changed as the demand for noninva-
sive methods grew substantially.

Injectable soft tissue fillers play an important
role in the aesthetic treatment of the ageing face.
Staving off wrinkles and folds accounts for the
most popular minimally invasive procedures
performed. Volume enhancement is now becom-
ing an indispensable component of modern
facial rejuvenation as it is well accepted by
patients who are not yet inclined to procedures
involving surgical lifting. Besides that, it is an
appropriate approach for patients who have
already undergone a surgical lifting.»*!

Volume enhancement does require appropri-
ate use of a product. Today more than 35% of the
procedures performed by surgeons are no lon-
ger surgical. The use of soft tissue fillers responds
perfectly to the younger population’s expecta-
tions, which constitutes a growing part of aes-
thetic consultations.

Since the acceptance of collagen as a filler in
1977, new reabsorbable and non-reabsorbable
implants have appeared with varying degrees of
success. The latter group especially has some-
times demonstrated dramatic late complications.
The development of these late complications,
which were due to alack of information, technique,
and expertise, resulted in doctors and patients
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being unwilling to use these products.'®3¢4042
European surgeons demonstrated far more exper-
tise than US practitioners in using reabsorbable
and non-reabsorbable fillers. The initial product
used by surgeons was Zyderm by injection. New
products soon appeared on the market, so the
accumulated experience is now immense. Today,
as we know more about products and their
potential complications, a more accurate treat-
ment plan can be arranged for the patient. Ethical
and medicolegal issues have to be addressed, so
a precise understanding of soft tissue injectable
filler substances is compulsory.

History

For many years, physicians and investigators
worldwide have been looking for the ideal soft
tissue filling material for aesthetic treatment for
various areas of the face. One of the earliest
agents used for soft tissue augmentation was
autologous fat, already used more than 100 years
ago. Most of the early dermal-filling materials,
of historical interest, were potentially long last-
ing, even permanent, and were not necessarily
native to the intended site. Paraffin, for instance,
was used at the turn of the nineteenth century,
but it fell into disrepute by the 1920s because of
the formation of severe granulation tissue.
Nevertheless, its use continued in Asia through-
out the 1960s. Pure injectable silicone was used
by a relatively small group of physicians with
markedly mixed outcomes. The US Food and
Drug Administration (FDA), concerned by its
effect, banned injectable silicone from cosmetic
procedures.'*>

Finally, practitioners have come to a better
understanding of benefits and limitations as well
as appropriate application when it comes to
injecting filling agents to patients. In addition,
factors such as technique, which contributed to
untoward events, are now well controlled. This
also applies to silicone, as injections show good
results with minimal complications when admin-
istered by skilled surgeons.**® Zyderm I was the
first filling agent approved by the FDA for human
treatment. In the early 1970s, a group of investi-
gators from Stanford worked on a potentially
useful injectable bovine collagen implant. This
later led to the development and approval of
Zyderm I (Allergan, Irvine, California) bovine
collagen implant in 1977. At this point, claims

222

PLASTIC AND RECONSTRUCTIVE SURGERY

were that this filler could result in “collagen
replacement” with more long-lasting results.
Zyderm II was approved in 1983 and Zyderm III
in 1985. “Zyderms” are the three types of colla-
gen products derived from bovine dermal colla-
gensuspendedinphysiologicphosphate-buffered
sodium chloride solution and 0.3% lidocaine.
Considering they were the first agents intro-
duced in the United States, they were directly
used for treatment of facial lines, shallow fur-
rows, and scars, with volume enhancement usu-
ally limited to the lip area. Results generally
lasted for several months, but poor injection
techniques and protocols often showed a short-
ening in duration. Rare occurrence of severe
localized allergic reactions pointed out new
issues in the field of agent injection. Skin tests
were required and quickly became mandatory as
physicians’ understanding of collagen reactions
increased in accuracy. Other animal protein col-
lagen-like products were then introduced. For
instance, porcine-derived collagen and other
bovine products (Fibrel) appeared outside the
United States.!®'*!*-23° The noxious potential of
bovine products led to the concept of a nonal-
lergenic human collagen. The first agent com-
mercially available in the United States was
Autologen (Autogenesis Technologies, Acton,
Massachusetts). At this point, research and devel-
opment culminated in the ability to surgically
extract human dermis with intact collagen fibers
for further injection. With autologous dermal
tissue matrix, no more skin testing was required,
and concerns about allergic inflammation and
potential transmitted disease were ruled out.
Further thoughts about a readily available inject-
able human tissue matrix spawned the idea for a
cadaver-based allogeneic agent. Dermalogen
(Collagenesis, Inc., Beverly, Massachusetts),
identical to Autologen in structure and sub-
stance, was conceived, but the origin, rather than
being autologous, was skin obtained from
approved tissue banks. As observed with most
injectable products, rare reactions, related to
product impurities, occurred in the early stages.
However, later complications did appear. In order
to address allergenicity issues, CosmoDerm and
CosmoPlast (Inamed division of Allergan, Santa
Barbara, California) were introduced in 2003.
CosmoDerm I, CosmoDerm II, and CosmoPlast
were the first approved bioengineered human
collagen dermal fillers. According to the manu-
facturer, those products presented no allergenic
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risk and did not require any skin testing before
injection®*. The newcomer within the inject-
able filler spectrum is the hyaluronan family. The
concept of using hyaluronic acid in tissue
enhancement resulted from years of research
done by Balazs and coworkers. Its use was justi-
fied by its structural and elastic properties as
well as its ability to maintain skin hydration,
even partially.® Clinically, hyaluronic acid was
used as a viscoelastic injectable material for
intraocular surgery, to protect delicate struc-
tures such as the cornea during instrumentation
of the anterior segment. The concept of cross-
linking, well known in the collagen industry, was
then applied to hyaluronic acid products in an
attempt to improve persistence, by fortifying the
molecule against enzymatic degradation. In the
late 1980s, investigators reported the potential
for injectable cross-linked hyaluronan to have a
prolonged residence time in tissue and yet show-
ing the same biocompatibilities as hyaluronan.”
In 1991, Piacquadio initiated a study of cross-
linked hyaluronan acid (Hylan B) for tissue
enhancement.*

Since their introduction, hyaluronans have
become the leading filling agent worldwide and
have considerably popularized soft tissue
enhancement by injection as a highly acceptable
procedure for facial rejuvenation. The hyaluronic
acids have been long awaited as a solution in
terms of longevity and allergenicity, as well as a
guarantee for good aesthetic results. For many
years, these agents had been used for other
nonaesthetic applications and presented a
proven track record of biocompatibility with
both intraocular and intra-articular uses. The
awareness of this substance as a primary compo-
nent of skin, characterized by its hydrophilic
properties, as well as its ability to produce itin a
variety of ways, sparked the interest of many. As
the long-lasting effect of hyaluronic acid in its
nature was known to be dramatically transient
in vivo, it was enhanced with a host of chemical
manipulations, including cross-linking tech-
niques and concentration optimization. Besides
that, improved injection techniques and greater
product persistence and versatility have facili-
tated the high level of treatment outcomes.>”*

Restylane was the first hyaluronic acid to
receive the US FDA approval, years after having
been used in Europe. Others were soon to follow.
A multitude of hyaluronic acid agents are now
currently available worldwide with variations due
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to their individual characteristics (Hydrafill Soft
and Max, Juvederm 18, 24, and 30, Surgiderm,
Belotero, Hyaluderm, etc.). This includes source
derivation (animal versus bacterial), cross-link-
ing (both chemical method and degree), con-
centration, amount of free hyaluronic acid
(noncross-linked), and particle size/uniformity
(structure).®®

Biodegradable Fillers

Hyaluronan

Hyaluronan (also called hyaluronic acid or
hyaluronate) is a nonsulfated glycosaminoglycan
distributed widely throughout connective, epi-
thelial, and neural tissues. It is one of the chief
components of the extracellular matrix and con-
tributes significantly to cell proliferation and
migration. The average 70-kg man has roughly
15g of hyaluronan in his body, one-third of
which is turned over (degraded and synthesized)
every day.

Hyaluronan is also a major component of skin,
where it is involved in tissue repair. When skin is
excessively exposed to UVB rays, it becomes
inflamed (sunburn) and the cells in the dermis
stop producing as much hyaluronan, increasing
the rate of its degradation. Hyaluronan degrada-
tion products also accumulate in the skin after
UV exposure.

Hyaluronan is naturally found in many tissues
of the body, such as skin, cartilage, and the vitre-
ous humor. It is therefore well suited to biomedi-
cal applications targeting these tissues. The first
hyaluronan biomedical product, Healon, was
developed in the 1970s and 1980s,and is approved
for use in eye surgery (i.e., corneal transplanta-
tion, cataract surgery, glaucoma surgery, and
surgery to repair retinal detachment). Other bio-
medical companies also produce brands of
hyaluronan for ophthalmic surgery.

In 2003, the FDA approved hyaluronan injec-
tions for filling soft tissue defects under the trade
name Restylane.

By its nature, hyaluronic acid retains water
like a sponge, absorbing more than 1,000 times
its weight. This helps to attract and maintain
water within the extracellular space, hydrating
the skin and increasing its volume and density.
Hyaluronic acid is also involved in the transport
of essential nutrients to the skin’s viable cells.
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Figure 17.1. Correction of the nasolabial folds with hyaluronic acid (Hydrafill Softline). (Courtesy of Dr.H.P. Frey, Luzern, CH.)

Hyaluronic acid provides volume, helping to
contribute to the skin’s overall appearance.

Hyaluronic acid can be derived from bacterial
or avian sources, and each product has its own
specific characteristics.

Cross-linked hyaluronic acid of avian origin
became the first noncollagen filler to be widely
used. The Hylaform product family is based on
hyaluronic acid derived from rooster combs.

Typical examples for bacterial hyaluronic acid
products are the Restylane and Juvederm/
Hydrafill families. These hyaluronic acid fillers
are proven to deliver a longer-lasting effect than
traditional bovine collagen.

Bovine collagen is derived from animals, that
is cows, and requires an allergy test.

The nonanimal-based fillers can be adminis-
tered without pretesting. Immediate treatment is
therefore available. The viscoelastic properties,
stabilizing role, and protective action on cell
afforded by hyaluronic acid make it an ideal
material with which to fill skin depressions. Very
quickly, hyaluronic acid products surpassed col-
lagen to become the new “gold standard” for soft
tissue fillers.”!83138

Indications

Hyaluronic acid dermal fillers can help to tempo-
rarily replace the lost hyaluronic acid and restore
the skin’s volume and smooth natural appearance.

They are indicated for injection into the mid to
deep dermis for correction of moderate to severe
facial wrinkles and folds (such as nasolabial folds)
(Figure 17.1). They are very useful for deeper
folds, lips, and irregularities such as soft acne
scars, nasal deformities, and areas that require
more sculpting. One of the main indications for
hyaluronic acid is treatment of the perioral area
and augmentation of the lips (Figure 17.2).

Hyaluronic acid should not be injected into
the eye contours (eyelids, eye wrinkles). The
application in the bags (tear trough deformity)
under the eyes is reserved for specialists specifi-
cally trained in this technique and having a
sound knowledge of the physiology of that par-
ticular area.” Hyaluronic acid should not be
injected into the blood vessels (intravascular)
and not be used in patients who tend to develop
hypertrophic scarring. It should not be injected
in women who are pregnant or breastfeeding
and in children. Overcorrection is to be avoided.
It should not be injected into areas presenting
cutaneous inflammatory and/or infections pro-
cesses (acne, herpes, etc.).

In association with Botox, hyaluronic acid can
produce an excellent rejuvenation effect on the
face (Figure 17.3).

It should not be used in association with laser
therapy, chemical peeling, or dermal abrasion.
For surface peeling, it is recommended not to
inject the product if the inflammatory reaction
generated is significant.
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Figure 17.2. Treatment of the perioral area with hyaluronic acid (Hydrafill Softline). (Courtesy of Dr.H.P.Frey.)

Complications

Side effects were usually mild to moderate,
lasting 7 days or less, and included temporary
injection-site reactions such as redness, pain,
firmness, swelling, and bumps.

Collagen

Collagen is the major structural component of the
dermis and is responsible for providing strength
and support to human skin. It is an essential pro-
tein complex found in the human body. Collagen
molecules form fibrils that produce necessary
fibers for our bodies. The configuration of the
fibers is the foundation for tissue formation.
Collagen supports the skin, bone, cartilage, and
blood vessels in our bodies. The dermal matrix in
adult skin is composed of type I (80-85%) and
type III collagen (10-15%), in addition to gly-
cosaminoglycans and elastin fibers.

In the 1970s, animal- and human-derived col-
lagens were studied for soft tissue augmentation.
Since then, several studies have been performed
on bovine- and human-derived collagen, and
injectable collagen implants are now recognized
as a well-accepted treatment modality for cos-
metic purposes. Collagen fillers were one of the
first injectable fillers to be offered as an antiaging
treatment."®!»418 They are classified as two types:

* Collagen fillers containing human collagen
much like the one found in the skin.
Manufacturers of this type of collagen

fillers include CosmoDerm and
CosmoPlast.

* Bovine-based or animal-based collagen
fillers. Manufacturers of this type of
collagen fillers are Zyderm and Zyplast.

Injected collagen is quite quickly degraded by
the body’s enzymes.

Bovine collagen tends to have a short life
span of up to 3 months, whereas the more expen-
sive human collagen may last up to 6 months.
The problem is that the results for either type are
totally unpredictable, and some women have been
known to reabsorb collagen filler in the lip area
in under a month. For that and many other rea-
sons, hyaluronic acid fillers are taking over from
collagen as the fillers of choice for many sur-
geons, as there is less risk of allergy and they are
longer lasting.*

The greatest risk is that of allergy, but, pro-
vided the allergy test is clear, this should not be a
problem. Human collagen is less likely to lead to
allergy than bovine collagen, which carries a
3-7% risk of this happening.

Indications

Collagen products can be injected into the naso-
labial folds, into the vermillion border, and the
body of the lip. The melolabial folds and the
mental folds can also be increased with collagen.
More superficially, it can be used to correct
glabellar lines, perioral lines, and other fine lines
(crow’s feet).
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Figure 17.3. Rejuvenation of the face combining Botox and hyaluronic acid injections. (Courtesy of Dr.H.P. Frey.)

Complications

Complications from collagen fillers are typi-
cally minimal. Adverse reactions to bovine
collagen implants are of two types: nonhyper-
sensitive and hypersensitive. Ecchymosis,
bacterial infections, herpes virus infection,

beading, development of cysts, local necrosis,
and abscess formation are examples of nonhy-
persensitive-type reactions. Patients with
hypersensitivity reactions to bovine collagen
may be reassured that it usually resolves within
4-24 months.3*



227

ESTHETIC SKIN TREATMENTS (FILLERS)

Semipermanent Fillers

These materials are derived from synthetic or
natural means and are used as a trigger mecha-
nism to boost fibroblast and collagen production.

Hyaluronic Acid and Dextranes

A combination of hyaluronic acid Hydroxy-
propylmethylcellulose and dextranes, marked as
Matridex, is thought to be more durable than
otherproducts.The combination of Dextranomer
microparticles with hyaluronic acid is highly
biocompatible. Products consisting of the above
combination have been used for a long time for
wound healing and as a bulking agent in the
treatment of urinary incontinence (Urodex).

Investigations show that Dextranomere
implants with a positively charged surface stim-
ulate the formation of soft tissue in the skin. The
main component of matridex is dextranomeres,
which are cross-linked Dextran molecules. The
Dextranomeres in Matridex are microparticles
with a positively charged surface and a diameter
of 80-120 um (DEAE Sephadex 25).

There is an immediate augmentation of the
wrinkles because of the combination with Hylan
Gel copolymer and excellent long-term results
by stimulating new collagen and regeneration of
the dermis by microspheres.®’

Indications

Matridex is used for the treatment of face wrin-
kles and folds (glabella folds, lip contour, lip aug-
mentation, oral commissures, fine lines, perioral
lines, periorbital lines, nasolabial folds) and for
contour correction

Complications

There should be, according to the manufacturer,
no long-term inflammations or irritations after
the injection of Matridex.

Calcium Hydroxylapatite (Radiesse,
Radiance)

Calcium hydroxylapatite is composed of a sus-
pension of 30% synthetic calcium hydroxylapa-
tite microsphere of 25-45um in diameter,
suspended in a 70% gel consisting of 36.6%
sterile water, 1.3% sodium carboxymethyl cellulose,
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and 6.4% glycerin. The calcium hydroxylapatite
microspheres present the same chemical com-
position as the inorganic constituent of teeth
and bone. After 1 month, fibrin and scant cellular
tissue surround the microspheres that act as a
scaffold for new tissue formation. At 3 months,
macrophages, fibrin, and fibroblasts form a cap-
sule around the microspheres. After 9 months,
the calcium hydroxylapatite is absorbed and the
microspheres lose their forms. The clinical effect
of calcium hydroxylapatite may last 9-18 months.
No skin testing is required before use as calcium
hydroxylapatite is immunologically inert. This
product is FDA approved for use in oromaxillo-
facial defects and laryngeal and vocal fold aug-
mentation. The use of calcium hydroxylapatite
as a soft tissue facial filler is off-label.

Indications

Calcium hydroxylapatite has been used for soft
tissue filling of nasolabial folds, facial lipodystro-
phy, wrinkles, glabellar lines, acne scars, and
liposuction contour defects.

Complications

Application in lip augmentation remains contro-
versial as a high rate of nodule formation (up to
50%) was observed. The main risk factor for
nodule formation is the excessive volume injec-
tion in a mobile zone such as the lips.

Poly-1-Lactic Acid (Sculptra, New-Fill)

Poly-L-lactic acid (PLLA) is a biodegradable,
synthetic polymer of r-lactic acid, which has
been used in a variety of human medical
applications for over 40 years (poly-L-lactic acid
has been safely used for many years in different
medical devices as reabsorbable plates, screws,
and suture materials). It is approved for the
treatment of HIV-associated facial lipoatrophy.*®
This filler consists of poly-L-lactic acid
microspheres (1-63 um in diameter), mannitol,
and sodium carboxymethylcellulose, completed
with sterile water for injection. Poly-r-lactic acid
stimulates ingrowths of type I collagen, with a
long-term tissue filling effect. The poly-L-lactic
acid microspheres are progressively metabolized
to carbon dioxide and water and are then
replaced by ingrowths of type I collagen. Nine
months after implantation, no polymer or
remnant cicatricial fibrosis can be detected
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histologically, demonstrating good biocompati-
bility of the poly-r-lactic acid microspheres, and
this causes volumetric expansion with the pas-
sage of time. Unlike other dermal fillers that are
intended to correct discrete facial wrinkles or
folds, poly-L-lactic acid provides volumetric
expansion of volume-deficient areas. The effect
of poly-1-lactic acid may last 2 years and no skin
testing is required before use, as it contains no
animal proteins.**+

Indications

This product, which has been used in Europe for
many years, is FDA approved in the United States
since 2004 as a soft tissue filler for lipoatrophy of
cheeks and for HIV patients who are under
highly active antiviral therapy.

Further off-label uses are for temples, upper
zygoma, nasolabial and malar regions, periorbital
and preauricular regions, and for the jaw line. It is
injected into the deep dermis or subcutaneous
layer using a 26-ga needle with a tunneling tech-
nique,and massage of the product is recommended
after injection. No overcorrection is required, but
most patients will require a series of three to four
injections spaced 4 to 6 weeks apart.”

Complications

Localized ecchymosis and edema can occur at
the site of injection.

Late reactions include subcutaneous nodule
formation, lasting up to 2 years after injection,
and granulomatous formation at 9-14 months
has been described.'>**

Nonbiodegradable Fillers

Injectable nonbiodegradable fillers can also be
used for aesthetic treatment of the ageing face.
The advantage of these products is longevity.
However, there are certain undesirable effects
that can occur immediately or after a significant
period of time, such as granulomatous forma-
tion, migration, or late allergic reaction. The
most common subacute or late reaction to per-
manent fillers is granulomatous development
(Figure 17.4). Treatment of an adverse reaction
to a nonbiodegradable filler material is therefore
much more difficult than that to reabsorbable
products, because it will provide a permanent
stimulus for the surrounding tissue.?*

PLASTIC AND RECONSTRUCTIVE SURGERY

Figure 17.4. Granulomatous reactions in the nasolabial folds and
cheeks following Dermalive (hyaluronic acid and acrylic hydrogel)
injections.

Polymethylmethacrylate
and Collagen (Artefill)

Artefill is composed of polymethylmethacry-
late microspheres (20 vol %) in a suspension of
denatured 3.5% bovine collagen (80 vol %). It is
the successor product to Artecoll introduced at
the end of the 1980s but with a smaller sphere
size that measures 30-42 um in diameter with a
smooth and round surface. These properties
permit encapsulation by the patient’s own col-
lagen fibers, preventing dislocation after bovine-
collagen degradation within 1-3 months. The
polymethylmethacrylate microspheres are non-
biodegradable and too large to be phagocy-
tosed by macrophages. They act as a matrix for
the host of fibroblasts that progressively replace
the bovine collagen and stimulate tissue
ingrowth to bring volume to fill the wrinkle.
Artefill brings not only volume but it also stim-
ulates the patient’s own collagen production
around the microspheres. This material is
injected deeply into the lower third of the der-
mis, the reticular dermis, using a 26-ga needle
with a tunneling technique, moving the needle
back during the injection. The needle should
never be visible.'>¥
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Indications

Artefill can be used to treat the glabellar lines,
nasolabial folds, radial upper lip lines, and the
corner of the mouth. It brings a long-lasting
result.

Complications

Adverse events with Artefill are much less
important than those with Arteplast (2.5%
foreign body granulomas) or Artecoll, as the
diameter of the microspheres has diminished
and the purification and washing technique was
introduced.**

The effects of Artefill are stable for at least 4-5
years with a low late adverse events rate. Allergy
testing is required to minimize the risk of hyper-
sensitivity reactions with the bovine collagen. In
rare cases, foreign body reaction (granuloma) to
Artefill can occur, 6 months to 2 years after treat-
ment. They are first treated by intralesional
injection with corticosteroids or surgical exci-
sion if there is no response. Small white granules
can be visible if the filler is injected too
superficially.

Polyacrylamide (Aquamid, Amazingel,
Argiform, Bioformacryl, Evolution,
Outline, etc.)

Polyacrylamide is composed of 97.5% water and
2.5% cross-linked polyacrylamide hydrogel. At
first, a fibrocellular capsule surrounds the acryl-
amide gel without foreign body reaction. The
capsule gets thicker with fibroblasts and mac-
rophage accumulation. The chemical properties
of polyacrylamide with a high proportion of
water cause fewer foreign body reactions. The
noncovalent bonds of the molecular structure
and the high level of water result in a smooth
surface, preventing phagocytosis by mononu-
clear cells and macrophages. However, after
injection of small quantities of aquamid (0.1 cc),
the product is absorbed within 9 months in
human skin.

Indications

This product is the first choice for facial soft
tissue augmentation, such as cheek, chin, or
mandibular augmentation. Polyacrylamide adds
volume to the subcutaneous tissue, thereby

Figure 17.5. Abscess formation after injection of Aquamid (hydrogel
composed of 97.5% sterile water bound to 2.5% cross-linked polymers)
in the left cheek.

restoring or augmenting facial and body con-
tours. It is also used for lip augmentation, naso-
labial folds, perioral wrinkles, glabellar frown
lines, and depressed mouth corners. This prod-
uct must be injected deeply in the subcutaneous
tissues, in a retrograde fashion.

Complications

Local events like hematomas, edema, itching,
changes in skin pigmentation, or moderate pain
have been observed. Gel accumulation with nod-
ule formation is also described. Infections
(Figure 17.5), granulomata, and migration are
uncommon but reported*.

Silicone (Adato Sil 5000, Bioplastique,
Biopolimero, Dermagen, Silikon 1000,
Silicex)

Injectable silicone is one of the oldest injectable
filler materials used. It is a synthetic polymer
containing elemental silicon (dimethylpolysilox-
ane). It appears to fulfill most of the criteria for
being the ideal implantable substance: perma-
nent, stable, and minimally antigenic. However,
this product is very “controversial” as it tended
in the past to migrate, harden, and cause inflam-
mation and skin necrosis. This is caused by a
lack of standardization and wrong indications in
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Figure 17.6. Surgical excision of the nasolabial folds following a chronic long-lasting granulomatous reaction after injection of Dermalive. (a)

Presurgery; (b) during surgery; (c) postsurgery.

the use of silicone, with large volumes injected
and poor injection technique®'**,

Indications

Silicone must be used in very small quantities
(0.01ml) with a micro droplet method. Tiny
droplets of silicone are deposited in the deep
dermal or subdermal layer by a series of injec-
tions spaced 3-10mm apart. Overcorrection
must be avoided.

Nasolabial folds, marionette lines, glabella,
tear troughs, cheek hollows, chin, lips, and cheek
bones can be treated with injectable silicone.

Liquid silicone (Adato Sil 5000, Silikon 1000)
is approved by the US FDA for use in the eye for
retinal detachment. Use in soft tissue augmenta-
tion indication is “off-label.”

Complications

Chronic cellulitis, foreign body reactions, extru-
sion, ulceration, nodules formation,and migration

of material can occur many years after silicon
injection. When these complications are
observed, the injected silicone must be removed
by surgical resection (Figure 17.6).

Technical Guidelines

The demand for fillers has grown dramatically
in the last 10 years because of longevity of life
(ageing population) and the influence of the
media. Combinations of fillers may achieve max-
imum benefit. The degree and duration of the
correction depend on the product and on the
character of the defect treated, the tissue stress
at the implant site, the depth of the implant
in the tissue, and the injection technique.
Contraindications are autoimmune diseases,
hypersensitivity to a component of the product,
pregnancy or breast feeding, a wrong indication
(location), a flawed or faulty technique, herpes
facialis, bleeding factors (salicylate, plavix,
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sintrom, vitamin E, herbs, anti-inflammatory
drugs), or a Koebner phenomenon (psoriasis,
pyoderma gangrenosum).

Minor complications can occur after injection
of any filler. Common side effects following
treatment are bruising, erythema, and edema. If
the product is injected too superficially or in
excessive quantity, small nodules can occur.
Acute infections are treated by antibiotics
focused on skin infection. Granulomatous
reactions may also happen, which is a generic
immune response against a foreign body.
Treatment of granulomas, if they appear, involves
the use of topical steroids or systemic steroids. If
there is no response after steroid injection,
5-fluorouracil can be added to the initial product.
If there is still no sign of improvement, a surgical
procedure should be considered (Figure 17.6b).

Conclusion

All fillers result in dramatic improvements if
used correctly and precisely. Thanks to a better
understanding of facial ageing, specifically soft
tissue deflation noted between youth and mid-
dle age, the indications for injectable filler
agents have significantly evolved. Injectable fill-
ers are a common option to postpone the surgi-
cal procedure. With the improvement of
products and techniques, results using fillers
have become more consistent, thereby increas-
ing patient and physician satisfaction. However,
as a great variety of injectable fillers is avail-
able, especially in Europe and South America, it
can be sometimes difficult to choose the right
filler for the right indication. No agent meets all
the criteria of the “ideal filler,” and selection
should be based on anatomical parameters and
practitioner preference. It is important to note
that the results achieved with each filler are
dependent on a learning curve, and some fillers
are more forgiving than others. Many of the
new fillers available are longer lasting and have
shifted the paradigm between permanent or
nonpermanent fillers. Use of permanent fillers
allows less room for error as it can produce
irreversible changes in facial shape that may
not retain the aesthetic modifications as the
patientages.With theintroduction of hyaluronic
acid derivatives in soft tissue augmentation, a
safer,longer-lasting, and yet temporary alterna-
tive has been made available.
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Physicians dealing with fillers have to gain
expertise in choosing the best possible product
for the correction of lines, folds, defects or scars,
wrinkles, and for tissue augmentation. Many
national health authorities and academic societ-
ies encourage the use of biodegradable instead
of nonbiodegradable injectable facial implants*.
Nonbiodegradable fillers can give a definitive
correction but involve the risk of severe and per-
manent adverse reactions.
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Head and Neck Embryology and Anatomy ¢
Arunesh Gupta, Gopal Malhotra, Oladimeji Akadiri,

and Ian T. Jackson

Summary

In the first section of this chapter, a brief
account of the embryogenesis of the human
head and neck is presented. The discussions
are focused on the formation of the branchial
apparatus and their derivatives and develop-
ment of the tongue, thyroid gland, palate, and
face.In the second section, a concise survey of
the anatomy of the head and neck is provided
with an attempt to simplify the description of
this complex anatomical region. The region is
discussed under two subsections, the “Hard
Tissue Framework” and the “Soft Tissue
Envelope” to describe the skeletal anatomy
and the connective tissues, nerves, and vascu-
lar anatomy of the region. Some important
clinical considerations in plastic and recon-
structive surgery are highlighted.

The head and neck region is perhaps the
most complicated anatomical region of the
human body because of its complex and deli-
cate anatomical architecture. It also has sig-
nificant impact on the mental, social, and
emotional disposition and overall self-image
of the individual. It is probably the region of
the body for which reconstructive surgery is
most required. A plastic surgeon may be con-
fronted with significant congenital defects in
the head and neck region or reconstruction of
complex traumatic facial problems. For this, it
is essential that he/she has adequate knowledge

of the regional anatomy and embryology. No
matter how artistically it is designed and
sculpted, surgery based on insufficient knowl-
edge will ultimately result in a poor aesthetic
result and a patient who is anatomically as
well as functionally compromised.

Embryology of the Head
and Neck

Tissues required for development of the head
region are contributed as follows -

(A) Mesenchymal tissue arises from the
following:

1. Paraxial mesoderm.

(a) Calvarium by forming the parietal,
occipital, and petrous temporal bone

(b) All voluntary muscles of the
craniofacial region

(c) Connective tissue and dermis in
the dorsal calvarium

(d) Meninges distal to the forebrain

2. Lateral plate mesoderm forms the
arytenoids and cricoid cartilages with
their connective tissue.

3. Neural crest cells from the brain
migrate into the pharyngeal arches and
facial region to form their skeletal
structure together with other tissues.
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(B) Ectoderm is derived from ectodermal
placodes. Cells from neural crest and
ectodermal placodes form the neurons
of the fifth, seventh, ninth, and tenth
cranial sensory ganglia.

Branchial Apparatus Development and
Derivatives

The derivatives of the branchial apparatus pro-
vide a major contribution to the development of
the head and neck. The term branchial is used
for the cranial region of an early embryo as it
resembles a fish embryo at comparable stage.
The branchial apparatus consists of branchial
arches, pharyngeal pouches, branchial grooves,
and branchial membrane (Figure 18.1).
Branchial arches appear early in the fourth
week as ridges of mesenchymal tissue on the
future head and neck regions. The branchial
arches are separated from each other externally
by branchial grooves and are numbered in a
craniocaudal sequence. Each branchial arch is
lined on the outside by ectoderm and on the
inside by endoderm with a central core of

Branchial arch I

Branchial arch II

Cervical sinus

Branchial grooves II, IIT and IV

Figure 18.1. Relationship between branchial arches and pouches.
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mesenchymal tissue, which receives a substan-
tial number of neural crest cells.

The neural crest element of each arch gives
rise to the skeleton of the face (Figure 18.2), and
the mesenchymal portion is the origin of the
muscular component (Figure 18.3). This muscu-
lar component has its own cranial nerve, and
wherever these muscle cells go, they carry their
original nerve supply with them (Figure 18.4).
Tables 18.1 through 18.3 detail the various struc-
tures derived from the branchial apparatus.
Clinical Correlates

1. Branchial Malformations:

Congenital malformations of the head and neck
region mostly represent the remnants of the
branchial apparatus that normally disappear as
these structures develop.

These include malformations such as the
following:

Congenital auricular sinuses and cysts — These
are remnants of the first branchial groove commonly
found in a triangular area anterior to the ear.

Branchial sinus - Mostly, these occur due
to failure of the second branchial groove to
obliterate. Typically, they are external and open

Pouch I

_— Pouch 11

Pouch IIT

Pouch IV

Pouch V

Oesophagus
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Anterior ligament of Malleus

Malleus

F Incus

FStapes

Styloid process

I Arch

[] St

Spine of sphenoid —\/
Sphenomandibular ligament

/
II Arch ‘)
. Former site of

Meckel’s cartilage

Stylohyoid ligament

IIT Arch
Body of Hyoid bone
Ivffﬁ%w Thyroid cartilage

Cricoid cartilage

Figure 18.2. Adult derivatives of branchial arch cartilages.

Temporalis

Occipitalis

\\ Auricularis

Frontalis

Orbicularis oculi

Buccinator ‘ v
‘ Stylohyoid
Orbicularis oris 1
Masseter ‘ Stylopharyngeus
Mylohyoid —-

Anterior and
posterior belly
of Digastric
Pharyngeal muscles
Platysma

Sternocleidomastoid

Figure 18.3. Adult derivatives of branchial arch muscles.
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Opthalmic branch of Trigeminal nerve

Maxillary branch of Trigeminal nerve

Mandibular branch
of Trigeminal nerve

Figure 18.4. Nerve supply of the pharyngeal arches.

Table 18.1. Branchial arches.

Pharyngeal arch

| or Mandibular

II'or Hyoid

VNI

Nerve Muscles

V.Trigeminal: maxillary
and mandibular divisions

tensor tympani

VII. Facial Muscles of facial expression;
posterior belly of digastrics;
stylohyoid; stapedius

IX. Glossopharyngeal Stylopharyngeus; superior and

middle constrictors
Superior laryngeal Inferior constrictor
Recurrent laryngeal

muscle

Table 18.2. Branchial pouches.

Pouches
|

Structures

Eustachian tube, middle ear (mastoid air cells),
medial tympanic membrane

Supratonsillar fossa, palatine tonsils, middle ear
Epithelial reticulum of thymus, inferior
parathyroids

Thyroid parafollicular cells (C cells), superior
parathyroids

Trachea, intrinsic laryngeal
muscles except cricothyroid
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Facial nerve

Glossopharyngeal nerve

Mastication (temporal; masseter; Premaxilla, maxilla, zygomatic
medial, lateral pterygoids);
mylohyoid; anterior belly of
digastrics; tensor palatine,

Vagus nerve

Skeleton Blood supply
Maxillary

bone, part of temporal bone,

Meckel’s cartilage, mandible,

malleus, incus, anterior ligament

of malleus, sphenomandibular

ligament

Stapes; styloid process; stylohyoid  Stapedial

ligament; lesser horn and upper  degenerates

portion of body of hyoid bone

Greater horn and rest of hyoid Common and

bone internal carotid

Thyroid and cuneiform cartilage ~ Left aorta and right
subclavian

Cricoid; arytenoids, and
corniculate cart

Ductus arteriosus
and pulmonary
artery (L)

Table 18.3. Branchial clefts.

Clefts
I

-V

Structures

External auditory canal, outer tympanic
membrane
Obliterates
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External and internal
carotid arteries

Branchial fistula

Fistula opening

Figure 18.5. Branchial fistula tract.

on the anterior border of sternocleidomastoid
muscle in the inferior third of neck. Internal
branchial sinuses are uncommon, and if present,
they open in the tonsillar fossa.

Branchial fistula - This results from the per-
sistence of parts of the second branchial groove
and second pharyngeal pouch (Figure 18.5).

Branchial cysts — The remnants of parts of the
cervical sinus, the second pharyngeal groove, or
both may persist and form a cyst.

Branchial vestiges — These are persisting parts
of the pharyngeal cartilages on the side of the
neck, usually found anterior to the inferior third
of the sternocleidomastoid muscle.

2. First Arch Syndrome:

This is due to deficient migration of neural crest
cells into the first arch during the fourth week.
Treacher Collins and Pierre Robin are examples
of this syndrome.

Development of Thyroid and Tongue

Thyroid: The thyroid gland appears during the
fourth week in the floor of the pharynx and
descends to its final position in front of the
trachea by the seventh week. During its descent,

A5
NSV
L S

P/ Tonsil

Pharynx

Hyoid

Thyroid

it maintains its connection to the tongue by a
narrow canal thyroglossal duct, which is nor-
mally obliterated by the seventh week. Remnants
of the thyroglossal duct can form a cyst or a
fistula. Aberrant thyroid tissue can be found
anywhere along the course of its descent.

Tongue: Development starts around the fourth
week from the following structures (Figures 18.6
and 18.7).

1. The anterior two-thirds of the tongue
develops from two lateral swellings and one
medial swelling that originates from the
first pharyngeal arch. Because the mucosa
covering this part arises from the first arch,
the sensory nerve supply is by the man-
dibular branch of the trigeminal nerve.

2. The posterior one-third or root of the
tongue develops from the second
median swelling formed by the meso-
derm of the second, third, and part of
the fourth arches. This is innervated by
the glossopharyngeal and vagus
nerves.

The tongue muscles are derived from occipital
somites and are innervated by the hypoglossal
nerve.
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Distal tongue bud

Median tongue bud

Foramen cecum

Hypobranchial eminence

Glottis

Figure 18.6. Development of tongue showing pharyngeal arch derivatives.

Anterior 2/3 of tongue or oral part

Median sulcus

Circumvallate papillae

Posterior part of tongue or pharyngeal part

Foramen cecum

Epiglottis

Figure 18.7. Adult tongue, branchial arch derivatives.
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>

Maxillary
prominence

Nasolacrimal groove

AR —~TIT

Figure 18.8. Embryo face at 10 weeks.

Table 18.4. Development of the face.

Primordia Part of face

Forehead, bridge of nose, and
medial and lateral nasal
prominence

Cheeks, lateral portion of upper lip
Philtrum of upper lip, crest, and tip

Frontonasal (single)

Maxillary (paired)
Medial nasal (paired)

of nose
Lateral nasal (paired) Alae of nose
Mandibular (paired) Lower lip
Development of the Face

The face is formed by the five primordia (fronto-
nasal prominences and paired maxillary and
mandibular prominences) that appear around
the stomodeum early in the fourth week (Figure
18.8 and Table 18.4). A recognizable human face
develops by the eighth week, and from there
onward, facial proportions develop.

Development of the Palate

Palatal development begins at the end of the fifth
week and is completed by the 12th week.

o g

Mandibular prominence

Median nasal prominence

The palate develops from the primary and
secondary palates. The primary palate develops
from the intermaxillary segment. The secondary
palate is formed by the fusion of two internal
shelve-like outgrowths from the maxillary prom-
inences called the palatine shelves (Figure 18.9).
Fusion of the palatine shelves begins from the
anterior to the posterior. At the same time as the
palatine shelves coalesce, the primary palate and
nasal septum also fuse with the secondary palate
(Figure 18.10). The incisive foramen marks the
midline fusion point of the primary and secondary
palates.

Clinical Correlates

Cleft lips and cleft palates are common mal-
formations that result in an abnormal facial
appearance and speech problems. Although
often associated, cleft lips and cleft palates have
different etiology and malformation sequences.

Clefts anterior to the incisive foramen are
caused by lack of partial or complete fusion
between the maxillary prominence and the
medial nasal prominence on one or both sides.
Clefts posterior to the incisive foramen result
from failure of fusion of the palatine shelves.
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(% Nasal septum
E E z Palatine shelf

Oral cavity

Tongue

Figure 18.9. Coronal section showing formation of palate.

€D

Tongue

Fused palatine shelves
and nasal septum

Figure 18.10. Fused palatine shelves and nasal septum.
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Finally, clefts may occur in a combination of
both anterior and posterior fusion defects.
Other rare facial clefts include the following:

1. Oblique facial cleft - The maxillary
prominence does not merge with its
corresponding lateral prominence,
leading to exposure of the nasolacrimal
duct to the surface. It is often bilateral
and extends from the upper lip to the
medial margin of the eye.

2. Transverse facial cleft - This extends
from the mouth to the ear.

3. Median cleft of the lower lip and
mandible - This is caused by the failure
of the mandibular prominences of the
first arch to fuse in the midline.

4. Bifid nose - This is caused by the failure of
the medial nasal prominences to merge.

Anatomy of the Head
and Neck

The development and morphology of the human
body are largely determined in utero as
described in the preceding section. This pattern
can be modified to some extent during the
growth period and sometimes even afterward.
Whatever modification is desired, the plastic
surgeon must have at the back of his mind the
various anatomical landmarks and indices upon
which any intervention must be based. He must
also be aware of variations that exist based on
race, sex, and age.

The head must be viewed from the frontal, lat-
eral, and anteroposterior aspects. In doing this,
certain facts typical of human anatomical con-
tours must be borne in mind. This includes facial
height, width, and symmetry and cranial size,
shape, and contour. In the frontal view, the face
height is divisible into three equal thirds; hairline
to the glabella, glabella to the subnasale, and sub-
nasale to the menton. The width-to-height ratio
of 3:4 is fairly typical. The horizontal width of the
nose at its ala bases should correspond approxi-
mately to the distance between the medial canthi,
the width of one eye, and it also equals one fifth
of the widest diameter of the face.”"

From the lateral perspective, the general profile
of all faces is one of three types - the straight, the
convex, or the concave.? These are a few important
anatomical considerations in aesthetic facial sur-
gery; more pertinent information can be derived
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from appropriate soft tissues and hard tissue
cephalometric analysis of the skull and jaws.

The neck is simply designed as a nearly cylin-
drical part of the human body connecting the
head to the thorax. From a gross anatomical per-
spective, the differential proportion of the neck
relative to the head is perhaps the most impor-
tant consideration.

For the purpose of the current discussion, we
review the basic anatomy of the head and neck
under two headings: “Hard Tissue Framework”
and “Soft Tissue Envelope.”

Hard Tissue Framework

The overall size, shape, and contour of the head
are a reflection of the hard tissue framework,
whereas the soft tissue of the neck conceals the
skeletal anatomy to a large extent. The frame-
work of the head consists of the Cranium and the
facial skeleton, whereas the neck is made up of an
axial arrangement of cervical vertebrae joined to
one another at intervertebral joints and to the
cranium at the atlanto-occipital joints. In the
posterior aspect of the neck, the spinous process
of the seventh cervical vertebra is prominent
and palpable under the skin.

The Cranium

The cranial vault (Figure 18.11) consists of bones
derived from intramembranous ossification viz
the frontal bone, the paired parietal bones, and
the occipital bone. On the lateral aspect, the tem-
poral bone lies posterior to the greater wing of
the sphenoid bone bilaterally. The bones are
united at immobile joints called sutures rein-
forced by thick fibrous connective tissues - the
sutural ligaments.” During infancy and early
childhood, these joints are mobile and can be
molded to alter the shape and contour of the
head. The cranial base on the other hand con-
sists of a complex architecture of endochon-
drally ossified bones with foramina of various
sizes between them. These foramina transmit
delicate vascular and neural structures between
the intracranial and extracranial compartments.
The bones of the cranial base include the body,
lesser and part of the greater wing of the sphe-
noid bone, petrous part of the temporal bone,
and the basiocciput. The clivus is the central
posteroinferiorly inclined platform on which the
bones of the mid-facial skeleton abut.
Architecturally, the bones of the cranium are
made up of an external and internal table of



Frontal bone

Parietal bone

Greater wing of Sphenoid Bone

Temporal bone

Occipital bone

Figure 18.11. The cranial vault.

compact bone separated by a layer of coarse
spongy bone called diploe. The inner table is
thinner and more brittle. There is periosteum on
both sides of the cranial bones but the inner
periosteum is fused with the dura. The cranial
cavity contains the brain and its surrounding
meninges, portions of the cranial nerves, arteries,
veins, and venous sinuses. The bone of the cra-
nial vault is a versatile resource for calvarial bone
grafts for reconstructive purposes in the head
and neck region.®

The Facial Skeleton

The facial skeleton can be divided into the cra-
nial third (upper third), middle third, and the
mandible (lower thirds) (Figure 18.12) to pro-
vide a simple basis for anatomical and clinical
study of this region. The orbital cavity is formed
between the cranial third and the middle third,
whereas the external ear is positioned some-
where between the middle third and the lower
third. The upper third is essentially a part of the
cranium, discussed earlier. It comprises mainly
the frontal bone, as it curves downward at the
forehead to make the thickened upper margin of
the orbits. It terminates at the frontonasal and
frontomaxillary sutures in the midline and fron-
tozygomatic sutures at the lateral margins of the
orbits. The supraorbital notch or foramen is an
important anatomical landmark on the supero-
medial aspect of the orbital rim; the supraorbital
nerves and vessels exit from here,and these must
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be respected when incision or flaps are being
made in this region.®® Above the orbital margins,
the frontal bone is hollowed out and expanded
to form the frontal sinuses. The orbital part of
the frontal bone forms most part of the roof of
the orbits.

The orbital cavity is a vital anatomical part
of the facial skeleton; it contains the eye and
important neural and vascular elements and con-
nective tissues. It is formed between the cranial
third and middle third of the face. The orbital
rim is formed superiorly by the frontal bone,
medially by the processes of the maxilla and
frontal bone, inferiorly by upper margins of the
maxilla and zygoma, and laterally by the pro-
cesses of the zygomatic and frontal bones. The
orbital cavity is roughly pyramidal in shape with
its apex at the optic foramen and its base formed
outwardly by the orbital margins. It has a medial
and lateral wall, a roof, and a floor. The medial
wall is thin, formed by the orbital plate of eth-
moid bone, which contains the ethmoidal
sinuses. The floor is extremely thin, particularly
in the region of the infraorbital groove, which
anteriorly becomes the infraorbital canal. The
orbital floor is made up of the orbital part of
maxillary and zygomatic bone, which is thin. It is
bounded laterally by the inferior orbital fissure;
posteriorly, it is made up of the orbital process of
the palatine bone. The lateral wall is formed by
zygomatic bone and greater wing of sphenoid,
whereas the roof is formed by the orbital plate of
the frontal bone. Both lateral wall and roof are
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Frontal bone

Supraorbital notch

Nasal bone

Zygoma
Infraorbital foramen
Maxilla

Pyriformis aperture

Vertical ramus of Mandible

Body of Mandible

Mental foramen

Figure 18.12. The facial skeleton.

relatively thick. The surgical importance of this
architecture is that the thick sidewall protects
the orbital content from the impact of a direct
force lateral, whereas the thick roof protects
against fracture and intrusion into the anterior
cranial fossa. The thin floor and medial wall
fracture easily in response to a direct compres-
sive force on the eyeball and thus the orbit, to
prevent significant damage to vital intraorbital
structures.'

The middle third constitutes the central part of
the facial skeleton. It involves a complex articula-
tion of fragile bones. The area is defined superiorly
by a horizontal line drawn across the skull from
the frontozygomatic suture across the frontonasal
and frontomaxillary suture to the frontozygo-
matic suture on the opposite side and inferiorly
by the occlusal plane of the upper teeth. It extends
as far backward as the pterygoid plates of the
sphenoid.! The composite structure of this com-
plex of bones is so designed that it will withstand
the forces of mastication from below and pro-
vides protection in certain vital areas when these
are traumatized.® This region is occupied mainly
by the paired maxillary bones, with the anterior

™,
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Roof of the orbit
Lateral wall of the orbit

Medial wall of the orbit
Middle concha

Inferior concha

Teeth

nasal aperture lying between them. The maxilla
is roughly pyramidal in shape, with a hollowed
region constituting mainly of the maxillary
sinuses. It contributes to the upper jaw, bridge of
the nose, the nasal aperture, and the inferior
margin and floor of the orbit. The infraorbital
foramen lies in the upper aspect of the maxilla
about 1cm below the inferior orbital margin and
transmits the infraorbital neurovascular bundle.
The maxillary alveolar process contains sockets
for the upper teeth, whereas the medial wall of
the maxillae contributes to the lateral nasal wall.
Laterally the maxilla articulates with the zygo-
matic bone and further laterally this articulates
with the zygomatic process of the temporal bone
to complete the zygomatic arch.

At the inferior aspect of the maxilla, the two
palatine bones fuse at the median palatal suture,
forming the roof of the oral cavity. Posterior to
this, the horizontal plate of the palatine bone
completes the hard palate. The lesser and greater
palatine nerves exit from small foramina in the
posterior aspect of the hard palate. The maxillae
articulate with the pterygoid at its posterior
margin, forming the pterygomaxillary suture.
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Lateral cartilage

Major alar cartlage

Minor alar cartilages

Figure 18.13. The nasal skeleton.

The nasal skeleton is an important part of
the mid face. The supporting framework of the
external nose is composed of bone and fibroelastic
cartilages (Figure 18.13). The paired nasal bones,
the frontal processes of the maxillae, and the
nasal processes of the frontal bones complete
the nasal bridge. The ethmoid bone with its
attachment to the superior and middle turbinate
bones forms part of the lateral nasal walls,
whereas the cribriform plate of the ethmoid
forms the nasal roof. The inferior turbinates are
separate bones attached to the maxillary aspect
of the lateral nasal wall, and they are important
anatomical structures that must be considered
in nasal surgery. The bony part of the nasal sep-
tum is formed by the perpendicular plate of the
ethmoid bone at the posterosuperior aspect and
the vomer bone posteroinferiorly. The cartilagi-
nous framework consists of the median quadri-
lateral septal cartilage sandwiched between the
perpendicular plate of the ethmoid and vomer
bone (Figure 18.14) and the paired upper lateral
and alar nasal cartilages,and these are connected
to each other and to the nearby bones by the con-
tinuity of the perichondrium and periosteum.

The mandible is the bone of the lower third of
the facial skeleton. It consists of a horseshoe-
shaped body and a pair of vertical rami (Figure
18.12). It has outer and inner cortical plates that
are thicker anteriorly and along its inferior bor-
der, and it articulates with the cranial base at the
temporomandibular joints bilaterally. The man-
dible is a unique structure in several respects:
the teeth and their occlusion are important in
correction of bony facial trauma and in aesthetic
surgery. The synchronous movement of the con-
dyle in relation to the base of the skull and the
complex muscle attachments around it deter-
mines the biomechanics of traumatic injuries to
the bone and cranial base. This provides a chal-
lenge when trauma is sustained in this region.

The symphysis menti appears as a faint mid-
line ridge on the outer surface, and the mental
foramen can be seen below the second premolar
tooth. This is the exit for the mental nerve that
becomes susceptible in trauma or surgery in this
region. Medially, the genial tubercles are formed
on the inner surface by attachments of the genial
muscles. Bilateral parasymphyseal fractures can
cause a backward and downward pull of these
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Perpendicular plate of Ethmoid

Septal cartilage

Vomer

Figure 18.14. The nasal septum.

muscles on the median segment, causing the
tongue to obstruct the airway in an unconscious
patient. Lateral to these tubercles, the mylohyoid
line runs posteriorly as an oblique ridge to an
area behind the third molar; here it gives attach-
ment to the muscles of the floor of the mouth.
The vertical ramus has an anterior coronoid pro-
cess and posterior condylar process; these have
ligamentous and muscular connections with the
cranjium. The condylar neck is the weakest part of
the mandible and is most susceptible to fracture
- this mechanism protects against transmission
of significant force to the cranial base. On the lat-
eral surface of the vertical ramus, the markings
for the attachment of the masseter muscle are
seen, whereas the mandibular foramen for the
inferior alveolar neurovascular bundle is abutted
on the medial surface by a bony projection called
the lingula, to which the sphenomandibular liga-
ment is attached. The mandibular foramen leads
into the mandibular canal, which continues to
the mental foramen from which the mental nerve
exits. Further from this area, the canal persists as
an incisive canal transmitting nerve supply to the
roots of the incisors and canine teeth. The upper
border of the body of the mandible is termed the
“alveolus” and contains the lower teeth sockets.
The framework of the auricular part of the
external ear is entirely cartilaginous. It consists
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of a thin plate of fibroelastic cartilage molded
by eminences and depressions (Figure 18.15).
There is no cartilage in the lobule or between
the tragus and the crus of helix. Anteriorly,
where the helix curves upward, there is a small
cartilaginous projection, the spine of the helix.
Its other extremity projects inferiorly as the tail
of the helix. The cranial aspect of the cartilage
bears the eminentia conchae and eminentia
scaphae.

Soft Tissue Envelope

The soft tissue envelope of the head and neck
consists of the skin, subcutaneous connective
tissue, muscles, vascular,and nerve distributions.
The basic structures of these tissues are essen-
tially the same throughout the region of the
neck, but there are significant topographical
modifications in the head region. The neck is
draped in a smooth stretch of skin with a vari-
able natural line of cleavage that runs almost
horizontally around it. The subcutaneous fat
determines its shape.”

The Scalp and Facial skin

The scalp is made up of five layers (Figure 18.16),
the first three of which are tenaciously bound
together. These are the skin, dense connective
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Figure 18.15. The external ear.

Skin with hair follicles
Connective tissue (Dense)

Galael aponeurosis
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Outer cortex

Diploe
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Figure 18.16. The scalp.

tissue, and the galea aponeurosis. Deep to these
are the layers of loose connective tissue and the
pericranium. The skin is thick and hair bearing,
containing numerous sebaceous glands. There
are numerous arteries and veins in the dense
connective tissue layer, forming free anastomo-

ses between branches of the internal and exter-
nal carotid arteries and their accompanying
veins. The galea aponeurosis is a thin tendinous
structure that unites the frontal and occipital
belly of the occipitofrontalis muscle. It is attached
laterally to the temporalis fascia. The loose
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connective tissue layer contains a few small
arteries and important emissary veins that con-
nect the scalp veins to the diploe of the calvarial
bones and the intracranial venous sinuses.

Because of its rich vascular supply, the scalp
provides a rich resource for flaps of varying
thickness and designs. In a cadaver study of the
vascular anatomy of the anteriorly based galeo-
pericranial flap, Potparic et al.'' demonstrated
that the blood supply of the flap depends entirely
on the branches of supratrochlear and supraor-
bital vessels. The reliability of this supply is said
to be predictable to a limited distal extent. Some
increase in bulk and vascularity may be achieved
if the pericranial and galeal-frontalis myofascial
flaps are harvested as a single unit. Similarly,
Sharma et al."? found that the posteriorly based
full-thickness galeo-occipitalis flap can be made
of larger volume and richer vascularity when
raised below the subperiosteal plane.

The temporal area of the cranium is occupied
by the temporalis muscle, which originates
along the inferior temporal lines and the floor
of the temporal fossa and converges on its ten-
don beneath the zygomatic arch to attach to the
coronoid process of the mandible. The muscle is
covered by the temporalis fascia, which is a con-
tinuum of the galea aponeurosis, as it attaches
superiorly along the superior temporal lines
and inferiorly along the upper border of the
zygomatic arch.

The facial skin can be divided into aesthetic
units based on the consistency of color, texture,
thickness, mobility, vascular quality, and hair
density.”!® The aesthetic units include the fore-
head, the temple, the cheeks, the nose, the peri-
orbital area, the lips, and the chin. Wherever
possible, it is desirable that these boundaries are
not violated during surgery. The natural cleav-
age lines of the individual aesthetic unit tend to
run in the same direction, hence incisions placed
within or between the boundaries tend to heal
without significant scarring in most patients.

The skin of the face becomes specialized in
the area of the eyelids and the nose. The eyelids
are composed of two structural lamellae formed
by the orbicularis muscle and its overlying skin
and the internal lamella of the tarsal plate and
conjunctiva.’ The skin of the eyelid is extremely
thin and delicate containing numerous small
lacrima, sweat and sebaceous glands, and hair
follicles.® The skin of the nose is tightly attached
to the lower lateral cartilage in the tip area. In
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the other area, it is less tightly adhered to the
underlying infrastructure. The skin is thin at the
nasal root and tip areas and thicker in the supra-
tip region. The skin of the auricle is thin, has no
dermal papillae, and adheres to the underlying
cartilaginous framework.

Subcutaneous Connective Tissues

Underneath the facial skin is a layer of thin,
loose, areolar connective tissue in which are
embedded the muscles of mastication. It must be
stressed that no deep fascia exists on the face.

Immediately deep to the skin of the neck is a
thin layer of loose superficial fascia that encloses
the platysma muscle and contains superficial
veins, lymph nodes, and cutaneous nerves of the
neck. The deeper structures of the neck are
wrapped around by the investing layer of the deep
cervical fascia. This fascia splits to enclose the tra-
pezius and sternocleidomastoid muscle. It is
modified on its deep aspect to form the pretra-
cheal and prevertebral fascia and the carotid
sheath, which all divide the neck into separate
compartments. The investing layer is attached
below to the manubrium sterni, clavicle, and
scapular and above to the hyoid bone, the inferior
border of the mandible, zygomatic arch, mastoid
process and the superior nuchal line of the occipi-
tal bone. It splits between the angle of the mandi-
ble and the mastoid process to enclose the parotid
gland. This modification forms the parotid cap-
sule or fascia. The deep fascia supports the mus-
cles, viscera, and vessels of the neck.

Muscles and Viscerae of the Head and Neck

The muscular apparatus of the head and neck is
best understood when it is divided into groups.
The Cranial vault is covered by a compound
muscle comprising two bellies joined together
by the galea aponeurosis of the scalp - the occip-
itofrontalis. The facial muscles consist of two
groups: the masticatory muscles and the muscles
of facial expression, which derive from the first
and second pharyngeal arches, respectively. In
the neck, the muscle can be classified as the
suprahyoid, infrahyoid (strap muscles), and pre-
vertebral muscle groups, which are also of differ-
ent embryonic origins. The sternocleidomastoid
and trapezius muscles belong to a separate
group. Important viscera in the head and neck
include the tongue, thyroid and parathyroid
glands, thymus, and the laryngeal apparatus.
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Discussion of the anatomy of these viscera is
beyond the scope of this book.

Nerve Supply

The somatic sensory and motor supply to the
head and neck is derived mainly from cranial
nerves V, VII, XI, and branches of the cervical
plexus from spinal roots C1-5.

The sensory supply to the scalp includes the
supraorbital and supratrochlear branches of
the V1 division (ophthalmic) of the trigeminal
nerve, which supply the forehead up to the vertex;
the auriculotemporal branch of the V3 division
(mandibular) of the trigeminal nerve, which
supplies the temporoparietal region of the face
and scalp; and the occipital nerves (greater and
lesser), which supply the back of the scalp and are
derived from the cutaneous branches of the
cervical plexus. In the mid-face region, branches
of the V2 division (maxillary) and in the lower

SENSORY SUPPLY

Dermatome of the
Ophthalmic division
of Trigeminal nerve

Dermatome of the
Maxillary division
of Trigeminal nerve

Dermatome of the
Mandibular division
of Trigeminal nerve

Small area supplied by
great auricular nerve

Figure 18.17. Sensory and motor supply to the face.
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face, branches of the V3 division (mandibular)
of the trigeminal nerves provide sensory sup-
plies (Figure 18.17).

The cranial nerve VII (facial nerve) provides
motor supply to the muscles of facial expression
as it emerges between the substance of the super-
ficial and deep lobes of the parotid gland in its
characteristic “spread-fingers” fashion (Figure
18.17). The masticatory muscles receive motor
supply and proprioception from the motor part
of the cranial nerve V3 (mandibular). The mus-
cles in the suprahyoid group are supplied by
either the motor part of V3 (e.g., anterior belly of
digastric) or cranial nerve VII (e.g., posterior
belly of digastric) depending on their embryonic
origin. The infrahyoid muscles are supplied by
motor branches from the C1, 2, and 3 spinal
nerves. The trapezius and sternocleidomastoid
muscles are innervated by the cranial nerve XI
(accessory mnerve), whereas the prevertebral

MOTOR SUPPLY

Facial Nerve
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muscles are innervated by muscular branches of
the deep cervical plexus.

Vascular Supply and Drainage

The common carotid arteries via their internal
and external carotid branches provide the major
source of blood supply to the head and neck
(Figure 18.18). Additional arteries arise from the
subclavian artery, particularly the vertebral
artery. The external carotid artery is essentially
extracranial. It gives rise to many branches that
supply the head and neck region. Of particular
importance to the neck, face, and scalp are the
superior thyroid, posterior auricular, facial, and
the superficial temporal artery. The extracranial
contributions of the internal carotid artery come
via the supraorbital and supratrochlear arteries
to the forehead and the anastomotic branches
within the scalp. The venous drainage of the head
and neck follows a similar course (Figure 18.8),
the main tributaries being the facial vein, the ret-
romandibular vein, posterior auricular vein, and
the anterior jugular and transverse cervical veins,
all draining into the main external jugular vein.

ARTERIAL SUPPLY

Infratrochlear artery

supraorbital artery

Superficial temporal artery \®

Facial artery

External carotid artery

Figure 18.18. The vascular anatomy of the face.

Lymphatic Drainage

The lymph nodes of the head and neck are
arranged as a regional collar that extends below
the chin to the back of the head and as a deep
vertical terminal group along the axis of the
internal jugular vein (jugulo-digastric and jugulo-
omohyoid groups).

Drainage from the center of the forehead above
the root of the nose, the pyramidal area of the
maxilla and upper and lower lips drain directly
or indirectly into the submandibular nodes. The
lateral aspects of the forehead and scalp, the eye-
lids, and the temporal and cheek areas of the face
drain into the parotid and buccal lymph nodes.
Drainage from these primary nodes as well as
other parts of the neck ultimately drains into the
deep vertical group of cervical lymph nodes,
which eventually empty into the jugular trunk.

The aim of this brief anatomical survey of the
head and neck has been to highlight areas that
have a complex anatomy; an attempt has been
made to simplify the description and to make it
more relevant to some of the more complex proce-
dures that have been introduced in recent years.

VENOUS DRAINAGE
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Superficial temporal vein

Facial vein

External jugular vein
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Craniofacial Clefts and Craniofacial
Syndromes

Claude-Jean Langevin, Earl Gage, and Frank Papay

Summary

Craniofacial clefts are challenging problems
encountered by plastic surgeons. These
anomalies embrace a diverse group of abnor-
malities ranging from simple soft tissue
defects to complex craniofacial malforma-
tion. They are rare occurrences, and their
wide spectrum of presentation makes classi-
fication difficult. The treatments of craniofa-
cial clefts require a thorough knowledge of
the craniofacial anatomy, the underlying
embryological pathology, and the specific
characteristic of each entity. In addition, care-
ful surgical planning with a multidisciplinary
team is essential to achieve both functional
and aesthetic goals.

Abbreviations

OMENS Orbit asymmetry, Mandibular hyp-
oplasia, Ear deformity, Nerve dysfunc-
tion, Soft tissue deficiency

SAT Skeletal, Auricle, soft Tissue
T™] Temporomandibular joint
TNM Tumor, Node, Metastasis
Introduction

Composed of different aesthetic units, the face
represents an outward projection of our inner

self, making it the focal point of our social identity.
We can only imagine how distressing it would be
for parents when their child comes into this
world with a severe facial distortion. Improper
treatment of the deformities can have a huge
impact on the child’s social and mental develop-
ment. Fortunately, craniofacial clefts are rare.
However, due to the wide variability of the physi-
cal phenomena and the lack of understanding
with regard to their embryology, classification
remains problematic. Therefore, the surgical
management of facial clefts requires a thorough
knowledge of the craniofacial anatomy and the
specific characteristics of each anomaly. In addi-
tion, careful surgical planning with a multidisci-
plinary team is essential to achieve both
functional and aesthetic goals.

Craniofacial Clefts

Craniofacial clefts have a multitude of clinical
presentations with different levels of severity.
There is a substantial amount of data to report
with confidence the incidence of the common
clefts of the lip and palate with their associated
racial variations. The common cleft is more
likely to occur within the Asian population
versus Caucasians and African Americans with
incidences of 2.1 in 1,000 live births, 1 in 1,000
live births, and 0.4 in 1,000 live births, respec-
tively.>** The exact rate of occurrence of
atypical clefts is unknown but is estimated at
1.4-4.9 cases per 100,000 live births,*>** therefore
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approximately 100 times less frequent than the
common clefts. The estimates of prevalence are
largely dependent on the examiner’s attentive-
ness to the minor form of craniofacial clefts.
Tissue deficiency or tissue excess characterize
these malformations.

Embryology and Pathogenesis

The crucial period of organogenesis is defined
as the first 12 weeks of gestation.?”** The struc-
tural development of the cranium and face
occurs between the third and eighth weeks, and
it is during this period that most of the cranio-
facial anomalies take place.>*”*"¢* By the end of
the eighth week, the face takes on a recogniz-
able human appearance. The human face is
derived from five facial prominences that
surround the primitive mouth known as the
stomodeum. They consist of a single frontonasal
process and two bilateral maxillary and
mandibular processes. Both the maxillary and
mandibular processes are derived from the first
branchial arch.

Two theories exist to explain the formation of
facial clefts. The classic theory by Dursy* and
His* claims that failure of fusion of the various
facial processes would explain the morphogene-
sis of facial clefting.'** According to this theory,
facial processes are thought of as free-end pro-
cesses, and once epithelial contact is established
between them, mesodermal penetration com-
pletes the fusion. The mesodermal penetration
theory proposed by Veau,”” Warbrick,” and
Stark® is based on the assumption that the
embryonic face consists of a continuous bilami-
nar ectodermal membrane with epithelial seams
defining the major facial processes. Mesenchymal
migration and penetration within this bilaminar
ectoderm smooth out the seams and support the
epithelial walls. Failure of mesenchymal pene-
tration would lead to dehiscence and ultimately
create a cleft. Consequently, the degree of cleft
severity would be inversely proportional to the
degree of mesodermal penetration. Furthermore,
Johnston demonstrated the prime importance of
neuroectodermal cells, a group of cells arising
from the dorsal lateral ectoderm, in the mesen-
chymal development of craniofacial structures.?®
Failure in the formation, migration, or differen-
tiation of these cranial neural crest cells leads to
abnormal bone, cartilage, and connective tissue
development.
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The etiology of craniofacial clefting is believed
to be multifactorial. Genetics seem to play a
minor role if we make abstraction of Treacher
Collins syndrome.'”* The major etiologic causes
include viral infections (rubella, cytomegalovi-
rus, toxoplasmosis), maternal metabolic abnor-
malities (phenylketonuria), drugs (Isotretinoin),
and large-dose radiation exposure.'**5*

Classification

In 1976, Paul Tessier, the father of craniofacial
surgery, fashioned a simple system of classifica-
tion for craniofacial clefts based on skeletal and
soft tissue landmarks.”> With the orbit serving as
the reference point, the clefts are divided into a
cranial and a facial component. Each cleft is
assigned a number, from 0 to 14, relative to its
position from the sagittal midline (Figure 19.1).
The sum of the facial and cranial clefts typically
adds up to 14. Craniofacial clefts rarely occur in
a pure isolated form; they may have a unilateral
or bilateral presentation with different possible
clefting patterns on each side.

In 1983, van der Meulen et al.”* proposed an
embryological classification based on the devel-
opment of the craniofacial skeleton along a heli-
cal course symbolized by the letter S (Figure
19.2). The term “dysplasia”is preferred over “cleft”
to describe an arrest in skin, muscle, or bone
development. The ultimate craniofacial malfor-
mations will depend on the localization and the
time of disturbance. However, the simpler and
more descriptive Tessier’s classification still pre-
vails and allows for easy and effective communi-
cation between physicians.

No. 0 Cleft

A broad range of expression has been reported
from its minor form, represented as a subtle
midline notch of the upper lip, to a true median
cleft lip with a broad columella, bifid nasal tip,
broad and flattened nasal bridge, alveolar cleft
between the central incisors, and hyperteleor-
bitism. The nasal septum can be thickened,
duplicated, or absent. It is important to note the
differences between hyperteleorbitism, the
increased distance between the medial orbital
walls, and telecanthus, which is the lateral dis-
placement of the medial canthi commonly seen
in blepharophimosis. Cleft No. 0 may be
expressed as either a central tissue deficiency
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Figure 19.1. Tessier’s classification of facial clefts. (Reprinted from Tessier2, Copyright 1976, with permission from Elsevier.)

(holoprosencephaly) or tissue excess (median
cleft face dysmorphism). Cleft No. 14 represents
the cranial extension.5!%203»3172

No. 1 Cleft

This cleft originates in the cupid’s bow area analo-
gous to a common cleft lip and travels cephalad
through the alar dome, parasagittal nasal dorsum,
medial aspect of the eyebrow, and with possible

extension into the cranium as a cleft No. 13. A notch
of the alar dome is specific to this cleft. An alveolar
cleft can be present between the central and lateral
incisors extending to the piriform aperture lateral
to the anterior nasal spine.®!»?325172

No. 2 Cleft

The cleft begins at the cupid’s bow area and typi-
cally exhibits hypoplasia of the middle third of



Fronto-sphenoidal D.

Frontal D.

Inter-Frontal D.

Fronto-nasal D.

Inter-nasal D,

Nasal D.

Naso-Maxillary D.

Maxiilary D.

Zygo-Maxillary D.

256

PLASTIC AND RECONSTRUCTIVE SURGERY

Cranio-Facial Dysplasias

Zygo-frontal D.

2ygomatic D.

/

Zygo-temporal D.

/

Temporo-aural D.

Temporo-auro-
mandibular D.

Maxillo-mandibular D.

Mandibular D.

Inter-mandibular D.

Figure 19.2. van der Meulen’s morphogenetic classification of craniofacial malformations. (Reprinted with permission from van der Meulen et al.”)

the alar rim, which gives a flattened appearance
to the lateral aspect of the nose. Hypoplasia, not
a true notch of the middle third of the ala, is typ-
ical. Hyperteleorbitism is noted; however, the
nasolacrimal system, eyelid, and palpebral
fissure are not involved. Alveolar clefting may
be present at the lateral incisor position.

i i i w i i .
Distortion on the medial brow is seen in cleft No
12 8,10,20,32,51,72

No. 3 Cleft (Oronasal-Ocular Cleft)

Similar to clefts No. 1 and 2, it originates at the
cupid’s bow area but extends cephalad across the
alar base and continues superiorly between the
medial canthus and the inferior lacrimal punc-
tum, resulting in an inferiorly displaced medial
canthus, coloboma, and nasolacrimal disruption.
The alveolar cleft is usually present between the
lateral incisor and the canine and terminates in
the lacrimal groove. The oral, nasal, maxillary
sinus and orbital cavities are contiguous.
Dystopia is present and microphthalmia may
be noted. Cranial extension represents a cleft
No. 11.8,10,20,32,51,72

No. 4 Cleft

Cleft No. 4 originates lateral to cupid’s bow and
terminates at the lower eyelid medial to the
punctum without affecting the nose. The medial
canthus remains intact and the nasolacrimal
system functional except for the inferior canali-
culus that is disturbed by the cleft. The alveolar
cleft begins between the lateral incisor and the
cuspid and travels medial to the infraorbital
foramen. The cleft creates communication between
the oral, maxillary sinus and orbital cavities
excluding the nasal cavity. Dystopia and
microphthalmia may be noted. Cleft No. 10 rep-
resents this cranial extension.®!%2%32%.72

No.5 Cleft

Extremely rare, it begins just medial to the oral
commissure and extends obliquely across the
cheek to end at the lateral third of the lower eyelid.
Dystopia and microphthalmia may be present.
Alveolar clefting occurs in the bicuspid region,
courses lateral to the infraorbital foramen, and
ends at the orbital rim and floor. Cleft No. 9 is
regarded as its cranial extension 3102032172
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No. 6 Cleft

Often referred to as an incomplete form of
Treacher Collins syndrome, this cleft is charac-
terized by a channel along the zygomaticomaxil-
lary suture with a hypoplastic malar bone and
an intact zygomatic arch. There is no alveolar
cleft. Soft tissue defect is minimal in this cleft. It
is mainly characterized by a vertical groove
extending from the lateral lower eyelid toward
the angle of the mandible, contributing to the
antimongoloid slant and coloboma. Hearing
impairment is often present, although external
ear deformities are rare 020325172

No.7 Cleft

Cleft No. 7 is the most common cleft and the
most lateral craniofacial cleft.>* It is found in
both Treacher Collins syndrome, and craniofa-
cial microsomia, discussed later in detail. Its
clinical presentation varies widely from a mild
lengthening of the oral commissure with preau-
ricular skin tag to complete macrostomia extend-
ing to the anterior border of the masseter with
microtic ear, absence of the parotid gland and
duct, and paresis of the cranial nerves V and VII.
The skeletal cleft is located at the pterygomaxil-
lary junction with various degrees of hypoplasia
affecting the middle ear, maxilla, zygoma and
mandible.8,10,20,32,51,72

No. 8 Cleft

Commonly associated with other cleft abnor-
malities, it originates from the lateral canthus
and extends into the temporal region. It divides
the facial clefts from the cranial clefts and is con-
sidered the cranial extension of cleft No. 6. The
skeletal involvement occurs at the frontozygo-
matic suture. A dermatocele, a true lateral com-
missure coloboma with absence of the lateral
canthus, is often observed in Goldenhar syn-
drome in conjunction with epibulbar dermoids.
The complete from of Treacher Collins syndrome
is best described by the bilateral manifestation
of clefts No. 6, 7, and 8, the hallmark being an
absent Zygoma.8’10’20’32’51’72

No. 9 Cleft

This cleft occurs at the superolateral orbit, creat-
ing abnormalities of the lateral third of the upper
eyelid and eyebrow. The lateral canthus is dis-
torted and the superolateral orbital bone defi-
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ciency generates a lateral displacement of the
globe. Microphthalmia may be present in severe
cases. The temporal hairline projects
antel‘iorly.8’10’20’32’51’72

No. 10 Cleft

Cleft No. 10 begins at the middle third of the upper
eyelid and eyebrow and extends into the frontal
bone. Possible ocular abnormalities include elon-
gated palpebral fissure, ablepharia,and coloboma.
Frontal hair projection, encephalocele, and orbital
hypertelorism may be present.Itis a cranial exten-
sion of facial cleft No. 431020325172

No. 11 Cleft

It connects the medial third of the upper eyelid
and eyebrow to the frontal hairline. It corre-
sponds to the cranial branch of cleft No. 3. If
the ethmoidal labyrinth is disrupted medially,
hyperteleorbitism will be noted. However, a path
lateral to the ethmoid will result in coloboma of
the medial third of the upper eyelid with disrup-
tion of the corresponding supraorbital rim and
frontal hairline 1020323172

No. 12 Cleft

Cleft No. 12 is located medial to the medial can-
thus with superior extension within the medial
eyebrow margin. It is a continuation of cleft No. 2.
The cleft travels through the frontal process of
the maxilla and the ethmoid superiorly, increas-
ing the transverse dimension of the ethmoid laby-
rinth, which leads to hyperteleorbitism. However,
the cribriform plate remains intact.®!»203231.72

No. 13 Cleft

Cleft No. 13 extends through the olfactory groove
with widening of the cribriform plate in the
transverse dimension, creating hyperteleorbitism
and dystopia. A paramedian frontal encephalo-
cele would be located between the nasal bone and
the frontal process of the maxilla. It represents
the extension of cleft No. 1.41020325172

No. 14 Cleft

Cleft No. 14 is a midline cranial cleft equivalent
to that of facial cleft No. 0 accompanied by abnor-
malities within the central nervous system. Both
of these clefts can be associated with tissue excess
or deficiency. Hypoteleorbitism and microcephalic
cranium occur with tissue deficiency commonly
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seen with the holoprosencephalic disorders,
which encompass cyclopia, ethmocephaly, and
cebocephaly. Holoprosencephaly results from
the incomplete septation of the anterior portion
of the neural tube into the cerebral hemispheres,
thereby creating a single forebrain.!” Forebrain
anomalies are typically proportional to the
degree of facial malformations. In general,
due to severe brain abnormalities, holoprosen-
cephaly is incompatible with life. In the more
commonly seen cases of tissue excess, hypertele-
orbitism and flattening of the frontal region,
especially the glabella, are produced by a variety
of midline protuberances, such as the median
frontal, frontonasal, or frontoethmoidal enceph-
alocele. The crista galli may be widened, duplicated,
or absent.8’10’20’32'51'72

No.30 Cleft

The caudal extension of the clefts No. 0 and 14,
this median cleft of the lower jaw is located
between the central incisors, extending into the
mandibular symphysis. Similar to the other
clefts, a wide spectrum of severity is seen from a
small notch of the lower lip to a true cleft involv-
ing the entire mandible, with malformation of
neck structures. Several tongue anomalies have
been reported, such as agenesis, bifidity, and
ankyloglossia.®!0203251.72

Treatment

Specific details regarding the complex recon-
struction of these rare facial clefts are beyond
the scope of this chapter. However, surgical
objectives include the following: (1) functional
reconstruction of the macrostomia; (2) recon-
struction of the eyelid soft tissue to prevent
globe exposure; (3) separation of the confluent
oral, nasal, and orbital cavities; and (4) aesthetic
correction of the deformity.*

Attention should be directed first to soft tissue
closure and cranial defect correction during the
first year of life.* The scar within the cleft should
be excised up to normal tissue followed by lay-
ered closure of the soft tissue. Emergent proce-
dure in the neonatal period should be reserved
for functional problems such as globe exposure
to prevent corneal ulceration. The facial and cra-
nial skeleton frequently requires reconstruction
and grafting, which is best performed once the
child is older, approximately 6-9 years of age.*
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Correction of maxillomandibular anomalies with
orthognathic surgery should be initiated once
skeletal maturity has been achieved; approxi-
mately 15 years of age in female and 17 years of
age in male.’® Cessation of growth of the cranio-
facial structures can be correlated with axial skel-
etal growth, by either hand films to determine
epiphyseal plate closure or serial cephalometric
analysis. The preferred method involves serial
cephalometric radiograph at 6-month intervals
to assess the relative movement of the mid face or
mandible relative to the cranial base.

Craniofacial Microsomia
(Hemifacial Microsomia)

Craniofacial microsomia,also known as first and
second branchial arch syndrome, refers to a wide
spectrum of complex skeletal and soft tissue
anomalies derived from the embryonic first and
second branchialarches.?**Gorlinand Pindborg*
popularized the term hemifacial microsomia;
however, this term implies that the disorder is
unilateral and limited to the face. Its bilaterality
has been noted in 5-30% of cases.”>** The inci-
dence has been reported as approximately 1 in
5,000 live births.?»* It is the second most com-
mon facial birth defect after cleft lip and palate.*”
The etiology is believed to be a vascular insult to
the stapedial artery, resulting in hemorrhage
and hematoma in the developing first and sec-
ond branchial arches.”*** The majority of cases
are sporadic, although an autosomal dominant
transmission has been observed in first-degree
relatives. 0760636770 Patients with autosomal
dominant inheritance are more often bilaterally
affected than patients with sporadic occurrence.”

The broad clinical manifestation of craniofa-
cial microsomia includes varying degrees of
underdevelopment in the mandible, zygoma,
maxilla, temporal bone, external and middle ear,
muscles of facial expression, muscles of mastica-
tion (masseter, temporalis, medial, and lateral
pterygoids), palatal muscles, tongue, parotid
gland, and cranial nerves, especially the facial
nerve.”? Also contributing to the overall cheek
hypoplasia is the commonly observed macrosto-
mia or clefting through the oral commissure that
correlates to cleft No. 7.

Varying degrees of hypoplasia of the mandible
observed in craniofacial microsomia proportionally
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affect the maxillary growth on the distorted side.”*!
This ipsilateral maxillomandibular hypoplasia
results in dental malocclusion and upward occlusal
cant (rotation of the occlusal plane in the frontal
view) and contributes to deviation of the chin to the
affected side (Figure 19.3).

Several classification systems have been elab-
orated in attempts to standardize the reporting
of craniofacial microsomia to facilitate diagno-
sis, clinical analysis, and treatment planning.
However, investigators are still faced with a chal-
lenging task considering the complexity and
heterogenecity of this disorder.

Pruzansky® proposed a classification that was
later modified by Mulliken and Kaban®** to
describe and determine treatment protocols for
mandibular deficiency. The subdivision of type
II relates to the functionality of the temporo-
mandibular joint (TM]) (Table 19.1).

The auricular deformity of craniofacial
microsomia was graded by Meurman.*' In grade I,

Figure 19.3. Facial asymmetry and chin deviation secondary to right

mandibular hypoplasia in an 18-year-old boy with craniofacial
microsomia.
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a hypoplastic auricle with all components present;
grade II is characterized by the absence of the
external auditory canal and varying hypoplasia
of the concha; and in grade III an absent auricle
is seen with an abnormally shaped and malposi-
tioned lobule.

More inclusive classifications include the SAT,
a multisystem classification. The acronym
stands for S = skeletal; A = auricle; and T = soft
tissue.® The physical manifestations are graded
according to five levels of skeletal deformity
(S1-S5), four levels of auricular deformity (A0-
A3), and three levels of soft tissue deformity
(T1-T3). OMENS, later revised to OMENS-Plus
(indicates presence of extracranial anomalies -
skeletal, cardiac, central nervous system, pul-
monary, gastrointestinal, and renal), offers
another multisystem classification attempting
to grade this disorder according to the dysmor-
phic severity of these five clinical features on a
scale from 0 to 3: orbit asymmetry, mandibular
hypoplasia, ear deformity, nerve dysfunction,
and soft tissue deficiency.*’® These two classifi-
cations include elements of the previously
described Pruzansky (Kaban modification)
and Meurman classifications with minor
modifications.

Surgical correction should be individualized to
the patient and ideally be performed in stages.®*

Table 19.1 Mulliken and Kaban skeletal classification of hemifacial
classification.

Typel Small mandible and
glenoid fossa with
mild hypoplasia of the
ramus (mini
mandible)
Typell Shortand abnormally A Glenoid
shaped mandible fossa-condyle
relationship is
maintained
(functional TMJ)
B Abnormal glenoid
fossa-condyle
relationship
(nonfunctional
™))
Typelll Complete absence of

the ramus, glenoid
fossa,and TM)
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Figure 19.4. (a) 18-year-old female with craniofacial microsomia. (b) One-year postoperative view following autologous fat injection to improve

right facial soft tissue contours. (Courtesy of Dr.D.Medalie.)

Macrostomia repair by commissuroplasty and
preauricular skin tags excision are performed in
the first 2 years of life. Distraction osteogenesis
of the severely hypoplastic mandible may be
necessary in cases of airway compromise.*

The mandible is reconstructed according to
the Kaban modification classification. In chil-
dren with mild type I deformity, observation
during growth and orthognathic surgery at skel-
etal maturity are recommended. Distraction
osteogenesis may be considered in patients older
than 2 years of age with obvious facial deformity
secondary to a more pronounced hypoplasia of
the ramus such as that in types I and IIA.**** In
patients with a type IIB and III mandible,*>* the
absent ramus, condyle, zygoma, glenoid fossa,
and TM] are reconstructed with a costochondral
rib graft usually before the age of 5 years.
Generally, craniofacial microsomia patients
would require orthodontic treatment to control
eruption and malocclusion during their adoles-
cent years. This is usually followed by bimaxillary
surgery at skeletal maturity to correct skeletal
asymmetry and bone grafting to the deficient
portions of the craniofacial skeleton.*

Auricular reconstruction is preferably delayed
until 8 years of age when the ear has reached
more than 85% of its full size.”” This is especially

true in the case of microtia where a mature cos-
tochondral graft of sufficient size is to be used as
an ear cartilage framework. Although growth of
the reconstructed microtic ears has been docu-
mented eliminating this concern,"® very few
patients show evidence of significant psycholog-
ical issues regarding the abnormal appearance
of their ears before 5 or 6 years of age.

Following skeletal reconstruction, soft tissue
augmentation to improve form is accomplished
either with autologous fat grafting or microsurgi-
cal free tissue transfer®*****7 (Figure 19.4a and b).

Goldenhar Syndrome
(Oculoauriculovertebral
Dysplasia)

In 1952, Goldenhar described three cases of
mandibulofacial dysostosis associated with
epibulbar dermoids, auricular appendages, and
pretragal fistulas.”” Goldenhar syndrome has
features similar to those of craniofacial microso-
mia. The clinical presentation is typically bilat-
eral. In addition, it demonstrates epibulbar
dermoids and vertebral anomalies including fused
and/or hemivertebrae.>* It is now commonly
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Figure 19.5. (a) Severe bilateral mandibular hypoplasia in this 3-week-old boy with Goldenhar syndrome. (b) Right microtia characterized by an
abnormally shaped and anteriorly positioned lobule. (c) Left preauricular appendage and atresia of the external auditory canal.

Figure 19.6. (a) A 2-year-old patient with Treacher Collins syndrome. Note the absence of medial lower eyelashes. (b) A convex profile is observed

secondary to hypoplasia of the zygoma, maxilla, and mandible.

considered to be part of the craniofacial microsomia
continuum (Figure 19.5a through c). Its occur-
rence is usually sporadic, although some genetic
tendencies have been reported.>**

Treacher Collins Syndrome
(Mandibulofacial Dysostosis)

Originally described by Berry in 1889, Treacher
Collins is an autosomal dominant disorder with
a variable degree of penetrance. Abnormal bilat-
eral first and second branchial arch development
is due to a mutation in the TCOF 1 gene, which
has been mapped to the long arm of chromo-
some 5, more precisely 5q31.3-5q33.3 gene
locus.'>?”” Despite its wide phenotypic expres-
sion, bilateral and symmetrical presentations are

a key feature of this craniofacial anomaly. The
incidence is estimated to be 1 in 10,000 live
births.?

As previously mentioned, the complete form
of Treacher Collins**”? represents a bilateral
occurrence of clefts No. 6, 7, and 8, whereas the
incomplete type is equivalent to cleft No. 6.

Clinical features include hypoplastic zygoma
and mandible, coloboma, antimongoloid slant,
external and middle ear deformities, macrosto-
mia, broad midnasal dorsal hump, convex pro-
file, and low-lying hairline, and one-third have a
palatal cleft (Figure 19.6a and b). Intelligence is
typically normal.

The Pierre Robin sequence can be associated
with Treacher Collins syndrome.* This sequence
describes an association of micrognathia (hyp-
oplastic mandible), glossoptosis, and cleft
palate'®** (Figure 19.7a and b). These patients may
experience feeding and respiratory difficulties
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Figure 19.7 (a, b). An 8-day-old baby with Pierre Robin sequence with microretrognathic mandible.

potentially leading to failure to thrive, life-threat-
ening airway obstruction, and cardiac death.

Treacher Collins syndrome shares many char-
acteristics with craniofacial microsomia; however,
it can be distinguished on the basis of heredity,
colobomas of the eyelids, antimongoloid slant,
absence of medial lower eyelashes, and absence of
antegonial notching of the mandible.”***

The paramount concern with Treacher Collins
patients is airway management. Lifesaving tra-
cheostomy is often required secondary to
marked reduction of the airway passage and
extreme retrusion of the mandible. Other inter-
ventions include lip-tongue adhesion, distrac-
tion osteogenesis, or conservative measures
such as prone positioning, especially during
feeding.'"*

Reconstruction of Treacher Collins syn-
drome is focused toward skeletal hypoplasia,
involving the maxilla, mandible, and zygoma,
as well as the soft tissue defects of the eye and
ear. Eyelid coloboma must be corrected early
on to prevent exposure keratopathy. Auricular
reconstruction is challenging because of the
low hairline, with tongue-shaped caudal exten-
sions in the preauricular region. Furthermore,
middle ear reconstruction is generally not
attempted in this syndrome secondary to the
degree of severity. Hearing aids are often neces-
sary to allow normal speech development and
production.
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Summary

This chapter provides an overview of the com-
monest benign and malignant head and neck
tumors. It concentrates specifically on tumors
that are unique to the head and neck. It includes
a description of salivary gland, endocrine gland,
upper aerodigestive tract,and mid-facial tumors.
The treatment of these lesions is discussed and
examples are given.

Abbreviations

AVM  Arteriovenous malformation
DFSP  Dermatofibrosarcoma protuberans
FNA  Fine-needle aspirate

HPV  Human papilloma virus

MFH Malignant fibrous histiocytoma
MEN  Multiple endocrine neoplasia

NPC Nasopharyngeal carcinoma

SLNB Sentinel lymph node biopsy

SES Socioeconomic status

Introduction: Benign
and Malignant Tumors
of the Head and Neck

Creating a catalog of all of the potential benign
and malignant tumors of the head and neck is an

Ve

Benign and Malignant Tumors of the Head
and Neck

exhaustive exercise and is beyond the scope of
this text. However, there are some tumors, in
both categories, benign and malignant, that are
common and these are discussed in detail.
Probably the most common lesions that we come
across are nonmelanoma skin cancers and mela-
noma. Again, these are discussed elsewhere, and
unless there is a particular issue that affects the
head and neck, these lesions are discussed only
in a very superficial way, once more emphasizing
issues that directly relate to the head and neck.
Similarly, lesions such as arteriovenous malfor-
mations (AVMs), giant hairy nevi, and so forth,
which can occur anywhere in the body, are not
discussed in detail.

Skin Tumors: Nonmelanoma Skin
Cancers and Malignant
Melanoma

As already mentioned, these are, for the most
part, tumors of the skin as opposed to specifi-
cally being head and neck tumors. For purposes
of this chapter, all of these are common in the
head and neck. Nonmelanoma skin cancers are
more common in sun-exposed areas, and the
head and neck fall into this category. Similarly,
melanomas are common in the head and neck.
However, treatment of all of these lesions is simi-
lar, no matter in which body region they occur,
and so they are not discussed further.

M.Z. Siemionow and M. Eisenmann-Klein (eds.), Plastic and Reconstructive Surgery, 265
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Tumors of the Salivary Glands

The salivary glands are, of course, unique to the
head and neck, so a discussion of salivary gland
tumors is particularly relevant to this chapter.

Benign Tumors of the Salivary Glands

Tumors of the salivary glands account for less
than 5% of head and neck neoplasms. Although
we like to categorize lesions as benign or malig-
nant, there is a certain gray zone in many tumors,
and salivary gland tumors are no exception.
There are three paired major salivary glands, the
parotid, the submandibular, and the sublingual
glands. There are also numerous minor salivary
glands dispersed throughout the whole of the
upper aerodigestive submucosa, including the
palate, lip, pharynx, nasopharynx, larynx, and
parapharyngeal space.

The parotid is the most common site for sali-
vary gland tumors, accounting for 70% of lesions
found. The vast majority of these (75%) are
benign. The minor salivary glands account for
22% of tumors, whereas the submandibular
gland makes up the rest (8%). In contradistinc-
tion to tumors of the parotid gland that are
mostly benign, more than 50% of submandibu-
lar tumors and 80% of minor salivary gland
tumors are malignant.

Pleomorphic Adenoma

The pleomorphic adenoma is the most common
type of salivary gland tumor, accounting for
almost 50% of all neoplasms in these organs. It is
also known as the mixed tumor of the salivary
glands, because it contains both epithelial and
mesenchymal elements. This is a benign tumor
and is found in both major and minor salivary
glands. However, the vast majority (85%) of
these tumors are found in the parotid gland.®
The remaining are found in the sublingual (10%)
and submandibular glands (5%).°* It is proba-
bly best considered as a benign tumor with
malignant potential.® The rate of malignant
change has been reported to be only 2-3%, and
only a few cases of metastasizing pleomorphic
salivary gland adenomas have been described to
date.** The most usual presentation is a pain-
less lump in the parotid. It is important to get an
accurate diagnosis before definitive treatment.
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This may be done with a combination of histo-
pathologic diagnosis, often based on fine-needle
aspirate (FNA) biopsy and imaging with CT and/
or MRI.*® There is no place for open biopsy
unless through a parotidectomy incision.
Treatment is surgical excision. Since most of
these occur in the superficial lobe of the parotid
gland, this, for the most part, translates to a
superficial parotidectomy. Pleomorphic ade-
nomas are surrounded by a pseudocapsule, and
for this reason, “shelling out” the lesion is not
widely practiced, particularly in North America."**
Monomorphic adenomas are also seen, predom-
inantly in the parotid. The type depends on the
histologic characteristics of the cell of origin.
The most common type is basal cell adenoma.*

Warthin’s Tumor

Warthin’s tumor is also known as papillary cys-
tadenoma lymphomatosum or adenolymphoma.
It is rarely encountered outside the parotid
gland.> Warthin’s tumor is a benign neoplasm
accounting for 4-15% of salivary gland neo-
plasms. It has a preponderance in males and is
most commonly found in the 60 and 70 years age
group. Warthin’s tumors generally present as a
painless swelling within the parotid. They com-
monly occur in the tail of the parotid and are
found bilaterally in a small but significant num-
ber of cases.'®” The etiology of Warthin’s tumors
is controversial. There is considerable argument
about whether they represent true neoplasms,
developmental malformations, or exogenously
generated mutations.>*”* As with the pleomor-
phic adenoma, treatment is by surgical excision.

Malignant Parotid Neoplasms

Mucoepidermoid Carcinoma

Mucoepidermoid carcinoma accounts for 5%
of all salivary gland tumors and is the most
prevalent salivary gland malignant neoplasm.
The parotid gland is the most common location,
with 66% of tumors found here. The remaining
one-third are found in the minor salivary glands.
There is a female preponderance, and the major-
ity are seen in the fifth decade. When these
tumors arise within the oral cavity, the palate is
the most common site. Even though it is most
commonly seen in the fifth decade, it is also the
most common malignant tumor to arise in chil-
dren and adolescents under 20 years of age.”
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The tumor is a firm mass and usually asymp-
tomatic. Low-grade tumors have well-defined
glandular elements histologically and rarely
metastasize. High-grade lesions can be difficult
to differentiate from squamous cell carcinoma
because of the paucity of glandular elements,
and special stains are required to identify mucin-
producing cells.* Pain is usually associated with
high-grade histology tumors, and they also have
a high risk of regional metastases.'” The progno-
sis of mucoepidermoid carcinoma is based on
the clinical stage and histologic grade. Low-
grade lesions are associated with a 5-year sur-
vival in excess of 75%. This figure drops
significantly with higher-grade tumors and is
generally in the range of 20-40%.'722+

Adenoid Cystic Carcinoma

Adenoid cystic carcinoma is the most common
malignant neoplasm of the submandibular
gland. Adenoid cystic carcinoma is known to
have a prolonged and protracted clinical course.
It has a propensity for local recurrence as well as
pulmonary metastases,” and disease-related
deaths have been recorded as late as 20 years
after original presentation.”

Adenocarcinoma

The histological appearance of adenocarci-
noma can vary to include papillary, ductal, or
mucinous subtypes. There is a significant
drop in survival rates between 5 and 10 years,
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indicating the need for long-term follow-up®
(Figure 20.1).

Acinic Cell Carcinoma

Acinic cell carcinoma is rarely found outside the
parotid gland. It is generally a low-grade tumor
but does have the potential for local recurrence
and regional metastases.”®!

Presentation of Salivary Gland Neoplasms

Generally, these lesions, both benign and malig-
nant, present as painless lumps. FNA biopsy is a
useful tool in making the diagnosis. Imaging can
also be useful, particularly in situations in which
regional metastases are suspected.”

Treatment of Salivary Gland Neoplasms

Surgery is the mainstay of treatment for both
benign and malignant lesions. For malignant
lesions, consideration also needs to be given to
treatment of the neck. High-grade lesions and
those where there is clinical evidence of regional
disease are treated with neck dissection.
Furthermore, in the case of malignant neoplasms,
radiotherapy is also considered especially for
high-grade tumors, in the presence of regional
metastases and in situations in which clear mar-
gins have not been assured.” Currently, there is a
lack of effective chemotherapeutic agents for
treatment of these diseases, so chemotherapy
tends to be reserved for palliative purposes.*

Figure 20.1 (a)Thirty-eight-year-old man with adenocarcinoma ex pleomorphic adenoma of the parotid gland. Note scar from previous
pleomorphic adenoma excision directly over parotid (not recommended). (b) Early postoperative appearance following parotidectomy with facial
nerve preservation and reconstruction with a lateral arm flap. Skin resection necessary because of presence of previous scar and adherence of lesion to

overlying skin.
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Tumors of the Thyroid
and Parathyroid

Benign tumors of the thyroid gland are important
only in the need to distinguish them from malig-
nant processes. They have the potential for growth
and in rare cases may cause symptoms because of
their size and the consequent effect on adjacent
structures such as the airway. Rarely, they can
undergo malignant transformation.”” These are
all adenomas,*® and FNA biopsy can be useful in
making an accurate diagnosis.®® Malignant thy-
roid cancers are relatively uncommon and are
particularly uncommon as a cause of death. The
risk of developing cancer of the thyroid has been
shown to be greater in patients with a history of
radiation to the head and neck.""

Papillary Carcinoma

Papillary carcinoma is the commonest thyroid
neoplasm, accounting for 80% of thyroid can-
cers.”® It is more common in females and tends
to occur in the third and fourth decades. It may
be multifocal and frequently involves both right
and left lobes. There is a 50% incidence of cervi-
cal node metastases. Despite this, it is associated
with excellent long-term survival with 20-year
survival rates quoted as high as 90%.

Follicular Carcinoma

Follicular carcinoma is much less common,
accounting for 10% of thyroid neoplasms.?® It
also occurs in an older age group than papillary
carcinoma, peaking between 40 and 50 years.”
Like papillary carcinoma, it is more common
in women. It is also associated with excellent
survival statistics, though not quite as favor-
able as papillary carcinoma. Ten-year survival
is 80-85%, and this drops to 70-75% over the
ensuing 10 years.”

Medullary Carcinoma

Medullary carcinoma of the thyroid arises from
parafollicular cells. These are calcitonin-releasing
cells also known as C Cells. Medullary carcinoma
accounts for between 5% and 10% of thyroid
neoplasms, and it can either arise sporadically or
in association with familial multiple endocrine
neoplasia (MEN) syndromes."
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Anaplastic Carcinoma

As its name implies, anaplastic carcinoma is a
highly malignant neoplasm. It generally presents
late, often with symptoms of respiratory difficulty,
and it is associated with a bleak prognosis.”*’

Diagnosis of Malignant Thyroid Neoplasms

As is the case with many malignant lumps, malig-
nant thyroid nodules are frequently hard, fixed,
and irregular. Clinical lymphadenopathy is not
an unusual finding. Patients may also present
with voice symptoms associated with progres-
sive recurrent laryngeal nerve palsy. Ultrasound
is a useful tool in the diagnosis of thyroid nod-
ules.”® The key diagnostic procedure is FNA
biopsy.”* It is particularly accurate in differenti-
ating between benign and malignant processes
in the thyroid.

Treatment

Thyroidectomy is the mainstay of treatment for
thyroid cancers.®® Neck dissection may also play
a role. The role of radioiodine ablation remains
an important one.>” External beam radiation
also has a role to play and is the mainstay of
treatment for anaplastic tumors, where its role is
mainly a palliative one. There is currently no
role for cytotoxic chemotherapy.”

Parathyroid Disease

The vast majority of parathyroid nodules are
adenomas and present as hyperparathyroidism.
Malignant disease of the parathyroid is extremely
rare and is more likely to present as a lump in the
neck.

Tumors of the Upper
Aerodigestive Tract

Tumors of the aerodigestive tract include those
of the oral cavity, the pharynx, and larynx.

Cancer of the Oral Cavity

Carcinoma of the lip can be considered as part
of the discussion of oral cavity cancers.
Squamous cell carcinoma is the commonest
type of cancer seen in the lips. For purposes of
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definition, the lips comprise the vermillion,
including that portion that contacts the oppo-
site lip. Surgical treatment of lip cancers must
consider the function of the lips, and in this
instance, restoration of function outweighs aes-
thetic considerations, although usually it is
possible to achieve both.

It is interesting how geography and, more
likely, environmental and social circumstances
influence the incidence of oral cavity cancer.'® In
the western hemisphere, oral cavity cancer
accounts for approximately 5% of all cancers.”
In addition, in the United States one sees specific
trends in the epidemiology of this disease.*? In
the east, and particularly in India, it accounts for
50% of cancers.'**® However, going beyond geo-
graphic differences, it may be that the common
denominator is socioeconomic status (SES), with
increased risk of oral cavity cancer being seen in
individuals of lower SES regardless of geographic
location."! However, there are certain recognized
risk factors. These include use of tobacco and
alcohol as well as various chewing practices
including tobacco* and betel nuts,® not forget-
ting the practice of reverse cigar smoking in
parts of India.>®*® More recently, the role of
human papilloma virus (HPV) in the etiology of
several cancers, including oral cavity cancers,
has been recognized.*”*

Most oral cavity cancers arise in the floor of
mouth and in the anterior tongue. Cancers can
also arise in other areas such as the alveolar
ridge, buccal mucosa, and hard palate (Figure
20.2). The vast majority of oral cavity cancers
are squamous cell carcinomas. Also, other neo-
plasms do, however, occur. These include
mucosal melanomas, which are rare, as well as
neoplasms of the minor salivary glands, as dis-
cussed earlier. Other tumors less frequently
seen include lymphomas and soft tissue sarco-
mas. As well, there are a number of premalig-
nant conditions that are important to recognize.
These include the leukoplakias, of which there
are several varieties. These tend to be very con-
fusing and, depending on the characteristics,
can have a higher or lower risk of malignant
change. Management includes optimizing oral
hygiene, moderating alcohol use, changing diet
to reduce exposure to irritants such as spicy
foods, and so on.* Probably the most important
issueis that the presence of leukoplakia demands
vigilance and should increase the index of sus-
picion. In this chapter, the general principles of

Figure 20.2. Seventy-four-year-old woman presenting with T4 floor of
mouth carcinoma arising in the oral mucosa and alveolar ridge. The
tumor deeply infiltrates the mandible, requiring segmental mandibulec-
tomy and bilateral neck dissection.

treatment are discussed rather than getting
into the specifics of ablation and reconstruction.
The former is beyond the scope of this text, and
the latter is discussed elsewhere.

Treatment of Oral Cavity Cancer

Treatment of oral cavity cancer depends on how
advanced it is at the time of diagnosis as well
as on the location of the primary tumor. Early
cancers can easily be ablated by simple surgical
excision, whereas more advanced disease may
require a combination of surgery, often involv-
ing extensive reconstruction, and adjuvant treat-
ment, usually in the form of radiation and/or
chemotherapy.

Management of regional disease is always an
issue and must always be considered when deal-
ing with oral cavity cancers. Use of sentinel
lymph node biopsy (SLNB) is reasonably well
established as part of the evaluation of head and
neck melanoma.” Its use in the staging of
squamous cell carcinoma is less well established.
However, there is considerable interest in this
technique, and it is the subject of large multi-
center trials. It is very likely that SLNB will
become indicated for T1 and T2 oral cavity
squamous cell carcinoma with NO necks, and it is
possible that the indication will extend to all early
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stage head and neck squamous cell carcinomas.'
For established neck disease, neck dissection is
indicated. The specific type of neck dissection
will be dictated by the extent of clinical disease
as well as specific characteristics of the tumor,
including T stage, depth of invasion, histological
grade, and tumor morphology.

Tumors are classified according to the TNM
classification system and staged based on TNM
groupings. Five-year survival figures deteriorate
with advanced stage and vary between 70% and
80% survival for Stage I disease to 10-20% for
Stage IV*® (see Table 20.1).

Tumors of the Nasopharynx

The majority of tumors arising in the nasophar-
ynx are nasopharyngeal carcinomas (NPCs)
NPC is relatively rare in the west; however, it
is endemic in Southern China and is also
seen in Chinese communities in other parts of
the world. It is also seen in other distinct
Asian communities as well as in the Arctic.’

Table 20.1. Staging of oral cavity cancer.

Stage grouping
Stage 0 Tis NO MO
Stage | T NO MO
Stage Il T2 NO MO
Stage lll T3 NO MO
T N1 Mo
12 N1 MO
K] N1 MO
Stage IVA T4a NO MO
T4a N1 MO
T N2 Mo
12 N2 Mo
K] N2 Mo
T4a N2 Mo
Stage IVB AnyT N3 MO
T4b Any N Mo
Stage IVC AnyT Any N M1

Source: Used with the permission of the American Joint Committee on Cancer
(AJCC), Chicago, IL.The original source for this material is the AJ(C Cancer Staging
Manual, 6th Edition. Springer Science and Business Media LLC; 2002. Available at
www.springerlink.com.

270

PLASTIC AND RECONSTRUCTIVE SURGERY

The annual incidence of NPC in western societies
is 0.5/100,000 as opposed to an annual incidence
of 50/100,000 in Southern China including Hong
Kong. Interestingly, Chinese ethnicity seems to
also be a positive prognostic indicator in this
disease.* There is a close association between
NPC and Epstein-Barr Virus.” The most com-
mon presentation is that of a lump in the neck.
This illustrates NPC’s proclivity for lymphatic
spread. The primary tumor may cause nonspe-
cific nasal symptoms, such as intermittent
blockage of the airway, discharge, or bleeding.
In general, the prognosis is not good. Treatment
is not primarily surgical, but NPC is more com-
monly treated with radiotherapy + chemother-
apy, and there is some controversy with regard
to optimal treatment.?

Tumors of the Oropharynx

Tumors of the oropharynx are far less frequent
than tumors of the oral cavity and, as in the oral
cavity, squamous cell carcinoma is the common-
est malignant tumor seen. The difficulty with
this anatomic region, however, is that it is at the
divergence of the digestive tract and the airway
so that the functional effects of tumors and their
treatment can have far-reaching results, and
quality of life can be significantly affected by
both disease and treatment.”® The intrinsic role
of the posterior pharynx in the mechanics of
swallowing makes this region unique, and
tumors in this region can have their effect on
swallowing. For the same reason, this is a diffi-
cult region for the reconstructive surgeon. The
role of HPV in the etiology of head and neck
squamous cell carcinomas in general and
oropharyngeal and laryngeal carcinoma in par-
ticular cannot be ignored.”®*

Apart from squamous cell carcinomas, other
tumors seen in the oropharynx include lympho-
mas arising from the lymphoid tissue in the ton-
sils and tongue base as well as tumors of the
minor salivary glands.*

These tumors are often advanced at the time
of presentation, as the early symptoms tend to
be vague and are often dismissed. These symp-
toms include discomfort in swallowing as well as
otalgia. Up to 70% of patients present with Stage
III or IV disease, with a high incidence (>65%)
of nodal metastases.” Treatment typically com-
bines surgical resection and radiotherapy.


www.springerlink.com

271

BENIGN AND MALIGNANT TUMORS OF THE HEAD AND NECK

Tumors of the Larynx

As with the oropharynx, tumors arising in the
larynx can have profound effects on swallowing,
breathing,and speech. The vast majority of tumors
affecting the larynx are squamous cell carcinomas.
More rarely other tumors are also seen. These
include chondrosarcoma, mucoepidermoid carci-
noma, and mucosal melanoma. Major risk factors
include alcohol and tobacco. HPV is now also rec-
ognized as a potential associative factor.® TNM
staging is also used for laryngeal cancers, although
in the case of the larynx, it is possibly less useful
than at other sites (Table 20.2).

Treatment of Laryngeal Tumors

Treatment of early lesions is frequently by radio-
therapy, with surgery reserved for radiation fail-
ures and more advanced cancers.”” Endoscopic
laser resection also has a valuable role to play in
early lesions.* Surgery has traditionally meant
laryngectomy, but it is being increasingly recog-
nized that laryngeal preservation surgery and
reconstruction have a place.**

Table 20.2. Staging of laryngeal tumors.

Stage grouping
Stage 0 Tis NO MO
Stage | T NO MO
Stage ll T2 NO MO
Stage lll T3 NO MO
1l N1 Mo
12 N1 Mo
3 N1 Mo
Stage IVA T4a NO MO
T4a N1 Mo
1l N2 Mo
12 N2 Mo
3 N2 Mo
T4a N2 Mo
Stage IVB T4b Any N Mo
AnyT N3 MO
Stage IVC AnyT Any N M1

Source: Used with the permission of the American Joint Committee on Cancer
(AJCQ), Chicago, IL.The original source for this material is the AJCC Cancer Staging
Manual, 6th Edition. Springer Science and Business Media LLC; 2002. Available at
www.springerlink.com.
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Sarcomas of the Head
and Neck

Sarcomas account for less than 1% of head and
neck malignancies. The fact that they are so
uncommon frequently leads to delays in diagno-
sis. The prognosis for sarcoma varies depending
on histology, grade, location, and size of the pri-
mary tumor. In one large series, 5-year survival
is quoted as 62%, with a local recurrence rate of
41% and a distant recurrence rate of 31%.*
Head and neck sarcomas are categorized
under two broad headings, those arising from
soft tissues and those arising from bone. Staging
uses the standard TNM classification system.
However, lymph node involvement in sarcomas
is relatively rare. Soft tissue sarcomas most com-
monly seen in plastic surgical practice include
dermatofibrosarcoma protuberans (DFSP) and
malignant fibrous histiocytoma (MFH), proba-
blybecause of cutaneous involvement. Diagnosis
is by a combination of clinical examination,
imaging, and biopsy. FNA biopsy may be help-
ful, but open biopsy is the gold standard and
should be designed in such a way as to facilitate
excision of the biopsy scar at the time of defini-
tive resection. Primary treatment is surgical
resection. Radiation is used in situations in
which surgical clearance is difficult or has been
unsuccessful. It is also used in the treatment of
recurrent disease.*” Neoadjuvant chemotherapy
is used in the treatment of osteogenic sarcoma.

Other Tumors
0Odontogenic Tumors

The commonest odontogenic tumor encoun-
tered is the ameloblastoma. These tumors most
commonly occur in the mandible but can also be
found in the maxilla.* Unicystic and multicystic
varieties occur, and the multicystic variety is
commonest. Although the ameloblastoma is
benign, it is a locally aggressive odontogenic
neoplasm. It is most commonly seen in the third
decade and affects males and females equally.
Surgery is the mainstay of treatment, with the
optimal treatment being wide en bloc resection.
Radical resections, including marginal and seg-
mental mandibulectomy, result in local control
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Figure 20.3. (a) X-ray of resected mandibular ramus and condyle containing multicystic ameloblastoma. (b) The resected specimen.

rates exceeding 90%. Curettage results in lower
control rates of 80% for unicystic lesions and
only 50% for multicystic lesions and is not rec-
ommended*-** (Figure 20.3).

Sinonasal Tumors

Tumors occurring in the sinonasal region are
probably the most diverse of all the regions of
the head and neck. Although squamous cell car-
cinoma is the commonest encountered, other
tumors, both benign and malignant, are also
found here. Most are epithelial or ectodermal in
origin, but mesenchymal tumors, both benign
and malignant, also occur®” Some of these have
already been discussed. Because of the unique
anatomy of this region, the ectodermal lesions
include squamous tumors and adenomas as
already discussed. They also include neuroecto-
dermal tumors, such as meningiomas, neurofi-
bromas, and gliomas. As already mentioned, the
odontogenic tumors are also ectodermal in
origin.

Mesenchymal tumors arising in this region
include tumors, both benign and malignant, of
all tissue origin, including vascular, muscular,
cartilaginous, osseous, and lymphoreticular.”
All of these tumors are rare and are not discussed
in further detail.

Conclusion

The head and neck is a complex region. It is
unique in having so many vital structures in

close proximity. For this reason, the types of
tumors encountered here are diverse, and from
the plastic surgery perspective, the defects cre-
ated by resection of these tumors pose signifi-
cant challenges to our reconstructive abilities.
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Summary

The concept of treatment of craniofacial injury
has evolved from conservative, delayed, multi-
ple-staged surgery into early, aggressive, and
one-stage operation. Adequate exposure, accu-
rate anatomic reduction, rigid fixation, primary
bone grafting, and soft tissue suspension remain
the gold standard to obtain expected results. A
variable plating system applied to specific ana-
tomic areas of the facial skeleton produces three-
dimensional (3D) reconstructions, enhances
bone healing, and decreases infection. Minimal
invasive surgery replaces part of conventional
wide incision and achieves competitive results.
Microvascular free tissue transplantation makes
reconstruction of devastating injury on the face
possible, with a more pleasing outcome.
Alloplastic implants become more popular espe-
cially for orbital reconstruction and produce
equivalent results compared with conventional
bone grafts. Contemporary computed tomogra-
phy (CT) scans gradually replace conventional
plain films to provide more accurate diagnosis
and can be used as a preoperative simulation
tool. With the advancement of diagnostic imag-
ing, surgical approaches, and instruments, opti-
mal functional outcome and aesthetic facial
appearance can be achieved.

Abbreviations

MMF Maxillomandibular fixation
NOE Naso-orbito-ethmoidal
TM]  Temporomandibular joint

Introduction

Management of craniofacial trauma is a great
challenge confronting reconstructive surgeons.
Reconstruction of the deformities and defects
emphasizes both restoration of optimal func-
tion and appearance. Improper treatment of
facial injuries results not only in functional
problems but also in facial disfiguration, which
may lead to serious emotional and social prob-
lems. The conventional concepts of delayed
surgery, use of small incisions, minimal expo-
sure of bony fragments, nonrigid wiring or
external fixation, and minimal attention to pri-
mary soft tissue management have dramati-
cally evolved into early one-stage repair, wide
exposure of all fracture segments, rigid-plate
internal fixation, and definite soft tissue man-
agement, after those new craniofacial tech-
niques developed in the late 1970s and in the
1980s.72°%%%  Although these techniques
improve the outcome of craniofacial trauma
largely, some adverse sequelae such as soft tis-
sue damage and contracture may occur. In
recent years, minimal invasive techniques and
better surgical instruments that have emerged
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help to minimize surgical complications yet
produce equivalent or even superior outcomes.*

Mechanism of Injury

The causes of facial injuries include motorcycle
accidents, motor vehicle accidents, assaults, ath-
letic injuries, industrial accidents, and falling
down accidents. The epidemiology of facial
trauma varies with the geographic region, popu-
lation density, socioeconomic status, and histor-
ical year. Motor vehicle accident is the most
common cause for all age groups in the United
States.”

The mechanism of injury usually identifies
the probable energy of impact and the likely
extent of injury. Details of the nature of the trau-
matic force, and its direction, will aid in predict-
ing fracture patterns.

General Considerations

Evaluation of the Multiply Injured
Patient

While dealing with facial trauma, the first prior-
ity is to give an overall picture of the injury and
find out life-threatening problems including air-
way, breathing, and circulation. Keeping airway
patency in the setting of significant maxillofacial
injuries is mandatory. Airway compromise can
occur directly and rapidly as a result of facial
injury or secondarily due to soft tissue swelling

PLASTIC AND RECONSTRUCTIVE SURGERY

around oronasal structures. The “horseshoe”
configuration of the mandible suspends the
tongue, and loss of this suspension in mandible
fracture may cause tongue drop and airway
obstruction (Figure 21.1). In the event of orotra-
cheal intubation, cervical spine injury should be
ruled out before the procedure. Nasotracheal
intubation is contraindicated in maxillofacial
injuries with associated skull base fracture.

Life-threatening bleeding following maxillo-
facial trauma is rare, with the incidence around
1.25-9.4%.” Internal maxillary artery and its
branches are the major origin of bleeding in
maxillofacial trauma. Rapid resuscitation fol-
lowed by anterior and posterior nasal packing is
usuallysufficientto controlbleeding.Angiography
with selective embolization of bleeding vessel is
the procedure of choice in those who fail with
nasal packing.

The incidence of associated brain injury in
patients with facial trauma ranges from 5.4% to
55%.% Glasgow Coma Scale (GCS) is commonly
used in adult patients to evaluate the present
conscious status. Internal carotid injuries with
subsequent large brain infarction in facial frac-
tures have been reported.®” Therefore, CT of the
brain and facial bone should be taken at the
same time in case of facial trauma with abnor-
mal GCS to identify possible lethal brain injury.

Cervical spine injuries occur in 0.9-6.7% of
facial trauma.? Patients who have penetrating
trauma to the neck, disturbances in sensation or
motor function, or are unable to move their
extremities by order must be assumed to have
cervical spine injury. Cervical spine radiography

Figure 21.1. Panorex view showing mandible symphysis and body comminuted fractures with collapsed mandible arch.
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at lateral and anterior-posterior views can be
used as initial screen, but C1-C2 and C6-T1 are
the most commonly missed lesions. Spinal CT is
more accurate than plain radiographs and
requires less neck movement

Face and Facial Skeleton Evaluation

The skull, face, eyes, ears, nose, tongue, and
mouth are inspected step by step. Facial open
wound should be paid more attention, because
the fractured sites are usually just underneath
the open wound (Figure 21.2). It is of particular
importance that the eyes should be inspected
first to exclude the possibility of traumatic optic
neuropathy. Damage to facial sensory nerves is
identified by light touch perception. Specific
regions of interest include the forehead (supra-
trochlear and supraorbital nerves), the cheek
and upper lip (infraorbital nerve), and the lower
lip (mental nerve). Facial nerve function can be
tested by several actions such as brow elevation,
eye closure, smiling, and pursing the lips or
whistling. Temporal bone fracture should be
considered if facial paralysis comes without an
open wound.
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Swollen periorbital and ecchymosis are usu-
ally the initial symptoms of orbital fracture.
Palpation around the orbital rim should be done
slowly and carefully. Uneven orbital surface or
step deformity indicates orbital rim fractures
found frequently at the zygomatic-frontal junc-
tion or infraorbital rim. Careful inspection of
nasal dorsum and tip may disclose deviation or
depression. However, it may be obscured by
tissue swollen at early onset of trauma. Palpation
of the nasal bones is crucial to elicit stability and
mobility of fractured nose. Displacement of the
septal cartilage, mucosal tears, and septal hema-
toma are all assessable by intranasal examina-
tion. Integrity of the medial canthal ligament
may be perceived by applying lateral traction on
the lateral canthus.

The anterior wall of the maxilla is palpated
through the buccal sulcus. Abnormal movements
of the mid face, indicating Le Fort fracture, can
be elicited by grasping the maxillary alveolar
ridge and applying right and left movements
