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PREFACE

The Second Edition of Peterson’s Principles of Oral and Maxillofacial Surgery,
reflects the efforts of many people made in a very short period of time. The time
from the decision to undertake a second edition until publication release totaled
less than 2 years. This is a monumental accomplishment considering the current
state of affairs in the specialty of oral and maxillofacial surgery and the difficul-
ties in pursuing scholarly activity, even for the academic practitioner. Although it
is certainly not a simple task to assemble an author list as extensive as the one in
this text, it was perhaps made easier because editors and authors were inspired by
feelings of tribute to Larry Peterson to deliver on short notice.

When Larry Peterson decided to publish the first edition of this book over a
decade ago, he recognized the need in our specialty for a comprehensive and
complete reference textbook in oral and maxillofacial surgery that was practical
and readable. Oral and maxillofacial surgery encompasses an ever-expanding
range of diverse topics that makes it unique among the medical and dental
specialties. There was no concise textbook that dealt with the full scope of the
specialty that was available for residents and surgeons to use as a reference for
clinical practice. The textbook Contemporary Oral and Maxillofacial Surgery
appropriately covers the requisite information for the dental student and general dental practitioner, but Peterson’s Princi-
ples of Oral and Maxillofacial Surgery provides an organized and systematic approach to the specialty for residents and clin-
icians practicing full-scope oral and maxillofacial surgery. The first edition of this text was the only reference of its kind. It
is now continued with the second edition, which is unique in many respects, among them the inclusion of contributions
from more than 100 oral surgeons and other dental and medical specialists, 500 pieces of original artwork, and a CD-ROM.

The clear purpose of this textbook is to provide a concise, authoritative, easy-to-read, currently referenced, contempo-
rary survey of the specialty of oral and maxillofacial surgery that contains the information that a competent surgeon should
possess and understand. Although some of the information may be outside of the scope of the individual practitioner, the
material contained in this text is definitely within the scope of the specialty. This textbook should be considered a reference
for the oral and maxillofacial surgeon during residency and into clinical practice. It will be an excellent resource for exam-
ination preparation purposes as well; in fact, the first edition was adopted in some European countries as a required text-
book for oral surgery board certification.

As with the first edition, the authors, primarily oral and maxillofacial surgeons, were chosen because of their broad ex-
perience and expertise in each specific area of the specialty. The contributions from these national and international authors
certainly reflect their knowledge and specialization. Whenever appropriate, each chapter attempts to review etiology, diag-
nosis, patient assessment, treatment plan development, surgical and nonsurgical treatment options, and recognition and
management of complications. The information contained in this textbook is based upon a thorough evaluation of the cur-
rent literature, as well as clinical expertise, and is free from commercial and personal bias. If additional information is
required, references have been provided so that other specialty textbooks may be consulted. Considering the rapid advance-
ments and developments in the fields of medicine and surgery, a nearly constant survey of the current published literature
is required to maintain a working knowledge of the standards of diagnosis and treatment. Future editions of this text will
reflect these changes in clinical practice.

This text would not have been possible without the help and support of many people, including Ghali, Pete, and Peter;
the outstanding authors who contributed their practice-defining knowledge; and the group at BC Decker Inc, including
Catherine Travelle, Susan Cooper, and Paula Presutti, who sent a seemingly endless number of e-mails in an attempt to
ensure deadlines were met. Certainly a debt of gratitude is owed to Brian Decker for his vision, dedication, and commit-
ment to publish this textbook.

Peterson’s Principles of Oral and Maxillofacial Surgery is the authoritative textbook for the specialty of oral and maxillo-
facial surgery.

MICHAEL MILORO, DMD, MD



ENCcOMIUM

Dr. Larry J. (“Pete”) Peterson is easily the smartest person I have ever known, and I do not mean with regard to medicine
and surgery alone. Pete certainly forgot more information in his life than most people ever know. He made everyone around
him want to be better than they were, and he helped them to reach their potential. Peterson’s Principles of Oral and Maxillo-
facial Surgery, Second Edition, is dedicated to this man. Unfortunately, the majority of readers will never have had the
opportunity to meet him and to experience his imposing presence. The fact that this book will continue to educate many
surgeons for years to come would have pleased him very much since his greatest passion in life was, perhaps, teaching.

Pete obtained his doctor of dental surgery degree at the University of Missouri, Kansas City, in 1968. He completed his
training in oral and maxillofacial surgery at Georgetown University, where he also received his masters of science degree.
Pete served on the faculty at the Medical College of Georgia and, subsequently, at the University of Connecticut as the direc-
tor of Oral and Maxillofacial Surgery Residency Training. However, he is best known for his academic accomplishments at
Ohio State University, where he served as chairman of Oral and Maxillofacial Surgery, Pathology, and Anesthesiology from
1982 through 1999. To experience the full range of our specialty, Pete entered private practice in 1999 and continued in that
area until his death on August 7, 2002.

Pete’s professional and personal accomplishments and his contributions to our specialty are innumerable. In 1993 Pete
assumed the role of editor-in-chief of Oral Surgery, Oral Medicine, Oral Pathology, Oral Radiology and Endodontics, upon
the retirement of Dr. Robert Shira. Pete demanded excellence in the manuscript submissions and maintained high standards
for this journal during his tenure. Pete also edited Contemporary Oral and Maxillofacial Surgery, which, like its predecessor
from his mentor Dr. Gustav O. Kruger, defined dental undergraduate education in oral and maxillofacial surgery nation-
wide. Pete’s dedication to education was further demonstrated in his role as chair of the American Association of Oral and
Maxillofacial Surgeons Committee on Residency Education and Training. He lectured and published extensively both
nationally and internationally, with a particular emphasis on the topics of odontogenic infections and dental implantology,
and his contributions to the literature are many and varied.

Pete was a loving husband and father and enjoyed life to the fullest at each and every opportunity. To Pete, life was a
journey. The answer to any problem was inconsequential; the long arduous path from question to answer was the only pur-
pose for the question in the first place. Dr. Peter Larsen and I had the privilege of working closely with Pete and experienc-
ing his talents and benefiting from his wisdom and guidance at Ohio State University for several years. We had the unique
opportunity to observe Pete in and out of the hospital—the phrase “work hard, play hard” epitomizes the Peterson philos-
ophy. Peter Larsen remembered Pete at his funeral; here is a portion of that eulogy:



Encomium

When I tried to decide what to say about this amazing man, I started by making a list. What I discovered was a man of what I like to call
“wonderful contradiction.”

Pete was perhaps one of the most successful men I have known, yet he would have listed his Eagle Scout Award as being more important than
many of the prestigious professional honors he received.

He was our most vigorous critic and yet our strongest advocate.

He was the teacher of teachers but also the perpetual student.

He was not an OSU alumnus but bled scarlet and gray.

He demanded hard work but taught me that it isn’t really work if you love what you do.

He was a teacher who, when honored, thanked his students for teaching him.

Although surrounded by personal success, he found the greatest satisfaction in the success of others.

He was our boss but was more comfortable as our partner in a raft on the New River.

He would argue with you, not to get you to agree, but to get you to disagree and defend.

He trained many to reach great financial success but placed the reward gained by teaching higher than any financial reward.

He had much of which to boast and be proud, but instead practiced humility.

He was perhaps the smartest man I have ever known but was always first to admit when you had a good idea, and was gracious enough not
to point out that he had thought of it himself, perhaps even years prior.

I never heard him speak on a topic when I was not totally impressed with the insight and knowledge he seemed to have, but he was often
more content listening to what others had to say.

He was more interested in finding the truth than about being right himself.

He was 15 years older than me but looked younger.

He would often tell residents, much to their dismay, I might add, that it is not the answer that is important, but the question.

Many of his accomplishments could easily be ranked on a 1-to-10 scale as a “10.” Yet, I can still hear him say, “There is no such thing as a ‘10
He had the same enthusiasm for a giant rope swing as he did for a new operation.

He knew more than many of the speakers at the lectures he attended, but he always took notes.

He built what is perhaps the best Oral and Maxillofacial Surgery Department in the country, but, for me, his finest hour as our leader was
when he tenderly took care of Vicki, Arden Hegtvedt’s wife, when Arden died.

He was a man most deserving of a long and wonderful life, yet we are here today because this wonderful life has been tragically cut short.
If, as said by William James, “the greatest use of life is to spend it for something that will outlast it,” then Pete spent his life well. For, as I look
around, I see scores of us who owe so much of what we are to this one life well spent.

3%

Pete died too young, and he will be missed, but through this textbook his teachings will continue.

MICHAEL MILORO, DMD, MD
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PRINCIPLES OF MEDICINE,
SURGERY, AND ANESTHESIA






Wound Healing

Vivek Shetty, DDS, Dr.Med.Dent.

Charles N. Bertolami, DDS, D.Med.Sc.

The healing wound is an overt expression
of an intricate and tightly choreographed
sequence of cellular and biochemical
responses directed toward restoring tissue
integrity and functional capacity following
injury. Although healing culminates
uneventfully in most instances, a variety of
intrinsic and extrinsic factors can impede
or facilitate the process. Understanding
wound healing at multiple levels—bio-
chemical, physiologic, cellular, and molec-
ular—provides the surgeon with a frame-
work for basing clinical decisions aimed at
optimizing the healing response. Equally
important it allows the surgeon to critical-
ly appraise and selectively use the growing
array of biologic approaches that seek to
assist healing by favorably modulating the
wound microenvironment.

The Healing Process

The restoration of tissue integrity, whether
initiated by trauma or surgery, is a phylo-
genetically primitive but essential defense
response. Injured organisms survive only
if they can repair themselves quickly and
effectively. The healing response depends
primarily on the type of tissue involved
and the nature of the tissue disruption.
When restitution occurs by means of tis-
sue that is structurally and functionally
indistinguishable from native tissue,
regeneration has taken place. However, if
tissue integrity is reestablished primarily
through the formation of fibrotic scar tis-

sue, then repair has occurred. Repair by
scarring is the body’s version of a spot
weld and the replacement tissue is coarse
and has a lower cellular content than
native tissue. With the exception of bone
and liver, tissue disruption invariably
results in repair rather than regeneration.

At the cellular level the rate and quali-
ty of tissue healing depends on whether
the constitutive cells are labile, stable, or
permanent. Labile cells, including the ker-
atinocytes of the epidermis and epithelial
cells of the oral mucosa, divide throughout
their life span. Stable cells such as fi-
broblasts exhibit a low rate of duplication
but can undergo rapid proliferation in
response to injury. For example, bone
injury causes pluripotential mesenchymal
cells to speedily differentiate into
osteoblasts and osteoclasts. On the other
hand permanent cells such as specialized
nerve and cardiac muscle cells do not
divide in postnatal life. The surgeon’s
expectation of “normal healing” should be
correspondingly realistic and based on the
inherent capabilities of the injured tissue.
Whereas a fibrous scar is normal for skin
wounds, it is suboptimal in the context of
bone healing.

At a more macro level the quality of
the healing response is influenced by the
nature of the tissue disruption and the cir-
cumstances surrounding wound closure.
Healing by first intention occurs when a
clean laceration or surgical incision is

CHAPTER 1

closed primarily with sutures or other
means and healing proceeds rapidly with
no dehiscence and minimal scar forma-
tion. If conditions are less favorable,
wound healing is more complicated and
occurs through a protracted filling of the
tissue defect with granulation and connec-
tive tissue. This process is called healing by
second intention and is commonly associ-
ated with avulsive injury, local infection,
or inadequate closure of the wound. For
more complex wounds, the surgeon may
attempt healing by third
through a staged procedure that combines
secondary healing with delayed primary

intention

closure. The avulsive or contaminated
wound is débrided and allowed to granu-
late and heal by second intention for 5 to
7 days. Once adequate granulation tissue
has formed and the risk of infection
appears minimal, the wound is sutured
close to heal by first intention.

Wound Healing Response

Injury of any kind sets into motion a com-
plex series of closely orchestrated and tem-
porally overlapping processes directed
toward restoring the integrity of the
involved tissue. The reparative processes
are most commonly modeled in skin';
however, similar patterns of biochemical
and cellular events occur in virtually every
other tissue.? To facilitate description, the
healing continuum of coagulation, inflam-
mation, reepithelialization, granulation
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tissue, and matrix and tissue remodeling is
typically broken down into three distinct
overlapping phases: inflammatory, prolif-
erative, and remodeling.>*

Inflammatory Phase

The inflammatory phase presages the
body’s reparative response and usually
lasts for 3 to 5 days. Vasoconstriction of
the injured vasculature is the spontaneous
tissue reaction to staunch bleeding. Tissue
trauma and local bleeding activate factor
XII (Hageman factor), which initiates the
various effectors of the healing cascade
including the complement, plasminogen,
kinin, and clotting systems. Circulating
platelets (thrombocytes) rapidly aggregate
at the injury site and adhere to each other
and the exposed vascular subendothelial
collagen to form a primary platelet plug
organized within a fibrin matrix. The clot
secures hemostasis and provides a provi-
sional matrix through which cells can
migrate during the repair process. Addi-
tionally the clot serves as a reservoir of the
cytokines and growth factors that are
released as activated platelets degranulate
(Figure 1-1). The bolus of secreted pro-
teins, including interleukins, transforming
growth factor B (TGF-f), platelet-derived
growth factor (PDGF), and vascular
endothelial growth factor (VEGF), main-
tain the wound milieu and regulate subse-
quent healing.!

Once hemostasis is secured the reac-
tive vasoconstriction is replaced by a more
persistent period of vasodilation that is
mediated by histamine, prostaglandins,
kinins, and leukotrienes. Increasing vascu-
lar permeability allows blood plasma and
other cellular mediators of healing to pass
through the vessel walls by diapedesis and
populate the extravascular space. Corre-
sponding clinical manifestations include
swelling, heat,
Cytokines released into the wound pro-
vide the chemotactic cues that sequential-
ly recruit the neutrophils and monocytes
to the site of injury. Neutrophils normally

redness, and pain.

begin arriving at the wound site within
minutes of injury and rapidly establish
themselves as the predominant cells.
Migrating through the scaffolding provid-
ed by the fibrin-enriched clot, the short-
lived leukocytes flood the site with pro-
teases and cytokines to help cleanse the
wound of contaminating bacteria, devital-
ized tissue, and degraded matrix compo-
nents. Neutrophil activity is accentuated
by opsonic antibodies leaking into the
wound from the altered vasculature.
Unless a wound is grossly infected, neu-
trophil infiltration ceases after a few days.
However, the proinflammatory cytokines
released by perishing neutrophils, includ-
ing tumor necrosis factor oo (TNF-at) and
interleukins (IL-1a, IL-1b), continue to
stimulate the inflammatory response for
extended periods.’

Deployment of bloodborne mono-
cytes to the site of injury starts peaking as
the levels of neutrophils decline. Activated
monocytes, now termed macrophages,

Epidermis

Platelet plug

Blood vessel

Dermis

continue with the wound microdébride-
ment initiated by the neutrophils. They
secrete collagenases and elastases to break
down injured tissue and phagocytose bac-
teria and cell debris. Beyond their scaveng-
ing role the macrophages also serve as the
primary source of healing mediators.
Once activated, macrophages release a bat-
tery of growth factors and cytokines
(TGF-a,, TGF-B1, PDGF, insulin-like
growth factor [IGF]-I and -1I, TNF-o., and
IL-1) at the wound site, further amplifying
and perpetuating the action of the chemi-
cal and cellular mediators released previ-
ously by degranulating platelets and neu-
trophils.® Macrophages influence all
phases of early wound healing by regulat-
ing local tissue remodeling by proteolytic
enzymes (eg, matrix metalloproteases and
collagenases), inducing formation of new
extracellular matrix, and modulating
angiogenesis and fibroplasia through local
production of cytokines such as throm-
bospondin-1 and IL-1b. The centrality of
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FIGURE 1-1  Immediately following wounding, platelets facilitate the formation of a blood clot that secures
hemostasis and provides a temporary matrix for cell migration. Cytokines released by activated macrophages
and fibroblasts initiate the formation of granulation tissue by degrading extracellular matrix and promot-
ing development of new blood vessels. Cellular interactions are potentiated by reciprocal signaling between
the epidermis and dermal fibroblasts through growth factors, MMPs, and members of the TGF-3 family.
FGF = fibroblast growth factor; MMP = matrix metalloproteinase; PDGF = platelet-derived growth factor;
TGF-3 = transforming growth factor beta. Adapted from Bissell MJ and Radisky D.”



macrophage function to early wound heal-
ing is underscored by the consistent find-
ing that macrophage-depleted animal
wounds demonstrate diminished fibropla-
sia and defective repair. Although the
numbers and activity of the macrophages
taper off by the fifth post injury day, they
continue to modulate the wound healing
process until repair is complete.

Proliferative Phase

The cytokines and growth factors secreted
during the inflammatory phase stimulate
the succeeding proliferative phase (Figure
1-2).7 Starting as early as the third day post
injury and lasting up to 3 weeks, the pro-
liferative phase is distinguished by the for-
mation of pink granular tissue (granula-
tion tissue) containing inflammatory cells,
fibroblasts, and budding vasculature
enclosed in a loose matrix. An essential
first step is the establishment of a local
microcirculation to supply the oxygen and
nutrients necessary for the elevated meta-
bolic needs of regenerating tissues. The
generation of new capillary blood vessels
(angiogenesis) from the interrupted vas-
culature is driven by wound hypoxia as
well as with native growth factors, particu-
larly VEGEF, fibroblast growth factor 2
(FGE-2), and TNF-B (see Figure 1-2).
Around the same time, matrix-generating
fibroblasts migrate into the wound in
response to the cytokines and growth fac-
tors released by inflammatory cells and
wounded tissue. The fibroblasts start syn-
thesizing new extracellular matrix (ECM)
and immature collagen (Type III). The
scaffold of collagen fibers serves to sup-
port the newly formed blood vessels sup-
plying the wound. Stimulated fibroblasts
also secrete a range of growth factors,
thereby producing a feedback loop and
sustaining the repair process. Collagen
deposition rapidly increases the tensile
strength of the wound and decreases the
reliance on closure material to hold the
wound edges together. Once adequate col-
lagen and ECM have been generated,
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FIGURE 1-2  The cytokine cascade mediates the succedent proliferative phase. This phase is distin-
guished by the establishment of local microcirculation and formation of extracellular matrix and
immature collagen. Epidermal cells migrate laterally below the fibrin clot, and granulation tissue
begins to organize below the epithelium. MMPs = matrix metalloproteinases; t-PA = tissue plas-
minogen activator; u-PA = urinary plasminogen activator. Adapted from Bissell M] and Radisky D.”

matrix synthesis dissipates, evidencing the
highly precise spatial and temporal regula-
tion of normal healing.

At the surface of the dermal wound
new epithelium forms to seal off the
denuded wound surface. Epidermal cells
originating from the wound margins
undergo a proliferative burst and begin to
resurface the wound above the basement
membrane. The process of reepithelializa-
tion progresses more rapidly in oral
mucosal wounds in contrast to the skin.
In a mucosal wound the epithelial cells
migrate directly onto the moist exposed
surface of the fibrin clot instead of under
the dry exudate (scab) of the dermis.
Once the epithelial edges meet, contact
inhibition halts further lateral prolifera-
tion. Reepithelialization is facilitated by
underlying contractile connective tissue,
which shrinks in size to draw the wound
margins toward one another. Wound con-
traction is driven by a proportion of the
fibroblasts that transform into myofi-
broblasts and generate strong contractile
forces. The extent of wound contraction

depends on the depth of the wound and
its location. In some instances the forces
of wound contracture are capable of
deforming osseous structures.

Remodeling Phase

The proliferative phase is progressively
replaced by an extended period of pro-
gressive remodeling and strengthening of
the immature scar tissue. The remodel-
ing/maturation phase can last for several
years and involves a finely choreographed
balance between matrix degradation and
formation. As the metabolic demands of
the healing wound decrease, the rich net-
work of capillaries begins to regress.
Under the general direction of the
cytokines and growth factors, the collage-
nous matrix is continually degraded,
resynthesized, reorganized, and stabilized
by molecular crosslinking into a scar. The
fibroblasts start to disappear and the colla-
gen Type III deposited during the granula-
tion phase is gradually replaced by
stronger Type I collagen. Correspondingly
the tensile strength of the scar tissue

5
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gradually increases and eventually
approaches about 80% of the original
strength. Homeostasis of scar collagen and
ECM is regulated to a large extent by ser-
ine proteases and matrix metallopro-
teinases (MMPs) under the control of the
regulatory cytokines. Tissue inhibitors of
the MMPS afford a natural counterbal-
ance to the MMPs and provide tight con-
trol of proteolytic activity within the scar.
Any disruption of this orderly balance can
lead to excess or inadequate matrix degra-
dation and result in either an exuberant
scar or wound dehiscence.

Specialized Healing

Nerve

Injury to the nerves innervating the orofa-
cial region may range from simple contu-
sion to complete interruption of the nerve.
The healing response depends on injury
severity and extent of the injury.>-1° Neu-
ropraxia represents the mildest form of
nerve injury and is a transient interrup-
tion of nerve conduction without loss of
axonal continuity. The continuity of the
epineural sheath and the axons is main-
tained and morphologic alterations are
minor. Recovery of the functional deficit is
spontaneous and usually complete within
3 to 4 weeks. If there is a physical disrup-
tion of one or more axons without injury
to stromal tissue, the injury is described as
axonotmesis. Whereas individual axons
are severed, the investing Schwann cells
and connective tissue elements remain
intact. The nature and extent of the ensu-
ing sensory or motor deficit relates to the
number and type of injured axons. Mor-
phologic changes are manifest as degener-
ation of the axoplasm and associated
structures distal to the site of injury and
partly proximal to the injury. Recovery of
the functional deficit depends on the
degree of the damage.

Complete transection of the nerve
trunk is referred to as neurotmesis and
spontaneous recovery from this type of

injury is rare. Histologically, changes of
degeneration are evident in all axons adja-
cent to the site of injury.!! Shortly after
nerve severance, the investing Schwann
cells begin to undergo a series of cellular
changes called wallerian degeneration.
The degeneration is evident in all axons of
the distal nerve segment and in a few
nodes of the proximal segment. Within
78 hours injured axons start breaking
up and are phagocytosed by adjacent
Schwann cells and by macrophages that
migrate into the zone of injury. Once the
axonal debris has been cleared, Schwann
cell outgrowths attempt to connect the
proximal stump with the distal nerve
stump. Surviving Schwann cells prolifer-
ate to form a band (Biingner’s band) that
will accept regenerating axonal sprouts
from the proximal stump. The proliferat-
ing Schwann cells also promote nerve
regeneration by secreting numerous neu-
rotrophic factors that coordinate cellular
repair as well as cell adhesion molecules
that direct axonal growth. In the absence
of surgical realignment or approximation
of the stumps,
Schwann cells and outgrowing axonal
sprouts may align within the randomly
organized fibrin clot to form a disorga-

nerve proliferating

nized mass termed neuroma.

The rate and extent of nerve regener-
ation depend on several factors including
type of injury, age, state of tissue nutri-
tion, and the nerves involved. Although
the regeneration rate for peripheral nerves
varies considerably, it is generally consid-
ered to approximate 1 mm/d. The regen-
eration phase lasts up to 3 months and
ends on contact with the end-organ by a
thin myelinated axon. In the concluding
maturation phase both the diameter and
performance of the regenerating nerve
fiber increase.

Bone

The process of bone healing after a fracture
has many features similar to that of skin
healing except that it also involves calcifica-

tion of the connective tissue matrix. Bone is
a biologically privileged tissue in that it
heals by regeneration rather than repair.
Left alone, fractured bone is capable of
restoring itself spontaneously through
sequential tissue formation and differentia-
tion, a process also referred to as indirect
healing. As in skin the interfragmentary
thrombus that forms shortly after injury
staunches bleeding from ruptured vessels in
the haversian canals, marrow, and perios-
teum. Necrotic material at the fracture site
elicits an immediate and intense acute
inflammatory response which attracts the
polymorphonuclear leukocytes and subse-
quently macrophages to the fracture site.
The organizing hematoma serves as a fibrin
scaffold over which reparative cells can
migrate and perform their function. Invad-
ing inflammatory cells and the succeeding
pluripotential mesenchymal cells begin to
rapidly produce a soft fracture callus that
fills up interfragmentary gaps. Comprised
of fibrous tissue, cartilage, and young
immature fiber bone, the soft compliant
callus acts as a biologic splint by binding
the severed bone segments and damping
interfragmentary motion. An orderly pro-
gression of tissue differentiation and matu-
ration eventually leads to fracture consoli-
dation and restoration of bone continuity.
More commonly the surgeon chooses
to facilitate an abbreviated callus-free
bone healing termed direct healing (Figure
1-3). The displaced bone segments are sur-
gically manipulated into an acceptable
alignment and rigidly stabilized through
the use of internal fixation devices. The
resulting anatomic reduction is usually a
combination of small interfragmentary
gaps separated by contact areas. Ingrowth
of mesenchymal cells and blood vessels
starts shortly thereafter, and activated
osteoblasts start depositing osteoid on the
surface of the fragment ends. In contact
zones where the fracture ends are closely
apposed, the fracture line is filled concen-
trically by lamellar bone. Larger gaps are
filled through a succession of fibrous
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FIGURE 1-3  Direct bone healing facilitated by a lag screw. The fracture site shows both gap healing and contact healing. The internal archi-
tecture of bone is restored eventually by the action of basic multicellular units.

tissue, fibrocartilage, and woven bone. In
the absence of any microinstability at the
fracture site, direct healing takes place
without any callus formation.

Subsequent bone remodeling eventual-
ly restores the original shape and internal
architecture of the fractured bone. Func-
tional sculpting and remodeling of the
primitive bone tissue is carried out by a
temporary team of juxtaposed osteoclasts
and osteoblasts called the basic multicellu-
lar unit (BMU). The osteoblasts develop
from pluripotent mesenchymal stem cells
whereas multicellular osteoclasts arise from
a monocyte/macrophage lineage.'> The
development and differentiation of the
BMUs are controlled by locally secreted
growth factors, cytokines, and mechanical
signals. As osteoclasts at the leading edge of
the BMUs excavate bone through prote-
olytic digestion, active osteoblasts move in,
secreting layers of osteoid and slowly refill-
ing the cavity. The osteoid begins to miner-
alize when it is about 6 um thick. Osteo-
clasts reaching the end of their lifespan of
2 weeks die and are removed by phagocytes.
The majority (up to 65%) of the remodel-
ing osteoblasts also die within 3 months

and the remainder are entombed inside the
mineralized matrix as osteocytes.

While the primitive bone mineralizes,
remodeling BMUs cut their way through
the reparative tissue and replace it with
mature bone. The “grain” of the new bone
tissue starts paralleling local compression
and tension strains. Consequently the
shape and strength of the reparative bone
tissue changes to accommodate greater
functional loading. Tissue-level strains
produced by functional loading play an
important role in the remodeling of the
regenerate bone. Whereas low levels of tis-
sue strain (~2,000 microstrains) are con-
sidered physiologic and necessary for cell
differentiation and callus remodeling,
high strain levels (> 2,000 microstrains)
begin to adversely affect osteoblastic dif-
ferentiation and bone matrix forma-
tion.'>!* If there is excess interfragmentary
motion, bone regenerates primarily
through endochondral ossification or the
formation of a cartilaginous callus that is
gradually replaced by new bone. In con-
trast osseous healing across stabilized frac-
ture segments occurs primarily through
intramembranous ossification. Major fac-

tors determining the mechanical milieu of
a healing fracture include the fracture con-
figuration, the accuracy of fracture reduc-
tion, the stability afforded by the selected
fixation device, and the degree and nature
of microstrains provoked by function. If a
fracture fixation device is incapable of sta-
bilizing the fracture, the interfragmentary
microinstability provokes osteoclastic
resorption of the fracture surfaces and
results in a widening of the fracture gap.
Although bone union may be ultimately
achieved through secondary healing by
callus production and endochondral ossi-
fication, the healing is protracted. Fibrous
healing and nonunions are clinical mani-
festations of excessive microstrains inter-
fering with the cellular healing process.

Extraction Wounds

The healing of an extraction socket is a spe-
cialized example of healing by second
intention.!”> Immediately after the removal
of the tooth from the socket, blood fills the
extraction site. Both intrinsic and extrinsic
pathways of the clotting cascade are activat-
ed. The resultant fibrin meshwork contain-
ing entrapped red blood cells seals off the
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torn blood vessels and reduces the size of
the extraction wound. Organization of the
clot begins within the first 24 to 48 hours
with engorgement and dilation of blood
vessels within the periodontal ligament
remnants, followed by leukocytic migration
and formation of a fibrin layer. In the first
week the clot forms a temporary scaffold
upon which inflammatory cells migrate.
Epithelium at the wound periphery grows
over the surface of the organizing clot.
Osteoclasts accumulate along the alveolar
bone crest setting the stage for active crestal
resorption. Angiogenesis proceeds in the
remnants of the periodontal ligaments. In
the second week the clot continues to get
organized through fibroplasia and new
blood vessels that begin to penetrate
towards the center of the clot. Trabeculae of
osteoid slowly extend into the clot from the
alveolus, and osteoclastic resorption of the
cortical margin of the alveolar socket is
more distinct. By the third week the extrac-
tion socket is filled with granulation tissue
and poorly calcified bone forms at the
wound perimeter. The surface of the
wound is completely reepithelialized with
minimal or no scar formation. Active bone
remodeling by deposition and resorption
continues for several more weeks. Radi-
ographic evidence of bone formation does
not become apparent until the sixth to
eighth weeks following tooth extraction.
Due to the ongoing process of bone remod-
eling the final healing product of the
extraction site may not be discernible on
radiographs after 4 to 6 months.

Occasionally the blood clot fails to
form or may disintegrate, causing a local-
ized alveolar osteitis. In such instances
healing is delayed considerably and the
socket fills gradually. In the absence of a
healthy granulation tissue matrix, the
apposition of regenerate bone to remain-
ing alveolar bone takes place at a much
slower rate. Compared to a normal socket
the infected socket remains open or par-
tially covered with hyperplastic epithelium
for extended periods.

Skin Grafts

Skin grafts may be either full thickness or
split thickness.!® A full-thickness graft is
composed of epidermis and the entire der-
mis; a split-thickness graft is composed of
the epidermis and varying amounts of der-
mis. Depending on the amount of underly-
ing dermis included, split-thickness grafts
are described as thin, intermediate, or
thick.!” Following grafting, nutritional sup-
port for a free skin graft is initially provided
by plasma that exudes from the dilated cap-
illaries of the host bed. A fibrin clot forms at
the graft-host interface, fixing the graft to
the host bed. Host leukocytes infiltrate into
the graft through the lower layers of the
graft. Graft survival depends on the
ingrowth of blood vessels from the host into
the graft (neovascularization) and direct
anastomoses between the graft and the host
vasculature (inosculation). Endothelial cap-
illary buds from the host site invade the
graft, reaching the dermoepidermal junc-
tion by 48 hours. Concomitantly vascular
connections are established between host
and graft vessels. However, only a few of the
ingrowing capillaries succeed in developing
a functional anastomosis. Formation of vas-
cular connections between the recipient bed
and transplant is signaled by the pink
appearance of the graft, which appears
between the third and fifth day postgraft-
ing. Fibroblasts from the recipient bed
begin to invade the layer of fibrin and
leukocytes by the fourth day after trans-
plantation. The fibrin clot is slowly
resorbed and organized as fibroblastic
infiltration continues. By the ninth day the
new blood vessels and fibroblasts have
achieved a firm union, anchoring the deep
layers of the graft to the host bed.
Reinnervation of the skin graft occurs
by nerve fibers entering the graft through
its base and sides. The fibers follow the
vacated neurilemmal cell sheaths to re-
construct the innervation pattern of the
donor skin. Recovery of sensation usually
begins within 2 months after transplanta-

tion. Grafts rarely attain the sensory
qualities of normal skin, because the
extent of re-innervation depends on how
accessible the neurilemmal sheaths are to
the entering nerve fibers. The clinical
performance of the grafts depends on
their relative thickness. As split-thickness
grafts are thinner than full-thickness
grafts, they are susceptible to trauma and
undergo considerable contraction; how-
ever, they have greater survival rates clin-
ically. Full-thickness skin grafts do not
“take” as well and are slow to revascular-
ize. Nevertheless full-thickness grafts are
less susceptible to trauma and undergo
minimal shrinkage.

Wound Healing Complications

Healing in the orofacial region is often
considered a natural and uneventful
process and seldom intrudes into the sur-
geon’s However, this
changes when complications arise and
encumber the wound healing continuum.
Most wound healing complications mani-
fest in the early postsurgical period
although some may manifest much later.
The two problems most commonly
encountered by the surgeon are wound
infection and dehiscence; proliferative
healing is less typical.

consciousness.

Wound Infection

Infections complicating surgical outcomes
usually result from gross bacterial contam-
ination of susceptible wounds. All wounds
are intrinsically contaminated by bacteria;
however, this must be distinguished from
true wound infection where the bacterial
burden of replicating microorganisms
actually impairs healing.!® Experimental
studies have demonstrated that regardless
of the type of infecting microorganism,
wound infection occurs when there are
more than 1 X 10° organisms per gram of
tissue.””?® Beyond relative numbers, the
pathogenicity of the infecting microorgan-
isms as well as host response factors deter-
mine whether wound healing is impaired.



The continual presence of a bacterial
infection stimulates the host immune
defenses leading to the production of
inflammatory = mediators,
prostaglandins and thromboxane. Neu-
trophils migrating into the wound release

such as

cytotoxic enzymes and free oxygen radi-
cals. Thrombosis and vasoconstrictive
metabolites cause wound hypoxia, leading
to enhanced bacterial proliferation and
continued damage. Bacteria
destroyed by host defense mechanisms
provoke varying degrees of inflammation
by releasing neutrophil proteases and
endotoxins. Newly formed cells and their
collagen matrix are vulnerable to these
breakdown products of wound infection,
and the resulting cell and collagen lysis
contribute to impaired healing. Clinical
manifestations of wound infection include

tissue

the classic signs and symptoms of local
infection: erythema, warmth, swelling,
pain, and accompanying odor and pus.

Inadequate tissue perfusion and oxy-
genation of the wound further compro-
mise healing by allowing bacteria to prolif-
erate and establish infection. Failure to
follow aseptic technique is a frequent rea-
son for the introduction of virulent
microorganisms into the wound. Trans-
formation of contaminated wounds into
infected wounds is also facilitated by
excessive tissue trauma, remnant necrotic
tissue, foreign bodies, or compromised
host defenses. The most important factor
in minimizing the risk of infection is
meticulous surgical technique, including
thorough débridement, adequate hemo-
stasis, and elimination of dead space.
Careful technique must be augmented by
proper postoperative care, with an empha-
sis on keeping the wound site clean and
protecting it from trauma.

Wound Dehiscence

Partial or total separation of the wound
margins may manifest within the first
week after surgery. Most instances of
wound dehiscence result from tissue fail-

ure rather than improper suturing tech-
niques. The dehisced wound may be
closed again or left to heal by secondary
intention, depending upon the extent of
the disruption and the surgeon’s assess-
ment of the clinical situation.

Proliferative Scarring

Some patients may go on to develop aber-
rant scar tissue at the site of their skin
injury. The two common forms of hyper-
proliferative healing, hypertrophic scars
and keloids, are characterized by hyper-
vascularity and hypercellularity. Distinc-
tive features include excessive scarring,
persistent inflammation, and an overpro-
duction of extracellular matrix compo-
nents, including glycosaminoglycans and
collagen Type 1.2! Despite their overt
resemblance, hypertrophic scars and
keloids do have some clinical dissimilari-
ties. In general, hypertrophic scars arise
shortly after the injury, tend to be circum-
scribed within the boundaries of the
wound, and eventually recede. Keloids, on
the other hand, manifest months after the
injury, grow beyond the wound bound-
aries, and rarely subside. There is a clear
familial and racial predilection for keloid
formation, and susceptible individuals
usually develop keloids on their face, ear
lobes, and anterior chest.

Although processes leading to hyper-
trophic scar and keloid formation are not
yet clarified, altered apoptotic behavior is
believed to be a significant factor. Ordinar-
ily, apoptosis or programmed cell death is
responsible for the removal of inflammato-
ry cells as healing proceeds and for the evo-
lution of granulation tissue into scar. Dys-
regulation in apoptosis results in excessive
scarring, inflammation, and an overpro-
duction of extracellular matrix compo-
nents. Both keloids and hypertrophic scars
demonstrate sustained elevation of growth
factors including TGF-3 , platelet-derived
growth factor, IL-1, and IGF-1.>* The
growth factors, in turn, increase the num-
bers of local fibroblasts and prompt exces-
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sive production of collagen and extracellu-
lar matrix. Additionally, proliferative scar
tissue exhibits increased numbers of
neoangiogenesis-promoting
mediators as well as histamine-secreting
mast cells capable of stimulating fibrous
tissue growth. Although there is no effec-
tive therapy for keloids, the more common
methods for preventing or treating these
lesions focus on inhibiting protein synthe-
sis. These agents, primarily corticosteroids,
are injected into the scar to decrease
fibroblast proliferation, decrease angiogen-
esis, and inhibit collagen synthesis and
extracellular matrix protein synthesis.

vasoactive

Optimizing Wound Healing

At its very essence the wound represents
an extreme disruption of the cellular
microenvironment. Restoration of con-
stant internal conditions or homeostasis at
the cellular level is a constant undertow of
the healing response. A variety of local and
systemic factors can impede healing, and
the informed surgeon can anticipate and,
where possible, proactively address these
barriers to healing so that wound repair
can progress normally.?

Tissue Trauma

Minimizing surgical trauma to the tissues
helps promote faster healing and should
be a central consideration at every stage of
the surgical procedure, from placement of
the incision to suturing of the wound.
Properly planned, the surgical incision is
just long enough to allow optimum expo-
sure and adequate operating space. The
incision should be made with one clean
consistent stroke of evenly applied pres-
sure. Sharp tissue dissection and carefully
placed retractors further minimize tissue
injury. Sutures are useful for holding the
severed tissues in apposition until the
wound has healed enough. However,
sutures should be used judiciously as they
have the ability to add to the risk of infec-
tion and are capable of strangulating the
tissues if applied too tightly.

9
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Hemostasis and Wound
Débridement

Bleeding from a transected vessel or dif-
fuse oozing from the denuded surfaces
interfere with the surgeon’s view of under-
lying structures. Achieving complete
hemostasis before wound closure helps
prevent the formation of a hematoma
postoperatively. The collection of blood or
serum at the wound site provides an ideal
medium for the growth of microorgan-
isms that cause infection. Additionally,
hematomas can result in necrosis of over-
lying flaps. However, hemostatic tech-
niques must not be used too aggressively
during surgery as the resulting tissue dam-
age can prolong healing time. Postopera-
tively the surgeon may insert a drain or
apply a pressure dressing to help eliminate
dead space in the wound.

Devitalized tissue and foreign bodies
in a healing wound act as a haven for bac-
teria and shield them from the body’s
defenses.”> The dead cells and cellular
debris of necrotic tissue have been shown
to reduce host immune defenses and
encourage active infection. A necrotic bur-
den allowed to persist in the wound can
prolong the inflammatory response,
mechanically obstruct the process of
wound healing, and impede reepithelial-
ization. Dirt and tar located in traumatic
wounds not only jeopardize healing but
may result in a “tattoo” deformity. By
removing dead and devitalized tissue, and
any foreign material from a wound,
débridement helps to reduce the number
of microbes, toxins, and other substances
that inhibit healing. The surgeon should
also keep in mind that prosthetic grafts
and implants, despite refinements in bio-
compatibility, can incite varying degrees of
foreign body reaction and adversely
impact the healing process.

Tissue Perfusion

Poor tissue perfusion is one of the main
barriers to healing inasmuch as tissue

tension drives the healing

response.”*?> Oxygen is necessary for

oxygen

hydroxylation of proline and lysine, the
polymerization and cross-linking of pro-
collagen strands, collagen transport,
fibroblast and endothelial cell replication,
effective leukocyte killing, angiogenesis,
and many other processes. Relative hypox-
ia in the region of injury stimulates a
fibroblastic response and helps mobilize
other cellular elements of repair.?® Howev-
er, very low oxygen levels act together with
the lactic acid produced by infecting bac-
teria to lower tissue pH and contribute to
tissue breakdown. Cell lysis follows, with
releases of proteases and glycosidases and
subsequent digestion of extracellular
matrix.”” Impaired local circulation also
hinders delivery of nutrients, oxygen, and
antibodies to the wound. Neutrophils are
affected because they require a minimal
level of oxygen tension to exert their bac-
tericidal effect. Delayed movement of neu-
trophils, opsonins, and the other media-
tors of inflammation to the wound site
further diminishes the effectiveness of the
phagocytic defense system and allows col-
onizing bacteria to proliferate. Collagen
synthesis is dependent on oxygen delivery
to the site, which in turn affects wound
tensile strength. Most healing problems
associated with diabetes mellitus, irradia-
tion, small vessel atherosclerosis, chronic
infection, and altered cardiopulmonary
status can be attributed to local tissue
ischemia.

Wound microcirculation after surgery
determines the wound’s ability to resist the
inevitable bacterial contamination.?® Tissue
rendered ischemic by rough handling, or
desiccated by cautery or prolonged air dry-
ing, tends to be poorly perfused and sus-
ceptible to infection. Similarly, tissue
ischemia produced by tight or improperly
placed sutures, poorly designed flaps, hypo-
volemia, anemia, and peripheral vascular
disease, all adversely affect wound healing.
Smoking is a common contributor to
decreased tissue oxygenation.”’ After every

cigarette the peripheral vasoconstriction
can last up to an hour; thus, a pack-a-day
smoker remains tissue hypoxic for most
part of each day. Smoking also increases
carboxyhemoglobin, increases platelet
aggregation, increases blood viscosity,
decreases collagen deposition, and decreas-
es prostacyclin formation, all of which neg-
atively affect wound healing. Patient opti-
mization, in the case of smokers, may
require that the patient abstain from smok-
ing for a minimum of 1 week before and
after surgical procedures. Another way of
improving tissue oxygenation is the use of
systemic hyperbaric oxygen (HBO) therapy
to induce the growth of new blood vessels
and facilitate increased flow of oxygenated

blood to the wound.

Diabetes

Numerous studies have demonstrated that
the higher incidence of wound infection
associated with diabetes has less to do with
the patient having diabetes and more to do
with hyperglycemia. Simply put, a patient
with well-controlled diabetes may not be
at a greater risk for wound healing prob-
lems than a nondiabetic patient. Tissue
hyperglycemia impacts every aspect of
wound healing by adversely affecting the
immune system including neutrophil and
lymphocyte function, chemotaxis, and
phagocytosis.”® Uncontrolled blood glu-
cose hinders red blood cell permeability
and impairs blood flow through the criti-
cal small vessels at the wound surface. The
hemoglobin release of oxygen is impaired,
resulting in oxygen and nutrient deficien-
cy in the healing wound. The wound
ischemia and impaired recruitment of
cells resulting from the small vessel occlu-
sive disease renders the wound vulnerable
to bacterial and fungal infections.

Immunocompromise

The immune response directs the healing
response and protects the wound from
infection. In the absence of an adequate
immune response, surgical outcomes are



often compromised. An important assess-
ment parameter is total lymphocyte count.
A mild deficit is a lymphocytic level
between 1,200 and 1,800, and levels below
800 are considered severe total lymphocyte
deficits. Patients with debilitated immune
response include human immunodefi-
ciency virus (HIV)-infected patients in
advanced stages of the disease, patients on
immunosuppressive therapy, and those
taking high-dose steroids for extended
periods.’! Studies indicate that HIV-
infected patients with CD4 counts of less
than 50 cells/mm’ are at significant risk of
poor wound outcome.*? Although newer
immunosuppressive drugs, such as
cyclosporine, have no apparent effect on
wound healing, other medications can
retard the healing process both in rate and
quality by altering both the inflammatory
reaction and the cell metabolism.

The use of steroids, such as prednisone,
is a typical example of how suppression of
the innate inflammatory process also
increases wound healing complications.
Exogenous corticosteroids diminish prolyl
hydroxylase and lysyl oxidase activity,
depressing fibroplasias, collagen formation,
and neovascularity.”® Fibroblasts reach the
site in a delayed fashion and wound strength
is decreased by as much as 30%. Epithelial-
ization and wound contraction are also
impaired. The inhibitory effects of gluco-
corticosteriods can be attenuated to some
extent by vitamin A given concurrently.

Most antineoplastic agents exert their
cytotoxic effect by interfering with DNA
or RNA production. The reduction in pro-
tein synthesis or cell division reveals itself
as impaired proliferation of fibroblasts
and collagen formation. Attendant neu-
tropenia also predisposes to wound infec-
tion by prolonging the inflammatory
phase of wound healing. Because of their
deleterious effect on wound healing,
administration of antineoplastic drugs
should be restricted, when possible, until
such time that the potential for healing
complications has passed.

Radiation Injury

Therapeutic radiation for head and neck
tumors inevitably produces collateral
damage in adjacent tissue and reduces its
capacity for regeneration and repair. The
pathologic processes of radiation injury
start right away; however, the clinical and
histologic features may not become appar-
ent for weeks, months, or even years after
treatment.** The cellular and molecular
responses to tissue irradiation are imme-
diate, dose dependent, and can cause both
early and late consequences.” DNA dam-
age from ionizing radiation leads to mitot-
ic cell death in the first cell division after
irradiation or within the first few divi-
sions. Early acute changes are observed
within a few weeks of treatment and pri-
marily involve cells with a high turnover
rate. The common symptoms of oral
mucositis and dermatitis result from loss
of functional cells and temporary lack of
replacement from the pools of rapidly
proliferating cells. The inflammatory
response is largely mediated by cytokines
activated by the radiation injury. Overall
the response has the features of wound
healing; waves of cytokines are produced
in an attempt to heal the radiation injury.
The cytokines lead to an adaptive response
in the surrounding tissue, cause cellular
infiltration, and promote collagen deposi-
tion. Damage to local vasculature is exac-
erbated by leukocyte adhesion to endothe-
lial cells and the formation of thrombi that
block the vascular lumen, further depriv-
ing the cells that depend on the vessels.
The acute symptoms eventually start
to subside as the constitutive cells gradual-
ly recover their proliferative abilities.
However, these early symptoms may not
be apparent in some tissues such as bone,
where cumulative progressive effects of
radiation can precipitate acute breakdown
of tissue many years after therapy. The late
effects of radiation are permanent and
directly related to higher doses.’® Collagen
hyalinizes and the tissues become increas-
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ingly fibrotic and hypoxic due to oblitera-
tive vasculitis, and the tissue susceptibility
to infection increases correspondingly.
Once these changes occur they are irre-
versible and do not change with time.
Hence, the surgeon must always anticipate
the possibility of a complicated healing
following surgery or traumatic injury in
irradiated tissue. Wound dehiscence is
common and the wound heals slowly or
incompletely. Even minor trauma may
result in ulceration and colonization by
opportunistic bacteria. If the patient can-
not mount an effective inflammatory
response, progressive necrosis of the tis-
sues may follow. Healing can be achieved
only by excising all nonvital tissue and
covering the bed with a well-vascularized
graft. Due to the relative hypoxia at the
irradiated site, tissue with intact blood
supply needs to be brought in to provide
both oxygen and the cells necessary for
inflammation and healing. The progres-
sive obliteration of blood vessels makes
bone particularly vulnerable. Following
trauma or disintegration of the soft tissue
cover due to inflammatory reaction, heal-
ing does not occur because irradiated
marrow cannot form granulation tissue.
In such instances the avascular bone needs
to be removed down to the healthy por-
tion to allow healing to proceed.

Hyperbaric Oxygen Therapy

HBO therapy is based on the concept that
low tissue oxygen tension, typically a par-
tial pressure of oxygen (P0,) of 5 to
20 mm Hg, leads to anaerobic cellular
metabolism, increase in tissue lactate, and
a decrease in pH, all of which inhibit
wound healing.** HBO therapy entails the
patient lying in a hyperbaric chamber
and breathing 100% oxygen at 2.0 to
2.4 atmospheres for 1 to 2 hours. The
HBO therapy is repeated daily for 3 to
10 weeks. HBO increases the quantity of
dissolved oxygen and the driving pressure
for oxygen diffusion into the tissue. Corre-
spondingly the oxygen diffusion distance

11
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is increased threefold to fourfold, and
wound Po, ultimately reaches 800 to
1,100 mm Hg. The therapy stimulates the
growth of fibroblasts
endothelial cells, increases tissue vascular-

and vascular

ization, enhances the killing ability of
leukocytes, and is lethal for anaerobic bac-
teria. Clinical studies suggest that HBO
therapy can be an effective adjunct in the
management of diabetic wounds.®> Animal
studies indicate that HBO therapy could be
beneficial in the treatment of osteomyelitis
and soft tissue infections.®®®” Adverse
effects of HBO therapy are barotraumas of
the ear, seizure, and pulmonary oxygen
toxicity. However, in the absence of con-
trolled scientific studies with well-defined
end points, HBO therapy remains a con-
troversial aspect of surgical practice.®®%

Age

In general wound healing is faster in the
young and protracted in the elderly. The
decline in healing response results from
the gradual reduction of tissue metabo-
lism as one ages, which may itself be a
manifestation of decreased circulatory
efficiency. The major components of the
healing response in aging skin or mucosa
are deficient or damaged with progressive
injuries.’” As a result, free oxidative radi-
cals continue to accumulate and are harm-
ful to the dermal enzymes responsible for
the integrity of the dermal or mucosal
composition. In addition the regional vas-
cular support may be subjected to extrin-
sic deterioration and systemic disease
decompensation, resulting in poor perfu-
sion capability.*® However, in the absence
of compromising systemic conditions, dif-
ferences in healing as a function of age
seem to be small.

Nutrition

Adequate nutrition is important for nor-
mal repair.*® In malnourished patients
fibroplasia is delayed,
decreased, and wound healing and remod-
eling prolonged. Dietary protein has

angiogenesis

received special emphasis with respect to
healing. Amino acids are critical for wound
healing with methionine, histidine, and
arginine playing important roles. Nutri-
tional deficiencies severe enough to lower
serum albumin to < 2 g/dL are associated
with a prolonged inflammatory phase,
decreased fibroplasia, and impaired neo-
vascularization, collagen synthesis, and
wound remodeling. As long as a state of
protein catabolism exists, the wound will
be very slow to heal. Methionine appears to
be the key amino acid in wound healing. It
is metabolized to cysteine, which plays a
vital role in the inflammatory, proliferative,
and remodeling phases of wound healing.
Serum prealbumin is commonly
used as an assessment parameter for pro-
4041 Contrary to serum albumin,
which has a very long half-life of about
20 days, prealbumin has a shorter half-
life of only 2 days. As such it provides a
more rapid assessment ability. Normal
serum prealbumin is about 22.5 mg/dL, a
level below 17 mg/dL is considered a
mild deficit, and a severe deficit would be

tein.

below 11 mg/dL. As part of the perioper-
ative optimization process, malnour-
ished patients may be provided with
solutions that have been supplemented
with amino acids such as glutamine to
promote improved mucosal structure
and function and to enhance whole-body
nitrogen kinetics. An absence of essential
building blocks obviously thwarts nor-
mal repair, but the reverse is not neces-
sarily true. Whereas a minimum protein
intake is important for healing, a high
protein diet does not shorten the time
required for healing.

Several vitamins and trace minerals
play a significant role in wound healing.**
Vitamin A stimulates fibroplasia, collagen
cross-linking, and epithelialization, and will
restimulate these processes in the steroid-
retarded wound. Vitamin C deficiency
impairs collagen synthesis by fibroblasts,
because it is an important cofactor, along
with a-ketoglutarate and ferrous iron, in

the hydroxylation process of proline and
lysine. Healing wounds appear to be more
sensitive to ascorbate deficiency than unin-
jured tissue. Increased rates of collagen
turnover persist for a long time, and healed
wounds may rupture when the individual
becomes scorbutic. Local antibacterial
defenses are also impaired because ascorbic
acid is also necessary for neutrophil super-
oxide production. The B-complex vitamins
and cobalt are essential cofactors in anti-
body formation, white blood cell function,
and bacterial resistance. Depleted serum
levels of micronutrients, including magne-
sium, copper, calcium, iron, and zinc, affect
collagen synthesis.** Copper is essential for
covalent cross-linking of collagen whereas
calcium is required for the normal function
of granulocyte collagenase and other colla-
genases at the wound milieu. Zinc deficien-
cy retards both fibroplasia and reepithelial-
ization; cells migrate normally but do not
undergo mitosis.** Numerous enzymes are
zinc dependent, particularly DNA poly-
merase and reverse transcriptase. On the
other hand, exceeding the zinc levels can
exert a distinctly harmful effect on healing
by inhibiting macrophage migration and
interfering with collagen cross-linking.

Advances in Wound Care

An increased understanding of the wound
healing processes has generated height-
ened interest in manipulating the wound
microenvironment to facilitate healing.
Traditional passive ways of treating surgi-
cal wounds are rapidly giving way to
approaches that actively modulate wound
healing. Therapeutic interventions range
from treatments that selectively jump-
start the wound into the healing cascade,
to methods that mechanically protect the
wound or increase oxygenation and perfu-
sion of the local tissues.*>*

Growth Factors

Through their central ability to orches-
trate the various cellular activities that
underscore inflammation and healing,



cytokines have profound effects on cell
proliferation, migration, and extracellular
matrix synthesis.*” Accordingly newer
interventions seek to control or modulate
the wound healing process by selectively
inhibiting or enhancing the tissue levels of
the appropriate cytokines.

The more common clinical approach
has been to apply exogenous growth fac-
tors, such as PGDEF, angiogenesis factor, epi-
dermal growth factor (EGF), TGE, bFGE
and IL-1, directly to the wound. However,
the potential of these extrinsic agents has
not yet been realized clinically and may
relate to figuring out which growth factors
to put into the wound, and when and at
what dose. To date only a single growth fac-
tor, recombinant human platelet-derived
growth factor-BB (PDGF-BB), has been
approved by the United States Food and
Drug Administration for the treatment of
cutaneous ulcers, specifically diabetic foot
ulcers. Results from several controlled clin-
ical trials show that PDGF-BB gel was effec-
tive in healing diabetic ulcers in lower
extremities and significantly decreased
healing time when compared to the placebo
group.*®® More recently, recombinant
human keratinocyte growth factor 2 (KGF-
2) has been shown to accelerate wound
healing in experimental animal models. It
enhanced both the formation of granula-
tion tissue in rabbits and wound closure of
the human meshed skin graft explanted on
athymic nude rats.’>>'Experimental studies
suggest potential for the use of growth fac-
tors in facilitating peripheral nerve healing.
Several growth factors belonging to the
neurotrophin family have been implicated
in the maintenance and repair of nerves.
Nerve growth factor (NGF), synthesized by
Schwann cells distal to the site of injury,
aids in the survival and development of
sensory nerves. This finding has led some
investigators to suggest that exogenous
NGF application may assist in peripheral
nerve regeneration following injury.>?
Newer neurotrophins such as brain-derived
neurotrophic factor and neurotrophin-3 as

well as ciliary neurotrophic factor appear to
support the growth of sensory, sympathet-
ic, and motor neurons in vitro.”>> Insulin-
like growth factors have demonstrated sim-
ilar neurotrophic properties.”® Although
most of the investigations hitherto have
been experimental, increasing sophistica-
tion in the dosing, combinations, and deliv-
ery of neurotropic growth factors will lead
to greater clinical application.
Osteoinductive growth factors hold
special appeal to surgeons for their ability
to promote the formation of new bone. Of
the multiple osteoinductive cytokines, the
bone morphogenetic proteins (BMPs)
belonging to the TGF- superfamily have
received the greatest attention. Advances in
recombinant DNA techniques now allow
the production of these biomolecules in
quantities large enough for routine clinical
applications. In particular, recombinant
human bone morphogenetic protein-2
(rhBMP-2) and rhBMP-7 have been stud-
ied extensively for their ability to induce
undifferentiated mesenchymal cells to dif-
ferentiate into osteoblasts (osteoinduc-
tion). Yasko and colleagues used a rat seg-
mental femoral defect model to show that
rhBMP-2 can produce 100% union rates
when combined with bone marrow.”” The
union rate achieved with the combination
approach was three times higher than that
achieved with autologous cancellous bone
graft alone. Similarly, Toriumi and col-
leagues showed that thBMP-2 could heal
mandibular defects with bone formed by
the intramembranous pathway.”® The
widespread application of osteoinductive
cytokines depends in large part on a better
understanding of the complex interaction
of growth factors and the concentrations
necessary to achieve specific effects.

Gene Therapy

The application of gene therapy to wound
healing has been driven by the desire to
selectively express a growth factor for con-
trolled periods of time at the site of tissue
injury.®® Unlike the diffuse effects of a
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bolus of exogenously applied growth fac-
tor, gene transfer permits targeted, consis-
tent, local delivery of peptides in high con-
centrations to the wound environment.
Genes encoding for select growth factors
are delivered to the site of injury using a
variety of viral, chemical, electrical, or
mechanical methods.®® Cellular expression
of the proteins encoded by the nucleic
acids help modulate healing by regulating
local events such as cell proliferation, cell
migration, and the formation of extracel-
lular matrix. The more popular methods
for transfecting wounds involve the in vivo
use of adenoviral vectors. Existing gene
therapy technology is capable of express-
ing a number of modulatory proteins at
the physiologic or supraphysiologic range
for up to 2 weeks.

Numerous experimental studies have
demonstrated the use of gene therapy in
stimulating bone formation and regenera-
tion. Mesenchymal cells transfected with
adenovirus-hBMP-2 ¢DNA have been
shown to be capable of forming bone when
injected intramuscularly in the thighs of
rodents.’"%? Similarly bone marrow cells
transfected ex vivo with hBMP-2 cDNA
have been shown to heal femoral defects.®’
Using osteoprogenitor cells for the expres-
sion of bone-promoting osteogenic factors
enables the cells to not only express bone
growth promoting factors, but also to
respond, differentiate, and participate in
the bone formation process. These early
studies suggest that advances in gene ther-
apy technology can be used to facilitate
healing of bone and other tissues and may
lead to better and less invasive reconstruc-
tive procedures in the near future.

Dermal and Mucosal Substitutes

Immediate wound coverage is critical for
accelerated wound healing. The coverage
protects the wound from water loss, drying,
and mechanical injury. Although autolo-
gous grafts remain the standard for replac-
ing dermal mucosal surfaces, a number of
bioengineered substitutes are finding their

13
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way into mainstream surgical practice. The
human skin substitutes available are
grouped into three major types and serve as
excellent alternatives to autografts. The first
type consists of grafts of cultured epider-
mal cells with no dermal components. The
second type has only dermal components.
The third type consists of a bilayer of both
dermal and epidermal elements. The chief
effect of most skin replacements is to pro-
mote wound healing by stimulating the
recipient host to produce a variety of
wound healing cytokines. The use of cul-
tured skin to cover wounds is particularly
attractive inasmuch as the living cells
already know how to produce growth fac-
tors at the right time and in the right
amounts. The ultimate goal of bioengineers
is to develop engineered skin that contains
all of the components necessary to modu-
late healing and allow for wound healing
with a surrogate that replicates native tissue
and limits scar formation.
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Medical Management
of the Surgical Patient
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Oral-maxillofacial surgery frequently
causes temporary but clinically significant
alteration of the anatomy and physiology
of the upper aerodigestive tract, but has
minor direct impact on vital organ sys-
tems. Therefore, the surgery itself is gener-
ally safe to perform even on relatively
unhealthy individuals. However, the phys-
iologic stresses produced by surgery and
the anesthetic techniques necessary for
these procedures can lead to serious mor-
bidity and mortality. This is especially true
in patients with various organs on the
brink of decompensation due to disease or
comorbid conditions.

This chapter presents the common
medical situations that can compromise
the successful outcome of oral or maxillo-
facial surgery. Emphasis is given to the
means of detecting health problems pre-
operatively and preparing patients with
various medical disorders so that compli-
cations in the perioperative period are
avoided or minimized. The liberal use of
medical consultations is highly recom-
mended for all situations in which a sur-
geon has concerns for the medical well-
being of a surgical patient.

Most commonly oral-maxillofacial
surgery is performed on healthy patients.
A quick screen of health conditions may
give additional data in the evaluation of

the healthy patient. A preoperative patient
questionnaire has been used in determin-
ing whether any further risk should be
ascertained.! The questions in Table 2-1
have been valuable in preoperative patient
evaluation.

In addition to this group of questions,
other questionnaire-type screening tools
can be valuable. Exercise capacity, such as
the 6-minute walk test, use of medications
and herbal supplements, and age can be
important determinants of perioperative
risks.” Exercise tolerance has been shown to
predict long-term mortality as well as
short-term perioperative risks.’> All patients

CHAPTER 2

should be questioned regarding their exer-
cise tolerance with a question such as, “If I
asked you to walk as far as you could, how
far would that be?” This may be answered
as a function of time or distance. It is help-
ful to ask, “When was the last time you
walked that far?” If there is a limitation of
exercise, then ask, “What is the reason for
the limitation?” It may be due to orthopedic
or other musculoskeletal problems that
limit exercise, or cardiac or pulmonary
insufficiency.

Medication use is important, and with
the use of a plethora of over-the-counter
medications and dietary supplements,

Table 2-1 Preoperative Patient Questionnaire

Do you feel unwell?

Do you have any coughing?
Do you have any wheezing?

Do you have any ankle swelling?

@ g N ey @ B e =

Do you have any allergies?

— = = =
W= e

anesthetic? (Clinician’s observation)

Have you ever had any serious illnesses in the past?
Do you get any more short of breath on exertion than other people of your age?

Do you have any chest discomfort on exertion?

Have you taken any medicine or pills in the past 3 months (including excess alchol)?
Have you had an anesthetic in the past 2 months?

Have you or your relatives had any problems with a previous anesthetic?

What is the date of your last menstrual period?
Do you observe any serious abnormality from “end of bed” that might affect
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specific questioning is in order. Aspirin
or other nonsteroidal anti-inflammatory
drug use may exacerbate bleeding during
major surgery. Some herbal supplements
are known to increase the risk of bleeding
as well.*

Finally age can be used as a surrogate
for underlying disease or decreased reserve.
There are no absolute cutoffs for age in esti-
mation of risk; age of 70 years is used as a
benchmark for a separate risk factor in sur-
gical mortality. Laboratory testing may be
helpful in a small subset of patients. Rou-
tine testing requirements may vary from
operative center, office, or hospital, but in
general there is often overtesting and
under-review of the results. If guidelines at
a particular center have been established, it
is important to use a checklist of the tests,
including their results. Many of these tests
are arbitrary and not supported by evi-
dence-based research. However, it is not
unreasonable to establish a schedule of rou-
tine testing in unselected patients. While
most young and apparently healthy patients
do not need any preoperative laboratory
testing, unselected adults over the age of
40 years may benefit from a preoperative
hematocrit and tests of renal function and
blood glucose. A blood count may reveal
anemia or serve as a benchmark when
excessive blood loss or anemia is found
after surgery. Glucose determination is
helpful in those patients with diabetes or
obesity, and serves as a useful screening tool
for diabetes in the general population.®

The preoperative evaluation of healthy
patients should include the following®’:

1. A screening questionnaire for all
patients (see Table 2-1)

2. A history of exercise tolerance for all
patients

3. Blood pressure and pulse for all
patients

4. History and physical examination if
one of the above is abnormal, in
patients over 60 years, or in those
undergoing major surgery

5. Pregnancy test for women who may be
pregnant

6. Hematocrit for surgery with expected
major blood loss

7. Serum creatinine concentration if
undergoing major surgery, hypoten-
sion is expected, nephrotoxic drugs
will be used, or the patient is over age
50 years

8. Electrocardiogram (ECG) recommen-
dations as above, unless obtained
within the previous month

9. Chest radiograph for patients over
60 years, or for those with suspected
cardiac or pulmonary disease, if such
imaging has not been performed
within the past 6 months

10. Other tests only if the clinical evalua-
tion suggests a likelihood of disease

Cardiac Disease

Cardiac disease is common in the North
American and other populations, and the
patient is usually well aware of any existing
cardiac problem. Thus, it is essential to
screen for cardiovascular disease, and recent
interventions have shown the ability to
greatly reduce perioperative risks in patients
with known or suspected cardiac disease.

Preservation of cardiac health is an
essential element of any perioperative pro-
tocol. The proper match of oxygen supply to
oxygen use in myocardial tissue is the key to
maintaining normal contractility and elec-
trical activity. In the patient with a healthy
heart and lungs, the myocardium is protect-
ed in the perioperative period by avoiding
hypovolemia, ensuring adequate oxygen-
carrying capacity of the blood, keeping
serum electrolytes within physiologic limits,
and supplying the lungs with adequate oxy-
gen. Cardiac output also depends on prop-
erly functioning valves. Finally the load
against which the ventricles must work
should stay within reasonable limits to pre-
serve optimal myocardial function.

Several cardiac conditions can exist
preoperatively that have the potential to

compromise the heart’s ability to maintain
adequate blood pressure intra- or postop-
eratively. These conditions include coro-
nary artery disease, valvular disease, vari-
ous processes predisposing the heart to
congestive failure, and abnormalities of
electrical impulse generation or conduc-
tion. In the discussion of the four condi-
tions that follows, emphasis is on the
means of assessing the degree of cardiac
compromise and reserve, of improving the
situation preoperatively, and of managing
the condition perioperatively.

Coronary Artery Disease

The two principal processes that cause an
insufficient blood supply to the myocardi-
um are coronary artery obstruction and
spasm. Myocardial ischemia will occur
when the supply of oxygen is inadequate
to meet the demand for oxygen. Myocar-
dial oxygen need is increased when the
heart has increased rate or mass, or is
forced to work against an increased after-
load that increases end-diastolic wall ten-
sion. In these situations symptoms of
ischemia will occur if oxygen supply to the
myocardium cannot be increased because
the coronary arteries are critically nar-
rowed by fixed atheromatous lesions
and/or spasm; clinically this is manifested
by exercise-induced angina pectoris.
Coronary artery disease is one of the
most studied diseases in humans. Over the
past several years new paradigms regard-
ing coronary artery disease have emerged
and have been validated. The idea of a
hard plaque slowly encircling the lumen of
a coronary artery until occlusion has
occurred has been replaced by the concept
of plaque rupture. Many plaques in the
lumen of the coronary vessels are consid-
ered to be soft, with a membrane or thin
cell layer covering a highly thrombogenic
lipid core. This membrane may rupture
even in small lesions, exposing thrombo-
genic materials into the blood. This sets up
an immediate clotting cascade resulting in
thrombus formation, occluding the vessel



and precipitating myocardial infarction or
unstable angina.®?

Coronary artery disease includes the
progression of an endothelial lesion from
a fatty streak to an occlusive lesion or
plaque rupture as noted above. Several risk
factors for coronary artery disease have
been identified, including family history of
early coronary disease (under age 65 yr),
male gender, diabetes mellitus, and elevat-
ed cholesterol, including total cholesterol
and/or low-density lipoprotein (LDL)
cholesterol. High levels of LDL cholesterol,
low levels of high-density lipoprotein cho-
lesterol, hypertension, and cigarette smok-
ing are the most predictive risk factors of
coronary artery disease. Additional risk
factors such as elevated levels of homocys-
teine, C-reactive protein, myeloperoxidase
and others are being evaluated.!® Interest-
ingly a large percentage of patients with
first-time myocardial infarction do not
have known risk factors for coronary
artery disease.!'!?

As noted above, a plaque may progress
to cause a limitation of flow of blood
through the coronary artery to the
myocardial tissue. Myocardial ischemia
produces decreased myocardial contractil-
ity rapidly leading to systemic hypoten-
sion and pulmonary vascular congestion.
The limitation of flow leads to the symp-
tom of angina. Patients may complain of a
squeezing, choking, or tight feeling in the
substernal region radiating to the throat,
jaw, shoulders, or arms. The patient may
also experience dyspnea, diaphoresis, and
nausea. Anginal symptoms will dissipate
soon after the provoking activity ceases or
after transmucosal nitroglycerin is admin-
istered. Infarction symptoms will usually
persist despite nitroglycerin use or rest.

It is important to ask patients suspected
of having coronary artery disease if they
have discomfort with exertion, rather than
focusing on pain. A patient may give a his-
tory of dyspnea and chest tightness, among
other symptoms, after exertion, eating a
heavy meal, or entering a cold environment.

Medical Management of the Surgical Patient

Typically these symptoms are reproducible.
Patients who have angina symptoms that
are progressive with less precipitating forces,
angina with increasing frequency, or angina
at rest are considered to have unstable angi-
na and require evaluation by a qualified car-
diovascular specialist.

There are no standard physical signs

of coronary artery insufficiency so preop-
erative screening relies on historic infor-
mation and electrocardiography. A cardio-
vascular examination may show evidence
of vascular or valvular disease, or some
degree of cardiac decompensation. Symp-
toms of compromised coronary or carotid
arteries should be sought preoperatively in
all adult males, as well as in menopausal
and postmenopausal females.
Physical Examination The physical
examination in patients with coronary
artery disease is frequently unrevealing.
The history is the most important deter-
minant of risk. However, a cardiovascular
examination may show evidence of vascu-
lar disease, valvular disease, or evidence of
cardiac decompensation.

Patients with findings of peripheral
vascular disease should be considered at
high risk for underlying coronary artery
disease. On heart examination an S, may
be present, reflecting reduced compliance
in an ischemic myocardium. Auscultation
of the neck, periumbilical area of the
abdomen, and inguinal areas should be
used to detect bruits. In addition, pedal
pulses and inguinal pulses should be
checked. Diminished or absent pulses,
cool feet, and skin changes such as hair
loss in the ankles and feet may indicate
peripheral vascular disease. Specific ques-
tioning about problems occurring during
physical activity or postprandially should
be included. It must be remembered that
many patients with first time myocardial
infarction have no known risk factors.

A resting ECG should be done within
a month of a planned elective general
anesthetic and surgery in all males age

35 years and older, all females age 45 years
and older, and all other patients with a his-
tory suggestive of cardiac disease.!*> More
elaborate routine cardiac testing is unwar-
ranted. Although it is unlikely to see rest-
ing ECG changes suggestive of acute
ischemia, old silent infarcts (representing
20 to 60% of all infarctions) or conduction
blocks due to coronary disease may be
detected.' It should be noted that 30% of
patients with a history of myocardial
infarction have a normal resting ECG."
ECG after controlled treadmill exercise is a
of detecting
ischemic tendencies as evidenced by ST
depression or T-wave inversion. Patients
with a past history of cardiac disease
should have preoperative posteroanterior
and lateral chest radiographs to detect
early signs of congestive heart failure.
Finally a thallium stress test can be used,
but only in the case of an equivocal tread-
mill test, or coronary angiography can be
performed to identify areas of narrowing,
which predispose the patient to periopera-
tive myocardial ischemia if clinical indica-
tions for angiography are present.

All patients with a documented history
of angina may have an increased risk of
perioperative infarction. This risk varies
with the severity of the coronary disease
and the degree of physiologic stress in the
perioperative period. Patients with stable
angina have only a slightly raised risk dur-
ing anesthesia and surgery compared to the
normal population. Angina that is worsen-
ing with respect to frequency, duration,
response to medication, or ease of produc-
tion is, by definition, unstable angina.
Surgery in such a situation should only pro-
ceed if required emergently. Patients with
stable but poorly controlled angina need
medical intervention to improve their car-
diac status before most elective surgery.

The American College of Cardiology
has produced a listing of major, intermedi-
ate and minor cardiovascular risk factors

more sensitive means

and matched these with a listing of higher-
risk operations. These risks are then entered
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into a straightforward algorithm directed to
decisions on invasive testing, noninvasive
testing, intervention or progression to
surgery (Table 2-2 and Figure 2-1).'® Risk
reduction strategies have also evolved, with
reduced emphasis on preoperative testing.
The newest risk reduction strategy includes
the use of PB-blockade in patients with
known coronary artery disease or with risk
factors for coronary artery disease.!”
Patients with stable, well-controlled
angina, or who have delayed surgery after an
uncomplicated myocardial infarction for a
period dictated by their cardiologist, can
usually undergo elective maxillofacial pro-
cedures safely if intraoperative hyper- or

hypotension is avoided. Although some
studies indicate the risk of infarction
increases with the duration of surgery, this
has only been well documented in the case
of major thoracic or upper abdominal pro-
cedures.’®!” In general, nonurgent surgery
should be postponed for at least 6 weeks
after myocardial infarction. Patients who
need nonurgent surgery in this 6-week win-
dow should be co-managed by a cardiolo-
gist. Modern day general anesthesia may
actually be protective of the myocardium,
because supraphysiologic levels of oxygen
are administered and cardiac work is mini-
mized through maintenance of muscle
relaxation, sympathetic nervous system

Table 2-2  Clinical Predictors of Increased Perioperative Cardiovascular Risk
(Myocardial Infarction, Heart Failure, Death)

Unstable coronary syndromes
clinical symptoms or noninvasive study
Decompensated heart failure

Significant dysrhythmias
High-grade atrioventricular block

Severe valvular disease

Mild angina pectoris (Canadian Class I or II)

Compensated or prior heart failure

Renal insufficiency

Advanced age

ST-T abnormalities)

History of stroke
Uncontrolled systemic hypertension

Acute or recent myocardial infarction* with evidence of important ischemic risk by

Unstable or severe' angina (Canadian Class III or IV)!*

Symptomatic ventricular dysrhythmias in the presence of underlying heart disease
Supraventricular arrhythmias with uncontrolled ventricular rate

Previous myocardial infarction by history or pathological Q waves

Diabetes mellitus (particularly insulin-dependent)

Abnormal electrocardiogram (left ventricular hypertrophy, left bundle-branch block,

Rhythm other than sinus (eg, atrial fibrillation)
Low functional capacity (eg, inability to climb one flight of stairs with a bag of groceries)

Adapted from Eagle KA et al.'®

*The American College of Cardiology National Database Library defines recent myocardial infarction as greater than 7 days
but less than or equal to 1 month (30 days); acute myocardial infarction is within 7 days.
"May include “stable” angina in patients who are unusually sedentary.

antagonism, blood pressure control, and
prompt dysrhythmia recognition and man-
agement. To assist with these goals consider-
ation should be given to radial artery
cannulation for blood gas and pH measure-
ment and precise blood pressure monitor-
ing. The presence of signs of chronic con-
gestive failure following a myocardial
infarction increases operative risk, as is dis-
cussed later in this chapter.

The risk of general anesthesia after a
recent myocardial infarction is due to pos-
sible extension of the earlier myocardial
infarction and the development of cardiac
dysrhythmias. A target-like zone is
described in myocardial infarction, with
the center being infarcted tissue. It is a
zone surrounding this infarcted tissue that
is considered to be stunned or vulnerable.
This zone is the area into which the
myocardial infarction may extend and
from which dysrhythmias can be generat-
ed. After the 6-week window has passed,
the patient can be evaluated as any other
coronary artery disease patient.*

Patients with coronary artery disease
have their greatest risk of cardiac problems
in the early postoperative period. The car-
diorespiratory system is no longer con-
trolled by general anesthesia, and the nor-
mal stresses that occur in the early
recovery period exist. There is usually a
need for increased cardiac output, which
the diseased heart may not be able to
deliver or tolerate, and ischemia can result.
Therefore, these patients need frequent
cardiopulmonary physical examinations
and close monitoring of vital signs, urine
output, jugular venous pressure, and elec-
trolytes. An immediate postoperative ECG
should be obtained in patients with a his-
tory of coronary artery disease, particular-
ly if they have any of the following:

+  Unexplained hypotensive or syncopal
episode

+  Signs of heart failure

+  Dysrhythmias

* Angina
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I
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Urgent or
elective surgery
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/
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Favorable result
STEP 3 Yes — and no change —|
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Undesirable result or
No change in symptoms

STEP 6 Clinical predictors STEP 7 Clinical predictors

Functional capacity Functional capacity

Surgical risk

STEP 8  Noninvasive testing -

High risk High risk

Surgical risk

STEP 8  Noninvasive testing

Invasive testing Invasive testing

FIGURE 2-1  Stepwise approach to preoperative cardiac assessment. Steps are discussed in the text. Note that subsequent care may include cancellation or delay of
surgery, coronary revascularization followed by noncardiac surgery, or intensified care. MET = metabolic equivalent. *Major clinical predictors include unstable
coronary syndromes, decompensated congestive heart failure, significant dysrhythmias, and severe valvular disease. 'Intermediate clinical predictors include mild
angina pectoris, prior myocardial infarction, compensated or prior congestive heart failure, diabetes mellitus, and renal insufficiency. *Minor clinical predictors
include advanced age, abnormal electrocardiogram, rhythm other than sinus, low functional capacity, history of stroke, and uncontrolled systemic hypertension.
Adapted from from Eagle KA et al.1®
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Care in the postoperative period
should be taken to maintain normal
intravascular volume, avoid hyper- or
hypotension, keep serum electrolytes in
their physiologically normal ranges, man-
age patient anxiety and pain, give supple-
mental oxygen when needed, and resume
preoperative cardiac medications. Signs of
infections or pulmonary problems should
be pursued aggressively.

Left Ventricular Dysfunction Left ventric-
ular dysfunction can result from myocardial
infarction or primary cardiomyopathy. Left
ventricular dysfunction can be separated
into systolic or diastolic dysfunction. Sys-
tolic dysfunction occurs after myocardial
infarction or other direct muscle injury,
causing either wall motion abnormalities or
decreased cardiac output. Diastolic dysfunc-
tion results from stiffness or reduced com-
pliance of the left ventricle.?!

Concepts of preload, afterload, and
compliance are useful to know when dis-
cussing left ventricular dysfunction. Pre-
load is thought of as volume being pre-
sented to the right heart. The right heart is
a low-pressure chamber, handling the
influx of blood via the right atrium. Excess
volume may be presented to the pul-
monary vasculature, resulting in pul-
monary congestion or pulmonary edema.
Preload problems can occur from left
heart failure causing fluid to back up into
the pulmonary arterial tree, or may also be
due to reduced compliance in the left ven-
tricle. Rarely isolated right-sided ventricu-
lar failure occurs, such as from pulmonary
hypertension or right ventricular infarc-
tion. Excess preload is usually managed
with diuretic therapy or fluid restriction.

Afterload refers to the pressure in the
aorta against which the left ventricle must
pump. This arterial resistance or afterload
may be increased in hypertension and aor-
tic stenosis. Afterload may also be relative
to the pumping capacity of the left ventri-
cle; hence normal blood pressures may
impair a failing heart. Afterload reduction

using vasodilators, especially angiotensin-
converting enzyme (ACE) inhibitors, is an
important treatment in heart failure, cer-
tain valvular abnormalities, and hyperten-
sion. For instance, afterload reduction in
systolic dysfunction reduces the work of
the left ventricle against the normal arter-
ial pressure. This reduces demand on the
heart. Compliance refers to the ability of
the heart to distend. Reduced compliance
in the left ventricle is described as a stift-
ness or alteration in the diastolic filling of
the left ventricle. If the left ventricle does
not fill properly during the cardiac cycle,
pulmonary congestion can occur, even
though the apparent forward flow of
blood is not impaired.

Left ventricular systolic dysfunction
can be tolerated within the reserve capaci-
ty of the individual, or may manifest itself
as congestive heart failure. As noted above
it can be due to insults, such as myocardial
infarction, viral myocarditis, or direct
trauma to the heart. In addition there may
be global dysfunction due to more wide-
spread ischemia, idiopathic cardiomyopa-
thy, or valvular abnormalities.

Symptoms suggesting congestive heart
failure include dyspnea on exertion,
paroxysmal nocturnal dyspnea (PND),
nighttime cough, and ankle swelling.
Patients with PND may sit up on the side
of the bed for a moment and then get up
to drink a glass of water. Patients with
severe heart failure may sleep in a sitting
position or slumped against a countertop.
On physical examination of the heart
there may be an S; gallop rhythm and the
point of maximal impulse (PMI) may be
shifted laterally and inferiorly. In addition
a diffuse PMI may be present. A murmur
of mitral insufficiency may be present due
to dilated annulus of the heart. The neck
veins, which should be flat with the
patient’s chest being elevated 30°, may be
distended. On lung examination rales may
be present from pulmonary congestion
and there may be dullness to percussion
from pleural effusions.

Diagnostic testing for patients with
heart failure includes an ECG, which may
show Q waves of a previous myocardial
infarction, elevated QRS amplitude of left
ventricular hypertrophy, or low QRS ampli-
tude in some patients with severe myocar-
dial dysfunction. An echocardiogram may
show evidence of diastolic dysfunction
through measurements of compliance, or
may show wall motion abnormalities and
reduced ejection fraction.

Management of congestive heart fail-
ure is indicated when evidence of decom-
pensation is present. Decompensation is
manifested by increased symptoms of dys-
pnea on exertion or PND, the presence of
an Sz gallop rhythm, distended neck veins,
or an increase in peripheral edema.?” The
decision is then made whether or not to
admit the patient to the hospital for treat-
ment or to advanced treatment as an out-
patient. This is determined more by the
severity of the heart failure than the
urgency of the surgery. In either case the
management includes starting or increas-
ing diuretic therapy, reducing afterload,
and in some cases, increasing contractility
of the heart. If a diuretic has not been pre-
scribed, furosemide 20 mg daily for 3 to 4
days should suffice in reducing total body
salt and water. If a diuretic has already
been prescribed, doubling of the dose is
indicated. Rarely a second diuretic such as
metolazone would be added to boost the
loop diuretic.

Afterload reduction is a key tenet in the
treatment of congestive heart failure.”> An
ACE inhibitor is first-line treatment for
congestive heart failure and would be
added or increased in dose during an
episode of decompensated congestive heart
failure. Typically the systolic blood pressure
is lowered to between 90 and 110 mm Hg
unless significant hypertension was in-
volved in the decompensation. After appro-
priate diuretic therapy and ACE inhibition,
attention may be turned to systolic contrac-
tility. In cases of dilated cardiomyopathy
the addition of digoxin can be helpful. Its



applicability in other types of heart failure
is questionable. Digoxin therapy should be
guided by serum digoxin levels. In addition,
treatment of decompensated congestive
heart failure should include monitoring of
electrolytes. If a patient’s known congestive
heart failure is compensated, the patient’s
surgical risk is greatly reduced toward nor-
mal.?* If the patient has reasonable func-
tional capacity, for instance is able to walk
two blocks or more without shortness of
breath, the risk factor of heart failure can be
discounted, and the patient can come to
surgery. In summary a patient with decom-
pensated heart failure is at high risk for
major cardiac events, but this risk can be
greatly reduced with appropriate manage-
ment, including diuretic therapy, afterload
reduction, and digoxin therapy when need-
ed. Diastolic decompensation is usually
treated acutely with diuretic therapy alone,
using afterload reduction and the use of B-
blockers if hypertension is present or fur-
ther treatment is needed. While -blockers
are often used in dilated cardiomyopathy,
acute use in the treatment of decompensa-
tion is not recommended.

Valvular Heart Disease

Most patients with valvular heart disease
who have few symptoms or limitations of
activity can safely undergo most elective
maxillofacial surgery. Diseased cardiac
valves pose two general risks: precipitation
of cardiac failure and susceptibility to
infective endocarditis. The likelihood of
causing failure or worsening preexisting
cardiac failure is dependent on the loca-
tion and severity of valve pathology. Pro-
phylactic antibiotics should be used for all
patients with a cardiac value abnormality
with a resultant murmur who undergo
maxillofacial procedures in which bleed-
ing occurs (Tables 2-3 and 2-4 ).

Mitral Stenosis Mitral stenosis is almost
always a sequela of childhood rheumatic
heart disease, although a definite history
can be obtained in only half of such cases.

Medical Management of the Surgical Patient

Fortunately the incidence of new cases of
this problem has decreased substantially
since the use of antibiotics to manage
streptococcal infections became common
practice. The rheumatic disease process
causes valve fibrosis, fusion, and calcifica-
tion. These changes limit valve motion,
thus restricting the flow of blood into the
left ventricle. The latency period is usually
15 to 20 years. Once valve obstruction
occurs the patient will begin to suffer
gradually worsening exertional dyspnea
and fatigue due to pulmonary vascular
congestion and progressive right heart
failure. Left arterial enlargement may lead
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to the appearance of atrial fibrillation (AF)
with possible atrial thrombus formation
and systemic arterial embolization.?>
Examination of the patient with clini-
cally significant mitral stenosis may reveal
an early diastolic opening snap followed
by a low-pitched murmur and a loud first
heart sound. Patients in AF will character-
istically have an irregularly irregular pulse.
A chest radiograph will reveal an enlarged
left atrium, pulmonary vascular enlarge-
ment, and in more severe cases right ven-
tricular hypertrophy. An ECG may reveal
AF, left atrial enlargement, and right ven-
tricular hypertrophy. Echocardiography is

Table 2-3 Cardiac Conditions Associated with Infectious Endocarditis

Prosthetic cardiac valves
Previous infectious endocarditis
Complex cyanotic congenital heart disease

Most other congenital malformations
Acquired valvular dysfunction
Hypertropic cardiomyopathy

Coronary artery bypass graft
Mitral valve prolapse without regurgitation

Isolated secundum atrial septal defect

Dental extractions and biopsies

Periodontal procedures

Dental implant placement

Periapical endodontic procedures
Intraligamentary local anesthetic injections
Dental prophylaxis when bleeding is expected
Other procedures causing intraoral bleeding

Routine local anesthetic injection
Intracanal endodontic therapy
Suture removal

Taking impressions

Mitral valve prolapse with valvular regurgitation

Physiologic, functional, or innocent heart murmur

Surgical repair of atrial septal defect; patent ductus arteriosus
Previous rheumatic fever without valvular dysfunction
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Table 2-4 Antibiotic Regimen for Prophylaxis of Infectious Endocarditis

Adults: 2 g orally 1 h before procedure
Children: 50 mg/kg orally 1 h before procedure*

Adults: 600 mg orally 1 h before procedure
Children: 20 mg/kg orally 1 h before procedure*
Adults: 500 mg orally 1 h before procedure
Children: 15 mg/kg orally 1 h before procedure*
Adults: 500 mg orally 1 h before procedure
Children: 15 mg/kg orally 1 h before procedure*

Adults: 2 g IM or IV within 30 min before
procedure

Children: 20 mg/kg IV within 30 min before
procedure*

Adults: 600 mg IV within 30 min before procedure

Children: 20 mg/kg IV within 30 min before
procedure*

Adults: 1 g IM or IV within 30 min before
procedure

Children: 25 mg/kg IM or IV within 30 min before
procedure*

Standard Amoxicillin
prophylaxis
Penicillin allergic Clindamycin
or
azithromycin
or
clarithromycin
Unable to take Ampicillin
oral medication
Unable to take oral Clindamycin
medication and or
pencillin allergic cefazolin
IM = intramuscularly; IV = intravenously.
*Total children’s dose should not exceed adult dose.

usually the definitive test used to detect
and characterize mitral stenosis.

Patients with severe mitral stenosis who
require elective surgery may need preopera-
tive mitral valve commissurotomy or valve
replacement. AF may be managed by preop-
erative digitalization or B-sympathetic block-
ade; pulmonary congestion is treated with
diuretic therapy. Patients with a known or
suspected atrial thrombus are usually on
chronic anticoagulant therapy, which may
need temporary alteration. Surgeons should
note the compromised cardiac output of
patients with mitral stenosis.

Acute pulmonary edema is not
uncommon following noncardiac surgery
on patients with significant mitral steno-
sis, particularly if excess fluid replacement
was given. An additional problem facing
these patients is diminished pulmonary
compliance that may require postopera-
tive mechanical ventilation longer than is
usually necessary.

Mitral Regurgitation Mitral regurgita-
tion or insufficiency is most commonly
the result of damage or dysfunction due to
coronary artery disease or from prior
rheumatic heart disease. The incompetent
valve prompts left ventricular enlarge-
ments as the heart works and expands to
maintain cardiac output. Symptoms of
congestive failure appear as regurgitation
worsens and the enlarging heart transi-
tions to the decompensation (right) side
of the Frank-Starling curve.

Physical examination of the patient
with significant mitral regurgitation will
reveal an apical point of maximal impact
displaced inferolaterally, an apical, high-
pitched, holosystolic murmur, and a third
heart sound (gallop rhythm). Left ventricu-
lar hypertrophy and AF may appear on an
ECG. Echocardiography will help define the
extent of valve disease and, with a measure-
ment of end-systolic left ventricular dimen-
sion, the prognosis can be determined (a

dimension of more than 55 mm indicates
left ventricular dysfunction). Doppler stud-
ies or cardiac angiography can be used to
determine the severity of dysfunction.

Patients with failure secondary to initial
regurgitation are medically managed with
sodium restriction, digoxin, diuretics, and
preload- and afterload-reducing vasodila-
tors. Eventually surgical valve repair or
replacement may be necessary.

There is little increased risk during
maxillofacial surgery for patients with
well-controlled mitral regurgitation. The
surgeon and anesthesiologist must guard
against the pulmonary edema to which
these patients are prone. Monitoring of
pulmonary capillary wedge pressure will
help guide therapy.

Mitral Valve Prolapse

Mitral valve prolapse is a common form of
mitral regurgitation, most frequently seen
in young women, in which one or both of
the mitral valve leaflets prolapse into the
left atrium during systole, allowing varying
degrees of regurgitation to occur. It is char-
acterized by a midsystolic click followed by
a late systolic murmur. Symptoms include
palpitations and chronic fatigue, but it can
be asymptomatic; echocardiography is
diagnostic. The prevalence of mitral valve
prolapse in women and the general popula-
tion has been overestimated, with more
recent study showing a prevalence of about
3%, equally distributed among men and
women; symptoms have been overestimat-
ed as well.”” Mitral valve prolapse is usually
managed symptomatically, using B-sympa-
thetic antagonists to control palpitations.?

As with other causes of mitral regurgi-
tation, with medical management there is
little increased risk for anesthesia and
surgery. Patients should have ECG monitor-
ing to detect intraoperative dysrhythmias,
and those with a murmur should be given
antibiotics to prevent infective endocarditis.

Aortic Regurgitation Aortic regurgita-
tion or insufficiency occurs when the



aortic valve becomes partially incompe-
tent, resulting in a backflow of aortic
blood into the left ventricle during dias-
tole. This causes left ventricular volume
overload resulting in hypertrophy and
increased wall thickness, both of which
increase myocardial oxygen requirements.

Patients with clinically significant aor-
tic regurgitation will report unusual
awareness of their heartbeat, prominent
neck pulsations, and symptoms of pul-
monary congestion at rest that resolve
during exercise. Examination reveals a
widened pulse pressure, a Dbisferious
(bifid) carotid pulse, an inferolaterally dis-
placed and prolonged apical PMI, and
diastolic decrescendo murmur at the base.
In severe cases there may be a third heart
sound and apical low-pitched diastolic
(Austin Flint) murmur.

The ECG will reveal left ventricular
hypertrophy, and a chest radiograph will
show left ventricular and aortic root
enlargement. Echocardiography with or
without a Doppler is used to diagnose and
characterize aortic regurgitation. Patients
with significant aortic regurgitation will be
treated with vasodilators such as calcium
channel blockers or ACE inhibitors. 3-
Blockers should be avoided since they can
prolong diastole, increasing the regurgitant
flow. Eventually aortic valve replacement
may be necessary. Low-risk patients have a
near-normal sized left ventricular cavity,
while high-risk patients nearing the time for
aortic valve replacement show enlargement
of end-systolic left ventricular dimensions,
corrected for body surface area.?*

Typically bradycardia or vasodilation
cannot be tolerated; thus measures to pre-
vent these changes should be used. The
ECG lead Vs should be monitored periop-
eratively for signs of subendocardial
ischemia. Pulmonary artery catheterization
is useful in the perioperative period for
measuring left-sided pressure and cardiac
output. Afterload reduction may be helpful
in patients with normal left ventricular
function by reducing the regurgitant frac-
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tion, increasing stroke volume, and decreas-
ing left ventricular end-diastolic volume
and pressure. Care must be taken when
using afterload reducers to not allow aortic
diastolic pressure to drop so low as to com-
promise coronary perfusion.

Aortic Stenosis  Aortic stenosis can involve
the valve itself or be supra- or infravalvular.
Valve stenosis is most often due to either a
congenitally bicuspid valve (which occurs in
about 2% of the population) or an aging-
related degeneration of a normal trileaflet
valve. In either situation valve fibrosis and
calcification occur and cause varying degrees
of left ventricular outflow obstruction.

Symptoms classically include exer-
tional angina, syncope, or dyspnea. How-
ever, many patients can be asymptomatic
until surgical stress unmasks problems.
Physical examination of the patient with
significant aortic stenosis will typically
reveal a weak pulse, narrow pulse pressure,
and a nondisplaced but accentuated and
prolonged PMI. A diamond-shaped sys-
tolic murmur is heard at the base while a
fourth heart sound is heard at the apex.
Patients typically have little pulmonary
hypertension so that many of the classic
noncardiac symptoms and signs of heart
failure are not present. But because the left
ventricle depends on the end-diastolic
boost from the left atrium, the develop-
ment of AF can be catastrophic and should
be suspected in a patient with aortic steno-
sis who suddenly deteriorates.

An ECG shows left ventricular hyper-
trophy, while the chest radiograph reveals
left ventricular and ascending aortic
enlargement and calcification. Echocar-
diography can be used to define the valvu-
lar pathology, and cardiac angiography is
used to determine the pressure gradient
across the valve and to check the status of
the coronary arteries. Severely stenotic
valves may require surgical replacement.

Patients with mild-to-moderate dys-
function requiring maxillofacial surgery
typically require little modification in sur-

gical or anesthetic management. The aor-
tic valve opening must be narrowed to
75% of its normal size before obstructive
signs occur. If aortic and mitral stenoses
coexist, the problems due to mitral steno-
sis will predominate. Perioperative risks in
patients with isolated aortic stenosis are
highest if the history includes exertional
dizziness, syncope, or angina and the pres-
ence of coronary artery disease.

The preservation of sinus rhythm is
important in these patients. Tachydysrhyth-
mias must be avoided since the atrial “kick”
supplies needed left ventricular filling.
Supraventricular tachycardias should be
treated immediately with direct current car-
dioversion. Sinus tachycardia may require
administration of a B-sympathetic antago-
nist. Bradycardia is also harmful, and rates
below 45 bpm should be increased with
atropine. Anesthetics that cause myocardial
depression should be used cautiously, if at
all, and systemic vascular resistance should
be maintained. The ECG lead Vs should be
monitored for signs of ischemia; if detected,
coronary obstruction must be differentiated
from insufficient coronary filling pressure
due to aortic stenosis.
Prosthetic Heart Valves Patients with
prosthetic heart valves represent a special
situation in which properly functioning
valves have essentially normal cardiac
function but may have new problems
directly related to the artificial valve itself.
These patients are susceptible to endo-
carditis (particularly staphylococcal), red
cell destruction by the valve, prosthetic
valve obstruction by thrombosis or pan-
nus formation, and paravalvular regurgi-
tation. Serum bilirubin, lactate dehydroge-
should be
measured to detect occult hemolysis.

nase, and reticulocytes
Patients with mechanical (not biopros-
thetic) valves are on chronic anticoagulant
therapy that needs perioperative manage-
ment. Patients with prosthetic valves
should be given antibiotics to prevent

infective endocarditis.
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Congestive Heart Failure

The normal myocardium responds to
increased physiologic demands by increas-
ing the frequency of contractions and by
dilating through the Frank-Starling mecha-
nism, which increases contractility (the end-
diastolic wall tension). Heart failure occurs
when the heart’s compensatory mecha-
nisms fail to handle the hemodynamic load,
causing blood to back up into the pul-
monary vasculature, right heart, and major
venous beds such as the portal system.

Failure can be produced in two basic
ways. First, the heart can be overwhelmed
by excessive loads, such as elevated preload
(venous return; eg, by hypervolemia) or
increased afterload (resistance to ejection;
eg, by elevated total peripheral resistance
or aortic stenosis). Second, the heart’s abil-
ity to compensate for increased demands
can be compromised, such as by myocar-
dial infarction or cardiomyopathy.

Long-term management requires that
both excessive preload and afterload be
modulated. Preload is lessened by limiting
intravascular volume through the use of
dietary sodium restriction and diuretics,
and by venodilation with drugs such as
nitrates. Afterload is reduced through the
administration of vasodilators. Cardiac
contractility is augmented by digoxin.
Angiotensin-converting enzyme inhibitors
are another common therapeutic drug for
failure. Finally, physiologic demands on
the heart are controlled by advising the
patient to get adequate rest and avoid
strenuous exercise.

A failing heart produces many signs
and symptoms that vary according to the
severity of the decompensation. Dilation
of the heart as it tries to compensate can
be detected on a posteroanterior chest
radiograph. The chest film will also show
increased pulmonary vascular markings
that occur as pressure forces fluid into
interstitial spaces and alveoli, producing
pulmonary edema. The signs of rales and
decreased breath sounds in dependent
portions of the lungs, and symptoms such

as dyspnea at rest or on exertion, paroxys-
mal nocturnal dyspnea, and orthopnea
commonly occur. Failure of the heart to
propel blood out of the systemic venous
system can produce increased interstitial
fluid in the lower legs which is revealed as
pitting edema of the feet, ankles, and even
shins, increased central venous pressure
giving jugular venous distention, and por-
tal hypertension causing hepatomegaly.
When surgery is contemplated for a
patient with a history of congestive heart
failure, preoperative steps should be taken
to optimize the patient’s physical status.
The patient should be questioned about the
amount of exertion necessary to produce
dyspnea and about how many pillows are
necessary while sleeping to prevent orthop-
nea, in order to quantitate the severity of
the cardiac disability. Nocturnal cough and
restlessness and easy fatigability can be
early symptoms of problems. Signs of con-
gestive failure include jugular venous dis-
tention, presence of a third heart sound
(gallop rhythm), pulsus alternans, basilar
rales, and pitting edema. A chest radi-
ograph and ECG should be used to mea-
sure heart size, to visualize the lung fields,
and to help detect AF. If poorly compensat-
ed failure is detected, the risk of postopera-
tive pulmonary edema is raised by 25%.’!
Patients prone to failure can be
improved by increased attention to sodium
and water restriction and to their compli-
ance with medications such as diuretics,
digoxin, and preload and afterload reduc-
ers. Potassium levels should be normalized.
Mild preoperative hypokalemia can be
managed by oral replacement therapy or
intravenous administration at a rate of up
to 10 mEq/h in concentrations up to
30 mEq/L. Patients taking digoxin should
have serum levels measured. Signs and
symptoms of digoxin toxicity such as nau-
sea, diarrhea, anorexia, and new dysrhyth-
mias should prompt postponement of
surgery until levels are normalized. Con-
sideration should be given to placement of
a central venous line for monitoring peri-

operative central venous pressure or for
placing a Swan-Ganz catheter. An
indwelling arterial line can also be useful
for monitoring mean arterial pressure and
for obtaining samples for blood gas analy-
sis. After intubation the patient’s lung com-
pliance should be monitored closely,
because decreased compliance is an early
sign of pulmonary edema. Mini-dose
heparin and elastic stockings can be used
postoperatively to decrease the likelihood
of deep vein thrombosis and pulmonary
embolization. Passive leg exercises and
early ambulation postoperatively also help
prevent these problems. An early postoper-
ative chest radiograph can reveal early
signs of pulmonary edema, as does an ele-
vation of pulmonary capillary wedge pres-
sures. During recovery the patient’s physi-
cal activity and emotional stress should be
kept low to reduce unnecessary demands
on the heart.

Cardiac Dysrhythmias

Patients with diagnosed or occult cardiac
rhythm disturbances present a manage-
ment challenge to the surgeon and anes-
thesiologist in the perioperative period.
Dysrhythmias can compromise cardiac
output leading to myocardial ischemia,
cerebral ischemia, congestive failure, or
shock. In addition, dysrhythmias can pre-
dispose towards the formation of intracar-
diac thrombi and subsequent systemic
embolization.

Patients with significant dysrhythmias
may or may not have symptoms. The ten-
dency of dysrhythmias to compromise
cardiac function frequently depends on
overall cardiac health. For example, an
otherwise healthy individual can easily tol-
erate heart rates at the extremes of the
range of 40 to 180, whereas someone with
a diseased heart would be less tolerant.

Anesthesia and surgery are capable of
unmasking a tendency toward dysrhythmias
through vagal stimulation, stress-related
release of catecholamines, drug-induced his-
tamine release, dysrhythmogenic drugs such



as inhalational anesthetics, and hypoxia due
to inadequate ventilation. Statistically, peri-
operative dysrhythmias, particularly during
intubation, are most common in patients
with preexisting dysrhythmias or heart dis-
ease, or who are on digoxin medication or
undergo surgery and anesthesia for longer
than 3 hours. In addition, surgery near the
carotid sinus can cause atrioventricular con-
duction disturbances due to the stimulation
of intercostal nerves.

The presence of significant cardiac dys-
rhythmias can often be detected based on
symptoms reported during a medical histo-
ry, such as intermittent palpitations, unex-
plained syncopal episodes, and transient
ischemic attacks. Determination of pulse
rate and rhythm should be obtained during
the physical examination. An ECG should
be obtained in all patients with either sus-
pected or diagnosed dysrhythmias.

Atrial Dysrhythmias The most common
dysrhythmia is sinus tachycardia with a heart
rate of 100 to 180. Such an elevated rate
compromises cardiac ouput by lessening
diastolic filling time and increasing myocar-
dial oxygen consumption. Sinus tachycardia
can have many etiologies including fever,
hypovolemia, anemia, hypoxia, drug use,
and hyperthyroidism. Therapy is directed at
the underlying cause.*

Paroxysmal Atrial Tachycardia Paroxys-
mal atrial tachycardia (PAT) is a frequent
dysrhythmia with an atrial rate of 140 to 240
and a lower ventricular response rate. PAT
can be due to digoxin toxicity or myocardial
ischemia, but is usually due to reentrant
pathways between the atria and ventricles.

The rhythm is unstable, reverting back
to sinus in almost all cases. Risk of surgical
procedures is not elevated with a history of
PAT; however, if there have been frequent
or recent episodes of PAT, a 3-blocker may
help prevent tachycardia. Ablation of reen-
trant pathways via electrophysiology pro-
cedures is the treatment of choice and is
usually curative.
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Atrial Flutter Atrial flutter (rate 250-300)
commonly appears with a 2:1 block produc-
ing a ventricular rate of 125 to 150. Patients
in atrial flutter who undergo surgery have a
50% mortality rate. It is therefore incum-
bent on the surgeon to identify and seek
correction of this dysrhythmia preopera-
tively, with direct-current low-energy (25 to
50 watt-seconds) cardioversion.

Atrial Fibrillation Atrial fibrillation is
the second most common cardiac dys-
rhythmia. It is commonly asymptomatic
but characteristically produces an irregu-
larly irregular pulse rhythm and a fibrilla-
tion pattern on ECG. The atrial rate is
greater than 350, whereas the ventricular
rate varies from 140 to 180 bpm. Etiologies
include any cause of left atrial hypertro-
phy, thyrotoxicosis, and coronary artery
disease, and may result from the excessive
use of caffeine, cocaine, ethanol, diet pills,
or nicotine, even in healthy hearts.

The physiologic compromise pro-
duced by AF depends on the ventricular
response, myocardial health, and duration
of the dysrhythmia. A rapid ventricular
response increases perioperative mortality
by about 15%. Congestive heart failure or
myocardial ischemia can appear abruptly
in susceptible patients going into AFE
Long-standing AF can allow the formation
of an atrial thrombus and subsequent
thromboembolic complications.

Preoperative management of patients
with a history of AF should include con-
sideration of digitalization that by itself
may convert AF to a normal sinus rhythm.
Intravenous verapamil can also be used
but is less successful in converting AE
Both digoxin and calcium channel antago-
nists decrease chronotropy, thus helping to
slow the ventricular response rate to more
physiologic levels. Amiodarone has been
shown to have prophylactic value.’* Care
should be taken to not allow the ventricu-
lar rate to fall below 70. Acute onset of AF
is most effectively managed with direct
current cardioversion starting at about

200 watt-seconds. Patients with chronic
AF should be on anticoagulants, which
must be adjusted perioperatively.
Premature Ventricular Contractions Pre-
mature ventricular contractions (PVCs) can
be due to many causes including fever,
hypoxia, drugs (including digoxin, amino-
phylline, and inhalational anesthetics), pul-
monary artery catheters, electrolyte distur-
bances, and myocardial ischemia, or they
may be idiopathic. The significance of PVC
activity, including more complex ectopic
ventricular disturbances such as nonsus-
tained ventricular tachycardia, is controver-
sial. Long-term mortality is not reduced in
PVC patients without apparent heart disease,
but PVCs postmyocardial infarction or with
cardiomyopathy do carry increased risk. This
is more a function of underlying cardiomy-
opathy rather than the dysrhythmia itself.

The discovery of significant PVC
activity on a preoperative ECG warrants a
complete cardiac evaluation, and identi-
fied causes of PVCs should be corrected
preoperatively. Development of PVCs or
runs of ventricular tachycardia during
surgery may signal cardiac ischemia or
electrolyte abnormalities, which should be
investigated and corrected.>>* The cause
of PVCs should be sought and corrected,
but note that lidocaine is no longer used to
suppress ectopic activity.

Ventricular Tachycardia The appearance
of three or more PVCs in a row is defined
as ventricular tachycardia. It has a variety
of etiologies including hypoxia, acidosis,
myocardial ischemia, digoxin toxicity,
hyper- or hypokalemia, and hypercal-
cemia. Prompt therapy consists of intra-
venous lidocaine or low-energy direct-
current cardioversion.*”*®

Heart Blocks
take several forms. A P-R interval greater
than 20 ms constitutes a first degree atri-
oventricular block and is of little signifi-
cance perioperatively in the absence of

Atrioventricular blocks
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other cardiac abnormalities. In second
degree block, some atrial impulses are not
conducted into the ventricles. The Mobitz
type I (Wenckebach) second degree block
has a P-R interval that progressively
lengthens until a nonconducted P wave
occurs and the cycle begins again. Mobitz
type I rhythms are usually due to digoxin
excess, myocardial ischemia, or degenera-
tion of cardiac conduction tissue. Treat-
ment with atropine is necessary only for
excessively slow ventricular rates. Mobitz
type II second degree blocks have a con-
stant P-R interval but frequent P waves
without a ventricular response. This is a
worrisome dysrhythmia and perioperative
ventricular pacing should be considered.*

Third degree atrioventricular blocks
imply a complete block of atrial impulses
into the ventricle. The ventricles therefore
beat at their low intrinsic rate of about 45.
Therapy usually requires the use of a
pacemaker.

Bundle branch blocks present no direct
contraindication to anesthesia and surgery
but usually signal some underlying cardiac
disease. Pacing for bundle branch blocks is
necessary only if symptomatic bradycardia
or complete heart block occurs.

Patients who have permanent cardiac
pacemakers pose little increased risk dur-
ing surgery over and above the underlying
cardiac problem. If electrocautery is neces-
sary special care should be taken to ensure
that it is properly grounded. A magnet to
convert a demand pacemaker to the fixed
rate mode should be available in the oper-
ating suite.

Surgery in the Patient with
Respiratory Problems

General Assessment of
Airway and Lungs

Maxillofacial surgery itself has minimal
effect on pulmonary function compared
with general thoracic or abdominal
surgery, except when tissue is being trans-
ferred from the thorax to the maxillofacial

region. However, maxillofacial surgery does
sometimes involve prolonged general anes-
thesia, and procedures can compromise the
upper airways. Therefore, it is important to
discover and treat airway and lung abnor-
malities preoperatively or, when not possi-
ble, make necessary compensations in sur-
gical and anesthetic plans.

The medical history should ascertain
the following about the status of the venti-
latory system: the presence of symptoms
such as wheezing, productive cough, and
low exercise tolerance; the use of pul-
monary medications; cigarette smoking;
prior thoracic surgery or trauma; and pre-
viously diagnosed pulmonary diseases
including asthma, pneumonia, chronic
obstructive pulmonary disease (COPD),
or tuberculosis. In physical examination,
points of significance to the assessment of
the respiratory system include a careful
inspection of the nasal airways, ausculta-
tion of lung fields for abnormal sounds,
inspection of mucosa and nail beds for
signs of cyanosis or clubbing, and mea-
surement of the respiratory rate.%4!

A plain chest radiograph is useful for
detecting diffuse or localized parenchymal
disease, pulmonary edema, hyperinflation,
and consolidations such as pneumonia or
neoplasms. However, the yield from rou-
tine preoperative chest radiographs is low
in patients without a history or examina-
tion suggestive of pulmonary disease.

Some pulmonary function testing can
be performed at bedside, such as the
breath-holding test. The breath-holding
test involves having a patient make a max-
imum inspiration and then hold the
breath for as long as possible. Inability to
hold one’s breath for at least 15 seconds is
indicative of significant pulmonary prob-
lems. Spirometry is another useful bedside
test for assessing pulmonary function
although a delay in surgery is usually
unwarranted. Surgeons should request
formal pulmonary function testing (PFT)
for all patients in whom lung disease is
suspected. PFTs help gauge respiratory

reserve and measure the potential

response to measures taken to improve
lung function.*>*

Measurement of arterial blood gases
(ABGs) is frequently a part of pulmonary
function testing. ABG determination
serves both as a baseline for intra- and
postoperative measurements, and helps
assess the status of pulmonary gas
exchange. A low partial pressure of oxygen
(PaO,) may be due to hypoventilation, diffu-
sion impairment, shunting, or a ventilation-
perfusion inequality, the last being the most
common cause. An elevated partial pressure
of carbon dioxide (PaCO;) is a sign of
hypoventilation either due to an inadequate
respiratory rate or depth, or to a ventilation-
perfusion inequality. Intraoperative capnog-
raphy and intra- and postoperative oximetry
have reduced the need for frequent ABG
sampling. Oximetry is also beneficial during
the first few hours after maxillofacial surgery,
when respiratory insufficiency is most likely
to occur.*

Asthma

Asthma is characterized by episodes of
wheezing, cough, and production of
mucous plugs. It is more common in chil-
dren, although some adults will have new
or relapsed asthma later in life. Chronic
uncontrolled asthma can lead to COPD,
and asthma complicated by cigarette
smoking can lead to COPD as well. Ques-
tions regarding history of asthma, fre-
quent or nocturnal coughing, shortness of
breath, dyspnea on exertion, and produc-
tion of mucous plugs are helpful in diag-
nosing asthma. Physical examination may
show wheezing, particularly with forced
expiration.*>46

Well-controlled asthma does not pose a
significant perioperative risk. Patients with
well-controlled asthma should have a dose
of albuterol by inhaler or nebulization prior
to general anesthesia to prevent intraopera-
tive bronchospasm or larynogospasm.*”4

The patient with a recent history of
problematic asthma is at significant risk



when having general anesthesia and
surgery. The bronchospasm that charac-
terizes asthma can develop precipitously
and compromise ventilation, even with
positive pressure, and may be difficult to
reverse in time to prevent complications.
As with most conditions of this nature,
recognition and prevention are the best
management strategies.

The airway narrowing in asthma is
due to smooth muscle contraction, edema
in airway walls, or mucous plugging of air-
ways. Whereas bronchospasm is rapidly
reversible with muscle relaxants, edema
and plugging are not.

The likelihood of an asthmatic episode
occurring during surgery can be judged by
a few pieces of historic information. The
frequency, severity, duration, and response
to therapy of recent asthma attacks will
help gauge how well an individual’s asthma
is controlled and therefore the safety of
proceeding with surgical plans.

When questioning a patient with asth-
ma, key factors are the frequency and
nature of attacks, current medication use,
last use of steroids, and an indication of
the severity of asthma. A history of multi-
ple emergency room visits for asthma,
hospitalization for asthma, history of
mechanical ventilation for asthma, and
steroid dependency are indicators of
severe asthma (Table 2-5).

For many years aminophylline-like
treatment was the mainstay of asthma and
COPD treatment. Several medications
have replaced aminophylline and theo-
phylline treatment. For acute treatment
albuterol by inhaler or nebulized adminis-
tration is used. The usual dose is 1 to 2
actuations of a metered-dose inhaler or a
nebulization treatment every 4 to 6 hours
as needed, although hospitalized patients
may receive dosing more frequently. In
addition, oral or parenteral steroid treat-
ment is used more liberally than in past
years. Patients who are wheezing and are
to undergo surgical treatment are usually
given steroids to reduce wheezing and the
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chance of anesthesia-induced laryn-
gospasm and bronchospasm. Steroids are
then rapidly tapered and discontinued
over 3 to 7 days postoperatively.*’

Maintenance therapy in asthma has
also broadened to include inhaled steroids,
long-acting P-agonists, antileukotriene
drugs, and theophylline.’®>? Inhaled
steroids using metered-dose inhalers or
dry-powder inhalation devices are given
on a regular dosing schedule and are not
absorbed, preventing systemic complica-
tions of steroid use.

Prolonged corticosteroid use carries
its own risks as is discussed later in this
chapter. The surgeon should confer with
the physician managing a patient’s asthma
to ensure that the patient has recently been
evaluated and that the steroid regimen
provides the least amount of drug that is
still effective. If possible the patient may
benefit from a switch to inhaled cortico-
steroid use through metered-dose inhalers
that may help minimize systemic effects.

Intra- and postoperatively asthmatic
patients should be monitored for the
appearance of increased airway resistance,
wheezing, pulsus paradoxus, tachycardia,
fever, hypoxemia, hypercapnia, and acido-
sis. Atelectasis is common in asthmatics
and causes an increased risk of bacterial
pneumonia, which is why thorough pul-
monary examinations must be given at
frequent intervals during recovery.*’

Chronic Obstructive
Pulmonary Disease

Chronic obstructive pulmonary disease
(COPD) is an all-encompassing term for
lung diseases characterized by loss of lung
tissue and its surface area. It includes
chronic bronchitis, emphysema, and other
conditions, but these distinctions are rather
vague and do not result in differing man-
agement. Alveolar loss from destruction in
COPD results in less surface area to
exchange gases and in lower smooth muscle
tone of the bronchioles. Emphysematous
blebs may replace normal lung tissue. Mid-

dle- and large-sized bronchi have lost their
cilia and muscle tone, and exude excess
mucus, causing pooling of secretions and
reduced clearance of dust, smoke, and bac-
teria. Symptoms and signs of COPD
include chronic cough, sputum produc-
tion, shortness of breath, decreased exercise
tolerance, wheezing, and increased antero-
posterior thoracic diameter. Patients with
advanced disease may purse their lips to
increase intrathoracic pressure during
exhalation, thus holding open airways that
would otherwise close prematurely.>®

A chest radiograph may show hyperlu-
cency, kyphosis, and depressed and flat-
tened diaphragms. Pulmonary function
tests show a reduced forced expiratory vol-
ume in the first second of exhalation
(FEV)) and a reduced forced vital capaci-
ty/FEV, ratio. FEV, is compared to age,
gender, and racial norms, and an FEV, of
less than 80% of predicted normal is abnor-
mal, with readings of less than 60 indicating
severe obstructive disease. Arterial blood
gases may show a loss of oxygenation and
elevated carbon dioxide, due to reduced gas
exchange and an alteration in the usual res-
piratory drive. As the term implies, bron-
chospasm in COPD may be less responsive
to bronchodilators than in asthma.

Surgery and anesthesia for patients
with significant COPD usually brings few
intraoperative risks due to the lung disease
itself. However, the likelihood of postoper-
ative pulmonary complications is high in
COPD patients. Therefore, proper preop-
erative identification and preparation are
important.

Preparing COPD patients for surgery
usually involves reversing pathology able
to be altered medically. Hydration to

Table 2-5 Questions for Asthma Patients

Frequency and nature of attacks
Use of oral steroids

Emergency room visits
Hospitalization

Mechanical ventilation
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mobilize mucus secretions, inhaled [-
agonists by metered-dose inhaler or nebu-
lization, and inhaled ipratropium are used
to optimize preoperative therapy. Oral or
parenteral steroids are used if wheezing is
detected prior to surgery.

Production of mucopurulent sputum
may indicate the need for preoperative
antibiotics to help improve COPD symp-
Ampicillin, trimethoprim/sulfa
combinations, or erythromycin are used
most commonly and are given in 7- to
10-day courses.™

Cigarette smoking is the most common
cause of COPD and further exacerbates
symptoms if continued after irreversible
lung pathology occurs. Reversible problems
that smoking causes include the release of
nicotine, production of carbon monoxide,
mucus hypersecretion, impaired ciliary

toms.

function, and impaired local lung immuni-
ty. Preoperative cessation of smoking for
24 hours allows a significant decline in plas-
ma carboxyhemoglobin and nicotine levels,
but the rate of pulmonary complications
due to smoking takes weeks to fall after
smoking is stopped. In the case of coronary
artery bypass grafting, the percentage of
postoperative pulmonary complications in
former smokers does not begin to approach
the rate seen in nonsmokers until after at
least 8 weeks of abstinence from smoking.*

Other preoperative measures that can
prevent postoperative problems in patients
with COPD include good nutrition and cor-
rection of hypokalemia to improve respira-
tory muscle strength and familiarization of
the patient with incentive spirometry. Pre-
operative teaching in the use of incentive
spirometry, cough/deep breathing exercises,
and early ambulation help the patient pre-
pare for recovery before the pain and recov-
ery period from anesthesia occur.

There are several anesthetic considera-
tions for patients with COPD. Volatile
anesthetics provide bronchodilatory
effects and thus are useful. Nitrous oxide,
on the other hand, may cause problems
due to its accumulation in bullae potenti-

ating rupture and production of pneu-
mothorax. The respiratory depressive
effects of narcotics makes their use in
COPD patients hazardous, especially if it
is likely that their effects will outlast the
duration of needed anesthesia.

The techniques of controlled ventila-
tion must be altered in patients with
obstructive airway disease. Ventilatory rates
need to be slow enough (typically 6 to 10
per minute) to allow sufficient exhalation
time and to compensate for slower diffu-
sion of gases across membranes. Care
should be taken to avoid high pressures to
lessen the potential of ruptured bullae.
Generally COPD patients do best with large
tidal volumes at slow rates and do not need
positive end-expiratory pressure.®

Surgery in the Patient with
Renal and Urinary Tract Disease

The kidneys play several roles in helping
maintain physiologic normalcy; they are
therefore important for continuing or
regaining homeostasis during and after
surgery and anesthesia. The renal system is
necessary to support the processes of fluid,
electrolyte, and acid-base balance, drug
metabolism and elimination, blood pres-
sure control through the renin-angiotensin
system, red blood cell production through
erythropoietin production, and vitamin D
hydroxylation.

There are several diseases that can
affect one or more aspects of kidney func-
tion. However, for the maxillofacial surgeon
a better gauge of the degree to which the
patient’s ability to tolerate anesthesia and
surgery is compromised is the adequacy of
renal function. The glomerular filtration
rate (GFR), normally 100 to 125 mL/min
per 1.73 m? of body surface area in an adult,
is the single most useful measure of renal
health. The GFR is measured clinically by
determining the clearance of endogenous
creatinine. The body’s serum creatinine
(SC) load is highly dependent on muscle
mass, and the clearance of creatinine from
the serum depends on the number of func-

tioning glomeruli, a number that gradually
decreases with age. Also, SC varies inversely
with creatinine clearance (CCR). Thus, an
estimation of the CCR in males involves
obtaining the level of SC and then multi-
plying its reciprocal by factors that are cor-
rect for muscle mass and age.

(140 — Age in yr) (Weight in kg)
(SC) (72 kg)

CCR =

For females, the above result is multiplied
by 0.85. Although much less accurate,
measurement of SC (normal is < 1.5
mg/dL) can be used to help gauge renal
function. Although measurement of blood
urea nitrogen is used commonly to test
renal health, it is a crude measure and may
be misleading, especially in patients with
poor nutrition or who have been bleeding
into the intestinal tract.

Serum electrolyte abnormalities can
signal significant renal disease. Poor renal
function will often result in decreased secre-
tion of potassium causing hyperkalemia or
a concentrating defect leading to urinary
sodium wasting and hydrogen ion retention
with resultant hyperchloremic metabolic
acidosis. Other indications of renal prob-
lems include proteinuria, pyuria, and hema-
turia, all detectable on routine urinalysis.

Chronic Renal Insufficiency

The risks of anesthesia and surgery in the
patient with known renal insufficiency
vary according to the severity of renal
compromise. Patients with mild to moder-
ate renal insufficiency (GFR of 25-
50 mL/min) usually tolerate the perioper-
ative period well if properly managed.
When renal function is severely impaired
(GFR of 10-25 mL/min) or frank failure is
present (GFR < 10 mL/min), complica-
tions of renal origin are much more likely.
Patients with severe renal insufficiency
have a 60% increase in perioperative mor-
bidity and a 2 to 4% increased mortality
compared to healthy patients.””

Extrarenal problems can be produced
by renal insufficiency. Normochromic or



normocytic anemia frequently occurs due
to several factors, including decreased ery-
thropoietin, decreased red cell survival
time, and bone marrow depression. In
addition, uremia can also cause decreased
platelet aggregating ability and depressed
platelet factor 3 release.>®

Pericardial inflammation or effusion
is commonly associated with chronic ure-
mia or hemodialysis, as is myocardial dys-
function. End-stage renal disease is almost
always complicated by systemic hyperten-
sion. Patients with renal insufficiency have
impairment of their immune systems with
heightened susceptibility to bacterial,
viral, and fungal infections. The cause
seems to be faulty neutrophil and lympho-
cyte production and function. Many of the
other problems caused by renal dysfunc-
tion affect the gastrointestinal tract. Symp-
toms of nausea, vomiting, diarrhea, and
anorexia frequently accompany uremia.
Acute stomatitis and salivary adenitis can
occur, as can pancreatitis. The stomach
and intestine linings may undergo inflam-
matory changes. Hepatitis C is present in
about 19% of dialysis patients.>

Excessive water retention is most easi-
ly managed by fluid restriction, which
usually helps improve the hypo-osmolar
state, and sodium and hydrogen ion bal-
ance. Hyperkalemia before elective surgery
can be managed with dietary potassium
restriction and potassium-wasting diuret-
ics. More acute potassium control may
necessitate the use of cation-exchange
resins, strategies to drive potassium intra-
cellularly, or dialysis. Hypertension and
fluid retention may necessitate diuretic use
preoperatively. In cases of renal failure,
hemodialysis is recommended to reverse
fluid, electrolyte, and acid-base problems,
as well as extrarenal disorders such as ure-
mic immunodepression. Dialysis should
be performed no more than 24 hours pre-
operatively. Platelet counts are helpful to
identify heparin-induced thrombocytope-
nia.® The lower heparin requirements in
newer dialysis techniques prevent many of
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the residual anticoagulation problems of
the past. However, surgeons should
remember the capability of heparin to
induce thrombocytopenia. Preoperative
chest radiographs and an ECG can be used
to detect myocardial dysfunction or peri-
cardial problems due to uremia or chronic
fluid overload. Plans should include the
use of prophylactic antibiotics even for
minimally invasive procedures.®!~%

Intraoperative management of the
patient with severe renal insufficiency
should include careful cardiac monitoring
for dysrhythmias and fluid overload.
Intravenous fluids should be administered
in quantities only sufficient to replace
insensible fluid and blood losses, and be
free of potassium. If a hemodialysis vascu-
lar access (shunt) is in place, it should be
protected from trauma. Intraoperative
hemostasis should be especially meticu-
lous if the patient will be dialyzed imme-
diately after surgery.®%

After surgery, steps should be taken to
maintain proper fluid and electrolyte bal-
ance, particularly until dialysis can be
done. Most surgeons delay postoperative
hemodialysis for at least 2 to 3 days to
lessen the chance of wound bleeding dur-
ing heparinization. However, patients with
oral or nasal procedures commonly swal-
low a significant amount of blood, which
increases the blood’s nitrogen load and
may prompt earlier dialysis than would
otherwise be necessary. Extended nasogas-
tric suctioning may help prevent blood
swallowing when the likelihood of swal-
lowing large amounts is high.

A significant problem that the anesthe-
siologist and surgeon face when managing
a patient with renal insufficiency is drug
elimination and the toxic effects of some
drugs on the kidney. Drugs commonly
used during maxillofacial surgery that
need to be avoided or used with care in the
patient with renal compromise include
cephalosporins, penicillin, and sulfa antibi-
otics,
drugs, nondepolarizing muscle relaxants,

nonsteroidal anti-inflammatory

and enflurane. Many references are avail-
able that list drugs and dosing modifica-
tions needed in renal failure patients.

Hypertension

Essential hypertension is one of the most
common disorders of adults, so it is not
surprising that a large percentage of adult
patients who require surgery have hyper-
tension. With more people aware of the
hazards of untreated hypertension, many
patients seeking the type of care offered by
specialty surgeons have had their hyper-
tensive status evaluated and a manage-
ment regimen prescribed.

Two basic problems can arise in the
hypertensive patient requiring anesthesia
and surgery. The first is that untreated
chronic hypertension can damage many
organ systems, particularly the heart, kid-
neys, and brain. The damaged organs may
be less able to tolerate demands placed on
them during the perioperative period. The
second problem is that for many hyperten-
sive patients, the medications prescribed
for controlling hypertension may dull
some of the natural responses the body
uses to counteract anesthetic and surgical
challenges.®

Statistically there is no increase in the
incidence of adverse effects from untreat-
ed hypertension as long as the diastolic
pressure is less than 110 mm Hg and no
concurrent medical problems exist. When
conferring with a patient the surgeon can
usually gain an idea of the likelihood of
hypertensive organ damage by attempting
to learn of the patient’s compliance with
antihypertensive regimens. The patient’s
physician can often supply this informa-
tion. Target organ damage can also be
detected by various physical and laborato-
ry examinations. Cardiac damage usually
manifests initially with left ventricular
hypertrophy (LVH). This causes a pro-
longed and displaced point of maximal
impact of the heart apex on palpation. In
addition LVH shows on ECG, chest radi-
ographs, and echocardiograms. With time,
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signs and symptoms of congestive heart
failure arise predisposing the heart to dys-
rhythmias, ischemia, and the appearance
of pulmonary edema.®”¢8

The renal damage caused by chronic
high blood pressure usually consists of
nephrosclerosis. This may be detectable
by routine urinalysis, on which protein-
uria, hematuria, or pyuria is seen. Renal
damage may also cause serum creatinine
levels to rise.

Cerebral damage due to hyperten-
sion usually manifests later in life with an
increased incidence of stroke. In addition
the cerebral vascular system’s ability to
autoregulate is impaired so that a greater
perfusion pressure must be maintained
than would otherwise be necessary. Some
clinicians also believe chronic hyperten-
sion promotes the progress of carotid
atherosclerosis and therefore recom-
mend that the surgeon auscultate for
carotid bruits.

Many of the vascular changes that
occur because of chronic hypertension can
easily be seen in the one site where the
small vessels are visible; that is, the fundus
of the eye. Hemorrhages and exudates
seen on fundoscopic examination typical-
ly indicate similar changes in other vascu-
lar beds.®

There is a variety of treatment options
available for hypertensive patients, includ-
ing diuretics, ACE inhibitors, angiotensin
receptor blockers (ARBs), 3-blockers, calci-
um channel blockers, selective oi-blockers,
and central a-blockers. The surgeon should
be familiar with these drugs and their side
effects and risks in surgery.”®7"2

Diuretics can cause hypokalemia and
hyponatremia, necessitating screening of
electrolytes
inhibitors and, less likely, ARBs can cause
hyperkalemia and decreased renal perfu-
sion. PB-Blockers reduce heart rate and
contractility, although beneficial effects of
decreased myocardial demand and preser-
vation of normal sinus rhythm generally
outweigh perioperative risks of use. Calci-

prior to surgery. ACE

um channel blockers may cause bradycar-
dia but are usually well tolerated. Selective
o-blockers may cause first-dose hypoten-
sion, but are also usually well tolerated.
Central o-blockers may cause drowsiness,
depression, and dry mouth.”>7*

For the patient with poorly controlled
hypertension (systolic pressure over 200 mm
Hg, diastolic pressure over 110 mm Hg), the
surgeon should defer elective surgery until
better control is obtained and any end-organ
damage is detected; appropriate compensa-
tions should be made in the treatment plan.
Acute treatment of hypertension can include
clonidine given in 0.1 mg increments, or
intravenous antihypertensives such as enala-
prilat, labetalol, or nicardipine infusion. Sub-
lingual nifedipine should not be used.

Patients whose blood pressure is well
controlled preoperatively usually exhibit
large swings in their blood pressure during
and after surgery. Hypotension usually
responds to fluid administration. Hyper-
tension can usually be tolerated if it does
not reach severe levels. Excessive increases
in blood pressure can be managed with
short courses of additional antihyperten-
sive medications until anesthetic drugs or
surgery-related stresses have stopped,
allowing patients to return to their preop-
erative status.”

Surgery in the Patient with
Endocrine Disorders

Diabetes Mellitus

The impact of diabetes mellitus on the
anesthetic and surgical management of a
patient is highly dependent on the type,
severity, and degree of control of the dia-
betes. Type 1 (insulin-dependent) dia-
betes mellitus is due to impaired produc-
tion by or an insufficient mass of
pancreatic islet B-cells. Type 2 (non-—
diabetes
occurs due to an altered number and
affinity of peripheral insulin receptors.
Total insulin production may also be
depressed but might be elevated.”

insulin-dependent) mellitus

The usual daily production of insulin
by a lean adult is 33 U; approximately 3 to
5 U are needed for each meal while the basal
insulin requirement is about 1 U/h. The
ketosis-prone diabetic patient produces less
than 10% of the average daily insulin
requirement, but the typical type 2 diabetic
patient produces an average of 15 U/24 h.

Type 1 diabetes presents the more sig-
nificant challenge to the well-being of a
surgical patient. Patients are usually lean
and have had this disease since their youth.
Those with long-standing type 1 diabetes
cannot go without their insulin for more
than 48 hours without diabetic ketoacido-
sis (DKA) occurring. Hormones that
increase during periods of physiologic
stress, including cortisol, catecholamines,
and glucagon, act to counter the effects of
insulin, producing a stress-induced glu-
cose intolerance, even in many healthy
nondiabetic patients. This is why type 1
patients who depend on exogenous
administration of their insulin commonly
have increased insulin requirements from
preoperative emotional stress, intraopera-
tive anesthetic stress, and postoperative
wound, physiologic, and emotional stress.
Studies have shown that elevated blood
glucose not only impairs wound healing,
but can also depress leukocyte and pancre-
atic B-cell function. These are reasons, in
addition to prevention of DKA, for appro-
priate insulin supplementation during and
after surgery.*>””

Type 1 patients, in contrast to type 2
diabetics, have a high rate of systemic
problems. Peripheral neuropathies are
common, predisposing these individuals
to chronic lower leg and foot lesions,
which should be detected and noted pre-
operatively and prevented perioperatively.
Long-standing diabetics are also at
increased risk for coronary artery disease
and may suffer silent (painless) ischemic
episodes due to myocardial neuropathy.”®
Insulin-dependent diabetics, particularly
those with poor control, handle infections
poorly. Therefore, vigilance should be



especially high for breaks in aseptic tech-
niques and consideration given to the use
of prophylactic antibiotics. Type 1 patients
also have enhanced platelet stickiness that
may promote unwanted clotting in surgi-
cal flaps. The formation of glycosylated
hemoglobin A,c interferes with oxygen
release into tissues.”

A rational approach to management
of diabetes assists in maintaining glycemic
control perioperatively. Care should be
given to avoid hypoglycemia at any time
during surgery, and to prevent severe
hyperglycemia as well. The general range
of adequate control is between 120 and
200 mg/dL. This would involve decreasing
the usual morning insulin by one-half to
allow plasma glucose to rise during the
surgery, but providing enough basal
insulin to prevent DKA. 808!

If a patient is to have relatively short-
duration ambulatory surgery and is
required to consume nothing by mouth
the morning of surgery, only half the usual
morning dose of insulin should be given at
the time when intravenous access is
gained. Surgery should be early in the
morning and intravenous glucose should
be given intraoperatively. During surgery
the clinician should watch for signs of
hypoglycemia such as tachycardia and
diaphoresis. The patient should then be
encouraged to consume some calorie
source by mouth within 3 hours after
surgery is completed. Portable glucose
monitoring is useful for intra- and postop-
erative serum glucose monitoring.®?

Patients requiring more major surgery
and longer duration general anesthesia are
usually best managed in a setting in which
an anesthesiologist can monitor blood
glucose levels in the operating room and
administer insulin on an as-needed basis.
The morning insulin should be withheld
until intravenous glucose is available;
then one-half to three-quarters of the
usual dose can be administered and sup-
plemented intraoperatively by the anes-
thesiologist.3384
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When patients are unlikely to enteral-
ly receive their usual caloric supply post-
operatively, their insulin should be given
based on periodic (every 6 h) plasma glu-
cose sampling. Insulin doses should be
gauged to keep the plasma glucose at
150 to 250 mg/dL until normal dietary
habits and activity levels return. The
patient’s primary care physician can help
guide dietary decisions.

Type 2 patients usually have fewer sys-
temic abnormalities due to diabetes and
are less likely to suffer perioperative com-
plications. But when major surgery and
general anesthesia are performed, these
patients usually become hyperglycemic.
Not uncommonly patients who are well
managed on diet and oral hypoglycemics
will need temporary insulin supplementa-
tion in the intra- and postoperative peri-
ods. As in type 1 patients, blood glucose
should be kept at 150 to 250 mg/dL, with
insulin supplementation based on period-
ic sampling.%

Thyroid Disorders

The need for normal levels of thyroid hor-
mones to maintain the function of many
of the body’s physiologic functions makes
proper thyroid gland function important
to the surgeon. The gland is composed of
follicles, each of which is a lumen filled
with thyroglobulin, which is produced by
a single layer of epithelial cells lining the
follicle. Thyroid hormones, thyroxine (T3)
and triiodothyronine (T4), are produced
and stored in the gland in a ratio of 10 to
15:1 (T3:T4) and are released on stimula-
tion by thyroid-stimulating hormone, an
anterior pituitary hormone. Between the
follicles parafollicular cells exist which
secrete calcitonin, whose function is to
help lower serum calcium by blocking its
release from bone.

The majority of T3 and T4 released
from the gland are bound to various carri-
er proteins. Most circulating T3 is pro-
duced by conversion from T4 in the liver
and kidney. T3 is much more potent than

T4, but only the unbound form of either
hormone is active, and in the case of T3 an
inactive form called reverse T3 (rT3) can
be formed. In normal states 35% of T4 is
converted to T3 and 40% to rT3. However,
in times of physical illness or emotional
stress, or if certain drugs (such as cortico-
steroids) are used, a higher percentage of
T3 conversion to r'T'3 can occur.

The most common laboratory tests
of thyroid function are (1) measure-
ments of total thyroid hormone (T) lev-
els by radioimmunoassay (normal is
5,012 pg/dL), in which high values indi-
cate hyperthyroidism and low values indi-
cate hypothyroidism; and (2) T3 resin
uptake, in which unoccupied thyroid hor-
mone binding sites on thyroid-binding
globulin are measured. High values of T3
resin uptake are associated with hypothy-
roidism, whereas low values are consistent
with hyperthyroidism.3¢

Hyperthyroidism Symptoms of hyper-
thyroidism include weight loss, palpita-
tions, and restlessness. Exophthalmos
occurs in more severe cases owing to
increased amounts of retro-orbital fat.
Once diagnosed, therapy usually begins
with antithyroid drugs such as propylth-
iouracil or methimazole. B-adrenergic
antagonists can be used to control symp-
toms until thyroid hormone levels
decrease. Autoimmune thyrotoxicosis can
be allowed time to resolve spontaneously,
or treatment with radioactive iodine can
ablate the gland. Total thyroidectomy is
seldom indicated, except for adenomas or
malignancy.?”

Surgery in the face of hyperthyroidism
carries high risks of cardiac dysrhythmias
or failure, and the potential for causing a
thyroid crisis. Therefore, elective surgery
should be deferred until thyroid hormone
levels are properly managed. If emergency
surgery is necessary on a patient with
poorly
-sympathetic antagonists can be used
to help control the effects of thyroid

controlled  hyperthyroidism,
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hormones on the heart while intravenous
sodium iodide (1 g) can be administered
to help block hormone release from the
thyroid gland. The B-antagonist should be
continued postoperatively until the
administered antithyroid drugs have taken
effect. Palpation of the thyroid gland
should be gentle in patients with known
hyperthyroidism to avoid increasing hor-
mone release, and infections should be
aggressively managed because they too

may precipitate a thyroid crisis.®-*!

Hypothyroidism The hypothyroid patient
presents a lesser surgical and anesthetic risk
when compared with the hyperthyroid
patient. The insufficiency of thyroid hor-
mones causes cardiac depression, respiratory
depression with weakening of the muscles of
respiration, hyponatremia, constipation,
neurologic problems with memory loss and
depression, and several other metabolic
problems. Signs of hypothyroidism include
weight gain, periorbital edema, bradycardia,
slowed deep tendon reflexes, generalized
muscle weakness, and hair loss.

The potential surgical problems in a
patient with untreated hypothyroidism
include intra- or postoperative heart fail-
ure, hypotension, ileus, mental confusion,
and delayed wound healing. Therefore,
thyroid replacement therapy is advisable
prior to elective surgery. In an emergency
the surgeon must remain alert to potential
problems due to the hypothyroidism and
compensate for them if they occur.”

Adrenal Gland Disorders

The adrenal gland, responsible for the pro-
duction of a variety of hormones including
cortisol, aldosterone, and androgens, plays
a central role in regulating many metabol-
ic processes. The gland usually comes to
the attention of surgeons because of
abnormalities in cortisol production. The
average daily secretion of cortisol in the
adult is 15 to 17 mg (range 8-28 mg).
Secretion follows a diurnal pattern, peak-
ing at about 3:00 or 4:00 am, and falling to

low levels at about 8:00 or 9:00 pm. Release
of cortisol is regulated by adrenocorti-
cotropic hormone (ACTH) secreted by the
pituitary, with ACTH release normally
increased in time of physiologic stress. It is
not unusual for plasma cortisol levels to
remain elevated for up to 19 days after
major surgery.

Excessive release of cortisol from the
adrenal cortex (Cushing’s disease) is rare.
These patients show truncal obesity,
hypertension, thin skin that heals poorly,
and glucose intolerance. These problems
can also be seen in patients on long-term
therapeutic corticosteroids for problems
such as inflammatory joint or bowel dis-
ease. Increased surgical risks faced by
patients with hypercortisolism include
delayed wound healing and a tendency for
infections. Delay of elective surgery is war-
ranted until excessive cortisol levels are
under control. If surgery cannot wait,
techniques designed to compensate for
poor wound healing such as better vascu-
larized flaps and the use of prophylactic
antibiotics will be helpful.

Adrenal insufficiency is more com-
monly seen due to exogenous therapeutic
steroid administration than to primary
adrenal glandular disease. Exogenous cor-
ticosteroids will inhibit ACTH release.
Current concepts of steroid supplementa-
tion for surgery hold that brief periods of
steroid use, low-dose steroid use, and
alternate-day steroid use do not suppress
the hypothalamic-pituitary axis. Thus, if
steroids have been used for less than 3 con-
secutive weeks within the past year, the
dose of chronic steroids is 5 mg of pred-
nisone or less, or if alternate-day steroid
administration is used, no supplemental
(stress-dose) steroids are needed.”* Once
adrenal suppression has occurred, a
patient is at great risk for problems during
major surgery due to their inability to
mount a significant cortisol response to
the stress. This may precipitate an adrenal
crisis, signaled by the onset of lethargy,
tachycardia, flank or abdominal pain,

vomiting, fever, restlessness, delirium,
hypotension, or coma. Because mineralo-
corticoid production is not controlled by
ACTH, its levels remain normal.
Prevention of problems remains the
focus of management of patients prone to
adrenal insufficiency. For those patients
requiring higher doses of steroids, it is pru-
dent to use stress-dose steroids periopera-
tively. A typical dose is hydrocortisone
100 mg intravenously on call to the operat-
ing room, followed by 50 mg every 8 hours
for 48 hours postoperatively. The usual
dose of oral steroids or its equivalent intra-
venous dose can then be resumed. Note
that more minor procedures usually do not
require steroid supplementation.”*%

Surgery in the Patient with
Hepatogastrointestinal
Disorders

Liver Disease

Surgeons are well aware of the liver’s vital
roles in processing nutrients, synthesizing
protein, and metabolizing drugs. Fortu-
nately the liver has a tremendous reserve
capacity for maintaining function in the
face of even severe hepatic pathology.

Protein synthesis is one of the princi-
pal liver activities. Of proteins produced,
the ones of particular concern to surgeons
and anesthesiologists are albumin and sev-
eral of the clotting factors. Hepatic pro-
duction of albumin is in the range of 10 to
15 g daily. Albumin helps maintain the
oncotic force necessary to restrict excessive
loss of intravascular fluid into the intersti-
tium. Albumin also has a large number of
reactive sites and can therefore reversibly
bind to most drugs. If albumin production
slows sufficiently that serum levels fall
below 2.5 g/dL, then edema, ascites, and an
elevation in the free-to-bound ratio of
administered drugs can result.

The vitamin K-dependent coagulation
factors II, VII, IX, and X are made in the
liver. A significant fall in their levels can be
seen with either severe hepatocellular dis-



ease or with impaired vitamin K absorp-
tion due to biliary problems.

The liver is responsible for the proper
function of several enzyme systems that
help to limit drug actions. Plasma
cholinesterase is produced by the liver; by
breaking ester linkages it inactivates drugs
such as succinylcholine and ester-type
local anesthetics. The hepatic microsomal
enzyme system converts lipid soluble
drugs into more water soluble ones that
can be excreted by the kidney. Agents such
as some benzodiazepines, lidocaine,
meperidine, morphine, and alfentanil
depend on this system for elimination.

The most common insults to the liver
that affect the performance of maxillofacial
surgery are ethanol and infectious hepatitis.
In the first case many liver functions can be
compromised, whereas in the second case,
not only is proper liver function jeopar-
dized, the surgeon must also help prevent
the spread of the infection to others.”

Other important consequences of
liver disease include impaired glycogen
storage and gluconeogenesis; hyper-
splenism due to obstructed portal blood
flow, causing thrombocytopenia; and poor
handling of large gastrointestinal nitrogen
loads such as swallowed blood, which
alters the level of consciousness in patients
with severe liver dysfunction.

Significant liver problems cause a
large number of signs and symptoms so
that detection is usually straightforward.
Laboratory tests of liver function tend to
be nonspecific indicators of tissue damage
but are commonly used to evaluate
patients with suspected liver disease.
Serum aspartate transaminase levels rise
because of damage to either liver, heart,
kidney, or skeletal muscles. Changes in
serum alanine aminotransferase (ALAT)
levels, on the other hand, are more specif-
ic for hepatocellular disease. Lactate dehy-
drogenase is commonly measured but is
another nonspecific indicator of tissue
damage, although its isoenzyme-5 fraction
is believed to be more specific for liver
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damage. Elevations in serum alkaline
phosphatase indicate obstructed bile
ducts. Measurement of serum albumin
helps gauge the severity of liver disease,
with levels of less than 2.5 g/dL being sig-
nificant; however, malnutrition can also
cause hypoalbuminemia. Severe liver dis-
ease is indicated by a prolonged pro-
thrombin time (PT) and a decreased
platelet count. Suspicion of an infectious
cause of hepatic disease mandates the use
of immunologic tests for signals of viral
disease. Hepatitis A, typically due to fecal
contamination of food and water, is evi-
denced by hepatitis A antibodies. Acute
hepatitis B, transmitted parenterally or
venereally, will stimulate production of
surface and core antigen antibodies; the
chronic form is revealed by the presence of
only surface antigen antibodies. Non-A,
non-B hepatitis, caused by several differ-
ent viruses and usually transmitted by
infected blood products, causes elevated
ALAT but no hepatitis A or B antibodies.
Finally, hepatitis C (8-agent), seen most
commonly in illicit drug users and multi-
ply transfused patients, causes the appear-
ance of 0-agent antibodies and in its acute
form coexists with hepatitis B.”-

Maxillofacial surgery in the patient
with mild to moderate liver disease usual-
ly presents few problems because of hepat-
ic reserve. Borderline severe cases require
special perioperative attention to prevent
complications or a deterioration of liver
function. Liver function tests, especially
serum ALAT measurement, are useful. A
PT and platelet count are necessary to
detect a potential coagulopathy. Intra-
venous vitamin K (5 to 10 mg over 3 to
5 min) can be administered if a deficiency
is suspected and will shorten an abnormal
PT in 4 to 12 hours. Fresh frozen plasma
can be used temporarily to make up for a
vitamin K deficiency until the parenterally
administered vitamin is effective.

Because patients with severe liver dis-
ease have problems with improper gluco-
neogenesis, the surgeon should closely

monitor serum glucose levels. Patients
likely to handle nitrogen poorly, particu-
larly those with a history of hepatic
encephalopathy, should be placed on
dietary protein restriction. If it is likely
that blood will be swallowed, the patient
may need measures to reduce nitrogen
absorption in the intestines, such as
administration of nonabsorbable antibi-
otics or the use of a cathartic such as lac-
tulose; consciousness should be closely
monitored.

Drugs used for anesthesia and analge-
sia may need to be modified in the patient
with hepatic disease. Drugs to avoid in
patients with severe liver disease include all
nonsteroidal anti-inflammatory drugs,
tetracyclines, pentazocine, and atenolol.
Drugs for which dosages need to be
reduced include diazepam, chlordiazepox-
ide, meperidine, morphine, propoxyphene,
theophylline, lidocaine, verapamil, and
most [-sympathetic antagonists. Most
anesthetics are generally safe to use in
patients with hepatic disease, although
some feel halothane, fentanyl, and nitrous
oxide should be avoided because of their
potential for causing liver toxicity.

Peptic Ulcer Disease

Peptic ulcers and gastritis are two of the
most common afflictions of adults, but
they are usually easily controlled with H,
receptor antagonists, which reduce acid
secretion, or sucralfate that forms a pro-
tective coat over lesions shielding them
from the effects of pepsin and acid.
Although many patients still use antacids,
side effects such as diarrhea (in magne-
sium-based antacids), constipation (in
aluminum-based antacids), and sodium
overload make them less desirable.

Signs of active gastrointestinal bleed-
ing include unexplained anemia and a
guaiac-positive stools, but the process is
usually diagnosed based on the presence of
epigastric pain temporarily relieved by
food or antacids. Endoscopy is used to
confirm clinical suspicions.
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Before maxillofacial surgery can be
performed in patients with a history of
gastritis or peptic ulcer disease or predis-
posed to these problems due to prolonged
physiologic stress, the surgeon must
ensure that the patient’s gastrointestinal
problem is being addressed properly. The
clinician should verify that the patient is
compliant with either their H, receptor
antagonist regimen (cimetidine, 800 mg
hs; ranitidine, 150 mg bid; or famotidine,
40 mg hs) or with sucralfate (1 g qid).
When the patient is unable to take oral
medication, cimetidine (300 mg q8h), ran-
itidine (50 mg q8h), or famotidine (20 mg
ql12h) can be given intravenously or intra-
muscularly.

Patients with a predisposition to gas-
tritis or peptic ulcer disease should not be
given non-steroidal anti-inflammatory
drugs (NSAIDs). The use of corticos-
teroids in these patients is controversial.
There is no strong scientific evidence that
corticosteroids can cause peptic ulcers in
most patients, but many clinicians avoid
their use in these patients.

Surgery in the Patient with
Disorders of Connective
Tissue and Joints

Rheumatoid Arthritis

Rheumatoid arthritis (RA) is a chronic
disease causing not only polyarthritis but
also problems in serosal surfaces, blood
vessels, muscle, skin, and bone marrow.
Maxillofacial surgery in patients with RA
requires careful evaluation to discover
the extent of the patient’s abnormalities
and to attempt to have those problems
under reasonable control. Classic signs
and symptoms of RA include morning
stiffness of involved joints, symmetric
involvement of proximal hand joints,
subcutaneous (rheumatoid) nodules
over bony prominences or extensor sur-
faces, elevated serum rheumatoid factor,
and marked bony erosions visible on
radiographs.

Nonarticular problems seen with RA
include pericarditis, pleuritis, pneumoni-
tis, myopathies, vasculitis, bone marrow
depression, and skin ulcers.

Rheumatoid arthritis patients are
treated with five classes of drugs: analgesics
(NSAIDs), glucocorticoids, slow-acting
antirheumatic drugs (SAARDs), or dis-
ease-modifying antirheumatic drugs
(DMARD:s), and anticytokines. Analgesics
include acetaminophen, tramadol, and
narcotics. NSAIDs range from over-the-
counter ibuprofen to newer selective
cyclooxygenase-2 (COX-2) inhibitors such
as celecoxib, rofecoxib, and valdecoxib.
NSAIDs relieve pain and reduce inflamma-
tion but do not alter the course of rheuma-
toid arthritis. COX-2 inhibitors do not
have any inherent benefit over older
NSAIDs other than less gastrointestinal
toxicity. Glucocorticoids effectively sup-
press inflammation, often at low doses, but
carry their own substantial risks. SAARDs
and DMARDs include hydroxychloro-
quine, sulfasalazine, methotrexate, and
leflunomide. Methotrexate is now consid-
ered to be first-line treatment for active
rheumatoid arthritis. Penicillamine, aza-
thiaprine, cyclosporine, and gold salts are
seldom used. Anticytokines include etaner-
cept, infliximab, adalimumab, and anakin-
ra. These drug classes are often used in
combination to control inflammation and
slow the progression of the disease.!-103

Patients with RA who require endo-
tracheal intubation should be evaluated
preoperatively for their ability to extend at
the neck, open their mandible, and move
their cricoarytenoid joints.

An early symptom of neck involve-
ment in RA is neck pain with radiation to
the occiput. Preoperative cervical spine
films should be considered to evaluate for
subluxation of the cervical spine.!®* The
surgeon needs to remain more vigilant
than usual to prevent long periods of
overextension or flexion of involved joints.
Patients with Raynaud’s phenomenon
need their fingers and toes kept warm

intraoperatively. Patients with Sjogren’s
syndrome will require special care to pre-
vent eye desiccation. The skin of RA
patients is commonly thin and easily dam-
aged, so additional padding of pressure
points is indicated. Preoperative PT and
partial thromboplastin time (PTT) mea-
surement will help detect circulating anti-
coagulants due to the RA. Early postoper-
ative ambulation, heat treatments, and
possibly physical therapy of affected joints
will help prevent prolonged stiftness.

Other Connective Tissue
Disorders

The patient coming to surgery may have
other connective tissue disorders such as
systemic lupus erythematosus (SLE), pso-
riatic arthritis, ankylosing spondylitis, der-
matomyositis, and scleroderma, which
have similar perioperative concerns.
Preoperative assessment of patients
with SLE and other connective tissue disor-
ders should include a thorough history and
physical examination, a urinalysis, elec-
trolyte panel including blood urea nitrogen
and creatinine, a complete blood count,
and a PT and PTT. Blood typing or screen-
ing should be done in advance of surgery to
evaluate for blood compatibility. A chest
radiograph and ECG are indicated for evi-
dence of pleural or pericardial disease.!%
Patients who have taken glucocorti-
coid therapy should be screened for use
of stress-dose steroids, as noted above.
Consider stopping NSAID therapy, if
possible, to allow return of platelet func-
tion. The time needed for this varies from
7 to 10 days for aspirin to 1 day for
ibuprofen. Generally NSAIDs other than
aspirin should be stopped 3 to 4 days pre-
operatively, and acetaminophen or nar-
cotics can be used to control pain during
this time. There is no evidence that stop-
ping SAARDs or DMARDs prior to
surgery conveys any benefit. Anticytokines
can limit immune response in severe
infections, and in maxillofacial surgery
these drugs should be discontinued



1 week before surgery and resumed
2 weeks postoperatively.

Sjogren’s syndrome patients should
have artificial tears or lubricating gel placed
in the eyes during anesthesia. Pilocarpine, if
used, should be held to avoid confusion
over anesthetic complications of bron-
chospasm, bradycardia, and tremor.

Patients with ankylosing spondylitis
have similar spine concerns as RA patients.
Scleroderma patients may have limited
mandibular movement as a consequence
of their disease, causing difficulty with
endotracheal intubation. SLE patients may
have low platelets, which is generally well
tolerated without excessive bleeding. For
counts less than 50,000, intravenous
immunoglobulin may be used to improve
the platelet count. SLE patients may also
have evidence of the lupus anticoagulant,
manifest by an elevated PTT. The lupus
anticoagulant, also referred to as antiphos-
pholipid antibodies, can produce throm-
boembolism. Patients may be treated with
aspirin if antibodies are present and there
have been no previous thromboembolic
events, or may be fully anticoagulated,
requiring adjustment perioperatively.!%

Surgery in the Patient with
Neurologic and Neuromuscular
Disorders

Seizure Disorders

Seizures are typically recurrent transient
paroxysms of hyperactive brain function,
which can appear as impaired conscious-
ness, involuntary movement, autonomic
disturbance, or psychic experiences. They
can result from known causes such as
fever, ethanol withdrawal, hypoglycemia,
hypoxia, or brain damage, or be idiopath-
ic. Most investigators feel the fundamental
site of pathology is in the cerebral cortex,
which can be detected on an electroen-
cephalogram (EEG).

The reconstructive maxillofacial sur-
geon is likely to encounter patients who
suffer seizures secondary to head trauma
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(Chronic recurrent seizures occur in 30%
of patients with cerebral hematomas, 15%
of those with depressed skull fractures,
and 5% of patients hospitalized with
closed head injuries). Chronic posthead
trauma seizures usually do not occur until
6 to 12 months from the time of injury.
Patients providing a past history of
any form of seizure disorder (except per-
haps febrile seizures in childhood) should
be under the care of or evaluated by a neu-
rologist before undergoing major elective

107 Patients with well-documented

surgery.
seizures and who are under good control
can safely have general anesthesia and
surgery. Control is usually obtained by the
use of antiseizure medications such as
dilantin, phenobarbital, valproic acid, car-
bamazepine, ethosuximide, and clo-
razepate. Most of these drugs can cause
sedation, which can be additive with anes-
thetic drugs. Side effects of carbamazepine
and dilantin include nausea, dizziness,
diplopia, and rarely bone marrow depres-
sion. Valproic acid can inhibit liver
enzymes, potentially causing oversedation
with barbiturates.

Newer drugs include lamotrigine,
gabapentin, tiagibine, and topiramate. Most
of these drugs can cause sedation, which can
be additive with anesthetic drugs. Other side
effects vary with each drug.

When evaluating a patient with a
seizure disorder for surgery, the clinician
should learn of the frequency, type, dura-
tion, and sequelae of seizures to gauge the
degree to which control of the seizures has
been obtained. Serum drug levels of these
agents can be obtained to help check com-
pliance and predict the appearance of
seizures, if subtherapeutic, or possible
toxic reactions.

Cerebrovascular Disease

Patients with a history of cerebrovascular
accidents, such as transient ischemic
attacks (TIAs) or strokes, requiring max-
illofacial surgery need evaluation by their
primary physician before surgery. In most

cases little can be done preoperatively to
diminish the risk of a stroke during
surgery. A careful neurologic examination
should be performed preoperatively to
document residual damage, and again
postoperatively to detect evidence of
intraoperative problems.!%

Two situations in which preoperative
improvement may be possible are in the
patient with either poorly controlled hyper-
tension or severe carotid stenosis. Essential
hypertension is a known risk factor for the
development of a stroke; therefore, institu-
tion of successful antihypertensive therapy
before elective surgery is recommended.
The preoperative management of patients
with carotid lesions is controversial. Part of
the problem is that the finding of a carotid
bruit by itself does not correlate with the
degree or even presence of carotid stenosis.
Thus, angiography is necessary if stenosis is
suspected, to document the severity of the
process. The question is whether to per-
form a carotid endarterectomy only if a TIA
occurs or if carotid artery occlusion is
greater than 70%.'%

Patients with a history of stroke or
TIA frequently harbor coronary artery dis-
ease as well. A thorough assessment of the
risk for coronary disease is indicated, as
noted in the above section.

Patients with a history of cerebrovas-
cular disease are often placed on inhibitors
of platelet aggregation such as aspirin or
dipyridamole. Most physicians will permit
these drugs to be stopped at least 1 week
preoperatively to prevent bleeding prob-
lems perioperatively. Stroke patients may
also have trouble clearing secretions or
controlling saliva.

Malignant Hyperthermia

Malignant hyperthermia is the leading
cause of unexpected anesthetic deaths in
North America. It is a rare genetic disorder
that manifests following treatment with
anesthetic agents, most commonly suc-
cinylcholine and halothane. The onset of
malignant hyperthermia is usually within
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an hour of the administration of general
anesthesia but rarely may be delayed as
long as 11 hours.

Approximately one-half of cases
appear to be inherited in an autosomal-
dominant fashion; the remainder of cases
are inherited in different patterns.

Susceptible patients with autosomal-
dominant disease have any one of eight
distinct mutations in the ryanodine recep-
tor. This receptor is a homotetrameric cal-
cium channel found in the sarcoplasmic
reticulum of skeletal muscle.

In the presence of anesthetic agents,
alterations in the hydrophilic, amino-
terminal portion of the ryanodine recep-
tor result in uncontrolled efflux of calcium
from the sarcoplasmic reticulum with sub-
sequent tetany, increased skeletal muscle
metabolism, and heat production. For
unclear reasons, overexpression of the
wild-type ryanodine receptor does not
ablate abnormal myocyte responses to
halothane, although overexpression of a
mutated ryanodine receptor can induce
the malignant hyperthermia phenotype in
myocytes from normal individuals.

Typically malignant hyperthermia
presents soon after induction of anesthesia
with a rapid rise in body temperature and
muscle rigidity. Difficulty in ventilating
the patient or opening the mandible for
intubation are common early manifesta-
tions. Other signs include diaphoresis,
tachypnea, tachycardia, hyperkalemia,
hypocalcemia, elevated temperature and
carbon dioxide content of expired air, and
cardiac dysrhythmias. Renal failure can
occur due to rhabdomyolysis and myoglo-
binuria.!' Consumptive coagulopathy can
also be triggered. Mortality in patients in
which the disorder was not suspected
before anesthesia ranges from 63 to 73%.

A predisposition to malignant hyper-
thermia should be suspected in patients
with the following characteristics:

*  Unusual muscle hypertrophy
+  Ptosis, ophthalmoplegia, strabismus

Pectus deformities or kyphoscoliosis

+  Limb girdle weakness

+ Hip dislocation, dislocated patella,
malaligned feet

+  Known central core myopathy

+  Young males with previously described
appearance

*  Any history of myopathy of unknown

etiology

Patients with a known or suspected
tendency should be considered for local or
regional anesthetic techniques. If general
anesthesia is necessary a technique that
uses nitrous oxide, barbiturates, benzodi-
azepines, narcotics, or neuroleptic drugs is
advisable. Nondepolarizing muscle relax-
ants should be used if necessary. Drugs
such as succinylcholine, amide local anes-
thetics, ketamine, and volatile anesthetics
should be avoided. Premedication with
dantrolene (1 mg/kg) orally the day before
surgery or as an intravenous bolus the day
of surgery is appropriate when malignant
hyperthermia is a high probability. In
addition a set protocol for its manage-
ment, should it occur, should be in place
before starting anesthesia for patients at
risk for malignant hyperthermia.!!"-11?

Spinal Cord Disorders

Paraplegia due to spinal cord damage can
cause a number of problems of which the
surgeon needs to be cognizant. Abnormal
bladder emptying predisposes these
patients to urinary tract infections and
chronic pyelonephritis. Paraplegia affect-
ing the diaphragm can lead to pneumonia,
and inability to exercise the lower extrem-
ities and pelvic region setting up a situa-
tion in which thromboembolism to the
lungs is common. Inability to move can
also cause the development of decubitus
ulcers. Renal and adrenal functions are
often impaired due to amyloidosis, and
anemia of chronic disease is frequent in
paraplegics.

Maxillofacial surgery for these indi-
viduals can be accomplished safely with

good patient preparation. Preoperative
checks of pulmonary and renal function
will reveal patients at high risk for periop-
erative complications. The sputum and
urine should be checked for evidence of
infection and blood count obtained to dis-
cover if anemia is present. Special care
needs to be taken to properly position and
pad vulnerable parts of the body during
and after surgery. Minidose heparin will
help prevent pulmonary embolism, as will
keeping the legs elevated during surgery
and providing proper physical therapy
after surgery. Physical therapy is also nec-
essary to the upper extremities to prevent
urinary
catheterization is needed during surgery,
returning to the intermittent bladder
catheterization regimen (in place preoper-
atively) as soon as possible after surgery.

contractures. Continuous

Surgery in the Patient with a
Psychiatric Disorder

Affective Disorders

Affective disorders such as depression are
common problems in modern society.
Patients with this disorder need special
care during any surgical treatment.

Major depression is characterized by a
depressed mood and an inability to enjoy
life. Symptoms include sleep disturbance
such as early morning wakening, appetite
disturbance, fatigue, decreased libido, low
self-esteem, and a feeling of hopelessness.
Many patients are able to mask or deny their
symptoms when under no undue stress, but
facing a surgical procedure will usually
uncover hidden symptoms of depression.

In addition to the emotional problems
that patients with depression incur in the
perioperative period, problematic drug
interactions can occur between anesthetic
agents and many of the agents used to
control depression. Selective serotonin
reuptake inhibitors are in widespread use
for depression, anxiety, and panic disorder,
and are well tolerated perioperatively. Tri-
cyclic antidepressants are in common use



for depression, chronic pain, and sleep dis-
orders. They can carry unwanted anti-
cholinergic and hypotensive side effects,
which should be remembered when anes-
thesia is given. An additional problem with
tricyclic antidepressants is their tendency
to cause increased conduction delays in
patients with preexisting heart blocks.

Monoamine oxidase inhibitors (MAOIs)
are also used to manage depressive symp-
toms. They also have anticholinergic and
orthostatic hypotensive effects. Drugs with
sympathomimetic action should be avoided
in patients on MAOIs.

Lithium carbonate is used for patients
with bipolar (manic-depressive) disorders.
It induces the characteristic ECG changes of
inverted and flattened T waves. It can also
produce sinus node dysfunction and ven-
tricular irritability. Serum levels should be
checked preoperatively in these patients.

Benzodiazepines used for depression
pose little risk for safe anesthesia as long as
the anesthesiologist is aware of their use.
Abrupt discontinuation should be avoided
to prevent the appearance of a withdrawal
phenomenon.

Conditions such as anorexia nervosa
and bulimia should be addressed prior to
major surgical procedures due to the
impairment to nutritional health and elec-
trolyte balance they produce.!!?

Psychotic Disorders

Psychotic disorders are characterized by
delusions and hallucinations. Psychotic
patients are usually easily recognized by
the results of a comprehensive mental sta-
tus examination. Antipsychotic drugs such
as phenothiazines, thioxanthenes, buty-
rophenones, and indalones control many
of the symptoms of psychosis and cause
little increased risk of problems with anes-
thesia. They do have the tendency to cause
sedation and extrapyramidal symptoms in
many patients. Introduction of atypical
antipsychotic medications has resulted in
a large number of patients being convert-
ed to these drugs, including respiradone,
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olanzapine, quetiapine, ziprasidone, and
aripiprazole. These medications have
many drug-drug interactions, and consul-
tation with a drug reference manual or
pharmacist would be prudent to avoid
such complications.

Surgery in psychotic patients carries
no increased risk of complications as long
as the disorder is well controlled.

Acute psychosis, combativeness, and
agitation can be disruptive as well as
unsafe for the patient and medical staff.
After ruling out serious medical complica-
tions such as hypoxia, drug or alcohol
withdrawal,
myocardial infarction, administration of
loraze-pam 1 to 2 mg PO or IV, or
haloperidol 1 to 2 mg PO, IM, or IV, can be
used for control of symptoms acutely.
Haloperidol also comes in a flavorless lig-
uid formula.

serious infection, and

Substance Abuse

Alcoholism  Patients who regularly con-
sume large amounts of ethanol must be
allowed to withdraw from the effects of the
alcohol before they undergo elective
surgery and anesthesia. Failure to follow
this strategy risks the appearance of minor
alcohol withdrawal syndrome, with its
compensatory neuronal excitability and
catecholamine release, or the severe syn-
drome delirium tremens (DT) with hallu-
cinosis, hyperpyrexia, hypertension, and
life-threatening cardiac dysrhythmias and
seizures. 4115

The following four questions have a
high sensitivity and specificity for detect-
ing alcoholism.!®

+  Have you ever felt the need to cut
down on drinking?

+ Have you ever felt annoyed by criti-
cism of your drinking?

+  Have you ever had guilty feelings
about your drinking?

+  Have you ever taken a morning eye
opener?

Previous history of DT and drinking a
morning “eye opener” denote a high risk
of alcohol withdrawal.

Two strategies are available for the
alcoholic patient coming to surgery: con-
tinuation of alcohol perioperatively, or
avoidance of alcohol with vigilance for
withdrawal syndromes. While it seems
counterintuitive to continue alcohol use in
a hospital or postoperative setting, this
strategy can prevent withdrawal; most
patients will resume drinking as soon as
they can anyway. For patients newly
abstaining, those with a prior history of
DT may be given scheduled benzodi-
azepines, such as lorazepam 1 to 2 mg
every 8 hours, but most patients should be
observed for evidence of DT and treated
based on symptoms. Early symptoms
include restlessness and tremulousness,
followed by agitation, combativeness,
fever, and seizures. Symptoms should be
treated as soon as they emerge, with
oxazepam 15 to 30 mg PO every 6 to
8 hours as needed, or lorazepam 1 to 2 mg
PO, 1V, or IM every 6 to 8 hours as needed.

Most of the anesthetic hazards in the
sober alcoholic patient are due to ethanol-
induced hepatic changes (see “Liver Dis-
ease”). Chronic ethanol use increases anes-
thetic requirements for halothane and
isoflurane. Clearance of benzodiazepines
is also increased, so that larger doses may
be necessary in alcoholic patients. Patients
with ethanol-induced liver disease are
prone to hypoglycemia and need frequent
serum glucose determinations during and
after surgery.

Opioid and Illicit Drug Abusers If
surgery is urgently necessary in opioid-
dependent patients, it is usually prudent
for the surgeon to avoid precipitating the
withdrawal syndrome by substituting
methadone (2.5 mg equals 10 mg of mor-
phine) for the abused opioid. Usually 20 to
40 mg of methadone is needed daily,
administered orally or intramuscularly in
4 to 6 divided doses. Clonidine has also
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been found useful for helping prevent
symptoms of opioid withdrawal.!'”
Hypotension is a common problem in
opioid abusers during the perioperative
period. They also are likely to have difficult
veins in which to gain access, necessitating
placement of central lines. Intravenous
illicit drug abusers also have a high inci-
dence of hepatitis B and C and human
immunodeficiency virus positivity.
Cocaine use potentiates problems
such as coronary vasospasm, myocardial
ischemia/infarction, and dysrhythmias.
The rapid metabolism of cocaine in a
patient’s system prior to presenting for
surgery makes it unlikely that acutely
intoxicated patients will be placed under

sedation or general anesthesia.!!'®!19

Surgery in the Special Patient

Obese Patients

Obesity is a common affliction in modern
society due to a combination of poor
dietary habits and general lack of physical
activity. The excessive weight in an obese
individual is due to an overabundance of
adipose tissue. Morbid obesity is defined
as when a patient is 100% over ideal body
weight due to fat accumulation. Calcula-
tion of the body mass index (BMI) assists
in the diagnosis of obesity, with a BMI of
30 kg/m?* and above defining obesity.

Body weight in k
BMI = y weig g

Square of stature
(height in m)

Obesity by itself does not increase sur-
gical mortality until it becomes severe, but
then the risk rises exponentially. The pon-
deral index has been used to quantitate the
increased risk faced by obese individuals.
The index is calculated by dividing an
individual’s height in inches by the cube
root of their weight in pounds. A result
greater than 12.5 correlates highly with a
significantly heightened risk of complica-
tions in the perioperative period. The

Chase method is another means of gauging
risk in obese individuals in which surgical
risk is determined by the ratio of weight
versus height.

Pulmonary problems are the most fre-
quent complications in the perioperative
period in obese patients. These include
pulmonary embolism, bronchospasm,
atelectasis, and pneumonia. Obesity cre-
ates a form of restrictive lung disease,
especially when these patients are supine,
due to excessive weight on the thorax and
abdomen that restricts full inspiration.

Before elective surgery in obese
patients a careful history and physical
examination are necessary to determine
how the obesity may affect anesthesia and
to detect a concurrent disease. Specific
questions about a history of daytime
somnolence and snoring are needed to
find if a patient’s airway is easily compro-
mised. Past history of lung disease, heart
problems, thrombophlebitis, or pul-
monary embolism should also be elicited.
Obese patients should also be asked
about any previous problems in the
establishment of venous access. The use-
fulness of physical examination of the
chest and abdomen is commonly limited
in obese patients. Therefore, ancillary
examination techniques such as PFTs,
ECG, and plain chest radiography are
usually warranted.

Because obese patients have height-
ened risks of pulmonary problems, those
who smoke should be helped to quit,
hopefully for as long as possible before
surgery. A reasonable program of weight
reduction should also be recommended.
Many patients may benefit from a consul-
tation about potential gastrointestinal
surgery for weight control.

When planning surgery the possibility
of regional anesthesia should be consid-
ered. Deep sedation should be avoided if
the airway is likely to be difficult to main-
tain. If general anesthesia is selected as the
method of pain and anxiety control, the
patient can be given preoperative instruc-

tion in incentive spirometry techniques.
The increased risk of thrombophlebitis in
these patients can be lessened by the use of
a minidose heparin or enoxaparin regi-
men. Finally, a lowered threshold is appro-
priate for placement of invasive monitors
such as a central venous pressure line or a
Swan-Ganz catheter.

Obese patients are difficult anesthetic
cases. They are typically more of a problem
to mask ventilate during the induction of
anesthesia. This should be anticipated by
being ready to quickly intubate the patient
if necessary even though intubation itself
can be challenging.!”® The excess weight
usually decreases pulmonary compliance
and the functional residual and vital capac-
ities. It should be kept in mind that squeez-
ing the bag connected to the endotracheal
tube will not give an accurate feel of pul-
monary compliance due to the weight of
the chest wall. Furthermore, the lowered
lung capacities will cause an increased
shunt fraction, which should be monitored
by frequent measurements of arterial blood
gases. Chest weight effects on the lungs can
be lessened by elevating the upper body 15
to 20° from the horizontal.

The pharmacokinetics of drugs differ
in obese versus lean individuals. The
washout of fat-soluble anesthetic agents
needs to begin earlier in the surgery to
allow the patient to be awakened when
desired. When calculating the dose of
water-soluble drugs, the estimated lean
body mass of the obese individual should
be used.

Postoperative management of obese
patients should include elevation of the
head of the bed, early ambulation, incen-
tive spirometry, deep venous thrombosis
prophylaxis, and frequent physical exami-
nation for signs of pulmonary problems or
deep vein thrombophlebitis.

Geriatric Patients

Although many clinicians are concerned
that there will be medical complications
when treating elderly patients, studies sub-



stantiate the fact that most elective surgery
is safe in healthy geriatric patients. Howev-
er, geriatric patients with chronic diseases
such as COPD, diabetes, and coronary
artery disease are certainly susceptible to
the same problems as younger individuals
with these same processes. Therefore,
when older patients have chronic diseases,
preoperative preparation should include
efforts to minimize the detrimental effect
of the disease process on the patient’s
physiology.'?!

Even though elderly patients can
appear frail and sick, a large percentage are
actually well. Conversely the appearance of
health can be deceiving, because all older
individuals experience various changes in
physiologic function that can affect their
response to the stress of an operation.

Statistically the most common compli-
cations that follow major surgery in the
elderly are pulmonary embolism, myocar-
dial infarction, pneumonia, and congestive
heart failure. The surgeon should be espe-
cially vigilant for a past history or perioper-
ative signs of these problems. Furthermore,
although geriatric patients usually are able
to withstand the initial physiologic stresses
of surgery, if a complication occurs, they
have less reserve to aid with recovery.

The heart undergoes age-related
changes that decrease the maximal heart
rate (220 — age in yr). Cardiac output falls
(about 1% each year after age 20 yr)
because of increased afterload and
decreased elasticity of arteries secondary
to atherosclerosis. This decreased elasticity
also causes any small increase in blood
volume to result in sharp increases in
blood pressure. Total circulation time at
age 20 years is 48 seconds; this rises to
65 seconds at age 70 years. The cardiovas-
cular system also loses much of its respon-
siveness to catecholamines with age, so
that postural hypotension is common.
Maximum coronary flow capacity in the
elderly is about 65% of that in teenagers.

Pulmonary function also falls as peo-
ple get older. Loss of lung elasticity and
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increased stiffness of the chest wall predis-
pose lungs to atelectasis and ventilation-
perfusion the
increased residual volume in older lungs.
Whereas the PaO, on room air at age
30 years averages about 94 mm Hg, it nor-
mally falls to about 74 mm Hg above age
60 years. Vital capacity and expiratory flow
rate begin to fall when individuals reach
age 30. Muscle weakness prevents forceful
coughing, and degeneration of bronchial
epithelium leads to less efficient lung
cleansing. All of these changes help to
account for the relatively high incidence of
pulmonary
surgery in older patients.

Renal function decreases 20 to 30%
between the ages of 30 and 80 years
because of natural loss of glomeruli and
fibrosis of interstitial tissue. Creatinine
clearance falls, but because lean body mass
also decreases there is usually no change in
measured serum creatinine. An approxi-
mation of expected age-related changes in
renal function can be gained by the fol-
lowing equation:

imbalances, as does

complications  following

Creatinine clearance
) =133 - (0.84 X Age)
(mL/min)
This formula can be used to judge dosages
of drugs dependent on renal clearance.
Geriatric patients also suffer a loss of renal
concentrating and diluting abilities as
tubules become less responsive to antidi-
uretic hormone. For that reason they can
easily have intravascular volume distur-
bances and electrolyte abnormalities.
Thirst perception also becomes a problem
and thirst cannot be relied on to help
gauge fluid requirements in these patients.
Prostatic hypertrophy occurs in 80% of
men with age, causing urinary problems
that are commonly worsened by general
anesthesia.!?>123

The loss of muscle mass and plasma
volume with age may affect drug actions
and necessitate changes in drug doses.
Older white females are also predisposed to
loss of bone strength owing to osteoporosis;

extra care should be taken when transport-
ing these patients to and from the operating
table. Thinning of skin in older patients
also makes them more susceptible to pres-
sure damage, heightening the need for
proper intraoperative padding.

Geriatric patients tend to mount poor
fever responses to pyrogens. Therefore,
other signs of problems such as malaise or
altered states of consciousness may need to
be used to detect infections. The hearing
and visual problems of older patients pre-
dispose them to states of confusion own-
ing to sensory deprivation; providing
appropriate sensory stimulation helps pre-
vent this problem. A decrease in gastroin-
testinal motility leads to frequent consti-
pation, and aging often causes impaired
glucose tolerance.

Evaluation of elderly patients before
elective maxillofacial surgery should begin
with a careful medical history. Old records
and consultation with the patient’s prima-
ry care provider are usually excellent
sources of needed information. During the
physical examination specific note should
be made of the patient’s state of hydration,
signs of age-related problems such as
carotid or aortic stenosis, and any pul-
monary and mental status problems. An
ECG and chest radiograph are useful for
detecting occult problems and provide a
baseline for later comparisons.'?*12°

Intraoperatively the patient should be
kept from excessive loss of heat and over-
or underhydration. Postoperatively, the
clinician should be alert to possible respi-
ratory depression due to narcotics and
signs of myocardial damage such as sud-
den dyspnea or worsening of congestive
heart failure.

Drug modifications in the elderly
include reducing benzodiazepine dosages
by at least 50%, recognizing the dysrhyth-
mogenic potential of atropine, and being
aware that narcotics such as morphine and
meperidine have prolonged duration of
action, and that water-soluble drugs will
have a heightened pharmacologic effect
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while lipid-soluble drugs such as barbitu-
rates will have a long elimination time.!?*

Pediatric Patients

The surgical challenges in pediatric
patients are usually due to their small size.
However, it is hazardous to consider chil-
dren as just small adults when considering
their anesthetic needs for surgery.

The physiology of pediatric patients is
what makes them differ from adults in
their response to drugs and anesthesia.
Newborns and infants are obligate mouth
breathers. Children have relatively small
nasal airways, large tongues,
mandibles, short necks, and an abundance
of pharyngeal lymphoid tissue; all of these
serve to create an airway that is easily com-
promised. Dead space in children is about
2 mL/kg, and tidal volume is about three
times the dead space.

The heart of infants has a fixed stroke
volume, so that cardiac output is entirely
dependent on heart rate. Blood volume in
relation to body weight is high in infants,
but ratio decreases with age. Fluid require-
ments of children vary with weight as
shown in Table 2-6. Normal urine output
also varies (Table 2-7).

Children have relatively large surface
areas that can quickly allow excessive heat
loss if they are left uncovered in an operat-
ing room.

small

Table 2-6 Fluid Requirements for Children

1-10 100 mL/kg daily

10-20 1,000 mL + 50 mL/kg
over 10 kg daily

20 1,500 mL + 20 mL/kg
over 20 kg daily

Table 2-7 Urine Output

0-2 3 mL/kg/h
2-5 2 mL/kg/h
5 to adult 1 mL/kg/h

Table 2-8 Medication to Avoid during
Pregnancy*

Aspirin and other nonsteroidal anti-
inflammatory agents

Carbamazepine

Chloral hydrate (if chronically used)

Chlordiazepoxide

Corticosteroids

Diazepam and other benzodiazepines

Diphenhydramine hydrochloride

Morphine

Nitrous oxide (if exposure greater than
9 hours per week)

Pentazocine hydrochloride

Phenobarbital

Promethazine

Propoxyphene

Tetracyclines

*All medications should be used with care in pregnant
patients. The patient’s obstetrician should be consulted
if there is any question concerning the safety of a drug
for a pregnant patient or the fetus.

Dosing of drugs to children is usually
best decided based on the manufacturer’s
recommendations.!?°

Pregnant and Lactating Patients

Pregnancy and lactation are relative con-
traindications to elective maxillofacial
surgery because of the negative effects on
the mother and developing child of vari-
ous drugs, irradiation from imaging stud-
ies, and psychological stress associated
with surgery.!?’-1%

If surgery cannot be deferred, the
patient’s obstetrician should be consulted
for guidance with respect to safe drugs to
use (Table 2-8). When feasible the surgery
should be conducted under local anesthe-
sia. Steps to minimize anxiety are also
appropriate. During later stages of preg-
nancy, patients cannot tolerate long proce-
dures without being allowed to empty
their bladder. In addition, pressure from
the uterus compromises venous return to
the heart by placing pressure on the vena
cava when patients are in a supine posi-
tion.!*® Therefore, allowing patients to
assume a more left lateral position is nec-

Table 2-9 Medications for Breast-
Feeding Mothers

Acetaminophen Ampicillin
Antihistamines Aspirin
Cephalexin Barbiturates
Codeine Chloral hydrate
Erythromycin Corticosteroids
Fluoride Diazepam
Lidocaine Metronidazole
Meperidine Penicillin
Oxacillin Propoxyphene
Pentazocine Tetracyclines

essary. A late-term pregnant patient’s
blood pressure or urinary protein must be

carefully monitored to detect any early

sign of preeclampsia.!3!132

Lactating patients need to avoid the
use of drugs capable of passing into breast
milk and potentially harming the infant
(Table 2-9).
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CHAPTER 3

Perioperative Considerations

Noah A. Sandler, DMD, MD

Many factors need to be considered when
evaluating a patient prior to oral and max-
illofacial procedures. Whether a surgery is
being performed in an office or operating
room, the practitioner must acknowledge
the impact of the surgery and the stress the
perioperative period potentially entails. In
addition, the pathophysiology of con-
comitant medical ailments that may mod-
ify therapy needs to be considered. Preop-
assessment,  intraoperative
monitoring, and postoperative care need
to be modified based on individual patient
requirements. The following discussion
does not attempt to answer all questions
regarding perioperative patient care. Com-
mon clinical and disease

erative

scenarios
processes are presented. Despite our best
efforts to prevent problems through
assessment and monitoring, problems or
emergencies can arise; therefore, this
chapter also addresses patient monitoring
and emergency management of common
clinical situations.

Cardiac Assessment

Since the 1970s risk assessment has been
performed in an attempt to identify indi-
viduals who may encounter a significant
cardiac event (ie, myocardial infarction
[MI] or death) in the perioperative period.
In their often-referenced article, Goldman
and colleagues identified nine indepen-
dent factors associated with increased
perioperative cardiac risk (Table 3-1).!

These were assigned a point system based
on their relative contribution to cardiac
risk. The more points, the higher the risk
of significant morbidity or mortality, pri-
marily in the immediate postoperative
period (Table 3-2).

Since 1980 the American College of
Cardiology in association with the Ameri-
can Heart Association (ACC/AHA) has
produced guidelines for the management
of cardiovascular disease. In 1996 a com-
mittee was developed to assess guidelines
in the perioperative evaluation for noncar-
diac surgery. Expanding on the factors
identified by Goldman and colleagues,

Table 3-1

Point Value*

Recent myocardial infarction

Age > 70 yr

Important aortic stenosis
Emergent operation

Poor general medical condition

K < 30 mEq/L

Chronic liver disease
Bedridden from noncardiac causes

Third heart sound or jugular venous distention
Rhythm other than sinus or premature atrial contractions on last echocardiogram

> 5 premature ventricular contractions per minute at any time
Intraperitoneal, intrathoracic, or aortic operation

Partial pressure of oxygen < 60 or of carbon dioxide > 50 mm Hg

Creatinine > 3 mg/dL or blood urea nitrogen > 50 mg/dL

patient daily function and surgical risk
were also considered.

Recent evidence based on 4,315
patients over the age of 50 years undergoing
elective noncardiac procedures suggests six
major risk factors exist. These are included
in a revised cardiac risk index: high-risk
type of surgery, history of ischemic heart
disease, congestive heart failure, cerebrovas-
cular disease, preoperative treatment with
insulin, and preoperative serum creatinine
> 2.0 mg/dL.? Based on these findings as
well as support from similar studies and
recent technologic advances in coronary
testing and therapies, the ACC/AHA

Risk Factors Commonly Associated with Perioperative Morbidity and Their

*As determined in Goldman L et al.! Adapted with permission from Goldman L et al.!
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Table 3-2 Assessment of Morbidity and Mortality Based on Cardiac Risk Factors*

I (n=537) 0-5 532 (99
I (n = 316) 6-12 295 (93
II (n = 130) 13-25 112 (86
IV (n = 18) > 26 4(22

—_ D —

4(0.7) 1 (0)
16 (5) 5(2)
15 (11) 3(2)

4(22) 10 (56)

*As determined in Goldman L et al.!

Adapted with permission from Goldman L et al.!

fDocumented intraoperative or postoperative myocardial infarction, pulmonary edema, or ventricular tachycardia.

practice guidelines were updated in 2002.°
As part of these guidelines, consideration is
given to cardiac testing for individuals
determined to be at risk for a perioperative
event. The following factors are assessed:

+ Is the surgery urgent? If delay of the
surgery may be detrimental, cardiac
assessment may need to be performed
at a later time.

+ Has the patient undergone coronary
revascularization in the past 5 years or
percutaneous coronary intervention
from 6 months to 5 years previously?
If the patient has remained free from
symptoms of ischemia, the risk of
perioperative cardiac death or MI is
extremely low.

+  Has the patient undergone a coronary
evaluation in the past 2 years? If inva-
sive or noninvasive testing was nega-
tive and the person has remained
symptom free, no further periopera-
tive testing is indicated.

+  Does the individual have an unstable
cardiac condition or major clinical
predictor of risk? These include acute
(within 7 d) or recent (7-30 d) MI,
unstable or severe angina, decompen-
sated heart failure, significant arrhyth-
mias, and severe valve disease. These
conditions warrant delay of the proce-
dure when possible, and usually coro-
nary angiography is performed.

+  Are there intermediate clinical predic-
tors of risk? These include angina pec-

toris, prior MI as indicated by history
or electrocardiography, compensated
or prior heart failure, preoperative
creatinine > 2 mg/dL (ie, renal insuffi-
ciency), and diabetes mellitus (DM),
particularly insulin-dependent DM.
In addition to these risks, the func-
tional capacity of the individual is
determined. This is recorded in meta-
bolic (METs), where
1 MET is the oxygen consumption of a
70 kg 40-year-old man at rest. Func-
tional capacity is classified as excellent
(> 10 METs), good (7-10 METs), mod-
erate (4—7 METs), poor (< 4 METs)
(Table 3-3).

+  What are the specific risks of the
surgery? Considerations include the
type of surgery (eg, vascular surgery is

equivalents

high risk) and hemodynamic changes
that occur with certain surgeries (eg,
significant bleeding or hypotension).
Most oral and maxillofacial surgery
procedures are considered to be of
intermediate risk.

In general, patients with no major and
few intermediate predictors of clinical risk
and moderate or excellent functional
capacity can undergo oral and maxillofa-
cial surgery procedures with little risk of
perioperative death or MI. On the other
hand, individuals with poor functional
capacity who are to undergo higher-risk
surgery (eg, head and neck cancer resec-
tion) are often considered for further non-

invasive testing (eg, stress test, echocardio-
graphy). This approach has been demon-
strated in recent studies to be efficacious
and cost-effective.*”

Since most oral and maxillofacial sur-
gical procedures are considered to be
intermediate risk, the primary cardiac risk
factor is the existence of one or more of
the major clinical predictors of risk (ie,
recent MI, unstable or severe angina,
decompensated heart failure, significant
dysrhythmias, and severe valve disease).
The primary method of initial identifica-
tion of these factors is a history taking and
physical examination. Patients with identi-
fiable risks warrant deferment of surgery
with a referral for consideration for a thor-
ough cardiac evaluation.

Mpyocardial Ischemia/Angina

The stress of elective surgery begins well
before the incision is made. Activation of
the hypothalamic-pituitary-adrenal axis is
initiated by just scheduling the procedure
and persists through the surgical period
until at least a week after the surgery. Con-
comitant with the release of cortisol is
stimulation of the adrenal medulla and the
activation of the sympathetic nervous sys-
tem with catecholamine release. These
responses may have served an evolutionary
purpose and/or aid in aspects of healing;
however, they can be detrimental in a
debilitated patient with poor reserve.
Surgery, itself, necessitates myocardial
work. Patients with atherosclerosis and
coronary artery disease with narrowing of

Table 3-3 Metabolic Equivalents for
Common Activities

Take care of yourself
Walk a block or two

Climb a flight of stairs
Heavy work

—h — =

Moderate recreation >10

Strenuous sports




the coronary vessels may be unable to meet
this increased demand. Myocardial
ischemia within 48 hours of surgery results
in a ninefold increase in the risk of unsta-
ble angina (defined as angina at rest or
increasing angina symptoms) and/or MI.

Myocardial work is primarily deter-
mined by four factors related to myocar-
dial oxygen demand: heart rate, preload,
afterload, and contractility. Preload repre-
sents all factors that contribute to passive
ventricular wall stress (tension) at the end
of diastole. It is approximately equal to
end-diastolic volume or pressure (ie, the
volume of blood left in the heart after
diastole). Preload is generally a reflection
of the volume status of a patient. It is
measured via the central venous pressure
or the pulmonary capillary wedge pres-
sure. Additionally, the left ventricular
end-diastolic volume determines the car-
diac output according to Starling’s law.
Clinically, this means increasing precon-
traction muscle fiber length by increasing
left ventricular end-diastolic volume
through volume administration leads to
an increase in the force of contraction.
Afterload, in turn, represents all of the fac-
tors that contribute to total ventricular
wall stress (tension) during systole. The
primary determinants of afterload are the
total peripheral resistance against which
the heart muscle must pump and changes
in intrathoracic pressure. Afterload is
indirectly measured through blood pres-
sure and mean arterial pressure. Contrac-
tility is the ability of the heart muscle to
shorten itself in the face of appropriate
stimuli.® Of these factors, heart rate and
afterload are the major contributors to
cardiac work and myocardial oxygen con-
sumption. Elevated heart rate is also
potentially harmful in that it decreases the
time that oxygen and nutrients can be
delivered to the myocardial cells (diastolic
perfusion time). This is the basis for the
goal of maintaining the blood pressure
and pulse within 10% of the preoperative
value during anesthesia.’

Patients with coronary artery disease
often have a history of hypertension.
Blood pressure is measured using the
proper cuff size with patients quiet and
comfortable (with back support, if seat-
ed) for at least 5 minutes prior to mea-
surement. Hypertension is defined as two
elevated blood pressure readings separat-
ed by at least 2 minutes of > 140/90 mm
Hg on two or more separate visits.
Healthy patients with persistent elevated
pressures = 160/100 mm Hg and those
considered to be at high risk (diabetics or
patients with clinical cardiovascular dis-
ease) should be considered for antihyper-
tensive therapy.!?

Preoperatively, elevated blood pres-
sure should be managed by deferring
treatment for elective procedures. Intraop-
erative or postoperative hypertension
rarely requires treatment. Hypertensive
crisis or emergency is a sudden increase in
systolic and diastolic blood pressure asso-
ciated with end-organ damage of the cen-
tral nervous system, heart, or kidneys.
Headache, altered level of consciousness,
and less severe manifestations of central
nervous system dysfunction are classic
findings in hypertensive encephalopathy.
Advanced retinopathy with arteriolar
changes, hemorrhages, and exudates as
well as papilledema are seen on fundus-
copic examination. Angina, acute MI, or
signs of heart failure can be present in
hypertensive crisis. Renal failure with olig-
uria and/or hematuria is present with
damage to the kidneys. Less than 1% of
patients with a diagnosis of hypertension
experience a crisis. In the United States the
incidence is higher among African Ameri-
cans and the elderly. The majority have
previously been diagnosed with hyperten-
sion and many have been prescribed anti-
hypertensive therapy but with poor con-
trol. The incidence of postoperative
hypertensive crisis varies depending on
the population studied and has been
reported in 4 to 35% of patients. Reduc-
tion of blood pressure in a hypertensive

Perioperative Considerations

crisis should be performed with intra-
arterial blood pressure monitoring.

The term hypertensive urgency is char-
acterized by severely elevated blood pres-
sure without acute end-organ damage.
Postoperative hypertension has been
defined arbitrarily as systolic blood pres-
sure > 190 mm Hg and/or diastolic blood
pressure = 100 mm Hg. It should be
appreciated that most patients with
severely elevated blood pressure (diastolic
> 110 mm Hg) have no acute end-organ
damage. The elevated blood pressure
should be treated in a controlled fashion
in an intensive care unit. The use of sub-
lingual nifedipine is strongly discouraged
as this may result in a precipitous fall in
blood pressure. Similarly, intravenous
hydralazine may result in severe uncon-
trolled hypotension. Rapid and uncon-
trolled reduction of blood pressure may
result in cerebral, myocardial, and renal
ischemia or infarction. Table 3-4 describes
commonly recommended medications
and dosages should it be determined that
reduction of blood pressure is necessary.!!

Recent Myocardial Infarction

It is important to attempt to avoid the
stress of surgery if the patient is experienc-
ing acute ischemia or has a history of
recent infarction. Traditionally a 6-month
interval between the initial incidence of
MI and elective noncardiac surgery has
been advocated to avoid stress and the risk
of re-infarction. However, recently the
importance of this time interval has been
called into question. The use of throm-
bolytics, angioplasty, and risk stratifica-
tion after an acute MI has been the impe-
tus for this change. Although some
patients may continue to have myocardi-
um at risk with subsequent ischemic
episodes, others may have critical stenosis
converted to widely patent vessels. The
AHA/ACC Task Force on Perioperative
Evaluation of the Noncardiac Surgery has
advocated that the group at highest risk is
those who have had an MI within 6 weeks;
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Table 3-4 Common Antihypertensive Agents Used to Actively Lower Blood Pressure in Hypertensive Crisis

0.1 mg PO q20min

1-3 mg/kg IV, maximum single dose
of 150 mg

1.25 mg over 5 min q6h

0.5 mg/kg followed by infusion of
25-300 pg/kg/min

Initial dose 0.1 pg/kg/min titrate;
maximum 1.6 ug/kg/min

Loading dose of 20 mg followed
by 20-80 mg dose at 10 min
intervals or 1-2 mg/min infusion

5 mg/h increasing 2.5 mg/h g5min
(maximum 15 mg/h)

Infusion; usually < 2 pg/kg/min

IV 1-5 mg boluses

IV infusion 0.5-1 mg/min; maximum
15 mg/min

Useful in hypertensive urgency; gradually
decreases BP

Causes rapid BP decrease

Blocks angiotensin II

Rapid onset (60 s), short duration
(10-20 min)

Short acting, increases renal perfusion

Avoid larger bolus doses; can cause
hypotension

Useful for cardiac and cerebral ischemia;
dose independent of weight

Rapidly decreases BP; risk of cyanide
toxicity

Can cause tachyarrhythmias, angina

Adrenergic block is therapeutic effect;
cholinergic block of side effects

Clonidine Central 0,-agonist
Diazoxide Smooth muscle relaxant
Enalaprilat Angiotensin converting

enzyme inhibitor
Esmolol Bi-selective blocker
Fenoldopam Dopamine agonist
Labetalol o~ and B-blocker

(o:p = 1:7)
Nicardipine Ca channel blocker
Nitroprusside Arterial/venous

dilatation
Phentolamine o-blocker
Trimethaphan Nondepolarizing
camsylate ganglionic block
BP = blood pressure.

after this period risk stratification is based
on the presentation of the disease (ie,
those with persistent symptoms consistent
with active ischemia remain at the highest
risk level).!?

During severe ischemic episodes the
release of intracellular potassium from
injured cells may result in partial repolar-
ization of the surviving cardiac cells, partic-
ularly along the infarct border. These cells
may then initiate areas of ectopia, poten-
tially leading to arrhythmias, especially
with concurrent sympathetic stimulation,
electrolyte abnormalities, and ventricular
hypertrophy. B-Blockers, nitroglycerin, and
amiodarone as well as high vagal tone can
be protective in this circumstance. In addi-
tion, intra-aortic balloon pumps, ventricu-
lar assist devices, coronary angioplasty, and
revascularization may be indicated.

Acute Episode of Chest Pain
Suggestive of Myocardial
Ischemia/Infarction

Immediate intervention includes the assess-
ment of vital signs and the administration of
oxygen and nitroglycerin tablets or spray at
0.4 mg/dose (to be repeated in 5 min inter-
vals for three doses or until the pain is elim-
inated). If the pain is persistent, intravenous
morphine (2-5 mg q5min or until pain relief
is achieved) and aspirin 325 mg should be
given. The local Emergency Medical Service
should be contacted early as the protocol
calls for the performance of an early 12-lead
echocardiography (preferably by Emergency
Medical Service personnel) and screening of
the patient for an antifibrinolytic or reperfu-
sion (ie, an angioplasty with stent placement
or coronary artery bypass graft) procedure.'?

Decompensated Congestive
Heart Failure

A history of worsening shortness of
breath (dyspnea), difficult ventilation
when assuming the supine position
(orthopnea), or gasping for oxygen when
assuming the supine position when asleep
(paroxysmal nocturnal dyspnea) should
alert the practitioner to the possibility of
acute congestive heart failure. Signs of
cardiac failure include raised jugular
venous pressure, added heart sounds (S3
[the presence of a third heart sound], in
particular), pulmonary crackles (indicat-
ing pulmonary edema), hepatomegaly,
and peripheral edema. The presence of
any of these signs or symptoms warrants a
complete cardiac evaluation prior to initi-
ating any elective procedure.!?



Arrhythmias

The normal pattern of electric transmis-
sion of the heart starts with the initiation
of the impulse in the sinoatrial (SA) node,
spreading through the atria with a conver-
gence of the impulse at the atrioventricu-
lar (AV) node. There is a delay of conduc-
tion through the AV node, accounting for
the P-R interval on the echocardiogram
(ECG; 100 ms). This interval is prolonged
by parasympathetic (vagal) stimulation
and shortened by sympathetic activity.
Activation of the ventricles starts on the
left side of the interventricular septum,
crossing over to the right at the midpoint
of the septum. The impulse spreads
through the Purkinje system to the apex.
The wave of depolarization then moves
along the walls of the ventricles from the
endocardium to the epicardium to reach
the AV groove.

Perioperative cardiac arrhythmias are
caused by abnormalities of cardiac
impulse formation, impulse conduction,
or a combination of both. There is a high-
er incidence of arrhythmias in the periop-
erative setting, and anesthetic agents are
known to alter cardiac impulse generation
and conduction. Perioperative
cholamines owing to exogenous adminis-
tration or endogenous release in the pres-
ence of ischemia set the stage for new
arrhythmia during this period.!*!°

cate-

Volatile agents directly decrease SA and
AV node automaticity, but increasing extra-
cellular calcium can antagonize this phe-
nomenon. A common occurrence with the
use of volatile agents is isorhythmic AV disso-
ciation, in which the AV node generates the
pacemaker at a modestly higher rate than the
SA node. This is a result of direct depression
of the SA node by the volatile agent and some
stimulation of the AV node by sympathetic
activity. Serious hemodynamic consequences
are not usually seen in healthy individuals
but are a concern with ventricular noncom-
pliance such as ventricular hypertrophy as a
result of atherosclerosis of the aorta or

peripheral vessels. Inhalation agents in gener-
al are not otherwise arrhythmogenic, but
arrhythmias can be produced in the presence
of triggering agents and clinical situations
that generate a high catecholamine state. This
includes light anesthesia levels (with hyper-
tension and tachycardia), hypoxemia, hyper-
carbia, and the use of exogenous epinephrine
or aminophylline (the latter of which indi-
rectly causes the release of endogenous cate-
cholamines). The arrhythmogenic dose in
micrograms per kilogram of epinephrine
administered by infiltration with various
inhaled agents are 2.1 with halothane, 3.7
with halothane and lidocaine, 6.7 with isoflu-
rane, and 10.9 with enflurane.!®

Paroxysmal supraventricular tachy-
cardias (PSVTs) arise from the SA or AV
node, atrium, or an accessory AV connec-
tion. They are common arrhythmias that
are usually seen in cardiac surgical
patients (20-40%) but can develop in
patients undergoing noncardiac surgery
(usually major vascular, cancer, or ortho-
pedic procedures). The onset and termi-
nation of these rhythms are usually
abrupt, with rates between 120 and
300 beats per minute (bpm). The ECG
typically identifies the area of origin of
the ectopic conduction with a positive P
wave being present in SA-node reentry
PSVTs, absent or inverted P waves in AV-
node origin PSVTs, and altered P wave
morphology in intra-atrial reentry PSVTs.

The most common PSVT is atrial fibril-
lation (> 90% of SVTs in the postoperative
period). It can occur as the result of cardiac
disease, such as mitral valve disease, conges-
tive heart failure, coronary artery disease, or
pericarditis. It can also be the result of sys-
temic processes such as thyrotoxicosis, pul-
monary embolus, chronic obstructive pul-
monary disease (COPD), alcohol or caffeine
excess, or electrolyte disturbances. Changes
seen on the ECG are most evident in lead II
as an irregular rhythm.

Untreated PSVT can result in ventricu-
lar rates that exceed 120 to 200 bpm, which
can cause significant hemodynamic insta-

Perioperative Considerations

bility. If uncontrolled ventricular rates
occur acutely in the perioperative period,
prompt treatment is necessary. Rate con-
trol is achieved with verapamil (a calcium
channel blocker noted for decreasing con-
duction at the AV node), digoxin, or
esmolol (a Pi-selective blocker). If patients
do not convert to sinus rhythm with these
agents, electrocardioversion with prior
anticoagulation is attempted.

It is interesting to note that a recently
performed meta-analysis has demonstrat-
ed that B-blockers reduce the incidence of
postoperative atrial fibrillation, whereas
digoxin and verapamil have no effect. If a
PSVT is detected upon routine monitor-
ing, patients should be referred for further
evaluation. Acute evaluation is required if
the individual is symptomatic and/or the
rate is poorly controlled. A complete dis-
cussion of the causes and treatment proto-
cols of PSVTs is beyond the scope of this
chapter. The reader is hereby referred to
the most recent advanced cardiac life sup-
port protocols released by the American
Heart Association.'?

Abnormal conduction pathways can
present as an irregular rhythm. Wolft-
Parkinson-White syndrome is a condi-
tion in which such a pathway connects
the atria to the ventricles, bypassing the
AV junction through the bundles of Kent.
As a result of impulses traveling through
this accessory pathway, the electrocardio-
gram demonstrates a shortened P-R
interval (< 0.12 s), a wide QRS complex
(>0.10 s), and a characteristic slurring of
the upstroke of the R wave (called a delta
wave) (Figure 3-1). This extra or accesso-
ry electric pathway is present in approxi-
mately 1.5 per 1,000 people. It runs in
families in < 1% of cases. In the majority
of individuals, it is completely silent and
is only detected on a routine ECG. In a
small proportion of patients, the extra
electric pathway generates an electric cir-
cuit that produces a very rapid heart rate.
Most patients tolerate this well, but some
experience very troublesome palpitations,
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P wave
Fusion

Delta wave

FIGURE 3-1 Demonstration of the delta wave in Wolff-
Parkinson-White syndrome.

light-headedness, and blackouts. A very
small minority of patients may die sud-
denly from ventricular fibrillation. The
ideal treatment in patients with symp-
toms is to destroy the extra electric path-
way using
Younger patients (< 25 yr) are most at
risk of sudden death and require further
tests to assess their possibility of develop-

radiofrequency ablation.

ing life-threatening electric disturbances.
This is best done with an exercise test
under the supervision of a cardiologist.
The abrupt disappearance of the delta
wave on the ECG as the heart rate
increases is a good sign, obviating the
need for further investigation. If this does
not happen, further electrophysiologic
testing is recommended.!”

Ventricular arrhythmias can be clas-
sified as benign, potentially malignant,
and malignant. Benign ventricular ectopy
(ie, premature ventricular contraction)
occurs in a normal heart with or without
a previous history of arrhythmias, is
asymptomatic, and generally does not
warrant treatment unless hemodynamic
perturbations are noted. Nonspecific car-
diac challenges such as hypoxemia,
hypercarbia, acidemia, sympathetic
surge, drug effects, and electrolyte distur-
bances should be investigated and treated
as necessary. A recently completed study
demonstrated a 6.3% incidence of pre-

mature ventricular beats, but only 0.62%
suffered severe adverse outcomes, which,
according to the author, may have been
related more to the aggressive treatment
employed in these cases. More than six
premature ventricular contractions per
minute, especially if they are multifocal,
are considered to be ventricular tachycar-
dia and should be treated accordingly.'®
Ventricular tachycardia with a pulse is
treated using cardioversion or antiar-
rhythmia medication in a controlled
monitored setting. Pulseless ventricular
tachycardia is managed in the same man-
fibrillation, as
described below. After assessing an
unconscious victim for responsiveness,
breathing, and a pulse, the airway should
be opened, two rescue breaths given, and
cardiopulmonary resuscitation initiated
until a defibrillator is obtained. The
rhythm should be assessed, and if ven-
tricular tachycardia without a pulse or

ner as ventricular

ventricular fibrillation is detected, pro-
gressive electric shocks should be admin-
istered at 200 J, 200 to 300 J, and 360 J
using a conventional defibrillator or an
automatic external defibrillator.
energy is needed for a biphasic defibrilla-
tor (eg, 120 J, 150 J, and 200 J). If the
rhythm is persistent, epinephrine in 1 mg
doses every 3 to 5 minutes or vasopressin
as a single 40-unit dose should be admin-

Less

istered. Defibrillation at maximum dose
(360 ] or the biphasic equivalent) should
be repeated after the catecholamine (epi-
nephrine or vasopressin dose). If unsuc-
cessful, doses of amiodarone, lidocaine,
procainamide, or magnesium may be
attempted followed by defibrillation at a
maximal dose. For the most part, these
drugs have only preventive roles in case of
recurrence of the arrhythmia.'>!”

Automatic Implantable
Cardioverter Defibrillators
and Pacemakers

The first automatic implantable cardiovert-
er defibrillator (AICD) was placed in 1980

and became commercially available in
1986. In recent years the use of AICDs has
become widespread and has significantly
reduced cardiac death in this susceptible
population from 40 to 60% to < 2 to 3%
over a 3-year postimplantation period.
They are primarily used in cases of ventric-
ular ectopy or spontaneous/recurrent
episodes of ventricular tachycardia/fibrilla-
tion despite drug therapies. For the practi-
tioner treating an individual with an AICD,
it is important to realize that basic and
advanced cardiac resuscitation should pro-
ceed as if the individual does not have the
device. The shock delivered by the appli-
ance may be discernible but does not pose
any risk to the caregiver. The proper func-
tioning of the device should be checked
after resuscitation. In addition, the use of
magnetic resonance imaging (MRI) is con-
traindicated when the device is in place.
Since electrocautery can cause the device to
administer an inappropriate shock, the
device should be inactivated prior to using
any electrosurgical equipment.

Presently there are over 1,500 types of
pacemakers working in over two million
individuals. In general, they are used for
bradycardia and to prevent resultant
low—cardiac output states. Modern devices
adapt the rate to the metabolic needs of the
patient. Sensors of oxygen saturation, right
ventricular pressure, central venous blood
temperature, and body movements help to
adapt the rate. No pacemaker beats are
observed if the intrinsic rate is greater than
the threshold of the pacemaker. If the pace-
maker is functioning, there should be a
pacemaker spike on the down slope of the R
wave, ST segment, or T wave with a QRS
complex following in a one-to-one rela-
tionship. Pacemaker failure in the perioper-
ative period can occur as a result of hypo-
or hyperkalemia, hypo- or hyperventila-
tion, or acute ischemia. Some pacemaker
generators can be affected by electro-
cautery. It is advisable to use bipolar cautery
with the lowest possible current and to
avoid using cautery within 13 cm of the



pacemaker (usually located in the subpec-
toral region or “beltline” of the anterior
abdominal wall). Avoidance of the use of
MRI is advisable as well. A discussion with
the patient’s cardiologist prior to surgery is
prudent.'’

Electrolytes and
Acid-Base Disturbances

With any arrhythmia, coexisting acid base
and electrolyte disturbances should be
identified and corrected. Part of the periop-
erative assessment of hypoxia is the mainte-
nance of acid-base balance. Normal pH of
arterial blood is 7.4 and is maintained to
within 0.05 (ie, the normal pH range of the
blood is 7.35 to 7.45). The main buffering
of acids occurs through the lungs (through
the conversion of carbonic acid [H,COs] to
CO;and H,O) and the kidney (through the
base bicarbonate [NaHCOs]).

Respiratory acidosis occurs when the
lungs are not exhaling CO, adequately.
This can occur with emphysema or respi-
ratory depressive states such as overseda-
tion, respiratory insufficiency, and arrest.
Conversely, respiratory alkalosis occurs
when too much CO, is expelled as in
hyperventilation, neurogenic disorders,
and salicylate toxicity (which, interesting-
ly, is accompanied by metabolic acidosis).

Metabolic acidosis is caused by a
deficit of the base bicarbonate. Normally
there is an H,COs-to-NaHCOs ratio of
1:20. H* is excreted in the urine, and bicar-
bonate is reabsorbed into the renal tubules
to maintain this ratio. With the presence of
excess acid, the bicarbonate combines with
this source of H, is excreted, and is there-
fore no longer available for its usual
buffering role. This results in an upset of
the 1:20 ratio and acidosis. Lactic acid
from muscle activity or anaerobic condi-
tions, diabetic ketoacidosis, renal failure,
or exogenous sources such as methanol,
ethanol, or paraldehyde can all serve as the
alternative acid source. A method to deter-
mine whether metabolic acidosis is pre-

sent is to calculate an anion gap (if infor-
mation on electrolytes is available):

Anion gap = Na* — ([C17] + [HCOs7])

A normal range is 10 to 14 mEq/L.
Metabolic alkalosis is caused by a rel-
ative increase in bicarbonate. Only rarely
is this caused by the exogenous adminis-
tration of bicarbonate since the kidney
normally excretes excess bicarbonate in
an individual who is well hydrated and
has good kidney function. More com-
monly this condition occurs owing to
electrolyte disturbances such as occur as a
result of vomiting, nasogastric suctioning,
or diuretic use. Primarily this can occur
through shifts in intracellular potassium.
Hypokalemia increases the excitability
and automaticity of cardiac muscle,
increasing the possibility of arrhythmias.
Hypomagnesmia can potentiate this effect
by decreasing the extrusion of intracellular
calcium, which is also arrhythmogenic in
cardiac conduction cells. Assessment of
electrolytes and their correction is there-
fore warranted in acid-base perturbations.

Examples of Acid-Base Analysis

1. Note the pH value: pH < 7.35 = acido-
sis; pH > 7.45 = alkalosis.

2. Note the value of partial pressure of
carbon dioxide
(PaCO; value).

If it is the same sign as the pH, the
condition is metabolic in nature. If it

in arterial blood

is the opposite in sign, the condition is
respiratory. Therefore, pH < 7.35 and
PaCO, < 40 mm Hg indicate metabol-
ic acidosis; pH < 7.35 and PaCO,
> 40 mm Hg signify respiratory acidosis.

This represents a method of
analysis that is easy to remember. The
basis involves the underlying cause of
each condition. Respiratory acidosis is
primarily caused by an elevation of
CO,, causing a compensatory eleva-
tion of carbonic acid in the lung with

Perioperative Considerations

a resultant decreased pH. Metabolic
acidosis is caused by the addition of an
acid source to the normal acid-base
buffering system. This acid source
lowers the pH. One of the methods of
buffering this acid is the carbonic acid
system in the lung. Respiration rate
and depth increase in an attempt to
eliminate the additional CO, pro-
duced, lowering the CO,. Ultimately,
however, this system cannot eliminate
all of the additional acid and maintain
the normal acid-base ratio.'®

The cause of alkalosis can be
determined in a similar manner: pH
> 7.45 and PaCO, > 40 mm Hg indi-
cate a metabolic condition; pH > 7.45
and PaCO, < 40 mm Hg signify respi-
ratory alkalosis.

3. Confirm the acid-base relationship

through analysis of the bicarbonate
level (assuming normal kidney com-
pensations are present).
In respiratory acidosis the kidney
should retain bicarbonate and reestab-
lish the normal 1:20 acid-to-base ratio
(ie, the bicarbonate level should remain
at its normal value of 24 mEq/L). In
metabolic acidosis there is usually a
bicarbonate deficit (ie, bicarbonate
level < 24 mEq/L).

Case Example 1 A 54-year-old man is
referred for lethargy. A review of systems
reveals polydypsia, polyphagia, and polyuria.
His laboratory results are as follows: arterial
blood gases reveal a pH of 7.22, PaCO, of
24 mm Hg, and HCOs™ of 12 mEq/L. Serum
chemistries reveal Na =130 mEq/L, CI- =
94 mEq/L, K = 4.5 mEq/L, and glucose =
600 mg/dL.

In this example, the pH is < 7.35;
therefore, it is a case of acidosis. The PaCO,
is < 40 mm Hg; therefore, the process is
metabolic acidosis. The bicarbonate level
(12 mEq/L) confirms a relative bicarbonate
deficiency consistent with metabolic acido-
sis. An anion gap analysis is as follows:
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Nat - ([C17] + [HCOs57])
130 — (12 + 94)=31.5

This reveals the presence of an anion gap
metabolic acidosis, consistent with dia-
betic ketoacidosis based on the clinical
presentation and elevated glucose level
(600 mg/dL).

Case Example 2 A 75-year-old woman
was recently started on furosemide to treat
pedal edema. She describes a loss of ener-
gy and a light-headed sensation when aris-
ing from a seated position. Her arterial
blood gases indicate a pH of 7.53, PaCO,
of 52 mm Hg, and HCO;™ of 32 mEq/L.
Serum chemistries show the following lev-
els: Na = 129 mEq/L, CI" = 90 mEq/L,
K = 3.0 mEq/L, and glucose = 120 mg/dL.

In this case, the pH (7.53) and PaCO;
(52 mm Hg) reveal the presence of an
alkalotic state. This is confirmed by the
bicarbonate level (32 mEq/L). Metabolic
alkalosis is often caused by secondary vol-
ume depletion with resultant electrolyte
shifts. The loss of intracellular potassium
can cause the shift of protons (H") into the
cell to maintain neutrality.

Renal Insufficiency

It is interesting to note that an elevated cre-
atinine is presently included as a factor in
risk assessment for surgery.’ Acute renal
failure is primarily a result of intraopera-
tive renal hypoperfusion. It is usually seen
in cardiopulmonary bypass procedures
and thoracoabdominal and abdominal
aortic aneurysm repairs, where its inci-
dence is reported to be as high as 15%,
25%, and 5.4%, respectively.>! In addi-
tion to surgical type, preoperative renal
insufficiency is the single consistent pre-
dictor of postoperative renal failure."”
Additional insults that may further predis-
pose a patient to perioperative kidney fail-
ure are the presence of an already ischemic
state caused by renal artery stenosis, vol-
ume depletion, and diabetes, or a recent
acute ischemic event caused by hemor-

rhage or exposure to radiocontrast agents.
Many other conditions can predispose the
kidneys to ischemic injury, including sep-
sis, cirrhosis, jaundice, hepatorenal syn-
drome, congestive heart failure, shock,
malignant hypertension, preeclampsia,
sickle cell anemia, collagen vascular dis-
eases, and multiple myeloma. Many drugs
also potentiate the risk of ischemic renal
injury through alterations in intrarenal
hemodynamics, including angiotensin-
converting enzyme inhibitors, nonsteroidal
anti-inflammatory drugs, cyclosporine,
tacrolimus, and amphotericin B.!?

The most susceptible area to ischemic
injury is the tubular cells of the thick
ascending loop of Henle and a portion of
the proximal convoluted tubules located in
the renal medulla (Figure 3-2). The cells in
this region are rich in mitochondria and
are responsible primarily for chloride ion
absorption. A combination of low blood
flow (compared with that in the renal cor-
tex) and high metabolic demand accounts
for this susceptibility. Initially there is a
loss of urine-concentrating ability as the
normal medullary gradient dissipates, fol-
lowed by a decline in urine output as
tubules become obstructed and denuded.

Traditionally, the management of
acute renal failure has been the mainte-
nance of urine output through the use of
intravenous hydration and diuretics such
as furosemide and mannitol in addition to
low-dose dopamine to maintain renal per-
fusion. Recently this practice has come into
question since increasing renal blood flow
elevates the oxygen demand at the medulla
and may lead to further injury.!” Present
research is directed at regulating renal
vasoactive substances discovered in animal
models including prostaglandins (especial-
ly prostaglandin E,), angiotensin II, nitric
oxide, endothelin, and adenosine.??

Since volume depletion and hypoten-
sion are risk factors for the development of
acute renal failure, preoperative testing of
blood urea nitrogen and creatinine should
be conducted in patients with a known his-

tory of renal insufficiency or a disease
mechanism (eg, diabetes mellitus) in which
kidney damage may be present and signifi-
cant volume loss or hypotension may occur.
In addition, the use of intraoperative inva-
sive monitoring (ie, central venous pressure
or pulmonary capillary wedge pressure)
may be warranted in these cases."”

Pulmonary Assessment

Asthma

Asthma is a disease characterized by an
episodic variable airflow obstruction with
increased airway reactivity. Recently the
importance of submucosal inflammation
and its control in managing asthma has
been stressed. Bronchoconstriction in asth-
matics is triggered by a stimulus such as an
antigen, exercise, or exposure to cold. The
trigger elicits an acute inflammatory cas-
cade, characterized by degranulation of
mast cells and activation of eosinophils and
macrophages in the airway. Released
leukotrienes, histamines, and bradykinins
increase vascular permeability and resul-
tant edema. The airways fill with mucus
and inflammatory cells, and smooth mus-
cles contract as a response to released medi-
ators and an increased cholinergic tone.?**

Heightened airway responsiveness can
increase the likelihood or severity of bron-
chospasm under anesthesia. Aspects of the
patient’s history that may indicate the poten-
tial for problems to arise include frequent
nocturnal awakenings from bronchospasm,
increased necessity for inhaler use, recent
hospitalizations or emergency department
visits, a change in the amount or quality of
secretions, or a recent viral illness or cold
symptoms. Spirometry is helpful in the ini-
tial diagnosis and chronic management of
reactive airway disease. Its routine use adds
little information to the preoperative assess-
ment that cannot be ascertained by the
recent history and physical examination.
Repeat assessments over time can be helpful,
however, as subtle changes in flow rates can
be detected by spirometry before they
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become symptomatic; this allows preventive
treatment to be initiated.

The most common parameters that
are assessed over time are the forced expi-
ratory volume generated in the first sec-
ond of exhalation and the peak expiratory
flow rate (Figure 3-3).%6 These parameters
can be measured with inexpensive hand-
held devices. A 20% variation in peak
expiratory flow rates is normal. Rates that
fall to 50 to 80% below normal are consid-
ered a moderate exacerbation. Flow rates
< 50% of baseline are considered severe
and require prompt medical attention.

The term reactive airway disease is
considered by some individuals to be syn-
onymous with asthma. However, airway
reactivity is also increased owing to aller-
gic rhinitis, bronchitis, emphysema, and
respiratory viral infections. Bronchospasm
is a physical sign of acute increased airway
resistance. It is associated with tachypnea,
wheezing, air trapping, and worsened gas
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exchange. Under anesthesia wheezing and
bronchospasm can occur with or without
a prior history of reactive airway disease.
Most wheezing is self-limited and requires
no intervention, but it can indicate the ini-
tiation of a more severe bronchospasm.
Patients with symptoms of bronchospasm
preoperatively should have elective proce-
dures postponed.?®

Whereas asthmatics have chronic
hyperactivity of the airways, patients with
upper respiratory tract infections (URIs)
have acute airway reactivity that can last up
to 6 weeks after recovery from the initial
infection. Airway hyperactivity in URIs is
neurally mediated with an increase in
vagal-mediated bronchoconstriction. Chil-
dren with a concomitant URI are especial-
ly susceptible to bronchospasm. These chil-
dren are two to seven times more likely to
have adverse events in the perioperative
period, and there is an increased risk of

postoperative desaturation in these

patients. The risks are highest in those
patients undergoing endotracheal intuba-
tion (in whom there is an 11-fold increase
in perioperative respiratory complica-
tions). Definitive criteria for canceling a
surgery to be performed under sedation or
general anesthesia have not been estab-
lished, and the decision is often subjective.
Suggested criteria for cancellation include
the necessity of endotracheal intubation,
parental observation that the child is acute-
ly ill the day of surgery, the presence of
nasal congestion and cough, concomitant
exposure to passive smoke, and active spu-
tum production. Most surgeons agree that
the planned surgery, if elective, should be
postponed until after the acute symptoms
have resolved and have not recurred for a
3-week period after the initial evaluation.?”

Treatment of a Reactive Airway

Inhaled short-acting 3,-adrenergic agonists
are the drug of first choice for the treatment
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FIGURE 3-3  Comparison of forced expiratory volume in 1 second (FEV)) and forced vital capacity
(FVC) in a patient with obstructive lung disease (A) and a normal individual (B).

of acute bronchospasm. [3,-Agonists direct-
ly relax smooth muscle, aid in the stabiliza-
tion of mast cells, and inhibit the release of
acetylcholine from postganglionic choliner-
gic nerves. The inhibition of the cholinergic
response is important because bron-
chospasm during a surgery is often mediat-
ed by a vagal response. Doses should be lim-
ited by side effects rather than by an
arbitrary number of inhalations. In general,
intubated patients require twice the drug
dose since the delivery of drug through the
endotracheal tube is inefficient. If the
patient is unconscious, the B,-agonist can be
delivered subcutaneously or intravenously,
usually as epinephrine. Intravenous epi-
nephrine can be used safely in low doses,
but dysrhythmias and other undesirable
effects may occur in older individuals.

Glucocorticoids are useful in asthma in
patients who have not adequately respond-
ed to P.-agonists. Their reported benefits
include reduction of inflammation, hista-
mine, and arachidonic acid metabolites.
Anticholinergic drugs such as ipratropium
cause bronchodilation directly and blunt
bronchoconstriction from cholinergic-
mediated triggers. Both steroids and anti-
cholinergic agents enhance the activity of
[3,-agonists but are not indicated for acute
exacerbations of bronchospasm.

In the past theophylline was fre-
quently recommended for acute exacer-
bations of bronchospasm; however, this
has been encouraged less in recent years
since its potency as a bronchodilator is
less than the B,-agonists and it frequently
produces toxicity and undesirable side

effects including dysrhythmias. In some
patients with chronic asthma or COPD,
theophylline can decrease the severity
and frequency of attacks and decrease
steroid requirements. Its mechanism of
action also has been questioned recently.
Although it does increase concentrations
of cyclic nucleotides (ie, cyclic adenosine
monophosphate) in airway smooth mus-
cle and inflammatory cells by inhibiting
the phosphodiesterase isozyme, it also
has been demonstrated in dogs to pro-
duce bronchodilation by increasing the
release of endogenous catecholamines.
(Halothane appears to block this effect.)
The drug also acts as an adenosine-recep-
tor antagonist, which may help to medi-
ate its effects on ventilation and mediator
release.”® Cromolyn sodium reduces the
degranulation of mast cells, inhibiting the
release of histamine and leukotrienes. As
such, it is useful as a prophylaxis against
acute attacks in patients with asthma. It
has no beneficial value in the manage-
ment of acute bronchoconstriction. The
latest approach in reactive airway man-
agement is to block the conversion of
arachidonic acid to leukotrienes. Similar
to other measures that are directed at
reduction of the inflammatory response,
these medications prevent acute exacer-
bations of asthma or bronchospasm but
are not appropriate for acute attacks. An
example of a leukotriene inhibitor is
montelukast sodium, which specifically
blocks the leukotriene Dy receptor.

Respiratory arrest in the perioperative
period is commonly caused by airway
obstruction, laryngospasm, or a foreign
body in the airway. A further differential
diagnosis and treatment algorithm is pro-
vided in Figure 3-4.2%3

Perioperative Effects of Tobacco
Smoking

Cigarette smoke contains over 3,000 con-
stituents, some of which are toxic or
tumorigenic. Carbon monoxide, produced
as an end product of burning tobacco, has



a 200 times greater affinity than oxygen for
the hemoglobin (Hb) molecule. Carboxy-
hemoglobin, which can be as high as 15%,
predisposes a patient to perioperative
hypoxia. Pulse oximetry fails to recognize
the presence of carboxyhemoglobin
(COHDb) as distinct from oxyhemoglobin.
Therefore, a patient with 10% COHb may
display a saturation of 100% when, in fact,
the actual saturation may be closer to 90%.
In addition, carboxyhemoglobin has the
effect of shifting the oxygen dissociation
curve to the left (ie, less oxygen is delivered
to tissues; Figure 3-5). The relative hypoxia
detected by the body (more specifically, the
kidneys) results in an increased release of
erythropoietin with a resultant thrombo-
cytosis. In addition, carbon monoxide has
a direct effect on the myocardium with
increased automaticity and a lower thresh-
old for ventricular fibrillation.*!

The pulse oximeter functions by posi-
tioning a pulsating arterial bed between a
two-wavelength light-emitting diode and a
detector (photodiode). One wavelength is
660 nm (red), and the other is 940 nm
(infrared). Oxygenated hemoglobin
absorbs more of the 940 nm wavelength
than does reduced hemoglobin, which, in
turn, absorbs more of the 660 nm wave-
length. The percent saturation reading
(SpO2%) is determined from the ratio of
oxygenated hemoglobin to the total hemo-
globin. A common difficulty in determin-
ing SpO; occurs secondary to changes in
the strength of the arterial pulse or patient
movement, resulting in either no signal or
artificially low readings. Causes of these
errors include hypothermia, hypotension,
the use of vasopressors, electrocautery,
artificial or opaque nail finishes, and addi-
tional monitors such as an automatic
blood pressure cuff or arterial line on the
same arm. The effects of other potential
sources of error in SpO, measurement are
given in Table 3-5.%

Nicotine as a vasoconstrictor can have
a significant effect on the cardiovascular
system. Similar to other vasoconstrictors,

Ventilation—none or partial
Oxygenation—falling SpO,

l

In all cases:
Supplemental O,
Jaw repositioning

l

Able to ventilate?
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¢No

Consider laryngospasm:
Positive pressure O,
Suction pharynx
Succinylcholine IV
* 10 mg; 20—40 mg (0.15-0.3 mg/kg)
¢ 0.6—-1.5 mg/kg IV; 4 mg/kg IM
Support ventilation

!

Able to ventilate?

#No

Consider bronchospasm:
Inhaled B2-agonist

Yes

Yes

Yes

Intubation
Epinephrine 0.3-0.5 mg

j——

Able to ventilate?

e |V: 3-5 cc of 1:10,000
¢ SQ: 0.3-0.5 cc of 1:1,000

No

Support ventilation

Other considerations:

Foreign body

e Heimlich

 Laryngoscopy

e Transtracheal catheter

* Cricothyrotomy

* Tracheostomy
Endotracheal tube position
"Stiff chest"

syndrome (fentanyl)
Tracheal stenosis
Hematoma
Hypocalcemia

FIGURE 3-4 Respiratory arrest algorithm. Adapted from American Association of Oral and Maxillofacial

Surgeons®; American Heart Association.*

increases in heart rate, blood pressure, and
peripheral vascular resistance are seen sec-
ondary to the activation of the sympathet-
ic nervous system and the release of cate-
cholamines from the adrenal medulla.
This effect persists for 30 minutes after
smoking a cigarette. Coronary artery vas-
cular resistance is similarly affected,
potentially leading to further limited
blood flow in areas predisposed to
ischemia. Nicotine can also lower the
threshold for ventricular fibrillation. Car-
bon monoxide and nicotine have a rela-
tively short half-life (carbon monoxide ¢/,
= 4 h; nicotine ;5 = 30—60 min). With
regard to potential cardiac complications,
there is a direct benefit of abstinence from
smoking for 12 to 24 hours.
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FIGURE 3-5 Oxygen dissociation curve. DPG = 2,3-
diphosphoglycerate.
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Table 3-5 Some Sources of Error in Pulse Oximetry

Carboxyhemoglobinemia

Methemoglobinemia

Hyperbilirubinemia,
hyperalimentation,
hyperlipidemia

Venous pulsations

Falsely high SpO,

Falsely low readings,
approaching 85%

Overestimation of SpO,
owing to interference
of light transmission

Falsely low SpO;

Increase ventilation,
eliminate rebreathing

Administer methylene blue

Eliminate causative agent

Change site

SpO, = percent saturation of oxygen.

and Schneider RE.*

© 1992. Reproduced with permission of Alliance Communication Group, a division of Allen Press, Inc., from Mardirossan G

Unfortunately, detrimental effects on
ciliary function and mucus overproduc-
tion by respiratory mucosa as a response
to tobacco can last for months after smok-
ing cessation. Additional detrimental
effects include increased bronchial reactiv-
ity, macrophage dysfunction, and changes
in pulmonary surfactant. Assuming a
smoker has not had long-term deleterious
effects related to COPD, these changes
require 6 to 8 weeks for complete reversal.
Postoperative pulmonary complications
including atelectasis, pneumonia, and
bronchospasm are much more likely to
occur in individuals who smoke.

Interestingly, increased pulmonary
complications have been demonstrated
when a patient ceases smoking < 8 weeks
prior to a planned surgery. Therefore, rec-
ommendations to the smoking patient
should include at least a 12- to 24-hour
smoking “fast” or, more desirably, a cessa-
tion of smoking for 8 weeks or more.
Patients should be counseled that cessa-
tion for periods < 8 weeks may actually
predispose the individual to increased pul-
monary complications.*

In recent studies the effects of second-
hand or passive smoke have been ana-
lyzed. The risks of chronic bronchitis,
asthma, and wheezing were all higher in
patients exposed to involuntary tobacco
exposure, especially in the workplace with
a daily exposure of > 8 h/d. The exposure

levels in the workplace have been estimat-
ed to be higher than at home, and the time
spent at work is usually longer. It is pru-
dent to determine secondhand smoke
exposure in the perioperative manage-

ment of the surgical patient.*

Obesity

The difference between normality and obesi-
ty is arbitrary, but an individual with
increased fat tissue to such an extent that
physical and mental health are affected and
life expectancy is reduced should be consid-
ered obese. Body mass index (BMI) is wide-
ly used in clinical and epidemiologic studies.
It is the ratio of body weight (in kilograms)
to height (in meters squared). A patient with
a BMI of < 25 kg/m?is considered normal. A
patient with a BMI of 25 to 30 kg/m? is over-
weight but at relatively low risk for serious
medical complications; one with a BMI of
> 30 kg/m? is obese with a higher risk of
morbidity and mortality. Morbidly obese
individuals have an increased risk of death
from cardiorespiratory and cerebrovascular
disorders, diabetes mellitus, and certain
forms of cancer in addition to many other
diseases. These risks are proportional to the
duration of obesity. Weight loss reduces the
risks but only over time; weight reduction
immediately prior to surgery has not been
shown to reduce perioperative risk.’>
Approximately 5% of obese individu-
als have obstructive sleep apnea (OSA),

which is characterized by episodes of
apnea or hypopnea during sleep. Obstruc-
tive apnea is characterized by apnea
despite a continuous respiratory effort
against a closed airway. Central apnea is
characterized by the loss of ventilatory
effort. Many patients diagnosed with OSA
can have periods of central apnea during
sleep as well. Apnea is typically defined as
10 seconds or more of total cessation of
airflow. Hypopnea is defined as a reduc-
tion in airflow (typically 30-50%) or a
reduction sufficient to lead to a 4%
decrease in arterial oxygen saturation. The
number of apneic or hypopneic episodes
believed to be significant is five or more
per hour. The exact number is arbitrary,
as are the definitions of apnea and hypop-
nea used by various sleep laboratories.
Often individuals with OSA are noted to
have nocturnal snoring and daytime
hypersomnolence. OSA can lead to hyper-
capnia, systemic and pulmonary hyper-
tension, and cardiac arrhythmias.

In the perioperative period, episodes
of OSA are most frequent during rapid eye
movement sleep, the extent of which is rel-
atively low in the initial postoperative
period but in excess on the third to fifth
postoperative nights. Caution should
therefore be exercised any time anesthetic
agents are used in a patient with a history
or signs and symptoms consistent with
OSA. In addition, the continued use of
medical therapies including continuous
positive airway pressure should be stressed
in the perioperative period.*’

Morbid obesity is characterized by
reductions in functional residual capacity
(the volume remaining in the lungs after a
normal quiet expiration), expiratory
reserve volume (the volume of air that can
forcefully be expired after a normal resting
expiration), and total lung capacity. These
changes have been attributed to mass
loading and splinting of the diaphragm
(Figure 3-6). Anesthesia compounds these
problems and impairs the ability of the
obese to tolerate periods of apnea.’®!



Ventilation and Capnography

Capnography is defined as the measure-
ment and display of exhaled carbon diox-
ide. Increases in end-tidal CO, combined
with decreases in the respiratory rate of the
individual have been demonstrated to be
an effective way to detect hypoventilation
and respiratory depression. Pulse oximetry,
in contrast, indirectly measures oxygena-
tion (partial pressure of oxygen in arterial
blood). Based on the oxygen-hemoglobin
dissociation curve (see Figure 3-5), there
can be a significant decline in oxygen satu-
ration that can go initially undetected by
the pulse oximeter. Capnography, by
detecting hypoventilation, may be used to
prevent hypoxia; upon noting hypoventila-
tion, the practitioner can take measures to
improve patient ventilation. Proponents of
capnography for non intubated sedation
advocate its use over other forms of venti-
latory monitors that can experience inter-
ference from operatory noise, clothing, or
surgical drapes. These methods include
observation of chest wall movements,
plethysmography, auscultation of breath
sounds (precordial stethoscope), or palpa-
tion or movement of the reservoir bag.

Opponents to the use of capnography for
nonintubated sedation cite sampling
errors, particularly in individuals who are
mouth breathing when nasal sampling is
being used.’®40

Endocrine Assessment

Diabetes Mellitus

Perioperative care of the diabetic patient
depends on identification and assessment
of the current status of end-organ disease.
Long-standing diabetics frequently have
compromise in one or more organ system.
Commonly associated diseases include
atherosclerosis, coronary artery disease,
hypertension, cardiomyopathy, cerebrovas-
cular disease, peripheral vascular disease,
peripheral and autonomic neuropathy,
and/or renal insufficiency. Preoperative
evaluation should focus on these concerns,
and events of prior surgeries should be
reviewed. For more complex procedures,
laboratory values that may be reviewed
include blood glucose, blood urea nitro-
gen, creatinine, urinalysis (for glucose,
ketones, and proteins), and glycosylated
hemoglobin (Hb Aj.) levels. Hb A levels

TLC

Maximal inspiratory level

TAVAVAY,

[\ /

Resting expiratory level

Maximal expiratory level

FIGURE 3-6 Summary of lung volumes and capacities. ERV = expiratory reserve volume; FRC =
functional residual capacity; IC = inspiratory capacity; IRV = inspiratory reserve volume; RV = resid-
ual volume; TLC = total lung capacity; TV = tidal volume; VC = vital capacity.
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reflect the adequacy of glucose control
during the previous 1 to 3 months. Levels
in nondiabetics range from 5 to 7% of
hemoglobin. Levels in diabetics with poor
long-term glucose control exceed 8%.
With more procedures being per-
formed on an outpatient basis and the
length of hospital stays being shortened
dramatically, perioperative management
of the diabetic patient has become more
complicated. Many factors are present
that determine the glycemic response,
including insulin secretion, insulin sensi-
tivity, overall metabolism, and nutrition-
al intake in addition to the stress and
length of the procedure. Surgical stress
and some general anesthetic agents,
themselves, are associated with increases
in the counter-regulatory hormones epi-
nephrine, norepinephrine,
growth hormone, and cortisol. The effect

glucagon,

of these hormones is to elevate insulin
resistance, which increases hepatic glu-
cose production and decreases peripheral
glucose use. Patients receiving pharmaco-
logic therapy to control their diabetes
may also be susceptible to hypoglycemia,
especially when fasting preoperatively.
Although hypoglycemia can cause signif-
icant morbidity, marked hyperglycemia
should also be avoided since it can lead to
dehydration and electrolyte disturbances
and impaired wound healing and predis-
pose to infection or diabetic ketoacidosis
in the patient with type 1 DM. This is not
to say that patients with historically poor
control of their disease should be rapidly
normalized presurgically; little evidence
supports this approach. In general, the
goal for glucose control during surgery
should be between 150 and 200 mg/dL.
The more unstable the diabetes, the more
frequently this level should be assessed in
the perioperative period.

As in all patients, underlying cardiac,
pulmonary, renal, and electrolyte distur-
bances and anemia should be evaluated.
Assessment should include a focus on the
microvascular (ie, renal insufficiency,
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retinopathy), macrovascular (including
atherosclerosis, coronary artery disease,
hypertension), and neuropathic signs relat-
ed to poor diabetes control. Medication
use and insulin regimen should be record-
ed. Management of the patient should be
coordinated with the individual who man-
ages the patient’s daily protocol. The fol-
lowing are recommended guidelines in the
management of patients with diabetes who
require a period of nothing by mouth prior
to their planned procedure.

Type 2 DM Controlled by Diet Only
Measurement of blood glucose should be
considered prior to the procedure, after
the procedure, and intraoperatively for
longer surgeries. Hyperglycemia is treated
with short-acting insulin (regular or
lispro), usually administered subcuta-
neously. It is prudent to remind patients
prior to discharge of the signs and symp-
toms of hyperglycemia (discussed below)
and to reinforce guidelines for contacting
their physician.

Type 2 DM Treated with Oral Hypo-
glycemic Agents Oral hypoglycemic
agents are generally administered the day
prior to surgery and withheld the day of
surgery. If patients manifest marked
hyperglycemia, supplemental insulin may
be indicated; the surgery may be per-
formed if electrolyte levels are acceptable.
Table 3-6 provides information on com-
mon oral hypoglycemic agents.

Types 1 and 2 DM Treated with Insulin
For individuals who take long-acting insulin
(ie, extended zinc suspension or glargine;
Table 3-7), a switch to an intermediate-acting
type is initiated a day or two prior to surgery.
The regulation of intermediate insulin is then
adjusted based on the likelihood of the
patient eating lunch. If the likelihood of oral
intake at lunch time is high, two-thirds of the
normal intermediate dose is given on the
morning of the procedure. If the patient is
treated with a twice-daily dose of insulin,
then one-half of the total morning dose of
insulin (including short-acting) should be
administered in the morning as intermediate
insulin. If the likelihood of consuming lunch
is low, one-half of the total morning dose of
insulin (including short-acting) should be
administered as intermediate-acting insulin
for the patient treated with a single insulin
dose and one-third for those on a twice-daily
regimen. For the patient taking multiple
doses of short-acting insulin, one-third of the
pre-meal dose of short-acting insulin is
administered. Patients treated with continu-
ous insulin infusion therapy (with an insulin
pump) are treated with their usual basal infu-
sion rate.

Individual modifications of insulin
therapy may be required, and it is advisable
to discuss the management with the
patient’s physician. Procedures scheduled
later in the day can be more complex to
manage, and intravenous glucose infusion
and/or supplemental short-acting insulin
may be necessary. Long complex operative

Table 3-6 Mechanism of Action of Common Oral Hypoglycemic Agents

o-Glucosidase inhibitors

Biguanides Metformin
Thiazolidinediones

troglitazone
Sulfonylureas

Acarbose, miglitol

Pioglitazone, rosiglitazone,

Glipizide, chlorpropamide

and disaccharidases

Sensitize target tissue (muscle, fat) to

insulin action

Stimulate insulin secretion

Inhibit intestinal brush border oligo-

Improve peripheral glucose uptake

procedures may require intravenous insulin
regimens. Table 3-7 reviews the common
types of insulin and their onset, peak activ-
ity, and duration.

Hypoglycemia and Hyper-
glycemia: Identification and
Management

Direct neurologic symptoms and an
adrenergic response characterize the
manifestations of hypoglycemia. Neuro-
glycopenia generally begins with confu-
sion, irritability, fatigue, headache, and
somnolence. Prolonged severe hypo-
glycemia can cause seizures and even focal
neurologic deficits, coma, and death.
Therefore, any new neurologic symptom
in the postoperative period should be
investigated for hypoglycemia because
prolonged deficit of glucose can result in
irreversible neurologic deficits. The
adrenergic symptoms include anxiety,
restlessness, diaphoresis, tachycardia,
hypertension, arrhythmias, and angina
owing to catecholamine
response to hypoglycemia. Recognition of
perioperative hypoglycemia can be diffi-
cult initially because presenting symp-
toms can be altered or absent as a result of

release in

the effects of anesthetic agents, analgesics,
and sympatholytic agents. In addition,
diabetics with autonomic neuropathy
have blunting of the adrenergic response
associated with hypoglycemia.
Hypoglycemia is defined as glucose
< 50 mg/dL in adults and < 40 mg/dL in

No efficacy until patient is eating

May potentiate the risk of developing
lactic acidosis perioperatively

No increased incidence of lactic
acidosis

Higher potential for developing
perioperative hypoglycemia




Table 3-7 Onset, Peak, and Duration of Common Insulin Preparations

Rapid-acting Lispro
Aspart

Short-acting Regular

Intermediate-acting NPH

Zinc suspension

Prolonged intermediate-  Extended zinc

acting suspension
Long-acting Glargine
Premixed combination 70/30 or 50/50

insulin (NPH/regular)

5-15 min 30-75 min 2-4h

5-15 min 1-2h 3-6h

30-45 min 2-3 h 4-8h
2-4h 4-8h 10-16 h
2-4h 4-8 h 10-16 h
3-5h 8-12h 18-20 h
4-8h No peak 24h

30-60 min Early-late About 18 h

peak: 2-12 h

children. Its treatment is a glucose source
if oral intake is possible; however, to avoid
the risk of aspiration and delay in absorp-
tion, 50 mL of 50% (25 g) of glucose
should be administered intravenously.
Each milliliter of D50 raises the blood glu-
cose approximately 2 mg/dL. Glucagon
(1-2 mg), diazoxide, and octreotide have
been used but are typically reserved for
sulfonyl urea—induced hypoglycemia.

Perioperatively many regulatory hor-
mones that oppose insulin action are
released. Catecholamines, glucocorticoids,
growth hormone, and glucagons can cause
plasma glucose levels of > 180 mg/dL,
exceeding the capacity of the kidney and
resulting in glycosuria. Glucose-induced
diuresis can occur, resulting in dehydra-
tion or the formation of ketone bodies,
which, in turn, results in diabetic ketoaci-
dosis. Treatment includes the use of intra-
venous insulin and appropriate rehydra-
tion. One unit of regular insulin typically
lowers the glucose 25 to 30 mg/dL in a
70 kg individual. Subcuticular injection
should be avoided in the perioperative
period owing to unpredictable cutaneous
blood flow.*?

Adrenal Assessment

Adrenal insufficiency is classified as either
primary, owing to disease of the adrenal

glands themselves, or secondary, owing to
decreased adrenocorticotropic hormone
(ACTH) because of pituitary or hypothala-
mus disorders. Primary adrenal insufficien-
cy is also known as Addison’s disease and is
thought to be the result of an autoimmune
process. Other causes of primary adrenal
insufficiency include chronic granuloma-
tous disease including tuberculosis.

Secondary adrenal insufficiency is most
commonly seen in patients on chronic glu-
cocorticoid therapy. Patients on steroid
therapy may have ACTH suppression a full
year after steroid therapy. Symptoms
include fatigue, weakness, anorexia, nausea
and vomiting, and weight loss. Only in pri-
mary adrenal insufficiency is ACTH elevat-
ed, indirectly resulting in increased skin
pigmentation, especially in skinfolds. In
primary adrenal insufficiency, aldosterone
levels are low, resulting in dehydration with
hyponatremia and hyperkalemia since the
role of aldosterone in the kidney is resorp-
tion of sodium (and water) and excretion
of potassium. In secondary adrenal insuffi-
ciency, there are often other endocrine
abnormalities present.

In individuals with an intact hypo-
thalamic-pituitary-adrenal axis undergo-
ing a stressful event such as a surgical pro-
cedure, the adrenal glands increase their
baseline secretion of cortisol. Increasing

Perioperative Considerations

cortisol helps maintain hemodynamic sta-
bility in the face of stress. Patients with
long-term exogenous steroid use have a
blunted response to surgical stress com-
pared to that of normal controls, with
resultant lower cortisol levels.

Adrenal crisis is usually seen in patients
with adrenal suppression and is precipitat-
ed by a stressor, typically surgery, trauma,
or sepsis. Patients may experience
intractable nausea and vomiting, abdomi-
nal pain, fever, lethargy, and coma.
Hypotension and a narrow pulse pressure
(the difference between systolic and dias-
tolic pressure) are evident as shock ensues.
Based on these potential risks and anecdo-
tal reports published, supraphysiologic cor-
ticosteroid regimens have been recom-
mended for patients on exogenous steroids.

Recent evidence suggests that patients
on long-term steroids who receive no peri-
operative coverage suffer a 1 to 2% risk of
incurring a hypotensive crisis. Studies sup-
port maintaining patients on their daily
steroid dosage throughout the periopera-
tive period or providing smaller steroid
dosages rather than the supraphysiologic
dosages once routinely recommended. An
exception to this practice is the critically ill
patient, in whom supraphysiologic dosages
are often administered. An example of a
suggested steroid regimen based on the
degree of stress is provided in Table 3-8.4>%

Thyroid Assessment

affects
women, with a female-to-male ratio of
approximately 8:1. Common causes of
hyperthyroidism include Graves’ disease (a
toxic diffuse goiter secondary to an
autoimmune reaction caused by stimula-

Hyperthyroidism  primarily

tory antibodies to the thyroid-stimulating
hormone receptor), toxic nodular goiter,
exogenous thyroid hormone (iatrogenic),
and iodine administration. The effects of
excess thyroid hormone include tachycar-
dia, atrial fibrillation, premature ventricu-
lar contractions, worsening of angina pec-
toris, and high-output cardiac failure
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owing to increased B-receptor sensitivity.
Respiratory complications include impair-
ment and weakness of respiratory muscles
with associated tachypnea, and hypercar-
bia owing to the associated hypermetabol-
ic state. Patients may be hypovolemic sec-
ondary to diarrhea and hyperthermia.
Exophthalmos secondary to fatty infiltrate
and
orbitopathy) and, if severe, can lead to
blindness. Bone resorption with secondary
hypercalcemia may occur as well.

It is important to assess the degree of
thyroid control through a history taking
and physical examination (and confirma-
tory laboratory examination, if needed).
There is a direct correlation between the

edema can occur (ie, Graves’

severity of hyperthyroidism and intraop-
erative risk. Patients scheduled for elec-
tive surgery should be made euthyroid
before surgery (this usually requires
weeks), and cardiovascular control, as
demonstrated by stable vital signs, should
be confirmed. If the surgery cannot be
delayed and the patient is hyperthyroid,
B-blockers are used to slow the heart rate
and decrease the potential for arrhyth-
mia. B-Blockers also inhibit the deiodina-
tion of thyroxine to the more active tri-
iodothyronine. This latter effect also
occurs with the use of propylthiouracil,
which additionally inhibits the synthesis
of thyroid hormones. Iodine inhibits the
release of thyroid hormones but is only
given after antithyroid drugs to avoid a
thyroid hormone surge.

Table 3-8 Suggested Preoperative
Surgical Steroid Coverage in Patients on
Chronic Corticosteroid Regimens

Low 25 mg on day of surgery

Moderate 50-75 mg on day of
surgery, 1 or 2 d taper

Major 100-150 mg on day of

surgery, 1 or 2 d taper

Adapted from Salem M et al.*#

Failure to recognize that a patient has
uncontrolled hyperthyroidism can result
in a thyroid storm, which can manifest
either during the procedure or in the
postoperative period. It is characterized
by marked tachycardia, hyperthermia,
weakness, and an altered level of con-
sciousness. Untreated, the result can be
congestive heart failure and/or cardio-
vascular collapse. Treatment includes air-
way and ventilatory support with
increased minute ventilation to control
excessive CO; production. Body temper-
ature should be aggressively managed
with cool intravenous fluids, cooling
blankets, and decreased ambient temper-
ature. B-Blocker administration should
be started immediately to interrupt the
adrenergic response. Traditionally, a
nonselective B-blocker, propranolol, has
been used. More recently the use of
esmolol, a shorter-acting [;-selective
blocker has been advocated. Patients
with COPD, asthma, and congestive
heart failure are more likely to tolerate
therapy with a ;-selective agent. Hemo-
dynamic monitoring and the correction
of fluid and electrolyte imbalances
should be performed. The differential
diagnosis of a thyroid storm includes
malignant hyperthermia (MH; see
below), neuroleptic malignant syn-
drome, and pheochromocytoma.

Women are ten times more likely to
develop hypothyroidism than are men. The
most common cause is iatrogenic, sec-
ondary to surgical resection or radioactive
ablation of the thyroid gland. Hashimoto’s
thyroiditis, an autoimmune disorder char-
acterized by the presence of antimicrobial
antibodies, is the most common noniatro-
genic cause of hypothyroidism.

Hypothyroidism is usually insidious in
onset and often goes unrecognized despite
multisystem effects. The most common
signs and symptoms include lethargy, con-
stipation, cold intolerance, weight gain,
and anorexia. Although severe hypothy-
roidism can result in increased morbidity

and mortality, most experts agree that mild
to moderate hypothyroidism poses no
increased surgical risk. Elective surgery
should be postponed in hypothyroid
patients until adequate replacement thera-
py is administered. Usually this can be
accomplished by oral thyroxine supple-
mentation. Two weeks are required before
the patient has symptomatic improvement.
Triiodothyronine, which is the active hor-
mone, can be administered for a more
acute response, but it usually takes more
than 2 weeks until the thyroid-stimulating
hormone, the marker for adequate thyroid
function, normalizes.*?

Malignant Hyperthermia

MH is a rare autosomal dominant trait in
which individuals inherit hypersensitivity
to specific trigger agents that cause the
rapid accumulation of calcium into the
sarcoplasmic reticulum of skeletal muscle.
This causes sudden hypermetabolic reac-
tions, leading to hyperthermia and mas-
rhabdomyolysis. Trigger agents
include potent volatile anesthetic agents
and succinylcholine (a depolarizing mus-
cle relaxant). Halothane has traditionally
been described as a causative agent and
forms the basis of the diagnostic test to
confirm MH. However, all volatile agents,
including sevoflurane according to recent
reports, can induce MH.*°

The reaction that typically occurs is
abrupt and severe, requiring immediate
attention. Elevation of end-tidal CO; is an
early sign, prior to temperature elevation.
The main treatment is dantrolene, a non-

sive

specific muscle relaxant. Its mechanism is
likely the blockade of the release of calci-
um from the sarcoplasmic reticulum. In
an acute episode of MH, a supply of at
least 36 vials of dantrolene should be avail-
able for immediate use; this corresponds
to a maximum dose of 10 mg/kg in a 70 kg
adult. In an acute attack dantrolene is
administered repeatedly in 2 to 3 mg/kg
doses every 5 to 10 minutes. Each vial
needs to be reconstituted with 60 mL of



sterile water. Although the use of dantro-
lene has reduced the mortality risk from
50% prior to its use, there still is approxi-
mately a 10% mortality rate.

There is an estimated occurrence of
MH in 1 of 15,000 children and 1 of
50,000 adults. Those at risk for an attack
include survivors of an MH reaction and
individuals with muscular dystrophy. The
clinical sign of masseter muscle spasm
during anesthesia with halothane or suc-
cinylcholine may also indicate a suscepti-
bility to MH. The in vitro caffeine
halothane contracture test is used to eval-
uate individuals susceptible to developing
MH when exposed to triggering agents.
Diagnostic tests based on deoxyribonucle-
ic acid are currently available for MH-sus-
ceptible individuals. In addition to trigger
agents, phenothiazines (such as prochlor-
perazine) should be avoided since there is
a possible association between MH and
neuroleptic malignant syndrome (NMS).
NMS is a rare, occasionally lethal, idiosyn-
cratic complication associated with neu-
roleptic antipsychotic drugs. NMS is char-
acterized by high temperature and muscle
rigidity. Anxiety and agents with sympath-
omimetic activity, especially o-agonists,
have been demonstrated to aggravate MH
experimentally. Agents that some authors
have recommended to be avoided owing
to sympathomimetic effects include keta-
mine and atropine. The use of dantrolene
prophylaxis in MH patients is uncommon
in view of the low likelihood (0-0.62%) of
an MH reaction when a trigger-free anes-
thetic regimen is used. Dantrolene is asso-
ciated with a high frequency of muscle
weakness and postoperative nausea. In the
past, outpatient surgery was discouraged.
It is now recommended that careful post-
operative monitoring be continued for at
least 4 hours. However, most oral and
maxillofacial surgeons likely avoid per-
forming outpatient sedation for someone
with a personal or family history of malig-

nant hyperthermia owing to the factors
described.*>¢
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CHAPTER 4

Preoperative Patient Assessment

Joel M. Weaver, DDS, PhD

The primary purpose of preoperative
patient assessment is to provide sufficient
information to the surgical and anesthetic
team members to permit them to formu-
late the most appropriate surgical and
anesthetic plans. The same process should
be used for both office and hospitalized
patients, including trauma victims; med-
ically, mentally, or physically compro-
mised patients; and healthy patients hav-
ing elective surgery with either local
anesthesia alone, conscious sedation, deep
sedation, or general anesthesia. Depending
on the variables discovered in the assess-
ment, modifications to the usual surgical
and anesthetic regimens may be necessary
to improve the chances of attaining a satis-
factory outcome.

The components of the preoperative
assessment are (1) a review of the previous
medical records if available, including all
medical, surgical, and medication informa-
tion; (2) a personal interview with the
patient or knowledgeable guardian to
obtain additional past medical and surgical
histories; (3) a focused physical and psy-
chological examination of the patient, with
emphasis on the cardiovascular and respi-
ratory systems and the adequacy of the air-
way in regard to the potential for difficulty
in attaining and maintaining its patency
during deep sedation or general anesthesia;
(4) a review of results of the medical tests
and referral for consultation if needed; (5)
a determination of the patient’s periopera-

tive risk; and (6) a thorough explanation of
the various treatment options in discus-
sion with the patient or guardian to assist
with their treatment decisions and to
obtain their informed consent.

Information such as current medica-
tions, drug allergies, the likelihood of preg-
nancy, family history of malignant hyper-
thermia, a significant medical or surgical
history, and, if the procedure is scheduled
at the time of evaluation, an assessment of
fluid or food ingestion may influence the
surgeon’s choice on how to proceed.

A review of the previous medical
records can provide a wealth of informa-
tion that the patient may not know or be
able to relate during their interview. For
example, if there is previous documenta-
tion of a “difficult airway” whereby an
anesthesiologist had significant difficulty
with mask ventilation and needed multi-
ple attempts to intubate a severely retrog-
nathic patient, an oral surgeon might not
choose to administer deep sedation or
light general anesthesia to that patient in
the office. Better alternatives might
include light conscious sedation in the
office with only those drugs for which
pharmacologic antagonists exist, or possi-
bly an awake fiberoptic intubation in the
office, surgicenter, or hospital prior to the
induction of general anesthesia. For
patients who are poor historians, previous
medical records may be the sole source of
information concerning previous surg-

eries and medical problems. Unfortunate-
ly, timely access to previous medical
records may be difficult or impossible.
Usually, information concerning the
patient’s past medical, surgical, and anes-
thetic history can be gathered by a per-
sonal or telephone interview. Although
completion of a health questionnaire or
medical history form by the patient may
be a starting point for the interview, it
alone does not meet the important goal of
establishing a personal dialogue with the
patient to ensure that this information is
as complete and accurate as possible. The
true value of the medical history form is
to alert the interviewer as to which areas
need further explanation. For example, a
positive indication of asthma by the
patient on a health screening question-
naire is relatively worthless information
by itself; it must be followed up with fur-
ther questioning concerning the frequen-
cy of attacks, its precipitating factors, suc-
cessful measures for treatment, the most
recent attack, and the degree of severity of
symptoms, including previous emergency
room treatments for severe asthmatic
episodes, hospital admissions, or even
endotracheal intubation in the intensive
care unit for status asthmaticus. Only
after appropriate questioning has been
completed for each positive item on the
past medical history form can the
patient’s past medical, surgical, and anes-
thetic history be considered adequate.
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Obviously, the additional information
gleaned from the patient must be written
on the form for review at the time of the
procedure as well as for proper medicole-
gal documentation.

Once the information is gathered, the
surgeon should categorize the surgical
patient according to the American Society
of Anesthesiologists (ASA) Classification
of Physical Status (Table 4-1), even if only
local anesthesia is to be used. ASA PS-1
patients would be expected to have a lower
risk of perioperative complications than
ASA PS-4 patients. Despite a lack of
absolute precision in accurately classifying
the perioperative risk for all patients, this
index is, nevertheless, commonly used to
help identify certain risk factors so that
modifications in the treatment plan can be
accomplished. For instance, ambulatory
general anesthesia in a dental office for
ASA PS-1 and many ASA PS-2 patients is
considered safe and cost effective, whereas
ASA PS-4 patients would only receive local
anesthesia and perhaps light levels of anx-
iolysis in an office setting.

Assessment of Cardiovascular
Disease

Cardiac Disease

Cardiac disease can be subdivided into

ischemic and nonischemic disease.
Ischemic disease includes atherosclerotic
heart disease, angina pectoris, and previous
myocardial infarction. Nonischemic disease

includes a wide variety of etiologies, such as

vascular (polyarteritis nodosa), congenital
(tetralogy of Fallot), infectious (bacterial
endocarditis), inflammatory/autoimmune
(scleroderma), traumatic (cardiac contu-
sion), toxic (alcoholic cardiomyopathy),
pulmonary (cor pulmonale), metabolic
(obesity), neoplastic (carcinoid), and
endocrine (hyperthyroidism).

In a landmark article, Goldman and
colleagues developed a multifactorial
index to assess cardiac risk associated with
a variety of noncardiac procedures such as
orthopedic and general surgery.! This
prospective study followed 1,001 patients
older than 40 years at Massachusetts Gen-
eral Hospital until discharge and recorded
all complications. Various potential risk
factors for cardiac complications were cor-
related with actual complications, and a
risk index based on a points system was
subsequently formed. Of the 537 Class I
patients, with 0 to 5 points, only 0.7% had
life-threatening complications and 0.2%
experienced cardiac death. Patients with
6 to 12 points were placed into Class II,
whereas those with 13 to 25 points com-
prised Class III. Class IV patients, with 26
or more points, had a 22% incidence of
life-threatening complications and 56%
experienced cardiac death. Of all these fac-
tors, a previous history of congestive heart
disease was the most predictive of compli-
cations, followed by a myocardial infarc-
tion within the previous 6 months.

Detsky and colleagues modified the
Goldman Index by including unstable
angina and remote myocardial infarction

Table 4-1 American Society of Anesthesiologists Physical Status Classification

Patient with severe systemic disease and a constant life threat
Moribund patient who is not expected to survive without the operation

PS-1 Normal healthy patient

PS-2 Patient with mild systemic disease

PS-3 Patient with severe systemic disease

PS-4

PS-5

PS-6 Declared brain-dead donor patient for organ harvest

Adapted from American Society of Anesthesiologists. Relative value guide, 2003. Park Ridge (IL): American Society of
Anesthesiologists; 2003.

as additional risk factors for perioperative
cardiac complications in vascular surgery
patients.? They simplified the scoring sys-
tem of Goldman and colleagues into three
classes, improving predictive accuracy.
Table 4-2 represents Goldman and col-
leagues’ and Detsky and colleagues’ factors
for perioperative cardiac risk.

Although anesthetic and surgical care
have markedly improved in the last
25 years and risks may be less in some
areas, Kenchaiah and colleagues recently
reported that in both men and women
who are obese, the risk of heart failure was
doubled.” With the increasingly high
prevalence of obesity in the United States,
this risk factor, among others, will prove
more important in determining the risk of
poor outcomes in the future.

Ischemic Heart Disease Angina Pectoris
and Coronary Artery Disease Angina
pectoris is typically a substernal chest pain
or pressure that may radiate to either arm,
the neck, or the mandible that is initiated
by exercise, mental stress, pain, or other
factors that produce increased myocardial
oxygen demand in the presence of reduced
oxygen delivery to the myocardium. It is
most often caused by coronary artery dis-
ease, although other precipitating factors
include severe anemia, hypotension, vaso-
constrictor overdose, and coronary artery
spasm. Angina pectoris may be classified
as stable, unstable, or variant.

Unfortunately, the symptoms of angina
pectoris may be confused with mitral valve
prolapse, esophageal reflux, esophageal
spasm, peptic ulcer disease, biliary disease,
hyperventilation, musculoskeletal disease,
and pulmonary disease. The diagnosis of
angina pectoris is therefore not necessarily
easy for the clinician to establish.

Stable angina pectoris is diagnosed
when there is minimal change over
2 months regarding precipitating factors,
frequency, intensity, duration, and treat-
ments for successful termination of the
attacks. Unstable angina pectoris relates to



Table 4-2 Index of Cardiac Risk

Myocardial infarction
< 6 mo 10 10
> 6 mo — 5
Angina pectoris
Unstable angina < 3 mo — 10
Class III angina — 10
Class IV — 20
Symptoms of congestive heart failure 11 —
< 1 wk prior — 10
> 1 wk prior — 5
Dysrhythmia
Preventricular contractions > 5/min 7 5
Rhythm other than sinus rhythm 7 5
Valvular disease: significant/critical aortic stenosis 3 20
Miscellaneous
Age > 70 yr 5 5
Emergency operation 4 10
Major invasive surgery 3 —
Poor general health: obstructive pulmonary 3 5
disease, major electrolyte disturbance, renal
failure, liver disease, nonambulatory
Adapted from Goldman L et al'; Detsky A et al.?

recent changes in some or all the above fac-
tors. Thus, unstable angina is defined by
chest pain encountered during less than
the usual exercise, or that lasts longer, is
more intense, more frequent, or requires
more than normal measures to terminate
it. Unstable angina is also termed prein-
farction angina since it may be the harbin-
ger of an impending myocardial infarction.
Variant angina, also known as Prinzmetal’s
angina, may occur in patients who have no
detectable coronary artery disease but in
whom coronary vasospasm occurs period-
ically, even at rest or with ordinary exercise.
Cardiac dysrhythmias are frequently pre-
sent during such spasms. These patients
are frequently prescribed calcium channel
antagonists prophylactically.

Patients who elicit a history of angina
pectoris must be thoroughly interviewed
to permit the practitioner to properly

place them into the appropriate category.
Patients who are judged to have reasonable
cardiac reserve and are considered stable
are certainly good candidates for relatively
simple office procedures while being care-
fully monitored. Light to moderate levels
of conscious sedation may prove beneficial
in preventing an angina attack, particular-
ly in the anxious patient, by reducing the
stress of the procedure and decreasing
myocardial oxygen demand. Using pro-
found local anesthesia with no more than
40 pg of epinephrine has been recom-
mended by Malamed for medically com-
promised dental patients.* These patients
should be told to take their usual prophy-
lactic medications such as [;-adrenergic
antagonists perioperatively, and to bring
their nitroglycerin sublingual tablets or
spray on the day of surgery to abort an
attack if it were to occur.

Preoperative Patient Assessment

Common risk factors for coronary
artery disease include advanced age, dia-
betes mellitus, hypertension, peripheral
vascular disease, hypercholesterolemia,
obesity, cigarette smoking, sedentary
lifestyle, and family history of coronary
artery disease. According to Tarhan and col-
leagues, the perioperative risk of an acute
myocardial infarction in patients without a
history of myocardial infarction is 0.13%.”

Numerous retrospective  studies
involving large groups of patients indicate
that the risk of a second myocardial infarc-
tion in the perioperative period seems to
stabilize at approximately 6% after
6 months from the initial infarction.>®
However, the 6% re-infarction rate is con-
siderably higher than the 0.13% incidence
of perioperative infarction for the same
procedures in patients without previous
myocardial infarction.

Congestive Heart Disease Multiple stud-
ies indicate that the presence of congestive
failure is the single most important risk
factor for perioperative cardiac morbidity
independent of the presence of dysrhyth-
mias, cardiomyopathy, valvular disease, or
coronary artery disease."1° Appropriate
strategies for perioperative management
include optimization with careful atten-
tion to fluid management and maximizing
therapies such as inotropes, diuretics,
vasodilators, and antidysrhythmics.

The New York Heart Association
(NYHA) functional classification of
patients with heart disease (Table 4-3) is
useful in categorizing patients who have

Table 4-3 New York Heart Association
Classification of Cardiac Patients

I Asymptomatic cardiac disease
I Symptomatic with ordinary
activity, comfortable at rest
111 Symptomatic with minimal
activity, comfortable at rest
v Symptomatic at rest
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heart failure. It has been shown to be pre-
dictive of cardiac morbidity and mortality
in the perioperative period. In Goldman
and colleagues’ study, NYHA Class I
patients (asymptomatic cardiac disease)
had a 3% risk of deeloping perioperative
pulmonary edema, whereas the risk
increased to 25% in NYHA Class IV
patients (symptomatic at rest).!? Similarly,
patients with signs of congestive heart fail-
ure by examination or radiograph were
more likely to develop pulmonary edema
than those without such signs.
Identification of swollen ankles,
ascites, and distended neck veins during
physical examination may help identify
right-sided heart failure, whereas a persis-
tent cough, three-pillow orthopnea, and
rales on auscultation of the chest may be
significant signs and symptoms of left-
sided failure.
Nonischemic Heart Disease Valvular
Disease When valvular heart disease is
recognized through history or physical
examination, the surgeon must judge the
potential impact that this condition might
have in relation to the proposed procedure
and the need for antibiotic prophylaxis to
help prevent endocarditis. The extent to
which the patient’s physical activity is lim-
ited by the cardiac condition usually serves
as a useful guide to determine whether
further consultation or testing is needed.
The surgeon must understand the poten-
tial cardiac risks associated with the specit-
ic problem and know the physiologic con-
sequences associated with changes in
cardiac rate, rhythm, blood pressure, pre-
load, afterload, and inotropy that anesthe-
sia and surgery may produce.
Aortic Stenosis Aortic stenosis is recog-
nized by its characteristic systolic murmur
in the second intercostal space. A chest
radiograph may demonstrate a prominent
ascending aorta owing to poststenotic
dilatation. Symptoms include angina pec-
toris, dyspnea on exertion, and a history of

syncopal episodes. Although syncope can
be caused by central nervous system
pathology (epilepsy, stroke, or transient
ischemic attack), metabolic pathology
(hyperventilation or hypoglycemia), or
autonomic  pathology
hypotension, carotid sinus hypersensitivi-
ty, or micturition syncope), episodes of
syncope in the presence of cardiac pathol-
ogy such as heart block, ventricular tachy-
cardia, and aortic stenosis are an ominous

(orthostatic

sign. The incidence of sudden death is
increased with aortic stenosis.

Of all the valvular conditions encoun-
tered in practice, aortic stenosis appears to
be the most significant. Goldman and col-
leagues recognized critical aortic stenosis
as an independent risk factor for poor out-
come. It increased the risk of perioperative
cardiac death by a factor of 14.>!° Critical
aortic stenosis is generally defined as an
orifice of < 0.75 cm? and/or > 50 mm Hg
gradient across the valve during normal
cardiac output. This markedly increases
the resistance to normal aortic flow, and
the increased load on the left ventricle
causes a concentric left ventricular hyper-
trophy compliance.
Myocardial oxygen demand is therefore
markedly increased, and ischemia-related
chest pain can occur even without coro-
nary artery disease. These patients do not
tolerate increases in heart rate because of
decreased ejection time, filling time, and
diastolic coronary artery perfusion time of
the left ventricle. Thus, B-adrenergic ago-
nists, anticholinergics, vasodilators, hypo-
volemia, pain, and anxiety are poorly tol-

and decreased

erated, particularly for patients whose
end-stage disease involves angina, syn-
cope, and congestive heart failure.

The consulting cardiologist should
define the disease and the degree of hemo-
dynamic significance and optimize the
patient prior to surgery. Echocardiography
can be a useful tool to demonstrate abnor-
mal valve leaflets and a constricted orifice.
The amount of flow reduction and the
valvular area can be calculated with Doppler

echocardiography. Although an invasive
procedure, cardiac catheterization is more
accurate in assessing aortic stenosis and has
a dual advantage of assessing coexisting
coronary artery disease. Therefore, it is most
important to carefully assess the significance
of aortic stenosis for a patient who presents
with this diagnosis or in whom the practi-
tioner suspects it may exist.

Aortic Regurgitation Aortic regurgita-
tion produces a diastolic murmur heard
best in the right second intercostal space
and is associated with a widened pulse
pressure, decreased diastolic pressure, and
bounding peripheral pulses. It is often
seen in combination with left ventricular
hypertrophy on a chest radiograph and
electrocardiogram. Aortic regurgitation
associated with chronic aortic insufficien-
cy is not associated with increased periop-
erative cardiac death according to Gold-
man and colleagues.! However, aortic
insufficiency increases the perioperative
risk of congestive heart failure, which may
result from factors that decrease the for-
ward flow of blood. The use of vasocon-
strictors and the presence of anxiety, pain,
and poorly controlled hypertension may
increase peripheral vascular resistance and
contribute to pulmonary congestion.
Reduced and bradycardia
increase diastolic filling from aortic regur-
gitation, whereas tachycardia and vasodi-
lation help maintain forward flow.

inotropy

Mitral Stenosis  Mitral stenosis is usually
the result of fusion of the valve leaflets at
the commissures during the healing
process from rheumatic fever. A normal-
sized orifice is 4 to 6 cm?, but the patient
becomes symptomatic when the area
decreases by 50%. The condition produces
an opening snap early in diastole and a
rumbling diastolic murmur heard best at
the cardiac apex. It may be associated with
left atrial enlargement on a chest radi-
ograph and notched P waves on the elec-
trocardiogram.



Mitral stenosis without regurgitation
causes left atrial enlargement and ulti-
mately congestive heart failure. Critical
mitral stenosis is usually defined as an area
< 1 cm? Because the atrial outflow is
reduced, tachycardia reduces the flow into
the left ventricle, which increases pul-
monary congestion and decreases cardiac
output. Thus, heart rate must remain rea-
sonably normal, and the atrial “kick” asso-
ciated with sinus rhythm may be necessary
for maintaining cardiovascular stability.

Mitral Insufficiency Mitral insufficiency
is frequently associated with mitral steno-
sis as the result of rheumatic heart disease.
It produces a holosystolic blowing mur-
mur heard best at the apex. It is often tol-
erated until the patient begins to develop
signs and symptoms of congestive heart
failure. Mitral insufficiency is associated
with an increased mortality rate if present
with other risk factors such as congestive
heart failure or recent myocardial infarc-
tion."!® As in aortic insufficiency, atten-
tion must be given to preventing excessive
fluid administration and to maintaining
forward blood flow with moderate
increases in heart rate and vasodilation.

Mitral Valve Prolapse Mitral valve pro-
lapse, or Barlow’s syndrome, is associated
with a bulging or prolapse of the mitral
valve leaflets into the left atrium during
systole. Typically, it produces a nonejec-
tion click cardiac murmur, often called
“click-murmur syndrome,” heard best at
the cardiac apex and may be associated
with a regurgitant murmur. The diagnosis
is normally confirmed with echocardiog-
raphy. Although not a benign condition, it
is less likely to be problematic than many
of the above valvular diseases. It is often
associated with a history of chest pain,
anxiety attacks, dizziness, supraventricular
tachycardia, and palpitations. These
patients are at risk of paroxysmal tachy-
dysrhythmias and sudden death. Occa-
sionally, mitral valve prolapse is associated

with significant regurgitation and endo-
carditis. Appropriate care includes mea-
sures to prevent significant positive
inotropic and chronotropic responses to
stress by adequate control of anxiety and
pain, judicious use of [-adrenergic ago-
nists such as epinephrine, and careful
monitoring of cardiovascular parameters
during surgery.

Cardiomyopathy Cardiomyopathy may
result from a variety of causes not related
to valvular or coronary disease, such as
systemic disease, infection, or drug and
alcohol abuse. The degree of cardiac
impairment can be estimated by invasive
or noninvasive measurement of the car-
diac ejection fraction (percent EF); this is
the percentage of left ventricular blood
volume ejected into the aorta during each
contraction. The normal value is approxi-
mately 70% and should increase with exer-
cise or stress, whereas an EF of 30% is usu-
ally associated with decreased exercise
tolerance. Patients with an EF of 15% or
less have significant physiologic impair-
ment and may be candidates for cardiac
transplantation.

There are three classes of cardiomy-
opathy: dilated, nondilated, and hyper-
trophic. The typical findings associated
with dilated cardiomyopathy include a
marked increase in left ventricular end-
diastolic volume. The perioperative impli-
cations of dilated cardiomyopathy include
optimization of function including careful
fluid management and maximizing thera-
pies such as inotropes, diuretics, vasodila-
tors, and antidysrhythmics, as in the man-
agement of congestive heart failure.

Patients with nondilated cardiomyopa-
thy, also known as restrictive cardiomyopa-
thy, present with rigid ventricles that impair
diastolic filling, although the contractile
function may remain somewhat intact.
Right ventricular failure and elevated
venous pressures are common. Dysrhyth-
mias are a common cause of death in these
patients; therefore, careful monitoring of

Preoperative Patient Assessment

cardiovascular parameters is essential to
facilitate rapid recognition, diagnosis, and
treatment of life-threatening dysrhythmias
during any surgical procedure.

Hypertrophic cardiomyopathy, also
known as idiopathic hypertrophic subaor-
tic stenosis (IHSS), is usually an inherited
autosomal dominant characteristic,
although it can also be a result of long-
standing hypertension. The intraventricu-
lar septum may be greatly thickened in
asymmetric septal hypertrophy, or the
hypertrophy may be concentric. Depend-
ing on the area of hypertrophy, left ven-
tricular outflow obstruction may occur
during systole. Furthermore, the septal
leaflet of the mitral valve may not function
properly owing to the hypertrophy of the
septum, and mitral regurgitation may
result. Fatal ventricular dysrhythmias may
result in sudden death even in apparently
healthy teenagers with undiagnosed
hypertrophic cardiomyopathy. Ischemia
within the hypertrophic segment may also
result in myocardial infarction. Prepara-
tion for surgery would include careful
monitoring of vital signs and minimiza-
tion of those factors associated with
increases in cardiac inotropy and rate,
such as hypotension, vasodilation, B-
adrenergic drugs, pain, and anxiety. Pre-
operative [Bi.blockade, adequate hydra-
tion,
epinephrine, unless absolutely necessary,
are the usual components of good opera-
tive planning.

and local anesthetics without

Hypertension

Hypertension is a very common disease.
Although it can occur secondarily as a
result of a definable cause such as hyper-
thyroidism or pheochromocytoma, it is
most often a multifactorial primary dis-
ease of poorly understood origin, termed
essential hypertension.!! In their seventh
report, the Joint National Committee on
Prevention, Detection, Evaluation and
Treatment of High Blood Pressure recent-
ly revised their definition of hypertension
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from previous reports, recognizing that
early detection and treatment of prehy-
pertension and hypertension is impor-
tant and ultimately reduces risk. Impor-
tant key messages in the joint committee’s
latest report are as follows: (1) for
patients < 50 years of age, systolic blood
pressure > 140 mm Hg is a much more
important risk factor for cardiovascular
disease than is diastolic pressure eleva-
tion; (2) beginning with a pressure of
115/75 mm Hg, the risk of cardiovascular
disease doubles with every incremental
increase of 20/10 mm Hg; and (3) a
systolic pressure of between 120 and
139 mm Hg or a diastolic pressure of
between 80 and 89 mm Hg is prehyper-
tension, and lifestyle modifications are
recommended to prevent cardiovascular
disease (Table 4-4).!1

Major risk factors for hypertension
include smoking, dyslipidemia, diabetes
mellitus, age > 60 years, gender (men and
postmenopausal women), and family
history of cardiovascular disease in
women > 65 and men > 55 years. If
untreated, it commonly causes coronary
artery disease, cardiomegaly, congestive
heart failure, and end-organ damage to
vital tissues such as the heart, kidneys,
retina, and brain. Elevated systolic blood
pressure in the elderly appears to be a
better predictor than elevated diastolic
blood pressure of terminal end-organ
damage, such as coronary artery/cardio-
vascular disease, stroke, renal failure,
postoperative myocardial ischemia, and
overall death.!h12

Table 4-4 Classification of Hypertension

<120 and < 80
120-139 or 80-89
140-159 or 90-99
> 160 or > 100

Because the increased peripheral vas-
cular resistance produces a contracted
intravascular volume, hypertensive patients
are highly susceptible to the vasodilator
effects of sedative and anesthetic agents that
may result in a relative or absolute severe
hypotensive episode.

Prolonged excessive hypotension in a
patient with significant peripheral vascular
disease who needs a relatively high pressure
to perfuse vital organs may be more detri-
mental during surgery than permitting a
modest degree of hypertension to continue.
For patients planning for elective surgery
who are found to be significantly hyperten-
sive at the preoperative assessment, it is best
to postpone the procedure until their physi-
cian can optimize their pressure and vol-
ume status. It is recommended that surgery
be delayed, if possible, for poorly controlled
hypertensive patients with blood pres-
sure above the mild to moderate range
(> 180/110 mm Hg).!"!?

Acute treatment of hypertension at
the time of elective surgery may produce
blood pressure numbers that initially
make the practitioner more comfortable
before starting anesthesia and the proce-
dure, but the less-than-optimized patient
is much more likely to have significant
labile hypertensive and/or hypotensive
episodes during the course, and this may
increase their risk of morbidity or mortal-
ity. As a general rule, patients with hyper-
tension should take all of their normal
antihypertensive medications at their nor-
mal times with a sip of water prior to
surgery. Indeed, patients who skip a dose

Normal

Prehypertension

Stage 1 hypertension (mild)
Stage 2 hypertension (moderate)

High Blood Pressure.!!
BP = blood pressure.

Adapted from the seventh report of the Joint National Committee on Prevention, Detection, Evaluation and Treatment of

of drugs such as clonidine or propranolol
may develop severe rebound hyperten-
sion, tachycardia, and angina pectoris.
Maintaining pharmacologic homeostasis,
with only a few exceptions, such as holding
or halving the usual dose of insulin if the
patient is fasting preoperatively, is just as
important on the day of surgery as for any
other day.

Assessment of Exercise
Tolerance

The Duke University Activity Status Index
(Table 4-5) uses the rate of oxygen con-
sumption necessary to accomplish vari-
ous physical tasks to quantify the degree
of physical activity performed." One
metabolic equivalent (MET) consumes
3.5 mL/kg/min of oxygen. Hollenberg
indicated that patients who could undergo
> 7 METs had excellent functional capaci-
ty, whereas those able to perform only 4 to
7 METs had only moderate capacity.
Patients who could do < 4 METs had poor
functional capacity.'®

Experienced clinicians usually relate
that they have confidence in judging a
patient’s overall capacity to safely undergo
anesthesia and surgery by inquiring about
the degree of exercise that the patient is
able to accomplish. Those who can walk
up several flights of steps without stopping
to rest are much less worrisome than are
those who can manage only a few steps
without developing severe dyspnea or
chest pain.

Perioperative Cardiovascular
Evaluation Algorithm

The most recent update of perioperative
cardiovascular evaluation guidelines by
the American College of Cardiology and
the American Heart Association provides
a framework for determining the need for
additional
patients with cardiovascular disease,
depending on the presence of various
predictors of risk for perioperative car-
diac death and nonfatal myocardial

cardiac consultation for



Table 4-5 Duke Activity Status Index

Walk in house

Personal care (dress, bath, toilet)
Walk 1-2 blocks

Light work: dusting, washing dishes
Moderate work: vacuuming
Yard work: raking, mowing
Sexual relations

Climb stairs

Golf, bowling

Swim, basketball, ski

Run

1.75 Poor

2.75 Poor

2.75 Poor

2.7 Poor

3.5 Poor

4.5 Moderate
5.25 Moderate
5.5 Moderate
6 Moderate
7.5 Excellent
8 Excellent

Adapted from Hlatky MA et al'¥; Hollenberg SM.!"®

MET = metabolic equivalent; 1 MET = 3.5 mL/kg/min oxygen use.

infarction and the risk stratification for
various noncardiac surgical procedures.'?
Using these guidelines, the oral and max-
illofacial surgeon can estimate the cardiac
risks associated with the surgical proce-
dure and decide whether the patient’s
medical condition warrants further car-
diac consultation. For instance, according
to the algorithm in Figure 4-1, a cardiac
patient with intermediate predictors of
cardiac risk (mild angina or controlled
congestive heart failure) with good exer-
cise tolerance (equal to or greater than
4 METs) who is scheduled for a low-risk
(tooth
removal) should not need an extensive

surgery extraction or tori
cardiac work-up. However, that same
patient scheduled for hemimandibulecto-
my, partial pharyngectomy, laryngecto-
my, or radical neck dissection with flap
reconstruction that would entail large
fluid shifts while under anesthesia for
many hours (high surgical risk) and who
has poor exercise tolerance (< 4 METs)
should receive cardiac testing prior to
surgery. Likewise, a patient with minor
predictors of cardiac risk (advanced age
or previous stroke) scheduled for the
above high-risk surgery would not need
cardiac consultation if his or her exercise
tolerance was good but should be referred
if the exercise tolerance was poor.

Although the guidelines in Figure 4-1
do not specifically define the surgical risk
category of the most common oral surgi-
cal procedures, the surgeon should
attempt to compare the severity of their
proposed surgery with that of the exam-
ples provided. Perhaps a Le Fort III frac-
ture would be similar in risk to an inter-
mediate-risk acetabular fracture, whereas
a dental implant would be considered a
low-risk superficial procedure.

Assessment of Pulmonary
Disease

Patients with pulmonary disease must be
carefully assessed preoperatively because
even healthy patients may develop pul-
monary complications as a direct result
of surgery and anesthesia. Pulmonary
disease can be classified as either restric-
tive or obstructive. Restrictive disease
may be the result of, for instance, severe
scoliosis or morbid obesity and results in
a decrease in all measured lung volumes.
Obstructive disease is usually the result of
smoking or asthma and may be charac-
terized by marked increases in residual
volume and functional residual capacity.
A thorough past medical history and
physical examination related to the pul-
monary system prior to sedation or gen-
eral anesthesia is mandatory. Unfortu-
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nately, many patients, particularly smok-
ers, are not aware that they have signifi-
cant pulmonary compromise until it is
very advanced.

As first reported by Morton in 1944,
smoking is a risk factor for postoperative
pulmonary complications, even among
smokers without signs or symptoms of
chronic obstructive pulmonary disease.'®!”
The risk declines from 33 to 14.5% after
only 8 weeks following cessation of smok-
ing, whereas those who stop smoking for
< 8 weeks have a higher risk of complica-
tions than do current smokers.'®

The assessment should start with
questions regarding dyspnea on exertion
and functional level of physical activity
that can be accomplished, such as how
many flights of stairs can be managed
without rest. Patients with mild or only
occasional symptoms usually need no
further investigation, whereas those with
frequent or severe symptoms may need
further evaluation and management
prior to surgery. Although physical limi-
tations may also be indicative of cardio-
vascular disease or pulmonary disease,
they present simultaneously
because smoking is a major risk factor for
cardiovascular disease.

Physical examination of the patient
with obstructive pulmonary disease may
reveal an increased anteroposterior
diameter of the chest, a depressed
diaphragm, a hyperresonant thorax on
percussion, and wheezing, particularly
during expiration. The chest radiograph
may demonstrate hyperinflated lungs.
The forced expiratory volume in 1 sec-
ond (FEV)) is usually < 80% of the vital
capacity. Obstructive disease may be
reversible, as in bronchial asthma, or it
might have a reversible component.
Common irreversible diseases include
emphysema, chronic bronchitis, and

often

bronchiectasis. However, antibiotics and
bronchodilator therapy may reverse at
least some of the components of acute
symptoms of chronic bronchitis.
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Negative Positive

| L

FIGURE 4-1  Preoperative cardiac assessment algorithm for surgical risk of cardiac death/nonfatal myocardial
infarction. Major predictors of risk: unstable angina, decompensated heart failure, significant dysrhythmias, and
severe valvular disease; intermediate predictors of risk: mild angina, prior myocardial infarction, controlled heart
failure, diabetes, and renal insufficiency; minor predictors of risk: advanced age, abnormal electrocardiogram,
nonsinus rhythm, poor functional capacity, prior stroke, and uncontrolled hypertension. High-risk surgeries:
emergent major surgery, major vascular surgery, and prolonged cases/major blood loss/fluid shifts; intermediate-
risk surgeries: carotid endarterectomy, head and neck, intraperitoneal, intrathoracic, orthopedic, and prostate;
low-risk surgeries: endoscopic, superficial, cataract, and breast. METs = metabolic equivalents; OR = operating
room. Adapted from Eagle K et al.”?

Asthma

Bronchial asthma is a common pul-
monary condition that must be respected
for its potential to cause life-threatening
complications during surgery and anes-

thesia. In addition to taking a careful his-
tory with regard to asthmatic triggers, fre-
quency, severity, emergency room visits,
and hospitalizations, one can also assess

the potential for an acute event by noting

the number of different asthma medica-
tions required to control symptoms and
the frequency and efficacy of their use.
Wheezing from asthma immediately prior
to the induction of anesthesia and surgery



is an ominous sign and is reason to post-
pone all but the most urgent procedures.

Emphysema

Emphysema is characterized by irre-
versible enlargement of the alveolar air
ducts and by destruction of the walls of
these air spaces. The loss of elasticity of
these structures permits collapse of the
airways during exhalation, resulting in
increased airway resistance. To keep their
airways from collapsing, patients with
severe emphysema can be observed to
purse their lips during exhalation to attain
positive end-expiratory pressure in their
airways. The chest radiograph typically
demonstrates low flat diaphragms and
extremely hyperlucent lung fields, consis-
tent with gas trapping and loss of lung
parenchyma.

Preoperative management may decrease
the incidence of postoperative pulmonary
complications.” Those with suspected sig-
nificant obstructive disease may be candi-
dates for preoperative pulmonary function
testing and analysis of arterial blood gases.
Many emphysema patients, commonly
known as “pink puffers,” have reasonably
normal arterial blood gases as they are able
to increase their minute ventilation and
cardiac output to compensate for increased
airway resistance. With increasing pul-
monary artery pressures above a mean of
20 mm Hg, cor pulmonale develops as the
right ventricle begins to fail, resulting in
hypoxemia, venous congestion, and sys-
temic edema.

Measurement of the ratio of FEV; to
forced vital capacity (FVC) may help to
discern the severity of the disease and pre-
dict the chance for respiratory failure if the
ratio is < 50%.?° Carbon dioxide retention
typically occurs when the FEV:FVC ratio
is < 35%.

Chronic Bronchitis

Chronic bronchitis, characterized by a
chronic excess of mucus in the bronchi-
oles, is due to enlarged mucous glands

that reduce the luminal diameter of the
airways and increase resistance to airflow.
Chronic bacterial infections are common
and produce inflammation and fibrosis
that further contribute to increased resis-
tance. Patients with chronic bronchitis
develop hypoxemia and carbon dioxide
retention relatively early in the course of
the disease compared with emphysema
patients. Cor pulmonale, manifested by
hepatojugular reflux and peripheral
edema, also develops comparatively early
and results in the patient being termed a
“blue bloater.” The preoperative evalua-
tion and management of chronic bronchi-
tis is similar to that for emphysema.

Bronchiectasis

Bronchiectasis occurs when there is an
abnormal enlargement of the bronchi that
are frequently filled with purulent sputum
and highly vascularized granulation tissue.
There is risk of significant hemoptysis and
an increased risk of pulmonary edema,
pulmonary hypertension, and cor pul-
monale.

Summary

The surgeon must complete a careful and
thorough past medical history and physi-
cal examination to assess the risk of pul-
monary disease. Recognition of poor exer-
cise tolerance, clubbing of the fingertips,
chronic cough and dyspnea with minimal
decreased breath sounds,
wheezes, rhonchi, and excessive expiratory

exertion,

effort are ominous signs of significant pul-
monary disease that may warrant further
evaluation and treatment prior to surgery
and anesthesia.

Many patients with severe pulmonary
disease require continual administration
of supplemental oxygen via a nasal can-
nula at home. This should be continued
during dental treatment. In the event of a
medical emergency such as chest pain,
giving of 100% oxygen by face mask and
monitoring of the respiratory rate are
highly

recommended for all such

Preoperative Patient Assessment

patients. Should the respiratory rate of a
patient who is a chronic carbon dioxide
retainer decrease because of loss of respi-
ratory drive caused by the additional oxy-
gen, the practitioner may simply need to
remind the conscious patient to breathe,
or manually ventilate the unconscious
patient with positive pressure oxygen.
Only if a severely compromised pul-
monary patient is left unmonitored while
breathing 100% oxygen by face mask
would there be danger of oxygen causing
hypoventilation in the dental office that is
properly equipped with airway adjuncts
needed for artificial ventilation.

Assessment of the Airway

Assessment of the airway is one of the
most important facets of the preanesthesia
evaluation process because the inability to
maintain a patent airway and provide ade-
quate ventilation and oxygenation is fre-
quently responsible for anesthesia-related
morbidity and mortality. In a closed
claims study by the American Society of
Anesthesiologists, Caplan and colleagues
reported that 34% of 1,541 liability claims
were for adverse respiratory events.?! This
was the largest source of adverse outcomes
in their study. Of these cases approximate-
ly 75% were related to either inadequate
ventilation (38%), esophageal intubation
(18%), and difficult intubation (17%).
Although the current universal use of the
pulse oximeter and end-tidal carbon diox-
ide monitoring have undoubtedly
decreased some of these events, at least
some of the difficult intubations could
have been situations in which the anesthe-
siologist could neither intubate nor mask
ventilate an apneic patient. Thus, the oral
and maxillofacial surgeon must carefully
assess the potential for this type of cata-
strophic failure to maintain the airway
during any sedation or anesthesia admin-
istered in the office or other surgical venue
and be prepared to properly manage that
circumstance should it occur despite care-
ful assessment and planning to avoid it.
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The American Society of Anesthesiol-
ogists has developed and updated an algo-
rithm for management of the difficult air-
way.”? As seen in Figure 4-2, these
guidelines enable anesthesiologists, nurse
anesthetists, dentist anesthesiologists, and
oral and maxillofacial surgeons to have a
detailed series of plans and alternatives to
facilitate the management of the difficult
airway. This reduces the likelihood of
adverse outcomes such as death, brain
death, myocardial injury, and airway trau-
ma. These guidelines recommend that a
careful airway history and examination be
conducted prior to the induction of anes-
thesia to detect medical, surgical, and
anesthetic factors including previous anes-
thetic records, if available, that may identi-
ty the difficult airway.

Congenital and acquired diseases or
conditions, for instance, may alter the air-
way anatomy to such an extent that attain-
ing and maintaining a patent airway dur-
ing anesthesia may be difficult or
impossible. Congenital conditions such as
Pierre Robin, Treacher Collins, Golden-
har’s, Klippel-Feil, and Down syndromes
are associated with abnormalities such as
restricted movement of the neck and
mandible, micrognathia, maxillary and
mandibular hypoplasia, and macroglossia.
Examples of acquired conditions include
obesity, oropharyngeal space infections,
epiglottitis, tonsillitis, rheumatoid arthri-
tis, tumors, temporomandibular joint dis-
orders, head and neck cancer surgery, and
oropharyngeal radiation therapy.

A careful physical examination of the
airway must be accomplished. Anatomic
characteristics associated with difficult
intubation include a short large-diameter
neck, retrognathia with obtuse mandibular
angles, protruding maxillary incisors,
decreased mobility of the temporo-
mandibular joint, and a high-arched palate.

Although there is no airway rating sys-
tem that can accurately predict a difficult
airway with high sensitivity and specifici-
ty, the modified Mallampati classification

is widely used.” The hypothesis of Mal-
lampati and colleagues is that the base of
the tongue in certain individuals is dispro-
portionately large, which makes direct
laryngoscopy difficult. The tongue base is
therefore compared with other anatomic
features that it may obscure. To perform
this test correctly, the patient should be sit-
ting or standing upright and asked to
open their mouth as widely as possible
without phonating. In Class I patients the
uvula, faucial pillars, and soft palate are
visible. In Class II patients only the faucial
pillars and soft palate are visible, whereas
in the Class III patients, only the soft
palate is observed. Class I patients are
expected to have normal airways, whereas
patients in Class II are somewhat more
likely to be difficult to intubate. Intubation
in Class III patients is even more likely to
be difficult.

Samsoon and Young later added a
fourth category to the original Mallampati
classification.?* Their fourth class included
visualization of the hard palate but not the
soft palate or other structures. Class TV
patients have the highest risk for a difficult
intubation (Figure 4-3).

Although difficult intubation does not
always coincide with difficult mask venti-
lation, one must recognize that patients in
modified Mallampati Classes IIT and TV
pose an increased risk of loss of a patent
airway during nonintubated deep sedation
or general anesthesia. When compounded
with other risk factors such as mandibular
retrognathia, obesity, or postradiation
therapy, the practitioner may elect to
administer only light conscious sedation
with drugs that are pharmacologically
reversible or to secure the airway via awake
fiberoptic intubation prior to induction of
general anesthesia.

In certain instances additional evalua-
tion of the airway may be prudent. For
example, fiberoptic pharyngoscopy, soft
tissue radiography, computerized tomog-
raphy, and magnetic resonance imaging
may be helpful in identifying the extent of

airway compromise and tracheal deviation
associated with severe dentofacial and
neck infections. Patients with a severe
infection and significant trismus, orthop-
nea, dysphagia, drooling, and dyspnea may
easily lose the patency of their tenuous air-
way with even modest doses of sedative,
anxiolytic, or opioid analgesic medications
given prior to attempted fiberoptic intuba-
tion. Preparations for an immediate surgi-
cal airway must be made well in advance.

Assessment of Endocrine
Disease

Any of the major endocrine disorders can
impact the course of anesthesia and
surgery and should be considered in the
preoperative assessment.

Adrenal Gland

A lack of adrenal cortical activity, as in
Addison’s disease, may decrease the pro-
duction of cortisol and aldosterone and
alter cardiovascular stability. Patients who
take supplemental glucocorticosteroids
may have a suppression of adrenocorti-
cotropic hormone from their pituitary
gland and may need preoperative supple-
mentation of cortisol. An overproduction
of epinephrine and norepinephrine in the
adrenal medulla from a pheochromocy-
toma may create a hypertensive-tachycardiac
crisis intraoperatively.

Thyroid Gland

Hypothyroidism Hypothyroidism has
many potential causes and is usually deter-
mined by an assessment of levels of thyroid
stimulating hormone (TSH), triiodothyro-
nine (T3), and thyroxin (T4). Patients who
complain of fatigue and intolerance to cold
and who are hypotensive may suffer from
myxedema. Theoretically, myxedematous
patients may be more susceptible to the
depressant effects of anesthetics and less
responsive to adrenergic vasopressors and
cardiac inotropes. However, a retrospective
study demonstrated no significant difference
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@ AMERICAN SOCIETY
OF ANESTHESIOLOGISTS
DIFFICULT AIRWAY ALGORITHM

1. Assess the likelihood and clinical impact of basic management problems:
A. Difficult Ventilation
B. Difficult Intubation
C. Difficulty with Patient Cooperation or Consent
D. Difficult Tracheostomy

2. Actively pursue opportunities to deliver supplemental oxygen throughout the process of difficult airway management.

3. Consider the relative merits and feasibility of basic management choices:
A ( Awake Intubation )—vs.—( Intubation Attempts After Induction of)

General Anesthesia

B. Non-Invasive Technique for Initial Vs Invasive Technique for Initial
Approach to Intubation ) Approach to Intubation

C. ( Preservation of Spontaneous Ventilatior)—vs.—( Ablation of Spontaneous Ventilation )

4. Develop primary and alternative strategies:

A. B. INTUBATION ATTEMPTS AFTER
AWAKE INTUBATION INDUCTION OF GENERAL ANESTHESIA
\Z ¥ \Z 34
Airway Approached by Invasive Initial Intubation Initial Intubation
Non-Invasive Intubation Airway Access(®)* Attempts Successful® Attempts UNSUCCESSFUL
FROM THIS POINT
Succeed* FAIL ONWARDS CONSIDER:

! 1. Calling for Help

M \ M 2. Returning to Spontaneous
Cancel Consider Feasibility Invasive Ventilation
Case of Other Options(@)  Airway Access(®)* 3. Awakening the Patient
v v
FACE MASK VENTILATION ADEQUATE FACE MASK VENTILAIION NOT ADEQUATE
CONSIDER / ATTEMPT LMA
v 12
LMA ADEQUATE* LMA NOT ADEQUATE
r OR NOT FEASIBLE

NON-EMERGENCY PATHWAY < EMERGENCY PATHWAY <
Ventilation Adequate, Intubation Unsuccessful Ventilation Not Adequate
Intubation Unsuccessful

_ IF BOTH v
Alternative Approaches FACE MASK Call for Help
to Intubation(c) ¢ AND LMA v
VENTILATION . . ilation()
BECOME Emergency Non-Invasive Airway Ventilation
INADEQUATE
Successful FAIL After -
Intubation* Multiple Attempts i l Successful Ventilation FAIL
v v
Invasive Consider Feasibility Awaken Emergency
Airway Access(b)” of Other Options(a) Patient(d) Invasive Airway
Access(b)"

* Confirm ventilation, tracheal intubation, or LMA placement with exhaled CO2
a. Other options include (but are not limited to): surgery utilizing face c. Alternative non-invasive approaches to difficult intubation include

mask or LMA anesthesia, local anesthesia infiltration or regional (but are not limited to): use of different laryngoscope blades, LMA

nerve blockade. Pursuit of these options usually implies that mask as an intubation conduit (with or without fiberoptic guidance),

ventilation will not be problematic. Therefore, these options may be of fiberoptic intubation, intubating stylet or tube changer, light wand,

limited value if this step in the algorithm has been reached via retrograde intubation and blind oral or nasal intubation.

the Emergency Pathway. d. Consider re-preparation of the patient for awake intubation or
b. Invasive airway access includes surgical or percutaneous canceling surgery.

tracheostomy or cricothyrotomy. e. Options for emergency non-invasive airway ventilation include (but

are not limited to): rigid bronchoscope, esophageal-tracheal combitube
ventilation, or transtracheal jet ventilation.

FIGURE 4-2  Algorithm for management of a difficult airway. LMA = laryngeal mask airway. Reproduced with per-
mission from the American Society of Anesthesiologists.?
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Class Il

Class |

Class llI Class IV

FIGURE 4-3  Mallampati classification. Adapted from Samsoon GLT and Young JRB.?*

in hemodynamic instability, imbalance in
fluid and electrolytes, necessity for vasopres-
sors, myocardial infarction, sepsis, bleeding,
extubation time, or time to discharge com-
pared with matched controls.?> The conclu-
sion of the study was that mild hypothy-
roidism is not a contraindication for surgery.
However, severe myxedema can lead to
coma, cardiovascular collapse, and heart fail-
ure and necessitates a postponement of
surgery until it can be corrected.?

Hyperthyroidism Graves’ disease is the
most common type of primary hyperthy-
roidism. Symptoms include hyperexcitabil-
ity, weight loss, hypertension, and tachycar-
dia. Thyroid storm during anesthesia can
resemble malignant hyperthermia. Propyl-
thiouracil or methimazole is frequently
prescribed to reduce thyroxin secretion
prior to surgery, and B-adrenergic antago-
nists are used to stabilize the adrenergic
activity prior to and during surgery.

Goiter Enlargement of the thyroid gland
may adversely influence the patency of the
airway. Substernal goiter may be difficult to
recognize on physical examination without
a chest radiograph, but it may produce
symptoms of dyspnea and dysphagia.
Large superficial goiters may increase the
difficulty of endotracheal intubation.

Pituitary Gland

The pituitary gland has a wide influence on
many glands and organs. Increased pro-

duction of hypophyseal pituitary tropic
hormones can produce secondary hyper-
thyroidism (TSH), secondary Cushing’s
syndrome (adrenocorticotropic hormone),
and acromegaly (growth hormone).
Acromegaly predisposes the patient to
cardiomyopathy, dysrhythmias, and sud-
den death.?”?® The excessive growth hor-
mone increases the production of insulin-
like growth factor I (IGF-I) by the liver and
other tissues. Excessive levels of IGF-I can
produce headaches, profuse sweating, joint
disorders, soft tissue swelling, and over-
growth of the hands, feet, mandible, and
viscera. The patient with acromegaly may
therefore present with a difficult airway,
particularly for endotracheal intubation.

Diabetes Mellitus

Diabetes mellitus is a common disease
with far-reaching implications, primarily
owing to the microangiopathy-related
impairment of normal blood flow and
subsequent end-organ damage. Patients
diagnosed with insulin-dependent dia-
betes at a young age are less commonly
than those diagnosed with
non—insulin-dependent diabetes later in

seen

life, who are generally able to control it
with oral hypoglycemic agents. Insulin-
dependent diabetics generally have more
severe signs and symptoms related to their
diabetes and have increased potential to
suffer the consequences for a longer peri-
od of time than non-insulin-dependent
diabetics. Preoperative evaluation of all

diabetics includes an assessment of the
degree of blood glucose control and a
search for evidence of end-organ damage.
As the degree of end-organ damage pro-
gresses, the likelihood of perioperative
complications, often cardiovascular in
nature, increases.

Blood sugar is usually measured sever-
al times a day when insulin therapy is
needed. Although blood sugar concentra-
tions can vary widely throughout the day,
a measurement at the preoperative assess-
ment appointment can give the practition-
er an idea of the degree of control that the
patient might have at that time. The prac-
titioner may also discern that the patient is
in optimal control by measuring the glyco-
sylated fraction of adult hemoglobin
(HbA\.) for a long-term picture of overall
control. Hemoglobin A; binds with glu-
cose to form HbA,., which is a relatively
stable complex that provides more of an
average blood glucose level over a period
of 1.5 to 2 months. Thus, taken together,
these two measurements provide the prac-
titioner with information on both short-
and long-term control.

A well-controlled diabetic is expected
to have fewer perioperative complications
including reduced incidences of wound
infection and diabetic ketoacidosis.
Although long-term tight control should
reduce end-organ damage, tight control
in the immediate perioperative period
may predispose the patient to hypo-
glycemia, which can result in central ner-
vous system damage.

A rational approach to properly man-
aging diabetic patients is based on knowl-
edge of the type of diabetes present, the
degree of its control by the patient, the
stress associated with the surgical proce-
dure, and the likelihood of the patient
quickly resuming a normal diet and hypo-
glycemia medication postoperatively.?’
Short-term control by the sliding scale may
be best in the perioperative period for many
patients; however, others may do well
administering their insulin after surgery in



their usual manner, as if surgery never hap-
pened. An individualized approach to dia-
betic management is essential.

End-organ damage from diabetes may
result in problems that directly affect
surgery and anesthesia. Renal failure may
be the result of diabetic nephropathy,
which may alter fluid and electrolyte bal-
ance and drug elimination. The lack of
erythropoietin production by the kidney
may result in significant anemia. Diabetic
sensory neuropathy may permit myocar-
dial ischemia and silent myocardial infarc-
tion to go unrecognized by the patient and
is an independent predictor of periopera-
tive cardiac morbidity.*® Diabetic auto-
nomic neuropathy may also increase the
risk of aspiration of gastric contents dur-
ing deep sedation or general anesthesia by
delaying gastric emptying. In addition, it
may cause unpredictable cardiovascular
responses to anesthetic drugs and to other
cardiovascular-active drugs.

Metabolic acidosis with hyperglycemia
> 300 mg/dL in the diabetic defines
ketoacidosis. Insulin-resistance owing to
trauma, surgery, or infection may be a con-
tributing factor. The conversion of fatty
acids to acetoacetic acid, B-hydroxybu-
tyrate, and acetone in the absence of
insulin produces metabolic acidosis and
the fruity smell on the breath that may be
recognized during the preoperative assess-
ment. Extracellular potassium increases as
it leaves the cells, and this results in intra-
cellular depletion of potassium in the pres-
ence of hyperkalemia. Significant hypo-
volemia results from the osmotic diuretic
effect of glucose in the urine. All of these
deviations must be corrected with insulin,
fluid, and electrolytes before proceeding
with all but the most urgent surgery.

Assessment of Liver Disease

Preoperative assessment for liver disease is
particularly important for those individu-
als with cirrhosis or acute hepatitis
because morbidity and mortality rates
with these diseases are markedly increased.

When the practitioner suspects liver dis-
ease during the perioperative assessment,
several screening tests are available. Acute
or chronic hepatocellular damage is indi-
cated with elevations of aspartate amino-
transferase (AST) and alanine amino-
transferase (ALT). Acute damage can
produce very high enzyme elevations,
whereas chronic damage may produce
only mildly elevated levels. ALT is more
specific to hepatocytes.

Unconjugated bilirubin from normal
red cell destruction may increase in the pres-
ence of severe liver disease if the hepatocytes
cannot conjugate it with glucuronide. Ele-
vated serum bilirubin is responsible for the
yellow jaundiced appearance.

Serum albumin and nearly all of the
clotting factors such as prothrombin are
produced in the liver. Severe liver disease
can decrease the synthesis of many impor-
tant proteins, as reflected in decreased
serum albumin levels. Additionally,
because many anesthetic drugs are nor-
mally highly bound to albumin, reduced
serum albumin levels over a period of
many weeks may permit unusually high
levels of free drug to exist in the plasma,
which could produce a markedly
enhanced effect from a relatively small
dose. Reduced prothrombin levels would
be reflected in an increased prothrombin
time (PT) and International Normalized
Ratio (INR) and serve as additional mark-
ers for the severity of hepatic disease.
Because significant liver disease influences
so many bodily functions, only necessary
simple procedures under local anesthesia
and perhaps nitrous oxide—oxygen con-
scious sedation should be attempted in an
office setting for those patients with signif-
icant hepatic compromise.

Assessment of Renal Disease

Renal disease has a great impact on peri-
operative morbidity and mortality. The
mortality rate associated with acute renal
failure ranges from 42 to 88%.’! Levy and
colleagues demonstrated that acute renal

Preoperative Patient Assessment

failure is an independent risk factor for
mortality, regardless of other risk factors.*?
He also noted that because the mortality
of contrast medium-associated acute
renal failure is above 30%, elective surgery
should be postponed if possible until renal
function returns to baseline in these
patients. Although newer less toxic con-
trast agents are now available, acute renal
failure can still occur.

As previously discussed, renal failure
is often a consequence of diabetes and
long-standing hypertension. It can be
responsible for congestive heart failure,
fluid and electrolyte imbalance, anemia,
hypertension, and azotemia. When renal
disease is suspected from the history and
physical examination, several tests can be
completed to assess its presence and the
degree of impairment. Because urea and
creatinine are excreted by glomerular fil-
tration and their blood levels are therefore
inversely proportional to the glomerular
filtration rate, blood urea nitrogen and
serum creatinine levels are commonly
obtained to initially assess renal function.
Creatinine serum levels are normally in
the range of 0.6 to 1.5 mg/dL. Approxi-
mately a 50% loss in kidney function is
indicated by a creatinine level > 2.0,
whereas a 75% loss of function would be
indicated by a creatinine level > 4.8. Crea-
tinine levels > 10.0 are consistent with
end-stage renal disease (ESRD).

Patients with ESRD who depend on
hemodialysis often present for periopera-
tive assessment in either a hypervolemic
or hypovolemic state, depending on
whether they need dialysis soon or have
just completed it. Chronic hyperkalemia
and anemia are commonly seen. Patients
on hemodialysis are usually treated on the
day after dialysis, when they have some-
what stabilized their physiology and when
the effects of their dialysis-associated
heparin are no longer present. Many of
these patients are quite sensitive to small
doses of sedatives and anxiolytics; there-
fore, slow careful intravenous titration of
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these drugs prior to dental procedures is
highly recommended.

Assessment of Bleeding Disorders

A careful history regarding bleeding prob-
lems is essential prior to surgery. Excessive
bleeding may result from a variety of
causes. For instance, drugs such as acetyl-
salicylic acid and other nonselective non-
steroidal anti-inflammatory analgesics
may inhibit platelet function. Liver dis-
ease may decrease the production of clot-
ting factors. A family history of bleeding
may be the result of autosomal dominant
transmission of von Willebrand’s disease
to males and females, whereas hemophilia
A and B are both inherited as sex-linked
recessive traits. These patients may be tak-
ing various factors to bring their levels to
the normal range or may have had a his-
tory of intravenous desmopressin admin-
istration to acutely elevate levels of factor
VIII and von Willebrand’s factor prior to
surgery. A decreased ristocetin cofactor
activity is the most sensitive and specific
screening test for von Willebrand’s disease
because large multimers of von Wille-
brand’s factor are important in ristocetin-
induced platelet aggregation.

To help uncover previously unrecog-
nized bleeding disorders prior to major
dental surgery, Holtzman and colleagues
recommend preoperative
assessment of hemostasis prior to orthog-
nathic surgery.*> However, there are a large
number of studies that generally concur
that routine hemostatic testing of asymp-
tomatic patients does not significantly
alter treatment and is not cost-effective for
the low yield.***

Wahl reviewed more than 950 patients
continuously receiving anticoagulants
who underwent more than 2,400 dental
surgical procedures, and only 12 (< 1.3%)
required more than local measures to con-
trol bleeding.** Conversely, of the 526
patients who stopped their anticoagulant
therapy, 5 suffered serious embolic com-
plications and 4 of the 5 died. Wahl rec-

laboratory

ommends that most dental surgery
patients should remain at therapeutic lev-
els of their anticoagulant during the peri-
operative period.

When a bleeding disorder is suspect-
ed, the usual screening tests include the PT
or INR to test the activity of the extrinsic
and final common pathways and the acti-
vated partial thromboplastin time to test
the intrinsic and final common pathways.
Platelet counts may be important when
thrombocytopenia is suspected and bleed-
ing time is prolonged.

Assessment of Neurologic and
Neuromuscular Disorders

The oral and maxillofacial surgeon may
encounter a variety of patients with neu-
rologic disorders. Neurologic examina-
tion may reveal important findings that
may alter
instance, head-injured trauma patients
are classified according to the Glasgow
Coma Scale (Table 4-6).%!

Protection of the airway without
increasing the chances of worsening any
existing neurologic impairment is of

treatment planning. For

prime importance in severely trauma-
tized patients. The preoperative assess-
ment of some of these patients may be, by
necessity, quite limited during resuscita-
tive procedures. Nevertheless, it is
absolutely necessary to accomplish to
whatever degree is possible.

Neuromuscular disorders such as
Parkinson’s disease or multiple sclerosis
may increase the risks of ventilatory insuf-
ficiency during spontaneous breathing
and aspiration during sedation or anesthe-
sia when the airway is relatively unprotect-
ed. Duchenne’s muscular dystrophy may
be a risk factor for development of malig-
nant hyperthermia or neuroleptic malig-
nant syndrome in response to various
anesthetic drugs.

Epilepsy
Epilepsy is a common neurologic disorder
that requires careful assessment. Patients

with a history of seizure should maintain
their antiseizure therapy during the peri-
operative period. The practitioner should
be aware of the frequency and duration of
the seizures, including the most recent
one, and what to expect should a seizure
occur. Despite maximal doses of multiple
medications, some patients remain poorly
controlled, and the surgeon must then
determine the most appropriate venue for
surgical treatment, while considering that
the risks of pulmonary aspiration and res-
piratory insufficiency during seizure
episodes are increased.

Transient Ischemic Attack
and Stroke

Patients with a history of transient
ischemic attacks (TTAs) or stroke should be
evaluated in the same manner as those
with angina pectoris and myocardial
infarction. Those who are deemed to have
unstable TIAs or who have had a stroke
within the previous 6 months are managed

Table 4-6 Glasgow Coma Scale

Eye opening
Spontaneously
To speech
To pain
None

— N W

Motor response
Obeys
Localizes pain
Withdraws from pain
Flexion to pain
Extension to pain
None

— N W s U1 N

Verbal response
Oriented
Confused
Inappropriate
Incomprehensible
None

— N W s G

Adapted from Teasdale G, Jennett B.*!

Patient’s score determines category of neurologic impair-
ment: 15 = normal; 13 or 14 = mild injury; 9-12 =
moderate injury; 3-8 = severe injury.




similarly to those with unstable angina and
recent myocardial infarction, respectively.
The hypercoagulable state associated with
the stress of surgery is more likely to man-
ifest itself in patients with preexisting dis-
ease in coronary and cerebral arteries.

Preoperative Screening Tests for
Asymptomatic Patients

With the advent of high-tech automated
equipment in the past several decades that
can quickly complete a large number of
preoperative screening tests, practitioners
who wished to gather as much informa-
tion as possible about their patient to opti-
mize care and reduce poor outcomes
began to order “universal testing,” even for
apparently healthy asymptomatic patients,
in a futile attempt to “leave no stone
unturned.” Unfortunately, the indiscrimi-
nate ordering of multiple laboratory tests
has many drawbacks and usually does not
uncover diseases that normally should be
discovered by other means such as a thor-
ough history and physical examination.
For instance, Rabkin and Horne identified
165 patients who had been diagnosed
as having “new electrocardiographic
changes.”*? However, of that number, 163
were identified as having changes consis-
tent with their history and physical exam-
ination, so these changes were not unex-
pected. Of the 2 patients whose new
electrocardiographic changes were not
consistent with the basic information
recorded in their chart, 1 patient was
found to be in atrial fibrillation, which
should most likely have been discovered by
palpation of an irregular pulse during the
examination process. The other patient
had no physical examination performed.
Thus, this study indicated that a thorough
history and physical examination should
be the key to determining whether the
practitioner should look for new electro-
cardiographic changes.

Domoto and colleagues performed
19 screening tests in 70 asymptomatic elder-
ly patients whose mean age was > 80 years.*

Most abnormalities were minimally outside
normal ranges, and only 0.1% of the
patients had a resulting change in treat-
ment. Most importantly, no patient received
an important benefit from the tests. Like-
wise, Dzankic found that the prevalence of
abnormal preoperative electrolyte values
and thrombocytopenia was small and had a
low predictive value in elderly surgical
patients.** Although more prevalent, abnor-
mal hemoglobin, creatinine, and glucose
values were also not predictive of postoper-
ative adverse outcomes. Thus, the routine
preoperative testing in geriatric patients for
hemoglobin, creatinine, glucose, and elec-
trolytes on the basis of age alone may not be
indicated. Selective laboratory testing, as
indicated by history and physical examina-
tion, determines a patient’s comorbidities
and surgical risk.

Narr and colleagues studied 3,000
ASA PS-1 and PS-2 patients who received
elective surgery and found no benefit from
the tests.*> Archer and colleagues complet-
ed a meta-analysis of over 14,000 patients
and concluded that the practice of obtain-
ing routine preoperative chest radiographs
should be abandoned.*®

It is important to understand that the
“normal values” of various tests are often
set around a normal distribution that
would include values of perhaps 95% of a
healthy population.
healthy individuals may fall above or
below the normal range yet still be without
disease. When one considers the variable
selectivity of individual tests, it is not
unreasonable to expect that from a large
battery of tests, at least one may reveal a
falsely positive result. Such a result may
prompt the clinician to seek additional
information from more invasive tests,
which may result in a severe complication.
Therefore, indiscriminate testing can actu-
ally do more damage than the potential
harm of some unrecognized disease that it
is designed to discover. Additionally, in an
era of cost containment, testing asympto-
matic patients in hopes of improving out-

However, some
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comes is generally not cost-effective for
the resulting low yield.*”=>° Although
many patients with significant diseases
such as diabetes and coronary artery dis-
ease, as well as women of child-bearing age
who are not sure of their pregnancy status,
need certain laboratory testing preopera-
tively, routine testing of healthy asympto-
matic patients with no complicating fac-
tors is unwarranted.>->?

A carefully taken medical history and a
thorough physical examination remain the
most important aspects of optimal patient
care when supplemented by specific tests
that are indicated by this information.

Summary

Having obtained and evaluated all of the
appropriate information from the above
sources, the oral and maxillofacial surgeon
must, in the end, judge whether the bene-
fit-to-risk ratio of completing a procedure
for a particular patient, using a particular
sedative/anesthesia technique in a specific
venue (office, ambulatory surgical center,
or hospital), is acceptable. For some med-
ically, physically, or mentally complex
patients, an alternative surgical procedure,
surgeon, anesthesia provider, anesthesia
technique, and/or venue may be deemed
more appropriate than for those same
variables with the healthy patient. Sound
professional judgment of the surgeon is
the hallmark of successful oral surgical
practice, and a complete preoperative
assessment of each patient provides an
opportunity to influence that judgment
for a safe and successful operation. The
oft-mentioned statement “never treat a
stranger” is indeed profound.
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CHAPTER 5

Pharmacology of Outpatient
Anesthesia Medications

M. Cynthia Fukami, DMD, MS
Steven I. Ganzberg, DMD, MS

Intravenous sedation has a long history of
use in oral surgery practice. Oral sur-
geons have been the historical leaders in
the development of office-based ambula-
tory anesthesia practice. The develop-
ment of newer intravenous agents and
techniques have led to the increased
acceptance of these practices as being safe
and cost effective. Currently, the vast
majority (> 70%) of surgical procedures
are performed on an ambulatory basis,
and at least 20% of surgical procedures
are performed with office-based sedation
or general anesthesia.

While it is neither possible nor the
intention of the authors to present the full
scope of anesthetic medications including
emergency medications in this chapter,
we will review the pharmacology of many
agents used in office-based sedation and
general anesthesia practice. Where applic-
able the use of these agents in oral surgical
practice is highlighted.

Pharmacodynamics
and Pharmacokinetics

Pharmacodynamics

Pharmacodynamics is the study of the
pharmacologic actions and clinical effects
of a drug in the body.! The clinical
response of most anesthetic and sedative

medications derives from their actions in
the central nervous system (CNS).

At a cellular level the most frequent
mechanism by which drugs exert their
pharmacologic effects is through interac-
tions with specific protein receptors
embedded in cell membranes, which then
initiate a specific set of intracellular
actions. These protein receptors can be
characterized as ion channels or trans-
membrane receptors. lon channels allow
the passage of specific ions into or out of
the cell, including chloride, potassium,
sodium, and calcium. Alterations in the
intracellular concentration of these ions
initiate characteristic cellular effects such
as depolarization of a cell membrane or
movement of storage vesicles. Opening of
ion channels may be triggered by either
changes in membrane voltage or binding
by a specific ligand. Voltage-sensitive ion
channels open and close depending on cell
membrane voltage, whereas a ligand-gated
ion channel undergoes conformational
changes when a drug or natural ligand
binds to it, altering ion channel opening
and closing. The y-aminobutyric acid
(GABA) receptor is an example of a
ligand-gated chloride ion receptor.

Transmembrane receptors are also lig-
and regulated and typically rely on second
messenger systems to carry out the phar-

macodynamic effect. When a specific ligand
binds to the extracellular portion of these
transmembrane receptors, a conformation-
al change in the domain of the receptor
exposed towards the cytoplasm activates
either a specific enzyme or a second mes-
senger system. Second messenger systems,
such as G proteins and cyclic adenosine
monophosphate, are complex cascades of
signaling proteins that, once triggered, will
produce the intended effect. An example of
an enzyme-activated system is insulin,
which binds to its specific receptor, activat-
ing an intracellular enzyme called tyrosine
kinase, resulting in increased glucose
uptake. Muscarinic acetylcholine (ACh)
receptors also use a second messenger cas-
cade involving intracellular calcium.

Some lipid-soluble drugs do not
engage membrane receptors, but instead
exert their pharmacodynamic effect intra-
cellularly via receptors found in the cyto-
plasm. Hormones and steroid medications
cross the cell membrane and bind to cyto-
plasmic receptors, which then alter cellular
functions such as gene transcription. A
small number of medications may also
alter enzyme activity outside of cells, such
as anticholinesterase drugs that block the
activity of acetylcholinesterase.

Drugs are commonly classified as
either agonists or antagonists for a specific
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receptor. Agonist drugs function to exert
the normal property associated with
receptor activation. GABA A agonists like
benzodiazepines activate GABA receptors,
allowing an influx of chloride, hyperpolar-
izing the cell, and reducing neuronal activ-
ity, thus promoting the normal activity
associated with GABA activation. Antago-
nist drugs exert the opposite effect of the
natural ligand or agonist drug activity.
Competitive antagonists bind at the normal
ligand-binding site but exert no pharma-
cologic effect. Instead the antagonist “takes
up space” at the binding site, thus blocking
agonist drug activity. The higher the con-
centration of antagonist, the greater the
blocking effect. Agonist activity returns
once the
decreases or if additional agonist is admin-
istered to overcome the antagonist con-
centration. Nondepolarizing neuromus-
cular blockers are competitive antagonists
for the acetylcholine receptor. Noncompet-
itive antagonists do not bind at the ligand

antagonist concentration

site but instead attach to a different loca-
tion on the receptor, altering the configu-
ration of the binding site and preventing
normal ligand binding. Administration of
an additional agonist does not affect non-
competitive antagonist activity, as they do
not compete for the same binding site.
Many pesticides are an example of non-
competitive antagonist agents.

Pharmacokinetics

Pharmacokinetics is the study of the fac-
tors that affect the plasma concentration
of a drug in the body, encompassing the
processes of absorption, distribution,
metabolism, and elimination.! Commonly
identified by the route of administration,
such as per oral (PO), intravenous (IV),
(IM), or inhalation,
absorption describes the point of entry of
the drug into the body. Orally adminis-
tered agents undergo first-pass metabolism;
PO medications are absorbed by the
intestinal mucosa and carried via the por-
tal circulation to the liver where they

intramuscular

undergo partial metabolism prior to
entrance into the central circulation. This
process potentially reduces the plasma
concentration of drug that reaches the
effector site, such as the CNS. Since the
degree of gastrointestinal absorption and
first-pass metabolism is unpredictable, PO
sedative drugs can have less reliable clini-
cal effects. Most anesthetic agents used in
oral surgical practice are delivered intra-
venously, intramuscularly, or by inhala-
tion. In contrast to oral agents these routes
of administration do not undergo first-
pass metabolism. Both intravenous and
inhalation administration provide direct
entry into the central circulation, reaching
peak plasma concentration very quickly
following drug administration. Inhalation
pharmacokinetics will be discussed in the
following section “Inhalation Anesthetics.”

Distribution describes the movement
of the drug between body compartments.
The main factors influencing distribution
include the allocation of blood flow to a
specific compartment, the concentration
gradient of the drug between compart-
ments, the chemical structure of the drug,
and plasma protein binding of the drug.
Following administration the majority of
the drug initially redistributes to the
vessel-rich compartments. This vessel-rich
group includes the brain, heart, kidney,
and liver, representing 10% of total body
mass but 75% of cardiac output. Since the
major site of anesthetic agent activity is
the brain, early distribution to the CNS
results in early anesthetic effects.

The transfer of the drug from the cen-
tral circulation to the brain is also deter-
mined by the concentration gradient
between the two compartments. A lower
concentration in one compartment favors
the transfer from a region of higher con-
centration. Following initial intravenous
administration the initial drug concentra-
tion in the brain is low relative to the plas-
ma concentration; thus, the drug will
rapidly transfer into the brain based on
this differential concentration gradient. As

the plasma concentration falls by contin-
ued redistribution to other vessel-rich
organs, and later to less vessel-rich organs
such as skeletal muscle (approximately
20% of cardiac output), anesthetic drug
not bound to receptors in the brain will
transfer back into the central circulation
for further redistribution to other tissue
sites. As the brain concentration of seda-
tive agent falls, the clinical effects of seda-
tion also decrease.

Characteristics of the drug itself affect
its distribution throughout the body.
Lipophilic drugs readily cross the blood-
brain barrier and cellular membranes, and
generally exert their effects rapidly. Like-
wise lipophilic drugs can quickly exit the
CNS, shortening the duration of their
effects. Hydrophilic medications either
cross very slowly or must be transported
by specific mechanisms. The size or mole-
cular weight of the drug molecules influ-
ences movement across capillary walls;
smaller molecules will cross more readily.
The degree to which the drug binds to
plasma proteins such as albumin and ol-
acid glycoprotein will affect the amount of
free drug available to cross into the brain.
Most sedative agents are highly plasma-
protein bound. For example, initial doses
of diazepam are 98% bound to plasma
protein and unavailable to cross into the
CNS. As the free drug plasma concentra-
tion decreases through further redistribu-
tion, and later metabolism and elimina-
tion,
released back into the plasma as free drug
and is able to cross the blood-brain barri-

plasma—protein-bound drug is

er. In this way drug bound to plasma pro-
tein may be thought of as a reservoir of
drug that may contribute to prolonged
sedative effects. Once plasma-protein
binding sites have been filled, an addition-
al consequence is that further administra-
tion of small quantities of drug can have
profound effects as the majority of the
additional administered agent will be free
drug that is able to cross the blood-brain
barrier. Careful titration of intravenous



agents, especially after initial administra-
tion and filling of protein binding sites, is
important to avoid oversedation due to
this mechanism. Hypoproteinemia sec-
ondary to advanced age or severe liver fail-
ure can also dramatically increase the con-
centration of free drug,
reduction may be required.
As redistribution continues, a fraction
of the plasma concentration is delivered to
the liver, the primary organ of drug metab-
olism, undergoing transformation from a
lipid-soluble entity to a water-soluble
form. There are four main pathways of
hepatic metabolism: oxidation, reduction,
hydrolysis, and conjugation. Phase I reac-
tions include the first three pathways, con-
verting the drug into a water-soluble

and dose

metabolite or intermediate form. Phase II
reactions involve most forms of conjuga-
tion, in which an additional group is added
onto the metabolite in order to increase its
polarity. Subsequent elimination via the
kidney, the main excretory organ, requires
hydrophilicity to avoid reabsorption of the
excreted drug. Water-soluble drugs and
metabolites are eliminated chiefly by the
kidney, but also via the bile, lungs, skin,
and other organs.

Phase I hepatic reactions, including
the cytochrome P-450 (CYP-450) group of
enzymes which carry out the oxidation
and reduction reactions, occur in the
hepatic smooth endoplasmic reticulum
(hepatic microsomal enzymes). The CYP-
450 group of enzymes has been character-
ized into several isoforms, including CYP-
3A4, CYP-2D6, and CYP-1A2. The
conjugation reaction of glucuronidation is
also conducted by the hepatic microsomal
The hepatic microsomal
enzymes are unique in that certain chemi-
cals and drugs, including those used in
anesthesia, can stimulate their activity.
This is termed enzyme induction and gen-
erally requires chronic exposure of the
drug to the enzyme system for at least sev-
eral days or weeks. An isolated exposure to
anesthetic agents is unlikely to induce

enzymes.
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hepatic enzyme activity. However, if the
patient’s daily medications induce hepatic
enzymes, then increased metabolism of
additional medications is possible. Induc-
tion is isoform specific; a coadministered
drug will only be affected by enzyme
induction if both drugs are metabolized by
the same enzyme system. Hepatic micro-
somal enzymes can also be inhibited by
certain drugs, thus reducing metabolism
of drugs by a specific enzyme system. For
example, patients taking cimetidine for
treatment of gastric ulcers may experience
prolonged residual CNS effects from
diazepam, as cimetidine inhibits the
hepatic enzymes that normally metabolize
diazepam. Various tables have been pub-
lished which list drugs that are substrates,
inducers, and inhibitors of the various
cytochrome enzyme systems.

Nonhepatic forms of metabolism are
important for certain anesthetic medica-
tions, and are useful in patients with signif-
icant liver or kidney disease. Drugs suscepti-
ble to Hofmann elimination spontaneously
degrade at body pH and temperature. Ester
hydrolysis by nonspecific and specific (eg,
pseudocholinesterase) esterases is also less
dependent on renal and hepatic functions.

Redistribution, metabolism, and elim-
ination reduce the plasma concentration
of the drug, increasing the transfer of drug
from tissue sites (eg, brain) back into the
central circulation for further redistribu-
tion, metabolism, and elimination. Differ-
ent mathematical models involving these
processes have been developed that
describe the offset of activity of anesthetic
agents. The fall of 50% of the plasma con-
centration of the drug secondary to redis-
tribution is termed the alpha half-life. The
removal of 50% of the drug from the body
due to metabolism and/or elimination is
termed the beta half-life, or elimination
half-life. Offset of clinical effects and
awakening from a bolus of an IV anesthet-
ic agent is more dependent on redistribu-
tion of the drug away from the brain and
is therefore better approximated by the

alpha half-life than the beta half-life. In
some cases residual CNS effects can be
predicted by a long elimination half-life.
The beta half-life has more use for orally
administered agents and particularly
describes central compartment concentra-
tion in a one-compartment model.

The pharmacokinetics of a continu-
ous infusion of intravenous anesthetic
agents may be better described by the
context-sensitive half-time. This value
represents the time necessary for the
plasma drug concentration to decrease
by 50% after discontinuing a continuous
infusion, depending on how long the
anesthetic agent has been administered.’
Figure 5-1 describes the context-sensitive
half-time for a number of common anes-
thetic agents. Currently computer-
controlled pumps administer continuous
infusions based on a specific amount of
drug per time, but the newest infusion
pumps can be programmed to calculate
and provide target plasma concentra-
tions of an agent to a specified anesthet-
ic or analgesic level. In the future these
pumps will likely be integrated with con-
electroencephalogram
sciousness monitoring to individualize
anesthetic drug delivery.

current con-

Benzodiazepines

Benzodiazepines are the most commonly
used sedative and anxiolytic medications
in oral surgery. Their relatively high mar-
gin of safety as compared to other sedative-
hypnotic medications, in addition to the avail-
ability of an effective reversal agent, makes
their use attractive during operator-anesthetist
procedures in an outpatient setting.
Benzodiazepines are composed of a
benzene and diazepine ring fused together.?
Agonist agents contain a 5-aryl substitution
which is not present on the antagonist
reversal agent (Figure 5-2). This structure
binds to inhibitory GABA receptors found
throughout the brain, particularly in the
cerebral cortex. Binding to the GABA A
subunit increases the frequency of pore
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FIGURE 5-1 Context-sensitive half-time of a number of anesthetic agents. Adapted from Hughes
MA et al?

opening in the chloride-gated channel, thus
increasing inward chloride flow, hyperpo-
larizing cell membranes, and reducing neu-
ronal transmission.

Characteristics shared by benzodi-
azepines include sedation, anxiolysis,
anterograde amnesia, muscle-relaxing
properties, and anticonvulsant activity.
Indeed, any intravenous benzodiazepine
agonist may be used to suppress acute
seizure activity. These drugs do not pro-
duce analgesia.

Benzodiazepines are commonly used
for preoperative sedation both immedi-

CH
I
N

Diazepam Lorazepam

ately prior to the procedure and as a
sleep adjunct the night before surgery. In
clinical practice they are also used for
conscious sedation, and at higher doses
can produce deep sedation and even gen-
eral anesthesia.

In a nervous patient anxiolysis from
benzodiazepines can produce noticeable
reduction in blood pressure and heart
rate, but these medications have little
direct effect on cardiovascular parame-
ters. Given alone in slowly titrated doses,
benzodiazepines also have minimal effects
on ventilation. Large bolus doses will,

N
7 N\
|” “cooCH,

Flumazenil

Midazolam

FIGURE 5-2  Chemical structure of benzodiazepine agonists and antagonist.

however, induce unconsciousness and
apnea. Additionally, even smaller doses
when given in combination with an opi-
oid can synergistically enhance opioid-
induced respiratory depression.

Benzodiazepines are metabolized by
hepatic enzymes into hydrophilic forms.
These metabolites are then excreted by the
kidney in urine.

Side effects of benzodiazepines are
few, but paradoxical excitement, in which
patients may become overly disinhibited
and disoriented, is a possible complica-
tion. Flumazenil is useful in the reversal of
paradoxical excitement and benzodi-
azepine-related respiratory depression.

Diazepam

Diazepam is lipid soluble and is carried in
an organic solvent such as propylene glycol
or a soybean oil emulsion. Intravenous
injection can be painful, although injecting
into a larger vein or pre-administration of
lidocaine or an opioid can reduce discom-
fort. Intramuscular injection is painful and
absorption can be unpredictable.

Diazepam is still used for intra-
venous conscious sedation, given in
2.5 to 5 mg increments every few min-
utes. Onset of sedation occurs in several
minutes and recovery from clinical seda-
tion by diazepam is similar compared to
midazolam. However, the much longer
elimination time of diazepam may con-
tribute to lingering sedative effects.
Diazepam can also be given orally (5 to
10 mg) for preoperative anxiolysis and
mild sedation.

This highly lipid-soluble drug accu-
mulates in fat tissues with slow reentry of
very small quantities into the central cir-
culation, leading to an elimination half-
life of 24 to 96 hours. Diazepam is also
metabolized into two pharmacologically
active metabolites, desmethyldiazepam
and oxazepam, each with long elimina-
tion half-lives as well. The active meta-
bolites and parent drug are partially
eliminated in bile and can result in



reemergence of sedation several hours
after completion of the procedure, due to
enterohepatic metabolism. Upon inges-
tion of a fat-rich meal, bile is released
into the gut, and active drug components
in the bile are reabsorbed by the intesti-
nal mucosa and undergo first-pass
metabolism. These still active drugs are
then re-introduced into the central cir-
culation and into the CNS, resulting in
possible resedation.

Midazolam

Midazolam has an imidazole ring attached
to its diazepine ring. The imidazole ring is
open, rendering the compound water solu-
ble at pH less than 4, but the ring closes at
physiologic pH producing the lipid-soluble
benzodiazepine. Midazolam can therefore
be delivered in an aqueous solution, rather
than propylene glycol, resulting in less pain
on intravenous and intramuscular injec-
tion.* It is 2 to 3 times as potent at
diazepam, with a faster onset, much faster
elimination, and shorter duration of lin-
gering effects. Its active metabolites are not
thought to produce significant sedative
effects. Respiratory depression is more of a
concern with midazolam than diazepam
after bolus intravenous administration.
Midazolam is currently more popular
than diazepam for intravenous sedation for
short oral surgical procedures. For con-
scious sedation 0.05 to 0.15 mg/kg IV in
divided doses is titrated to effect, typically
given in 1 or 2 mg boluses every few min-
utes. Peak effect is seen in approximately 5
minutes. Dosage should be adjusted down-
ward when given concurrently with other
medications such as opioids or propofol.
An intramuscular injection of 0.5 mg/kg to
a maximum of 10 to 15 mg depending on
patient age is also possible. As an alterna-
tive midazolam may be given orally at 0.5
to 1 mg/kg (maximum 15 mg), usually
mixed into a flavored syrup or in a com-
mercially available premixed product; this
route may be better accepted by pediatric
patients.’ Clinical effect from PO adminis-
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tration will be seen after 15 to 20 minutes
in the pediatric patient.

Lorazepam

Lorazepam is a long-acting benzodi-
azepine with a slow onset. Its use for PO
and IV sedation is therefore limited but is
an option for oral preoperative anxioly-
sis, particularly the night before surgery
or for long operative appointments.
Dosage for an adult is 0.05 mg/kg, not to
exceed 4 mg total.

Triazolam

Triazolam is only available in an oral for-
mulation as 0.125 mg and 0.25 mg tablets.
This sleep adjunct can be used off-label for
anxiolysis and sedation at a dose of 0.25 to
0.5 mg for an adult. It is a very short-acting
benzodiazepine and its effects are observed
in 30 to 45 minutes with clinically effective
sedation lasting from 30 to 90 minutes.

Flumazenil

Flumazenil is a highly specific competitive
antagonist for the benzodiazepine receptor
and is used as a reversal agent for benzodi-
azepine agonists.® It will reverse benzodi-
azepine sedation, excessive disinhibition,
and the additive ventilatory depression
related to benzodiazepines when combined
with opioids. Flumazenil is given 0.2 mg IV
initially, followed by 0.1 mg at 1-minute
intervals as necessary, to a total of 1 mg. In
emergency situations, 0.5 to 1 mg or more
may be administered in a bolus dose.
Reversal effects may take several minutes to
manifest. The effect of flumazenil will last
30 to 60 minutes and may require redosing
since agonist drug activity may outlast the
reversal effects. Flumazenil should not be
administered to epileptic patients using
benzodiazepines for seizure control and
should be used cautiously with other
epileptic patients.

Opioids

Opioid medications are used in oral
surgery primarily for analgesia and mild

sedation or euphoria. It is important to
note that narcotic medications do not pro-
duce amnesia or classic sedation, nor do
they induce loss of consciousness or sensa-
tion of touch at clinically relevant doses.
Patients given opioid medications alone
will retain awareness and memory.
Instead, opioids are often used in combi-
nation with sedative-hypnotic medica-
tions such as benzodiazepines and barbi-
turates to provide analgesia and augment
the desired level of anesthesia.

While the term opiate refers to any
drug derived from opium, opioid medica-
tions include all substances, natural and
synthetic, which bind to the opioid recep-
tors.” Common opioid medications are
shown in Figure 5-3. Endogenous opioids
such as endorphins and enkephalins, and
administered opioid medications like
morphine, bind to opioid receptors locat-
ed in presynaptic and postsynaptic neu-
rons throughout the CNS as well as in
peripheral afferent nerves. Agonist activity
at these receptors either modifies or
decreases neuronal transmission of pain
signals. Several subtypes of opioid recep-
tors (eg, p, X, 8) with differential effects
have been identified. The pu and x recep-
tors are predominantly responsible for
analgesia, and most clinically used opioids
are agonists for the p receptor. A subset of
opioids, termed agonist-antagonist opioids,
are agonists at K receptors and antagonists
at p receptors. Thus agonist-antagonist
opioids are contraindicated for patients on
long-term opioids, such as those using
these agents for chronic pain or those on
methadone maintenance for treatment of
opioid substance abuse.

Respiratory depression is the most
common and pronounced side effect of p
receptor agonists as used in anesthetic
practice. This effect can be significantly
exacerbated with concurrent administra-
tion of other medications such as benzodi-
azepines, barbiturates, propofol, and other
opioids. Respiratory depression is dose
dependent, resulting from a decrease in
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FIGURE 5-3  Chemical structure of synthetic opioid
agonists.

the respiratory response to arterial carbon
dioxide (CQO,) levels in the brainstem res-
piratory centers. Decreased respiratory
rate and arterial hypoxemia may result
without supplemental oxygen (O,) and
appropriate monitoring (eg, pulse oxime-
try). Opioids are often titrated incremen-
tally to balance the analgesic effect against
respiratory depression.

Bradycardia as a direct effect is more
apparent with high doses of opioids and is
due to centrally mediated vagal response.
This effect is common with opioids such
as morphine, fentanyl, and the synthetic
derivatives, but less common with meperi-
dine. A mild decrease or stabilization of
the heart rate may be desirable in patients
with cardiovascular disease.

Most opioids are metabolized by hepat-
ic enzymes and excreted into the urine and
bile. The exception is remifentanil, which is
metabolized by plasma esterases.

Opioids suppress the cough reflex and
are a common ingredient in cough medi-
cines. These antitussive effects can be bene-
ficial during sedation, especially when used
in patients with hyperreactive airways (eg,
smokers). However, several opioids can
cause the release of histamine and caution
should be used when histamine-triggering
opioids are administered to an asthmatic
patient. Other manifestations of histamine
release include a decrease in blood pressure
secondary to vasodilation, and pruritus and
erythema, especially at the site of injection.

Other adverse effects such as nausea
and vomiting, constipation, urinary
retention, and biliary tract spasm may
increase patient discomfort postopera-
tively, particularly with repeated oral or
neuraxial administration. These reactions
are frequently misinterpreted by the
patient and other health care providers as
an “allergic” reaction.

Morphine

Morphine is the standard agent by which
other opioids are compared. It has poor
lipid solubility and therefore has a slow
onset. Peak effect following IV administra-
tion occurs in 15 to 30 minutes and the
analgesic  effect approximately
4 hours. Because of its slow onset and longer
duration of activity, it is commonly used in
anesthesia for postoperative pain manage-
ment rather than intravenous sedation.

lasts

Morphine is normally given in 1 to 2 mg IV
increments for postoperative analgesia.

Morphine has several notable charac-
teristics. Histamine release from morphine
can result in skin flushing and a decrease
in blood pressure and may be of concern
in an asthmatic patient. Morphine is
metabolized by hepatic enzymes into two
metabolites that are subsequently elimi-
nated by the kidney. One of these metabo-
lites, morphine-6-glucuronide, is more
potent than morphine itself, and pro-
longed opioid effects in patients with renal
failure can be significant.

Meperidine

Meperidine is a synthetic opioid with a rel-
atively rapid onset time and duration of
action between 2 and 3 hours. It is used for
both intravenous sedation and postopera-
tive pain control. Meperidine is usually
given in 12.5 to 25 mg IV increments titrat-
ed to effect.

The drug has several identifying char-
acteristics. Like morphine, it also has an
active metabolite, normeperidine, which is
half the potency of meperidine. When
mixed with monoamine oxidase inhibitors,
meperidine administration may produce a
dangerous excitatory hyperthermic reac-
tion. With repeated dosing, particularly in
renally compromised patients, accumula-
tion of normeperidine may lead to
seizures. Meperidine is also associated with
the release of histamine; thus, appropriate
precautions should be taken. Unlike the
other opioids it is not associated with
bradycardia; its
atropine and it possesses mild anticholin-
ergic effects such as a mild increase in heart
rate (offset by direct vagal stimulation) and
xerostomia. Meperidine is commonly used
to reduce shivering postoperatively, an
action likely associated with partial agonist
activity at the K receptor.

structure resembles

Fentanyl

Fentanyl is a synthetic opioid, and its
high lipid solubility leads to its high
potency, rapid onset (1 min), and shorter
duration of action (10 to 20 min). With



such characteristics fentanyl is a frequent
choice for intravenous conscious seda-
tion for short office-based procedures. It
is typically given in 25 to 50 pg incre-
ments towards a total dose of approxi-
mately 1 to 2 ug/kg. It is also given during
induction of general anesthesia, both
for analgesia and attenuation of airway
reflexes during intubation.

Fentanyl does not induce histamine
release and is therefore not associated with
vasodilatory or bronchospastic effects.
However, at higher doses, it can cause more
pronounced bradycardia than morphine.
Fentanyl is a potent respiratory depressant.
At high doses and with rapid bolus admin-
istration, fentanyl and other synthetic deriv-
atives have been associated with chest wall
and glottic rigidity, making ventilation
impossible; there are reports that even lower
doses (eg, 100 pg) can trigger this centrally
mediated effect. Fentanyl-associated chest
wall rigidity is treated with either naloxone
or succinylcholine (SCh), and positive pres-
sure O, and other resuscitation equipment
should be immediately available. The inci-
dence of fentanyl rigidity is reduced by a
preceding dose of a benzodiazepine or other
hypnotic drug.

Remifentanil, Sufentanil, and
Alfentanil

Remifentanil, sufentanil, and alfentanil are
synthetic fentanyl derivatives used primar-
ily for analgesia during general anesthesia.
Remifentanil in particular is associated
with a rapid onset and extremely short
duration of action, resulting in a signifi-
cantly shorter recovery time. Metabolized
by nonspecific plasma esterases, its clear-
ance is very rapid and independent of both
hepatic and renal functions. It has a very
short context-sensitive half-time of 4 min-
utes with virtually no cumulative effect,
even following hours of continuous infu-
sion. These features make remifentanil
ideal for use in a titratable continuous
infusion. Of note is the fact that because
the actions of this medication are so short-
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lived, postoperative pain will not be
addressed by intraoperative remifentanil,
and alternative pain control with another
narcotic such as a nonsteroidal anti-
inflammatory drug (NSAID) or local
anesthesia should be considered towards
the end of the procedure.

Remifentanil is used in a total intra-
venous infusion anesthetic technique to
maintain anesthesia during dental surgery,
often in combination with propofol. For
analgesia during general anesthesia it is used
at 0.25to 1 pg/kg or 0.5 to 2 pg/kg/min. Dur-
ing sedation the dose ranges from 0.05 to
0.10 pg/kg/min.

Remifentanil, like fentanyl, can cause
chest wall rigidity and caution should be
used during bolus administration. It is
also a highly potent respiratory depres-
sant, and even at lower doses, apnea may
be pronounced. If spontaneous ventilation
is desired the remifentanil infusion is usu-
ally titrated to maintain an adequate respi-
ratory rate. None of these synthetic deriv-
atives cause the release of histamine.

Sufentanil and alfentanil are shorter-
acting agents than fentanyl but not as
rapid in offset as remifentanil. These
agents are commonly used as a continuous
infusion adjunct for intubated general
anesthesia during cardiac or prolonged
surgery, particularly when residual opioid
effects are desirable postoperatively. They
are not as commonly used for office-based
oral surgical anesthesia.

Nalbuphine

Nalbuphine is the most frequently used
intravenous agonist-antagonist opioid. It
has a relatively short onset and duration of
action of 2 to 4 hours at sedation doses of
5 to 10 mg for the adult patient. Although
nalbuphine and other agonist-antagonist
opioids do possess a ceiling effect for res-
piratory depression at higher doses, at
equianalgesic and clinically relevant seda-
tion doses, the respiratory depressant
effects are similar to p agonist opioids.
Nalbuphine does not release histamine.

Unlike all the other agents noted
above which are US Drug Enforcement
Agency Schedule II controlled substances,
nalbuphine is not currently a scheduled
controlled substance and does not require
state and federal documentation of use.

Naloxone

Naloxone is a pure opioid antagonist that
is active at all opioid receptor subtypes. It
will reverse both the ventilatory depressive
and analgesic effects of opioids. It can also
be used to reverse chest wall or glottic
rigidity from fentanyl and its derivatives.
In patients taking opioids chronically (eg,
chronic pain management, illicit opioid
users, methadone therapy for opioid
abuse), naloxone must be used with cau-
tion as the antagonist effect may precipi-
tate acute opioid withdrawal and acute
congestive heart failure may result.

The initial dose is 0.4 to 2 mg IV for
acute reversal. Naloxone can also be titrat-
ed in 0.04 mg increments when gradual
adjustment of mild respiratory depression
is required. Because the duration of nalox-
one activity is 30 to 45 minutes, reemer-
gence of respiratory depression may occur
and additional dosing may be needed.

Barbiturates

Barbiturates are sedative-hypnotic med-
ications that have long been employed as
induction agents of general anesthesia.
Barbiturates produce sedation, loss of
consciousness, and amnesia. These drugs
do not provide analgesia and may actually
reduce pain threshold at lower doses. Sev-
eral barbiturates such as IV pentobarbital
and oral phenobarbital are commonly
used as anticonvulsants for both preven-
tion and treatment of seizures. High doses
of any intravenous barbiturate can also
suppress acute seizure activity.
Barbiturates are derivatives of barbi-
turic acid (Figure 5-4). The characteristics
of the individual barbiturate are deter-
mined by the side chains attached to the
barbiturate ring (Figure 5-5). For example,
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FIGURE 5-4 Chemical structure of barbituric
acid.

sulfur substitution on the no. 2 carbon in
thiobarbiturates increases the lipid solu-
bility of these drugs and hence decreases
onset of action and duration of activity.
The methyl group attached to the nitrogen
atom of the ring in methohexital results in
a more rapid onset for this oxybarbiturate
and increased susceptibility to cleavage,
producing a shorter duration than other
oxybarbiturates.

Barbiturates act on GABA receptors at
a specific binding site (different from ben-

zodiazepines), causing the chloride chan-
nel to remain open for a longer duration.
The increased negative inward flow hyper-
polarizes the membrane, decreasing neu-
ronal transmission.

Awakening from intravenous barbitu-
rates is dependent on redistribution from
the brain. These medications are metabo-
lized by hepatic enzymes without the for-
mation of active metabolites and are then
cleared renally. Because these drugs are
highly protein-bound, hypoproteinemia
secondary to liver failure or malnutrition
increases the plasma concentration of free
drug. Chronic use of barbiturates can
cause induction of liver enzymes. Barbitu-
rates are also contraindicated in patients
with acute intermittent porphyria as they
may precipitate an attack.

Barbiturates are associated with a
dose-dependent decrease in respiratory
rate and tidal volume with apnea observed
at higher doses. Centrally mediated
peripheral vasodilation leads to a transient
drop of 10 to 30% in systemic blood pres-
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FIGURE 5-5 Chemical structure of barbiturates.

sure, particularly when a full induction
dose is administered. This is partially
attenuated by a compensatory increase in
heart rate as baroreceptor reflexes remain
intact. Hypotension is more evident in the
elderly or medically compromised, hypo-
volemic patients. Thiopental can cause
histamine release, which is clinically
insignificant with methohexital.

Intra-arterial injection of barbiturates
causes painful spasm of the vessel from
precipitation of barbiturate crystals, which
damage the endothelium and may result
in occlusion of the artery. At worst,
decreased distal perfusion may result in
tissue necrosis of a limb or nerve damage
and must be addressed immediately. The
intravenous catheter should be left in
place, IV cardiac lidocaine or procaine
(without epinephrine) administered, and
the patient should be transported to an
emergency department where medications
or regional blockade may be given to
relieve the spasm and reduce the occlu-
sion. Although also uncommon, venous
irritation and thrombosis secondary to
crystal formation is also possible with con-
centrations of barbiturates above 1%
methohexital and 2.5% thiopental.

These medications are stored in pow-
der form and reconstituted in saline prior
to use as sodium salts. The alkalinity of the
solutions prevents bacterial growth and
ensures a longer refrigerated shelf life of
up to 2 weeks for thiopental and 6 weeks
for methohexital.

Thiopental

Thiopental is an ultrashort-acting barbi-
turate that is commonly used at 3 to
5 mg/kg IV to induce loss of conscious-
ness for general anesthesia prior to endo-
tracheal intubation. It is associated with a
longer recovery than methohexital due to
its decreased plasma clearance and is gen-
erally not used as a continuous infusion
to maintain anesthesia due to significant
storage in multiple drug compartments.
A 2.5% solution of thiopental is less



expensive than other induction agents,
but when rapid recovery is desired during
outpatient anesthesia, other agents such
as methohexital and propofol have
proven more popular. Thiopental can
release histamine, which is a concern in
asthmatic patients.

Methohexital

Methohexital is an ultrashort-acting bar-
biturate that is commonly employed for
outpatient oral surgical procedures, pri-
marily for its more rapid recovery com-
pared to thiopental and its lower cost
compared to propofol. As an oxybarbitu-
rate, methohexital is less lipid soluble
than thiopental but is associated with a
more rapid awakening because of its
increased hepatic clearance.® Psychomo-
tor function returns more quickly with
methohexital than thiopental, allowing
for earlier discharge following an outpa-
tient procedure.

Methohexital is reconstituted into a
1% solution and given at 1.5 to 2 mg/kg IV
for induction of general anesthesia. With
these doses blood pressure may drop by up
to 35% and heart rate increases up to 40%
of baseline. In a common deep sedation
technique used in oral surgical practice,
10 to 30 mg increments of methohexital
are periodically administered after obtain-
ing baseline conscious sedation with a
benzodiazepine and opioid to produce a
state of deep sedation for local anesthetic
administration and other stimulating por-
tions of dentoalveolar surgery.

Methohexital is associated with invol-
untary movements such as myoclonus
and hiccuping. These excitatory phenom-
ena are dose dependent and may be
reduced by prior administration of opi-
oids. Low doses of methohexital can acti-
vate seizure foci and should be used cau-
tiously, if at all, for epileptic patients.
Shivering upon awakening is also com-
mon following methohexital anesthesia.
Methohexital exhibits clinically insignifi-
cant histamine release.

Pharmacology of Outpatient Anesthesia Medications

Pentobarbital

Pentobarbital is an intravenous short-
acting barbiturate with a duration of action
of 2 to 4 hours. It is generally used for con-
scious sedation in doses of 100 to 300 mg,
combined with opioids and possibly benzo-
diazepines, for longer operative procedures.
Cardiovascular effects are more modest
than the ultrashort-acting agents.

Nonbarbiturate Induction
Agents

Other medications are available for seda-
tion and induction of general anesthesia.
These include propofol, etomidate, and
ketamine, all of which can produce uncon-
sciousness but with several differing char-
acteristics from barbiturate medications.

Propofol

Propofol has become one of the most pop-
ular sedative-hypnotic drugs used for
2,6-
diisopropylphenol (Figure 5-6), is highly

ambulatory surgery. Propofol,
lipid soluble and available as a milky white
1% suspension in soybean oil, glycerol, and
egg phosphatide. Like benzodiazepines and
barbiturates, propofol is thought to interact
with the GABA receptor, causing increased
chloride conductance and hyperpolariza-
tion of neurons. At higher doses propofol
can produce amnesia and loss of conscious-
ness. It is also an anticonvulsant, although
spontaneous excitatory movements may be
noted following administration.’
Depending on the dose and technique,
propofol is used for all levels of sedation
and general anesthesia. For induction
of general anesthesia a bolus of 1.5 to
2.5 mg/kg IV produces unconsciousness
within 30 seconds. In the intermittent bolus
technique frequently used for deep sedation
in oral surgery, small increments of propo-
fol (10 to 30 mg) are periodically adminis-
tered after a baseline conscious sedation
with a benzodiazepine and opioid is
obtained, in order to produce a state of
deep sedation for local anesthetic adminis-

OH

(CH,),CH CH(CHy),

FIGURE 5-6  Chemical structure of propofol.

tration and other stimulating portions of
dentoalveolar surgery. Propofol can also be
used as a continuous intravenous infu-
sion.!® The dosages for conscious sedation
range from 25 to 100 pg/kg/min, deep seda-
tion from 75 to 150 pg/kg/min, and general
anesthesia from 100 to 300 pg/kg/min
depending on the use of intubation. The
overlap of dose ranges, from conscious
sedation to general anesthesia, highlights
the lower margin of safety of this drug,
especially if the intended level of sedation is
conscious sedation. US Food and Drug
Administration labeling prohibits use of
propofol by those involved in the conduct
of the surgical or diagnostic procedure.

Propofol is extensively metabolized by
hepatic enzymes. In addition, extensive
redistribution and other mechanisms of
metabolism and elimination most likely
occur, as the rate of propofol clearance
from the plasma exceeds hepatic blood
flow. This rapid plasma clearance may
account for the decreased cumulative effect
of this drug in the body, contributing to
rapid awakening. The context-sensitive
half-time for this drug is short, reaching a
maximum of 40 minutes even after 2 to
6 hours of continuous infusion. Context-
sensitive half-times are even shorter with
brief infusions.

Propofol decreases systemic blood
pressure by as much as 20 to 40% from
baseline through centrally mediated
vasodilation. Propofol also blocks sympa-
thetic tone and allows parasympathetic
vagal responses to predominate, thereby
blunting the reflex tachycardia that would
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normally be associated with such a drop in
blood pressure. Hypotension may there-
fore be very significant following bolus
administration of propofol, particularly in
the elderly, medically compromised, and
hypovolemic patients.

Propofol also leads to dose-dependent
respiratory depression and can produce
apnea at higher doses. It is not associated
with histamine release and has bron-
chodilatory properties.

Recovery from anesthesia with propo-
fol has several unique characteristics. Com-
pared to other induction agents propofol is
associated with a more rapid awakening
and recovery, with less residual CNS effects.
Many patients also experience mild eupho-
ria on awakening, which enhances reported
satisfaction with the anesthesia postopera-
tively. Even at subhypnotic doses propofol
is associated with decreased postoperative
nausea and vomiting.’ All these features
make propofol an attractive choice for out-
patient procedures where decreased time to
discharge is desirable.

Even with an available generic formu-
lation the higher cost compared to barbi-
turates is still apparent. The increased cost
can overshadow the advantages of using
propofol infusions, especially if the surgi-
cal time is long (> 2 h), or if quick dis-
charge is not required.

Several considerations should be
taken when using propofol. The solution
can cause significant pain on injection,
especially in smaller vessels. This may be
attenuated with pre-administration of
opioids or 1% cardiac lidocaine. Unlike
barbiturates, however, it does not cause
vasospasm when inadvertently injected
into an artery.

Anaphylaxis is rare but has been
reported in patients with a history of
allergic reactions to other medications,
especially neuromuscular blocking drugs.
A history of egg allergy does not necessar-
ily preclude the use of propofol, as the egg
protein contained in the suspension is
lecithin, whereas most egg allergies con-

sist of a reaction to egg albumin. The
original proprietary agent, Diprivan, uses
ethylenediaminetetraacetic acid as an
antibacterial agent, whereas the generic
version contains a sulfite. Although this
generic agent should not be used in
patients with known sulfite sensitivity, it
appears that allergic reactions and bron-
chospasm are very unlikely, although not
completely unheard of, in other patients
including asthmatics. Both drug suspen-
sions are pH neutral and can support bac-
terial growth; therefore, the observation
of sterile technique and discarding of an
opened vial or filled syringe after 6 hours
are recommended. Cracked glass contain-
ers or discolored contents should be dis-
carded, as sepsis is a possibility.

Etomidate

Like midazolam, etomidate contains an
imidazole structure (Figure 5-7). It is
water soluble but available in a 0.2% solu-
tion in propylene glycol. In the same way
as the other induction medications, etomi-
date interacts at the GABA receptor.

Etomidate is used primarily as an
induction agent for general anesthesia at
0.2 to 0.4 mg/kg IV. Its main advantage
over barbiturates and propofol is cardio-
vascular stability. Although systemic blood
pressure can decrease by up to 15% with
etomidate, changes in heart rate are mini-
mal. It also does not depress myocardial
contractility. Etomidate is usually reserved
for patients with unstable cardiac disease
because it is more expensive than other
induction agents.

Spontaneous respiration may be
maintained. Respiratory depression is less
pronounced with etomidate compared to
barbiturates, although apnea is still possi-
ble with higher doses.

Etomidate is metabolized by both
hepatic enzymes and plasma esterases.
This rapid clearance leads to awakening
and recovery that is faster than with
thiopental but slower than with metho-
hexital or propofol.
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FIGURE 5-7  Chemical structure of etomidate.

Myoclonus is common in over 50% of
patients and may be partially prevented
with pre-administration of a benzodi-
azepine or opioid. Many patients experi-
ence pain on injection secondary to the
propylene glycol. Etomidate has been asso-
ciated with adrenocortical suppression but
this is less profound when only a single
induction dose is administered.

Ketamine

Ketamine is a phencyclidine derivative
(Figure 5-8) that induces a state of “disso-
ciative anesthesia.” This is characterized as
a “dissociation” between the thalamocorti-
cal and limbic systems, producing a
cataleptic state during which the patient
may appear awake but does not respond to
commands.'" The eyes may be open and
nystagmic. Ketamine does produce antero-
grade amnesia, and unlike other induction
agents, it can produce intense analgesia.

Unlike other hypnotic agents keta-
mine does not interact with GABA recep-
tors. The exact mechanism of action is
unclear but ketamine is a nonselective
antagonist of supraspinal N-methyl-D-
aspartate receptors, which involve the exci-
tatory neurotransmitter glutamate. Inhibi-
tion of these receptors decreases neuronal
signaling and is likely responsible for some
analgesic effects. Ketamine may also inter-
act with pain receptors in the spinal cord
as well as opioid receptors, which may also
account for analgesia.'?

Ketamine is highly lipid soluble and
redistributes quickly, which accounts for
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FIGURE 5-8 Chemical structure of ketamine.

its rapid onset of action and relatively
short duration. It is metabolized by hepat-
ic enzymes and has an active metabolite,
norketamine. Ketamine does have a signif-
icant abuse potential and chronic use can
lead to enzyme induction.

The cardiovascular effects of ketamine
reflect its indirect activation of the sympa-
thetic nervous system. Ketamine causes an
increase in norepinephrine by inhibiting
reuptake at postganglionic sympathetic
neurons. Sympathetic stimulation increas-
es heart rate and systemic blood pressure.
Ketamine should therefore be used with
caution in patients with uncontrolled
hypertension or in whom tachycardia
should be avoided. However, ketamine
may be chosen for induction of general
anesthesia at 1 to 2 mg/kg IV when cardio-
vascular stimulatory effects are desired, as
in emergent trauma surgery. Practitioners
should note that ketamine is actually a
direct myocardial depressant, an effect
normally masked by the indirect sympa-
thetic stimulation. In severely compro-
mised patients, however, catecholamine
stores may be exhausted and hypotension
secondary to myocardial depression can
become significant.

Respiratory depression is not signifi-
cant with ketamine, although apnea will
occur with rapid bolus administration.
Upper airway reflexes remain largely but
not reliably intact; aspiration is still possi-
ble, especially as ketamine increases sali-
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vary secretions and postoperative nausea
and vomiting. Ketamine does not cause
histamine release and is a potent bron-
chodilator secondary to sympathetic acti-
vation as well as direct bronchial smooth
muscle relaxation.

In oral surgical practice a primary
indication for ketamine is intramuscular
injection for uncooperative adult patients,
such as the mentally challenged or those
with severe psychiatric illness, or for chil-
dren who will not tolerate IV placement.
The intramuscular dose for induction of
general anesthesia is 3 to 7 mg/kg, whereas
2 to 3 mg/kg is usually sufficient to obtain
adequate control for IV placement. A
water-soluble benzodiazepine like mida-
zolam is commonly added to reduce the
possibility of uncomfortable dreaming
associated with ketamine. An anticholin-
ergic medication like glycopyrrolate is also
given to reduce the production of salivary
secretions secondary to ketamine. Gly-
copyrrolate may be
atropine or scopolamine for its superior
antisialagogue effects, less pronounced
cardiac effects, and poor CNS penetration.

The other main use in oral surgical
practice is in an IV deep-sedation tech-
nique. Conscious sedation is first achieved
with a benzodiazepine, followed by sub-
anesthetic doses of 10 to 30 mg of keta-
mine until a state that is similar to deep
sedation is achieved. Although ketamine is
quite analgesic some surgeons also add an
opioid in the baseline sedation. Alterna-
tively, if a standard deep-sedation tech-
nique with methohexital has been applied
(see “Methohexital,” above) and large
doses of the barbiturate become necessary
to achieve adequate sedation, or unwanted
patient movement persists despite high
methohexital doses, the addition of small
boluses of ketamine can often enhance the

preferred over

quality of sedation.

“Emergence delirium” can occur dur-
ing awakening. The patient may experi-
ence visual and auditory hallucinations
that can be perceived as either pleasant

(euphoria) or unpleasant (dysphoria),
lasting for up to several hours. Delirium
occurrence is less common in children and
with doses less than 2 mg/kg IV. It may be
attenuated with prior or concurrent
administration of benzodiazepines, which
should be routine when intravenous seda-
tion techniques are used.

Inhalation Anesthetics

Inhalation anesthetics include nitrous
oxide (N,O) as well as the potent volatile
halogenated agents, such as halothane,
isoflurane, sevoflurane, and desflurane.
N,O alone is commonly used in dental
offices for anxiolysis and mild sedation,
but it is also used in combination with
other medications to induce and maintain
both sedation and general anesthesia. The
halogenated agents are extremely potent
and are used for induction and mainte-
nance of general anesthesia.

The pharmacokinetics of these anes-
thetic agents differ from those of intra-
venous medications. These drugs are
inhaled and cross from the alveoli into
the pulmonary vasculature, entering the
general circulation. They are able to
cross the blood-brain barrier and exert
anesthetic effects within the brain.
Except for halothane most of these
agents are minimally metabolized and
are subsequently excreted unchanged
back into the alveoli. Once exhaled these
gases are deposited into the anesthesia
circuit and eventually scavenged.

Plasma concentrations of the inhaled
anesthetics are dependent on the concen-
tration of the gas within the alveoli, solu-
bility characteristics of the individual
gases, and cardiac output.'®* Cardiac out-
put influences the rate of uptake from the
alveoli. Main factors affecting alveolar gas
concentration include the inspired con-
centration of gas, alveolar ventilation, and
the total gas flow rate. Administering a
higher concentration of gas will increase
intra-alveolar
altering the total gas inflow or alveolar

concentration, whereas
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ventilation (respiratory rate, tidal volume)
will affect how quickly the concentration
of gas within the alveoli changes.

Each agent varies in its solubility in
blood and other tissues such as the brain
and fat, and these characteristics determine
the ease with which the gas crosses into the
different tissues. Of these, the blood:gas sol-
ubility coefficient (Table 5-1) is the most
useful in describing the onset and offset of
action of an anesthetic gas. The blood:gas
solubility coefficient expresses the extent to
which the anesthetic gas molecules from
the alveolar spaces will dissolve into plasma
before the plasma solution becomes satu-
rated. Conceptually, a lower coefficient
means that the gas is less soluble in blood
and will saturate the plasma compartment
quickly. Additional “overflow” molecules
will then be free to move into other highly
vascular tissues such as the brain, where the
CNS anesthetic effect takes place. A lower
blood:gas coefficient therefore translates
into faster onset of action at the brain. Once
the gas is discontinued and the alveolar and
plasma concentrations decrease, the gas
molecules move down their concentration
gradient from the tissues back into the
blood stream and then into the alveoli.
Gases with lower blood:gas coefficients will
likewise “offload” from the blood stream
into alveoli more quickly and can translate
into a faster offset of action.

Table 5-1

Unlike intravenous medications these
inhaled drugs are not administered in
doses of mg/kg. The equivalent of the
effective dose (EDsp) of inhaled anesthetic
agent is the minimum alveolar concentra-
tion (MAC). The MAC value of any given
agent is the inhaled concentration (vol-
ume %) of that agent required to prevent
movement in 50% of patients to a surgical
stimulus. MAC values for different agents
are given in Table 5-1. MAC values provide
a useful dosage guide for anesthetic gases.
In adults a level of 1.3 MAC will prevent
movement in 95% of patients, whereas
1.5 MAC (MAC-BAR) will block an
adrenergic response in 95% of patients.
Below 0.3 MAC (MAC-Awake), patient
awareness is more likely. MAC values are
additive; for example, if 0.5 MAC of N,O
and 1.0 MAC of isoflurane are given
simultaneously, the total MAC of anes-
thetic agent administered to the patient is
1.5 MAC. It should be noted that MAC
values are general guidelines, and individ-
ual anesthetic requirements can be influ-
enced by a variety of factors such as age or
medical status. Neonates have the lowest
MAC requirement, whereas children have
the highest requirement. MAC require-
ments subsequently decrease in the elderly
patient. MAC values are typically listed for
adult (30- to 35-year-old) patients at 1 atm
pressure and 20°C.

Different Properties of Nitrous Oxide and Potent Volatile Agents

Molecular weight 44 184.5 184.5 197.4 168 218
Vapor pressure 20°C Gas 238 172 243 664 160
MAC in O, 105 1.2 1.6 0.77 6.0 2.0
% recovered metabolites 0 0.2 2.4 20 0.02 3

The exact mechanism of action of
inhaled anesthetic agents at the CNS is still
controversial. Earlier theories have sug-
gested that anesthetic molecules insert
into and disrupt the lipid bilayer of neu-
ronal cell membranes, thus interfering
with the cellular function. More current
theories suggest that anesthetic molecules
may instead directly interact with cellular
proteins, possibly with membrane ion
channels or even specific receptors.

Whereas N,O has mild or minimal
sympathomimetic effects, all of the halo-
genated agents produce generalized car-
diovascular depressant effects. The potent
volatile agents block peripheral vasocon-
striction thus lowering mean arterial
blood pressure. At lower doses below
1 MAC the baroreceptor sympathetic reflex
is activated, which leads to a compensatory
increase in heart rate. The exception is
halothane, which in addition to directly
depressing myocardial contractility, blocks
the baroreceptor reflex. This resulting
decrease in cardiac output can lead to a
precipitous drop in systemic blood pres-
sure with higher doses of halothane.

Halothane also has the highest associa-
tion with cardiac dysrhythmias. Halothane
induction commonly suppresses sinoatrial
node activity, leading to the development
of junctional rhythms. It also sensitizes the
myocardium to catecholamine-related

Blood:gas 0.47 1.46 1.91 2.5 0.42 0.69
Brain:blood 1.1 1.6 1.4 1.9 1.3 1.7
Muscle:blood 1.2 2.9 1.7 34 2 3.1
Fat:blood 2.3 45 36 51 27 48

MAC = minimum alveolar concentration.




ventricular dysrhythmias (Figure 5-9), par-
ticularly under conditions of hypercar-
bia.'> Isoflurane, sevoflurane, and desflu-
rane are not significantly associated with
an increased incidence of epinephrine-
associated dysrhythmias. Epinephrine con-
tained in local anesthetic solutions should
be limited to a maximum dose of 1 to
2 ug/kg during halothane anesthesia
whereas up to 3 to 4.5 pg/kg is considered
safe with the other three agents. Under
halothane anesthesia, administration of 1.0
to 1.5 mg/kg cardiac lidocaine IV immedi-
ately prior to intubation reduces the inci-
dence of ventricular dysrhythmias during
this stimulating period when endogenous
epinephrine release may occur. Hypoxia
and hypercarbia also lower the threshold
for dysrhythmias and should be especially
avoided with halothane anesthesia. Treat-
ment of the presenting dysrhythmia
should be managed as required, including
hyperventilation, deepening of anesthetic
level and, if indicated, discontinuation of
halothane with administration of an alter-
native anesthetic agent.

At usual doses N,O does not appre-
ciably affect respiration. However, the
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FIGURE 5-9 Halothane sensitizes the myocardi-
um to dysrhythmias following administration of
epinephrine in saline. Addition of 0.5% lido-
caine to the epinephrine solution decreases the
incidence of dysrhythmias, but the incidence is
still higher than during isoflurane use. Adapted
from Johnston RR et al.”®
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halogenated agents produce a character-
istic “rapid and shallow” spontaneous
breathing pattern. A decrease in tidal vol-
ume is accompanied by an increase in the
frequency of breaths, but the faster respi-
ratory rate does not fully compensate for
the smaller tidal volumes. Therefore,
minute ventilation is reduced and arterial
CO; levels will be elevated in patients
spontaneously breathing while under
general anesthesia with these agents. The
halogenated agents also cause a dose-
dependent decrease in airway resistance
and produce bronchodilation. Hypoxic
pulmonary vasoconstriction is attenuated
at 0.1 MAC for all volatile agents.

Although hepatic blood flow decreases
with these agents, hepatic damage, if any,
resulting from hypoxia is usually subclini-
cal and transient. Hepatotoxicity is more of
a concern with halothane administration.
Renal blood flow and urine output are
reduced secondary to the decreased mean
arterial pressure. The release of fluoride
from the halogenated gases does not
appear to cause clinically significant dam-
age to renal tissues. With sevoflurane, fresh
gas flows should be at least 2 L/min to min-
imize compound A accumulation in the
CO, absorber which can lead to very rare
hepatic or renal damage.

Malignant hyperthermia (MH) is
another rare but very dangerous reaction
triggered by the halogenated agents as well
as SCh. N,O, nondepolarizing neuromus-
cular blockers, opioids, benzodiazepines,
and other intravenous anesthetic agents
do not trigger MH. Exposure to these
medications causes an abnormal receptor
in skeletal muscle cells to release excessive
intracellular calcium, leading to uncon-
trolled muscle contractions. As a result
CO; production increases quickly and
exhaled CO, rises sharply. Initial signs
include tachycardia and tachypnea, along
with muscle stiffness. Metabolic acidosis
and hyperkalemia develop next and car-
diac arrest is a possibility. Increasing body
temperature is a relatively late sign. The

halogenated agent must be discontinued at
once and 100% O, given, preferably
through a different circuit and machine.
Dantrolene at 2.5 to 10 mg/kg IV must be
given as soon as possible. Cooling mea-
sures including cooled IV fluids should be
instituted. Emergency help must be
obtained immediately and the patient will
require medical management and moni-
toring for at least 24 hours following the
episode. Reemergence of the reaction is
common, requiring re-administration of
dantrolene, and acute renal failure is the
most common morbidity secondary to
myoglobinemia. A mortality rate of 10% is
associated with an acute MH episode, even
with immediate proper management.

Nitrous Oxide

N,O is commonly administered in dental
offices for anxiolysis and mild sedation. It
is a colorless and odorless gas, available in
blue cylinders. In the dental setting it is
commonly administered with a nasal hood
and appropriate scavenger system. Con-
centration ratios of N,O:0, range up to
70:30 on most N,O and anesthesia
machines. High levels of N,O:0O, alone can
produce sedation and significant analge-
sia. Unexpected respiratory depression or
airway obstruction can occur when N>O is
added to other sedative agents.

NO in O; is likely the most commonly
used sedative agent in dental offices and
enjoys the unique advantage of not requir-
ing an escort after completion of the proce-
dure provided adequate recovery time has
elapsed. The drug can be titrated, usually
starting at 20% N,O and gradually increas-
ing to 50% as needed. Doses above that
level are associated with increased nausea
and dysphoria, although the brief applica-
tion of doses higher than 50% is useful dur-
ing local anesthetic administration and
other short stimulating surgical episodes.
At the conclusion of N,O sedation, 3 to
5 minutes of 100% O, is administered to
prevent diffusion hypoxia; if room air O; is
given instead, the rapidly exiting N>O can
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dilute the O, concentration in the alveoli to
hypoxic levels during recovery.

With a low blood:gas solubility coeffi-
cient of 0.47, N>O has a very quick onset
and recovery. While N,O lacks the potency
of the halogenated agents at a MAC value
of 105, it also lacks the respiratory and car-
diovascular side effects. During general
anesthesia it is often administered to an
intubated patient in combination with
other medications such as halogenated
gases and opioids. Using this combination
can reduce the dose required of each drug
if given singly and will lessen the incidence
of potential side effects. N,O is also inex-
pensive and can reduce the total cost of
administered drugs.

There are a few contraindications for
the use of N,O. It can enter closed spaces
faster than nitrogen can exit, leading to
distention of the closed space.” In oral
surgical practice the implication of this
property is to avoid N,O use in patients
with current otitis media and sinus infec-
tions and with emphysema (blebs). Other
contraindications of N,O use include cur-
rent respiratory disease and a history of
severe postoperative nausea.

Several precautions should be exer-
cised when using N,O. It has been impli-
cated in producing sexual hallucinations
in some patients, predominantly young
women. An additional person such as an
assistant should always be present when
this gas is being administered. Patients
with preexisting psychiatric disorders may
experience exacerbated symptoms while
undergoing N,O sedation. Because low
levels of N>O in room air have been
demonstrated to increase spontaneous
abortion rates in pregnant anesthesia
providers, proper scavenging is essential to
minimize room air levels so that surgical
personnel are not at increased risk. Fre-
quent recreational use of N>O has been
reported to lead to peripheral neuropathy
and other deleterious effects. As with all
anesthetic agents anesthesia providers
must never use these drugs for personal

use and should be alert to potential misuse
by other providers of these drugs.

Potent Inhalation Agents

The halogenated inhalation agents com-
monly in use today in the United States
include halothane, isoflurane, sevoflurane,
and desflurane. As seen in Figure 5-10, all
are derivatives of ether
halothane. Unlike the original anesthetic
gas, diethyl ether, these agents are halo-
genated and nonflammable. The newer
halogenated agents, sevoflurane and desflu-
rane, are unique in that all of the side chain
halogen atoms are fluorine. The gases are
stored and released by gas-specific vaporiz-
ers that control the concentration (volume
%) allowed into the anesthesia circuits and
into the patient. They must also be scav-
enged effectively so that room air levels do
not affect health care personnel.

except for

Halothane Halothane has a sweet non-
pungent odor that does not irritate the
airway mucosa to the extent of isoflurane
and desflurane, and is therefore useful
for inhalation induction of general anes-
thesia. Halothane is very potent, with a
MAC value at 0.75 but a relatively high
blood:gas solubility of 2.54. Therefore,
halothane will have a slow onset of
inhalation induction unless high doses
are used. Recovery from anesthesia will

be slower than with other agents with
lower solubility coefficients.

Halothane is the oldest and most inex-
pensive of currently available potent gases
but presents with the most deleterious side
effects. As noted above, halothane is asso-
ciated with significant cardiovascular
changes and dysrhythmias. These should
be monitored closely during induction
and epinephrine administration, such as
with local anesthesia, when dysrythmias
are more commonly encountered. Unlike
the other agents, at least 15% of the
halothane molecules are metabolized by
the liver, and hepatotoxicity is more signif-
icant with halothane, especially after
repeated and prolonged administration.
Halothane hepatitis is very rare but can
result in hepatic necrosis and death. Of all
the halogenated agents it also appears to
be the most potent trigger for MH.

Isoflurane Isoflurane is more pungent
than halothane and is not a good choice
for inhalation induction. It has an inter-
mediate potency (MAC 1.2) and blood:gas
partition coefficient (1.46). This agent is a
common choice for maintenance of anes-
thesia, as recovery time is in the interme-
diate range and shorter than halothane.
Isoflurane is also much more cost-effective
for longer periods of anesthesia compared
to two other popular agents, sevoflurane
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FIGURE 5-10 Chemical structure of inhalation agents.



and desflurane; its cost per bottle is signif-
icantly lower and the total amount used is
less due to the lower MAC.

Isoflurane may be associated with an
increase in coronary steal phenomena, lead-
ing some practitioners to avoid using this
anesthetic in patients with significant ather-
osclerotic cardiac disease. Otherwise, con-
traindications for using isoflurane are few.

Sevoflurane Sevoflurane is nonpungent
and a common choice for inhalation
induction. It has an intermediate potency
(MAC 2.0), and at higher doses, induction
will be rapid. Recovery from sevoflurane
following a short anesthetic (< 1 h) is more
rapid than either isoflurane or halothane
due to the lower blood:gas solubility coef-
ficient (0.69). For longer procedures, how-
ever, the advantage of faster recovery is oft-
set by the much greater cost of sevoflurane
compared to isoflurane. The recovery time
is also not significantly improved com-
pared to isoflurane, as both gases similarly
redistribute into fat during longer anesthe-
sia periods, and offset of these gases from
fat storage is not different.

All of the side chain halogen atoms in
sevoflurane are fluorine, contributing to its
low blood:gas solubility and recovery pro-
file. Unlike earlier inhaled agents the small
amount of inorganic fluorine released dur-
ing sevoflurane use has not been associated
with renal damage.'® Sevoflurane and CO,
absorbers (soda lime, barium lime) pro-
duce a degradation product called com-
pound A, an olefin, which is nephrotoxic in
rats but has not been associated with signif-
icant permanent renal damage in humans.
Regardless, sevoflurane is not usually the
agent of choice for patients with renal dis-
ease. Even in healthy patients many practi-
tioners recommend limiting sevoflurane
use to less than 2 hours and maintaining a
total gas flow of at least 2 L/min, to reduce
the production of compound A.

Desflurane Desflurane is extremely pun-
gent and can be so irritating to nonanes-
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thetized airways that it may precipitate
coughing and laryngospasm. It is to be
avoided for inhalation inductions. During
initial administration of desflurane, tachy-
cardia can also occur until deeper levels of
anesthesia are realized.

Desflurane is delivered from specially
heated vaporizers as its vapor pressure is
close to atmospheric pressure. It also pos-
sesses only fluorine substitutions which,
like sevoflurane, confer a low blood:gas
solubility. In fact, desflurane has the lowest
blood:gas solubility coefficient (0.43) of
any inhalation agent, lower than even N,O.
This confers a quick onset and offset, and
recovery can be very rapid following a
short anesthetic with desflurane. Like
sevoflurane, desflurane is more expensive
than the other gases, and considering its
higher MAC value (6.0), much more of the
gas will be used per minute, resulting in a
significantly higher cost if desflurane is
used for a longer procedure.

Perioperative Analgesic
Medications

Opioid medications, which have been dis-
cussed previously, are the classic intraoper-
ative and postoperative analgesic medica-
tions. In the operating room opioids are
often given concurrently with other anes-
thetic agents in a balanced technique to
supplement intraoperative analgesia. An
opioid with a long duration of action like
morphine or hydromorphone is common-
ly administered by the practitioner prior to
the end of the procedure, in anticipation of
postoperative pain. During the initial phase
of postoperative care these medications
may be given either by the nursing staff or
patient, administered via computer-aided
patient-controlled analgesia pumps.
Another option is ketorolac trometh-
amine, currently the only available intra-
venous NSAID medication in the United
States. This agent can provide effective anal-
gesia for many dentoalveolar procedures at
IV and IM doses of 30 to 60 mg or 0.5 to
1.0 mg/kg. Onset time is 10 to 15 minutes,

with an analgesic duration of approximate-
ly 6 hours. Ketorolac 30 mg IM is the anal-
gesic equivalent of 10 mg of parenteral mor-
phine and does not produce opioid-related
respiratory depression, nausea, or sedation.’
NSAID use does have several cautions, how-
ever. Because of possible NSAID-induced
inhibition of platelet aggregation, the drug
is normally administered after bleeding has
been controlled, and should be avoided for
surgeries associated with postoperative
hemorrhage. Patients with bleeding-related
disorders (gastrointestinal ulcers, inflam-
matory bowel disease, blood dyscrasias, liver
failure, etc) should not be given ketorolac.
Life-threatening bronchospasm can also
occur with NSAIDs, particularly in those
with a history of asthma or aspirin allergy.
Because NSAIDs block prostaglandin pro-
duction, patients who depend on renal
prostaglandins for adequate renal function
should be administered ketorolac cautious-
ly. Patients with congestive heart failure,
hypovolemia, or cirrhosis, and those taking
angiotensin-converting enzyme inhibitors
or angiotensin II receptor antagonists, may
require renal perfusion to maintain ade-
quate renal perfusion, and NSAID adminis-
tration can result in acute fluid retention.
This drug is also associated with a higher
cost than other analgesic medications.

The most commonly used agents for
postoperative pain control in oral surgery
are likely the local anesthetics. Long-acting
local anesthetics, like bupivacaine and etido-
caine, provide several hours of analgesia for
inferior alveolar nerve block anesthesia as
well as soft tissue anesthesia in the maxilla.
Lidocaine with epinephrine given intraoper-
atively can also provide adequate analgesic
duration until postoperative oral NSAIDs or
opioid/acetaminophen combinations can
achieve reliable plasma levels for generally
predictable postoperative pain control.

Neuromuscular-Blocking
Medications

Skeletal muscle relaxation is often required
during surgery when patient movement
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interferes with procedures involving anes-
thesia or surgery. For example, paralysis
may be required to facilitate tracheal intu-
bation, relax abdominal wall muscles for
access during gastrointestinal surgery, or
completely inhibit patient movement dur-
ing ocular surgery. Whereas relaxation can
be achieved with deeper anesthetic levels or
appropriate peripheral neural blockade,
neuromuscular-blocking agents are com-
monly used to provide the necessary
amount and duration of relaxation.

The potential of these drugs during
anesthesia and surgery was not recognized
until the middle of the twentieth century.
Many of the current neuromuscular-
blocking agents used are derivatives of
curare, one of the oldest paralyzing
agents, used by ancient hunters to para-
lyze prey. All are competitive antagonists
that bind to the nicotinic ACh receptors
located at the postsynaptic membrane of
the neuromuscular junction of skeletal
muscle, thus interfering with proper con-
traction of the muscle.

Neuromuscular-blocking agents can
be classified as either depolarizing or non-
depolarizing, and within the latter group
can be divided based on structure, speed of
onset, duration of action, and metabolism.

Succinylcholine

SCh, two joined ACh molecules, was intro-
duced for surgical muscle relaxation in the
1950s and is the only depolarizing agent
used today. Once SCh binds to the ACh
receptor, the postsynaptic membrane
depolarizes, an action potential is generat-
ed, and the muscle contracts. Subsequent
muscle contractions are delayed until SCh
dissociates from the receptor and is
metabolized by pseudocholinesterase.

SCh has the fastest onset (30—60 s) and
shortest duration (5-10 min) of the neuro-
muscular-blocking agents and is typically
used to treat laryngospasm not relieved with
positive pressure (20 to 40 mg, or 0.1 to
0.2 mg/kg). It is also given to facilitate tra-
cheal intubation (1 to 1.5 mg/kg IV) or when

emergent tracheal intubation is required to
treat laryngospasm. It is no longer used to
maintain intraoperative paralysis.

SCh has several notable side effects.
Tachycardia can result upon initial admin-
istration but sinus bradycardia may devel-
op, especially with repeated administra-
tion. Widespread muscle contractions can
result in postoperative myalgia, which can
at times be prevented by prior administra-
tion of a small dose of a nondepolarizing
muscle blocker. The contractions may
increase intraocular and intragastric pres-
sure and can also cause a transient ele-
vation in plasma potassium levels by
0.5 mEq/L. Plasma potassium levels may
rise even higher than 0.5 mEq/L in patients
with certain neuromuscular disorders,
stroke, spinal cord injury, or significant
burn injury. SCh is therefore contraindi-
cated in these patients, along with patients
in renal failure. SCh is a trigger for MH (see
section on malignant hyperthermia). Its
use should also be avoided in patients with
pseudocholinesterase abnormalities, as the
recovery from this drug will be prolonged.

Nondepolarizing Agents

All of the remaining neuromuscular
blocking agents are nondepolarizing and
do not initiate muscle contraction upon
administration. The chemical structures of
these drugs fall into two classes: benzyliso-
quinolines and aminosteroids.’® Charac-
teristics of currently available nondepolar-
izing muscle relaxants are outlined in
Table 5-2.

Although it is not as rapid in onset as
SCh, rocuronium has the fastest onset of
the nondepolarizing agents, with paralysis
occurring at approximately 1 minute with
higher doses. It is often chosen for facili-
tating intubation when SCh cannot be
used, particularly in an emergent situa-
tion. Onset time for most other agents is
approximately 3 minutes.

Drug selection for maintenance of
muscle relaxation is often based upon the
anticipated need for continued paralysis.

Pancuronium has the longest duration,
whereas mivacurium has the shortest.
With any of these agents paralysis will last
longer than that produced with SCh and
controlled ventilation must be provided.
Return of skeletal muscle function is usu-
ally monitored by a nerve stimulator, and
the degree of paralysis is gauged by the
number of twitches produced by stimula-
tion of specific muscles, such as adductor
pollicis and orbicularis orbis. Paralysis
may need to be reversed by an anti-
cholinesterase to ensure adequate recovery
of airway and respiratory muscle function
prior to extubation.

Adverse effects may also affect the
choice of neuromuscular-blocking agent
and can be categorized by structure. The
benzylisoquinoline compounds may trig-
ger histamine release thus causing flush-
ing and peripheral vasodilation. Amino-
steroid structures may block vagal
activity, causing a noticeable increase in
heart rate. Histamine release may be
undesirable in patients.
Increased heart rate can be problematic in

asthmatic

patients with cardiovascular disease.

Most of the nondepolarizing agents
are metabolized by the liver and excreted
by the kidney. Three of these are less
dependent on hepatic or renal function.
Mivacurium, like SCh, is metabolized by
pseudocholinesterase and is affected by its
deficiency. Atracurium and cisatracurium
are removed by Hofmann elimination,
whereby the drug spontaneously degrades
at body pH and temperature.

Anticholinesterases

Anticholinesterases, or anti-acetyl-
cholinesterases, block the action of acetyl-
cholinesterase, the enzyme that breaks
down ACh. In anesthesia, anticholinesteras-
es such as neostigmine, edrophonium, and
pyridostigmine are used to reverse the
effects of nondepolarizing muscle relaxants
once partial muscle function has returned
and paralysis is no longer necessary, usually

at the conclusion of surgery. By increasing
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Table 5-2 Common Neuromuscular-Blocking Medications and Their Properties

Succinylcholine 1 1 5-10 Plasma cholinesterase + 0
Aminosteroids
Rocuronium 0.6-1.2 1-1.5 40-150 Liver; kidney 0 0
Vecuronium 0.1-0.12 2-3 25-30 Liver; kidney 0 0
Pancuronium 0.08-0.1 3-5 80-100 Liver; kidney 0 A
Pipecuronium 0.07-0.085 3-5 50-120 Liver; kidney 0 +
Benzylisoquinolines
Mivacurium 0.15-0.25 1.5-2.0 16-20 Plasma cholinesterase + 0
Atracurium 0.4-0.5 2-3 25-30 Hofmann elimination + 0
Cisatracurium 0.15-0.2 1.5-2 50-60 Hofmann elimination 0 0
Doxacurium 0.05-0.08 45 100-160 Liver; kidney 0 0
d-Tubocurarine 0.5-0.6 3-5 80-100 Liver; kidney ++ 0

the amount of ACh available at the neuro-
muscular junction, more of the neurotrans-
mitter can bind to nicotinic ACh receptors,
overcoming the competitive inhibition of
the neuromuscular blocker and aiding in
the return of muscle function.

Increased ACh will also bind to mus-
carinic ACh receptors at the heart, lungs,
salivary glands, and smooth muscle. This
can lead to undesirable side effects includ-
ing bradycardia, bronchospasm, abdomi-
nal cramping, and excessive salivation.!” To
prevent these effects anticholinergic med-
ications such as atropine or glycopyrrolate,
which block muscarinic but not nicotinic
ACh receptors, are given together with
anticholinesterases. The anticholinesterase

and anticholinergic medications are paired
according to similar time of onset and
duration. Glycopyrrolate is generally
administered with neostigmine, whereas
atropine is more commonly used with
edrophonium. Doses of these agents are
listed in Table 5-3.

Anticholinergic Medications

ACh is a neurotransmitter that binds to
two types of receptors. Nicotinic receptors
are located at autonomic ganglia and the
neuromuscular junctions of skeletal mus-
cle. Muscarinic receptors are found at
postganglionic sites of the parasympathet-
ic nervous system at the heart, salivary
glands, and smooth muscle. Anticholiner-

Table 5-3 Reversal Doses of Acetylcholinesterase and Anticholinergic Medications

0.4-0.8
0.5-1.0

Neostigmine
Edrophonium

0.2
0.014

Glycopyrrolate
Atropine

cholinesterase given.

The two most commonly used acetylcholinesterase medications are listed. Acetylcholinesterase and anticholinergic
medications are given in recommended combinations according to similar onset time and duration of action of the
two types of drugs. The maximum dose of cholinesterase is not always necessary, but should be given based on the
degree of recovery from muscle relaxation. The dose of the anticholinergic drug is determined by the amount of

gic medications specifically block mus-
carinic receptors but do not affect nico-
tinic receptors.

Clinical uses in anesthesia of atropine,
glycopyrrolate, and scopolamine are defined
by their varied effect at the muscarinic
receptor sites of different organs (Table 5-4).
Atropine has the fastest onset of increasing
heart rate by blocking vagal nerve receptors
at the heart and is used to treat emergent
bradycardia. Both atropine and glycopyrro-
late are used to counteract bradycardia sec-
ondary to anticholinesterase use during
reversal of muscle relaxation. All three anti-
cholinergic medications decrease salivary
secretions. Glycopyrrolate is a quaternary
ammonium compound, which cannot cross
the blood-brain barrier. Atropine and
scopolamine, both tertiary amines, can
cross the blood-brain barrier and cause
sedation. Scopolamine is also used for man-
agement of nausea and prevention of
motion sickness.

Central anticholinergic syndrome is a
concern with higher doses of centrally
acting anticholinergic medications, mani-
festing as restlessness and confusion. It
may be reversed by physostigmine, an
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Table 5-4 Varied Effects of Anticholinergic Medications

Atropine St
Glycopyrrolate ==
Scopolamine #

## # ##
## 0 it
# 2AE e

# = mild effect; ## = moderate effect; ### = strong effect.

anticholinesterase that can cross the
blood-brain barrier.

Antiemetic Medications

Postoperative nausea and vomiting
(PONV) is one of the most common
complaints following surgery. Certain
groups of patients (female, obese, previ-
ous history of nausea and vomiting)
appear to be more susceptible. Certain
surgeries (ear, ocular, tonsillar, gyneco-
logic) are likewise associated with
increased PONV. Nausea and vomiting
after oral surgery is not uncommon.
Swallowed blood and secretions stimu-
late the gag reflex and are potent gastric
irritants. Drugs used during sedation and
anesthesia, such as N,O, opioids, and ket-
amine, may trigger nausea postoperative-
ly. Other “nonchemical” triggers of nau-
sea include smell, gastric distention,
motion, and even stress.

Chemical triggers in the bloodstream
come into contact with an area in the
medulla lacking an intact blood-brain bar-
rier called the chemoreceptor trigger zone
(CTZ)."® The CTZ (Figure 5-11) contains
receptors for serotonin, histamine, mus-
carinic ACh, and dopamine. Opioids, tox-
ins, and chemotherapy agents, as well as
input from the middle ear, also stimulate
this area. Stimulation of the CTZ will acti-
vate vomiting.

Many antiemetic medications act by
blocking these receptors at the CTZ. Med-
ications that block the dopamine receptor
include phenothiazines (eg, prochlorper-
azine), and butyrophenones (eg, droperi-
dol). They effectively reduce PONV but

are associated with adverse effects such as
sedation and extrapyramidal reactions.
5-HTj3 antagonists including ondansetron
and dolasetron are expensive, but produce
less sedation and other adverse effects than
the dopamine antagonists. Antihistamines
such as promethazine (which also possess-
es a phenothiazine structure) and diphen-
hydramine can cause significant sedation.
Anticholinergic medications (eg, scopo-
lamine) are rarely used for PONY,

although the antihistamines promethazine
and diphenhydramine also possess anti-
cholinergic effects.

Recently, dexamethasone has been
shown to decrease the incidence of PONV
when given shortly after induction of gen-
eral anesthesia. A minimum adult dose of
8 mg IV appears to be required for this
effect to be realized."

Selection of anesthetic agents may
help prevent PONV. Propofol appears to
have antiemetic effects as well, particu-
larly when administered for maintenance
of anesthesia. Additional antiemetic
treatment may be unnecessary following
the use of propofol infusions, even in
patients with a previous history of
PONV. Avoidance of known nausea trig-
gering agents such as N,O, ketamine, and
longer-acting opioid medications may
also reduce PONV.
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FIGURE 5-11  Diagrammatic representation of the chemoreceptor trigger zone (CTZ). Adapted from
Watcha MF and White PE'8 5-HTs = 5-hydroxytryptamine (serotonin); N.O = nitrous oxide.
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Pediatric Sedation
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Jeffrey B. Dembo, DDS, MS
Kevin ]. Butterfield, DDS, MD

The anesthetic management of the pedi-
atric patient presents the oral and max-
illofacial surgeon with unique and differ-
ent challenges from those with an adult
patient. The surgeon must be aware of
anatomic and physiologic differences,
different pharmacokinetics and pharma-
codynamics of most medications, and
the unique psychological development of
the child and his or her corresponding
ability to cope with the stress of the sur-
gical experience. As the child matures,
changes in these parameters occur; there-
fore, an understanding of the growth and
maturation of the pediatric patient dic-
tates the selection of the anesthetic tech-
nique and medications used in the
patient’s management.

Anatomic and Physiologic
Considerations

Respiratory System

Much of the uniqueness regarding anes-
thetic management of children in oral
and maxillofacial surgery is focused on
anesthesia delivered during intraoral pro-
cedures in which the patient is not intu-
bated. Intraoral surgery in the anes-
thetized nonintubated patient presents a
formidable and unique challenge. The
foremost concern is that the surgical
site—the oral cavity—is in close proxim-

ity to the pharynx, thereby rendering the
patient susceptible to airway obstruction
and irritation. These factors can result in
a significant degree of hypoxia."? Such
effects can be exacerbated by a decreased
minute ventilation and airway tone sec-
ondary to sedative medication used dur-
ing the anesthetic administration.

There are anatomic differences
unique to the pediatric upper airway that
increase the risk of airway obstruction. In
the young child the tongue is large rela-
tive to the size of the oral cavity. It is posi-
tioned higher in the oral cavity impinging
on the soft palate secondary to the ros-
trally positioned larynx. Lymphoid
hypertrophy with enlargement of the
tonsils and adenoids between the ages of
4 and 10 years can also contribute to
upper airway obstruction.

The lower airway, consisting of the
trachea, bronchi, and alveoli, also differs
between pediatric and adult patients. The
trachea and bronchi are conduits in which
gas is transported from the environment
to the alveoli. The pediatric airway diam-
eter is relatively smaller than that of the
adult. Since resistance is inversely propor-
tional to the radius of the lumen to the
fourth power, there is an increased resis-
tance. Narrowing of the airway secondary
to secretions or edema will have a more

profound adverse effect on airway

CHAPTER 6

exchange. The pediatric trachea is also
more compliant. The increased complian-
cy makes the airway susceptible to col-
lapse secondary to increased negative
inspiratory pressure. This is significant
because of the potential for airway
obstruction in the nonintubated patient.
When patients become obstructed they
attempt to overcome the obstruction by
increasing the respiratory effort. In the
child an attempt to compensate for upper
airway obstruction with increasing respi-
ratory effort can cause collapse of the tra-
chea and bronchial passages, which may
paradoxically worsen the obstruction. The
frightened child may already be at risk for
airway collapse since crying tends to
increase negative inspiratory pressure.
Anatomic differences between pedi-
atric and adult patients diminish the effica-
cy of ventilation. In the child each rib is
angled more horizontally relative to the
vertebral column; adults’ ribs have a caudal
slant.’ Additionally, the accessory muscles
are less developed in the child. This results
in a less effective thoracic expansion and a
greater dependence on diaphragmatic
breathing. Upper airway obstruction in the
young child occurring with sedation can
result in a paradoxic chest wall movement,
characterized by an inward movement of
the chest opposing the expansile down-
ward movement of the diaphragm. Greater
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energy is required, which can lead to
fatigue and subsequent hypoxia.

Exchange of gas takes place within the
alveoli. Closing volume, which is the vol-
ume of the lung at which dependent air-
ways begin to close, is greater in the pedi-
atric patient. The increased closing volume
in the pediatric patient results in increased
dead space ventilation. Thus, more energy
must be expended to adequately ventilate
the alveoli. The alveoli are also both small-
er and fewer in number in the pediatric
patient than in the adult. The alveoli
increase in number until around 8 years of
life and continue to increase in size until
full adult growth is reached. The number
of alveoli may increase more than 10-fold
from infancy to adulthood, with a resul-
tant increase in surface area that can be as
great as 60-fold.**

Functional residual capacity (FRC) is
the volume of gas in the lung after a nor-
mal expiration and is related to the sur-
face area of the lung. The pediatric
patient has a diminished FRC expressed
on a basis of weight.” This is illustrated by
a minute ventilation to FRC ratio of
approximately 5:1 in a 3 year old and 8:1
in a 5 year old compared to approximate-
ly 2:1 in an adult.” FRC decreases further
in the sedated patient. The FRC provides
a pulmonary oxygen reserve.® Because
children have a higher metabolic demand
and greater oxygen consumption, the
decreased FRC results in a more rapid
desaturation of hemoglobin during peri-
ods of respiratory depression.”!! One
model comparing the child to the adult
concluded that an apneic period of 41
seconds in the pediatric patient would
result in an arterial oxyhemoglobin satu-
ration of 85%, compared with an apneic
period of 84 seconds in the adult.!?

Endotracheal Intubation There are also
anatomic differences between the pedi-
atric and adult airways that influence intu-
bation. A large tongue, rostral larynx, and
long and narrow epiglottis make laryn-

goscopy and visualization of the glottic
opening more difficult in the pediatric
patient. Adenoidal hypertrophy can also
result in hemorrhage or obstruction of an
endotracheal tube, particularly during
nasal intubation.

The narrowest part of the trachea in
the pediatric patient is the cricoid carti-
lage, in contrast with the glottis in the
adult. It is not until the age of approxi-
mately 10 to 12 years that the pediatric
airway matures to that of the adult. In
the pediatric patient care must be taken
when placing and securing an endotra-
cheal tube to prevent impingement of the
tip of the tube on the narrow subglottic
region. Such impingement of the endo-
tracheal tube on the tracheal mucosa can
result in edema and tracheal narrowing
causing increased airway resistance post
extubation. Uncuffed tubes are used by
most anesthesiologists for patients less
than 8 to 10 years of age.'> The argu-
ments against cuffed tubes are that they
increase the risk of airway mucosal
injury and that an appropriately sized
uncuffed endotracheal tube can provide
an adequate seal at the level of the cricoid
cartilage. Formulas exist for calculating
the appropriate size of endotracheal tube
([age (yr) +16]/4) and the appropriate
length of endotracheal insertion ([age
(yr)/2 + 12])."* However, 28% of the
time the initially selected uncuffed endo-
tracheal tube does not provide an ade-
quate seal, and re-intubation may be nec-
essary.’> An additional benefit in using
the uncuffed tube is that a larger tube
may be inserted, which causes less airway
resistance and less breathing work. The
argument for a cuffed endotracheal tube
is that the fit can be adjusted and it can
protect against aspiration. Ensuring that
the cuff pressure does not exceed 25 cm
H,0, which is believed to be the mucosal
capillary pressure, can minimize injury
to the mucosa. When using an uncuffed
tube, an air leak of 25 cm H,0O should
be allowed.

The trachea is also shorter in the pedi-
atric patient. It is not uncommon that
head position is frequently changed dur-
ing an oral and maxillofacial surgery pro-
cedure; this can cause the tube to become
displaced out of the trachea or pass further
into the trachea and impinge on the
mucosa overlying the cricoid cartilage.
Change in head position, use of an endo-
tracheal tube that is too large, and patient
age between 1 and 4 years are three factors
contributing to the reported 1% incidence
of postintubation croup.'¢

Certain congenital anomalies are well
recognized for their altered anatomy. Some
of the most commonly encountered disor-
ders are Crouzon syndrome (hypoplastic
maxilla—obligate mouth breather), Gold-
enhar’s syndrome (micrognathia, vertebral
anomalies), hemifacial microsomia (hypo-
plasia of mandibular condyle and ramus),
Mobius sequence (micrognathia and limit-
ed mandibular movement), Pierre Robin’s
anomalad (micrognathia, glossoptosis),
and Treacher Collins syndrome (mandibu-
lar hypoplasia). These craniofacial anom-
alies may complicate ventilation and/or
endotracheal intubation. For example,
maxillary or mandibular hypoplasia may
increase the difficulty in achieving a satis-
factory mask fit. Anatomic differences in
the nasal cavity may impair nasal ventila-
tion. This can potentiate respiratory
obstruction during an intraoral procedure
in which a pharyngeal curtain is placed and
the patient is dependent on nasal respira-
tion. The tongue may be displaced posteri-
orly by either maxillary or mandibular
hypoplasia, increasing the potential for
obstruction.

Cardiovascular System

The pediatric cardiovascular system has
some significant differences compared
with that of the adult. Each relevant phys-
iologic difference is outlined below.

Cardiac Output Perfusion is dependent
on cardiac output and peripheral resis-



tance. Cardiac output is dependent on
heart rate and stroke volume. The pedi-
atric heart has less compliance than that of
the adult, with minimal ability to alter
stroke volume. Thus, pediatric cardiac
output is largely dependent on heart rate
(Table 6-1).

Neural Innervation The myocardium is
innervated by both the sympathetic and
parasympathetic nervous systems, with the
parasympathetic nervous system having a
greater influence in the pediatric patient
than in the adult. In one retrospective
study the incidence of bradycardia during
anesthesia was reported to be age related.
The incidence of bradycardia was approxi-
mately threefold less in the 3- to 4-year-old
compared with the 2- to 3-year-old."”

Blood Pressure
product of cardiac output and peripheral
vascular resistance. The pediatric patient
has less ability to alter peripheral vascular
resistance; therefore, blood pressure is large-
ly dependent on cardiac output. A brady-
cardia with resultant decreased cardiac out-
put thus results in a decrease in blood
pressure since the child cannot compensate
by increasing peripheral vascular resistance.

Blood pressure is the

Summary

These fundamental concepts clearly illus-
trate the increased potential risks associat-
ed with sedating the pediatric patient:

+ The airway is more susceptible to
obstruction, and the patient has less
ventilatory reserve; these result in a
more rapid oxygen desaturation (and
hypoxia causes bradycardia).

Table 6-1

Heart rate (beats/min)
Systemic arterial pressure (mm Hg)
Cardiac output (mL/kg/min)

100 (80-120)
75-115/50-75
150-170

+  The pediatric patient has increased
parasympathetic innervation, result-
ing in a more rapid onset of bradycar-
dia (which may be influenced indi-
rectly by respiratory impairment or
directly by the sedative drugs).

«  There is less cardiovascular compen-
satory ability, which results in hemo-
dynamic instability.

Preoperative Evaluation of the
Patient

The purpose of a preoperative evaluation
is to compile information about the
patient to establish the most optimal treat-
ment plan. One needs to assess the psy-
chological and behavioral development of
the patient, obtain a medical history that
identifies both acute and chronic disease
processes, and determine the patient’s
preparation for surgery (eg, cardiovascular
status), while performing an appropriate
physical examination dictated largely by
the patient’s medical history.

Psychological Assessment

The perioperative period can be very
stressful for a child. The child is confront-
ed with an unfamiliar environment, unfa-
miliar people, apprehension about the
unknown, and loss of control. The child
fears separation from the parents, the
threat of needles, the perception of
impending pain, and the fear of mutila-
tion. Younger children frequently cannot
verbalize these concerns. Behavioral mani-
festations of perioperative anxiety may
include hyperventilation, trembling, cry-
ing, agitation, and/or physical resistance.
Children < 6 years of age frequently cannot

Means and Ranges of Normal Cardiovascular Function

90 (70-110) 80 (55-95)
95-125/60-80 105-140/65-85
100-140 90-115
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comprehend the need for or benefits of the
surgical procedure. Children > 6 years old
or those who have better-developed social
skills (eg, acquired from daycare programs)
may be more capable of understanding the
situation and expressing their concerns.!®
If possible, an older child should be
allowed to participate in determining the
anesthetic treatment and should be
exposed to the various induction tech-
niques: intravenous, intramuscular, oral,
and inhalation.

Adolescents may be more capable of
comprehending the planned surgery and
anesthetic management. However, they
are not adults. They have the ability to
demonstrate myriad behaviors and rapid
mood changes. A paradoxic reaction to
sedation in which the adolescent appears
to become agitated after the administra-
tion of anxiolytic medication may neces-
sitate a deeper level of anesthesia than
what may have originally been planned.
Another concern
patient is the use of illicit substances. This
has reached epidemic proportions with
an estimated 10.8% of 12- to 17-year-old
youths reported to be current illicit drug
users in 2001."

The presence of parents during the
administration of the sedative agent may
reduce the stress of the procedure and
improve the child’s cooperation. Con-

in the adolescent

versely, a parent’s anxiety may be sensed
by the child, further exacerbating the
child’s own level of anxiety.?’ Clear, sim-
ple, and succinct explanations appropriate
for the age of the child may minimize
adverse behavior.

Preoperative Fasting

The risk of pulmonary aspiration of gas-
tric contents in the pediatric patient dur-
ing anesthesia is reported to be up to
10 incidents per 10,000 cases.>'"** Mor-
bidity secondary to aspiration includes
obstruction from particulate material as
well as aspiration pneumonitis that is
dependent on both the quantity and
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acidity of the aspirate. Establishing para-
meters that minimize the risk of particu-
late gastric contents as well as decrease
the quantity and acidity of residual gas-
tric fluids can decrease the incidence of
this morbidity.

Gastric emptying of solids is variable.
A 6- to 8-hour fast from solids is recom-
mended to allow gastric emptying and
minimize the risk of particulate aspira-
tion. Alternatively, gastric emptying time
for clear liquids is approximately 10 to
15 minutes. After a 1-hour fast of clear
liquids, approximately 80% of the con-
sumed liquid is usually absorbed from
the stomach. Numerous studies have
shown that consumption of unlimited
volumes of clear liquids by pediatric
patients up to 2 hours prior to surgery
does not significantly increase the quanti-
ty of gastric volume or gastric acidity.?*~?
Guidelines have thus been established for
healthy pediatric patients that allow
unlimited amounts of clear liquids to be
consumed up to 2 to 3 hours prior to
surgery. This recommendation avoids the
need for an extended fast, which has the
potential to make the patient irritable
and uncomfortable and to increase the
incidence of hypotension secondary to
dehydration. However, in most cases it
still may be simplest to state that the child
should have nothing by mouth (NPO)
after midnight and to schedule the proce-
dure as the first case in the morning.
Children who are scheduled in the after-
noon may have a light breakfast at least
6 hours prior to the surgery.

Emergency Treatment:
Full Stomach

Patients may present to the office or
emergency room requiring urgent care.
The injury or the patient’s ability to
cooperate may be such that the necessary
treatment cannot be completed on the
patient while he or she is awake and non-
medicated, despite the fact that the
patient is not NPO. The duration

between the last food ingestion and the
injury is the critical time period that is
important in assessing a patient’s risk of
gastric aspiration. Each patient and situa-
tion must be assessed individually. If
sedation or general anesthesia is required,
patient management may necessitate the
placement of an endotracheal tube to
minimize the risk of gastric aspiration.

The following interventions may min-
imize the risk of aspiration and/or the
ensuing injury that may result from gastric
aspiration: an H,-antagonist such as cime-
tidine to decrease gastric acidity, a clear
antacid such as sodium citrate to decrease
gastric acidity, and metoclopramide to
promote gastric emptying and increase the
tone of the lower esophageal sphincter.
Glycopyrrolate also reduces the acidity
and volume of gastric contents.”’
Atropine, alternatively, decreases the tone
of the lower esophageal sphincter and pre-
disposes to gastroesophageal reflux of
stomach contents.

Upper Respiratory Infection

It is not uncommon for children to present
for surgery with a runny nose. Reports of
children presenting to surgery with or hav-
ing recently had such symptoms state inci-
dences as high as 22.3% and 45.8%, respec-
tively.*® Rhinitis is not a contraindication
to general anesthesia. Alternatively, a child
with a severe upper respiratory infection
(URL symptoms include a productive
cough, fever, and mucopurulent discharge)
should not be anesthetized. However, it is
unclear whether a child with a mild URI or
a child recovering from a URI should be
anesthetized; therefore, it is important to
differentiate between the diagnosis of
rhinitis and an infective process.
Pathophysiologic changes in the pul-
monary system secondary to a URI
include increased nasal and lower airway
secretions, increased airway edema and
inflammation, and increased airway
tachykinins. These pathophysiologic
changes can result in laryngospasm, bron-

chospasm, severe coughing, airway hyper-
activity, breath holding, diminished diffu-
sion capacity, increased closing volumes,
atelectasis, and postintubation croup.’'-**
The elevated hyperactivity with associated
bronchoconstriction and the increased
closing volume compounded by a greater
oxygen uptake (secondary to the inflam-
matory response of the infection) and a
decreased FRC (which normally occurs
with general anesthesia) increases the risk
of hypoxemia.*>*? Oxygen desaturation
can occur both intraoperatively and post-
operatively; the latter indicates the need
for continued postoperative monitoring.
URIs have also been demonstrated to
cause respiratory muscle weakness that
can persist for up to 12 days.** The patho-
physiologic changes that contribute to
these adverse respiratory events can persist
for 4 to 6 weeks after the URL

Traditional office-based ambulatory
anesthesia in oral and maxillofacial
surgery is dependent on spontaneous ven-
tilation in the nonintubated patient. This
is significant since the incidence of adverse
respiratory events is less in a patient anes-
thetized with a face mask or laryngeal
mask airway than in those with an endo-
tracheal tube. However, surgery involving
the airway has been shown to increase the
risk of adverse respiratory events.
Although intraoral surgery is not truly air-
way surgery, it encroaches on the airway
and can cause airway irritability. The non-
intubated patient undergoing oral or
maxillofacial surgery is also susceptible to
periods of hypoventilation and apnea,
which cannot be corrected without inter-
rupting the surgery. Kinouchi and col-
leagues demonstrated that a patient with
an active or recent URI requires approxi-
mately 30% less apneic time to desaturate
than does a healthy patient.**

In conclusion, the patient who pre-
sents for elective surgery with allergic
rhinitis or a mild URI that is not of acute
onset may be anesthetized in the office
without an endotracheal tube. If the



patient has a significant URI, the proce-
dure should be rescheduled. Traditional
guidelines suggest that the procedure
should be rescheduled for 4 to 6 weeks
later if the patient is to be intubated, but
because many children have several URIs
per year, trying to reschedule the surgery
for a date when the child is without symp-
toms may be difficult.* Considering the
above, a delay of 2 weeks is probably
acceptable before performing a short
office-based minor dentoalveolar proce-
dure in which the patient is not intubated.

Cardiovascular Evaluation

The child who presents for surgery with a
previously undiagnosed cardiac murmur
poses a diagnostic challenge. Innocent
murmurs are heard in up to 50% of nor-
mal pediatric patients at some point dur-
ing childhood. The cause of these mur-
murs is usually turbulent blood flow
through any of the great vessels. Features
that commonly identify innocent mur-
murs include those that are crescendo-
decrescendo and of short duration and
low intensity, and those that occur early
in systole. All diastolic murmurs are
pathologic. The patient’s history may also
suggest signs and symptoms of cardiac
pathology. These may include limited
exercise tolerance, pale color, frequent
respiratory problems, hypoxemia, palpi-
tations, or dysrhythmias. A murmur in an
asymptomatic child is frequently not
pathologic, and no special anesthetic
considerations are required. However, if
there is uncertainty regarding the signifi-
cance of a murmur, a consultation with a
cardiologist is recommended. For
patients with congenital heart disease,
prophylaxis against bacterial endocarditis
is necessary.

Pregnancy Testing
in the Adolescent Patient

The incidence of pregnancy detected by
routine universal testing in the ambulatory
surgical adolescent between 12 and 21 years

of age has been reported to be approxi-
mately 0.5%.% Because of the severity of
the potential consequences of anesthetizing
a pregnant patient, it is important to reli-
ably detect a pregnancy. An accurate and
reliable history in the educated patient can
be effective.*” However, many patients in
this age group may not provide an accurate
history, especially in the presence of their
family. This is not an acceptable rationale
for routine testing. If routine testing is
implemented, there is the potential for a
false-positive test result, which may have
significant emotional consequences. The
issue remains controversial.

Sedative Techniques

It is generally agreed that managing the
anxious, uncomfortable, and uncoopera-
tive pediatric patient is one of the more
difficult anesthetic tasks. The primary
goals in the management of the pediatric
patient include reducing anxiety, establish-
ing cooperation, ensuring comfort, estab-
lishing amnesia and analgesia, and ensur-
ing hemodynamic stability. Although the
goals of sedation are similar for both the
child and the adult, reducing anxiety in the
adult may enhance cooperation, whereas in
the child it may not. To achieve a satisfac-
tory result and facilitate completion of the
planned surgical procedure, the child may
require a greater depth of sedation.
Sedation should be accomplished in
as nonthreatening a manner as possible.
Because some children may be intensely
afraid of needles, establishing intra-
venous access may not be possible. The
surgeon must be familiar with alternative
techniques that allow for a safe satisfacto-
ry induction and recovery from anesthe-
sia. Each case must be considered indi-
vidually to both the
appropriate drug and the route of admin-
istration. The surgeon must take into
consideration the following factors in
developing the anesthetic plan: (1) the
age of the patient, (2) the level of anxiety
ability to cooperate with

select most

and

Pediatric Sedation

medical/dental staff, (3) the medical his-
tory of the patient, (4) the patient’s prior
surgical or anesthetic experience, (5) the
infringement of the procedure on the air-
way, and (6) the duration of procedure.
The selected technique should ideally be
painless, be accepted by the patient and
parents, be rapid in onset, be appropriate
in duration with rapid recovery, and have
minimal side effects and a broad margin
of safety. If drug administration is associ-
ated with pain or adverse memories, the
benefit of the sedation may be decreased.
The anesthetic must also provide an envi-
ronment in which the procedure can be
completed. In certain clinical situations a
moderate degree of movement may be
acceptable, whereas in other situations no
movement is acceptable. Also, the induc-
tion agent may establish a depth such that
the treatment may be completed, but in
other cases the goal of the induction
agent may be to establish sufficient seda-
tion to allow intravenous access and
maintenance of anesthesia with intra-
venous agents. Lastly, and of extreme
importance, one is cautioned not to
sedate a young child who will be trans-
ported in a car seat prior to arrival in the
office. The respiratory depressant effect
of the medication combined with the
positioning of the unattended child in the
car can result in unrecognized upper air-
way obstruction or respiratory impair-
ment, with resultant death or significant
neurologic impairment.*

Routes of Administration

Sedative medication may be administered
by many routes, including oral, intranasal,
transmucosal, rectal,
inhalational, and
advantage of the intravenous route is that
it results in the most rapid onset, rapid off-
set, and predictable effect. The disadvan-
tage is that it entails establishing intra-
venous access. A percentage of children do

intramuscular,
intravenous.* The

not cooperate and allow an intravenous
catheter to be inserted. Many children
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report the needle puncture from either
intravenous placement or intramuscular
injection as the worst part of their care.

Even with a cooperative or an anes-
thetized child, gaining peripheral intra-
venous access can present a challenge.
Proper knowledge of venous anatomy
with a controlled organized approach
gives the best chance for success. Com-
monly accepted sites for venous cannula-
tion include the dorsum of the hand, volar
aspect of the wrist, antecubital fossa, and
greater saphenous vein. Even when an
alternative route (eg, inhalation or intra-
muscular) is used to induce the anesthetic,
we recommend the establishment of intra-
venous access. This can be achieved once
the child is sedated. Even if the procedure
can be accomplished without the adminis-
tration of an intravenous agent, an estab-
lished intravenous line can be used to
administer intravenous agents if needed to
augment the initial anesthetic agent or to
prolong the duration of the anesthesia.
The line can additionally be used to
administer other medications required to
manage adverse events.

In an emergent situation, if the tradi-
tional peripheral cannulation technique is
not successful, the clinician has two possi-
ble access sites that allow for a high degree
of predictability. These sites are the
femoral vein and intraosseous access,
which are associated with a higher inci-
dence of morbidity. The femoral vein usu-
ally requires a 20-gauge or 22-gauge
angiocatheter. The intraosseous needle is
recommended primarily for children
< 6 years of age because they still have red
bone marrow (Figure 6-1). In this tech-
nique a bone marrow needle or a no. 14
through 18 Cook intraosseous infusion
needle is percutaneously inserted into the
flat portion of the proximal tibia. Entry is
made in the tibial plateau 1.5 cm below the
knee joint and 2 cm medial to the tibial
tuberosity. The special bone marrow-
stiletted needle is inserted with a rotary
motion into the bone until the cavity is

Tibial tuberosity

FIGURE 6-1  For intraosseous infusions a bone marrow needle or specially made intraosseous needle is
inserted into the tibial plateau (just medial and down from the tibial tuberosity). The catheter is then
secured and intravenous solutions and medications may be administered. Adapted from American Heart
Association. Textbook of pediatric advanced life support. Dallas: American Heart Association; 1994.

reached. The depth of the needle insertion
should be planned. If it is advanced too
far, the needle penetrates the posterior
cortex and does not allow infusion. The
needle should be firmly set in the bone.
Often bone marrow may be aspirated to
confirm the placement. A syringe or intra-
venous line can be attached; if it runs eas-
ily, placement is confirmed. Slight extrava-
sation around the placement site should
not prevent the use of the needle. The
catheter can serve as a conduit for all
intravenous fluids and drugs.

The inhalational induction of anesthe-
sia with a potent anesthetic agent also pro-
vides rapid onset, rapid offset, and a pre-
dictable effect. The advantage of this
technique, similar to the intravenous route,
is the option to use short-acting agents
enabling the anesthetic state to be rapidly
terminated at the end of the procedure.

The traditional inhalation induction is
accomplished by administering oxygen or

a mixture of oxygen (minimum concentra-
tion of 30%) and nitrous oxide using a full
face mask. Induction can be achieved using
one of two techniques. The potent vapor
agent can be increased gradually every few
breaths until the induction is complete.
Alternatively, the patient may be immedi-
ately administered a high concentration of
the potent inhalational agent. A modifica-
tion of the latter technique is to ask the
patient to exhale completely and then take
a deep inspiration of the vapor agent and
hold his or her breath. Induction will be
achieved with a single breath, and sponta-
neous ventilation will resume once a state
of general anesthesia is achieved. For brief
procedures (eg, extraction of a deciduous
tooth), once general anesthesia is achieved,
the face mask can be removed, the proce-
dure performed, the face mask reapplied,
and the patient allowed to awaken breath-
ing 100% oxygen. Some clinicians advocate
maintaining the general anesthesia by con-



tinuing the administration of the potent
vapor agent via a traditional nasal hood.
This can result in the delivery of a diluted
concentration of anesthetic agent to the
alveoli, resulting in a lightening of the
patient’s anesthetic depth. Such an occur-
rence would necessitate the interruption of
the procedure to replace the full face mask
to increase the alveolar concentration of
the inhalational agent. Although the con-
tinued administration of the vapor agent
via a nasal hood is not contraindicated, it
may result in excessive environmental pol-
lution, even with a scavenger device that is
a component of the nasal hood. A circuit
that scavenges the vapor agent must also be
used with the face mask. To avoid these
potential problems, especially for longer
procedures, the establishment of intra-
venous access is recommended. The
vasodilatory effects of the potent agent
may optimize conditions for establishing
intravenous access. Once access is set, anes-
thetic depth can be maintained with intra-
venous anesthetic agents.

There are a few disadvantages to
inhalation induction. The vapor agent has a
scent that may be objectionable to some.
Applying a scent (eg, scented lip gloss)
selected by the child to the face mask may
alter the odor of the agent. The odor may
also be minimized if the child breathes
through the nose as opposed to the
mouth.'® In addition, inhalation induction
is also dependent on the child accepting the
face mask. Techniques such as asking the
child to inflate a balloon may be employed
to distract the child. Any need for mild
restraint should be explained to the parent
and may be used to facilitate induction in
the younger child. However, in older chil-
dren or extremely uncooperative children,
the technique is dependent on the child’s
acceptance of the face mask. If excessive
physical restraint is necessary, an alternative
technique should be considered.

The intramuscular route of adminis-
tration approximates the rapidity and pre-
dictability of onset of intravenous admin-

istration. Its primary disadvantage is the
discomfort associated with the injection.
However, for the uncooperative child, it
may be the least traumatic method of
inducing anesthesia. Four anatomic
regions are used for intramuscular admin-
istration of drugs: the deltoid muscle, the
vastus lateralis muscle, the ventrogluteal
area, and the superior lateral aspect of the
gluteus maximus muscle. These sites have
been identified because they have minimal
numbers of nerves and large blood vessels,
as well as adequate bulk to accommodate
the volume of the injected medication.
The rapidity of onset of the drug is depen-
dent upon the perfusion of the muscle.
Absorption and onset are also affected by
the ionization of the drug and the vehicle
in which it is dissolved.

Oral administration is considered by
many to be the least-threatening induction
technique. Children are generally familiar
with and readily accept oral medications.
Oral administration also is generally well
accepted by the mentally impaired or autis-
tic patient. However, oral techniques have
limitations. In one study of children
between the age of 20 and 48 months, one-
third of the children required that the med-
ication be administered into the back of
their throat with a needle-free syringe.*
Although frequently used as a sole sedative
agent by many surgeons, an oral sedative
agent can be used as a premedicant prior to
establishing intravenous access or inducing
general anesthesia by a different route (eg,
inhalation or intramuscular). The limited
volume of fluid administered with the oral
medication is not associated with an
increased risk for aspiration pneumonitis.*!

The primary disadvantages of oral
sedation are the slow onset, variable
response, and prolonged recovery. Inject-
ing a sedative agent into the back of the
throat with a needle-free syringe (when
the child does not otherwise accept the
medication) has also been associated with
adverse consequences. It has been theo-
rized that the drug intended for orogastric
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administration can be inadvertently aspi-
rated by the crying child. Bronchial
absorption can result in an excessive plas-
ma level of drug.

The intranasal route was initially pro-
posed for pediatric sedation because it was
felt to avoid first-pass degradation, be
rapid in onset, and be less traumatic than
the other routes that possessed these same
benefits.>
intranasally do result in a rapid rise in the
plasma level of a drug. This occurs because
the nasal cavity, which functions to warm
and cleanse nasal respirations, has a rela-
tively extensive surface area with a thin
nasal mucosa and an abundance of capil-
laries that facilitate the absorption of drug.
The nasal mucosa also provides a direct

Medications administered

connection to the central nervous system
(CNS) through the cribriform plate. Med-
ication may be absorbed through the crib-
riform plate directly into the CNS through
the capillary beds or the olfactory neu-
rons, or directly into the cerebrospinal
fluid.? Rhinitis or a URI may impair the
absorption of a drug via this route.>*

The intranasal route, although initially
felt to be less traumatic than alternative
routes, is frequently not well accepted by
children.>* The volume of medication
used frequently results in a portion passing
into the pharynx and being swallowed.
Therefore, the unpleasant taste of the med-
ication is not avoided, and the drug is sub-
ject to first-pass hepatic degradation. Mida-
zolam is the most commonly intranasally
administered medication, but the acidic pH
is irritating to the nasal mucosa.

Transmucosal absorption has also
been considered. The oral epithelium is
thin with a rich vascular supply. The min-
imum epidermal barrier and the vascular
supply provide an environment that pro-
motes relatively rapid absorption of drugs.
Oral transmucosal administration of a
drug also has the advantage of avoiding
hepatic first-pass degradation. Transmu-
cosal administration requires cooperation
of the patient to keep the drug in contact
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with the oral mucosa. The medication may
be administered as a solution placed sub-
lingually or as a lozenge. At the present
time the only available lozenge that has an
acceptable flavor and is commercially
available is fentanyl citrate. Other sedative
medications are bitter. Palatability can be
improved by mixing these medications
with a flavored solution that increases
their volume; thus, the solution will be bit-
ter or the volume will be excessive, neither
of which is advantageous for the transmu-
cosal administration of a liquid/solution.
Many, if not most, pediatric patients
expectorate the medication or premature-
ly swallow the liquid medication that is
placed within the oral cavity as opposed to
keeping it there.

Rectal drug administration has been
used for the administration of antiemet-
ics, antipyretics, and analgesics to both
adults and pediatric patients. Many seda-
tive drugs that are usually administered
IV, IM, or orally can be administered rec-
tally. Rectal administration may also be
used in the management of emergencies.
For example, rectal administration of
diazepam is an acceptable route for the
treatment of seizures.’”>8

The rectum is a flat organ that is usu-
ally empty. Its blood supply is derived
from the inferior rectal arteries and is
drained via the superior, middle, and infe-
rior rectal veins. The superior rectal vein
drains into the hepatic portal circulation
via the inferior mesenteric vein. The mid-
dle and inferior rectal veins drain into the
internal iliac vein. The internal iliac vein
drains into the vena cava, thus bypassing
the hepatic-portal circulation and avoid-
ing first-pass metabolism by the liver.

The absorption of a drug that is admin-
istered per rectum is affected by several fac-
tors. The variable absorption of the drug
may be partially influenced by the venous
drainage of the rectum. Therefore, some
individuals feel that absorption and subse-
quent peak plasma level of medication is
dependent on the location of deposition of

drug within the rectum. However, there are
significant anastomoses between the three
rectal veins, and peak drug blood level has
not clearly been shown to be dependent on
the location of agent deposition within the
rectum. Solutions are absorbed more rapid-
ly than are suppositories. A more dilute
solution with greater volume provides more
rapid onset and prolonged duration.*® Stool
within the rectal vault as well as expulsion of
an unmeasurable quantity of drug results in
delayed or decreased absorption. Alteration
in the integrity of the mucosa or the pres-
ence of hemorrhoids results in greater
absorption. If a child is uncooperative, he or
she may tightly close the anal sphincter dur-
ing any aspect of the administration
process. Excessive force both in placing or
removing the catheter may result in a lacer-
ation of the mucosa and cause a greater
absorption of drug.

Pharmacologic Agents

The objective in selecting a pharmacologic
agent is to choose an agent that establishes
an appropriate environment to complete
the surgical procedure. The effects sought
in the pediatric patient include anxiolysis,
amnesia, analgesia, immobilization, seda-
tion, and hypnosis. There are numerous
agents that are currently used by oral and
maxillofacial surgeons and other practi-
tioners. In this section we discuss what we
feel to be the most appropriate anesthetic
agents and the routes by which they
should be delivered.

Ketamine Ketamine is a pharmacologic
agent that induces a distinct anesthetic
state that resembles catalepsy. The patient
appears awake but is noncommunicative.
Nonpurposeful movements may occur but
are not disruptive. The eyes are commonly
open with a blank stare and intact corneal
and light reflexes.®® A lateral nystagmus is
also very characteristic. Ketamine also
produces amnesia and analgesia.

The clinical effect created by ketamine
results from a dissociation between the

thalamoneocortical and limbic systems,
which disrupts the brain from interpreting
visual, auditory, and painful stimuli.®! The
analgesic effect, which occurs at subanes-
thesia plasma levels, is partially mediated
by ketamine binding to the p-opioid and
NMDA receptors. This is significant
because the effect persists into the postop-
erative period and may decrease the need
for postoperative analgesia.®?

Ketamine is also unique in its effects
on the respiratory system. In clinical doses
commonly used in oral and maxillofacial
surgery, ketamine usually preserves upper
airway musculature tone, spontaneous res-
pirations, and FRC. This minimizes the
incidence of upper airway obstruction and
hypopneas/apneas, and maintains the pul-
monary oxygen reserve.**** In contrast,
most other anesthetics contribute to a
decrease in muscular tone, respirations,
and FRC. In addition to maintaining upper
airway muscular tone, ketamine tends to
better maintain the pharyngeal and laryn-
geal airway reflexes. This allows the patient
to maintain the ability to swallow and
cough, which minimizes the risk of pul-
monary aspiration. Ketamine has also been
shown to relax bronchial smooth muscle
and cause bronchial dilatation. It has been
used in the management of wheezing dur-
ing anesthesia.®

Despite these benefits the practitioner
must respect the inherent dangers associ-
ated with the anesthetic management of a
patient. Respiratory depression character-
ized by a decrease in respiratory rate and
tidal volume can occur with ketamine.
Respiratory arrest has been reported in a
4-year-old child following the intra-
muscular administration of ketamine
4 mg/kg.®® However, respiratory depres-
sion is not common, and the occurrence of
apnea is more likely to occur in infants or
with the rapid intravenous infusion of an
induction dose greater than 2 mg/kg. Slow
intravenous infusion over 30 to 60 seconds
of doses between 0.5 mg/kg and 1 mg/kg
should minimize the incidence of signifi-



cant respiratory depression. Aspiration of
gastric contents can also occur despite the
fact that ketamine better preserves the
protective airway reflexes allowing a
patient the ability to swallow and
cough.®”¢®  The protective
although less impaired than with other
drugs, are diminished. We feel that a
patient who is considered not to have an
empty stomach should not be sedated, and
disagree with those who feel that preserva-
tion of the airway reflexes justifies sedating
such patients.® The preservation of the
laryngeal reflexes is a protective mecha-
nism; this may also contribute to airway
complications. Ketamine produces an
increase in salivary and tracheobronchial
secretions, and the preservation of the
laryngeal reflexes may predispose the
patient to laryngospasm.

Ketamine has both direct and indirect

reflexes,

effects on the cardiovasculature. The direct
myocardial depressant effects are generally
not seen in the healthy patient anesthetized
in the office. The indirect effects, which are
a result of a sympathetic stimulation, pro-
duce an increase in heart rate and blood
pressure. The former may be more com-
mon in the pediatric patient. These effects
are well tolerated in the healthy pediatric
patient. These hemodynamic changes may
be reduced when ketamine is combined
with an anesthetic agent that tends to blunt
sympathetic stimulation (eg, benzodi-
azepines, propofol).

A disadvantage of ketamine is its stimu-
lation of dreams and hallucinations
described as “out of body” experiences, sen-
sations of floating, and delirium.”® Although
the incidence is less in children < 16 years of
age, the incidence may be as high as
10%.7%72 Ketamine is also contraindicated
in patients who may have a globe or
intracranial injury as ketamine increases
both intraocular and intracranial pressure.

Ketamine can be administered IV, IM,
orally, intranasally, and rectally. We discuss
only the intravenous, intramuscular, and
oral administrations of ketamine.

The advantage of intramuscular
administration is that it does not require
patient cooperation. The mild distress
associated with the injection is brief as the
drug has a rapid onset, within 3 to 5 min-
utes. Dosing recommendations up to
10 mg/kg IM have been described in vari-
ous papers and texts. The larger dose clear-
ly produces a general anesthetic state. For
office-based or emergency-department
procedures performed by oral and maxillo-
facial surgeons, however, a dose of 4 to
5 mg/kg IM should provide effective disso-
ciation. One investigation prospectively
assessed pediatric patients requiring seda-
tion for minor procedures in an emergency
department and found that a 4 mg/kg dose
provided effective sedation and immobi-
lization for 86.1% of the children. A satis-
factory quality of sedation was achieved
with adjunctive local anesthesia for 97.2%
of these patients, although 3.7% required
mild restraint despite adequate sedation
and an absent withdrawal response to pain.
Only 2.8% of the patients required a repeat
dose secondary to inadequate sedation.”
Local anesthesia is an important compo-
nent of any sedative technique used by oral
and maxillofacial surgeons. Although this
study demonstrated that it is not always
required, incorporation of local anesthesia
into the anesthetic plan minimizes the
of other agents
required. The working time achieved from
a 4 mg/kg dose of ketamine was 15 to
30 minutes. A disadvantage of intramuscu-
lar ketamine is that recovery is variable and
can be quite long. Although the mean
recovery time in the above study was
82 minutes, recovery from injection to dis-
charge at times took up to 3 hours.
Benzodiazepines can be administered
concomitantly with ketamine. The purpose
for coadministering a benzodiazepine is to
reduce the amount of ketamine adminis-

amount anesthetic

tered, reduce the incidence of ketamine-
induced hallucinations, attenuate the car-
diovascular effects of ketamine, and

provide additional amnesia.”* Coadminis-

Pediatric Sedation

tration of a benzodiazepine with ketamine
may prolong recovery.”> Midazolam pro-
duces a better reduction in unpleasant
dreams than does diazepam.”® The favor-
able pharmacokinetics of midazolam com-
pared with diazepam also provide a more
rapid recovery. In a prospective investiga-
tion, ketamine 3 mg/kg with midazolam
0.5 mg/kg was administered to pediatric
patients requiring sedation for minor sur-
gical procedures in the emergency depart-
ment.”” Although 30% of the patients who
received this regimen manifested “inter-
mittent crying,” only 14% required addi-
tional medication to establish a satisfactory
anesthetic state to allow completion of the
planned treatment. Recovery for this regi-
men was at times prolonged.

The level of sedation and immobiliza-
tion is dependent on the planned proce-
dure. Although the intent is to provide an
atraumatic experience for the child, a
mildly dissociative sedative and analgesic
state compared with a deeper dissociative
anesthetic state may be acceptable for a
brief dentoalveolar procedure. The intent
is to modify the patient’s perception of the
procedure. In this situation the patient is
not profoundly sedated and the practi-
tioner has to tolerate some movement and
possibly some vocalization. Ketamine 2
mg/kg to 3 mg/kg IM should provide this
desirable sedative depth. The lower dose of
2 mg/kg is advantageous in that recovery
from injection to discharge approximates
60 minutes. For many children the low
intramuscular dose of ketamine provides a
depth of sedation that allows the place-
ment of an intravenous line. If necessary,
the depth of sedation can then be modi-
fied using intravenous medications. Incre-
mental doses of ketamine 5 to 10 mg IV
can be administered to the sedated patient,
with onset occurring within 30 to 60 sec-
onds. The duration of sedation is 10 to
15 minutes. Although we have found that
ketamine 2 mg/kg generally facilitates
intravenous placement, one study report-
ed that 31% of the children resisted intra-
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venous placement with a dose of 3
mg/kg.”® For the patient who remains
combative and for whom intravenous
access cannot be established, an additional
dose of ketamine 1 to 2 mg/kg IM can be
administered. If the child allows placement
of an intravenous catheter (without any
premedicant), a dose of ketamine 0.5 to
1 mg/kg IV administered over 30 to 60 sec-
onds will establish dissociation.

An anticholinergic agent (eg, glyco-
pyrrolate or atropine) is frequently coad-
ministered with ketamine to decrease
hypersalivation. Tachycardia and postop-
erative psychomimetic effects are prob-
lems associated with ketamine. Atropine,
when combined with ketamine, produces
a significantly higher heart rate compared
with the effect of glycopyrrolate. As a ter-
tiary amine, atropine crosses the blood-
brain barrier and can, itself, produce
postoperative delirium. A higher inci-
dence of adverse emergence phenome-
non, however, was not identified in stud-
ies comparing glycopyrrolate with
atropine.”8? Both drugs can be mixed in
the same syringe with ketamine for an
intramuscular injection. The peak effect
of intramuscular glycopyrrolate occurs
within 30 minutes, at which time the pro-
cedure is frequently completed and the
patient is in the recovery phase of treat-
ment. If an intravenous line is to be estab-
lished after the onset of sedation, glyco-
pyrrolate can be administered IV with a
peak effect in approximately 1 minute.
The dose of atropine is 0.1 to 0.2 mg/kg,
with a minimum dose of 0.1 mg and a
maximum dose of 0.6 mg. Glycopyrrolate
is twice as potent as atropine. The dose is
the same for both drugs, regardless of the
route of administration.

Ketamine can also be administered
orally.3! Bioavailability is approximately
17% following oral administration com-
pared with 93% after intramuscular
administration.®»® Onset of sedation
occurs in approximately 20 minutes.
Although doses reported have ranged from

3 to 10 mg/kg, a more consistent effect is
achieved with doses > 6 mg/kg. In one
investigation oral ketamine 6 mg/kg was
administered for sedating anxious pediatric
dental patients with a mean duration of
sedation of 36 minutes.** The quality of
sedation was reported as good for 65% of
the patients, and 100% of the treatment was
completed. Mean recovery time was
56 minutes with one child sleeping for
3 hours. Creating a state of deep sedation is
dependent on using larger doses of medica-
tions. Ketamine 10 mg/kg PO was used as a
premedicant in the management of pedi-
atric patients undergoing invasive oncolog-
ic procedures. Approximately 50% of the
patients were unresponsive at 60 minutes.
This dose was ineffective in < 10% of the
patients.3> Recovery, however, generally
took 2 to 4 hours, with 20% of the patients
being deeply sedated at 120 minutes post
administration. Several authors have shown
that the anxiolytic and sedative properties
of midazolam 0.5 mg/kg result in a more
clinically effective sedation than does keta-
mine 5 or 6 mg/kg.#¥

The combination of oral midazolam
and ketamine has also been described. This
drug combination may provide effective
sedation when oral midazolam has been
ineffective. One study that demonstrated a
greater efficacy with this combination used
ketamine 4 mg/kg with midazolam
0.4 mg/kg.®® The reported dosing regimens
have varied from ketamine 4 to 10 mg/kg
with midazolam 0.25 to 0.5 mg/kg.

Situations may occur in the manage-
ment of a mentally impaired, autistic, or
older child in whom an intravenous line or
an intramuscular injection cannot be
administered without harm to the patient
or the healthcare provider, and who will
not accept a face mask. Oral ketamine
alone or combined with oral midazolam
can be used to establish a cataleptic state,
facilitating treatment of the combative
patient.?”* It may be helpful to solicit
assistance from the patient’s caregiver or
parent, as these individuals may be aware

of strategies to ensure that the full oral
dose is taken. Atropine or glycopyrrolate
can be orally administered with ketamine;
however, the time to peak decrease in sali-
vation is 2 hours.”

Regardless of the route of administra-
tion, ketamine can establish a clinical
effect described as a “chemical straight-
jacket.” The catatonic state created by ket-
amine is different from that with other
general anesthetic agents; ketamine, when
used at the doses discussed above, may not
be considered to be a true general anes-
thetic. However, the anesthetic depth cre-
ated by ketamine is not consistent with
conscious sedation, and airway problems
can occur. Therefore, appropriate anes-
thetic standards for deep sedation or gen-
eral anesthesia must be followed.

Midazolam Midazolam is a water-soluble
short-acting benzodiazepine. As a class of
agents, the benzodiazepines provide anxiol-
ysis, sedation, and amnesia. Midazolam can
be administered IV, IM, orally, sublingually,
intranasally, or rectally. Because of its water
solubility, intramuscular injection of mida-
zolam is pain free, and absorption is pre-
dictable. Unlike ketamine, however, as a
single agent there is no unique anesthetic
benefit to the intramuscular administration
of midazolam.

Intranasal administration of midazo-
lam was popular in the past. It was once
the most common intranasally adminis-
tered medication. However, because of an
acidic pH, it produces irritation to the
nasal mucosa. The medication if adminis-
tered slowly is discomforting and if
administered rapidly passes through the
nose into the nasal pharynx and is swal-
lowed. In a study that compared oral to
intranasal administration of midazolam,
children were found to be less tolerant of
the intranasal administration.®?

Oral midazolam is probably the most
widely used premedicant in children. The
recommended dose of midazolam is 0.5 to
1.0 mg/kg to a maximum of 20 mg. Mida-



zolam 0.5 mg/kg achieves anxiolysis in 70
to 80% of patients. The anesthetic depth
may be potentiated by the administration
of nitrous oxide. The combined adminis-
tration of 40% nitrous oxide with midazo-
lam 0.5 mg/kg has produced deep sedation
in 12% of patients.”

Unlike ketamine, midazolam causes
loss of airway muscle tone. Although air-
way obstruction is not common with
doses of 0.5 to 1.0 mg/kg, airway obstruc-
tion has been reported after 0.5 mg/kg oral
midazolam.”* The incidence of airway
obstruction may increase with the admin-
istration of nitrous oxide. In one study the
combined administration of 50% nitrous
oxide and 0.5 mg/kg oral midazolam
resulted in a 56% incidence of upper air-
way obstruction in children with enlarged
tonsils.”> With maintenance of airway
patency, however, oral midazolam doses of
0.5 to 0.75 mg/kg generally do not result in
a change in oxygen saturation, heart rate,
or blood pressure.”

The onset of effect of oral midazolam
is within 20 minutes, and the duration of
sedation is 20 to 40 minutes. Patients can
generally be discharged within 60 to
90 minutes from the time at which the
medication is administered.

Midazolam is metabolized by the
cytochrome oxidase system. Oral mida-
zolam is subject to hepatic first-pass
metabolism. Erythromycin, clarithro-
mycin, protease inhibitors, azole antifun-
gal medications, fluvoxamine maleate,
and grapefruit juice alter this cytochrome
oxidase system and result in a higher and
a more sustained midazolam plasma
level 778

Higher doses of oral midazolam (0.75 to
1.0 mg/kg) are associated with a greater
incidence of side effects. These include
loss of head control, blurred vision,
and/or dysphoria. A paradoxic reaction
may also occur in which the patient
becomes more excited as opposed to
sedated. This is more common in chil-
dren and adolescents.”

Induction Agents Methohexital and
propofol are rapid-onset short-acting
agents that are effective for induction and
maintenance of anesthesia. These are the
primary anesthetic agents for general
anesthesia in oral and maxillofacial
surgery performed in an office. The phar-
macology of these agents is discussed in
Chapter 5, “Pharmacology of Outpatient
Anesthesia Medications.” There are some
important points to make relative to their
use in the pediatric patient.

Methohexital is an ultrashort-acting
oxybarbiturate. It can be administered rec-
tally, IM, and IV. The advantage to the rec-
tal administration of methohexital is that
the drug is administered in the presence of
the parents, and, thus, the child is asleep
prior to parental separation. Rectal admin-
istration, however, can be distressing, as
discussed above. Methohexital can also be
administered intramuscularly. Administra-
tion is quite painful, and there is no advan-
tage to its use in office-based anesthesia
compared with other available intramus-
cular agents. Neither rectal nor intramus-
cular administration is generally employed
in ambulatory oral and maxillofacial
surgery offices. Most frequently methohex-
ital is administered IV. Interestingly,
despite years of safe administration in this
environment, the manufacturer’s package
insert states that the use of methohexital in
the pediatric patient is not adequately
studied and thus not recommended.

Propofol is an alkylphenol. Its charac-
teristics include rapid onset and short
duration of clinical effect, similar to
methohexital. Its high clearance rate and
minimal tendency for drug accumulation
make it a more ideal anesthetic agent for
ambulatory surgery in both adult and
pediatric patients. In one study comparing
propofol to methohexital for anesthesia in
pediatric patients undergoing procedures
in a dental chair, propofol was associated
with a 9%
arrhythmias compared with a 32% inci-
dence associated with methohexital.!®

incidence of ventricular

Pediatric Sedation

Clinical trials and case series have demon-
strated propofol’s efficacy in pediatric
patients. 10107
tion of propofol (Diprivan) is licensed by
the US Food and Drug Administration
(FDA) for use in children > 3 years of age
in the surgical setting.

Transient pain at the site of injection is
reported in approximately 10 to 20% of
patients given propofol. In the pediatric
patient this discomfort may result in gra-
dations of movement, which may require
restraint of the patient until induction is
fully achieved. Propofol may also cause
hypotension and bradycardia. The inci-
dence is reported to be higher in the pedi-
atric patient (17%) compared with that in
the adult patient (3—10%). This usually is
not detected in the adult oral and maxillo-
facial surgery patient when a relatively low
initial dose (< 1 mg/kg) is typically used to
achieve deep sedation or general anesthe-
sia. Pediatric patients frequently need to
be more profoundly anesthetized. This
requires the administration of a greater
dose of propofol, which may result in a
higher occurrence of hypotension or
bradycardia in pediatric oral and maxillo-
facial surgery patients. Propofol may also
cause excitatory movement or myoclonus,
the incidence of which is greater in the
pediatric patient (17% vs 3—10%).

The greatest potential concern with
the use of propofol in the pediatric
patient is that cases of fatal metabolic aci-
dosis and cardiac failure, termed propofol-
infusion syndrome, have been reported in
over a dozen children.!®11? These inci-

The proprietary formula-

dents have all been associated with pro-
longed intubation and propofol infusions.
A review by the FDA concluded that
propofol had not been shown to have a
direct link to any pediatric deaths.!'
Although the causal relationship between
propofol and metabolic acidosis remains
unproven, clinicians should be aware of
the risk for this reaction in children and
limit the dose and duration of propofol
therapy accordingly.
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Inhalational Agents The origin of anes-
thesia is rooted within dentistry. The first
anesthetic was nitrous oxide. Nitrous oxide
has anxiolytic, analgesic, amnestic, and
sedative effects.!!*!15  Although not a
potent anesthetic agent, nitrous oxide pos-
sesses a wide margin of safety and has few
(if any) residual side effects. Another
advantage of nitrous oxide is its low solu-
bility. An anesthetic agent that has low sol-
ubility has rapid equilibration between the
alveoli and the blood, and the blood and
the brain. This results in both rapid onset
and anesthetic emergence. Also, nitrous
oxide may be combined with other anes-
thetic agents. A deep sedative or general
anesthetic state may be established with the
coadministration of nitrous oxide and an
oral or parenteral agent. This may result in
respiratory impairment. Although nitrous
oxide may potentiate the effect of another
agent, the discontinuance of it can, like-
wise, reverse the anesthetic depth and pro-
mote a more rapid emergence.!!¢-118
Although nitrous oxide lacks sufficient
potency to solely induce general anesthe-
sia, halothane, sevoflurane, desflurane, and
isoflurane have sufficient potency to
induce and maintain general anesthesia
(Table 6-2). The primary benefit of an
inhalational agent is for mask induction,
and of the potent inhalational agents, only
halothane and sevoflurane are nonpun-
gent. These agents can be administered to
an awake patient with minimal respiratory
complications (eg, coughing, breath hold-

Table 6-2 Inhalational Anesthetic Agents

Nitrous oxide 0.47
Halothane 2.40
Sevoflurane 0.69
Desflurane 0.42
Isoflurane 1.40

ing, laryngospasm), whereas desflurane
and isoflurane tend to irritate the airway if
used for mask induction.!*-12!

The blood and tissue solubility of an
inhalational agent is also important. These
properties influence the speed of induc-
tion and emergence from anesthesia.
Agents that have a low solubility in blood
have a more rapid induction and shorter
emergence time. The blood gas solubility
coefficients of desflurane, nitrous oxide,
sevoflurane, isoflurane, and halothane are
0.42, 0.47, 0.6, 1.4, and 2.3, respectively.
These figures imply a more rapid onset
and emergence for desflurane, sevoflu-
rane, and nitrous oxide.

Since all anesthetic agents affect the
pulmonary and cardiovascular systems, it
is important to understand these effects.
All potent inhalational agents depress
minute ventilation in a dose-dependent
manner, with a resulting increase in partial
pressure of carbon dioxide in arterial
blood (PaCO,). Clinically the practitioner
will observe a decrease in tidal volume and
a slight increase in respiratory rate.
Although acceptable respiratory parame-
ters can be maintained during sponta-
neous ventilations, of the two agents used
for mask induction, halothane produces
less respiratory depression than does
sevoflurane.'”> Not all respiratory effects
are detrimental. All inhalational agents are
beneficial in that they produce bronchial
dilatation and are advantageous in the
management of the patient with bron-

— 105.00
0.87 0.76
2.5 1.70
7.98-8.72 7.30
1.60 1.20

New York: Churchill Livingston; 1989.

Adapted from Cauldwell CB. Induction, maintenance and emergence. In: Gregory GA, editor. Pediatric anesthesia. 2nd ed.

chospastic disease. All potent inhalational
agents have myocardial depressant effects.
The cardiovascular depressant effects are
greatest with halothane use, which can
result in hypotension and bradycardia.
However, of greater significance is the abil-
ity of halothane to sensitize the heart to
catecholamines with resultant dysrhyth-
mias. One study reported that 48% of
pediatric  patients
halothane had arrhythmias compared with
16% of those induced with 8% sevoflu-
rane. Patients who had an incremental

anesthetized with

induction of sevoflurane had even fewer
arrhythmias. Furthermore, of the arrhyth-
mias associated with halothane, 40% were
ventricular arrhythmias (consisting of ven-
tricular tachycardia, bigeminy, and cou-
plets); with sevoflurane, only 1% were ven-
tricular arrhythmias (consisting of single
ventricular ectopic beats).'” The occur-
rence of these arrhythmias may also be
associated with the administration of local
anesthetics  containing
Halothane is the only inhalational agent
that is associated with arrhythmias with
clinical doses of epinephrine. A limit of
1 pg/kg of epinephrine in patients receiv-
ing halothane is reccommended.!?4-12¢6

epinephrine.

Use of inhalational agents is advanta-
geous in the oral and maxillofacial sur-
geon’s office because they provide a gener-
al anesthetic state without intravenous
access. Therefore, only agents that are
pleasant and nonirritating to the airway
can be used. Halothane has traditionally
been the agent used by both anesthesiolo-
gists in the operating room and oral and
maxillofacial surgeons in their offices.
Sevoflurane appears to have the character-
istics that most approximate the ideal
inhalational agent, in that it is of sufficient
potency, is nonpungent, has a low blood
and tissue solubility, and has limited car-
diorespiratory effects. Sevoflurane has
replaced halothane in the operating rooms.

There are several variations in mask-
induction techniques. First, the inhala-
tional agent may be administered with a



combination of nitrous oxide and oxygen
or 100% oxygen. The combination of
nitrous oxide with the potent vapor agent
decreases the percentage of vapor agent
required to achieve an anesthetic depth.
The decrease in minimum alveolar con-
centration (MAC) for halothane is signif-
icantly clinically greater for halothane
than for sevoflurane. This most likely is
related to the difference in solubility of
the two potent inhalational agents.
Another variation in mask induction per-
tains to the concentration of inhalational
agent administered. The practitioner may
administer an incrementally increasing
concentration of an agent (eg, increasing
an agent by 0.5-1% after a few breaths) or
a high initial concentration of an agent
(eg, sevoflurane 8%). Although one
would expect that sevoflurane would
have a more rapid speed of induction, the
differences between sevoflurane and
halothane have not been consistently
demonstrated.'?"!?” The difference in
speed of induction appears to be less dis-
tinguishable when a high concentration
of halothane is used.

Similar to speed of induction, anes-
thetic emergence is dependent on several
variables. Agents that have a low blood
solubility coefficient should have a short-
er emergence time. Several studies have
shown that desflurane, which has the low-
est blood solubility coefficient, has a very
rapid anesthetic emergence (5-7 min),
and halothane, which has the highest
blood solubility coefficient, has a more
prolonged recovery (10-21 min).!28-152
Sevoflurane has been shown, although not
consistently, to have a more rapid anes-
thetic emergence for intermediate- and
long-duration anesthetics compared with
halothane. However, typically the
required state of anesthesia for a pediatric
dental procedure in the office is brief, last-
ing < 10 minutes. Recovery from anesthe-
sia is also dependent on the duration of
the anesthesia. Clinical studies comparing
sevoflurane and halothane for pediatric

dental extractions lasting between 4 and
6 minutes have not demonstrated a more
rapid recovery with sevoflurane.'* In one
study, in which children were subject to a
4-minute anesthesia, time to eye opening
was 102 seconds with halothane and
167 seconds with sevoflurane.'*

The last factor that needs to be consid-
ered both in comparing sevoflurane and
halothane and in selecting an anesthetic
agent for the office is the toxicity of each
drug. Halothane is metabolized in the liver
to a trifluoroacetylated product, which
binds proteins promoting an
immunologic response that can result in
hepatic injury. 1*>!% The incidence, which
may be as high as 1 in 6,000 cases of anes-
thesia in adults, is significantly lower in the
pediatric  population.  Sevoflurane,
although not associated with liver toxicity,
has been associated with the potential for
renal toxicity.!*”!1*® The drug undergoes
hepatic metabolism, which produces inor-
ganic fluoride. However, the rapid elimi-

liver

nation of sevoflurane minimizes the renal
which  probably
accounts for the lack of clinical renal dys-
function, despite some reports of serum
fluoride levels > 50 umol. Renal injury has
also been associated with the formation of
compound A, which is a product of the
reaction between sevoflurane and CO,
absorbents. Most of the data, however,
suggest that compound A does not induce
renal toxicity in humans.

fluoride exposure,

Other Medications Chloral hydrate is
an alcohol-based sedative. It produces a
sleep from which one is easily roused, in
which the cardiorespiratory effects are
consistent with those that occur with nat-
ural sleep. The onset of chloral hydrate is
slow (30—60 min), its duration is variable
(2-5 h), and it lacks the anxiolytic effects
of benzodiazepines. The sedative effect of
chloral hydrate does not produce as
favorable a work environment as the anx-
iolytic effect of a benzodiazepine.>
Another disadvantage of chloral hydrate
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is that it is a gastric irritant and is associ-
ated with nausea and vomiting.

Antihistamines are commonly used in
medicine and dentistry for their anti-
pruritic and antiemetic effects. When used
for these conditions, sedation is frequently
an unwanted side effect. However, the
sedative effects can be used to advantage,
and antihistamines such as promethazine
and hydroxyzine are frequently combined
with other drugs such as chloral hydrate
and meperidine to potentiate the sedative
effect of the primary anesthetic agent and
to provide antiemetic effects. The sedative
effects of antihistamines may last between
3 and 6 hours, and when used alone do not
provide anxiolysis.

The oral transmucosal administration
of a sedative medication is appealing. Fen-
tanyl citrate is available as a lozenge on a
stick. The recommended dose is between
10 and 20 pg/kg. Bioavailability is between
33% in children and 50% in adults.'*

The difference in bioavailability
results from the amount of drug that is
swallowed and the amount of drug that is
absorbed through the oral mucosa. The
drug provides both analgesia and sedation.
Onset of analgesia precedes the onset of
sedation. Analgesia also lasts for 2 to
3 hours, providing some postoperative
pain control. Adverse side effects associat-
ed with the fentanyl lozenge include a high
incidence of nausea and vomiting, and
pruritus. The major adverse effect associ-
ated with the use of fentanyl citrate is a
higher incidence of respiratory depression
than that seen with other sedative medica-
tions. The respiratory depression associated
with the fentanyl lozenge may last beyond
the sedative effect.!*

Perioperative Complications

Laryngospasm

Intraoral surgery in the anesthetized non-
intubated patient renders the patient sus-
ceptible to airway obstruction and airway
irritation. Such irritation can result in a
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laryngospasm, which is the apposition of
the supraglottic folds, the false vocal cords,
and the true vocal cords. The laryn-
gospasm may be sustained and may
become progressively worse as the supra-
glottic tissues fold over the vocal cords
during forceful inspiratory efforts. The
incidence of laryngospasm is 8.7 per
1,000 patients in the total population and
17.4 per 1,000 in patients < 9 years of age.*
The treatment of laryngospasm
depends on whether the airway obstruc-
tion is complete or incomplete. The single
diagnostic feature that distinguishes com-
plete from incomplete airway obstruction
is simply the absence or presence of sound.
If there are inspiratory or expiratory
squeaks, sounds, grunts, or whistles, then
chances are the child has incomplete air-
way obstruction. Airway obstruction of
either type requires initial treatment with
a patency-preserving maneuver such as
the jaw-thrust/chin-lift maneuver.
Because incomplete airway obstruc-
tion may rapidly become complete, signs
and symptoms of obstruction (eg, tra-
cheal tug, paradoxic respiration) should
be treated aggressively. The first maneu-
ver is to apply gentle continuous positive
airway pressure with 100% O, by face
mask. An effective technique to deliver
gentle positive pressure is to “flutter the
bag.” In this technique the reservoir bag is
very rapidly squeezed and released in a
staccato rhythm, similar to what one
would see with an atrial flutter of the
heart. In essence, one performs a manual
high-frequency oscillatory ventilation
with this technique. If the patient
improves, anesthesia and normal ventila-
tion may be resumed. Overuse of the
high-pressure flush valve to fill the
breathing circuit and anesthetic bag may
dilute potent anesthetic gases (if being
used) and lead to a lighter plane of anes-
thesia in the child. In addition, high pres-
sure applied to the airway may force gas
down the esophagus and into the stom-
ach, reducing ventilation even more. Pos-

itive airway pressure cannot “break”
laryngospasm in the presence of com-
plete airway obstruction and may;, in fact,
worsen laryngospasm by forcing supra-
glottic tissues downward to occlude the
glottic opening.

For the laryngospasm that is refracto-
ry to continuous positive airway pressure,
a neuromuscular blocking agent should be
administered. The ideal agent should have
rapid onset. For the nonintubated patient,
rapid recovery is also desirable. Succinyl-
choline is the only neuromuscular block-
ing agent that provides these effects.

Succinylcholine

If intravenous access is available, suc-
cinylcholine 0.5 to 1.0 mg/kg is adminis-
tered. If the child is hypoxemic, atropine
0.02 mg/kg should preceed the adminis-
tration of the succinylcholine to prevent a
bradycardia secondary to the muscarinic
effect of succinylcholine. If intravenous
access is not available, succinylcholine
may be administered intralingually or IM
(succinylcholine 4 mg/kg).'*!

There are several potential complica-
tions associated with the use of succinyl-
choline. These include myalgias, malignant
hyperthermia, masseter muscle rigidity,
and hyperkalemic cardiac arrest in patients
with undiagnosed myopathies. In some
children the administration of succinyl-
choline can result in masseter muscle
spasm. Masseter muscle spasm may indi-
cate a susceptibility to malignant hyper-
thermia, but it can also be isolated and not
progress to malignant hyperthermia. The
anesthetic team needs to differentiate
between an isolated spasm and a prodromal
sign of an impending emergency to make a
decision regarding the continuation of the
anesthetic and surgical course. In a tertiary
environment with appropriate monitoring,
the anesthesia may be continued with
observation for the development of other
systemic signs reflective of the hypermeta-
bolic state of malignant hyperthermia.
Tachycardia is usually the earliest sign,

whereas end-tidal CO, is the most sensitive
sign of malignant hyperthermia.!4>143

Another potential life-threatening
complication following the administration
of succinylcholine is hyperkalemic cardiac
arrest. Hyperkalemic cardiac arrest follows
the administration of succinylcholine in
patients with undiagnosed myopathies;
succinylcholine induces rhabdomyolysis,
which causes hyperkalemia leading to
bradycardia/asystolic rhythm. Several case
reports have appeared in the literature
emphasizing this potential risk in the
pediatric patient, which exists because
Duchenne’s and Becker’s muscular dystro-
phies may go undiagnosed until the ages
of 6 and 12 years, respectively.!4+14°

Alternative neuromuscular agents
have been developed that can provide
rapid onset and should be used for elective
situations. Rocuronium may be used when
succinylcholine is contraindicated. Its
onset is rapid, however, with a consider-
ably longer duration. The administration
of lidocaine topically to the vocal cords
may also be effective. Succinylcholine
remains the most ideal drug for the man-
agement of laryngospasm and emergent
tracheal intubation and is the essential
drug for managing laryngospasm in the
oral and maxillofacial surgery office.

Cricothyrotomy

Three approaches to emergency surgical
opening of the airway are mentioned in
the literature: emergency tracheotomy,
emergency cricothyrotomy, and emer-
gency transtracheal ventilation.*® In the
experience of most, emergency tracheoto-
my cannot be performed rapidly enough
in dire situations. Likewise, transtracheal
jet ventilation is extremely hazardous in
children because barotrauma may occur
owing to the restricted egress of ventilato-
ry gas. Therefore, when endotracheal
intubation cannot be accomplished, the
most rapid method for oxygenating the
patient in an emergency situation is
cricothyrotomy.'*’



Nausea and Vomiting

Postoperative nausea and vomiting
(PONV) is a cause of morbidity in pediatric
patients. Even mild PONV is associated
with delayed discharge, decreased parental
satisfaction, and increased use of resources.
More severe complications associated with
PONV include dehydration and electrolyte
disturbances, or hypoxemia secondary to
airway obstruction or aspiration. PONV
occurs in 6 to 42% of all pediatric surgical
patients. The incidence is variable depend-
ing on age of the patient, the sex of the
patient (there is a greater incidence in
females > 13 yr), the anesthetic agents used,
and the surgical procedure. Fortunately,
severe or intractable PONV is less common,
occurring in 1 to 3% of pediatric patients.!*®

Anesthetic drug selection can have an
effect on the incidence of PONV. Pre-
operative midazolam has been associated
with reduced PONV in children.'*® Sub-
sedative doses of propofol also provide
antiemetic effects. This contrasts with
methohexital, which is associated with a
higher incidence of PONV than is propo-
fol in adults. Studies are lacking compar-
ing the incidence of PONV of these two
agents in a pediatric population. Pre-
medication with opioid analgesics
increases the risk of PONV. Oral trans-
mucosal fentanyl citrate in doses of 5 to
20 pg/kg is associated with PONV in
almost all patients.'*® As discussed above,
ketamine is an excellent agent for pedi-
atric sedation. An unfortunate adverse
effect associated with ketamine is a
reported incidence of PONV that is as
high as 50%. Nitrous oxide also has emet-
ic effects. However, concentrations < 40%
are less likely to cause PONV.

Vomiting is a complicated response
mediated by the emetic center located in
the lateral reticular formation of the
medulla. This center receives input from
several areas within the CNS, including the
chemoreceptor trigger zone, vestibular
apparatus, cerebellum, higher cortical and

brainstem centers, and solitary tract nucle-
us. These structures are rich in dopamin-
ergic, muscarinic, serotoninergic, hista-
minic, and opioid receptors. Blockade of
these receptors is the mechanism of the
antiemetic action of drugs. At the present
time there are no drugs known that act
directly on the emetic center.

Routine administration of antiemetic
agents to all children undergoing surgery
is not justifiable as the majority do not
experience PONV or have, at most, one or
two episodes. The agents used are the same
as those used to manage PONV in the
adult. The following discussion identifies
points significant to the management of
PONYV in the pediatric patient.
Phenothiazines The phenothiazines are
believed to exert their antiemetic effects
primarily by antagonism of central
dopaminergic receptors in the chemore-
ceptor trigger zone. Low doses of chlor-
promazine, promethazine,
phenazine are effective in preventing and
controlling PONV. These drugs are fre-
quently combined with opioids (when
administered orally by pediatric dentists)
to decrease the emetic effect of the opioid.
All phenothiazines are capable of produ-
cing extrapyramidal symptoms and seda-
tion, which may complicate postoperative
care. The degree of sedation wvaries
between phenothiazines, with little seda-
tion produced by perphenazine compared
with the other phenothiazines.'>

and per-

Benzamides The benzamide derivative
metoclopramide has antiemetic and pro-
kinetic effects and is the most effective
antiemetic of this class. Its antiemetic
effects are mediated by antagonism of cen-
tral dopaminergic receptors, and at high
doses it also antagonizes serotonin-3
receptors. In the gastrointestinal tract
metoclopramide has significant dopamin-
ergic and cholinergic actions and increases
motility from the distal esophagus to the
ileocecal valve. High doses of metoclo-
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pramide are well tolerated by adults, but
children are prone to dystonic reactions.
For this reason, metoclopramide is com-
bined frequently with diphenhydramine to
decrease this incidence. Although metoclo-
pramide has been used successfully to
reduce the incidence of PONV in high-risk
children, it is not as effective as droperidol

or the newer serotonin antagonists.!>"!>2

Histamine Antagonists The histamine
receptor antagonists are weakly antiemetic
drugs with profound sedative effects,
which make them less suitable for use in
postoperative patients. They are frequent-
ly combined with other anesthetic agents
in an oral cocktail for their sedative and
antiemetic effects. These drugs may be
useful for controlling emesis resulting
from vestibular stimulation, as occurs in
patients with motion sickness or after
middle ear surgery. They also counteract
the extrapyramidal effects of the more effi-
cacious dopamine receptor antagonists.

Muscarinic Receptor Antagonists The
vestibular apparatus and the nucleus of
the tractus solitarius are rich in mus-
carinic and histaminic receptors. Mus-
carinic receptor antagonism is effective in
preventing emesis related to vestibular
stimulation, which may be the mecha-
nism of morphine-induced PONV. In
adults the use of glycopyrrolate, a drug
that does not cross the blood-brain barri-
er, has been associated with three times
the need for rescue antiemetic therapy
compared with atropine.!> Transdermal
scopolamine has been used successfully to
reduce PONV in children receiving mor-
phine but is associated with a significant
increase in sedation and dry mouth.!>*
Other potential side effects include dys-
phoria, confusion, disorientation, halluci-
nations, and visual disturbances.

Serotonin Receptor Antagonists Sero-
antagonists
serendipitously when compounds struc-

tonin were  discovered
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turally related to metoclopramide were
found to have significant antiemetic effects
but lacked dopamine receptor affinity.
These drugs produce pure antagonism of
the serotonin-3 receptor. Ondansetron was
the first drug of this class to become avail-
able for clinical use in 1991. Since that time
granisetron, and dolasetron have been
introduced. This class of pure serotonin-3
receptor antagonists is not associated with
the side effects of dopamine, muscarinic, or
histamine receptor antagonists. The most
serious side effects of ondansetron are rare
hypersensitivity reactions.'” Gastric emp-
tying and small bowel transit time were not
affected by ondansetron. Asymptomatic
brief prolongation of the P-R interval and
the QRS complex of the electrocardiogram
have been reported in adults, but rapid
intravenous infusion of ondansetron in
children was not associated with changes in
heart rate, arterial pressure, or oxyhemo-
globin saturation.'*® Psychomotor and res-
piratory function were unaffected by
ondansetron. Prophylactic ondansetron
0.05 to 0.15 mg/kg IV or orally reduced the
incidence of PONV in children after a vari-
ety of surgical procedures.'”’
Glucocorticoids (dexamethasone,
methylprednisolone) exert
properties by a mechanism as yet un-
known. These drugs have been used suc-
cessfully in the postoperative setting to pre-
vent PONV. Dexamethasone in doses up to
1 mg/kg IV (maximum dose 25 mg) was
effective in reducing postoperative vomit-
ing in children after tonsillectomy.'*® How-
ever, low-dose dexamethasone 0.15 mg/kg
IV was not as effective as perphenazine
70 ug/kg IV in preventing emesis after ton-
sillectomy in children.!® This class of

antiemetic

drugs is better used in combination with
another antiemetic than as the sole agent to
prevent PONV.

Special Considerations

Oral and maxillofacial surgeons treat a
diverse group of patients. Simplistically,
the pediatric patient differs from the adult

patient anatomically, physiologically, and
behaviorally. Beyond these differences the
pediatric population is a diverse group
within itself. Oral and maxillofacial sur-
geons are involved with the management
of patients with craniofacial syndromes as
well as other physical or mental impair-
ments. The craniofacial syndromes may
result in anatomic and physiologic alter-
ations as well as mental disabilities. Poten-
tial airway abnormalities include macro-
glossia, micrognathia, choanal atresia,
limited mouth opening, kyphoscoliosis, or
cervical spine abnormalities. These abnor-
malities may make the patient more sus-
ceptible to upper airway obstruction and
compromise spontaneous ventilation,
oxygenation, mask ventilation, or laryn-
goscopy and intubation. Many of these
patients may have significant cardiovascu-
lar disease associated with their syndrome.
Mental impairment may also be associated
with several congenital syndromes. Alter-
natively, physical disabilities are not always
associated with mental impairments. The
health care provider must avoid treating
these patients as if they were mentally
impaired because of their inability to com-
municate normally. Lastly, substance
abuse among children and teens has
reached epidemic proportions.

This section reviews the clinical pre-
sentation and anesthetic management of
some patients with special considerations.

Attention Deficit Hyperactivity
Disorder

Attention deficit hyperactivity disorder
(ADHD) is defined as a persistent severe
pattern of inattention or hyperactivity-
impulsivity symptoms compared with
other children at a comparable develop-
mental level. Three subtypes of ADHD are
identified: a predominantly hyperactive-
impulsive type, a predominantly inatten-
tive type, and a combined type. It is esti-
mated to affect up to 5% of children.
Medical therapy frequently includes

psychostimulants such as methyl-

phenidate, dextroamphetamine, or pemo-
line. Methylphenidate is the most com-
monly prescribed drug for ADHD. In
addition to its use in the management of
ADHD, 1 to 2% of the US high-school
population without a diagnosed medical
condition is reported to abuse this
drug.'®® These drugs increase the bioavail-
ability of neurotransmitters. The drugs
tend to cause an increase in blood pres-
sure and heart rate. Adverse effects are
similar to that of other sympathomimetic
agents. CNS effects include restlessness,
dizziness, tremor, hyperactive reflexes,
weakness, insomnia, delirium, and psy-
chosis. Cardiovascular effects may include
headaches, palpitations, arrhythmias,
hypertension followed by hypotension,
and circulatory collapse.!®!

Perioperative management of a patient
on a psychostimulant (such as methyl-
phenidate) includes recognizing signs and
symptoms suggestive of inappropriate use.
If there is a suggestion regarding overdose of
the medication, the surgery should be post-
poned. However, when the medication is
used appropriately, it is generally well toler-
ated. If there are no indications of adverse
events, the medication should be continued
throughout the perioperative period.
Chronic use of the medication may decrease
anesthetic requirements.

The anesthetic management of these
patients is dependent on the level of co-
operation of the patient. Preoperative
sedatives may be used. Many of these indi-
viduals allow the placement of an intra-
venous catheter. However, for the patient
in whom intravenous access cannot be
established, ketamine (with or without
midazolam) administered orally or IM is
effective and not contraindicated owing to
the chronic use of a psychostimulant.

Autism

Autism is a complex developmental dis-
ability that typically appears during the
first 3 years of life. The result of a neuro-
logic disorder that affects the functioning



of the brain, autism is the third most com-
mon developmental disability in the Unit-
ed States and occurs in approximately 2 to
4 per 10,000 live births.'®? Autism is four
times more prevalent in boys than in girls
and knows no racial, ethnic, or social
boundaries. Family income, lifestyle, and
educational levels do not affect the chance
of autism’s occurrence.

Autism impacts the normal develop-
ment of the brain in the areas of social
interaction and communication skills.
Children and adults with autism typically
have difficulties in verbal and nonverbal
communication, social interactions, and
leisure or play activities. The disorder
makes it difficult for them to communi-
cate with others and relate to the outside
world.!®>1%4Tn some cases aggressive and/or
self-injurious behavior may be present.
Persons with autism may exhibit repeated
body movements (hand flapping, rock-
ing), unusual responses to people, or
attachments to objects and resistance to
changes in routines. Children with autistic
disorders may include a subgroup of indi-
viduals with associated psychiatric symp-
toms, including aggression, self-abusive
behavior, and violent tantrums, and often-
times necessitate the use of psychiatric
medications; antipsychotics are the most
prevalently prescribed medications in this
group.'®® The autistic patient may also be
prescribed medications similar to those
prescribed for ADHD.

Management of these patients in the
oral and maxillofacial surgery setting
requires respect for the autistic child’s need
for ritualistic behavior, which may result in
tantrum-like rages with any disruptions of
routine. Providing a calm environment
with minimal stimulation and considera-
tion of all associated pharmacologic influ-
ences aids in the management of these
patients. Premedication with a benzo-
diazepine may be beneficial. However,
establishing an intravenous access still may
not be possible, and an alternative tech-
nique may be required. A mask induction

with a potent vapor agent or intramuscular
ketamine may be considered; however, the
individual may be too physically strong
and combative for these techniques. An
alternative that should be considered (even
in the noncombative individual) is oral
administration of a premedicant of keta-
mine or ketamine and midazolam.® Alter-
ations in management must be carried
over into the postoperative period, in
which many patients with behavioral or
mental impairments are more agitated.
Restraint may be necessary to prevent pre-
mature removal of the intravenous line,
wound disturbance, or self-injury.

Cerebral Palsy

Cerebral palsy is a group of neurologic
disorders that are characterized by
impaired control of movement. The clini-
cal manifestations are variable and are
dependent on the site and extent of injury.
There are four classifications: spastic,
athetoid, ataxic, and mixed. Spastic cere-
bral palsy is the most common form and
affects up to 80% of the patients. Patients
with spastic cerebral palsy present with
muscle hypertonicity, hyperreflexia, muscle
contractures, muscle rigidity, and muscle
weakness. The pattern of dysfunction can
be further classified into monoplegia (one
limb), diplegia (both arms or both legs),
hemiplegia (unilateral), triplegia (three
limbs), and quadriplegia (all limbs). The
severity of the contractures may result in
spinal deformities such as scoliosis.
Athetoid or dyskinetic cerebral palsy is
characterized by choreiform, tremor, dys-
tonia, and hypotonia. The involuntary
movements seen with athetoid cerebral
palsy often increase with emotional stress.
Ataxic cerebral palsy is characterized by
poor coordination and jerky movements.
Associated medical conditions include
mental retardation, speech abnormalities,
seizures, drooling, dysphagia, and gastro-
esophageal reflux.!®® Mental impairment is
most common in patients with spastic
cerebral palsy. It is important to recognize
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that > 50% of patients with cerebral palsy
do not demonstrate mental impairment.
Dysarthria or speech abnormalities sec-
ondary to a lack of coordination in muscle
movement of the mouth can be seen in
athetoid cerebral palsy. This muscle
abnormality should not be confused with
mental impairment. Seizures are seen in
up to 35% of patients with spastic cerebral
palsy. The lack of muscle coordination
contributes to drooling and dysphagia.
The inability to handle the secretions and
the incompetent pharyngeal swallow
reflex increase the risk of laryngospasm.
Individuals with impaired neurologic
function may also have an increased inci-
dence of gastroesophageal reflux.

Several factors must be taken into con-
sideration in treating these patients. The
spasticity and lack of coordination can
contribute to a hyperactive gag reflex. Anx-
iety can aggravate the involuntary move-
ments. Nitrous oxide sedation may be
effective in reducing these responses.'®’
Severe contractures may make positioning
the patient difficult. Contractures, which
may result in scoliosis, can result in a
restrictive lung disorder. The patient’s
hypotonia may necessitate stabilization of
the head (even for the nonsedated patient).
If the patient is to be sedated, muscle weak-
ness may predispose the patient to
impaired respirations. This may be com-
pounded by medications prescribed to
control the spasticity or seizure disorder.
Conscious sedation may be contraindicated
because of the inability to handle oral
secretions and the risk of gastroesophageal
reflux. It may be necessary to protect the
airway with the placement of an endo-
tracheal tube. In the event that the airway
requires emergent intubation, the use of
succinylcholine is not contraindicated.'®

Down Syndrome

Down syndrome, or trisomy 21, is a com-
mon chromosomal disorder occurring at a
rate of 1.5 per 1,000 live births and is usu-
ally characterized by mild to moderate
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mental retardation, cardiovascular abnor-
malities, and craniofacial abnormalities.
Craniofacial abnormalities that have an
impact on the anesthetic management of
these patients include macroglossia,
micrognathia, and a short neck, putting
these patients at increased risk for airway
obstruction during sedation. Enlargement
of the lymphoid tissue may also place
these patients at risk for upper airway
obstruction. In addition, these patients
have generalized joint laxity that may be
associated with subluxation of the tem-
poromandibular joint during airway
manipulation. Intubation is usually not
difficult, but subglottic stenosis, which is
present in up to 25% of Down syndrome
individuals, may necessitate a smaller-
diameter endotracheal tube.

instability occurs in
approximately 20% of patients with Down

Atlantoaxial

syndrome, and airway maneuvers, such as
neck positioning during anesthesia for air-
way opening or intubation, may induce a
serious cervical injury (C1-2 subluxation).
This cervical spine instability is a con-
traindication for routine treatment until
both the patient and the treatment risks are
fully evaluated. Sequelae to neurologic
injury are usually characterized by signifi-
cant symptoms or declining neurologic
function without other neurologic dis-
order. Specific symptoms may include a
positive Babinski sign, hyperactive deep
tendon reflexes, ankle clonus, neck discom-
fort, and gait abnormalities.

Down syndrome is associated with
congenital heart disease in approximately
40% of its patients, and consideration of
these abnormalities (endocardial cushion
defect, ventricular septal defect, tetralogy of
Fallot, patent ductus arteriosus, and atrial
septal defect) in conjunction with their pri-
mary care physician is mandatory prior to
proceeding with a surgical procedure.

Muscular Dystrophy

Muscular dystrophy is a group of diseases
of genetic origin, characterized by the pro-

gressive loss of skeletal muscle function.
There are nine types of muscular dystro-
phies, the most common and dramatic
being Duchenne’s disease (pseudohyper-
trophic muscular dystrophy). Symptoms
typically begin between the ages of 2 to
5 years, often with the patient becoming
wheelchair-bound by age 12 years. Death
usually occurs between ages 15 and
25 years, usually secondary to pneumonia
or congestive heart failure. Becker’s mus-
cular dystrophy is the next most common
form of muscular dystrophy. Its manifes-
tations are similar, although milder, to
those of Duchenne’s disease. Its onset is
later, and the progression of the disease is
slower. Time to onset of disease, being
wheelchair-bound, and death are 12, 30,
and 42 years, respectively.'®

The anesthetic management of these
patients is complicated by muscle weak-
ness contributing to poor respiratory
function. Atrophy of the paraspinal mus-
cles also leads to kyphoscoliosis (restric-
tive lung disease), which further restricts
respiratory function. Pulmonary function
tests should be considered as part of the
preoperative assessment. Patients with
functional vital capacities < 35% of nor-
mal are at increased risk. Muscle weakness
also contributes to obtunded laryngeal
reflexes and an inability to clear tracheo-
bronchial secretions.
increased risk for aspiration secondary to
the obtunded laryngeal reflexes and
delayed gastric emptying.

Patients with muscular dystrophy may
also have cardiovascular disorders. These

Patients are at

include degenerative cardiomyopathy, car-
diac arrhythmias, and mitral valve pro-
lapse. It is frequently difficult to assess car-
diovascular function in these patients
because they are usually wheelchair-bound
and not sufficiently stressed. However, car-
diac compromise must be considered, espe-
cially in an older individual. Anesthetic
considerations must take into considera-
tion the potential for underlying respira-
tory and cardiovascular disease. Succinyl-

choline is contraindicated because it can
cause rhabdomyolysis with a resultant
hyperkalemia. Although all patients may
have a slight increase in extracellular potas-
sium after the administration of succinyl-
choline, the increase in a patient with mus-
cular dystrophy can cause hyperkalemic
cardiac arrest. The avoidance of succinyl-
choline and volatile inhalational agents is
also recommended because of the associa-
tion of Duchenne’s disease with increased
malignant hyperthermia. Nondepolarizing
muscle relaxants may be used; however, a
prolonged recovery time is seen in patients
with muscular dystrophy. The response to
reversal agents is also variable. Additional-
ly, patients are susceptible to an un-
explained late respiratory depression.
Ambulatory surgery may be unadvisable
but at a minimum requires prolonged

observation prior to discharge.!”

Substance Abuse

Substance abuse amongst children and
teens has reached epidemic proportions,
regardless of socioeconomic status. In
2001 an estimated 15.9 million Americans
ages 12 or older were current illicit drug
users, meaning they had used an illicit
drug during the month prior to the survey
interview. This estimate represents 7.1% of
the population ages 12 years old or older.
Among youths ages 12 to 17 years, approx-
imately 10% were current illicit drug
users. Data from 1999 to 2001 identify
marijuana as the most popular abused
drug, with a use approximating 7% of this
population. Other abused substances
included  psychotherapeutic  agents
(approximately 3%), cocaine (approxi-
mately 0.5%), hallucinogens (approxi-
mately 1%), and inhalants (approximately
1%). An adequate history taking prior to
anesthesia regarding substance use and
abuse is therefore mandatory with all
patients. This history allows for a safer
selection of anesthetic agents and
improved management of any periopera-
tive complications.



Alcohol Alcohol is the most commonly
used and abused substance among
teenagers. Most alcohol use by US
teenagers is in the form of binge drinking.
Most long-term systemic effects of chron-
ic alcohol abuse, including hepatic injury,
pancytopenia, and the neurotoxic effects
(seizures, Wernicke-Korsakoff syndrome)
are not present in the pre-adult abuser.
Nonetheless, laboratory examinations
may reveal elevation of y-glutamyltrans-
ferase, which is usually the first liver
enzyme to increase as a result of heavy
ethanol ingestion. Hepatic damage owing
to alcohol frequently results in an aspar-
tate transaminase—to—alanine amino-
transferase ratio > 1. A mean corpuscular
volume > 100 is strong confirmatory evi-
dence of alcoholism.

Aspiration significantly
increased in the chronic alcoholic as alco-
hol stimulates gastric acid secretion and
delays gastric emptying time. In addition,
the alcoholic patient may consume alcohol
the morning of the procedure to quell the
signs of withdrawal, thus negating the
NPO status. Cardiovascular changes asso-

risk s

ciated with chronic alcohol abuse result in
alcoholic cardiomyopathy, with resultant
tachycardia and unexplained atrial or ven-
tricular ectopy.

Alcohol abuse influences the choice
of anesthetic agents used in an outpatient
setting. Tolerance to anesthetic agents
appears to develop in the chronic alco-
holic. Altered liver function results in an
increased toxicity with anesthetic agents
that undergo hepatic metabolism. Pro-
longed activity and increased serum
of both succinylcholine and
local anesthetic agents are the result
of decreased
cholinesterase. Nondepolarizing para-
lytics are also prolonged in chronic alco-
hol abuse secondary to an increased level
of acetylcholine. Intravenous agents
should also include a benzodiazepine that
compensates for the lack of y-aminobu-
tyric acid (GABA)-ergic stimulation.

levels

activity of plasma

Amphetamine Amphetamine, a racemic
mixture of B-phenylisopropylamine, is an
indirect sympathomimetic drug. It is a
powerful CNS stimulant with peripheral o
and P actions. The CNS mechanism of
amphetamine appears dependent on the
local release of biogenic amines such as
norepinephrine from storage sites in nerve
terminals. Acute amphetamine use dramat-
ically increases anesthetic requirement and
has been implicated in a case of severe intra-
operative intracranial hypertension.!”!72
Chronic amphetamine use is associated
with a markedly diminished anesthetic
requirement.'”? This results from chronic
stimulation of adrenergic nerve terminals
in the peripheral nervous system and
CNS that depletes CNS catecholamines.
Refractory hypotension can result both
intra- and postoperatively, requiring
prompt
There can be a diminished pressor
response to ephedrine after chronic
amphetamine use. This is due to cate-
cholamine depletion in central and
peripheral adrenergic neurons.

pharmacologic intervention.

Cocaine Cocaine is an alkaloid derived
from the leaves of a South American
shrub. The drug is snorted (intranasal),
injected (intravenous), or
(inhaled). Its administration provides an
intense euphoria. Cocaine use amongst
12- to 17-year-olds in the United States is
approximately 0.8%.174

The medical effects from cocaine

smoked

result from both acute intoxication as well
as chronic use. CNS stimulation, hyper-
vigilance, anxiety, and agitation are com-
mon in the acutely intoxicated individual.
Cardiovascular effects may include tachy-
cardia, arrhythmias, hypertension, and
ischemia. Ischemic myocardial injury may
occur, even in the young patient. These
effects result from the inhibition of neural
reuptake of dopamine, serotonin, and
tryptophan; increased adrenergic activity;
and blockade of the sodium conduction
channels. Chronic cocaine abuse has been

Pediatric Sedation

associated with ventricular hypertrophy,
myocardial depression, and cardiomyopa-
thy. Long-term use may also lead to con-
traction band necrosis. This phenomenon
is associated with hypermetabolic condi-
tions, such as cocaine abuse, hyper-
thyroidism, and pheochromocytoma
resulting from continuous catecholamine
concentration elevation. This condition
predisposes the patient to dysrhythmias.!”

Patients may also manifest neurologic
effects. A decrease in seizure threshold has
been demonstrated in young adults.
Ischemic cerebral vascular accidents may
result from the hypertensive crisis potenti-
ated by the cerebral vasoconstriction result-
ing from the increased serotonin levels.

Respiratory complications associated
with intranasal administration include
sneezing, sniffing, and acute rhinitis. Pul-
monary complications associated with
inhalational ~administration include
cocaine-induced asthma, chronic cough,
pulmonary edema, and pneumoperi-
cardium. Acute intoxication may result in
hypoxia owing to pulmonary vasculature
vasoconstriction.

High levels of cocaine may persist for
6 hours after nasal administration. Elective
anesthetic management should be
deferred for at least 24 hours after the
patient has last used cocaine. Electro-
cardiographic monitoring is recommend-
ed in all patients owing to the potential for
silent ischemia and arrhythmias. Anes-
thetic management may include control of
preoperative  anxiety with benzo-
diazepines. Consideration should be given
to avoiding adrenergic stimulants such as
ketamine and epinephrine-containing
local anesthetics.

“Ecstasy” 3,4-Methylenedioxymeth-
amphetamine (MDMA) is a stimulant that
has psychedelic effects that can last for 4 to
6 hours and is usually taken orally in pill
form. The psychological effects of MDMA
include confusion, depression, anxiety,
sleeplessness, drug craving, and paranoia.
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Adverse physical effects include muscle
tension, involuntary teeth clenching, nau-
sea, blurred vision, feeling faint, tremors,
rapid eye movement, and sweating or
chills. There is also an added risk involved
with MDMA ingestion by people with cir-
culatory problems or heart disease because
of MDMA’s ability to increase heart rate
and blood pressure.

In 2001 an estimated 8.1 million
(3.6%) of Americans ages 12 or older had
tried ecstasy at least once in their lifetime.
The principle constituent of ecstasy
(MDMA) can produce robust deleterious
effects on serotonergic functioning in ani-
mals, including serotonin depletion and
the degeneration of serotonergic nerve ter-
minals.'”® Although MDMA has been
characterized as a hallucinogenic amphet-
amine because of its structural similarity
to mescaline and amphetamine, it rarely
induces hallucinatory experiences, nor is it
as potent a psychostimulant as ampheta-
mine. Whether neurotoxicity also occurs
in humans is unknown, but emerging evi-
dence indicates that repeated ecstasy expo-
sure results in performance decrements in
neurocognitive function, which may be a
manifestation of neurotoxicity.!””178

Most ecstasy tablets contain MDMA;
other commonly identified ingredients
include ketamine, methylenedioxy-
amphetamine, amphetamine, dextrometh-
orphan, and combinations of these drugs.
Some tablets contain inert ingredients,
whereas others contain phencyclidine
hydrochloride (PCP).

Perioperative =~ management
involve addressing several complications,
the most common being syndrome of
inappropriate antidiuretic hormone, and
hyperthermia. Other less common but
potential complications
include tachycardia, agitation, and nausea
and vomiting. Monitoring for the stigma-
ta of hyponatremia and hyperthermia
supplements a well-performed preopera-
tive history to determine which patients

may

well-known

are at risk.

Inhalational Substances Inhalation sub-
stance abuse is a problem usually associated
with young patients including preteens. The
1997 Monitoring the Future nationwide
survey reported that inhalant use is most
common in the eighth grade, in which 5.6%
of students used inhalants on a past-month
basis and 11.8% on a past-year basis.'”
They may present with photophobia, eye
irritation, diplopia, tinnitus, sneezing,
anorexia, chest pain, and dysrhythmia.
Before administering anesthesia one must
take into consideration hepatic, renal, bone
marrow, and other organ pathology caused
by halogenated and impure chemicals.

Lysergic Acid Diethylamide Approxi-
mately 1% of 16-year-olds in the United
States used lysergic acid diethylamide
(LSD) in 2001. LSD, also known as “acid,” is
odorless and colorless, has a slightly bitter
taste, and is usually taken by mouth. Often
LSD is added to absorbent paper such as
blotter paper and divided into small deco-
rated squares, with each square represent-
ing one dose. The effects of LSD are unpre-
dictable. They depend on the amount
taken; the user’s personality, mood, and
expectations; and the surroundings in
which the drug is used. Usually the user
feels the first effects of the drug 30 to 90
minutes after taking it. Physical manifesta-
tions include mydriasis, hyperthermia,
tachycardia, hypertension, diaphoresis,
anorexia, and tremors. Extreme emotional
variability may occur, with extreme delu-
sions and visual hallucinations. LSD effects
are prolonged, typically lasting for
> 12 hours. “Flashbacks” with auditory and
visual hallucinations may recur suddenly
without reuse of the drug and may occur
within a few days or more than a year after
LSD use. Flashbacks usually occur in people
who have used hallucinogens chronically or
who have an underlying personality prob-
lem. However, otherwise healthy people
who use LSD may also experience flash-
backs. Long-term effects of chronic LSD
include psychiatric disorders (schizophre-

nia, severe depression). It is difficult to
determine the extent and mechanism of the
LSD involvement in these illnesses. Periop-
erative anesthetic practice involves recogni-
tion of the potential psychiatric effects of
LSD on patients and avoidance of poten-
tially aggravating agents.

Marijuana Marijuana is the most com-
monly used nonalcohol illicit drug for
people < 18 years old. In 2001 it was used
by 76% of current illicit drug users.
Approximately 56% of current illicit drug
users consumed only marijuana, 20% used
marijuana and another illicit drug, and the
remaining 24% used an illicit drug but not
marijuana in the past month. Patients who
use marijuana may present with anxiety,
panic a