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NOTICE

Medicine is an ever-changing science. As new research and clinical experi-
ence broaden our knowledge, changes in treatment and drug therapy are
required. The authors and the publisher of this work have checked with
sources believed to be reliable in their efforts to provide information that is
complete and generally in accord with the standards accepted at the time of
publication. However, in view of the possibility of human error or changes in
medical sciences, neither the authors nor the publisher nor any other party
who has been involved in the preparation or publication of this work warrants
that the information contained herein is in every respect accurate or
complete, and they disclaim all responsibility for any errors or omissions or
for the results obtained from use of the information contained in this work.
Readers are encouraged to confirm the information contained herein with
other sources. For example and in particular, readers are advised to check the
product information sheet included in the package of each drug they plan to
administer to be certain that the information contained in this work is
accurate and that changes have not been made in the recommended dose or
in the contraindications for administration. This recommendation is of
particular importance in connection with new or infrequently used drugs.
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Fifteen years ago, Dr. Mark C. Rogers, then
Chair of Anesthesiology at Johns Hopkins,
“conned” the late Benjamin Covino, MD,
then Chair at the Brigham and Women's
Hospital and Professor at Harvard, and
me, then Chair at Towa, into joining him
at a small hotel near Washington, D.C.,
where he spent the better part of a day
“selling” us on his idea to create a more
“user friendly” general text of anesthesiol-
ogy. (The term “user friendly” was quite
new and in vogue in those days.) His
vision was to approach the subject in a
way that would benefit the brand new
trainee, while at the same time creating a
definitive reference work for the “veter-
an” anesthesiologist. Up to then, major
texts had started with dry history, then
jumped into complex theories of anesthe-
sia, then physiology and pharmacology.
Rogers' idea was to start with the preoper-
ative evaluation of the patient and delin-
eate anesthesiology in the manner that
trainees actually approach patients.

As Dr. Covino and I neared our satura-
tion point with Rogers' “hard sell,” the
two of us adjourned outside to talk it
over. We agreed that Rogers had an excit-
ing concept. That was never the issue.
We simply wanted to try to figure out
whether or not we had it in us to do that
much work, at that stage in our careers!
We decided to tackle the task.

Ben Covino's tragic death, before the
first edition was completed, was devastat-
ing to us. Without the addition of David
Longnecker, MD, Chair of Anesthesiology
at the University of Pennsylvania, the sub-
mitted manuscripts would probably still
be causing my office shelves to sag. Long-
necker brought an organizational ability,
and a “toughness” that spurred us on to
finish the job.

A subsequent edition, which came out
in 1998, was much improved; cleaner,
leaner, and simply all-around better, but it
followed the same philosophy. With that
effort, I determined to “hang up my spikes”
and not participate in another major edit-
ing effort, for the work is daunting.

Fortunately for the specialty of anesthe-
siology, Longnecker was persuaded by an
outstanding medical publisher, McGraw-
Hill, to carry this concept forward into an

Foreword

entirely new work which you have here.
This new text builds on the tradition of
former efforts but is expanded consider-
ably to include the increased breadth of
the specialty in areas such as regional
anesthesia, pain medicine and critical care
medicine, yet all with the same philoso-
phy of approaching the specialty as a
medical discipline that encompasses the
full range of patient care, not simply the
technical aspects of anesthesia practice.
With his legendary “arm twisting” ability,
Longnecker even managed to persuade
me to tackle writing a preface.

This is much more than a new cover
on an old work. Dr. Longnecker and his
colleagues have recognized that anesthe-
siology has moved dramatically forward.
They have made a major effort to capture
new concepts and have succeeded in
encompassing the full spectrum of state-
of-the-art anesthesiology. Section 1 sets
the stage by discussing where we came
from, where we are, and where we might
go. The emphasis is on quality care and
safety principles. Just as “user-friendly”
was in vogue fifteen years ago, now a key
principle is “evidence-based medicine.”
The chapter authors and editors have
worked diligently to apply this modern
principle wherever possible throughout
the work.

There is a new emphasis on the “oper-
ations” aspects of anesthesia care, which
has been termed “OR management,” but
which really emphasizes that we do need
to learn how to run our OR suites more
efficiently for the benefit of the patients
and their surgeons. Notably, the empha-
sis on preoperative evaluation and prepa-
ration of the patient is extensive and
rooted in the concept that anesthesiolo-
gists must think of themselves as periop-
erative physicians.

There has clearly been a resurgence of
interest in and emphasis on regional anes-
thesia care, both intraoperatively and for
postoperative pain management. Similar-
ly, a separate and thorough section on
chronic pain underscores the importance
of this area in modern anesthetic practice.

Critical Care Medicine (CCM) has been
an important part of anesthesiology train-
ing and practice for many years, but

Copyright © 2008 by The McGraw-Hill Companies, Inc. Click here for terms of use.

recently emphasis on this aspect of our
specialty has grown dramatically, and
soon will result in a doubling of the
required time in CCM in training pro-
grams. This new work has recognized
this with an expanded ten chapter section
dealing with the critically ill patient.

Twould like to thank David Longnecker,
MD, for several major contributions: first,
for stepping in after Ben Covino's untime-
ly death and helping us complete our prior
book, next for spearheading a second edi-
tion of that work, and now for giving our
specialty a wonderfully useful new gener-
al text.

From my early primitive attempts to
blindly find the internal jugular vein so
as to be able to pass a Swan Ganz
catheter, to today's transesophageal echo-
cardiography; from my primitive at-
tempts to “find” a paresthesia to today's
sophisticated nerve blocks using stimula-
tors; from the monitors I began with in
1969, where the ‘bouncing ball” EKG sig-
nal disappeared, sometimes for minutes,
whenever the surgeon fired the “spark
gap Bovie;” from early volatile anesthetics
which were associated with frightening
hypotension and dysrhythmias, not to
mention wakeups that had surgeons pac-
ing and muttering, we have made strides
in anesthesiology that are truly amazing.
If anyone had told me in my training that
patients would go home directly after a
general or major regional anesthetic, I'd
have told them..never mind what I'd
have told them!

The famous Baltimore Oriole third base-
man Cal Ripken, as he ended his career,
said, “it's been a good run.” For me, that's
just as true. It is just as exciting for me,
nearing the end of my “good run,” to see
the vitality, and feel the excitement, of my
colleagues and trainees who are continu-
ing to move forward with our wonderful
specialty of anesthesiology. This new text
and reference will make us proud.

With respect and admiration,

John H. Tinker, MD

Professor and Chair

Department of Anesthesiology
University of Nebraska Medical Center
Editor Emeritus, Anesthesiology
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The specialty of anesthesiology continues
to evolve from an earlier era when it was
often viewed as a technically oriented
procedural discipline, to its present status
as a medical discipline whose practition-
ers focus their expertise in the areas of
perioperative and intraoperative care, crit-
ical care medicine and pain medicine.
Anesthesiologists are now viewed as phy-
sicians who use combined medical and
interventional approaches to achieve de-
sired endpoints and enhanced outcomes
across a broad spectrum of medical prac-
tice. Further, the specialty is recognized as
the pioneering leader in the growing
movement for patient safety. That move-
ment is perhaps the most important new
initiative to emerge in health care in the
last century. The patient safety movement
will likely be viewed in the future as akin
to the “sea change” that Abraham Flexner
pioneered in medical education some 100
years ago. We believe that positioning our
specialty at the continued forefront of this
movement is a key strategy for both the
current and future success of anesthesiol-
ogy and its practitioners.

In 2000, the Institute of Medicine pub-
lished its landmark analysis of American
health care, “To Err is Human,” a trea-
tise that emphasized the fallibility of
humans, even those with the greatest
dedication to their profession and their
patients, and emphasized that systems
of safe care must be constructed to pro-
tect patients from potential harm. That
report specifically cited anesthesiology
as a leader in the patient safety move-
ment and urged others to follow the lead
of our discipline, which many through-
out health care have done subsequently.
A subsequent IOM publication, “Cross-
ing the Quality Chasm; A New Health
System for the 21st Century” (2001),
went beyond patient safety alone; it
described the attributes of a model
health care system as one that is safe,
timely, efficient, effective, patient cen-
tered and equitable to all. We agree with
these principles and have worked dili-
gently to adopt them in our own practic-

Preface

es and departments, for they are guide-
posts to the professional and ethical
practice of medicine and anesthesiology.
In particular, we have designed this text
around the concepts of safe, effective
and patient-centered care, and we urge
others to approach their practice with
the same enthusiasm that we share for
these principles.

There are multiple sources of infor-
mation about the clinical practice of
anesthesiology, or about the research
that forms the basis for that practice.
Further, there are numerous subspecial-
ty books that delve into the subdisci-
plines in great detail—often more detail
than the advanced trainee or practition-
er desires or needs. In this text, we have
focused on what is truly important for
the clinical practice of anesthesiology in
all its dimensions, while being efficient
in the presentation of this essential ma-
terial. Throughout, we have asked
“What is important?” “Why is it impor-
tant?” “When should it be applied?” and
“How should it be applied?” Our over-
arching goal was to write for the practi-
tioner, not for the small cadre of physi-
cian scientists who may be exploring a
narrow subdiscipline in great detail—
such work is essential for the future
scientific basis and direction of the spe-
cialty, but it often leads to extensive
discussions of minutiae that distract
rather than enlighten the clinical practi-
tioner; it simply becomes too difficult to
glean the key clinical principles from
the blizzard of scientific detail. That
said, this is not a users manual of anes-
thesia care, but rather a text that con-
stantly builds on the concepts of safe,
effective (i.e., evidence-based) and pa-
tient centered care, hopefully distilled in
a manner that facilitates easy access to
the key concepts that underpin the ratio-
nale for that practice.

We have taken a comprehensive ap-
proach to the full range of anesthesiolo-
gy practice, and to the role of anesthesia
care within the overall care process.
Thus, we have emphasized the trends in

Copyright © 2008 by The McGraw-Hill Companies, Inc. Click here for terms of use.

both the specialty and the health care
system in general, to assure that the
reader is not required to go elsewhere
for additional information to support the
mainstream of their practice. Those
trends in the specialty include the ex-
panded use of regional anesthesia, the
remarkable explosion in pain medicine
practice and the expanded need for the
skills and experience that anesthesiolo-
gists bring to the practice of critical care
medicine. No careful observer of the
specialty could miss these trends, and
no text could be considered “compre-
hensive” if it did not address each of
them in a way that embraces them as
full components of the modern practice
of anesthesiology.

We view the key trends in health care
overall as those involving patient safety,
quality, patient centered care and a sys-
tems approach to care that encompasses
the entire care process, rather than indi-
vidual components that function indepen-
dently. Here again, we have woven these
concepts into the text by emphasizing that
anesthesia care is a system of care within
a larger system of care that focuses on
overall patient outcomes, not isolated
events by individual practitioners working
in isolated clinical disciplines.

We have approached these and other
key “drivers” of contemporary and future
anesthesia practice with care, commit-
ment and enthusiasm for the future of the
specialty. We trust that you share this
enthusiasm and hope our efforts will serve
you well as you continue to translate your
knowledge and skills into safe, effective,
efficient and patient-centered care; our
patients want nothing less and our surgi-
cal and medical colleagues are looking to
anesthesiology to continue to set the ex-
ample for implementation of these princi-
ples. We are honored to serve you through
our efforts here.

David E. Longnecker, MD, FRCA
David L. Brown, MD

Mark F. Newman, MD

Warren M. Zapol, MD
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PART 1: THE SPECIALTY OF ANESTHESIOLOGY

CHAPTER 1

The Evolution of
Anesthesiology as
a ClinicalDiscipline:
A Lesson in
Developing
Professionalism

Douglas R. Bacon, MD, MA

The quest for insensibility to the sur-
geon’s knife is a primordial one.
Stretching back to antiquity, physi-
cians have sought ways to render a
patient pain free while an operation
was being performed. Many different
regimens were tried, with varying
success, until October 16, 1846, when
surgical anesthesia was publicly dem-
onstrated at the Massachusetts Gener-
al Hospital by William Thomas Green
Morton. Yet, there remained a long
road from that fall day in Boston to
the current operating room full of
electronic machines whose sole pur-
pose is to measure the anesthetic
state, or physiologic parameters of the
anesthetized patient. How did anes-
thesiology evolve from a simple glass
globe inhaler to the vast array of
machines that makes the modern op-
erating room?

In many ways, the history of anes-
thesiology is the history of the men
and women who have devoted their
career to the administration of anes-
thetics. Without physicians interested
in the anesthetic state and the ability
to adapt to new conditions demanded
of anesthetists by surgeons, there
would be neither modern surgery nor
the specialty of anesthesiology. Yet
each individual was a real human,
many displaying professionalism be-
yond what was required or expected;
others seem reprehensible by “mod-
ern” standards. Although many of the
individuals in this story would not
consider themselves specialists in an-
esthesia, their contributions were crit-
ical in moving this area of the practice
of medicine forward. The develop-
ment of anesthesiology can be told as
the history of involved physicians who

dedicated themselves to providing saf-
er, focused care of the patient, first in
the operating room, and later in the
critical care unit and pain clinic. The
story begins in ancient Egypt, and
ends in the sterile environment of the
modern operating room.

KEY POINTS

PREHISTORY: THE QUEST FOR
SURGICAL ANESTHESIA

Imagine, for a moment that there is no
surgical anesthesia. The Edwin Smith
Papyrus describes 48 surgical cases
done between 3000 and 2500 B.c. Al-

1. The history of anesthesiology is an
interesting and complicated story of
professionals seeking to understand
the anesthetic state and to safely
anesthetize patients.

2. Shortly after the first public demon-
stration of ether anesthesia on Octo-
ber 16, 1846, the news spread
across the world. At first anesthetics
were given based on written ac-
counts, often in the lay press.

3. John Snow, a London physician,
worked out the physics of vaporiza-
tion of volatile agents using ether
and chloroform and used this infor-
mation to design vaporizers and an-
esthetic techniques that were safer
for the patient.

4. The first professional organization
devoted to anesthesia was the Lon-
don Society of Anaesthetists found-
ed on May 30, 1893. The first similar
group in the United States was the
Long Island Society organized by Ad-
olph Frederick Erdmann in 1905. The
Long Island Society eventually be-
came the American Society of Anes-
thesiologists.

5. Francis Hoffer McMechan, crippled by
rheumatoid arthritis and unable to
work clinically after 1911, organized
professional anesthesia. He helped
create the first national organization,
the Associated Anesthetists of Amer-
icain 1912, and went on to found
several national and international or-
ganizations, of which the Internation-
al Anesthesia Research Society
(IARS) remains active. He was the
founding editor of the first journal in
the world devoted to the specialty,
Current Researches in Anesthesia and
Analgesia, which is currently pub-
lished as Anesthesia and Analgesia,
giving the specialty a way to commu-
nicate the most recent advances in
science, technique, and technology.

6. Ralph Water is credited with the first
department of anesthesia within an
academic setting at the University of
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Wisconsin in 1927. Much of the cur-
rent residency structure comes from
this seminal department. This
helped establish the specialty on an
equal footing with other medical
specialties—and created a method
to train physicians in the art and
science of anesthesia.

7. John Lundy, working at the Mayo
Clinic, organized the Anaesthetists
Travel Club, whose members were
the leading young anesthetists of
the United States and Canada.
These individuals helped create, by
1938, the American Board of Anes-
thesiology, which defined what it
meant to be an anesthesiologist in
the United States.

8. The need for physician specialists in
World War Il exposed a large number
of young men to anesthesiology who
would not have otherwise consid-
ered the specialty. After the hostili-
ties ceased, these physicians re-
turned and helped create the
tremendous growth in the 1950s and
1960s that the specialty enjoyed.

9. In the mid-1950s, the World Federa-
tion of Societies of Anesthesiolo-
gists (WFSA) was formed. It was the
culmination of a dream that dated to
the late 1930s. The WFSA made it
possible for nations with a long tra-
dition of physician specialization in
anesthesia to help train and create
the specialty in countries that were
either recovering from the effects of
the war or were beginning their na-
tional infrastructure in healthcare.

10. In the 1980s, the Anesthesia Patient
Safety Foundation (APSF) and the
Foundation for Anesthesia Education
and Research (FAER) were created.
They are additional examples of the
professionalism demonstrated
throughout the history of anesthesiol-
ogy. These two organizations work to
create a safe anesthetic environment.
In addition, they support educational
and research efforts in the specialty.
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though there is no specific mentioning
of anesthesia, within the papyrus there
is evidence of compression anesthesia.
In one instance, a surgeon is com-
pressing the antecubital fossa while
operating on the hand; in another in-
stance, the patient is compressing his
brachial plexus while the surgeon op-
erates on his palm.! The ancient Chi-
nese reported the use of an anesthetic
for surgery in the 2nd century B.c.?
The use of hemp smoke as an anes-
thetic was noted in India® long before
Western medicine developed crude
forms of anesthesia.

During the Middle Ages and early
Renaissance, a mixture of herbs pur-
ported to induce anesthesia was creat-
ed. Boiled into a sponge, at the time of
surgery the sponge was placed in water
and the vapors inhaled. Although the
vinca alkaloids were a major compo-
nent of the drugs used in the spongia
somnifera, the resultant anesthetic was
less than satisfactory. Another Renais-
sance solution was the use of parallel
lines of ice, with the incision placed
between them. This was effective for
simple operations, and found use in the
Russo-Finnish War of 1939-1940. Com-
pression anesthesia, whereby a large
clamp-like device was used to put pres-
sure on a nerve, succeeded in short,
peripheral operations.* Yet, the nerve
compression itself caused pain. Alco-
hol, when drunk in sufficient quanti-
ties, was noted to render individuals
insensible. Thus, the age-old intoxicant
was used as a standard against which
all anesthetics could be measured.?

In the early 1840s, the effects of
nitrous oxide and diethyl ether were
well known. Humphry Davy had de-
scribed the intoxicating effects well in
his book, Researches Chemical and
Philosophical: Chiefly Concerning Ni-
trous Oxide, published in 1800. Ether,
which had been first synthesized in
the 1500s, had been observed to lessen
the “air hunger” of asthmatics.® Both
drugs were well known to medical
students as intoxicants. In January
1842, in Rochester, New York, a medi-
cal student, William E. Clark, anesthe-
tized the sister of a classmate, for the
extraction of a molar using ether. In-
structed not to pursue this observa-
tion, as it most likely was a “hysterical
reaction of women,” Clarke continued
his training and became a respected
Chicago, Illinois area physician.b

Two months later, in rural Georgia,
a country doctor, Crawford Long, who

had hosted parties where ether was
used as an intoxicant, used the drug to
render James Venable insensitive for
the removal of tumors from the back
of his neck. He charged Venable $2 for
the anesthetic, thus delineating anes-
thesia as part of a professional service.
Two years later, in 1844, Horace
Wells, a Hartford Connecticut dentist,
would gain the insight that, during a
nitrous oxide (N,O) show, when an
individual was intoxicated by N,O,
pain was abolished. Wells then tried
this idea on himself for the removal of
one of his teeth by his partner, and
was successful. Soon he was using
“painless dentistry” as part of his pro-
fessional advertisement. Wells even
attempted to demonstrate a painless
tooth extraction at the Massachusetts
General Hospital in 1844, but the pa-
tient groaned, and the demonstration
was considered a failure.”

Clearly, by the middle of the 19th
century, there were sufficient observa-
tions about chemical agents that could
potentially abolish the pain of surgery.
On a limited scale in rural Jefferson,
Georgia, surgery with ether anesthesia
was happening. Yet, Long lacked suffi-
cient cases to study the effects of this
new agent because of the rural nature
of his practice.® Wells' use of nitrous
oxide was groundbreaking, yet he
lacked the emotional stability to over-
come his failed demonstration.® Thus,
the stage was set for another dentist to
demonstrate reproducible surgical an-
esthesia, and give birth to what would
grow and develop into the specialty of
anesthesiology.

DISCOVERY

On October 16, 1846, William Thomas
Green Morton, a dentist and medical
student, provided surgical anesthesia
for Gilbert Abbott for the removal of a
tumor of the jaw at the Massachusetts
General Hospital. The events of that
day are well known.!® Upon complet-
ing the operation, the surgeon, John
Collins Warren, remarked, “Gentle-
men, this is no humbug.” The miracle
of pain-free surgery so impressed the
Boston medical establishment that let-
ters were sent to colleagues across the
world. Considerable scholarship has
been spent discerning when these let-
ters arrived, and where they arrived,
and who provided anesthesia first in
the new location. For example, the

generally accepted view of the spread
of anesthesia to the United Kingdom is
a letter from Jacob Bigelow to Francis
Boot. However, by careful study of the
ships sailing between Boston and Liv-
erpool, another letter, written almost 2
weeks before Bigelow’s and only 12
days after the public demonstration of
ether, arrived in England on Novem-
ber 1, 1846. Interestingly, this letter
was to a patent attorney.!!

Morton wanted to patent the pro-
cess by which ether was administered,
so writing to the foremost patent attor-
ney in England to secure rights to the
administration of ether in the United
States and the United Kingdom,® and
perhaps the world, is not surprising. He
also tried to patent ether itself, calling
his anesthetizing mixture “Letheon.”
However, the distinctive odor of ether
gave away the true nature of the con-
coction. The Boston medical establish-
ment had convinced Morton to allow
the Massachusetts General Hospital to
use Letheon without charge. With
ether a well-known and easy-to-syn-
thesize compound, and its effects re-
producible without the “Morton’s In-
haler,” the patent was quickly broken.
Morton would spend the rest of his life
attempting to be compensated for
patent infringement, fighting with the
medical establishment and into the
halls of Congress.? Morton clearly was
not the embodiment of medical pro-
fessionalism as we currently under-
stand it.

Despite the patent, news of Mor-
ton’s achievement did travel, and
quickly, given the nature of communi-
cation in the 1840s. On December 16,
1846, the news, in the form of a letter,
arrived in London. On December 19,
the first ether anesthetic was given in
the United Kingdom for the removal of
a tooth. On December 21, Robert Lis-
ton, the famous surgeon, amputated
the leg of a butler and uttered the
famous words, “This Yankee dodge
beats mesmerism hollow.” By early
1847, anesthetics were being given in
Europe. By June of that year, the news
had spread to Australia.!? Peter Park-
er, minister and physician missionary
in China, gave the first anesthetics
there on October 4, 1847.13

How the news traveled, and when it
arrived are matters of historical fact.
Yet, for the profession of anesthesia,
and the specialty of anesthesiology,
what is almost more important is how
willing physicians and dentists were to




PART 1: THE SPECIALTY OF ANESTHESIOLOGY

use ether in this new way. Consider for
a moment that outside of Boston, none
of the recipients of the news that ether
produced insensibility to the surgeon’s
knife had actually witnessed the event.
Many accounts, especially those reach-
ing South Africa and Australia, were
newspaper articles or letters to the edi-
tor, often signed by a pseudonym. The
hope that these medical professionals
had, their desperation at their inability
to alleviate pain, and their desire to
help patients may well have motivated
them to try this new technique. Yet,
when viewed from the perspective of
current early 21st century medical prac-
tice, this willingness to go on purely
written accounts, often in the lay press,
without the collaborating voices of the
medical profession, seems to be danger-
ous, and without regard for the basic
principle of medicine: first do no harm.

And what of the surgeons? Tolerance
of the pain of surgery limited opera-
tions to those that could be performed
quickly. Anesthesia obviated the need
for speed, presenting the possibility of
operating within the visceral cavities
for hours rather than seconds. But as
the physician responsible for the pa-
tient, long before the specialty of anes-
thesiology would be defined, why were
these professionals willing to risk lives
to find an anesthetic? What does this
behavior say to the modern student of
medical professionalism?

JOHN SNOW, SPECIALIZATION,
AND EARLY PROFESSIONALISM

As reprehensible as Morton'’s actions
appear in patenting his “discovery,”
Morton was acting within the ethics of
his time. The American Medical Asso-
ciation (AMA) was only just beginning
to be formed. Meeting for the first
time in May 1846, 5 months before the
public demonstration, the National
Medical Convention adopted a resolu-
tion to write a code of medical ethics.
A year later, the code was adopted.
Morton’s actions were covered under
section 4:

Equally derogatory to professional
character is it, for a physician to
hold a patent for any surgical instru-
ment, or medicine, or to dispense a
secret nostrum, whether it be the
composition or exclusive property of
himself or others. For, if such nos-
trum be of real efficacy, any con-
cealment regarding it is inconsistent

FIGURE 1-1. John Snow. (Photograph courte-
sy of the Wood Library-Museum of Anesthesi-
ology.)

with beneficence and professional
liberality;..."

Thus, at the time when Morton was
trying to patent either ether or the
apparatus for its vaporization, medicine
was starting to organize and promulgate
statements against such behavior.

In contrast, John Snow (Fig. 1-1), a
London physician, became very inter-
ested in this new state of anesthesia.
He began to study the chemical and
physical properties of ether, and by
1847 had developed a vaporizer. “Snow
never patented any apparatus he de-
signed. On the contrary, he published
clear descriptions, including engraved

figures, so that others could copy them
if they chose.”'® Snow, by careful ob-
servation worked out the vaporization
characteristics of ether. His vaporizer
(Fig. 1-2) was temperature compen-
sated, being made of coiled copper
(Fig. 1-3), an excellent heat-conduct-
ing metal, housed in a water bath to
ensure constant temperature of the
ether. Thus, Snow was able to calcu-
late the amount of ether a patient
required for anesthesia within a de-
cade of the discovery of anesthesia.!3
Following the introduction of chlo-
roform as an anesthetic in 1847 by
Edinburgh obstetrician James Young
Simpson, Snow began to investigate
this second anesthetic agent. Snow
used his experience with ether as a
guide for investigating the properties
of chloroform. He concluded that it
was far safer to give this new anesthet-
ic in measured quantities through an
inhaler. He did not favor the handker-
chief method, whereby chloroform
was applied to a cloth and held close to
the nose and mouth, as being too
difficult to adequately control the an-
esthetic depth of the patient. His delib-
erate nature and strong powers of ob-
servation allowed Snow to create a
calibrated, temperature-compensated
vaporizer for this agent as well.!3
Snow is unique among his colleagues
in the 1850s in London. A physician
with many interests, it was the giving of
anesthetics that accounted for the vast
majority of Snow’s clinical income
throughout the decade. In a day when
operations were still rarely performed,
Snow specialized in anesthetics. In
some ways, his expert knowledge al-

FIGURE 1-2. Snow’s vaporizer. (Image courtesy of the Wood Library-Museum of Anesthesiology.)
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FIGURE 1-3. Coil from Snow’s vaporizer. (Im-
age courtesy of the Wood Library-Museum of
Anesthesiology.)

lowed him entrée into the upper eche-
lons of both social and physician circles,
a status he could not have obtained had
he not limited his practice. Perhaps this
is best illustrated by his attendance
upon Queen Victoria for the birth of her
last two children. While Snow did not
use his inhaler, he also did not induce
the full anesthetic state in the Queen.
Rather, he strove for analgesia with
chloroform, and in so doing, created a
form of obstetrical analgesia, chloroform
a la reine, which would persist in vari-
ous forms over the next century.!?
Aside from working out the physics
of vaporization, Snow was intensely
interested in outcome data. He studied
every report concerning a death under
anesthesia, and often times had data in
advance of the published reports of
death. He commented extensively on
the death of Hannah Greener, thought
to be the first death under anesthesia in
the world.'® In his posthumous book,
On Chloroform and other Anesthetics,”
published in 1858, Snow compiled the
first 50 deaths under chloroform, with
comments about the pathophysiology
present. Snow’s spirit of inquiry, which
went from the bench top to the patho-
logic findings at death, helped him to
understand the nature of the anesthetic
process and the agents that produced
insensibility. In following his inquiring
mind, Snow created the scientific un-
derpinnings for a specialty.'®

A PROFESSION EMERGES

After Snow’s untimely death, anesthesia
faded into the medical background
again. In larger cities, there were those

who made a majority of their clinical
income from providing anesthesia, yet it
would not be until the advent of Lister-
ism and the “taming” of infection that
operations would become more fre-
quent. As the number of operations in-
creased, so did the need for anesthesia
and, unfortunately, mortality became
an issue. Chloroform was responsible
for deaths that seemed unexplainable.
Ether appeared to be safer, yet the side
effects of nausea and vomiting, and the
prolonged induction when compared to
chloroform, made ether a less-than-ideal
agent. Surgeons began to search for al-
ternative methods for the administra-
tion of anesthetics.

In 1884, Carl Koller, a resident in
ophthalmology in Vienna, was intro-
duced by Sigmund Freud to a new
crystalline substance called cocaine.
Koller sought a local anesthetic to re-
place ether anesthesia for operations
on the eye; because fine suture materi-
al to close the eye wound did not exist,
any postoperative retching potentially
could cause the loss of vision. Thus,
when Koller's tongue became numb
from droplets of a solution containing
cocaine, he made the conceptual leap
that this same solution could be applied
to the cornea with similar anesthetic
effects on the eye. Using the facilitates
of the laboratory in which he worked,
Koller soon numbed the eyes of several
animals, a fellow investigator, and him-
self. He took this new topical anesthetic
to the clinic and used it with great
success. On September 15, 1884, Koller
had a paper on the subject on the
program at the German Ophthalmolog-
ical Society meeting in Heidelberg. Be-
cause Koller was too poor to travel, his
colleague, Dr. Josef Brettauer present-
ed the paper for him.'?

While Koller continued his career in
ophthalmology, eventually immigrat-
ing to the United States, other physi-
cians modified this new form of anes-
thesia into an alternative to general
narcosis. One of the early practitio-
ners was William Halstead, future
chair of surgery at Johns Hopkins Uni-
versity, who was in Vienna at the time
of Koller’s discovery. Using cocaine
topically, Halstead eventually learned
to dissect down to a nerve, and to
anesthetize it directly. Much of the
work he did on himself, becoming
addicted to cocaine in the process.?
Another of the pioneers of regional
anesthesia was the German surgeon
Carl Ludwig Schleich, who developed

the technique of infiltration anesthe-
sia.?! Combining infiltration techniques
with the newly discovered lumbar
puncture, August Bier, another aca-
demic German surgeon, initiated spi-
nal anesthesia in the late 1890s. Work-
ing with his fellow August Hildebrandt,
Bier successfully cannulated the sub-
arachnoid space of Hildebrandt and
produced a satisfactory anesthetic state.
Hildebrandt was unsuccessful in can-
nulating Bier's subarachnoid space;
however, both men suffered postdural-
puncture headaches.?? Ten years later,
Bier described his intravenous region-
al anesthetic technique, which is still
referred to as the Bier block.?

At the same time that regional anes-
thesia was being developed in Germa-
ny, concern over the safety of chloro-
form, especially when compared to
ether, was developing. In India, then a
colony of England, a Chloroform Com-
mission was seated in Hyderabad to
attempt to determine which anesthetic
agent was safest. Funded by the Nizam
of Hyderabad, the 1888 study of anes-
thetic agents was an effort to find out
if there was an intrinsic mortality asso-
ciated with chloroform. The findings
were tainted by the British medical
officer in charge, Dr. Edward Lawrie,
who was a strong chloroform propo-
nent, having trained in Edinburgh,
chloroform’s birthplace. The findings
of the Hyderabad Chloroform Commis-
sion were not conclusive, and a second
was ordered, which also was inconclu-
sive. But what was important in these
commissions, like the drive to discover
regional anesthetic techniques, was
that physicians were studying anes-
thesia and trying to increase patient
safety. For many physicians, it was
slowly becoming apparent that there
was a need for a specialty practice of
anesthesia.?*

Early in the 20th century, the Amer-
ican Medical Association set up a com-
mission to study anesthetics. A prelim-
inary report was issued in 1908.%° All
forms of anesthesia were accounted
for, including spinal anesthesia, and
various combinations of inhalational
agents. The conclusions of the report
are interesting, for they foreshadow the
development of a separate specialty:

...]A]ll the newer methods demand
expertness, experience, and special
apparatus. They appeal especially to
the surgeons who are equipped with
the paraphernalia of expensive and
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highly specialized clinics. They are
little suited to physicians in general
practice. For the latter great class of
practitioners, the old general anes-
thetics, chloroform and ether, will
probably hold their own until in-
creasing experience has enabled us
to simplify and to make safe the
newer and more novel methods.?®

The commission had three very in-
teresting recommendations:

1. That for the general practitioner,
and for all anesthetists not specially
skilled, ether must be the anesthet-
ic of choice—ether administered by
the open-drop method.

2. That the use of chloroform, particu-
larly for the minor operations, be
discouraged, unless it is given by an
expert.

3. That the training of skilled anesthe-
tists be encouraged and that under-
graduate students be more generally
instructed in the use of anesthetics.?®

The third suggestion of the commis-
sion would take almost the entire 20th
century to implement.

THE RISE OF THE SPECIALIST

In 1905, in Brooklyn, New York, a
group of 8 physicians and a medical
student, led by Adolph Frederick Erd-
mann (Fig. 1-4), gathered to discuss

FIGURE 1-4. Adolph Frederick Erdmann. (Pho-
tograph courtesy of the Wood Library-Museum
of Anesthesiology.)

the problem of anesthetics. These
young physicians thought, like the
AMA commission, that there was more
to the giving of an anesthetic than
simply dropping ether on a cloth held
near the patient’s face, and that there
needed to be discussions and a free
exchange of scientific and practical in-
formation about anesthesia.?® This was
the second specialty group in the world
that was created, the first being the
London Society of Anesthetists in 1893,
and it would become the catalyst for
the development and recognition of
physicians who were specialists in an-
esthesia.?” Thus, the Long Island Soci-
ety of Anesthetists was born. The soci-
ety met quarterly, in the evening, with
a short business meeting followed by
the presentation of 2 or 3 papers, or a
couple of papers and a demonstration
of a new anesthetic technique or appa-
ratus. Science aside, the society provid-
ed a “support” group for those seeking
to improve their anesthetic skills, and a
forum at which to exchange ideas and
deal with problems beyond the science
of anesthesia.?6

The group flourished and, in 1912,
moved across the river to New York
City, changed the organization’s name,
and became the New York Society of
Anesthetists. Over the next 24 years,
the society would grow, both in mem-
bership and in scope. Starting out as a
New York City group, by the mid
1920s, the group encompassed all of
the state. By 1936, it had become a
national organization.?® The transfor-
mation focused on the recognition of
physicians who primarily anesthetized
patients as specialists.

The first significant political move
of the New York Society was a motion
put before the House of Delegates of
the American Medical Association ask-
ing for a Section on Anesthetics in
1912. The members of the society
were concerned about nonphysicians
giving anesthetics, and echoed some
of the findings of the AMA’s Commis-
sion on Anesthetics some 6 years ear-
lier.?® James Gwathmey (Fig. 1-5), the
society’s president, was developing a
new method of anesthesia—rectal
ether. Like chloroform, rectal ether
could be unpredictable and needed to
be administered by someone very fa-
miliar with its use and with the effects
of anesthesia in general.?® The quest
for a section within the AMA was, in
some ways, the beginning of a quest
for patient safety in anesthesia, a

FIGURE 1-5. James Tayloe Gwathmey. (Pho-
tograph courtesy of the Wood Library-Museum
of Anesthesiology.)

movement that would take the special-
ty by storm in the latter half of the
20th century.

The motion was denied by the AMA
House of Delegates. However, Gwath-
mey and Francis Hoeffer McMechan
(Fig. 1-6) gathered the defeated physi-
cian anesthetists and created the
American Association of Anesthetists
(AAA). This was the first national
group of physician anesthetists in the
United States. The following year,
1913, the group met for a day of pa-
pers, mostly clinical in origin, and a
dinner, with spouses (Fig. 1-7). The

FIGURE 1-6. Francis Hoeffer McMechan. (Pho-
tograph courtesy of the Wood Library-Museum
of Anesthesiology.)
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Anesthetists
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Minneapolis, Minnesota

June 18, 1913

Orgasized June 12, 1912
Adlantic City, N. |.

FIGURE 1-7. Program of the first meeting of
the American Association of Anesthetists,
June 18, 1913, Minneapolis, Minnesota. (Im-
age courtesy of the Wood Library-Museum of
Anesthesiology.)

science presented at the meeting is
memorable in that the day was devot-
ed to anesthesia; the evening meal
signified a group, however small, that
was willing to be recognized as special-
ists in anesthetics and by uniting, to
move the field forward.?®

The AAA, and its successor, the
Associated Anesthetists of the United
States and Canada, were run by Fran-
cis Hoeffer McMechan. A third-gener-
ation physician who entered anesthe-
sia against the advice of his father,
McMechan had crippling rheumatoid
arthritis, and was out of clinical prac-
tice by 1911. McMechan was a vision-
ary who desired to see, on a worldwide
scale, the elevation of anesthesia to
“stand shoulder to shoulder” with sur-
gery and internal medicine. He real-
ized that without a place to publish
papers on the specialty, and without a
place to gather the news of the various
societies and names of physicians
practicing anesthesia, the specialty
would be doomed. Convincing his
friend Joseph McDonald, the editor of
the American Journal of Surgery to pub-
lish a supplement on anesthesia gave
the specialty its first U.S. quarterly.
McMechan also edited the Yearbook of
Anesthesia between 1914-1919, com-
piling all the papers published in the

specialty in the preceding year into a
single volume.?

McMechan also understood that the
specialty would never develop as a
discipline within medicine without a
strong scientific underpinning. To that
end, first nationally, and international-
ly in the mid 1920s, McMechan orga-
nized a society devoted to research in
anesthesia. The International Anesthe-
sia Research Society brought together
basic science researchers and the phy-
sicians most in need of their talents.
Most importantly, the IARS sponsored
the first journal in the world devoted to
anesthesiology, Current Researches in
Anesthesia and Analgesia.®!

The education of physician special-
ists, especially in the postgraduate
period, was another of McMechan's
concerns. Partnering with Ralph Wa-
ters, an opportunity emerged at the
University of Wisconsin in 1926, as the
medical school transformed itself from
a 2-year institution offering only basic
science education into a 4-year curric-
ulum with all the clinical sciences.
One addition was a section on anesthe-
sia, headed by Waters, in the depart-
ment of surgery. Waters immediately
began to teach anesthesia to medical
students and interns. He collaborated
with the basic science researchers, at
first on problems of carbon dioxide
absorbance, and later, through various
members of his department, on all
aspects of anesthesiology. Perhaps
most importantly, Waters established
the first residency training program in
an academic center. The training was
3 years beyond the intern experience.
Years 1 and 3 were clinical in nature,
with year 2 devoted to laboratory re-
search. Two weekly conferences were
established, one discussing the week’s
cases in a format similar to current
morbidity and mortality conferences,
and another devoted to the current
literature in anesthesia. By 1933, the
teaching program was the envy of the
world, and Waters understood that the
final step had to be taken. He sent one
of his faculty members, and an early
graduate of the program, Emery Rov-
enstine, to Bellevue Hospital and New
York University to try to replicate the
University of Wisconsin department.
Rovenstine was successful beyond any
expectation and, in some ways, his
graduates would eclipse the contribu-
tions of Waters’ graduates in the devel-
opment of academic anesthesiology
across the country.3?

In 1929, the year of the stock market
crash and the beginnings of the Great
Depression, another pivotal event oc-
curred in anesthesiology. The Anaes-
thetists Travel Club was organized by
John Lundy at the Mayo Clinic. The
group was organized along the lines of
the Society of Clinical Surgery, with
members going to other members’ in-
stitutions to see their anesthetic prac-
tice in action. It was a young man'’s
group, with the oldest member being
Lahey Clinic anesthesiologist Lincoln
Sise at 55 years of age, and the young-
est being Philadelphian and future
first editor of Anesthesiology Henry
Ruth at 30 years of age, and Mayo
resident Ralph Tovell at 28 years of
age. The average age was just 40 years.
These young, influential anesthesiolo-
gists were those “standing in line” in
the McMechan organization, or those
who believed that McMechan’s inter-
national vision of the specialty, while
important, would not solve domestic
issues. The Travel Club would come to
dominate the New York Society, and
become the nidus of leadership for the
effort to create the American Board of
Anesthesiology.*?

THE CREATION OF
THE AMERICAN BOARD
OF ANESTHESIOLOGY

Once there was an organization in
place to address national issues, regu-
lar meetings of a society devoted to
the specialty, a university presence,
ongoing research into clinical prob-
lems, and a residency training pro-
gram to continue to retain and trans-
mit the knowledge already gained,
some recognition of a physician prac-
ticing the specialty was important.
The gains in clinical practice in the
1920s and 1930s are best summed up
by Harold Griffith, a leading Canadian
physician-anesthetist of the time when
he wrote, in 1939, the following:

Seventeen years ago when I began
to give anesthetics, the anesthesia
equipment in the small hospital
which has ever since been my hospi-
tal home, consisted of bottles of ether
and chloroform and a few face masks.
This was typical of the fairly well-
equipped hospitals of that time. To-
day in that hospital there are eight
gas machines of various models, suc-
tion equipment in every room, oxy-
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gen- and helium-therapy equipment,
at least fifteen different anesthetic
agents, and much technical equip-
ment for their administration. This
transformation has been taking place
everywhere in anesthesia.*

Economic reasons played a role in
the need to define a specialist in anes-
thesia, for physician anesthetists were
not well compensated and faced com-
petition from a number of groups. Sur-
geons, for example, could hire a nurse
to help in the office and give anesthet-
ics. The surgeon could then charge
each patient a fee for anesthesia in
addition to the fee for surgery. The
income generated from the anesthetic
fee was in excess of what he paid the
nurse, and thus profitable. Likewise,
hospitals could hire nurses to give anes-
thetics, charge a fee that cumulatively
was in excess of the salaries, and make
a profit. Finally, general practitioners
would refer cases to surgeons with the
caveat that they could give the anes-
thetic and collect the anesthetic fee.®

McMechan proposed an International
College of Anesthetists and certified the
first fellows in 1935. There were two
serious problems with his certification
process. First, and foremost, the clinical
criteria were weak. The applicant only
had to document 10 anesthetic cases,
with lessons learned, to be eligible. In
one instance, an intern on the anesthe-
sia service for 1 month wrote up the
necessary cases and was certified. In
another, a surgeon who occasionally
gave an anesthetic, completed the nec-
essary paperwork and was certified.
With certificate in hand, he attempted
to become the head of a hospital divi-
sion of anesthesia. Second, the college
had no standing with the AMA, and the
certificate meant nothing “official” in
the United States.®

Members of the Anaesthetists Trav-
el Club, especially Paul Wood, John
Lundy, and Ralph Waters, believed
that certification was essential if anes-
thesiology was going to be recognized
as an equal with all other specialty
practices. Using AMA criteria, which
included documentation of either
postgraduate training in the specialty,
or 2500 cases where the applicant had
administered the anesthetic, Wood
and his colleagues at the New York
Society created a special classification
of members called “fellows.” This new
form of membership was extremely
popular, and the membership of the
New York Society skyrocketed. Now

FIGURE 1-8. Erwin Schmidt. (Photograph cour-
tesy of the Wood Library-Museum of Anes-
thesiology.)

national in membership, the society
changed its name to the American
Society of Anesthetists in February of
1936.%7 In 1945, the American Society
of Anesthetists became the American
Society of Anesthesiologists.

The AMA took note largely through
Lundy'’s efforts, and Waters, working
closely with Erwin Schmidt (Fig. 1-8),
the chair of surgery at the University of
Wisconsin, was able to secure an agree-
ment for the American Board of Anes-
thesiology (ABA) to be created as a
subboard of the American Board of
Surgery. Using AMA criteria, which
included, in addition to the heavy clin-
ical training, the stipulation that the
physician had to be in full-time prac-
tice of the specialty the ABA was
created in 1938. The first written ex-
amination of the ABA was held in
March 1939. It was an essay format,
with 5 subject subheadings: pharmacol-
ogy, anatomy, physics and chemistry,
pathology, and physiology. There was
an oral examination and a practical one
at the candidate’s place of practice.®
Thus, there was a heavy emphasis on
the clinical practice of anesthesiology.

WORLD WAR Il AND BEYOND

The New York World’s Fair opened on
April 30, 1939, the eve of World War I1.
In the Hall of Man, an anesthesiology
exhibit (Fig. 1-9) allowed the general
public to learn more about the special-

ty. The exhibit was paid for by the
Winthrope Chemical Company at a cost
equivalent to several million dollars
today. This is important for two rea-
sons; first, it demonstrated that anes-
thesia had enough of a market impact
that industry was willing to spend lav-
ishly to support such a display. Second,
the clinical practice of anesthesiology
had become both complex and com-
monplace enough that the lay public
needed to learn about it.*

At the same time, Lewis Wright was
hired by Squibb Pharmaceuticals to in-
vestigate new anesthesia drugs, among
them, curare. Wright was a self-taught
anesthesiologist who, in midcareer,
took a leave of absence from his job at
Squibb and did a residency with Emery
Rovenstine at Bellevue Hospital.*® It
was to Rovenstine and Emmanuel Pap-
per that he gave some of the first
commercially prepared curare. Papper
felt that the agent was a poor anesthet-
ic, as all the test animals stopped
breathing when it was administered to
them.*! It was Harold Griffith and Enid
Johnson, of Montreal, who discovered
the true value of curare in anesthesia.*?

As the United Sates plunged into
World War II, the anesthesia commu-
nity was determined not to repeat the
mistakes of World War 1. Physician
anesthetists had been in short supply
and often ran from unit to unit train-
ing corpsmen in the administration of
ether by open drop.** By the early
1940s, anesthesia had become too
complex for this to be successful. The
leaders of the American Society of
Anesthetists worked with the advisors
to the armed forces and developed
short courses, 90 days in length, to
train medical officers in the basics of
anesthesia. These young physicians
managed many horrific clinical situa-
tions and, applying what they learned,
were able to decrease mortality.** The
case of Samuel Lieberman, who won
the Legion of Merit for his work in the
South Pacific, is illustrative. By using
continuous spinal anesthesia he de-
creased the mortality from abdominal
wounds from 46-12.5%.%

Returning from the war, these phy-
sicians had tremendous clinical expe-
rience, especially with regional anes-
thesia. Nerve blocks were invaluable,
because corpsmen could take vital
signs and talk to the soldier while the
operation was ongoing, freeing the an-
esthesiologist to treat others. Likewise,
these military anesthesiologists had
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FIGURE 1-9. Postcard image of the anesthesia exhibit at the 1939 World’s Fair. (Image courtesy
of the Wood Library-Museum of Anesthesiology.)

extensive experience with transfusion
and fluid therapy. Returning to the
United States, approximately 40%
sought additional formal training as
anesthesiologists. Thus, the specialty
expanded tremendously after the end
of the war, not only because of the
returning physicians, but because sur-
geons exposed to the field work of the
anesthesiologists demanded physician
involvement in the anesthesia.**

THE SECOND HALF OF
THE 20TH CENTURY

McMechan's vision of an international
community of anesthesiologists came
to fruition in the 1950s. The first world
meeting of anesthesiologists had been
scheduled for Paris in the spring of
1940, but was canceled as the German
army took the city. By the early 1950s,
Europe was starting to recover from
the effects of the war and the original
French organizers were still interested
in seeing the meeting become a reali-
ty. Working within the European com-
munity and Canada, and with help
from the World Heath Organization,
preliminary meetings were organized
and the structure of the WFSA was
created. The first World Congress,
held at The Hague in the Netherlands
in 1955, was a success despite the
absence of the Americans. The WFSA
wanted to bring the best clinical prac-
tice of the specialty to the fore; the
World Congress was a way to bring
first-, second-, and third-world anes-

thesiologists together to discuss prob-
lems and to seek solutions. The WFSA
set up programs to share information
with those in need of it.*6

However, it would not be until the
end of the decade of the 1950s that the
American Society of Anesthesiologists
would join the WFSA. The reluctance
on the part of the Americans was
multifactorial. First, because dues to
the WFSA were on a per capita basis,
the American Society of Anesthetists
felt that they would be providing the
majority of the finances of the organi-
zation without an equal voice in its
government. There was also reluc-
tance on the part of some American
anesthesiologists to join an organiza-
tion that contained communists. Time,
dialogue, and the performance of the
WFSA eliminated those fears.?”

Along with the international con-
cerns, the specialty faced a challenge
in the United States as well. There
was a significant part of the anesthe-
siology community that felt that no
physicians should accept a contract
for services and allow a third party,
such as a hospital or other employer,
to bill in the physician’s name. En-
forcement of this edict was done by
the component societies of the Amer-
ican Society of Anesthetists. An anes-
thesiologist could not be a member of
the American Society of Anesthetists
if the anesthesiologist wasn't a com-
ponent society member. If the anes-
thesiologist was not an American So-
ciety of Anesthetists member, the
anesthesiologist was ineligible to take

the American Board of Anesthesiolo-
gy examination.*® In response to this,
the Association of University Anes-
thesiologists (AUA) was formed. The
majority of academic anesthesiolo-
gists were employed by the university
for a salary, in violation of the Amer-
ican Society of Anesthetists rules.
The establishment of the organization
is important not only as a protest, but
because it underscores how impor-
tant academics had become to the
fledgling field in the 30 years between
the creation of the Waters depart-
ment to the first AUA meeting.*® It
was a rapid expansion and one that
continued to delineate the scientific
underpinnings of the specialty.

In the 1960s, the U.S. federal govern-
ment sought to support medical re-
search and created the National Insti-
tutes of Health (NIH). Emmanuel
Papper (Fig. 1-10) was invited to Wash-
ington, DC to help organize the new
agency. Dr. Papper worked tirelessly to
see that anesthesiologists were treated
fairly by the NIH and were eligible for
funding. However, he was unable to
secure an independent study section
for anesthesia, and the battle to obtain
this for the specialty remains a leading
agenda item for many.*!

The 1970s were a decade of crisis for
anesthesiology. To assure billing that
was commensurate with services, the
American Society of Anesthesiologists
had endorsed a relative value guide that

FIGURE 1-10. Emmanuel Papper. (Photograph
courtesy of the Wood Library-Museum of An-
esthesiology.)
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helped place a unit value on work done
by the physician. Other specialties,
including orthopedics and radiology,
had adopted similar guides, but the
Federal Trade Commission (FTC)
thought this was a monopolistic prac-
tice. All of the specialties but anes-
thesiology agreed to cease and desist;
the American Society of Anesthetists
went to court. After a 2-week trial, the
judge ruled that the relative value
guide did not represent a monopolis-
tic practice; rather, it was simply a
tool that applied monetary value dif-
ferently in different parts of the coun-
try. In one of history’s little ironies, 30
years after the verdict, the federal
government now states the relative
value guides are the preferred billing
methodology. The 1970s also saw an-
other federal government suit against
the American Society of Anesthetists
for the fee-for-service rule. Here there
was little chance of a successful suit,
yet the federal government, cautious
after its defeat, agreed to a cease-and-
desist order.>°

The 1980s, by contrast, witnessed the
development of two organizations that
have served anesthesiology well. The
Foundation for Anesthesia Education
and Research (FAER) is devoted to the
promotion of research within the spe-
cialty. The group has a special interest
in those just beginning their careers,
and has supported a successful starter
grant program. Indeed many of the
leaders of academic anesthesiology in
the early 21st century began their ca-
reers with a FAER grant. At the same
time FAER was being established, the
Anesthesia Patient Safety Foundation
(APSF) was created. Its mission is sim-
ple: no patient should ever be harmed
by an anesthetic. APSF has partnered
the academic, private practice, and in-
dustrial communities to work toward
decreasing anesthetic risk. The estab-
lishment of the Harvard standards of
monitoring, at the beginning of the
APSF, was an important step in this
direction. APSF and its work is the
model for the patient safety movement
across the country, and is used by the
AMA as a model for its patient safety
foundation.>!

CONCLUSIONS

By comparison with most other medi-
cal specialties, the history of clinical
anesthesia is short. Perhaps Francis

Hoeffer McMechan summed it best
when he wrote, in 1935, the following:

Anesthesia was the gift of pioneer
doctors and dentists to suffering hu-
manity, and every significant advance
in its science and practice has been
contributed by doctors, dentists, and
research workers of similar standing.
In contrast, technicians have added
nothing of any consequence. Anes-
thetics are among the most potent
and dangerous drugs used in the
practice of medicine; they penetrate
to every cell and organ of the body
and may cause almost instant or de-
layed death by their toxic effects. The
dosage of general inhalation anes-
thetics cannot be prescribed in ad-
vance but must be determined from
moment to moment during adminis-
tration. The dosage of local and other
anesthetics must be determined by
the risk of the patient, the nature and
duration of the operation to be
done—certainly a challenge to the
knowledge and experience of the
keenest doctor. No patient should
ever be given an anesthetic whose
condition and risk has not been diag-
nosed in advance of the operation, so
that every resource of medical sci-
ence can be used to lessen the risk
and make the recovery more assur-
ing. Certainly in this preoperative
evaluation and the selection of the
safest anesthetic and best method of
administration, the medical anesthe-
tist is more in a position to act as a
consultant than a technician....

The safety of the patient demands
that the anesthetist be able to treat
every complication that may arise
from the anesthetic itself by the use
of methods of treatment that may be
indicated. The medical anesthetist
can do this, the technician cannot.
More recent developments have ex-
tended the field of medical anesthe-
sia to include resuscitation, oxygen
therapy, and therapeutic nerve block
for intractable pain, and treatment of
various conditions of disease, and the
rehabilitation of the disabled—all
fields of practice quite beyond the ca-
pacity of the technician.>

McMechan'’s vision of professional-
ism, and its 21st century equivalents,
needs to continue to guide the special-
ty. The history of anesthesia is inter-
esting, filled with fascinating events
and people, and it is replete with the
highest examples of professionalism.
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CHAPTER 2

The Scope
and Future of
Anesthesia Practice

Michael S. Avidan, MBBCh,
DA, FCA, and Alex S. Evers, MD

Anesthesiology arose as a medical
specialty because the dangers associ-
ated with anesthetic drugs and tech-
niques demanded that they be admin-
istered by skilled and knowledgeable
physicians. As safer drugs were devel-
oped and physiologic monitoring im-
proved, the need for anesthesiologists
was propelled by increasing surgical
complexity and severity of patient ill-
ness, as well as by increasing expecta-
tions for patient safety. Whereas the
original raison d’étre for the specialty
remains today, a variety of profession-
al and economic factors have chal-
lenged anesthesiology and produced
large “swings of fortune” during the
past few decades.

During the 1970s and 1980s the
emergence of critical care attracted
many talented medical students to
American anesthesiology training pro-
grams. However, these were halcyon
days for anesthesiologists practicing in
the operating room, where profession-
al income was high, job opportunities
were ample and increasing surgical
complexity demanded an increasing
level of medical knowledge and skills.
Thus there was little incentive for an-
esthesiologists to expand their roles
beyond the confines of the operating
suites and most of the trainees who
were initially attracted by critical care
subsequently practiced operating room
anesthesia only. In contrast, during
this same period, anesthesiologists in
Europe and Canada were consolidat-
ing their positions in the burgeoning
subspecialties of pain, intensive care,
and resuscitation.

In the mid 1990s, gloom beset anes-
thesiology in the United States as pre-
dictions, widely reported in lay press
such as the Wall Street Journal, sug-
gested that the need for anesthesiolo-
gists would decrease dramatically in
an anticipated managed care environ-

ment. Medical graduates were dis-
couraged from pursuing careers in
anesthesiology, and residency pro-
grams contracted dramatically. Anes-
thesiologists in other parts of the world
have also experienced fluctuating for-
tunes. Currently there is a shortage of
doctors in general, and of anesthesiolo-
gists in particular, in many countries.
The future of anesthesiology depends
on several factors, including changes
in surgery and interventional medical
practice, technological advances in an-
esthesiology, the evolving scope of an-
esthesia practice, and the role of non-
physicians (e.g., nurse anesthetists
and anesthesia physician assistants)
and physicians trained in other spe-
cialties in the provision of anesthesia
care; healthcare financing will also
influence trends in anesthesia prac-
tice. This chapter briefly reviews the
current scope of anesthetic practice
and offers some possible scenarios for
future directions of the specialty.

OPERATING ROOM
ANESTHESIA

The operating room remains the pri-
mary focus for the vast majority of
anesthesiologists. The anesthesiolo-
gist's primary responsibility in this

KEY POINTS

arena is to ensure the patients’ com-
fort and safety when they are exposed
to the trespass of surgery; this includes
protecting the patient from pain, un-
desired awareness and organ system
injury, and fostering full recovery
from the surgical and anesthetic inter-
ventions. Over the past decades it has
become increasingly clear that the in-
traoperative conduct of anesthesia has
a profound effect on patient safety and
comfort in the postoperative period.
For example, modest intraoperative
hypothermia can either decrease the
incidence of wound infection' or pro-
vide neuroprotection,? depending on
the clinical situation. Anesthesiologists
are increasingly sophisticated in their
understanding of patient safety and
they are focusing on such issues as
appropriate perioperative medications,
antibiotic prophylaxis and infection
control, multimodal analgesia, mainte-
nance of normothermia and normogly-
cemia, and appropriate fluid and elec-
trolyte therapy. Recent findings raise
the intriguing possibility that anesthet-
ic management may contribute to
postoperative cognitive decline and to
long-term outcomes.® This growing re-
sponsibility for overall postoperative
outcomes raises new expectations for
knowledge and skills of the practicing
anesthesiologist and challenges our

1. The operating room remains the pri-
mary focus for the vast majority of
anesthesiologists.

2. The anesthesiologist’s primary re-
sponsibility is to ensure patients’
comfort and safety when they are
exposed to the trespass of surgery.

3. The intraoperative conduct of anesthe-
sia has effects on patient safety and
comfort in the postoperative period.

4. The provision of safe anesthetic care
across geographically dispersed
sites and encompassing wide rang-
es of patient health, in an economi-
cally responsible manner, is a chal-
lenge that anesthesiologists need to
address proactively.

5. Itis arithmetically impossible to pro-
vide a fully trained anesthesiologist
for every anesthetic procedure.

6. Meeting the manpower, safety, and
cost demands of the future requires
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overcoming the political infighting
between organized anesthesiology
and nurse anesthesia.

7. Itis important for the future of the
specialty that anesthesiologists in-
crease their commitment to critical
care medicine.

8. Recent advances in knowledge and
technology create an enormous op-
portunity for anesthesiologists to ad-
dress the scientific questions at the
core of the specialty as well as a vari-
ety of important clinical problems.

9. Apart from traditional areas of in-
volvement, such as operating room
anesthesia, critical care, pain med-
icine, teaching, research, and re-
suscitation, there will be future op-
portunities for anesthesiologists in
pharmacogenomics, healthcare
systems management and new
technologies.



previously narrower definitions of an-
esthetic outcome.

Despite the demands imposed by in-
creasing severity of illness in surgical
patients, growing surgical complexity
and more comprehensive postopera-
tive considerations, anesthesiology is
often viewed as a victim of its own
perceived success. One widely cited
study from the United Kingdom, the
Confidential Enquiry into Periopera-
tive Deaths (CEPOD) study, reports
that patients undergoing general anes-
thesia have a 1 in 185,000 chance of
dying as a consequence of anesthetic
misadventure.*-® This finding was high-
lighted in the Institute of Medicine re-
port on medical errors’” and anesthesi-
ology was cited as the specialty that had
best addressed safety issues (see Chap.
3 for a more comprehensive review of
quality and safety in anesthesia prac-
tice). Unfortunately, this widely publi-
cized perception that anesthesia is
“safe” has encouraged nonphysician an-
esthesia providers to advocate for inde-
pendent practice and has suggested to
insurers that anesthetic care by an an-
esthesiologist is needlessly expensive.
However, studies from other countries
have reported much higher rates of
death attributable to anesthesia than
those reported in the CEPOD study.® In
a large French study, the perioperative
mortality directly attributable to anes-
thesia was found to be 1 in 13,000.° In
studies reported from Australia,'® Den-
mark," Finland,'> and the Nether-
lands,'® perioperative death attribut-
able to anesthesia ranged from 1 in
2500 to 1 in 67,000.'> The mortality
attributable to anesthesia is probably
much greater in developing countries.
For example, a 1992 study from a Zim-
babwean teaching hospital reported an
alarming incidence of death or coma—
1 in 388—attributable to anesthesia.'*
Whereas the bulk of evidence suggests
that anesthesia is not nearly as safe as
publicized,'® it is undoubtedly true that
advances in anesthetic practice in de-
veloped countries have rendered the
care of healthy patients undergoing
low- or intermediate-risk surgery much
safer than in the past (see Chap. 24 for
a more detailed review of anesthesia
risk).

The challenges to anesthesiology
are exacerbated by the massive expan-
sion in demand for anesthesia services
for a variety of nonoperative proce-
dures, ranging from cerebral aneu-
rysm coiling to general anesthesia for
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screening colonoscopy, and by the in-
troduction of freestanding ambulatory
surgery centers and office-based surgi-
cal suites where anesthesia is adminis-
tered. The demands for safe anesthe-
sia care provided in numerous remote
locations, present significant challeng-
es to the workforce, and to the financ-
ing and practice of anesthesiology.

Current practice models vary widely
both in the United States and world-
wide. In the United States, some anes-
thesiologists (or practice groups) per-
sonally provide all anesthetic care
regardless of complexity, an approach
that is also common in the United
Kingdom, Canada, and Australia. In
other practices, anesthesiologists su-
pervise ancillary providers (e.g., nurse
anesthetists, residents, or anesthesia
assistants) in more than one operating
room; a practice model that is also
common in the Netherlands. The pro-
vision of safe anesthetic care across
geographically dispersed practice sites
and encompassing wide ranges of se-
verity of patient illness, in an econom-
ically responsible manner, is a major
challenge that anesthesiologists need
to address proactively.

The expectations for operating room
anesthesia can be simply stated: we
need to provide an ever-increasing
quality of perioperative care for a
lower cost. In turn, these expectations
and predictions require that the anes-
thesiologist community consider who
will, or should, provide each compo-
nent of anesthesia care, what levels of
knowledge and skill will be required of
each provider, and how the responsi-
bility for care will be organized, man-
aged, and rewarded.

Currently, at least 50% of anesthesia
care in the United States involves nurse
anesthetists; in several states, physi-
cian supervision is not mandatory.
Worldwide, anesthesia practice often
includes some form of nonphysician
provider, or a physician provider who
is not a fully trained anesthesiologist.
For example, staff-grade noncertified
anesthetists provide a significant pro-
portion of anesthesia care in the United
Kingdom. Omne report asserts that
nonanesthesiologists can safely provide
anesthesia for selected procedures (e.g.,
colonoscopy) and patients.!6 It is also
clear that patients with minimal physio-
logic reserve, those undergoing major
interventions, and those with complex
medical problems require the direct in-
volvement of a skilled anesthesiologist

to enhance patient safety.!”'® Unfortu-
nately, practitioner skill and experience
are often not matched to these factors,
but determined by availability of pro-
viders, or a fixed model of care delivery,
rather than one that is tailored to the
specific clinical situation. This is a fruit-
ful area for further work by anesthesiol-
ogists to assure proper matching of re-
sources to the clinical needs.

It is arithmetically impossible to
provide a fully trained anesthesiolo-
gist for every anesthetic procedure.
Furthermore, the increasing demands
for anesthesia services (aging popula-
tion, proliferation of ambulatory sur-
gery centers, escalating demand for
nonsurgical anesthesia and sedation)
will outstrip even the most aggressive
output of anesthesiologists. Medical
schools simply do not have the capacity
to train sufficient numbers of doctors to
feed exponentially increasing anesthe-
sia programs. For reasons of both anes-
thesiologist availability and cost, it is
apparent that the future of anesthesia
practice will involve an increasing role
for nonphysician providers.

How can this be made compatible
with the demands for increasing safety
and quality? By involving skilled anes-
thesiologists in the cognitive aspects of
every anesthetic. This will require co-
ordination and cooperation with non-
physician providers, allowing them to
perform at the highest levels their
training allows, while ensuring that a
fully trained specialist is involved in
planning and managing care for high-
risk cases and is readily available for
complex diagnostic and therapeutic
decision making. Technologic devel-
opments in monitoring and informa-
tion systems should facilitate these
changes. The development of telemed-
icine could make this model of care
feasible even in communities where
an anesthesiologist is not physically
present.'? Meeting the manpower,
safety and cost demands of the future
will require that we overcome the
political infighting between organized
anesthesiology and nurse anesthesia.
Furthermore, the training of anesthe-
siologists will increasingly need to en-
compass the development of skills in
supervising other anesthesia provid-
ers. It is in the interests of public
safety and healthcare delivery that
unity be forged among anesthesia pro-
viders under the leadership of special-
ist anesthesiologists, whose medical
training and education is required for
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complex medical decision making,
supplemented by the skills and abili-
ties of nonphysician providers who
enhance this team approach.

OUTSIDE THE
OPERATING ROOM

Preoperative Care

Perioperative morbidity is frequently
attributable to poor preoperative patient
assessment and optimization. These
roles have always been integral to the
anesthesiologist's practice. However,
as patients increasingly present to the
hospital on the day of surgery, it has
become necessary to ensure that pa-
tients are properly evaluated well be-
fore the immediate preoperative inter-
val. Recognizing this need has led to
burgeoning preoperative assessment
clinics, where problems such as is-
chemic heart disease, pulmonary dis-
ease or sleep apnea may be evaluated
and appropriate perioperative inter-
ventions may be planned. (See Chap. 4
for a more detailed discussion of the
benefits and operation of preoperative
clinics.) In some practice settings, pre-
operative assessment of complicated
patients has been largely relegated to
nonanesthesiology trained physicians
or physician extenders. In other set-
tings, the challenge of same-day sur-
gery admission has left preoperative
assessment as a day-of-surgery activi-
ty; neither of these approaches is opti-
mal. From the standpoint of continuity
of care and so that anesthesiologists
can implement best practices that
contribute to the continuum of care
and long-term outcomes, it is essential
that anesthesiologists continue to play
an integral role in preoperative as-
sessment clinics. This should also be a
key component of anesthesia resident
training programs, for it represents an
important aspect of future anesthesia
practice.

Pain Medicine

Doctors cannot always cure disease but
they should always try to alleviate suf-
fering. Physical pain is among the most
unpleasant of human experiences. An-
esthesiologists are often involved in the
management of severe pain associated
with surgery and the perioperative use
of analgesics constitutes an important
component of anesthetic care. Anesthe-
siologists are more comfortable with
opiate administration than many other

physicians, because of their knowledge
of pharmacology (especially opioid
pharmacology), as well as their skill
and experience in managing side ef-
fects such as respiratory depression.
Anesthesiologists pioneered regional
anesthetic techniques, many of which
are applicable to the treatment of chron-
ic intractable pain. Increasing numbers
of anesthesiologists are specializing in
pain management and the effective re-
lief of pain will remain an important
component of the anesthesiologist’s role
even for those who do not subspecialize
specifically in pain medicine.

Critical Care Medicine

Anesthesiologists pioneered the devel-
opment of critical care medicine.?’ In
many countries, anesthesiologists con-
stitute the bulk of the physician work-
force in critical care. In most of Eu-
rope, full training in critical care is an
integral component of an anesthesia
residency and critical care anesthesiol-
ogists are responsible for organizing
and staffing most hospital critical care
units. In contrast, U.S. anesthesia resi-
dents receive only a few months of
critical care training and anesthesiolo-
gists constitute a minority of the na-
tion’s critical care physicians. Many
believe it is important for the future of
the specialty that anesthesiologists in-
crease their commitment to critical
care medicine. Consistent with this
view, there is impetus in the United
States to increase the minimum dura-
tion of critical care training to 6
months during the anesthesia residen-
cy. The intent is to broaden the scope
of expertise of anesthesiologists, thus
partially addressing the marked short-
age of critical care physicians in the
United States.?! Clearly, this would
enhance the perception of anesthesiol-
ogists as broad-based physicians who
can contribute additionally to the gen-
eral healthcare needs of the United
States, but the feasibility of this pro-
posal requires both redesign of the
residency programs (including either
modifying the duration of the residen-
cy or altering the duration of specific
rotations in the current residency con-
tinuum) and the commitment of fu-
ture trainees to embrace the practice
of critical care medicine.

Clinical Services
Administration

The operating suite is a complex envi-
ronment that is inefficiently managed.

Anesthesiologists are an integral com-
ponent of this important but unwieldy
organization. The need for effective
management and administration is
being increasingly recognized and an-
esthesiologists are often sought for this
management function. In many coun-
tries, including in Europe and North
America, anesthesiologists are acquir-
ing formal training in management
and business administration. Today’s
doctors, even in academic institutions
and national health services, cannot
afford to isolate themselves from the
realities of reimbursement, cost, effi-
ciency, patient satisfaction, and overall
system performance. There appears to
be a bright future for physician leaders
in healthcare organizations; anesthesi-
ologists are, and will continue to be, an
important part of this management
evolution.

Patient Safety

Anesthesiologists are at the forefront
of pioneering patient safety. So dra-
matic have been the improvements
implemented by anesthesiologists that
liability insurance for anesthesia prac-
tice has decreased, while that for most
other specialties has steadily increased
(some dramatically). The Anesthesia
Patient Safety Foundation (APSF) was
founded in the United States in 1984
with the expressed purpose of assur-
ing “that no patient shall be harmed by
the effects of anesthesia.” Since 1985, the
American Society of Anesthesiolo-
gists’ (ASA) Committee on Profession-
al Liability has been studying records
of closed malpractice claims files for
anesthesia-related patient injuries.??
More than 5000 claims have been
studied. In 1987, the Australian Pa-
tient Safety Foundation was estab-
lished and the Australian Incident
Monitoring Study initiated.?®> More
than 4000 critical incidents have been
reported through 2000. Analysis of
these incidents has reinforced the
value of technological advances, such
as capnography and oximetry, in im-
proving patient safety. The results also
confirm the value of structured algo-
rithms in anesthesia care, by docu-
menting favorable outcomes in a range
of life-threatening crises during anes-
thesia. CEPOD was started in the Unit-
ed Kingdom in 1989. Changes in con-
sultant practice, an increase in the
number of medical audits, improve-
ments in physiologic monitoring, ap-
propriate matching of specialist expe-



rience to patient’s medical conditions,
and increasing awareness of the need
for critical care services are believed
to have been influenced by this inqui-
ry.?* Critical events occur within the
context of complex system failures,
and anesthesiologists have been de-
veloping safeguards to decrease the
likelihood that human error may re-
sult in patient harm. Examples in-
clude written “check lists,” audible
alarm settings, and automated anes-
thesia machine checks. This expertise
in patient safety should be developed
and translated into the broader medi-
cal context, including application in
areas not historically viewed as the
purview of anesthesia practice (such
as diagnostic and treatment suites, ob-
stetrical suites, intensive care units
and intermediate care units).

Research

Anesthesiology has a vibrant history of
research and intellectual contributions
to clinical medicine. Historically anes-
thesia research has focused on labora-
tory investigations in physiology and
pharmacology and their application to
patient care. These contributions have
improved the safety of anesthesia and
surgery, and constituted pioneering ef-
forts in the initial application of scien-
tific principles to individual patient
care. Until recently many of the scien-
tific questions at the core of anesthesi-
ology have been relatively inaccessi-
ble to investigation; this stems from
the absence of tools to study the
mechanisms of the complex behaviors
(e.g., consciousness, memory, pain)
that anesthesiologists manipulate. Re-
cent advances in cellular physiology
(e.g., patch clamp recording), molecu-
lar biology, genetics, functional imag-
ing, and behavioral sciences have en-
abled serious investigation of these
complex behaviors. It is thus now pos-
sible that the fundamental mysteries
of anesthesia (including the molecular
mechanism of the hypnotic, amnestic,
and analgesic effects of anesthetics
agents) will be solved. These same
new scientific tools also make it feasi-
ble to define the mechanisms of hy-
peralgesia and chronic pain and to
design effective treatments. Finally,
advances in the understanding and
manipulation of inflammation and the
immune response provide a new op-
portunity to delineate how organ sys-
tem injury occurs in the perioperative
period and to identify strategies for
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protection of the brain, heart, kidneys
and other organs. Collectively, recent
advances in knowledge and technolo-
gy create an enormous opportunity for
anesthesiology to address the scientif-
ic questions at the core of the special-
ty, as well as a variety of important
clinical problems.

The application of information tech-
nology and epidemiologic techniques
(often referred to as outcomes re-
search) to the perioperative period has
also created new research opportuni-
ties for anesthesiology. These ap-
proaches quantify and describe peri-
operative morbidity and mortality,
facilitating recognition of patterns and
causes of adverse patient outcomes.
Outcomes research has already identi-
fied a variety of problems with the
process and substance of anesthetic
care; it has also led to identification of
previously unrecognized adverse pa-
tient outcomes (e.g. postoperative cog-
nitive decline). The broad application
of information technology coupled to
epidemiologic analysis will provide
the opportunity to define and monitor
“best practices” and to systematically
evaluate the efficacy of new technolo-
gies, techniques and approaches.

Academic anesthesia has been chal-
lenged in recent years, with decreased
academic funding of some depart-
ments, a decreasing share of extramu-
ral grant funds,?® and a contraction in
the number of young anesthesiologists
embarking on rigorous research train-
ing and careers. One reason put for-
ward for reducing funding for anesthe-
sia research is that the current safety
of anesthesia implies that anesthesia
research is not a pressing public
health concern. As noted earlier, this
may be a misconception; although in-
traoperative mortality is rare, postop-
erative mortality and major morbidity
still occur commonly, and anesthesia
care has been shown to contribute to
this process, both positively and nega-
tively. There is much room for im-
provement before any field can con-
clude that we have overcome the
hurdles in surgical care that challenge
the extremes of age, those with signif-
icant comorbidities or those under-
going extensive surgical procedures.
Many of the advances in these areas
will come from improved periopera-
tive care, built on evidence-based tech-
niques that are confirmed by careful
clinical investigation and innovation.
One of the priorities for research, as

identified by the National Institutes
of Health, is for investigators to em-
bark on more multidisciplinary and
multicenter research initiatives. It is
also crucial to foster translational re-
search where advances in the basic
sciences, including genetics, can lead
to progress in the clinical arena. A
strong commitment to research will be
necessary to ensure the continued ad-
vance of the specialty, and to insure
that anesthesiology remains a main-
stream medical discipline that contrib-
utes to the overall good of society.

EDUCATION AND TRAINING

Clearly, the future of the specialty re-
quires a robust commitment to educa-
tion and training at all levels, from un-
dergraduate medical education through
the most advanced subspecialty levels.
Strong training programs depend on
an excellent teaching faculty, ample
and diverse clinical cases, a well-orga-
nized teaching program and an em-
phasis on the knowledge required for
future as well as current practice. One
challenge facing academic anesthesia
in the United States is that reimburse-
ment is halved when a resident pro-
vides anesthesia supervised by a
teaching anesthesiologist. This reduc-
es the funds available to the academic
department for support of nonclinical
teaching time, educational resources
such as simulators, libraries, or admin-
istrative support staff, and compensa-
tion for the teaching faculty. The
American Society of Anesthesiologists
has engaged in a major legislative ef-
fort to remedy this funding problem,
but resolution of this issue is far from
assured because of overall funding
limitations and political maneuvering
among medical and surgical special-
ties. Adequate funding for anesthesiol-
ogy education by the federal govern-
ment, by teaching hospitals and by our
specialty societies is an imperative if
the specialty is to flourish in future
decades. The current shortfall in anes-
thesiologists (particularly in teaching
hospitals) creates a temptation to in-
crease training numbers and churn
out many more anesthesiologists; this
may be particularly true in training
programs that need to use residents
primarily as work force. The danger is
that this approach will decrease the
selectivity of training programs and
downgrade the quality of anesthesiolo-
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gists. Training must be broadened as
well; if the next generation of anesthe-
siologists is to be prepared for the
future, anesthesiology training pro-
grams must emphasize preoperative
assessment, critical care, pain man-
agement, supervision of nonphysician
providers and operating room admin-
istration, among others. Also impor-
tant will be an increased emphasis on
fellowship programs, with formal rec-
ognition of fellowships in areas such
as regional anesthesia, transplant an-
esthesia, and obstetric anesthesia.

To attract high-caliber applicants
to anesthesiology, it is important that
medical students continue to receive
adequate exposure to the specialty.
In addition to perioperative medicine
and pain medicine, anesthesiologists
are well placed to teach medical stu-
dents applied respiratory and cardio-
vascular physiology, several aspects of
neuroscience and numerous aspects of
pharmacology, in addition to their
more traditional educational roles in
resuscitation and emergency airway
management. The model of academic
anesthesia care facilitates excellent
learning, with medical students able to
spend high quality one-on-one time
with experienced anesthesiologists.

SIMULATION

The aerospace industry has long ap-
preciated the value of simulation in
increasing safety and decreasing er-
rors. Within the medical profession,
anesthesiologists were among the
first to recognize the potential role of
simulation in improving both educa-
tion and patient safety. Anesthesiolo-
gists established simulation facilities
to train anesthesiologists in the man-
agement of infrequent but life-threat-
ening problems that arise in the oper-
ating room. It rapidly became apparent
that simulation might be useful for
teaching other topics that are not
unique to anesthesia practice (e.g.,
diagnosis and management of pneu-
mothorax, hemorrhagic shock, myo-
cardial infarction, insertion of central
vascular catheters). Computer model-
ing also can be employed in research.
Speculation is rife about a role for
simulation in credentialing and recre-
dentialing in various medical special-
ties. Increasingly, physician and nurs-
ing professionals, including those in
critical care and emergency medicine,

are seeking time in simulation facili-
ties for purposes of training and hon-
ing their skills in crisis management.
Simulation centers are mushrooming
internationally and are also being em-
braced by medical schools. Anesthesi-
ologists have led this initiative, and it
is important that we continue to lead
innovation in this field of evolving
technology.

Public Perception
of Anesthesiologists

Anesthesiology is one of the largest
physician based specialties, but few
mainstream medical specialties are as
poorly understood by members of the
public and by other health profession-
als.?6 Many patients do not realize that
anesthesiologists are doctors or that
they have responsibilities outside the
operating room.?® In Swiss and Austri-
an studies 93-99% of patients knew
that anesthesiologists are qualified
physicians. In addition, many of the
patients were aware that the anesthe-
siologists are engaged in activities out-
side the operating room. However,
many patients also thought that the
anesthesiologists played a subservient
role to the surgical team.?”.?% In studies
from Singapore, Pakistan, and the
West Indies, only 56-66% of patients
were aware that anesthesiologists are
physicians, and most patients had a
limited knowledge of the anesthesiolo-
gists’ roles.?®3! In contrast to these
findings, a Finnish study reported that
anesthesiologists were generally rec-
ognized as specialist physicians and
were held in high esteem.?? In the
United Kingdom, the bodies represent-
ing anesthesiologists initiated National
Anaesthesia Day in an attempt to in-
crease the profile of anesthesiologists.
Clearly, there is variation among
countries in the way anesthesiologists
are perceived. Heightening public
awareness and improving public per-
ception about anesthesiologists and
their many essential functions may be
important to the future of the specialty
in several respects, including alloca-
tion of research funding, quality of
applicants to residencies and the fu-
ture role of anesthesiologists within
healthcare in general.

A recent Scandinavian study ex-
plored perceptions of the anesthesiol-
ogist's role. The study was titled:
“Professional artist, good Samaritan,
servant and co-coordinator: four ways
of understanding the anesthetist’s

work.”? According to these authors,
the current scope of anesthesia prac-
tice encompasses:

1. The provision of safe anesthesia
while controlling patients’ vital func-
tions.

2. Helping patients including the alle-
viation of pain and anxiety.

3. Providing service to the whole hos-
pital, including support to other
doctors and nurses who are caring
for severely ill patients.

4. Participation in the organization and
direction of the operating suites to
ensure that lists run smoothly.

Whereas these are essential and im-
portant components of the specialty,
even collectively they do not encom-
pass the spectrum of anesthesiology as
we view it currently, or as we look to
the future, which seems particularly
attractive if we maintain a comprehen-
sive view of the opportunities for our
discipline.

THE FUTURE OF
ANESTHESIA PRACTICE

The future of the specialty depends on
several key drivers: (a) the vision and
actions of organized anesthesiology;
(b) technological changes in surgery
and anesthesiology and; (c) the direc-
tions chosen by academic institutions,
the trainers of future practitioners.
These drivers will influence the attrac-
tiveness of anesthesiology as a special-
ty choice for medical students, the
career paths of young anesthesiolo-
gists, and the scope and organization
of anesthetic practice.

There will be tough choices faced by
future anesthesiologists. New drugs
and increasingly sophisticated moni-
toring will facilitate safer anesthesia.
Such technological advances will allow
more effective remote supervision of
anesthesia providers. There is likely to
be a steady growth in the demand for
anesthesia. Anesthesiologists will have
to decide whether to try to expand
their ranks at all costs and to defend
their turf, or refine their training ac-
cording to future conditions. It is high-
ly unlikely that anesthesiologists alone
will be able to meet all the demands
for anesthesia.

Anesthesiology faces many chal-
lenges in the years ahead. To meet
these challenges, perioperative medi-



cine, which includes the spectrum of
care from preoperative assessment to
postoperative care, may offer the best
chance for the specialty to survive and
prosper.®* While there is a vision that
future anesthesiologists will practice
as much outside as inside operating
rooms,? the expansion of anesthesiol-
ogists’ activities could lead to dilution
of the specialty’s identity, endangering
the vitality of anesthesiology in an era
of sweeping changes in healthcare-
delivery systems.’® An expansion of
anesthesiology practice into nonopera-
tive domains of perioperative medi-
cine may also be challenged by other
specialties. The role of perioperative
physician may fall to hospitalists, the
role of critical care physicians to inten-
sivists and the role of pain manage-
ment to pain specialists. Anesthesia
may grow and acquire new tentacles
or it may have its subspecialties ampu-
tated, leaving it as a restricted operat-
ing room bound specialty (Fig. 2-1). In
the United Kingdom, there was a re-
cent struggle in which the Royal Col-
lege of Anaesthetists opposed efforts
to establish a fully autonomous Col-
lege of Intensive Care Medicine; it is
likely that this will be revisited in the
United Kingdom and other countries
in future.

As an academic specialty, anesthe-
siology evolved out of fundamental
contributions to healthcare, including
the prevention of pain from surgery
and the development of critical care
medicine, cardiopulmonary resuscita-
tion, and pain medicine.*” In recent
years, many advances have occurred in
the basic science of anesthesiology, in-
cluding mechanisms of pain, receptor
physiology, modes of action of anes-
thetic agents, and cellular responses to
sepsis. If anesthesiology is to flourish as
an academic specialty, it is crucial that
research is pursued and encouraged.
Without intellectual advances, anesthe-
siology is in danger of becoming a
sterile technical discipline.?” University
departments of anesthesiology are in-
creasingly experiencing pressure to
emphasize clinical delivery at the ex-
pense of academic pursuits. Succumb-
ing to these pressures will threaten
undergraduate perioperative medicine
teaching, development of critical ap-
praisal skills among anesthesiologists,
and the future of research programs.®
The irony would be that by immersing
themselves entirely in the clinical are-
na, anesthesiologists would neglect the
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FIGURE 2-1. The future of anesthesiology—two possible outcomes. A. The specialty may come to
resemble a bloated octopus, based only in the operating room with all its tentacles amputated.
B. Anesthesiology may retain its integral role in the operating room (lean body), but expand its
tentacles in other areas, such as critical care, pain medicine, medical education, health system
management, simulation, resuscitation, and research.

education of medical students and
trainees, thus jeopardizing the future of
clinical anesthesiology practice.
Although it is easy to teach others as
we were taught, or as we practice to-
day, focus on the future is an essential
element of education. Long-term suc-
cess for the specialty will depend on
our efforts in undergraduate and gradu-
ate medical education, whereas short-
term success will depend on our efforts
in the continuing medical education of
current practitioners.®® A different ap-
proach may be required to redefine the
scope of the practice with broadened
training to provide increased expertise
in the evolving medical marketplace.
This approach could include solid train-
ing in business, informatics, data man-

agement, and critical thinking on out-
comes. This paradigm shift may be
challenging, and requires redirection,
reallocation of assets, reeducation,
and a new mindset. If successfully
applied, however, it presents a means
to strengthen the respected position of
the specialty and to promote the medi-
cal care and practice of perioperative
specialists in the rapidly changing land-
scape of modern medicine.*

VISIONS OF THE FUTURE
Scenario 1: To Each Patient a

Dedicated Anesthesiologist

This is the current model of anesthesia
care in much of the developed world




PART 1: THE SPECIALTY OF ANESTHESIA

and many in the United States are
adherents of this model. Most Ameri-
can residency programs are structured
to train anesthesiologists to practice in
this model. As discussed earlier, it is
unlikely that this model of anesthesia
care will be sustainable given the mis-
match between surgical demand and
anesthesiology manpower and the in-
evitable pressure to reduce the cost of
anesthesia.

Scenario 2: Physicians for
the Perioperative Period

Many advocate that anesthesiologists
should play a greater role in periopera-
tive care. This is an appealing option,
but is fraught with difficulties. An ex-
pansion of anesthesiologists’ roles will
mean that even more anesthesiologists
must be trained. There is simply a
limited capacity to achieve this. It also
is not clear whether anesthesiologists
are prepared to financially compete in
many perioperative roles. Anesthesiol-
ogists are accustomed to high remu-
neration for their procedure-driven
roles, whereas hospitalists are willing
to accept lower compensation. Thus
far anesthesiologists have not shown
enthusiasm in adopting the mantle of
perioperative physicians. Tremendous
inertia will have to be overcome for
this to become a possibility.

Scenario 3: Process
Managers and Perioperative
Care Directors

To achieve this, anesthesiologists will
require formal training in business,
management and finance. They will
also need to broaden their medical
knowledge and experience. Perhaps,
most importantly, anesthesiologists
would have to be trained to supervise
others effectively and to utilize physi-
cian extenders throughout the perioper-
ative period. Certified registered nurse
anesthetists (CRNAs) are also expen-
sive, and other physician extender roles
should be explored. This model runs
counter to the current training process.
There are anesthesia programs that
are offering novel fellowships, such as
operating room management. The
philosophy behind this model is that
anesthesiologists would receive broad-
er training, where operating room an-
esthesia would be only a component.
Fellowships and academic tracks
would also increase. If this model is to
succeed, residencies will have to un-
dergo major paradigm shifts.

Meeting the Challenge

of Change

At the ASA’s 2005 Rovenstein Lec-
ture, Mark Warner opined that as long
as anesthesiologists remain steadfast
in their commitment to the special-
ty's core values, the specialty would
continue to develop as a vibrant aca-
demic medical specialty.*! Dr Warner
identified two quintessential values
of anesthesiology*!:

1. Commitment to the care of critical-
ly ill patients as well as those expe-
riencing acute and chronic pain.

2. Promoting and improving patient
safety in the operating room and in
the perioperative period.

Change will be driven by several
imperatives, including shifting demo-
graphics, technological advances, pat-
terns of surgery, and economic reali-
ties. There will be an increasing
number of elderly people, high-risk ob-
stetric patients, and children with com-
plex medical problems requiring sur-
gery. It is important to further increase
the safety of surgical, anesthetic, and
perioperative care to minimize both
short-term morbidity and long-term de-
terioration when vulnerable patients
undergo surgery and anesthesia.

Improved monitoring, safer drugs,
less-invasive surgery, and sophisti-
cated communication networks may
allow anesthesiologists and other anes-
thesia providers to extend their roles
without compromising patient safety.
Intensive care units may serve as a
useful model. Typically, one nurse
attends to 1 or 2 critically ill patients.
Usually a small number of physicians,
with 1 experienced intensivist, regu-
larly assess all the patients and modify
treatment plans over the course of the
day. A derivative of this model could
be conceptualized for future operating
room anesthesia care. As individual
patients present with their genetic
profiles, it may become possible to
tailor anesthetic and analgesic therapy
with increased efficacy and decreased
side effects. This pharmacogenomic
model would represent a major ad-
vance in patient safety.

CONCLUSION

Healthcare systems are evolving at a
rapid rate. Anesthesiology as a spe-
cialty must adapt to the changes so
that anesthesiologists remain invalu-

able and irreplaceable members of
the healthcare team. Anesthesiolo-
gists must extend their physician
skills and increasingly pursue sub-
specialty fellowships. Anesthesiolo-
gists should have a meaningful pres-
ence in all areas of medicine. Apart
from traditional areas of involve-
ment, such as operating room anes-
thesia, critical care, pain medicine,
teaching, research and resuscitation,
there will be future opportunities for
anesthesiologists in pharmacogenom-
ics, healthcare systems management,
and new technologies.
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CHAPTER 3

Safety and Quality:
The Guiding
Principles of
Patient-Centered
Care

Jeffrey B. Cooper, PhD, and
David Longnecker, MD, FRCA

Anesthesia providers develop a com-
fort with their craft, despite its inher-
ent dangers. Over time, the adminis-
tration of potentially lethal drugs, the
management of apnea, and the con-
trol of altered physiologic systems be-
come almost routine. As experience
grows, they may even take for granted
the inherently hazardous art and sci-
ence of rendering patients insensible
to pain, unconscious, and paralyzed.
Yet, patients do not take anesthesia
for granted. To the contrary, many
fear it. They fear the possibility of
experiencing pain or awareness, as
well as the potential for death or other
serious complications.!? They also
fear what professionals might consid-
er “minor complications.” Anesthesia
providers may view postoperative
nausea and vomiting as minor side
effects that pale when compared with
the potential life-threatening compli-
cations that can occur during complex
surgical and medical procedures, but
patients often view postoperative nau-
sea and vomiting as dreaded and
prominent complications associated
with the procedure.

Although this chapter focuses on
patient safety and quality, it is firmly
based on the concept that the patient
is the center of care. The person or
team performing the procedure has
requirements that must be accommo-
dated in the anesthetic plan. But the
patient’s concerns, fears, values, and
expectations also must be addressed.
Although that may seem obvious, his-
torically, the design of healthcare sys-
tems, including anesthesia care, has
been centered on the needs and con-
venience of the providers and the
facility. The underlying concept was
that quality of care alone was enough,

whereas quality of service (i.e., “pa-
tient centeredness”) was relatively in-
significant in the process. That con-
cept is changing, but it is not yet fully
addressed in many approaches to
teaching, education, and practice in
anesthesia. Thus, to establish the
foundation for talking about patient
safety and quality, this chapter begins
by emphasizing that patient percep-
tions must be considered in the de-
sign of a safe, high-quality anesthetic
experience.

The patient’'s most fundamental
needs are for high quality and com-
plete safety. Meeting these expecta-
tions demands knowledge, skills, and
continuous vigilance. Equally impor-
tant is a system that ensures safe
practitioners; provides the appropriate
drugs, technologies, policies, and pro-
cedures to foster safe practice; moni-
tors performance of the entire pro-
cess (including both outcomes and
patient satisfaction); identifies safety
and quality problems; and implements
corrections. All of these demand a
culture of safety and quality at all
levels of the system, a culture that
supports these needs not just in word,
but in deeds and actions.

In 2001, an Institute of Medicine
(IOM) committee identified patient
safety, quality of care, and patient-
centered care (i.e., individualized care)
as progressively increasing levels of
excellence in the overall healthcare
process.® This view is consistent with
the tenants of other organizations that
serve the public while dealing with
potentially lethal outcomes (e.g., the
commercial aviation industry). In

KEY POINTS

short, safety is the foundation upon
which quality (e.g., the application of
evidence-based approaches) and then
patient-centeredness are built, but all
are required to meet the goal of high-
est-quality care.

The demands for quality and safety
start with the patient’s needs guided
by the needs of the physicians per-
forming the procedure (medical, surgi-
cal, or diagnostic) that requires anes-
thesia care. Quality and safety goals
must be met before, during, and after
application of the anesthetic, includ-
ing the various transport processes.
Within this framework, constraints are
introduced by the needs of all parties
in the care process, including the ex-
pectations of other clinicians (e.g., sur-
geon or other operator, medical con-
sultants), facilities (e.g., hospital or
ambulatory care site), and the patient
(or family or guardian, for example).
Sometimes these are competing ex-
pectations, requiring thoughtful trade-
offs based on essential priorities.
When balancing these tradeoffs, in-
volvement of the patient is a key to
positive patient satisfaction with the
overall process.

Every subsequent chapter in this
text has the delivery of safe and high-
quality care as its primary objectives.
This chapter defines a strategy and
generic principles for achieving these
objectives, centering on the patient
while also meeting the other demands
of modern perioperative care. Subse-
quent sections in this book provide
specific elements of evidence-based
anesthesia care that are required to
meet these strategic objectives.

1. The patient should be the center
focus of anesthesia care.

2. The goal of anesthesia care must be
to ensure that no patient is harmed.

3. Preventing harm is challenging be-
cause care is complex, serious ad-
verse events are relatively rare and
almost always the result of many
causes rather than a single one.

4. Serious adverse events are usually
the result of weaknesses in the “sys-
tem” of anesthesia care, not the
fault of incompetent clinicians.

5. To prevent adverse events, a strate-
gy is needed, not simply vigilance.
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6. Organizations, departments, and
groups must employ a top-down ap-
proach and a commitment to creat-
ing a safe environment and system
for safety.

7. Safety must be the number 1 organi-
zational priority to create an organi-
zation that operates at the highest
level of reliability.

8. Anesthesia professionals must em-
ploy a broad array of safety tactics.

9. Teamwork and communication
among the perioperative caregivers
are critical components of patient
safety.



DEFINING QUALITY
AND SAFETY

The key terms commonly used to dis-
cuss quality and patient safety are as
follows:

e Patient-centered care encompasses
the qualities of compassion, empa-
thy, open and complete communi-
cation, and responsiveness to the
needs and preferences of each pa-
tient.?

® Quality of care is the extent to which
health services for individuals and
populations increase the likelihood
of desired health outcomes and are
consistent with current professional
knowledge.*

e Patient safety is the avoidance, pre-
vention, and amelioration of adverse
outcomes or injuries stemming from
the processes of healthcare. These
events include “errors,” “deviations,”
and “accidents.” Safety emerges
from the interactions among the
components of the system; it does
not reside in a single person, device,
or department. Improving safety de-
pends on learning how safety
emerges from the interactions of the
components through analysis of
“near misses” and adverse outcomes
or injuries. Patient safety is a subset
of healthcare quality.’

® Quality assurance is the formal and
systematic monitoring and review-
ing of medical care delivery and
outcome; designing activities to im-
prove healthcare and to overcome
identified deficiencies in providers,
facilities, or support systems; and
the carrying out of followup steps or
procedures to ensure that actions
have been effective and no new
problems have been introduced.b

e Adverse event is an injury that was
caused by medical management that
results in measurable disability.”

e Accident is an unplanned, unexpect-
ed, and undesired event, usually
with an adverse consequence.?

e FError is when a planned sequence of
mental or physical activities fails to
achieve its intended outcome and
these failures cannot be attributed
to the intervention of some chance
agency.’

e Human factors refers to the scientific
discipline concerned with under-
standing interactions among hu-
mans and other elements of a sys-
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tem, and to the profession that
applies theory, principles, data, and
methods to design so as to optimize
human well-being and overall sys-
tem performance.'®

e Risk management is the clinical and
administrative activities undertaken
to identify, evaluate, and reduce the
risk of injury to patients, staff, and
visitors, and to identify, evaluate,
and reduce the risk of loss to the
organization itself.!!

The concepts of quality and safety
are a continuum. There is no uniform
agreement on their differences in the
larger healthcare community. Some
view safety as a subset of quality;
most agree that quality care must be
founded on safe care. There is per-
haps more of an argument for that in
the larger world of healthcare and less
in anesthesia. One important differ-
ence is that quality is generally mea-
sured in terms of success in achieving
desired outcomes, whereas safety is
measured in failures, particularly cat-
astrophic failures. Success in achiev-
ing the desired outcomes includes not
only a safe experience, but also one
that incorporates the elements of evi-
dence-based medicine, especially be-
cause personal provider experience is
almost never adequate to evaluate ei-
ther the overall positive or negative
consequences of a specific drug, tech-
nique, or procedure. Because anes-
thesia is generally not therapeutic,
complete safety must be the most im-
portant goal of every anesthetic. Sim-
ply stated, this means a goal that no
patient is caused any injury or complica-
tion from the effects of the overall anes-
thesia encounter. This may seem unat-
tainable. But, as described below,
adopting such lofty goals and commit-
ting to achieve them leads to greater
safety and better care. The concept of
healthcare quality has broader impli-
cations than safety alone. In the con-
text of anesthesia, quality can be
thought of as a balance between pro-
viding the patient a healing experi-
ence with the least possible pain and
discomfort, optimal conditions for sur-
gery, smooth flow of patient care for
the organization, and absolutely no
injury or unwanted complication
caused by the anesthetic.

Because safety focuses on prevent-
ing rare events, it is much harder to
develop an evidence base for actions
that create safety. Randomized con-

trolled trials, while possible for test-
ing many types of quality improve-
ment measures, are almost unheard
of for trials of safety measures. Many
safety measures arise from investiga-
tion of serious adverse events. More
intuitive arguments and judgments
guide the implementation of safety
principles.

To the benefit of all, quality and
safety have attained increasing impor-
tance in modern healthcare. There is a
rich history of attention to quality
assurance; that is, attention to the
processes of improving care. Those
activities can be traced to the work of
Donebedian, who developed princi-
ples by which quality can be measured
and improved for healthcare in gener-
al, but with specific applications to
hospital care.!? It was only in the late
1990s that the concept of patient safe-
ty was raised to prominence in the
broad healthcare environment, a re-
sult of a landmark study of medical
error.’® Yet, in anesthesia, patient
safety has a much richer history. In-
deed, the specialty of anesthesiology is
often identified as the earliest adopter
of patient safety principles, and lauded
for achieving dramatic improvements
in outcomes (see Anesthesia Risk and
Accidents below for the history of pa-
tient safety in anesthesia).

The concepts of patient safety, qual-
ity assurance, and risk management
are related but have important distinc-
tions. Patient safety is focused on pre-
vention of injury. Quality assurance
generally deals with the broader spec-
trum of quality, including the success
of treatments. Risk management his-
torically was directed at managing the
aftermath of adverse outcomes, espe-
cially to manage legal issues, malprac-
tice, and avoidance of financial loss for
insurers. But modern risk manage-
ment is focused on proactive patient
safety, based on the principle that
prevention of injuries via error reduc-
tion and system improvements reduc-
es the adverse events from which mal-
practice awards arise.

ANESTHESIA RISK
AND ACCIDENTS

The roots of safety run deep in anes-
thesiology. Dating to the first survey of
anesthetic deaths,'*15 there has been a
regular and continuous self-examina-
tion within the anesthesia profession
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to understand the causes of harm and
how to prevent them. In the modern
era of healthcare, anesthesia was the
specialty that coined the term “patient
safety,” which is now in the lexicon of
healthcare and broadly applied to all
medical disciplines.

History of Patient Safety
in Anesthesia

The history of safety in anesthesiolo-
gy may have begun with the first
description of an anesthetic death—
that of Hannah Greener, who died
during administration of chloroform
for amputation of her large toe in
1848.16 This examination of cause il-
lustrates the early focus of anesthesia
providers on understanding mecha-
nisms of adverse outcomes and their
prevention. Although outcome studies
were reported over the years, it was
not until the landmark study of Beech-
er and Todd that a large population
was sampled and specific causality
suggested.!” Although that study drew
the wrong conclusion from the data,
ascribing inherent toxicity to curare,
the stage was strongly set to docu-
ment and enhance the safety of anes-
thesia care through frequent reviews
of outcome and revisions in practice
based on these reviews. Other studies
followed during the 1950s and 1960s,
with a focus generally on the morbid-
ity and mortality associated with gen-
eral or regional anesthesia, and the
cause of death or serious injury in
surgical patients.!81°

One of the earliest safety interven-
tions of relatively modern times was
the development of safety features of
anesthesia equipment. Safety features
incorporated into anesthesia machines
in the 1950s and 1960s are still in use
today, including the fail-safe system
for protecting against loss of oxygen
supply pressure and pin-indexing of
gas cylinders to prevent their being
interchanged.

The concept of “patient” safety
arose in the early 1980s, in response
to several factors. The first study of
the contribution of human error in
anesthesia was reported in 1978, and
was followed by later studies of a
larger cohort and specific issues of
how errors occur and strategies for
their prevention.?®?! In these studies,
Cooper et al. studied “critical inci-
dents” gathered in interviews with an-
esthesiologists, residents and nurse
anesthetists from four hospitals. The

findings elucidated the mechanisms
of what were then called anesthesia
“mishaps” as being multidimensional
in that a number of errors and other
factors contributed to each event.
Other reports described attributes of a
specific event, disconnection in the
breathing circuit, and a generic con-
tributor to critical events, the relief of
one anesthesia provider by another.
Several studies replicated the meth-
ods and general findings in other set-
tings and countries.??2?

A ‘“crisis” of increasing costs for mal-
practice insurance for many medical
specialists, especially anesthesiologists,
prompted intense interest in reducing
settlements for claims through tort re-
form. More importantly, leadership
among the anesthesia community took
a then unique approach of concentrat-
ed efforts to reduce the number of
adverse events that led to claims. The
American Society of Anesthesiologists
(ASA), under its then president, Ellison
C. Pierce, Jr., MD, created a committee
on Patient Safety and Risk Manage-
ment, which likely was the first use of
the term “patient safety.””* In 1984, an
International Symposium on Prevent-
able Anesthesia Mortality and Morbidi-
ty was held in Boston, and the concept
of a directed effort toward anesthesia
patient safety was conceived. The An-
esthesia Patient Safety Foundation
(APSF) was formed in 1985. Its newslet-
ter, research program, and other activi-
ties represented the first organized ef-
forts in healthcare to address patient
safety as a single topic. The ASA later
sponsored studies of closed malpractice
claims, which led to numerous reports
about causes of the most severe ad-
verse events and their trends.?®

Many efforts contributed to what ap-
pears to be a substantial reduction in
catastrophic adverse anesthesia out-
comes among relatively healthy pa-
tients.?6 Among these were improve-
ments in educational programs, safer
drugs and equipment, more intense
patient monitoring (especially oxygen
analyzers, pulse oximetry, and capnog-
raphy), and new technologies for man-
aging difficult airways (a specific con-
tributor to numerous severe adverse
outcomes). Standards and guidelines
for anesthesia care also played a role in
reducing adverse events. The Harvard
Medical School Department of Anaes-
thesia promulgated the first standards
for care in 1986;%” these were later
adopted by the ASA as national stan-

BOX 3-1.

Key Influences Leading to Increasing
Patient Safety in Anesthesia

Research in human error, human fac-
tors, and closed claims.

Development and routine use of pulse
oximetry.

Development and routine use of cap-
nometry.

Enhanced alarms and safety features in
anesthesia machines/workstations.

Development of safer anesthetic drugs.

Anesthesia Patient Safety Foundation
focus on patient safety.

ASA adoption of standards and guide-
lines for safe practice.

Development of new airway-manage-
ment tools such as fiberoptic bron-
choscopy.

Data from American Society of Anesthesiol-
ogists: Standards, Guidelines and Proce-
dures. http://www.asahq.org/publications
AndServices/sgstoc.htm. Accessed May 23,
2006.

dards. It is claimed that these stan-
dards are associated with a reduction
in serious outcomes among ASA physi-
cal status (ASA-PS) 1 and 2 patients in
the ensuing years.?® Many other stan-
dards and guidelines followed. Box 3-1
summarizes key milestones in the path
to safer anesthesia care.

A national movement in patient
safety was catalyzed by the 1999 publi-
cation of the IOM report To Err is
Human: Building a Safer Healthcare Sys-
tem.'3 This landmark study identified
failures in the healthcare system to be
an important public health issue and
the eighth leading cause of death in
the United States. It and subsequent
reports recommended fundamental
changes in the healthcare system to
combat a problem with deep roots in
the way patient care is organized (or
disorganized), particularly the culture
of healthcare that did not place a high
priority on the overall safety of pa-
tients relative to the delivery of specif-
ic services. A federal agency was later
assigned to direct U.S. government
initiatives to improve safety. Patient
safety became a higher priority in the
mission of numerous health-related
organizations, and the sole mission of
others. Anesthesiology was singled out
in the IOM'’s report, and in other writ-
ings, as the one specialty that ad-
dressed patient safety early and with
positive results.


http://www.asahq.org/publicationsAndServices/sgstoc.htm
http://www.asahq.org/publicationsAndServices/sgstoc.htm

Current State of Knowledge
of Anesthesia Risk and
Relationship to Error

There is a general belief that the risk
of preventable death or injury from
anesthesia is relatively low compared
to many other medical and nonmedi-
cal risks. Yet, there are no accurate
estimates of the rate of adverse out-
comes in general or for an individual
patient presenting with specific risk
factors. One reason is that there are
no standard methods for assigning
causality appropriately among numer-
ous factors that include anesthesia,
surgery, the facility (and its systems),
and the patient’s disease. Particularly
in the United States, the fear of mal-
practice claims hinders reporting and
open, candid discussion of errors. Fed-
eral legislation, similar to that enacted
in Australia in the late 1980s, now
protects voluntary reporting, although
the process for doing that has not
been implemented as of this writing.?®
Despite the absence of strong evi-
dence, estimates of the risk of unto-
ward outcome to a relatively healthy
patient are believed to be on the order
0f 1:100,000 patients.?*3° However, for
patients presenting at greater risk, the
risk may be on the order of 1:10,000,
which is not different from early esti-
mates for all patients.?%3! Thus, there
remains substantial room for im-
provement in overall safety of anes-
thesia. Chapter 24 has a comprehen-
sive discussion of risk, mortality, and
morbidity.

ACCIDENT MODELS

Most people, both in and out of
healthcare, seek to assign blame to
specific individuals for specific lapses
in performance associated with an
adverse event. Yet, the evidence dem-
onstrates that most injurious acci-
dents are typically complex events for
which there is no single cause.3?-3*
Although it would be possible to envi-
sion a scenario wherein a specific act
by one individual led to an accident,
assigning such pinpoint causality is
not a useful approach to accident pre-
vention. Substantial research is target-
ed at learning how accidents occur
and how humans are involved in that
process. The science emerging from
that research supports the concept
that there are few simple solutions for
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prevention of accidents. However, it
offers possible strategies and tactics
for lowering the potential for acci-
dents, by preventing human error and
its precursors (i.e., the factors that
promote and propagate errors), and
by creating resilience in systems to
respond to those errors that will inev-
itably occur despite the best of inten-
tions and preventive actions.

When moving toward a goal of zero
failures in patient care, we must con-
sider models for both organizational
and individual failure. The goal of
adverse event-free anesthesia care
can be achieved only by applying a
broad spectrum of prevention strate-
gies and building resilience through-
out the entire system of anesthesia
care, for the overall system is no
stronger than its weakest links. This
section examines several models and
issues at the organizational and
human levels to inform our thinking
about designing for failure.

The “System” of
Anesthesia Care

Before examining models for failure,
we need a model for anesthesia prac-
tice. Whereas anesthesia could be
viewed simply as a single provider
administering drugs to a single pa-
tient, that narrow perspective does
not represent the much more intricate
and multidimensional processes that
characterize care delivery. Rather, the
anesthesia encounter consists of sev-
eral components that comprise the
“system of anesthesia care.” The anes-
thesia processes can be thought of
broadly in three phases: preanesthetic
planning and preparation, provision
of anesthesia for the procedure, and
postanesthesia care. Within each of
these phases, the anesthesia provider
(or providers) performs a set of tasks
that are intended to provide quality
care for the patient, surgeon, or other
operator, and the healthcare organiza-
tion. Achieving patient care quality
and safety requires that these anes-
thesia activities not be independent
from the needs of other providers,
allied health professionals, technical
staff, support staff, hospital or organi-
zation programs, and, especially, not
independent of the patient’'s needs
and expectations. The interactions be-
tween all of these components com-
prise a “system” of care that has yet to
be fully modeled for the perioperative
experience. Furthermore, this “anes-

thesia system” takes place within a
system of systems that comprise the
overall course of care, and numerous
elements of this larger system may
interact with anesthesia care at multi-
ple points in the delivery process;
such interactions often contribute to a
less-than-optimal experience for the
patient.

The Accreditation Council for Grad-
uate Medical Education (ACGME) has
established a set of 8 competencies
that must be met for all medical train-
ees.®® One competency is to under-
stand and know how to practice within
a system of healthcare. That require-
ment arose in recognition of the inter-
dependencies among all the members
of the care team and the larger system
in which they all operate. In the case
of anesthesia, that implies having an
understanding of the requirements
and needs of all other participants in
the perioperative system and imple-
menting an anesthesia plan that ap-
propriately meets these various needs,
rather than acting individually in an
introverted fashion.

Models of
Organizational Failure

Several models offer generic explana-
tions of how accidents occur. James T.
Reason is perhaps the most widely
cited author for overall conceptual
thinking about the mechanisms of
human error and system failures, al-
though his work is founded on the
basic work of Rasmussen. Their think-
ing derives from research in high-
hazard industries, such as nuclear
power, aviation, and chemical manu-
facture. Gaba has offered insightful
interpretations of this work and other
research as it applies specifically to
anesthesia practice.*® The basic con-
cepts are relatively simple: Accidents
are not one-dimensional; rather, they
are the result of the interaction of
several elements. There are generic,
individual elements that influence the
evolution of accidents, but each acci-
dent is somewhat unique in the way
that elements combine to result in
injury. (Note that in the context of
“safety,” we are addressing only those
adverse outcomes that could be pre-
vented given the application of cur-
rent knowledge; death or injury that
appears to be caused primarily by the
patient’s disease process or the unpre-
dictable influences of drugs or opera-
tion, likely cannot be altered by safety
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FIGURE 3-1. “Swiss cheese” model of accidents in anesthesia. Reason J. Managing the Risk of
Organizational Accidents. Aldershot, Hants, UK: Ashgate Publishing; 1997.

interventions.) Reason depicted the
process of accident evolution in what
is widely referred to as the “Swiss
cheese” model (Fig. 3-1).°

The “Swiss cheese” model illustrates
that accidents are typically the result
of a series of events that include pre-
cursors, which trigger or allow the
chain of events that result in the final
(active) adverse event. Reason termed
these precursors latent errors. This
concept is now widely accepted in
understanding healthcare system fail-
ures. Latent factors are situations that
exist on a regular basis within any
work environment. They have the po-
tential for influencing the initiation or
propagation of an evolving accident.
Examples are failure to maintain
equipment or replace obsolete equip-
ment; selection of low-quality supply
items; poor scheduling practices that
promote haste or fatigue; and case
scheduling and staffing models that
allow assignment of relatively inexpe-
rienced clinicians to unfamiliar cases
or high-risk patients. Cultural influ-
ences are an important source of la-
tent failures. Examples include the
pressure to proceed with cases in re-
mote locations where the resources
are insufficient to meet minimal anes-
thesia safety requirements; pressures
to move rapidly to avoid “turnover
delays;” pressures to assign an experi-
enced provider to a case in order to
“keep the schedule moving;” a hostile

atmosphere within an operating room
that limits preemptive communication
of care concerns; and failure to heed a
patient’s warnings or concerns. Latent
errors rarely lead to an immediate
accident. Rather, they can be seen as a
lurking enemy, or, as Reason called
them, ‘resident pathogens,” awaiting
the circumstances that will combine to
produce a catastrophic outcome, often
in ways that are unusual and what
may be called “unpredictable.” Avoid-
ing the consequences of latent errors
requires a broad set of defenses and
resilience throughout the system, to
mitigate evolving failure that results
from alignment of the “holes in the
cheese.”

Reason’s model highlights the need
for broad and varying mechanisms to
trap errors and failures during the
patient’s healthcare encounter and
thus mitigate or prevent the full cas-
cade from unfolding. His work on
managing risk begins at the organiza-
tional level and offers a spectrum of
strategies and tactics for accident pre-
vention. Both the attitude and actions
of the organization and each individu-
al in the chain of care can either
bolster or undermine those defense
mechanisms.

There is a competing theory that
postulates that prevention is not al-
ways possible or even probable. The
normal accident theory (NAT), as de-
scribed by Perrow,*? characterizes

some industrial systems as being par-
ticularly resistant to strategies for pre-
vention of catastrophic accidents if the
systems are both complex and “tightly
coupled”; that is, the connections be-
tween processes are such that one
quickly affects the other in ways that
can evolve into an accident that is not
predictable by deterministic analysis.
NAT does not offer much hope for
prevention of accidents in many high-
risk industries. Fortunately, although
human physiology and all of the pro-
cesses involved in anesthesia adminis-
tration may together create a “com-
plex” system, there is not usually the
extent of “tight coupling” that is neces-
sary in Perrow’s model, although it
may occur in certain high-risk patients
whose disease processes present a
less-stable condition. Still, the NAT
view of accidents and how they evolve
provides many lessons for anesthesia
practice, and for constructing resilient
systems to minimize the potential for
accidents. Of special concern is that
some protections and safety features
can actually make systems more com-
plex, mask impending problems, and
impart a false sense of security. This
concept is an example of how certain
prevention or mitigation strategies
may affect other parts of the system in
unanticipated ways and thus lead to
new, unexpected risks. Anesthesia has
many examples: Pulse oximetry can
lead to practicing closer to the edge of
acceptable levels of oxygenation or
inappropriate assumptions that a func-
tioning pulse oximeter implies ade-
quate blood flow as well; automated
noninvasive blood pressure monitors
can fail to cycle and thus continue to
present falsely high readings even in
the presence of blood loss; or alarms
on anesthesia monitors may be turned
off to avoid “distraction” during the
procedure. Moreover, the relative
safety of anesthesia itself has been
called an “insidious hazard,” for some
become complacent about anesthesia
care and vigilance and assume that
nothing will go wrong, based on prior
experience.?!’ The development of
complacency about safety, based on
prior experiences, has led to major
disasters in a variety of organizations;
a prime example is the loss of the
orbiter (“shuttle”) Columbia on Febru-
ary 1, 2003. The Columbia Accident
Investigation Board identified a num-
ber of contributing latent factors that
resulted in complacency within the



National Aeronautics and Space Ad-
ministration (NASA), including the ac-
ceptance of “normal deviation” and the
loss of checks and balances that should
have guided NASA safety -efforts;
many of these latent factors resulted
from the lack of serious events in the
years immediately preceding the loss
of Columbia.®s

Reason’s commentary about creat-
ing effective defenses against acci-
dents fits well for anesthesia:

If eternal vigilance is the price of lib-
erty, then chronic unease is the
price of safety. Studies of high-reli-
ability organizations—systems that
have fewer than their share of acci-
dents—indicate that the people who
operate and manage them tend to as-
sume that each day will be a bad day
and act accordingly. But this is not
an easy state to sustain, particularly
when the thing about which one is
uneasy has either not happened or
has happened a long time ago, and
perhaps in another organization. Nor
is this Cassandra-like attitude likely
to be well received within certain or-
ganizational cultures....?

Models of Human Error/Failure

The modern theory of accident causal-
ity and safety views the human as a
component of a system. Most experts
now tend to play down the operator’s
responsibility for accidents, perhaps
because so often the attention and
blame has been so heavily directed at
those who are at what Woods and
Cook term the “sharp end” of the pyra-
mid of accident control.?’ In fact, there
is substantial evidence about human
error and how humans interact with
systems in diverse ways to either help
or hinder the accident process. This is
a topic of serious study that applies to
all of society, and numerous textbooks
of general and specific areas are avail-
able.?®® Whereas the vast majority of
research has been in industry, most
notably aviation and nuclear power
applications, there has been substan-
tial study in anesthesia specifically,
where the earliest studies and discus-
sions of human error and human fac-
tors in healthcare are found.

The studies of critical incidents men-
tioned earlier identified the basic issue
of human error as a component of what
were termed “mishaps.” Factors associ-
ated with mishaps, what would now be
called latent factors, were identified,
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such as lapses in training, equipment
design weaknesses, and the contribu-
tion of fatigue. In these and other areas,
the science of human performance and
human factors has revealed much
more about the weaknesses of humans
and the many ways in which we can
fail, including how system design and
other factors can influence our perfor-
mance and conspire to weaken even
the most expert clinician.

There has been a strong reliance on
“vigilance” during anesthesia as the
primary approach to error prevention,
so much that the word is the motto of
the ASA. Vigilance means sustaining
attention.®® It has been defined as hav-
ing 3 components: alertness, selection
of information, and conscious effort. It
is a much more complex process than
is immediately apparent, and vigilance
is the subject of much investigation in
many fields that require sustained at-
tention to assure safety and perfor-
mance. The observant practitioner is
aware of some of the many ways that
vigilance can be thwarted and perfor-
mance degraded. Furthermore, vigi-
lance is only one task of a complex set
of tasks that compromise safe anesthe-
sia practice.

Human error in general is the sub-
ject of intense investigation in the
fields of human factors, ergonomics,
and industrial psychology. Again, we
look to James Reason for a overview of
the subject.® Reason built on the work
of Rasmussen in defining and charac-
terizing human performance and er-
ror. Performance is defined in 3 levels:
skill based, rule based, and knowledge
based. Error is defined as the failure of
planned actions to achieve their de-
sired ends without the intervention of
some unforeseeable event. Errors are
divided into 2 main types: slips and
mistakes (Box 3-2).

These definitions do not of them-
selves help prevent errors, but the
thoughtful practitioner will consider
that his or her slips and mistakes vary
in type and cause, most of all recogniz-
ing that all forms of error require ef-
forts toward prevention and mitigation
of the consequences of those errors
that occur despite the best of efforts.

Many factors influence vigilance
and performance (performance-shap-
ing factors), including fatigue and sleep
deprivation, environmental influenc-
es, production pressures, human-inter-
face design, and teamwork. Other fac-
tors associated with adverse events in

Slips and Mistakes

Slip: The plan is adequate but the
actions fail to go as planned. These
are unintended failures of execu-
tion, also referred to as lapses,
trips, or fumbles. They are further
divided into attentional slips of ac-
tion and lapses of memory.

Mistake: The actions conform to plan
but the plan is inadequate to
achieve its intended outcome. Mis-
takes are divided into rule based
(e.g., misapplication of normally
good rules but not correct for this
situation) and knowledge based
(e.g., incorrectly thinking out a so-
lution for which there is not a pre-
packaged solution).

anesthesia that either may promote
errors or foster their propagation have
been identified.?*?! We consider some
as examples of the kinds of issues that
anesthesia providers must address to
maintain accident-free performance
throughout a professional career. Mea-
sures to prevent performance decre-
ment or to help maintain optimal per-
formance are described in Creating
Safety at the Organizational and De-
partment Level below.

Fatigue and Sleep Deprivation
There is recent evidence (in trainees)
that shows a clear association between
sleep deprivation and human errors,
including lack of attention to task, seri-
ous auto accidents, and medical errors
involving both diagnosis and treat-
ment.***? There are many examples of
large-scale industrial accidents where
sleep deprivation or fatigue was identi-
fied as a major contributing factor.
Howard et al. reviewed the litera-
ture on sleep and fatigue with particu-
lar reference to anesthesia.** Among
the key findings were the following:
(a) Inadequate sleep degrades perfor-
mance; (b) Individuals require differ-
ent amounts of sleep to feel awake and
alert; (c¢) The failure to obtain ade-
quate sleep results in a sleep “debt”
that is cumulative and can only be
diminished by sleep to pay back the
debt; (d) Circadian rhythms have an
important influence both on the ten-
dency to sleep and the ability to sleep.
The circadian lull associated with de-
graded performance is between 2 and
6 A.M. and 2 and 6 p.M.; and (e) Stimu-
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lants such as caffeine can aid in main-
taining alertness and wakefulness, but
side effects must be understood in
order to use these effectively.**

Transitions Among Care
Providers (“Handoffs”)

There are conflicting findings about
the impact of handoffs among anesthe-
sia providers to mitigate the effects of
fatigue, boredom, hunger, and so forth.
Cooper et al. examined critical inci-
dents associated with relief of one an-
esthesia provider by another.*> They
concluded that, overall, relief provided
more benefit from detecting undiscov-
ered problems than harm from trans-
ferring responsibility to a provider
with less serial knowledge of the spe-
cific patient and procedure. These con-
clusions were verified by interpreta-
tion of data from a similar study by
Short et al.*® More recently, Arbous et
al. found that a change of anesthesiolo-
gists was associated with a greater inci-
dence of severe morbidity and mortali-
ty.*” Yet, routine breaks are generally
found to be useful and necessary in
anesthesia and in high-hazard indus-
tries. Provisions for adequate transfer
of critical information and situational
awareness are required. Cooper sug-
gested a specific set of guidelines for
conduct of handoffs, which was recent-
ly updated.®®4® The hazards of transi-
tions in care are now more widely
recognized in healthcare and receiving
increasing attention for remediation.
More handoffs now occur among train-
ees as a result of the recent ACGME
work-limitation requirements that are
intended to mitigate the consequences
of sleep deprivation and fatigue.

Environmental Factors

Many environmental factors can affect
the performance of the anesthesia pro-
vider. Among these are noise, ex-
tremes of temperature and humidity,
lighting, and toxic vapors.®® Listening
to music or reading during anesthesia
administration are controversial issues
with conflicting tradeoffs.5*%! There
are no robust studies in healthcare,
nor simple extrapolations from studies
in other fields, to guide the develop-
ment of evidence-based standards.
Rather, good judgment appears to be
the best guideline. Background music
can alleviate stress and boredom, but
different musical tastes may lead to
different effects among all on the oper-
ating team. Loud music or other noises
can obscure verbal communications

and be especially disruptive during
periods of high workload or manage-
ment of critical events. Similarly,
reading in the operating room could
alleviate boredom during uneventful
intervals, but it could also foster a lack
of vigilance and alertness. Reading ap-
pears especially problematic intuitive-
ly, and would be difficult to justify
during an accident investigation in-
volving pilots, air traffic controllers, or
anesthesia providers, among others.

Human Factors and Human
Interface Design

Human factors engineering (HFE) is a
broad topic that encompasses all of the
different aspects of the ways in which
humans interact with systems.®® The
importance of human factors, espe-
cially the design of the human-
machine interface, is well known in
other fields, but greatly underappreci-
ated in healthcare.!® Human error can
be either encouraged or discouraged,
depending on the attention given to
understanding human limitations and
the ways in which humans interact
with the machines and technologies.
The goal of HFE is to “design tools,
machines, and systems that take into
account human capabilities, limita-
tions, and characteristics.””® Given
that anesthesia is very technology-
intensive, human factors issues play
an important role in prevention of
errors and adverse outcomes.

Several studies have examined the
anesthesia work environment, the tasks
of anesthesia providers, and how the
design of displays and alarms impact on
ease of use and errors.?¥53% The results
indicate that technology is not generally
well designed to accommodate the
ways people use it. There are numerous
examples of how the design of a device
interface can be especially danger-
ous.>>®” The design of anesthesia moni-
tors is particularly problematic, espe-
cially when the anesthesia provider
works in facilities that have various
models or different suppliers of devices.
Software complexity, for example, the
depth of menus, excessive flexibility in
options for alarms, and displays, can
cause confusion and distract the provid-
er from other important tasks that
should be higher priority.

Production Pressure

Production pressure refers to “overt or
covert pressures and incentives on
personnel to place production, not
safety, as their primary priority.”®

Based on a survey of anesthesiologists
in California, Gaba et al. reported that
nearly half of the respondents had
witnessed instances of what they be-
lieved to be unsafe actions by an anes-
thesiologist because of production
pressure.®® These included internal
pressures (e.g., to foster good relations
with a surgeon, accrue personal in-
come) and external pressures (e.g.,
proceed rather than cancel a case to
appease patient or family, accept an
unfamiliar patient or procedure to fos-
ter facility throughput).

Teamwork

The importance of good teamwork and
communication is now more widely
recognized in healthcare, especially
for surgical teams. A substantial body
of literature from high-hazard do-
mains, especially aviation, and in
healthcare, demonstrates the value of
teamwork for successfully preventing
and managing critical situations.59-6!
Gaba et al. were the first to develop
teamwork and crisis management
training techniques for healthcare,
adapting crew resource management
(CRM) techniques from aviation for
applications in anesthesia.®? These ap-
proaches have since been extended to
nearly all healthcare settings but are
particularly applicable to those where
rapid action is required to successfully
treat acute complex events, such as
dire surgical emergencies.®?

A team can be defined as “two or
more individuals who have specific
roles, perform interdependent tasks,
are adaptable, and share a common
goal.”® Box 3-3 lists some characteris-
tics of effective teams.>® 6465 These def-
initions and characteristics, derived
from other industries, generally apply
to healthcare and to anesthesia prac-
tice. Anesthesia providers have a vary-
ing dependency on others, depending
on the setting and circumstances.
Good teamwork can prevent errors or
prevent them from propagating. Team-
work is vital to the successful manage-
ment of critical events. The team with-
in which anesthesia providers work
varies depending on the setting, but it
typically has a surgeon, a circulating
nurse, a surgical technician, and other
support personnel, including environ-
mental workers, technicians (e.g.,
blood bank, laboratory, or radiology),
and clerical personnel. Within the
broad system of care, the team can
include those who provide care pre-
and postoperatively and specialists,



Some Effective Practices of High-
Performance Teams

Introduce all members of the team to
each other at the start of each pro-
cedure.

Regularly conduct preoperative brief-
ings with the entire operative team,
which can be done via a specific
checklist as described by Lin-
gard.%

Use specific communication protocols
within the team (SBAR is gaining
increasing acceptance. It calls for a
specific sequence for describing
the patient’s status: describe the
Situation, the Background, Assess-
ment, and Recommendations
[SBAR]).65

Establish communication standards
such as “read-back” of all verbal
orders, e.g., medications.

Conduct debriefings with the team
following unusual occurrences,
near misses, or critical events.

Establish an environment that en-
courages cross-monitoring and
backup behaviors across the entire
team.

Create a language that signifies rec-
ognition of potential hazards.

Practice for emergency situations
(Box 3-4).

such as radiologists, pathologists, and
intensivists. The immediate operative
team has been given the most atten-
tion for training and research.

Surgical teams have several distin-
guishing features that create obstacles
to effective performance. The hierar-
chy in surgical care places physicians
above other workers. It is common for
surgeons to be accorded higher status
and to assume a self-designated role of
“captain of the ship.” Whereas leader-
ship is a key feature for team success,
the person in that role should vary
depending on the situation. Similarly,
anesthesia providers may treat other
team members as subordinates rather
than colleagues. High-reliability orga-
nization (HRO; see The Elements of
Safe, High-Quality Anesthesia Care/
The High-Reliability Organization Mod-
el) theory, which is based on character-
istics of organizations that function at
high levels of safety, calls for a nonhier-
archal culture in which the leader is the
one with the most expertise, not the
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highest status. Conflict among these
roles can be problematic in manage-
ment of acute operative events, espe-
cially when the care team does not
work together regularly (e.g., during
nights and weekends when the care
team consists of “night call” personnel
from various work rosters).

CRM techniques have been applied
for training teamwork skills and per-
formance. There are now many differ-
ent approaches to such training but
the principles are generally the same.
Teamwork needs should be assessed
for the specific environment; all team
members must be motivated and en-
gaged in accepting the need for team-
work and agree about skills and behav-
iors they will adopt; those behaviors
must be taught and practiced via drills;
and the behaviors assessed and period-
ically reinforced via more drills and
didactic sessions.>?

In anesthesia, simulation of the pa-
tient and environment in which anes-
thesia is administered has been em-
ployed, both for motivation and for
training of technical and nontechnical
teamwork skills.®®6” The level of real-
ism (fidelity) employed varies depend-
ing on the training objectives and
philosophy.%® One of several models
of computer-controlled mannequin is
used to simulate the patient, whose
physiology, anatomy and life signs can
be varied to simulate normal or abnor-
mal situations.®% In high-fidelity sim-
ulation, props and actors are employed
to create realism, which is believed to
strengthen the engagement of the
learners. The early applications were
for the anesthesia “crew” of the larger
surgical team. More recently, simula-
tions have involved training for entire
operative teams. CRM concepts are the
basis for training in behavioral skills.
Prominent among these is the concept
that all team members are expected to
communicate openly, ranging from
confirming a directive (e.g., “heparin,
xx units, has been administered,” “I'm
confirming that these are Mrs. Jones’
radiographs”), to speaking out when a
concern for safety exists (e.g., “Are you
sure you should be prepping the right
hand? The consent says left.” or “Have
you noticed that this patient’s blood
pressure has been falling over the past
several minutes?”). Training sessions
use patient-care scenarios to elicit
treatment responses from the individu-
als or teams being trained. Debriefing
using videotapes of the session are

conducted to review actions. There is
some evidence that such sessions can
effectively instill good team behav-
iors.”® Team training without simula-
tion also is effective, as is the combina-
tion of both approaches.®!"”!

SOME SPECIFIC
HAZARDS ASSOCIATED
WITH ANESTHESIA

There are a seemingly infinite number
of case reports of specific hazards and
complications of anesthesia that were
largely preventable, although a litany
of isolated cases is perhaps less helpful
than a series of organized observations.
Studies of closed malpractice claims,
funded by the ASA, have examined
many of these events in a more system-
atic manner, one that assists in devel-
oping action plans for reducing risks.
These closed claims studies have ex-
plored several categories of adverse
outcomes, the most notable addressing
errors related to airway management,
monitoring, sudden cardiac arrest dur-
ing spinal anesthesia, equipment fail-
ures, or nerve injuries.?>7273

The Australian Incident Monitoring
project analyzed 4000 critical events
and developed an algorithm (COVER
ABCD: A Swift Check) that accounts
for the majority of common anesthetic
emergencies (Box 3-4)"%. Use of the
mnemonic will prevent injury in the
majority of cases if specific practices
are followed. A detailed review of
even a substantial subset of these con-
cepts is beyond the scope of this chap-
ter. Rather, we present here examples
of the types of failures that establish
an argument for having organized
principles for general prevention of
errors. Analysis of these types of
events also suggests tactics that could
reduce the likelihood that these would
become a trigger or propagator of an
accident chain.

Adverse Respiratory Events

Events associated with management
of respiration are the most serious
remaining hazards in anesthesia, as
evidenced by data from the ASA
closed claims analyses.”> The three
most common causes of death and
brain damage are inadequate ventila-
tion, esophageal intubation, and diffi-
cult tracheal intubation. The large ma-
jority of cases in the first 2 causes
were judged to have been preventable
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BOX 3-4.

Crisis Management Algorithm—Memorize and Practice: An Explanation of Each Cue in the Mnemonic COVER ABCD’#

Establish adequacy of peripheral circulation (rate, rhythm, and character of pulse). If pulseless,
institute cardiopulmonary resuscitation (CPR). The core algorithm must still be completed as
soon as possible.

Note saturation. Examine for evidence of central cyanosis. Pulse oximetry is superior to clinical

C1 Circulation

C2 Color

01 Oxygen

02 Oxygen analyzer
Vi Ventilation

V2 Vaporizer

E1 Endotracheal tube
E2 Elimination

R1 Review monitors
R2 Review equipment
A Airway

B Breathing

C Circulation

D Drugs

detection and is recommended. Test probe on own finger, if necessary, while proceeding
with O1 and O2.

Check rotameter settings, ensure inspired mixture is not hypoxic.

Adjust inspired oxygen concentration to 100% and note that only the oxygen flowmeter is
operating. Check that the oxygen analyzer shows a rising oxygen concentration distal to the
common gas outlet.

Ventilate the lungs by hand to assess breathing circuit integrity, airway patency, chest
compliance, and air entry by “feel,” careful observation, and auscultation. Also inspect
capnography trace.

Note settings and levels of agents. Check all vaporizer filler ports, seatings, and connections
for liquid or gas leaks during pressurization of the system. Consider the possibility of the
wrong agent being in the vaporizer.

Systematically check the endotracheal tube (if in use). Ensure that it is patent with no leaks or
kinks or obstructions (see suggested protocol in Anaesth Intensive Care 1993;21:615). Check
capnograph for tracheal placement and oximeter for possible endobronchial position. If
necessary, adjust, deflate cuff, pass a catheter, or remove and replace.

Eliminate the anesthetic machine and ventilate with self-inflating (e.g., Ambu®) bag with 100%
oxygen (from alternative source if necessary). Retain gas monitor sampling port, but be
aware of possible problems.

Review all monitors in use (preferably oxygen analyzer, capnograph, oximeter, blood pressure,
electrocardiograph, temperature and neuromuscular junction monitor). For proper use, the
algorithm requires all monitors to have been correctly sited, checked, and calibrated.

Review all other equipment in contact with or relevant to the patient (e.g., diathermy, humidifiers,
heating blankets, endoscopes, probes, prostheses, retractors, and other appliances).

Check patency of the nonintubated airway. Consider laryngospasm or presence of foreign
body, blood, gastric contents, or nasopharyngeal or bronchial secretions.

Assess pattern, adequacy, and distribution of ventilation. Consider, examine, and auscultate
for bronchospasm, pulmonary edema, lobar collapse, and pneumo- or hemothorax.

Repeat evaluation of peripheral perfusion, pulse, blood pressure, electrocardiograph, and
filling pressures (where possible) and any possible obstruction to venous return, raised
intrathoracic pressure (e.g., inadvertent peak end-expiratory pressure) or direct interference
to (e.g., stimulation by central line) or tamponade of the heart. Note any trends on records.

Review intended (and consider possible unintended) drug or substance administration. Con-
sider whether the problem may be a consequence of an unexpected effect, a failure of
administration, or wrong dose, route, or manner of administration of an intended or “wrong
drug.” Review all possible routes of drug administration.

Runciman WB, Kluger MT, Morris RW, et al. Crisis management during anaesthesia: the development of an anaesthetic crisis management manual.
Qual Saf Health Care 2005;14(3):e1. With permission from the BMI Publishing Group.

if “better monitoring” had been em-
ployed. For management of the diffi-
cult airway, prevention is more chal-
lenging. Peterson et al. reported that
“Persistent failed attempts at intuba-
tion were associated with an outcome
of death or brain damage in claims in
which a ‘cannot ventilate and cannot
intubate’ emergency situation devel-
oped prior to surgical incision.” 7°
They concluded that this was confirm-
ing evidence for limiting conventional
ventilation efforts to 3 attempts before
using other strategies. Despite sub-
stantial advances in technologies that
aid endotracheal intubation and some

helpful, although far from foolproof,
methods of airway assessment, there
remain many opportunities for unan-
ticipated difficulties with airway man-
agement, tracheal intubation, and ef-
fective ventilation (see Chaps. 12 and
35). Each is an opportunity for a seri-
ous adverse outcome. Although airway
management skills are greatly empha-
sized during training, there is great
variance in experience and abilities
among anesthesia providers, as are the
opportunities to practice emergency
skills. Thus, periodic retraining and
practice in the application of difficult
airway management protocols is pru-

dent. (This is an example of the value
of simulation as a tool for learning and
maintaining skills that may be needed
infrequently, but which are essential
for patient safety.)

Monitoring and Alarms

Failure to monitor the patient ade-
quately is an important contributor to
anesthesia adverse events, both in crit-
ical incident studies and in the closed
claims studies. Aside from failures of
vigilance, which are often related to
performance-shaping factors, monitor-
ing technology design and lack of expe-
rience with technology can contribute



to adverse outcomes. There are nu-
merous ways in which pulse oximetry,
capnometry, and automated noninva-
sive blood pressure monitors can give
false information, leading to missed or
incorrect diagnoses. The failure to use
alarms has led to a requirement in the
relevant standard that when a pulse
oximeter is used, the variable pulse
pitch tone and low-threshold alarm of
the oximeter must always be audible.”®
Similarly, when capnography or cap-
nometry is used, the end-tidal CO,
alarm must be audible.

Medication Errors

Medication errors are among the most
frequent errors in anesthesia, and in
healthcare practice in general.?! Simi-
larity of drug names, containers, and
label colors contribute to the ease by
which such errors can be made, espe-
cially during periods of high stress.
Dosing errors are also common and
related to the frequent need for indi-
vidual numerical calculations when
drawing and mixing drugs for bolus
administration or intravenous infu-
sion. Choosing the wrong form of drug
(e.g., among various insulin formula-
tions), flushing a catheter with a solu-
tion containing another potent drug,
and confusion in the programming of
infusion pumps are other examples of
ways in which patients can be injured.

An obvious recommendation for
prevention of some medication errors
is to admonish the provider to read the
label carefully.”” Another tactic is to
read each label 3 times. Yet, human
factors issues are widely recognized as
contributing greatly to medication er-
rors, especially because of similarity of
drug names, the small or obscure print
on vials or ampules, and the failure to
organize medication carts optimally to
avoid errors. Distractions and produc-
tion pressure also are likely contribu-
tors to medication errors. No universal
remedy for prevention has been iden-
tified. There is a standard for label
colors and grouping by drug type, but
some argue that it is unlikely to be
effective and, if anything, all drug
labels should be in black and white to
force careful reading of the drug iden-
tity and concentration.”

Errors in Diagnosis

Diagnostic errors are likely underre-
ported because of the difficulty in
their identification. Yet it is likely that
diagnostic errors occur, especially dur-
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ing the management of critical events.
Gaba has described 3 forms of fixation
errors, including “this and only this”
(fixating on a single diagnostic possi-
bility to the exclusion of others, a form
of “tunnel vision”), “everything but
this” (searching among many possibil-
ities but not including the real expla-
nation) and “everything’s OK” (persis-
tent belief that there is no problem in
spite of substantive signs that there is
a problem).%?

Equipment Errors and Failures

Current anesthesia machines and asso-
ciated technology incorporate substan-
tial safety features (see Chap. 38),
which have been developed over de-
cades in response to specific series of
patient injuries associated with failure
or misuse of equipment. Equipment
failure is frequent and can occur in
many ways, but rarely causes injury
directly.?798 When there is an equip-
ment-associated injury, it is more likely
to be from misuse than from overt
failure of a device. Whereas the end
user may be at fault, human factors
research dictates that causes related to
the design of technology and the lack of
training and practice are equally, if not
more, responsible. Among the legend-
ary failures associated with poor human
factors are the failure to turn on a
ventilator that was briefly suspended
during measurement of cardiac output
or performance of radiologic studies, or
the accidental, unnoticed disconnection
of an intravenous or arterial pressure
cannula leading to blood loss or failure
of fluid or drug administration. Users
can reduce hazards by ensuring they
obtain adequate training before using a
new device, conducting a systematic
preuse inspection of devices, and using
backup monitoring devices as aids to
vigilance. Never turning off an alarm is
an essential precept to safe care.

Errors Associated with a Lack
of Standard Practice and
Unusual Situations

The complexities of anesthesia create
many opportunities for preventable
adverse events caused by unusual cir-
cumstances or pitfalls. Goldhaber-
Feibert and Cooper, taking from a
convenient sample of clinician experi-
ences, offers numerous examples)*:

e A Passy-Muir valve (PMV), a form of
“talking” tracheotomy tube, left on a
tracheostomy when inflating the

cuff to deliver positive-pressure ven-
tilation causes repeated inflation of
the patient’s lungs with no mecha-
nism for exhalation.

e An emergency can arise during
transport of the intubated patient if
the tracheal tube is accidentally dis-
lodged.

e Administration of undiluted pheny-
toin (Dilantin) by rapid intravenous
infusion can cause refractory hy-
potension, arrhythmias, and death.

e Administration of undiluted potassi-
um by rapid intravenous infusion
can cause ventricular fibrillation
and cardiac arrest.

e Neostigmine given without an anti-
muscarinic drug (e.g., glycopyrrolate)
can cause asystole/severe bradycar-
dia and atrioventricular (AV) block,
and can be fatal.

e Inadvertent intravascular injection
of local anesthetics during a nerve
block can cause neurologic and car-
diac toxicity, which can be fatal (es-
pecially with bupivacaine).

e Air embolism can occur during the
placement or removal of central
venous catheters.

e Limb necrosis can develop if the
tourniquet used for intravenous
placement or blood draw is left on
the anesthetized patient for a pro-
longed period.

e Intracranial pressure (ICP) may be
increased if a ventriculostomy drain
is connected to a pressurized bag of
heparinized saline (in a patient who
likely already has a high ICP).

Even though these situations are
likely obvious to experienced clini-
cians, they might occur under periods
of stress and might not be obvious to
the uninformed neophyte. Learning
may arise haphazardly in the absence
of a systematic approach to training.

THE DIMENSIONS OF QUALITY

Despite the widespread use of the
term by both the public and the profes-
sions, quality in healthcare continues
to have multiple meanings, depending
especially on the views of the behold-
er. However, few would deny that the
concept of quality care has gained
increasing importance over the past 2
decades, as both health professionals
and the public have focused greater
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attention on this aspect of healthcare
delivery. A discussion of all aspects of
quality goes beyond the bounds of this
chapter, but focus on some of the key
concepts is appropriate if anesthesia
providers are to become full partici-
pants in the quality movement, a
prominent force in the early 21st cen-
tury. Our comments are limited to
some of the essential features of quali-
ty and its application to anesthesia
practice.

What is quality as applied to health-
care? “Quality” is an abstract concept,
with little intrinsic meaning. Rather, it
represents the extent to which the
expectations of healthcare consumers
are met by healthcare providers,
whether that consumer is the patient,
a professional colleague, the payer, or
the facility that provides resources for
the care delivery. In this context, the
“consumer” of anesthesia services in-
cludes not only the patient, but the
surgeon or other operator who re-
quires anesthesia services to perform
a diagnostic or therapeutic procedure.

Numerous definitions of quality ex-
ist, but perhaps the most widely ac-
cepted definition is that of the IOM,
which we noted earlier: Quality is the
“extent to which health services for
individuals and populations increase
the likelihood of desired health out-
comes and are consistent with current
professional knowledge.” Thus quali-
ty represents not a distinct entity or
end point, but a continuum in the

process of meeting the rational expec-
tations of others who interact with the
providers of healthcare services. Two
major concepts are inherent in the
IOM definition of quality: measure-
ment (i.e., “outcomes”) and evidence-
based care (i.e., “current professional
knowledge”). Inherent in the defini-
tion of quality is the view that safety is
the essential foundation for quality,
and that high quality practice cannot
be achieved in the absence of safe
practice. Figure 3-2 illustrates these
concepts.

Donabedian, a leader in the genesis
of the quality movement, proposed
that quality could be evaluated by
examining its major components:
structure, process, and outcomes.!?
Structure involves the facilities and
environment in which care is deliv-
ered (e.g., governance, policies and
procedures, and specific details, such
as cleanliness, attractiveness, ease of
access, noise levels, privacy); process
involves how care is actually deliv-
ered, including the interactions be-
tween clinicians and patients (e.g., the
elements of communication including
listening, sensitivity, compassion, the
development of trust); outcomes in-
volves measures of results of the care
provided (e.g., mortality, morbidity,
speed of recovery). Inherent in these
evaluations of quality are the patients’
perspectives on each of these areas,
whereas historically, both clinicians
and facilities focused primarily on the

Evidence based
current practice
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©
>
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FIGURE 3-2. The relationship between safety and quality and the process of care.

technical aspects of care delivery.
Thus the role of the consumer (espe-
cially the patient) in the evaluation of
healthcare quality has increased con-
siderably in recent years.

Building on these concepts, the IOM
has gone further in defining quality,
by identifying 6 desired characteristics
of healthcare. Thus high-quality care
should be safe, timely, effective, effi-
cient, equitable, and patient-centered
(often abbreviated as STEEEP, for ease
of recall). Here, also, the concepts of
measurement and current knowledge
are apparent throughout.

Although recent quality initiatives
have focused on the patient-provider
relationship, there are other dimen-
sions of healthcare delivery that re-
quire attention for both safe and high
quality practice. The relationships
among providers are key elements in
the care process, especially in an era
when complex care management is
provided by specialists and subspecial-
ists who focus on specific aspects of
care. That complexity often leads to
communication lapses and fragmenta-
tion without subsequent integration
into a coordinated system of care that
focuses on the patient’s needs for un-
derstanding, planning, and decision
making. Thus patients often rate com-
munication as one of the most impor-
tant components in the evaluation of
quality healthcare, whereas physi-
cians often rate technical abilities as
considerably more important than
communication.®!

Eliminating these lapses in commu-
nication is essential for both patient
compliance and patient satisfaction;
eliminating the lapses benefits both
process and outcome in the delivery of
care. Furthermore, it minimizes the
frustrations that patients and families
experience as a result of conflicting or
inadequate communications among
professionals, leading to mistrust of the
provider by the consumer. Finally, the
development of relationship-centered
care teams, wherein all parties have
developed a pattern of open communi-
cation and mutual respect and trust,
increase both safety and quality in mul-
tiple industries, including healthcare.®?

These concepts apply as much to
the discipline of anesthesiology as to
other disciplines in the healthcare de-
livery process. Anesthesia providers,
as individuals and departments, must
institute these principles, including
practical measurement of outcomes



and the development of relationship-
centered clinical teams, if they expect
to practice at the higher levels of the
quality spectrum (i.e., beyond the fun-
damental level of safe practice).

THE ELEMENTS OF SAFE, HIGH-
QUALITY ANESTHESIA CARE

Creating a safe, high-quality practice of
anesthesia depends on a combination
of broad strategies and effective tactics
for day-to-day work. Many models for
establishing safe environments and
practices and for ensuring quality have
been described, but there is no empiri-
cal evidence from controlled studies to
demonstrate that a specific model is
superior to other models. Still, there is
face validity from qualitative studies in
specific industries and organizations to
suggest that having an overall system-
atic approach leads to both safer and
higher quality care. Indeed, a recent
combined report from the National
Academy of Engineering and the IOM
emphasized that systems approaches to
healthcare delivery were most likely to
transform healthcare to deliver the
goals of safe, timely, effective, efficient,
patient-centered care in the future.®

The High-Reliability
Organization Model

Although several models have been
promulgated for managing quality (see
Chap. 25), there are fewer directed
primarily at safety. For the latter, the
concept of the HRO was formulated
from observations in highly hazardous
industries that, despite operating
under conditions of high risk, have
many fewer serious accidents than ex-
pected.®48> Such industries included
naval aviation, nuclear power, and off-
shore oil platforms. Weick and Sutcliffe
further describe how organizations can
be successful if they appropriately
“manage uncertainty.”®® Gaba applied
these concepts to healthcare?* Al-
though there is no single, accepted
model of an HRO, Weick lists the fol-
lowing elements that characterize a
typical highly reliable organization:

e Preoccupation with failure—Despite
its good safety records, an HRO will
constantly be on the lookout for any
signs of weak systems or impending
failure. An HRO assumes that fail-
ure is imminent and plans for the
worst. In anesthesia, this extends to
organizational and individual plan-
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ning for potential failures or prob-
lems in every procedure.

e Reluctance to simplify interpretations—
Managers often look for simple an-
swers to problems. In an HRO, in-
terpretations are more nuanced and
skepticism about apparent explana-
tions is encouraged. Rather than
simply blaming the people who are
the proximal agents in a causal
chain of events, an HRO seeks to
understand the latent failures that
led to an individual’s failure to per-
form flawlessly.

e Sensitivity to operations—An HRO
pays close attention to how work ac-
tually gets done on the frontline rath-
er than merely proposing solutions
that appear reasonable from a dis-
tance. Cook wrote about the danger
of ignoring the ways in which work-
ers must act to do their jobs, often
needing to circumvent rules made by
managers or regulators who do not
understand the complexity and chal-
lenges in healthcare systems.*”

e Commitment to resilience—The HRO
understands that regardless of its
best efforts, things do go wrong and
people do make mistakes. An HRO
“develop[s] capabilities to detect,
contain, and bounce back from
those inevitable errors that are part
of an indeterminate world.” In the
operating room, this translates to
ensuring adequate backup of per-
sonnel, supplies, and equipment.

e Deference to expertise—During a cri-
sis in an HRO, decision making falls
to the person most experienced in
dealing with that kind of problem,
not to the most senior person. A
good leader seeks out that expertise
rather than squelching disagree-
ment or demanding loyalty.

Another critical feature of an HRO
is that safety is the highest priority
over all other concerns. That is, the
interests of production and speed are
not allowed to supersede the need to
ensure safety.?* Another element of
HROs, one that has direct implica-
tions for anesthesia practice, is the
need for intensive and regular train-
ing, especially with simulation.?” For
high-hazard industries that face rare
events requiring expertise to avoid an
adverse outcome, frequent training
and practice are essential; all of these
conditions are met in the practice of
anesthesiology.

HROs are also noted for organiza-
tional learning, especially from acci-
dents and near misses. Healthcare re-
cently embraced the process of root
cause analysis (RCA).!" An RCA is
applied to unusual, potentially harm-
ful events in an effort to understand
the many elements that contribute to
an event and use the findings to de-
sign and implement corrective inter-
ventions (see Chap. 25 for more detail
on RCA). Failure mode and effect anal-
ysis (FMEA) is one of several industry
techniques to study new processes
proactively, before an adverse event
occurs.® The FMEA is used to identify
potential failure modes and key points
where barriers are needed to mini-
mize the potential for failure (see
Chap. 25 for a more detailed discus-
sion of RCA and FMEA as risk-reduc-
tion strategies).

Vaughan described the concept of
“‘normalization of deviance” that arises
when an otherwise safe organization
drifts into unsafe conditions.?? In ana-
lyzing the sociologic features of the
disintegration of the Challenger orbiter
(“shuttle”) in 1988, Vaughan identified
how NASA, under intense financial
and political pressures, evolved from
an organization that had once highly
valued safety to one that gave produc-
tion a higher priority. This led to what
she called a “normalization of devi-
ance” in the way engineers made deci-
sions about safety issues. Rather than
demanding that assurance of safety
was the highest priority at each step,
the “burden of proof” had shifted—to
cancel or delay a launch, engineers
were asked to prove that conditions
were unsafe, where previously, to
allow a launch, they were required to
prove that each item was safe. This
critical shift in emphasis has direct
applications to anesthesia and surgery.

To ensure safety, strategies and tac-
tics must be implemented at all levels
throughout an organization, from se-
nior management to bedside provider.
That process has 2 major elements of
responsibility: the organization and
the individual.

Creating Safety at the
Organizational and
Department Level
The organization is responsible for
creating a safe culture throughout its
various levels.

Culture is the “shared values and
beliefs that interact with an organiza-
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tion’s structures and control systems
to produce behavioral norms.”?* More
simply stated, it is “the way we do
things around here.” Cultural charac-
teristics are usually deeply ingrained,
not immediately visible, and often dif-
ficult to modify. Yet, it is the culture
that defines the overall commitment
to safety of an organization. Although
highest reliability can likely only be
achieved within a consistent culture of
safety across an organization, the peri-
operative subcultures and anesthesia
practices and departments can estab-
lish strong safety cultures within their
sphere of influence. Batalden refers to
these smaller elements as “microsys-
tem environments,” and emphasizes
that safety and quality must be applied
at these levels, as well as in the more
global “macrosystems environments’
(i-e., it must be brought from the cor-
porate or departmental office to the
bedside to be effective).” In contrast,
the individual practitioner working in
various environments (e.g., locum ten-
ems practice), will find it difficult to
achieve an overall high-quality, safe
practice in an organization that gives
only lip service to safety.

There is a growing literature about
safety culture (also referred to as “cli-
mate”; the terms are similar but not
synonymous) in healthcare.®’% One
means to assess the organizational cul-
ture is to conduct periodic surveys.
Little is written about the perioperative
or anesthesia department patient safe-
ty culture or what should be its defin-
ing characteristics. Helmreich report-
ed on use of one survey instrument,
the Operating Room Management
Questionnaire, and compared attitudes
of surgeons to pilots, whose safety cul-
ture is generally believed to be superi-
or to that found in many industries as
a result of long-standing attention to
safety training and interventions.”
(Others, less reverently, attribute the
safety focus of pilots to the observation
that they are usually first on the scene
of aviation accidents!). Although there
are many similarities with pilots, sur-
geons appear to have attitudes that are
not aligned with safety science, such as
a perception that their performance is
not affected by fatigue. Flin reported
on results of a survey from anesthesia
departments in the United Kingdom
with a similar finding about the effects
of stress and fatigue.”* Also, for exam-
ple, although perceptions of teamwork
were generally positive, only 65% of

respondents perceived that operating
room personnel worked well together
as a team. Respondents also reported
variable compliance with procedures
and policies.

The Joint Commission on Accredita-
tion of Healthcare Organizations (JCA-
HO) presumes to assess the organiza-
tional and department level of safety
through its process of accreditation,
which lists many requirements for an-
esthesia services. Included among
those are processes to credential indi-
vidual practitioners, processes for
evaluating unusual clinical events
(quality assurance or quality improve-
ment), policies and procedures for
common procedures, and a program
for ensuring that individuals are
trained on the technologies they use.?®
Periodic inspections are used to assess
the compliance with the JCAHO re-
quirements, but these requirements
are generally viewed by practitioners
as bureaucratic and of limited value in
ensuring that safety is deeply in-
grained in ongoing practices.

Extrapolating from the earlier de-
scriptors of an HRO, we can imagine
that a safe perioperative culture de-
monstrably places safety as its priority
with regular meetings of the group and
teams; organizational learning via re-
porting systems that are open, fair, and
nonpunitive; a formal and active quali-
ty improvement process; by imple-
menting corrective actions on learning
of unsafe practices; having policies and
procedures defining standard opera-
tions; have regular training for com-
mon emergencies; being nonhierarchi-
cal during emergencies; rewarding
those who raise safety concerns and
have open discussions about those con-
cerns; having processes for briefing and
debriefing about near misses and ad-
verse events; having standard process-
es for communication among providers
especially for transitions in care; and
use other similar processes and at-
tributes. Amazingly, few organizations
have these attributes, especially those
related to multispecialty analyses of the
causes of errors and adverse events; too
often these analyses take place in paral-
lel processes that result in the alloca-
tion of blame rather than resolution of
the root causes that are embedded in
the larger system, or the interfaces
between services or providers.

The safe organization ensures that
its workers practice safety and pro-
vides the support and resources to

enable them to do so. It is then the
responsibility of the individual to de-
velop and maintain a continuous per-
sonal commitment to safety by adopt-
ing a spectrum of safe practices as
outlined in the next section.

Practical Elements for the
Practitioner for Producing
Safe, High-Quality
Patient Care

Importance of Instilling Values
of Patient Safety, Quality and
Patient Centeredness

Safety demands that each individual,
as well as the organization, make pre-
venting any injury or harm to the
patient the highest priority. For the
individual clinician, a continual com-
mitment to safe practice includes
avoidance of unnecessary risk taking
and avoidance of corner cutting, an
almost unending anticipation of what
might go wrong, projection of actions
in anticipation of failure and, above all,
mindfulness. Weick describes mindful-
ness for HROs as organizing in such a
way as to “better notice the unexpect-
ed in the making and halt its develop-
ment.”® The concept applies equally
well to the individual practitioner or
member of the perioperative care
team. Weick goes on to say that ‘[m]in-
dfulness preserves the capability to
see the significant meaning of weak
signals and to give strong responses to
(them). This counterintuitive act holds
the meaning to managing the unex-
pected.” Being patient-centered in-
cludes placing the patient’s needs
above all others, especially protecting
the patient from harm. Thus, patient
safety and patient centeredness are
intimately connected and the hall-
marks of high-quality practice.

Maintaining Vigilance and
Mitigating Performance
Decrement

Although vigilance cannot be relied on
solely to protect the patient from
harm, it remains the strongest under-
pinning of safety in anesthesia. This
means that the anesthesia provider
must maintain alertness and be aware
of, compensate for, and counteract the
forces working against vigilance. This,
too, requires mindfulness about the
state of one’s own vigilance.

Fatigue and sleep deprivation are
probably the most common causes of
lapses in vigilance. Howard et al.
have recommended several “fatigue



countermeasures.”® Among these are
education about the effects of fatigue
on vigilance, employing good sleep
hygiene (regular bedtime and wake-
up time; restricting alcohol, caffeine,
and nicotine use; creating good condi-
tions for sleep), rest breaks, strategic
napping, and selected medications, if
necessary.

There is no evidence to support any
specified time between breaks, but
awareness of a fatigued state can sug-
gest when a break is needed. Naps are
often inconsistent with daily clinical
routines, but may be appropriate
when routines are disrupted or during
“on call” intervals. Optimal nap times
are on the order of 45-60 minutes to
improve alertness while minimizing
sleep inertia on awakening. Napping is
best done when circadian rhythms are
enabling sleep (between 2:00 and 6:
00 p.M. and 2:00 and 6:00 A.M.), and is
more difficult to do when circadian
rhythms are encouraging wakeful-
ness. The evidence that napping im-
proves performance of flight crews is
strong enough that appropriate nap-
ping is recommended during long
duration flights.”® Caffeine can be
used judiciously to compensate for
fatigue.*® Excessive use or inappropri-
ate timing of caffeine use can have the
negative consequence of preventing
subsequent sleep.

Relief breaks, either during a proce-
dure or at a change of shift, are a
double-edged sword, providing an op-
portunity to identify an undiscovered
problem or to create a new problem
because of lesser situational aware-
ness by the relieving provider.*>46 A
preplanned protocol should be fol-
lowed to optimize information transfer
during the handoff.*49

Practice in a System of Care

Anesthesiologists must identify and
integrate into the larger system of
care in which they operate. Safe care
depends on the effective work of
many others working as a team, and
understanding their constraints and
processes can go far toward creating
an environment of safety. This in-
cludes learning how to operate within
a team rather than primarily as an
individual. If the anesthesiologist can
determine how the surgeon, consult-
ant physicians, nurses, allied health
professionals, and laboratory support
personnel and systems function, and
where “glitches” may develop in these
systems, then the anesthesiologist can

CHAPTER 3: SAFETY AND QUALITY: THE GUIDING PRINCIPLES OF PATIENT-CENTERED CARE

be prepared to mitigate or interrupt
cascades that lead to adverse events.
For example, understanding how and
under what conditions delays in deliv-
ery of laboratory information might
occur, knowing when nursing turn-
overs occur, and understanding what
factors affect surgical judgment can
alert the anesthesia practitioner to
strategies that might reduce errors. An
example is failure to transfuse when
blood loss is excessive (e.g., a system
of events where estimation of blood
loss by the nurses is interrupted by
change of shift, laboratory reports are
delayed due to time pressures in the
laboratory and the surgeon “hopes”
that the bleeding is controlled; this
sequence is a classic example of the
“holes in the Swiss cheese” aligning in
a way that fosters medical error). Inte-
grating anesthesia practices into the
overall system, rather than acting in
isolation, is more likely to result in
safe and efficient processes for the
entire patient-care experience.

Teamwork

Although teamwork can be seen as a
subset of working within a system of
care, it also includes specific practices
for optimizing safety. Box 3-3 lists
some of the recommended practices of
high-performance teams in nonhealth-
care domains.

Preparation

The failure to adequately prepare for
anesthesia administration often con-
tributes to anesthesia critical inci-
dents.202L97 Preparation encompasses
a large set of issues, including com-
plete preoperative assessment (see
Preoperative Assessment and Planning
below); ensuring availability of emer-
gency drugs, equipment, and supplies;
checking out the function of equip-
ment (especially using the FDA recom-
mended procedure for ensuring func-
tionality of the anesthesia machine®);
and ensuring communication path-
ways in the event of an emergency.

Preoperative Assessment

and Planning

Preoperative assessment and planning
involves evaluation of the patient and
development of the anesthesia plan
that includes the anesthetic technique,
the requirements for monitoring, and
the plans for postoperative care, all of
which must be consistent with the
wishes of the patient and the needs of
the surgeon or other operator (e.g.,

radiologist, cardiologist), and the re-
sources of the facility.

The evaluation must be thorough
and appropriate for the procedure and
the patient; most especially, it must
include a systematic evaluation of co-
morbidities or other factors that might
lead to adverse outcomes. Even in
healthy patients, there may be condi-
tions that can lead to adverse events,
such as difficult airway access, family
history of relevant disease, or the re-
cent use of nonprescription or illicit
drugs. (Preoperative evaluation is con-
sidered in Chap. 4, and for specific
conditions in Chaps. 6-23.) Similarly,
an anesthetic plan must be developed
that is consistent with both patient
wishes and operator requirements,
and with the plans for postoperative
care. The anesthetic plan should never
be based on a rote formula that de-
pends on the procedure only; it should
be tailored to the needs of patient,
operator, and facility, including the
environment and plans for postopera-
tive care. Chapter 5 addresses the de-
velopment of the anesthetic plan in
detail.

Monitoring

Because failure to monitor is so often
associated with adverse outcomes, this
issue deserves special attention. The
safe practitioner follows the standards
promulgated by the ASA except in
truly extraordinary situations, and
should those occur, documents the
reason for noncompliance. Critical
alarms should never be disabled.

Control for Human Factors

Although the individual anesthesia
provider has little control over the
design of equipment and local sys-
tems, he or she does have substantial
control over many of the human fac-
tors features that are part of the envi-
ronment. Attention to the organized
arrangement of supplies and drugs,
especially adherence to consistent la-
beling of drugs, and establishing and
adhering to local standards are exam-
ples. Care to keep arterial and intrave-
nous cannulae and monitoring cables
orderly, ensuring reasonable lighting,
and reducing clutter, noise, and dis-
tractions are general, sound, safety
practices. Control of noise levels and
background music can be contentious
issues among staff, surgeons, and an-
esthesia providers, who sometimes are
urged to compromise the principle
that patient safety takes preeminence.
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Reasonable efforts should be made to
reach compromise and music should
be discontinued during management
of critical events.

Applying Systematic Crisis
Management Techniques
Anesthesia crisis resource management
(ACRM) is an organized set of principles
for managing crisis situations in anes-
thesia. Adapted by Gaba et al. from
CRM in aviation, it consists of several
founding principles for effective man-
agement of acute events.6270.99100 Al
though there is no single adopted stan-
dard, the following principles are
generally applicable:

e Seek assistance early and quickly—
inform others on the surgical team
and call for extra assistance as soon
as unusual circumstances are rec-
ognized.

e Establish clarity of roles for each per-
son involved in management of the
event; especially identify who will
manage the event (event manager).

e Use effective communication pro-
cesses, including reading back of
instructions, being clear to whom
directions are being given.

e Use resources effectively and identi-
fy what additional resources (peo-
ple, supplies, equipment, transpor-
tation, etc.) are available to manage
the situation.

e Maintain situational awareness and
avoid fixations, which is perhaps the
most challenging task as situational
awareness is difficult to retrieve
once it is lost. Having one person act
as event manager, observing the big
picture rather than becoming im-
mersed in the details, is thought to
be effective.

The algorithm of ABCD COVER
swift check discussed earlier (Box 3-4)
should be available for reference.

Infection Control

Care in the safe use and sterility of all
anesthesia systems is essential, espe-
cially in the modern hospital environ-
ment where hospital-acquired infec-
tions with resistant organisms (e.g.,
methicillin- or vancomycin-resistant
Staphylococcus aureus organisms) are
increasingly common. Adherence to
carefully timed protocols for antibiotic
administration in the perioperative in-
terval reduces postoperative wound
infection.!® Surgical wound infection
rates are increased 3-fold by hypother-

mia and reduced by increased periop-
erative oxygen administration.!02103

Following Standards and
Practice Guidelines

The ASA has established a large set of
practice standards and guidelines.!®*
Standardizing practices across provid-
ers is widely accepted as a critical
component for safety and reliability.
Box 3-5 lists common practice stan-
dards. Each practitioner is obligated to
be familiar with such guidelines and
apply them appropriately in his or her
practice. Similarly, healthcare facili-
ties are required to establish local po-
lices and procedures to ensure stan-
dardization of basic practices. These,
too, must be known and followed.

Periodic Training

Because critical events are relatively
rare and demand expert and effective
treatment, it is important to practice
skills periodically. Schwid demonstrat-
ed that advanced cardiac life support
(ACLS) skills are generally maintained
for only approximately 6 months.!%
Periodic training includes practice in
management of the unanticipated dif-
ficult airway, generic skills in ACRM,
and drills for operating room fires and
other specific anesthetic emergen-
cies, such as malignant hyperther-
mia. Simulation is increasingly used
for such training. Some practice can
be achieved via computer-based simu-
lators and trainers, which are effective
for obtaining knowledge in manage-
ment of acute events.!®® Simulation
using various forms of simulators,
from basic to the most realistic envi-
ronment, is effective for imparting ge-
neric, nontechnical (behavioral) skills
in managing critical events.®® Resourc-
es for obtaining such training are ex-
panding and the ASA is encouraging
its members to maintain their skills in
this way. In the future, simulation
may become part of evaluation pro-
cesses of accrediting agencies.

INVOLVING THE PATIENT IN
SAFETY AND QUALITY

Patients increasingly are being urged
to take a role in ensuring the safety of
their own care, as well as being in-
volved in patient safety by their health-
care providers.!”” Anesthesia profes-
sionals should encourage and assist in
this because it benefits everyone. Pro-
viders should also be concerned with

Key Standards of Care of the Ameri-
can Society of Anesthesiologists

e Ambulatory Anesthesia and Sur-
gery, Guidelines for—2003

e Basic Anesthetic Monitoring, Stan-
dards for—2004

e Clinical Privileges in Anesthesiolo-
gy, Guidelines for Delineation of—
2003

e (Critical Care by Anesthesiologists,
Guidelines for the Practice of—2004

e Documentation of Anesthesia
Care—2003

e Ethical Guidelines for the Anesthe-
sia Care of Patients with Do-Not-
Resuscitate Orders or Other Direc-
tives That Limit Treatment—2001

e Ethical Practice of Anesthesiology,
Guidelines for the—2003

¢ Labeling Pharmaceuticals for Use in
Anesthesiology, Statement on—2004

e Nonoperating Room Anesthetizing
Locations, Guidelines for—2003

e Obstetrics, Guidelines for Regional
Anesthesia Care in—2000

e Obstetrics, Optimal Goals for Anes-
thesia Care in—2000

¢ Office-Based Anesthesia, Guide-
lines for—2004

e Patient Care in Anesthesiology,
Guidelines for—2001

e Postanesthesia Care, Standards
for—2004

* Preanesthesia Care, Basic Stan-
dards for—2005

Data from American Society of Anesthesi-
ologists. o4

the patient’s perceptions of the quality
of care and consider more than just the
needs of the direct surgical process.
There are several ways in which these
goals can be achieved.

To encourage patient involvement,
actions can be taken to foster “patient-
centered communication,” which has
been defined as including the follow-
ing:108

e Eliciting and understanding the pa-
tient's perspectives—concerns, ideas,
expectations, needs, feelings, and
functioning.

e Understanding the patient within his
or her unique psychosocial context.

e Reaching a shared understanding of
the problem and its treatment with
the patient that is concordant with
the patient’s values.



e Helping patients share power and
responsibility by involving them in
choices to the degree that they wish
to be involved.

What specific things can anesthesia
providers do to involve patients in
their own care that will not just im-
prove satisfaction but also safety? Con-
sider the following:

e Tell the patient as much as practical
(assessing how much the patient
can handle knowing) about the pro-
cess of anesthesia care the patient
will experience.

e Provide information preoperatively
about the process of anesthesia care
and expectations; several references
are available on the Internet in addi-
tion to books and pamphlets.

e Encourage the patient to speak up
if the patient doesn’t understand
something or believes something is
inappropriate, such as drugs being
given, absence of handwashing or
glove wearing.

e Involve the patient’s family mem-
bers in care whenever practical.

e Advise the patient to contact you if
there are any concerns or possible
side effects after the anesthetic.

e In concert with other providers,
disclose errors and adverse events
(a strategy that enhances trust and
decreases skepticism in concerned
patients).

e Involve patients on committees that
involve the design of anesthetizing
locations, and in the process of pa-
tient flow and family communica-
tion in such facilities.

SUMMARY AND
CONCLUSIONS

The concepts of quality, safety, and
patient centeredness are prominent
themes throughout American health-
care, and they have been embraced by
patients and affirmed by third-party
payers, specialty societies, and health-
care organizations, both governmental
and private. Despite the increased
focus on these factors, the goals have
yet to be met, especially because most
initiatives have focused on individual
practitioners or within specific disci-
plines. To achieve the full goals of
quality and safety, the processes must
include systematic approaches that
cross the boundaries of specialties,
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clinical services, and facilities. In
short, the delivery of care must be
recognized as a complex matrix of in-
teractions among multiple providers,
including both clinicians and facilities,
all interacting with one another in a
system of systems. The specialty of
anesthesiology is a leader in the devel-
opment of patient safety approaches
within its discipline; the next steps
involve building safety and quality into
this larger system of care. Anesthesia
providers can contribute significantly
to achieving these goals by participat-
ing fully in the system-of-systems ap-
proach, as well as by building highly
reliable microsystems within their de-
partment or group. These approaches
are best understood by adopting a pa-
tient-centered approach, whereby all
providers interpret the integrated care
process from the patient’s viewpoint,
and include that viewpoint in the de-
sign and delivery of care.
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CHAPTER 4

Overview of
Preoperative
Assessment and
Management

KEY POINTS

1. Comprehensive preoperative evalu-

APPROACH TO THE ANESTHESIA PATIENT

ation and management improves
patient satisfaction, outcomes, and
safety.

9. Identification and optimization
of cardiovascular disease is an
important goal of preoperative
evaluation.

Bobbie Jean Sweitzer, MD

GOALS AND BENEFITS

As the practice of medicine becomes
increasingly outcomes-driven and cost-
conscious, clinicians need to reevalu-
ate and streamline methods of patient
care. Preoperative assessment and
management have evolved as the role
of the anesthesiologist has expanded
outside of the operating theater and as
an increasing number of procedures
are performed on patients who are not
hospitalized the night before. Reasons
for preoperative assessment may en-
tail some or all of the following:

1.

To screen for and properly manage
comorbid conditions.

To assess the risk of anesthesia and
surgery and lower it.

To identify patients who may re-
quire special anesthetic techniques
or postoperative care.

To establish baseline results for
perioperative decisions.

To educate patients and families
about anesthesia and the anesthesi-
ologist’s role.

To obtain informed consent.

To facilitate timely care and avoid
cancellations on the day of opera-
tion.

. Inadequate preoperative evaluation

and management increase perioper-
ative adverse events.

. At a minimum, the preanesthesia

visit should include an interview
with the patient to review the medi-
cal history (including medications,
allergies, comorbid conditions, and
previous operations), an appropri-
ate physical examination, review of
diagnostic data, assignment of an
American Society of Anesthesiolo-
gists physical status score, and a
formulation and discussion of the
planned anesthetic with the patient.

. The medical history is the most im-

portant component of preoperative
assessment.

. Findings from the history and physi-

cal examination determine the need
for further diagnostic testing.

. Diagnostic tests should only be or-

dered if the results will alter the
planned anesthetic or procedure or
establish an already suspected diag-
nosis. “Screening” tests are never
appropriate.

. A determination of functional capac-

ity or the patient’s cardiorespiratory
fitness can guide further testing and
predict a wide range of complica-
tions and outcome.

. Cardiovascular morbidity and mor-

tality are the leading cause of signif-
icant perioperative adverse events.

Copyright © 2008 by The McGraw-Hill Companies, Inc. Click here for terms of use.

10.

Knowledge of risk factors for car-

diovasculardisease and familiarity
with the American College of Cardi-
ology—American Heart Association
guidelines for cardiovascular eval-

uation for noncardiac surgery is
essential.

11. Other “high-risk” patients include
those with the following conditions:
a. Congestive heart failure
b. Murmurs
c. Pacemakers and implantable car-

dioverter-defibrillators (ICDs)

. Pulmonary disease

. Obstructive sleep apnea

Obesity

. Diabetes mellitus

. Poorly controlled hypertension

. Renal disease

. Hepatic disease

. Substance abuse

. Geriatric patient

. Difficult airway
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12. Poor communication is a common
source of medical errors and patient
dissatisfaction.

13. Practice guidelines can standardize
care, decrease delays, and improve
outcomes.

14. Anesthesia-directed preoperative

evaluation centers can be cost-effec-

tive, improve care and patient safe-
ty, and offer services beyond history
acquisition, physical examinations,
and diagnostic testing.



8. To motivate patients to stop smok-
ing, lose weight, or commit to other
preventive care.

9. To train personnel in the art and
science of preoperative assessment
and optimization of a patient’s con-
dition.

The Australian Incident Monitoring
Study (AIMS) found that 3.1% (197 of
the first 6271 reports) of adverse
events were unequivocally related to
insufficient, and 11% to inadequate,
preoperative assessment.! More than
half of incidents were considered pre-
ventable. An analysis of the first 2000
reports to AIMS found a 6-fold in-
crease in mortality in patients who
were inadequately assessed preopera-
tively.? Davis concluded that 53 (39%)
of 135 deaths attributed to anesthesia
involved inadequate preoperative as-
sessment and management.® Delays,
complications, and unanticipated post-
operative admissions are significantly
reduced by preoperative screening and
patient contact. Others have shown
that preoperative health status can pre-
dict both operative clinical outcomes
and resource use. Preoperative prepa-
ration and education can facilitate re-
covery and reduce the incidence of
postoperative morbidity. Anxiety, post-
operative pain, and length of stay have
been positively affected by compre-
hensive preoperative care. From the
patient’s perspective, an opportunity
to meet an anesthesiologist (preferably
the one providing anesthesia on the
day of surgery) is very important. In a
study conducted in Canada and Scot-
land, patients rated meeting the anes-
thesiologist as the highest priority—
above that of information on pain re-
lief, alternative methods of anesthesia,
and complications.*

Preoperative evaluation must be ef-
ficient for both patient and hospital
personnel. It can be cost-effective and
can reduce turnover times, cancella-
tions, length of hospital stays, and
postoperative complications. Preoper-
ative visits should be comprehensive,
including plans for postdischarge pa-
tient care. As the numbers of patients
undergoing surgery on an outpatient
basis or presenting to the hospital on
the day of operation increases, anes-
thesiologists have to adapt to provide
patients with the best preoperative
services. Many anesthesiologists per-
form preoperative evaluations, review
diagnostic studies (chosen and or-
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dered by someone else), discuss anes-
thetic risks, and obtain informed con-
sent moments before a patient
undergoes a major, potentially life-
threatening or disfiguring procedure.
This choice offers little opportunity to
manage comorbid conditions or alter
risk. Legally, morally, and psychologi-
cally anesthesiologists and patients
are in awkward, and often unpleasant,
situations. The effects of extensive
disclosure are stressful for patients
and families at a time when they may
be ill-prepared to consider the impli-
cations rationally. An increase in pre-
operative anxiety may adversely af-
fect postoperative outcomes because
increased anxiety correlates with in-
creased postoperative analgesic re-
quirements and prolonged recovery
and hospital stay. Anxiety impairs re-
tention of information, which could
result in legal action because of inade-
quate communication or discussion of
the risks of anesthesia.

At a minimum, the guidelines of the
American Society of Anesthesiologists
(ASA) indicate that a preanesthesia
visit should include the following®:

1. Interview with the patient to re-
view medical, anesthesia, and med-
ication history

2. Appropriate physical examination

3. Review of diagnostic data (laborato-
ry, electrocardiograms, radiographs)

4. Assignment of ASA physical status
score

5. Formulation and discussion of an-
esthesia plan with patient or re-
sponsible adult

Table 4-1 outlines the criteria and
medical conditions of patients likely to
benefit from evaluation in a preanes-
thetic clinic before the day of surgery.

RISK ASSESSMENT
AND REDUCTION

The current ASA risk classification
system was developed in 1941 by
Meyer Saklad at the request of the ASA
(Table 4-2). This classification was the
first attempt to quantify risk associat-
ed with anesthesia and surgery. The
type of anesthesia and the operation
were not even considered in this clas-
sification system. Moreover, this sys-
tem attempted to estimate the mortal-
ity rate based only on the patient’s
preoperative medical condition. Since

then other studies have corroborated
an association of mortality and mor-
bidity with ASA physical status (ASA
PS) scores. Studies also have shown a
correlation between ASA PS and unan-
ticipated intensive care unit admis-
sions, longer hospital stays for some
procedures, and adverse cardiopulmo-
nary outcomes. No correlation was
shown between ASA PS class and can-
cellations, unplanned admissions, and
other perioperative complications and
cost.5 Fewer studies have evaluated
the effect of combining the risk of the
surgical procedure and the ASA PS
score. Among the first was the Johns
Hopkins Risk Classification System.”
Many institutions use a more simpli-
fied version of high, intermediate, and
low risk.® Table 4-3 offers one defini-
tion of these risk stratifications.

Goldman et al. further advanced
risk assessment by identifying risk
factors and cardiac complications in
noncardiac surgery. Several studies
followed, culminating in the joint
guideline publication by the American
College of Cardiology and the Ameri-
can Heart Association (ACC/AHA) in
1996, which was updated in 2002.2
(See Heart Disease below and Chap. 7
for more detailed discussions of the
ACC/AHA guidelines.)

Some assessment of risk is impor-
tant to prepare for the anesthetic and
surgical procedure. The need for inva-
sive monitoring, blood salvage and hy-
pothermic techniques, postoperative
care in the intensive care unit, and
special monitoring must be consid-
ered. Patients must be informed dur-
ing the consent process. Risk assess-
ment is useful to compare outcomes,
control costs, allocate compensation,
and assist in the difficult decision of
canceling or recommending a proce-
dure not be done when the risks are
too high. Yet risk assessment, at its
best, is hampered by individual pa-
tient variability.

TIMING OF ASSESSMENT

The Practice Advisory for Preanesthe-
sia Evaluation commissioned by the
ASA determined that the time of the
preanesthesia assessment depends on
the patient’s condition, the type of pro-
cedure, the health care system, and the
patient’s access to care providers.® The
recommendations, which were based
on the opinions of experts and random-
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TABLE 4-1.

General Criteria and Medical Conditions for Which Preoperative Evaluation is

Recommended Before the Date of Surgery

Medical Condition

General
Normal activity inhibited
Monitoring or medical assistance at
home within 6 months
Hospital admission within 2 months
Obesity »140% ideal body weight
Cardiovascular
Angina
Coronary artery disease
History of myocardial infarction
Symptomatic arrhythmias
Poorly controlled hypertension
Systolic blood pressure 180 mm Hg or

diastolic blood pressure »110 mm Hg

Congestive heart failure
Respiratory
Asthma
Chronic obstructive pulmonary dis-
ease (COPD) requiring medication
Exacerbation or progression of COPD
within 6 months
Previous airway surgery
Unusual airway anatomy
Airway tumor or obstruction
Home ventilatory assistance or moni-
toring
Endocrine
Diabetes
Adrenal disorders
Active thyroid disease
Neuromuscular
Seizure disorder
CNS disease (e.g., multiple sclerosis)
Myopathy or other muscle disorders
Hepatic
Active hepatobiliary disease or com-
promise
Renal
Renal insufficiency or failure
Musculoskeletal
Kyphosis or scoliosis compromising
function
Temporomandibular joint disorder
Cervical or thoracic spine injury/dis-
ease
Oncology
Chemotherapy
Significant physiologic compromise

Criteria

Age
75 years, unless surgery is minor
(e.g. cataract) and under monitored
anesthesia care
Language
Patient or parent/guardian cannot
hear, speak, or understand English
Anesthesia Effects
Patient or family has had previous dif-
ficult intubation, elevated tempera-
ture during anesthesia, is allergic
to succinylcholine, has malignant
hyperthermia or pseudocholines-
terase deficiency or paralysis or
nerve damage during surgery
Procedure related
Intraoperative blood transfusion likely
ICU admission likely
High risk surgery
Pregnancy
Patient is pregnant (unless the proce-
dure is dilation and evacuation or
dilation and curettage)

The medical condition portion of this table has been adapted with permission from Pasternak
LR. Preoperative evaluation of the ambulatory surgery patient. Ambulatory Surgery. Anesthesi-

ol Rep 1990;3(1):8.

ly selected ASA members, favor assess-
ments on or before the day of surgery
for low to medium invasive procedures
and before the day of operation for
highly invasive procedures. The con-
sensus is for assessments before the
day of surgery for patients with less-
severe disease if they are scheduled for
highly invasive procedures and for less-
invasive procedures in patients with
severe disease. For selected patients,
evaluations on the day of surgery can
be safe and effective.

The importance of a visit to the preop-
erative clinic before a surgical procedure
cannot be overstated.® A Canadian sur-
vey found that more than 60% of
patients thought it was important to
see an anesthesiologist preoperatively,
more than 30% thought it was ex-

TABLE 4-2.

American Society of Anesthesiologists
Physical Status Classification

P1  Healthy patient without organ-
ic, biochemical, or psychiat-
ric disease.

P2  Apatient with mild systemic dis-
ease, e.g. mild asthma or
well-controlled hypertension.
No significant impact on daily
activity. Unlikely impact on
anesthesia and surgery

P3  Significant or severe systemic
disease that limits normal
activity, e.g. renal failure or
dialysis or class 2 congestive
heart failure. Significant im-
pact on daily activity. Likely
impact on anesthesia and
surgery.

P4  Severe disease that is constant
threat to life or requires in-
tensive therapy, e.g. acute
myocardial infarction, respi-
ratory failure requiring me-
chanical ventilation. Serious
limitation of daily activity.
Major impact on anesthesia
and surgery.

P5  Moribund patient who is equally
likely to die in the next 24
hours with or without surgery.

P6  Brain-dead organ donor.

“E” added to the above (P1-Ps) indicates
emergency surgery.

Adapted from American Society of Anesthe-
siologists. ASA physical status classifica-
tion system. Available at: www.asahg.org.


www.asahq.org

TABLE 4-3.
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Preoperative Testing Guidelines for Healthy Patients, American Society of

Anesthesiologists Physical Status 1

Procedure Type Invasive Status  TestsP<
Low risk, e.g., breast biopsy, Minimal Baseline creatinine if proce-
knee arthroscopy, cataracts dure involves injection of
contrast dye
Intermediate risk, e.g., inguinal Moderate Baseline creatinine if proce-
hernia or lumbar laminectomy dure involves injection of
contrast dye
High risk, e.g., thoracotomy, High Complete blood count with

colectomy, or other proce-
dures with expected fluid
shifts or significant blood loss

platelets, electrolytes,
blood urea nitrogen, and
creatinine

aResults from laboratory tests within 6 months of surgery are acceptable unless major abnor-

malities are present or patient’s condition has changed.

PRoutine pregnancy test before surgery is not recommended before the day of surgery. A care-
ful history and local practice determine whether a pregnancy test is indicated.

‘Age alone is not an indication for an electrocardiogram (ECG). Reimbursement for an ECG de-

pends on indication (pallor, dizziness, hypertension) or a diagnosis documented by history or
physical examination. No new ECG is needed if results from an ECG within 6 months of surgery
are normal and the patient’s condition has not changed.

tremely important, and more than half
indicated that the visit should be be-
fore the day of operation.!® Anesthesi-
ologists at Massachusetts General Hos-
pital demonstrated that a preoperative
visit before the day of surgery was as
good as or better than medication in
reducing preoperative anxiety and
postoperative pain.

DETECTING DISEASE

It has been written that the history
and physical examination, often re-
ferred to as the clinical examination,
frequently are all that are required for
a diagnosis or elimination of alterna-
tive hypotheses.

Several studies have proved the use-
fulness of the history and physical
examination in deciding a diagnosis. A
study of patients in a general medical
clinic found that 56% of correct diag-
noses were made with the history
alone and rose to 73% with the physi-
cal examination. In patients with car-
diovascular disease, the history estab-
lished the diagnosis 66% of the time,
and the physical examination contrib-
uted to 25% of diagnoses. Moreover,
routine investigations, mainly chest
radiography and electrocardiography
(ECG), helped with only 3% of diag-
noses, and special tests, mainly exer-
cise ECG, assisted with 6%.!! History
is also the most important diagnostic

method in respiratory, urinary, and
neurologic conditions. The skill of per-
forming a clinical examination derives
from pattern recognition learned by
seeing patients and listening to the
stories of their illnesses. The diagnos-
tic acumen of the physician is a result
of the ability to assimilate and develop
an overall impression, rather than just
reviewing a compilation of facts.

Medical History

One common problem is the variability
of the medical history. Asking and re-
cording symptoms in ordinary words
leads to greater interobserver agree-
ment between practitioners. History
taking is not simply asking the ques-
tions; history taking includes inter-
preting and carefully recording the
answers. Complete and thorough his-
tories not only assist in planning ap-
propriate and safe anesthesia care, but
also are more accurate and cost-effec-
tive in establishing diagnoses than are
screening laboratory tests.

The patient’s medical problems, past
operations, previous anesthesia-related
complications, allergies, and use of to-
bacco, alcohol, or illicit drugs should
be documented. Equally important to
identifying the presence of a disease is
establishing the severity, the stability,
and prior treatment of the condition. A
screening review of systems needs spe-
cial emphasis on airway abnormalities,
personal or family history of adverse

events related to anesthesia, and car-
diovascular, pulmonary, endocrine, or
neurologic symptoms.

The patient’s medical problems,
previous operations, and responses to
questions should elicit further ques-
tions to establish the severity of dis-
ease, its stability, current or recent
exacerbations, and recent or planned
interventions. Rarely is a simple nota-
tion of diseases or symptoms such as
hypertension (HTN), diabetes mellitus
(DM), coronary artery disease (CAD),
shortness of breath (SOB) or chest
pain sufficient. The severity, extent,
degree of control, and the activity-
limiting nature of the problems are
equally important.

A determination of the patient’s car-
diorespiratory fitness or functional ca-
pacity is useful in guiding additional
preanesthetic evaluation and predict-
ing outcome and perioperative compli-
cations.®!? Exercise or work activity
can be quantified in metabolic equiva-
lents (METS), which refer to the vol-
ume of oxygen consumed during an
activity. One'’s ability to exercise is
two-pronged in that better fitness de-
creases mortality through improved
lipid and glucose profiles and reduc-
tions in blood pressure and obesity.
An inability to exercise may be a result
of cardiopulmonary disease. Several
studies show that inability to perform
average levels of exercise (4-5 METS)
identifies patients at risk of periopera-
tive complications.

Table 4-4 shows the important com-
ponents of an anesthesia history. The
form can be completed by the patient
in person (paper or electronic version),
via Internet-based programs, via a tele-
phone interview, or by anesthesia staff.
A more detailed discussion of impor-
tant components of the history for spe-
cific medical conditions is presented
below (see Medication Instructions).

Physical Examination

At a minimum, the preanesthetic ex-
amination should include the airway,
a heart and lung examination, vital
signs, including oxygen saturation,
and height and weight. Body mass
index (BMI) is one of many factors
associated with development of chron-
ic diseases such as heart disease, can-
cer, and diabetes, and can be calculat-
ed from an individual's height and
weight. The two formulas for calculat-
ing the BMI are the English and the
metric.
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TABLE 4-4.

Sample Patient Preoperative History

Patient’s Name Age Sex

Planned Operation Date of Surgery

Surgeon Primary Doctor

Cardiologist?

1. Please list all operations (and approximate dates)

a. d.

b. &,

c. f.

2. Please list any allergies to medicines, latex, or other (and your reactions to them)

a. c.

b. d.

3. Please list all medications you have taken in the last month (include over-the-counter drugs, inhalers, herbals, dietary supplements, and aspirin)
Name of Drug Dose and how often Name of Drug Dose and how often

a. f.

b. g

C. h

d. i

e. ]

(Please check YES or NO and circle specific problems) YES NO
4. Have you taken steroids (prednisone or cortisone) in the last year? O O

5. Have you ever smoked? (Quantify in _ packs/day for  years)
Do you still smoke?
Do you drink alcohol? (If so, how much?)
Do you use or have you ever used any illegal drugs? (We need to know for your safety.)
6. Can you walk up one flight of stairs without stopping?
7. Have you ever had any problems with your heart? (circle) (chest pain or pressure, heart attack, abnormal ECG, skipped beats, heart
murmur, palpitation, heart failure [fluid in the lungs], require antibiotics before routine dental care)
8. Do you have high blood pressure?
9. Have you had any problems with your lungs or your chest? (circle) (shortness of breath, emphysema, bronchitis, asthma, tuberculo-
sis [TB], abnormal chest x-ray)
10. Are you ill now or were you recently ill with a cold, fever, chills, flu, or productive cough?
Describe recent changes
11. Have you or anyone in your family had serious bleeding problems? (circle) (prolonged bleeding from nosebleed, gums, tooth
extractions, or surgery)
12. Have you had any problems with your blood (anemia, leukemia, sickle cell disease, blood clots, transfusions)?
13. Have you ever had problems with your: (circle)
Liver (cirrhosis, hepatitis, jaundice)?
Kidney (stones, failure, dialysis)?
Digestive system (frequent heartburn, hiatus hernia, stomach ulcer)?
Back, neck, or jaws (temporomandibular joint, rheumatoid arthritis)?
Thyroid gland (underactive or overactive)?
14. Have you ever had: (circle)
Seizures, epilepsy, or fits?
Stroke, facial, leg or arm weakness, difficulty speaking?
Cramping pain in your legs with walking?
Problems with hearing, vision, or memory?
15. Have you ever been treated for cancer with chemotherapy or radiation therapy? (circle)
16. Women: Could you be pregnant?
Last menstrual period began:
17. Have you ever had problems with anesthesia or surgery? (circle) (severe nausea or vomiting, malignant hyperthermia [in blood
relatives or self], prolonged drowsiness, anxiety, breathing difficulties, or problems during placement of a breathing tube)
18. Do you have any chipped or loose teeth, dentures, caps, bridgework, braces, or problems opening your mouth, swallowing, or
choking (circle)?
19. Do your physical abilities limit your daily activities?
20. Do you snore?
21. Please list any medical illnesses not noted above:

oo 0 0O oooooo ooooo o o o oo ooooo
oo 0 0O oooooo ooooo o o o oo ooooo

22. Additional comments or questions for nurse or anesthesiologist?




English formula:

Weight in pounds
BMI = ( Height ) R ( Height ) x 703
in inches, in inches,

Metric formula:

Weight in kilograms
BMI = ( Height )X< Height >
in meters, in meters

or

Weight in kilograms
BMI = < Height in ) x( Height in )
centimeters centimeters

x 10,000

See Obesity below for further discus-
sion and for definitions of BMI for
adults.

Components of the airway examina-
tion should include the following?!3:

e Length of upper incisors
e Condition of the teeth

e Relationship of upper (maxillary) in-
cisors to lower (mandibular) incisors

e Ability to protrude or advance lower
(mandibular) incisors in front of
upper (maxillary) incisors

e Interincisor or intergum (if edentu-
lous) distance

e Visibility of uvula

e Presence of heavy facial hair

e Compliance of mandibular space
e Thyromental distance

e Length of neck

e Thickness of neck

e Range of motion of head and neck

Because of the relatively frequent
incidence of dental injuries during an-
esthesia, a thorough documentation of
preexisting tooth abnormalities is use-
ful. Either a tooth chart (Fig. 4-1) or
standard nomenclature (e.g., right
upper central incisor, left lower lateral
incisor, or right lower bicuspid) can be
helpful.

A good time to discuss with patients
variant options of airway management
or techniques other than general anes-
thesia when applicable, and to prepare
patients for possible awake fiberoptic
intubation, is after examination of the
airway. When challenging airways are
identified, advance planning ensures
that necessary equipment and skilled
personnel are available.
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The physical examination contrib-
utes 25% of diagnoses in patients with
cardiovascular disease. Auscultation
of the heart and inspection of the
pulses, peripheral veins, and extrem-
ities for the presence of edema are
important diagnostically and for risk
assessment in development of care
plans. One should auscultate for mur-
murs, rthythm disturbances, and signs
of volume overload. Murmurs, with-
out a clear etiology (anemia, hyper-
thyroidism, or pregnancy, with con-
firmation that the murmur was not
present prior to these conditions),
warrant further evaluation (see Heart
Disease below).

The pulmonary examination should
include auscultation for wheezing, de-
creased or abnormal breath sounds,
notation of cyanosis or clubbing, and
effort of breathing.

Observing whether the patient can
walk up 1-2 flights of stairs can predict
a variety of postoperative complica-
tions, including pulmonary and cardi-
ac events and mortality, and aid in
decisions regarding the need for fur-
ther specialized testing such as pulmo-
nary function tests (PFTs) or noninva-
sive cardiac stress testing.'*

For selective patients (e.g., those
with deficits or disease who are under-
going neurologic surgery or regional
anesthesia) a neurologic examination
is necessary to document preexisting
abnormalities that may aid in diagno-
sis or that can interfere with position-
ing, and to establish a baseline in

defense of potential malpractice claims
of adverse events.

Obesity, HTN, and large neck cir-
cumference predict an increased inci-
dence of obstructive sleep apnea
(OSA). See Obstructive Sleep Apnea
below.

PREOPERATIVE TESTING

Preoperative testing is performed to
evaluate existing medical conditions
and to diagnose asymptomatic condi-
tions based on known risk factors for
particular diseases. Diagnostic tests
can aid in the assessment of the risk
of anesthesia and operation, guide
medical intervention to lower this
risk, and provide baseline results to
direct intra- and postoperative deci-
sions. The choices of laboratory tests
should depend on the probable impact
of the test results on the differential
diagnosis and on patient management.
A test should be ordered only if the
results will impact the decision to pro-
ceed with the planned procedure or
alter the care plans. The history and
physical examination should be used to
direct test ordering. Tables 4-3 and 4-5
contain recommendations for testing
based on specific medical conditions.
Preoperative tests without specific
indications lack clinical usefulness
and may actually lead to patient injury
because of unnecessary interventions,
delay of surgery, anxiety, and even
inappropriate therapies. The history is

Numbering of permanent teeth

Right upper molar

Left upper molar

1 16
2 15
Maxillary 3 14
teeth 4 13
5 12
6 11
7 8 9 10
Right lower molar Left lower molar
32 17
31 18
30 19
Mandibular 29 20
teeth 28 21
27 22

26 25 24 23

FIGURE 4-1. Dental chart.
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TABLE 4-5.

Preoperative Diagnostic Testing Order Form

Standard order for healthy patients having procedure with
significant blood loss or in a high-risk category

Disease/therapy/procedure-based indications

Alcohol abuse; exposure to hepatitis; hepatic disease;
personal or family history of bleeding

Cardiovascular, hepatic, intracranial, peripheral vascular,
or renal disease; diabetes; morbid obesity; poor exer-
cise tolerance; systemic lupus; use of digoxin, diuretics,
steroids; procedures with significant blood loss, with
radiographic dye, or in a high-risk category

Alcohol abuse, anemia; cardiovascular, intracranial, pulmo-
nary, or renal disease; malignancy; malnutrition; person-
al or family history of bleeding; poor exercise tolerance;
radiation therapy; rheumatoid arthritis; sleep apnea;
smoking 40 pack-years; anticoagulant use; procedures
with significant blood loss or in a high-risk category

Only for active, acute symptoms especially with cardiovas-
cular or pulmonary disease; rheumatoid arthritis; smok-
ing >40 pack-years; systemic lupus; radiation therapy

Alcohol abuse; cardiovascular, cerebrovascular, intracra-
nial, peripheral vascular, pulmonary, or renal disease;
diabetes; morbid obesity; poor exercise tolerance; rheu-
matoid arthritis; sleep apnea; smoking 40 pack-years;
systemic lupus; radiation therapy to chest or breasts;

Cerebrovascular, intracranial, or renal disease; diabetes;
malnutrition; use of digoxin, diuretics, or steroids; high-

Cerebrovascular or intracranial disease; diabetes; morbid
obesity; poor exercise tolerance; steroid use

Healthy patient
[] Standard Order
CBC w/plt;
BUN/Creat;
glucose
[] AST/AlkP
[] B-hCG Possible pregnancy
[] BUN/Creat
[] CBCw/plt
] xR
[] ECG
use of digoxin
Electrolytes
risk procedure
Glucose
PT/PTT

oo o oo oo

Thyroid tests
T&S
Urinalysis

Alcohol abuse; hepatic disease; malnutrition; personal or
family history of bleeding; use of anticoagulants
Thyroid disease; use of thyroid medications

Procedure with significant blood loss or high-risk category
Suspected urinary tract infection

Abbreviations: AST/AlkP = aspartate transaminase/alkaline phosphatase; $-hCG = -human
chorionic gonadotropin; BUN/Creat = blood urea nitrogen/creatinine; CBC w/plt = complete
blood count with platelets; CXR = chest radiograph; ECG = electrocardiogram; PT/PTT = pro-
thrombin time/partial thromboplastin time; T&S = type and screen.

With the exception of 3-hCG for pregnancy, all tests are valid for 6 months before surgery un-
less abnormal or patient’s condition has changed. Guidelines may not apply for low-risk proce-
dures where testing is only indicated if the medical condition is newly diagnosed or unstable.

responsible for the diagnosis 75% of
the time and is more important than
the physical examination and laborato-
ry investigations combined. In addi-
tion, the evaluation of abnormal re-
sults is costly. Many studies have
evaluated the benefits of disease/con-
dition-indicated testing versus screen-

ing batteries of tests. Few abnormali-
ties detected by nonspecific testing
resulted in changes in management,
and rarely have such changes had a
beneficial patient effect.!> At most 1 in
1000 patients has benefited from find-
ings derived from nonindicated test-
ing.’® Blery et al. found that 0.4% of

tests without specific indications pro-
vided useful clinical information.!®
However, 1 in 2000 preoperative tests
resulted in patient harm from pursuit
of abnormalities detected by those
tests; only 1 in 10,000 was of benefit to
the patient.® It has been suggested that
not following up on an abnormal re-
sult is a greater medicolegal risk than
not identifying the abnormality to
begin with.

Preoperative ECGs are one of the
most frequently ordered and costly
noninvasive tests. Preoperative ECGs
are ordered because occult heart dis-
ease is common in the middle-age
population and increases with advanc-
ing age; preexisting heart disease in-
creases perioperative risk; and estab-
lishing a baseline value is desirable.

However, a resting ECG is not a
reliable screen for CAD and is a poor
predictor of heart disease (without a
supporting history) in nonsurgical pa-
tients. It appears that only some ECG
abnormalities are important in the pe-
rioperative period (e.g., new Q waves
and arrhythmias). One study found
only 2% of patients had one or both of
these abnormalities.!” It has been esti-
mated that the frequency of silent Q-
wave infarctions found only by ECG in
men age 75 years or older (the highest
risk group) is 0.5%. Gold et al. found
that in ambulatory surgical patients,
the incidence of abnormal ECGs was
43%. Only 1.6% (12/751) of patients
had an adverse perioperative cardiac
event and in only half (6/751) of these
was the preoperative ECG of potential
value.!®

Many abnormalities may have im-
plications for anesthesia care beyond
the detection of CAD. Arrhythmias,
such as atrial fibrillation, which should
be detected on physical examination
and confirmed by ECG, conduction
abnormalities, and left ventricular hy-
pertrophy, may alter anesthesia plans.
Adjustments may be necessary to
avoid hemodynamic instability, is-
chemia, or pulmonary edema because
of drug interactions or the stress of
surgery combined with previous, but
not necessarily clinically significant,
disease. Plans can be made on the day
of operation when monitors are placed
in the preoperative area or the operat-
ing room rather than incurring the
expense of a 12-lead ECG beforehand.

Unfortunately, the specificity of an
ECG abnormality for predicting post-
operative cardiac complications is



only 26%; consequently, a normal ECG
does not exclude cardiac disease.!® The
ACC/AHA Guidelines for Perioperative
Cardiovascular Evaluation for Noncardi-
ac Surgery consider ECG abnormalities
(other than Q waves) as a minor pre-
dictor of complications.® History is far
more important. An abnormal ECG
will be found in 62% of patients with
known cardiac disease, in 44% of pa-
tients with strong risk factors for is-
chemic heart disease, and in only 7%
of patients older than 50 years with no
risk factors. Even more significant is
that results are abnormal in only 3% of
patients between ages 50 and 70 years
without risk factors for heart disease.?
Tait et al. suggested that routine preop-
erative ECG testing is not indicated in
patients without a history of cardiovas-
cular disease and no significant risk
factors.?! In summary, the prevalence
of abnormalities on ECG may incur
costly evaluation, delaying necessary
surgery, and the yield of these work-
ups is quite low. Tables 4-3 and 4-5 list
the indications for ECG testing.

Coagulation studies (platelet count,
prothrombin, or activated partial throm-
boplastin time) are not recommended
unless the patient history suggests a
coagulation disorder or the procedure
is high risk. Given a patient’s negative
history for a bleeding disorder, the
cost of screening coagulation tests be-
fore minor surgery outweighs the ben-
efit. Many practitioners mistakenly be-
lieve that a screening prothrombin
time (PT) is more likely to be abnor-
mal because of the numbers of pa-
tients with liver disease, malnutrition
or warfarin use, conditions that should
be readily identified by history. If
“screening” tests (not based on histo-
ry) are ordered, a platelet count and
activated partial thromboplastin time
(aPTT) are indicated to detect the un-
common patient with thrombocytope-
nia, an acquired anticoagulant (e.g.,
lupus anticoagulant) or a reduced level
of a contact activation factor (e.g., von
Willebrand disease or factor VIII, IX,
XI, or XII deficiencies). Additionally, a
short aPTT may be equally as impor-
tant as a prolonged aPTT. A short aPTT
increases the risk of postoperative
thromboembolism. The Centers for
Medicare and Medicaid Services (CMS)
does not reimburse for “routine” or
“preoperative” PT/partial thromboplas-
tin time (PTT) without an appropriate
International Classification of Diseases
(ICD-9) code.?
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There are few data to recommend
age-based testing. No correlation has
been established, independent of coex-
isting disease, a positive history, or find-
ings on physical examination, between
age and abnormalities in hemoglobin
(Hgb), serum chemistries, radiographs,
or PFTs.16232¢ Chest radiographs are
indicated only in patients with pulmo-
nary signs or symptoms of undeter-
mined cause or severity. Hgb and he-
matocrit (Hct) levels are frequently
abnormal in otherwise healthy patients,
but rarely impact anesthetic care or
management unless the planned proce-
dure involves the potential for signifi-
cant bleeding.

Even though ECG abnormalities are
more common with advanced age, ab-
normalities alone do not predict post-
operative cardiac complications in the
elderly.'®1 Significant abnormalities
that impact care are rare in the ab-
sence of a history or symptoms of
cardiac disease.!® Even the ASA Prac-
tice Advisory for Preanesthesia Evalu-
ation states, “The Task Force recogniz-
es that age alone may not be an
indication for an electrocardiogram.”
CMS will not provide coverage for age-
based ECGs or simply as a “preopera-
tive” test; one must provide a support-
ing diagnosis with an acceptable ICD-9
code.*

There is much controversy about
and no consensus regarding routine
pregnancy testing, especially in adoles-
cents. Surveys show that 30-50% of
practitioners mandate testing in fe-
males of childbearing age, primarily
because of the unreliability of the histo-
ry, especially from minors, and the
concern over the potential harm to the
pregnancy or fetus with anesthesia and
surgery, with the attendant medicole-
gal implications.?> Opponents of man-
datory testing cite the false-positive
rate, cost, the belief that history is
reliable if taken in privacy, and the
paucity of data establishing risks of
anesthesia in early pregnancy. When
minors are pregnant, their privacy is
governed by state laws. One must be
familiar with local statutes and how
unexpected positive pregnancy results
will be handled. With the high reliabili-
ty of urine testing, it is best to delay
testing until the day of operation in-
stead of testing in the preoperative clin-
ic, unless the patient suspects pregnan-
cy or the menstrual period is delayed.
This delay in testing will obviate a
negative test days before surgery that

may be positive on the day of surgery.
The ASA Preoperative Evaluation Prac-
tice Advisory ‘[rJecognizes the litera-
ture is insufficient to inform patients or
physicians on whether anesthesia caus-
es harmful effects on early pregnancy.
Pregnancy testing may be offered to
female patients of childbearing age and
for whom the result would alter the
patient’s management.”

Healthy patients of any age under-
going low- or intermediate-risk proce-
dures without expected significant
blood loss are unlikely to benefit from
any tests (Table 4-3). Exceptions are a
procedure with the injection of con-
trast (screening blood urea nitrogen
[BUN] and creatinine levels are indi-
cated), or the possibility of pregnancy
(a pregnancy test should be done).
Table 4-5 contains the recommenda-
tions for diagnostic tests for patients
with coexisting diseases, and taking
certain medications, or who are sched-
uled for a high-risk operation or one in
which there is anticipated blood loss.
In general, tests are recommended
only if their results may

e Change, cancel, or postpone the sur-
gical procedure.

e Change anesthesia and medical
management.

e Change monitoring or intra- or post-
operative care.

e Confirm an abnormality suspected
from the history or physical exami-
nation.

The ASA Task Force states that test
results are valid and acceptable for up
to 6 months prior to the operation if
the medical history has not changed
substantially.®

Many facilities have developed diag-
nostic testing guidelines to improve
patient care, standardize clinical prac-
tice, improve efficiency, and reduce
costs. With implementation of guide-
lines, one facility reduced the tests
ordered by 60%, improved testing by
81%, and saved almost $80,000 per
year. The Mayo Clinic reduced preop-
erative testing and its costs without a
change in outcomes. A cost-to-benefit
analysis found that routine urinalysis
for all knee replacement surgery in
the United States would cost $1.5 mil-
lion to prevent 1 wound infection.?
Interestingly, one study found 50%
more routine ECGs and 40% more
chest radiographs were done in a fee-
for-service versus a prepaid practice.?’
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Coronary revascularization within
5 years and NO symptom recurrence
or

o | Proceed to surgery with

Coronary evaluation (stress test, cath)
within 2 years with favorable results
and NO symptom recurrence

Major Clinical Predictors
* Unstable coronary syndromes

medical risk reduction

Postpone surgery until

* Decompensated CHF
« Significant arrhythmias
* Severe valvular disease

Intermediate Clinical Predictors
* Mild angina pectoris

e Prior MI

 Coronary artery disease

» Compensated or prior CHF

¢ Diabetes mellitus

* Renal insufficiency

Minor Clinical Predictors

* Advanced age
» Abnormal ECG

/AN

stabilization or intervention

Functional capacity
Poor:
<4 Mets (can't walk flight of stairs)

Moderate—excellent:
>4 Mets (can walk flight of stairs)

See Chapter 7 and Table 4-7 for
medical risk reduction strategies

High risk surgery

Stress testing |

Intermediate risk surgery
and moderate to excellent
functional capacity

Proceed to surgery with
medical risk reduction

Intermediate risk surgery

Stress testing |

and poor functional capacity

Low risk surgery

Proceed to surgery with
medical risk reduction

»| High risk surgery and poor

* Rhythm other than sinus
* Low functional capacity
* History of stroke

functional capacity

Stress testing |

L

Low or intermediate

* Uncontrolled hypertension

risk surgery

Proceed to surgery with
medical risk reduction

FIGURE 4-2. Simplified cardiac evaluation for noncardiac surgery.

HIGH-RISK PATIENTS

Although many of these conditions are
discussed in greater detail in other
chapters of this text, here is a brief
review of some conditions commonly
seen in the preanesthetic assessment
clinic and for which preoperative inter-
vention is important. Identification of
patients with these comorbid conditions
often presents an opportunity for the
anesthesiologist to intervene to lower
risk. The following conditions are best
managed before the day of surgery,
which allows ample time for thoughtful
evaluation, consultation, and planning.

Heart Disease

Cardiovascular complications are the
most common serious adverse event
perioperatively. It is estimated that 1-
5% of unselected noncardiac surgical
patients will suffer a cardiac morbidity.
Below is a brief discussion of a few
high-risk issues that are likely to be
encountered in the preoperative clinic.
The patient with ischemic heart dis-
ease, heart failure, a rhythm distur-
bance, an abnormal ECG, an undiag-
nosed murmur, or a cardiac rhythm
management device is discussed. Chap-
ter 7 provides a comprehensive review
of cardiovascular disease.

Ischemic Heart Disease

The goals in the preanesthetic encoun-
ter are to

e Identify the risk of heart disease
based on comorbid diseases (Fig. 4-2);

e Identify the presence and severity of
heart disease from symptoms, physi-
cal findings, or diagnostic tests;

e Determine the need for preopera-
tive interventions; and

e Modify the risk of perioperative ad-
verse events.

The basis of cardiac assessment is
the history, the physical examination,
and the ECG. The guidelines for cardi-
ac evaluation before noncardiac sur-
gery published by the ACC/AHA are
the national standard of care.® Figure
4-2 presents a simplified approach to
the evaluation of patients with a histo-
ry of heart disease before noncardiac
surgery. The complete ACC/AHA al-
gorithm is found in Chapter 7. The goal
is to identify patients with heart dis-
ease who have a significantly high risk
of cardiac morbidity and mortality pe-
rioperatively. Clinical predictors, func-
tional or exercise capacity, and level of
surgical risk guide further diagnostic
and therapeutic interventions. Not in-

cluded in the ACC/AHA guidelines
are conditions such as chronic inflam-
matory diseases (e.g., rheumatoid ar-
thritis, systemic lupus erythemato-
sus), chronic steroid use, and chest
irradiation, either alone or associated
with more traditional risk factors,
identifies patients at risk for CAD and
cardiac complications.?8-30
Anesthesiologists in preanesthetic
clinics who apply the ACC/AHA rec-
ommendations and develop practice
guidelines (Fig. 4-2) are well posi-
tioned to initiate evaluation with
stress tests. Results may obviate the
need for a cardiac consultation or be
available at the time of consultation.
Exercise treadmill testing is indicated
for patients with normal ECGs who
can exercise. Pharmacologic tests,
such as dobutamine echocardiography
or nuclear perfusion imaging, are nec-
essary for those unable to exercise or
who have significant ECG abnormali-
ties that may interfere with the inter-
pretation of ischemia via ECG.
Currently, the benefits versus risk
reduction of coronary revasculariza-
tion before noncardiac surgery are
controversial.®! Factors to consider are
the urgency of the noncardiac surgery
(e.g., in cancer cases) and the poten-
tial long-term benefits of revascular-



ization. Noncardiac surgery soon after
revascularization (bypass grafting and
percutaneous coronary intervention
with or without stents) is associated
with high rates of perioperative cardi-
ac morbidity and mortality.??

Patients who have had a percutane-
ous coronary intervention, especially
with newer, drug-eluting stents, require
several weeks, if not months, of anti-
platelet therapy to avoid restenosis or
acute thromboses. These patients must
be identified in the preanesthetic clinic
and managed in collaboration with a
cardiologist. Given that up to half of all
perioperative myocardial infarctions
and cardiac deaths can be attributed to
plaque rupture in noncritical coronary
stenoses, intensive medical manage-
ment in revascularized patients is likely
to be helpful and may account for the
lack of benefits of revascularization .33

Decisions to revascularize patients
before noncardiac surgery should be
made only after evaluating the risk of
perioperative cardiac adverse events,
the risks and benefits of the various
methods of risk reduction, the benefits
of the noncardiac surgery, and the
patient’s preferences. A face-to-face di-
alogue with all involved parties, simi-
lar to “tumor-board” discussions, may
assist decision making. Because cardi-
ac complications are the leading cause
of perioperative morbidity and mortal-
ity, anesthesiologists must be current
on the latest evidence-based recom-
mendations and be active in decision
making and in the management of
patients at risk.

Heart Failure

Heart failure affects 4-5 million people
in the United States and is a significant
risk factor for postoperative adverse
events. The goal in the preoperative
clinic is to identify and minimize the
effects of heart failure. Recent weight
gain, complaints of shortness of breath,
fatigue, orthopnea, paroxysmal noctur-
nal dyspnea, and edema, recent hospi-
talizations, and recent changes in man-
agement are all significant. Physical
findings should focus on examination
for third or fourth heart sounds, rales,
jugular venous distension, ascites,
hepatomegaly, and edema. Classifying
the patient’s medical status according
to the New York Heart Association’s
(NYHA) categories is useful 3
e Class I—no limitation of physical ac-
tivity; ordinary activity does not cause
fatigue, palpitations, or syncope
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e Class II—slight limitation of physical
activity; ordinary activity results in
fatigue, palpitations, or syncope

e (Class IIT—marked limitation of phys-
ical activity; less than ordinary activ-
ity results in fatigue, palpitations, or
syncope; comfortable at rest

e (Class IV—inability to do any physical
activity without discomfort; symp-
toms at rest

Diastolic dysfunction may be as
common as systolic dysfunction and
predicts a poor prognosis outside the
perioperative period. The significance
of diastolic dysfunction for anesthesia
and surgery is less-well defined.

Preoperative ECG, electrolytes, BUN,
and creatinine tests are indicated (Table
4-5). An objective measure of left ven-
tricular ejection fraction (LVEF) and
ventricular performance is helpful, es-
pecially in patients with NYHA class 11T
or IV heart failure. Normal LVEF is
>50%; mildly diminished, 41-49%;
moderately diminished, 26-40%; and se-
verely diminished, <25%. Patients with
class III or IV heart failure should be
evaluated by a cardiologist before under-
going general anesthesia or any inter-
mediate- or high-risk procedure. Very
minor procedures under monitored an-
esthesia care (MAC) can proceed as long
as the patient’s condition is stable.

Rhythm Disturbances and
ECG Abnormalities

Arrhythmias and conduction distur-
bances are common in the periopera-
tive period. Supraventricular and ven-
tricular arrhythmias are associated
with a greater risk of perioperative
adverse events because of the arrhyth-
mia itself and because they are markers
for cardiopulmonary disease. Because
uncontrolled atrial fibrillation and ven-
tricular tachycardia are high-risk clini-
cal markers, elective surgery should be
postponed until evaluation and stabili-
zation are complete.® Rhythms other
than sinus are minor clinical predic-
tors (Fig. 4-2).

New-onset atrial fibrillation, sympto-
matic bradycardia, or high-grade heart
block (second or third degree) identi-
fied in the preoperative clinic warrant
postponement of elective procedures
and referral to cardiology for further
evaluation. Left bundle-branch block
(LBBB) is highly associated with CAD
and a recent onset or no previous eval-
uation of LBBB requires stress testing
or cardiology consultation. Right bun-

dle-branch block (RBBB) is likely to be
congenital, either a result of calcifica-
tion and degeneration of the conduc-
tion system or secondary to pulmonary
disease. Brugada syndrome is a congen-
ital disease characterized by RBBB with
ST-segment elevation in the right pre-
cordial leads and is associated with a
risk of sudden death and lethal arrhyth-
mias. If the history and physical do not
suggest significant pulmonary or con-
genital heart disease, no further evalu-
ation is warranted because of an isolat-
ed RBBB. However, RBBB in a patient
with pulmonary symptoms is sugges-
tive of severe respiratory compromise
that warrants a pulmonary evaluation
and echocardiography if an intermedi-
ate- or high-risk operation is planned. If
congenital heart disease or Brugada
syndrome is suspected, a cardiology
consultation is indicated.

Left ventricular hypertrophy (LVH)
and ST-segment depression on preop-
erative ECG are associated with a
greater risk of myocardial infarction
and cardiac death perioperatively.®
LVH may be associated with diastolic
dysfunction and poorly controlled hy-
pertension. Prolonged QT intervals
should prompt an evaluation of elec-
trolytes, magnesium, and calcium and
a cardiology referral.

Murmurs

The quandary in the preoperative clin-
ic is to determine the cause of cardiac
murmurs and to distinguish between
significant murmurs and clinically un-
important ones. Diastolic murmurs
are always pathologic and require fur-
ther evaluation. Regurgitant disease is
tolerated perioperatively much better
than stenotic disease.

Aortic stenosis is the most common
valvular lesion in the United States,
affecting 2-4% of adults older than 65
years of age; severe stenosis is associ-
ated with a high risk of perioperative
complications.® Once considered a de-
generative lesion increasing with age
or a congenital bicuspid valve, aortic
stenosis is now thought to have much
in common with CAD and is an inde-
pendent marker of CAD.%6

Aortic sclerosis, which also causes a
systolic ejection murmur similar to
that of aortic stenosis, is present in
25% of adults 65-74 years of age and
almost half of those older than 84
years of age.’® Aortic sclerosis is asso-
ciated with a 40% increase in the risk
of myocardial infarction (MI) and a
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50% increase in the risk of cardiovas-
cular death in patients without a histo-
ry of CAD.%” There is no hemodynam-
ic compromise with aortic sclerosis.

The cardinal symptoms of severe aor-
tic stenosis are angina, heart failure, and
syncope, although patients are much
more likely to complain of a decrease in
exercise tolerance and exertional dysp-
nea. Aortic stenosis causes a systolic
ejection murmur that is best heard in
the right upper sternal border, which
often radiates to the neck. Any patient
with a previously undiagnosed murmur
needs an ECG, and any ECG abnormali-
ty warrants an echocardiogram. Be-
cause of the difficulties noncardiologists
have in distinguishing murmurs of aor-
tic stenosis from those of aortic sclero-
sis, an echocardiogram should be or-
dered even without ECG abnormalities,
especially if general anesthesia or an
intermediate- or high-risk procedure is
planned. Current guidelines recom-
mend echocardiography annually for
patients with severe aortic stenosis,
every 2 years for moderate stenosis, and
every 5 years for mild stenosis.*

Mitral stenosis is much less common
than aortic stenosis and is usually asso-
ciated with a history of rheumatic heart
disease. Mitral stenosis causes a diastol-
ic murmur and should always be fur-
ther evaluated with ECG and echocardi-
ography. Patients with hypertrophic
obstructive cardiomyopathy are often
young and male, and may be asymp-
tomatic and without murmurs. An ECG
and echocardiogram should be done if
there is a personal or family history of
syncope with exertion or sudden death,
or if a murmur is detected. LVH and ST-
segment and T-wave abnormalities on
an ECG in an otherwise healthy nonhy-
pertensive patient need to be further
evaluated with echocardiography.

Patients at risk for bacterial endo-
carditis (e.g., those with valvular ab-
normalities, valve replacements, or
complex congenital heart disease but
not coronary revascularization) who
are scheduled for procedures with the
potential for transient bacteremia
should be identified preoperatively to
plan for treatment.

Cardiac Rhythm Management
Devices: Pacemakers

and Implantable
Cardioverter-Defibrillators

It is estimated that more than 100,000
new cardiac rhythm-management de-
vices (CRMDs) are implanted yearly in

the United States. Electromagnetic in-
terference is likely to occur with elec-
trocautery, radiofrequency ablation,
magnetic resonance imaging (MRI),
and radiation therapy, and can result in
malfunction or adverse events.** Some
patient monitors and ventilators may
cause electromagnetic interference in
patients with CRMDs with rate-adap-
tive mechanisms. The preoperative
evaluation should determine the type
of device and the features (e.g., rate-
adaptive mechanisms) likely to mal-
function if electromagnetic interfer-
ence should occur perioperatively.
Consultation with the device manufac-
turer, cardiologist, or the electrophysi-
ology or CRMD service may be needed.
Ideally, patients with CRMDs should
have these devices interrogated preop-
eratively. Special features, such as rate
adaptive mechanisms and antitachy-
arrhythmia functions, need to be dis-
abled or the device reprogrammed to
an asynchronous pacing mode before
surgical procedures and anesthesia
where electromagnetic interference is
anticipated.”® Newer-generation devic-
es are more complex and reliance on a
magnet, except in emergency situa-
tions, is not recommended. Planning
ahead is important.

Pulmonary Disease or
Patients with Risk Factors
for Postoperative
Pulmonary Complications

Postoperative pulmonary complica-
tions develop in 5% of patients under-
going nonthoracic surgery and as many
as 1 in 4 deaths occurring within a
week of operation are pulmonary relat-
ed, making it the second most common
serious morbidity after cardiovascular
adverse events.*! Established risk fac-
tors for an increased risk of pulmonary
complications include the following:*?

e History of cigarette use (current or
>40 pack-years)

e ASA PS scores >2

e Age older than 70 years

e Chronic obstructive pulmonary dis-
ease

e Neck, thoracic, upper abdominal,
aortic, or neurologic surgery

e Anticipated prolonged procedures
(>2 hours)

e Planned general anesthesia (espe-
cially with endotracheal intubation)

e Albumin less than 3 g/dL.

e Exercise capacity of less than 2
blocks or 1 flight of stairs

e BMI >30 kg/m?

Surprisingly absent predictors in the
above list are asthma or results from
arterial blood gas (ABG) analysis or
PFTs. Risk of complications is surpris-
ingly low in well-controlled asthma and
in patients treated preoperatively with
corticosteroids.* Risk is greater in asth-
matics with recent exacerbations, a his-
tory of postoperative pulmonary com-
plications, recent hospitalizations, or
recent intubations for asthma. ABGs
are useful in predicting pulmonary
function after lung resection surgery
but do not predict risk for complica-
tions. The degree of airway obstruc-
tion, measured by the forced expiratory
volume in 1 second (FEV)) is not pre-
dictive of pulmonary complications.**

The focus in the preoperative clinic
should be on identifying patients at risk
for postoperative pulmonary complica-
tions and on optimizing those patients
with preexisting pulmonary disease
(Table 4-5). PFTs may be indicated to
diagnose disease (dyspnea caused by
lung disease or heart failure?) or assess
management (can dyspnea or wheez-
ing be improved further?), but not as a
risk assessment tool or to deny a bene-
ficial procedure.**

The pulmonary status of patients
with recent exacerbations or infec-
tions should be improved whenever
possible. Prescriptions for antibiotics,
bronchodilators, and steroids, referral
to pulmonologists or internists, or
delay of surgery might be necessary.
Training patients preoperatively in
lung expansion maneuvers, such as
deep-breathing exercises and incen-
tive spirometry, reduces pulmonary
complications more than giving the
training postoperatively.*® Additional-
ly, a change in perioperative manage-
ment, including altering the planned
surgical procedure if possible, discuss-
ing alternatives to general anesthesia,
and educating the patient about the
benetfits of epidural pain management,
may provide effective measures to de-
crease pulmonary complications.*6

Patients with pulmonary arterial hy-
pertension have a high rate of periop-
erative morbidity and mortality. The
patient’s care should be coordinated
with a pulmonologist. An ECG and
echocardiogram are useful in patients
with more than mild disease. Signs
and symptoms of disease severity in-
clude the following*”:



e Dyspnea at rest
e Metabolic acidosis
e Hypoxemia

e Right heart failure (peripheral ede-
ma, hepatomegaly, jugular venous
distension)

e History of syncope

Traditionally, especially with chil-
dren, cases scheduled for elective pro-
cedures were cancelled for patients
with current or recent upper respirato-
ry tract infections. With modern anes-
thetic practices, cancellation is not
routine. In patients with severe symp-
toms, especially those with underlying
conditions that may further compro-
mise a safe anesthetic, elective sur-
gery should be postponed for at least 4
weeks.®® When infection is mild or
uncomplicated in healthy patients,
there is little risk in proceeding with a
procedure to avoid the inconvenience
of a cancellation. The dilemma lies
with the patients between these ex-
tremes. Decisions regarding suitability
to proceed should be made on an
individual basis. Chapter 19 discusses
the pediatric patient with an upper
respiratory tract infection in greater
detail. Chapter 9 discusses the patient
with pulmonary disease in detail.

Obstructive Sleep Apnea

Sleep-disordered breathing affects up
to 9% of middle-age women and 24%
of middle-age men; less than 15% of
these cases have been diagnosed. OSA,
the most common serious manifesta-
tion of sleep-disordered breathing, is
caused by intermittent airway obstruc-
tion. OSA is characterized by total
collapse of the airway with complete
obstruction for more than 10 seconds.
Obstructive hypopnea is partial col-
lapse (30-99%) associated with at least
a 4% arterial oxygen desaturation.
OSA severity is measured on the
apnea-hypoxia index (AHI), the num-
ber of apneic and hypopneic episodes
per hour of sleep. Patients with severe
OSA have >30 episodes per hour.
Cardiovascular disease is common
in patients with OSA. These patients
have an increased incidence of hy-
pertension, atrial fibrillation, brady-
arrhythmias, ventricular ectopy, en-
dothelial damage, stroke, heart failure,
dilated cardiomyopathy, and athero-
sclerotic CAD.*® Mask ventilation, di-
rect laryngoscopy, endotracheal intuba-
tion, and even fiberoptic visualization
of the airway are more difficult in
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patients with OSA than in healthy
patients.

The Berlin Questionnaire is useful
to identify patients with undiagnosed
OSA.* The presence of any two of the
following is considered a high risk for
sleep apnea:

e Snoring

e Daytime sleepiness
e Hypertension

e Obesity

Preoperative evaluation should
focus on identification of patients at
risk for OSA and improving associat-
ed comorbid conditions. Table 4-5
identifies the testing guidelines.
Echocardiography may be indicated if
heart failure or pulmonary hyperten-
sion is suspected. Patients should be
instructed to bring their continuous
positive airway pressure (CPAP) de-
vices to the hospital on the day of
operation. Chapter 9 discusses OSA in
detail.

Obesity

A BMI of = 40 kg/m? defines extreme
obesity; obesity is defined as a BMI of
30-39.9 kg/m?. An overweight person
has a BMI of 25-29.9 kg/m? (see Phys-
ical Examination above for BMI calcu-
lation formulas). It is estimated that
64% of adults in the United States are
overweight or obese and that 4.7% are
extremely obese. Annually 300,000
U.S. adults die of obesity-related issues,
and almost 10% of healthcare expendi-
tures in the United States are associat-
ed with obesity and inactivity. Obesity
is an independent risk factor for heart
disease. Hypertension, stroke, hyper-
lipidemia, osteoarthritis, diabetes mel-
litus, cancer, and OSA are more com-
mon in obese people.

Extremely obese patients may have
challenging airways that require spe-
cialized equipment, techniques and
personnel. They may need prophylax-
is for deep venous thrombosis (DVT)
with advanced techniques such as in-
ferior vena cava filter placements.
They require special operating room
tables and gurneys to support exces-
sive weight. Venous access and inva-
sive and noninvasive monitoring can
be difficult. Preoperative identifica-
tion and planning for these contin-
gencies will avoid delays on the day
of the operation. Preoperative evalua-
tion should be directed toward coexist-
ing diseases (Table 4-5). Chapter 22
discusses this in greater detail.

Diabetes

An estimated 18 million U.S. adults
have diabetes mellitus, which increases
the risk of CAD, is considered a CAD
equivalent, and is an intermediate-risk
factor for perioperative cardiac compli-
cations on a par with angina or a previ-
ous myocardial infarction.®®! Figure
4-2 and Chapter 7 address cardiac eval-
uation for noncardiac surgery.

Heart failure is twice as common in
males and 5 times as common in fe-
males with diabetes as in those with-
out diabetes. Poor glycemic control is
associated with an increased risk for
heart failure and both systolic and
diastolic dysfunction may be present.
Diabetics are also at increased risk
for renal failure perioperatively (see
Chap. 13 and Renal Disease below),
and for postoperative infections. Re-
cent studies suggest that tighter peri-
operative control may be warranted.
Patients with poor preoperative man-
agement of glucose are likely to be
more out of control intra- and postop-
eratively.®> Obtaining a glycosylated
hemoglobin (HgbA, ) concentration
preoperatively can guide glucose man-
agement with intensification of thera-
py before the procedure. Aggressive
management of hyperglycemia de-
creases postoperative complications.
The American College of Endocrinolo-
gists position statement recommends
a target fasting glucose of <110 mg/dL
in noncritically ill patients.5?

In the preoperative clinic, the focus
should be on assessing organ damage
and the control of blood sugar. Cardio-
vascular, renal, and neurologic systems
should be evaluated. Ischemic heart
disease is often asymptomatic in the
diabetic. Table 4-5 has testing sugges-
tions. The goals of perioperative diabet-
ic management include avoidance of
hypoglycemia and marked hyperglyce-
mia. Table 4-6 has suggestions for hy-
poglycemic medication management
on the day of the operation.

Hypertension

HTN, defined by 2 or more measure-
ments of blood pressure greater than
140/90, affects 1 billion individuals
worldwide. The incidence of HTN in-
creases with age. In the United States,
25% of adults and 70% of patients
older than age 70 years have HTN and
fewer than 30% are adequately treat-
ed. The degree of end-organ damage
and morbidity and mortality correlate
with the duration and severity of HTN.
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TABLE 4-6.

Preoperative Medication Guidelines

Continue on the day of the operation?
Antidepressant, antianxiety, and psychiatric medications
Antihypertensive medications, except angiotensin-converting enzyme inhibitors
or angiotensin receptor blocking agents, which may be selectively discontinued
on the day of the operation
Antiseizure medications
Asthma medications
Birth control pills
Cardiac medications (e.g. digoxin)
Diuretics, such as triamterene or hydrochlorothiazide, for hypertension
Heartburn or reflux medications
Insulin—all intermediate, combination, and long-acting insulins
e Type 1 diabetics should take a small amount (usually one-third) of their usual
morning long-acting insulin (e.g., lente or NPH) on the day of the operation
e Type 2 diabetics should take none or up to one-half of long-acting or combi-
nation (70/30 preparations) insulins on the day of the operation
e Patients with an insulin pump should continue only their basal rate on the
day of the operation
Narcotic pain medications
Ophthalmic drops
Statins
Steroids, oral or inhaled
Thyroid medications
Cyclooxygenase-2 inhibitors, unless surgeon is concerned about bone healing
Discontinue 7 days before the operation
Aspirin, except for vascular patients and patients having cataract surgery
Clopidogrel (Plavix), except for vascular patients and patients having cataract
surgery
Herbals and nonvitamin supplements
Hormone replacement therapy
Discontinue 4 days before the operation
Warfarin (Coumadin), except for patients having cataract surgery without a bulbar
block
Discontinue 48 hours before the operation
Nonsteroidal antiinflammatory drugs
Discontinue 24 hours before the operation
Erectile dysfunction medications
Discontinue on the day of the operation
Diuretics, except triamterene or hydrochlorothiazide for hypertension, which
should be continued
Insulin—all regular insulins
¢ Type 1 diabetics should take a small amount (usually one-third) of their usual
morning long-acting insulin (e.g., lente or NPH) on the day of the operation
e Type 2 diabetics should take none or up to one-half of long-acting or combi-
nation (70/30 preparations) insulins on the day of the operation
e Patients with an insulin pump should continue only their basal rate on the
day of the operation
Iron
Oral hypoglycemic agents
Topical medications (e.g., creams or ointments)
Vitamins
Special considerations before the operation
Monoamine oxidase inhibitors—patients taking these antidepressant medica-
tions need an anesthesia consultation before the operation (preferably 3 weeks
before)

aPatients should take medications with a small sip of water even if otherwise nothing by
mouth (NPO).

Ischemic heart disease is the most
common form of organ damage associ-
ated with HTN. Uncontrolled HTN is an
ACC/AHA minor cardiac risk factor
and the odds ratio for an association
between HTN and perioperative cardi-
ac risk is 1.31.85* There is little evi-
dence of an association between pre-
operative blood pressures <180/110
mm Hg and perioperative cardiac risk.
Heart failure, renal insufficiency, and
cerebrovascular disease are more com-
mon in hypertensive patients.

It is generally recommended that
elective surgery be delayed for severe
HTN (diastolic blood pressure >115
mm Hg; systolic blood pressure >200
mm Hg) until the blood pressure is
<180/110 mm Hg. If severe end-
organ damage is present, the goal
should be to normalize blood pres-
sure as much as possible before the
operation.> There is no evidence to
justify cancellation of an operation
when blood pressure is <180/110
mm Hg, although interventions preop-
eratively are appropriate. Severely ele-
vated blood pressure should be low-
ered over several weeks.

Testing should be determined by
the history and physical examination
(Table 4-5). Guidelines suggest that
cardioselective f-blocker therapy is
the best treatment preoperatively be-
cause of a favorable profile in lower-
ing cardiovascular risk (Table 4-7).8
Effective lowering of risk may require
6-8 weeks of therapy to allow regres-
sion of vascular changes and too rapid
or extreme lowering of blood pres-
sure may increase cerebral and coro-
nary ischemia. The Antihypertensive
and Lipid-Lowering Treatment to Pre-
vent Heart Attack (ALLHAT) trial
showed that effective treatment of
HTN is not simply a matter of lower-
ing blood pressure.>> Continuation of
antihypertensive treatment preopera-
tively is critical (Table 4-6). Chapter
7 has more information on the hyper-
tensive patient.

Renal Disease

A normal creatinine level is often not
an accurate indicator of renal func-
tion. A doubling of serum creatinine
from 0.8 to 1.6 mg/dL represents a
halving of glomerular filtration rate
(GFR). Creatinine does not exceed the
normal limits until GFR has fallen
below 50 mL/min. GFR decreases with
age and the renal reserve of a healthy
80-year-old is less than half that of a
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B-Blockers: Preoperative Instructions

Rationale. The pre- and postoperative administration of B-blockers reduces morbid-
ity and mortality in patients at risk for cardiac complications after surgery of
intermediate or high risk. The purpose of this protocol is to identify at-risk
patients for prophylactic treatment with B-blockers preoperatively.

Inclusion criteria

1. Patients scheduled for surgical procedures of moderate to high risk such as
e Allvascular surgical procedures: aortic, peripheral, carotid
e Major orthopedic, total joints, open back
e Open abdominal or pelvic, Gl, urologic, gynecologic
e Open thoracic or procedures requiring one-lung ventilation
e Major neurosurgical such as craniotomy, spinal

e Major head and neck
and
2. Known coronary artery disease
or

3. At least 2 of the following risk factors for coronary artery disease

e Age »70 years
¢ Diabetes mellitus

® Poorly controlled hypertension (systolic 160 mm Hg; diastolic 100 mm Hg)
e Peripheral vascular or carotid arteriosclerosis

¢ Renal insufficiency (creatinine =2.0)

e Cerebrovascular disease (stroke, transient ischemic attack)
e Poor functional status (fewer than 5 METS; i.e., unable to walk up a flight of
stairs or walk 2 blocks without stopping) (Table 4-4)

Exclusion Criteria

1. Pulmonary disease with significant reactive component, taking -agonists daily
or oral steroids, unless already taking a 3-blocker

2. Acute congestive heart failure or severe left ventricular dysfunction (ejection
fraction <0.30) or recent (<1 month) hospitalization for congestive heart failure

unless already taking a p-blocker

3. Second- or third-degree heart block

4. B-Blocker allergy

5. Systolic blood pressure <9o mm Hg or heart rate <50 beats/min

Preoperative Instructions

1. Start atenolol or metoprolol 25-50 mg/d titrating heart rate to <65 beats/min
2. Patients already taking a 3-blocker should continue until the day of the opera-
tion; titrate to target heart rate of 65—-80 beats/min

healthy 40-year-old. The focus of the
preoperative evaluation of patients
with renal insufficiency or failure
should be on the cardiovascular and
cerebrovascular systems, fluid vol-
ume, and electrolyte status. Chronic
metabolic acidosis is common but usu-
ally mild and compensated for by
chronic hyperventilation. Table 4-5
has testing recommendations.

Chronic renal disease is a significant
risk factor for cardiovascular morbidity
and mortality and is an ACC/AHA in-
termediate cardiac risk factor equal to a
history of known CAD. The annual
incidence of death from CAD in pa-
tients with both diabetes and end-stage

renal disease who are on hemodialysis
is 8.2%. A creatinine = 2.0 mg/dL
should trigger an assessment of cardiac
risk using the ACC/AHA guidelines
(Fig. 4-2).8 Chapter 7 provides a more
detailed discussion of these guidelines.
In elective cases, hemodialysis
should be performed within 24 hours
of the operation, but not immediately
before. Hemodialysis is associated
with fluid and electrolyte (sodium, po-
tassium, magnesium, phosphate) im-
balance and shifting of electrolytes
between intra- and extracellular com-
partments. Hemodialysis should be
performed to correct volume overload,
hyperkalemia, and acidosis.

Patients at risk for perioperative
renal failure include those with preex-
isting renal insufficiency and diabetes,
especially in combination, and those
undergoing procedures with the ad-
ministration of contrast medium. If all
3 conditions are present, the risk of
renal failure may be as high as 50%.
Preoperative identification of at-risk
patients may change management,
such as administration of sodium bi-
carbonate, a change in type of contrast
medium, and avoidance of hypovole-
mia or even vigorous hydration. Chap-
ter 13 has a complete discussion of the
patient with renal disease.

Hepatic Disease

Predictors of poor perioperative out-
come in patients with liver disease
include the following®®:

e Acute hepatitis (viral or alcoholic)

e Chronic active hepatitis with jaun-
dice, encephalopathy, coagulopathy,
or elevated liver enzymes

e Child’s C cirrhosis (bilirubin >3 mg/
dL, albumin <3 g/dL, PT >6 seconds
more than control, poor nutritional
status, large amount of ascites, and
moderate encephalopathy)

e Abdominal surgery

e PT >3 seconds prolongation refrac-
tive to vitamin K therapy

Salt and water restriction, diuretic
therapy (spironolactone is preferred),
enteral nutritional supplements, and
oral vitamin K (1-5 mg daily for 3-5
days) are indicated preoperatively to
correct deficiencies. Delaying elective
surgery until after an acute episode of
hepatitis or an exacerbation of chronic
disease has resolved is appropriate.
Table 4-5 suggests the appropriate
tests; Chapter 14 discusses the patient
with liver disease in detail.

Anemia

Consequences from moderate levels of
anemia and Hgb levels = 6.0 g/dL in
patients without CAD are minimal.
The ASA Task Force on Blood Compo-
nent Therapy concluded that red blood
cells should not be transfused solely
because of a Hgb level but rather be-
cause of risk for complications from
inadequate oxygenation.>” Transfusion
is rarely indicated when the Hgb is
>10 mg/dL, and almost always needed
when the Hgb is <6 mg/dL. The goal
in the preoperative clinic is to deter-
mine the etiology, duration, and stabil-
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ity of the anemia, and to consider the
extent and type of surgery, the antici-
pated blood loss, and the patient’s co-
morbid conditions that may impact
oxygenation, such as pulmonary, cere-
brovascular, or cardiovascular disease.
Type and screen testing before the day
of operation and planning for the avail-
ability of blood will avoid delay of the
procedure. This can ease the burden
on the blood bank personnel for same-
day admission or outpatient surgery. A
protocol can be instituted with the
department of surgery and the blood
bank. In special circumstances, such
as a patient’s refusal of perioperative
blood transfusions or for elective pro-
cedures with expected significant
blood loss in anemic patients, post-
ponement of surgery to treat with re-
combinant human erythropoietin and
iron may be warranted.

Sickle cell disease is a hereditary
hemoglobinopathy and vasoocclusion
is responsible for most of the associ-
ated complications. Preoperative as-
sessment should focus on identifica-
tion of organ dysfunction and acute
exacerbations.”® Frequent hospitaliza-
tions or a recent increase in hospital-
izations, increasing age, preexisting in-
fections, and pulmonary disease predict
perioperative vasoocclusive complica-
tions.®® The preoperative history and
physical examination should focus on
the frequency, severity, and pattern of
vasoocclusive crises and the degree of
pulmonary, cardiac, renal, and central
nervous system damage. Measure-
ment of pulse oximetry, Hct, BUN,
and creatinine, ECG, and a chest ra-
diograph are indicated. Additional
testing (e.g., echocardiogram, arterial
blood gases) may be needed. Prophy-
lactic transfusion may be beneficial,
especially before intermediate- to
high-risk operations. Preoperative pro-
phylactic transfusion is controversial
and the decision to transfuse should
be made in concert with a hematolo-
gist familiar with the disease. Chapter
15 discusses in detail the patient with
anemia.

Neurologic Disease

For a patient with neurologic disease
(e.g., stroke, seizure disorder, multiple
sclerosis), a detailed history is re-
quired with focus on recent events,
exacerbations, or evidence for poor
control of the medical condition. A
basic neurologic examination docu-
menting deficits in mental status,

speech, cranial nerves, gait, and motor
and sensory function is important.
This baseline enables postoperative
comparison and evaluation of new def-
icits. If a stroke or transient neurologic
deficit is not fully evaluated or occurs
within 1 month before the operation,
elective surgery should be delayed
pending complete evaluation. A newly
discovered carotid bruit requires a
careful history of related symptoms
and carotid Doppler studies, especially
if the procedure is likely to involve
manipulation of the neck or if the
patient has a potentially difficult air-
way. Significant abnormalities on Dop-
pler studies should prompt a referral
to a vascular surgeon or neurologist.

Routinely ordering tests for serum
drug levels of antiseizure medications
is not indicated unless toxicity is a
concern or the patient is having
breakthrough seizures. Patients with
good control of seizures may have
levels outside the therapeutic range
and results may be confounded if the
timing of the administration of the
drugs in relation to when the test is
drawn is not considered. Table 4-5
has testing suggestions and Chaps. 10
and 11 discuss neurologic diseases in
detail.

Cancer Patients

Patients with a history of cancer may
have complications related to the dis-
ease or the treatment. Preoperative
evaluation should focus on evaluation
of the heart, lungs, and neurologic and
hematologic systems. Previous head
and neck irradiation may cause carot-
id artery disease, hypothyroidism, or
difficulty with airway management.>
Auscultation for bruits, thyroid func-
tion tests (thyroid-stimulating hor-
mone levels), and carotid Doppler
studies are recommended.
Mediastinal, chest wall, and Ileft
breast irradiation can cause conduc-
tion abnormalities, cardiomyopathy,
valvular abnormalities, and premature
CAD even without traditional risk fac-
tors.% Cardiovascular disease is the
second most common cause of mortal-
ity in survivors of Hodgkins disease.
One study found that 88% of patients
had echocardiographic abnormalities
5-20 years after treatment, most of
them asymptomatic. Treatment at a
younger age increases risk. These risk
factors were not considered in the
ACC/AHA Guidelines for Cardiac Eval-
uation for Noncardiac Surgery but they

may be important predictors of CAD.%
ECG, echocardiography, and stress
testing may be indicated. Table 4-5
lists suggested diagnostic testing.

Substance Abuse

Patients who use alcohol to excess or
illicit drugs may not give a reliable
history. Addicts may be at risk for a
myriad of perioperative complica-
tions, including withdrawal, acute in-
toxication, an altered tolerance to
anesthetic and opioid medications, in-
fections, and end-organ damage. Pref-
erably, patients with drug or alcohol
dependence should be drug-free well
before an elective operation. Acute
preoperative abstinence in alcoholics,
however, is associated with a poorer
outcome postoperatively than if drink-
ing is continued.®!

Preanesthesia clinic staff should be
prepared to refer patients to addiction
specialists or programs or prescribe
medications to prevent withdrawal in
the preoperative period if patients
agree to abstinence. Intravenous drug
use should prompt an evaluation for
cardiovascular, pulmonary, neurolog-
ic and infectious complications. Be-
cause intravenous access is often lim-
ited in users, interventional radiology
may be needed to help with line
placement. Alcoholics need assess-
ment of cardiovascular, hepatic, and
neurologic alterations. Testing de-
pends on symptoms and findings from
the history and physical. ECG, echo-
cardiography, chest radiography, and
chemistry and hepatic panels may be
needed. Table 4-5 and Chap. 23 pro-
vide additional information.

Patients with or at Risk of
Thromboembolism and/or
Pulmonary Emboli

Recent arterial or deep venous throm-
boembolism requires postponement of
non-life-saving procedures. Without
anticoagulation, the risk of recurrent
DVT within 3 months of a proximal
deep venous thromboembolism is ap-
proximately 50%. A month of warfarin
treatment reduces the risk to 10%; and
3 months of warfarin treatment reduc-
es the risk to 5%. Patients with a
hereditary hypercoagulable state, can-
cer, or multiple episodes of DVT are at
higher risk indefinitely. Patients with
nonvalvular atrial fibrillation who
have had a previous cerebral embo-
lism also are at high risk. Patients with
mechanical heart valves, especially



multiple valves, are at risk for embo-
lism. Risk is greater with mitral than
with aortic valves. Surgery increases
the risk of deep venous thromboembo-
lism, but there is no evidence that
surgery increases the risk of arterial
embolism in patients with atrial fibril-
lation or mechanical valves.5?

An elective operation scheduled for
the first month after an episode of
venous or arterial thromboembolism
should be postponed. If postponement
is not possible, then the patient should
receive preoperative heparin while
the international normalized ratio
(INR) is below 2.0.52 Ideally, 3 months
of anticoagulation is recommended be-
fore an elective operation. See the
section on Medication Instructions
and Table 4-6 for further discussion of
warfarin management preoperatively.
Chapter 15 discusses patients with co-
agulation disorders.

Smokers and Those Exposed
to Secondhand Smoke

Exposure to tobacco, directly or
through “secondhand” smoke, increas-
es the risk of many perioperative com-
plications. Smokers are more likely to
experience wound infections, respira-
tory or airway complications (includ-
ing oxygen desaturation), and severe
coughing.®® Smoking decreases macro-
phage function, negatively impacts
coronary flow reserve, and causes vas-
cular endothelial dysfunction, hyper-
tension, and ischemia. Smokers re-
quire longer hospital stays and more
often need postoperative intensive
care than do nonsmokers.

The greatest benefit of smoking ab-
stinence is probably only realized
after several months of cessation. In
studies reporting a greater periopera-
tive risk in recent quitters than in
smokers, selection bias may have con-
tributed to the results. The patients
who were motivated to stop or advised
to quit smoking may have been at
greater risk because of health status.
Soon after a patient quits smoking
carbon monoxide levels decrease,
which improves oxygen delivery and
use. Cyanide levels decrease, which
benefits mitochondrial oxidative me-
tabolism. Lower nicotine levels im-
prove vasodilatation and many toxic
substances that impair wound healing
decrease. Patients without a history of
ischemic heart disease who smoked
shortly before operation had signifi-
cantly more episodes of rate-pressure

CHAPTER 4: OVERVIEW OF PREOPERATIVE ASSESSMENT AND MANAGEMENT

product-related ST-segment depression
than did nonsmokers, former smokers,
or chronic smokers who did not smoke
in the immediate preoperative period.®*

A preoperative smoking cessation
intervention in patients who under-
went knee and hip replacements de-
creased rates of surgical-site infections
from 23% in the conventional group to
4% in those who stopped smoking.
The U.S. Public Health Service recom-
mends that “all physicians should
strongly advise every patient who
smokes to quit because evidence
shows that physician advice to quit
smoking increases abstinence rates.”5
Nearly 70% of smokers want to quit.

Effective interventions include medi-
cal advice and pharmacotherapy, such
as nicotine-replacement therapy, which
is safe in the perioperative period. Nico-
tine patches, gum, and lozenges are
available without a prescription; nasal
spray and bupropion (Wellbutrin) re-
quire prescriptions. Clonidine is also
effective. Bupropion or clonidine should
be started 1-2 weeks before a quit at-
tempt; nicotine replacement therapy is
effective immediately.% Individual and
group counseling may increase rates of
long-term abstinence. Many hospitals,
insurance companies, and communities
offer smoking cessation programs. Ex-
cellent resources are available on the
Internet and from the U.S. government.
Advice and guidelines are available at
http://www.surgeongeneral.gov/tobacco/
default.htm. Tobacco-intervention train-
ing during medical school and residen-
¢y can significantly improve the quality
of physician counseling and rates of
abstinence.

The Elderly

By the year 2030 almost 70 million
persons older than 65 years of age will
be alive in the United States and a
significant portion of these will be 85
years of age or older. The number of
patients older than 65 years of age
who will undergo noncardiac surgery
will increase from 7 to 14 million by
2025. Chronological age, however, is a
less important determinant of opera-
tive outcome than are comorbid condi-
tions and physiologic age. Age >70
years is an independent predictor of
postoperative mortality, cognitive dys-
function, major perioperative compli-
cations, and longer hospital stays.5”
Organ function declines in the elderly,
who respond differently to medica-
tions and have a greater number of

comorbid conditions. Among the con-
ditions are arthritis, hypertension,
heart disease, and diabetes. One study
found coexisting disease in 95% of
geriatric patients scheduled for sur-
gery. Postoperatively 35% of patients
had cardiac or pulmonary complica-
tions that were associated with comor-
bid conditions, and many could have
been predicted preoperatively.®® Other
studies have found that the rate of
perioperative complications among
the very elderly (>85 years of age) is
not prohibitive.5”

Elderly individuals often do not re-
turn home immediately after an oper-
ation for various reasons. They need
rehabilitation, their recovery takes
longer, they have a high incidence of
postoperative delirium (26% preva-
lence at 1 week, 10% at 3 months), or
support services are lacking. Dis-
charge planning in advance may less-
en the costs of perioperative elder
care. Preoperative clinics can be de-
signed to offer multidisciplinary care
and after-discharge planning that coor-
dinates with surgical, nursing, and so-
cial service departments.®?

Testing in the elderly patient should
be based on disease indications rather
than age alone (see Tables 4-3 and 4-5
and the section in this chapter on age-
based testing under Preoperative Test-
ing). Chapter 20 presents an expanded
discussion of the evaluation of the geri-
atric patient.

Cataract Patients

Patients undergoing cataract surgery
are often elderly with extensive co-
morbid disease. The procedure is mi-
nor, however, without expected sys-
temic physiologic disturbances or
significant postoperative pain. Topical
anesthesia is commonly used and be-
cause general anesthesia is rarely re-
quired, the risk is lessened. Elective
cataract surgery has the enormous
benefits of allowing individuals to
drive, read, avoid isolation, watch tele-
vision, and decrease the incidence of
falls. The cost of routine medical test-
ing before cataract surgery is estimat-
ed at $150 million annually. In a study
of more than 18,000 patients randomly
allocated to no routine testing before
cataract surgery or to a battery of tests,
including ECG, complete blood count
(CBC), and electrolytes, BUN, creati-
nine, and glucose levels, no differenc-
es in postoperative adverse events
were found between the two groups.”®
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The results of this study do not
suggest that patients undergoing cata-
ract surgery require no laboratory test-
ing.”® The study of cataract patients
eliminated routine tests, not tests indi-
cated for a new or worsening medical
problem. The group that crossed over
from no testing to some testing had
significantly more coexisting illness
and poor self-reported health status.
This finding suggests that the preoper-
ative care provider screen patients to
order tests for those who require
them. In the study described, exclu-
sion criteria were general anesthesia
or a myocardial infarction within 3
months. All patients underwent a pre-
operative medical assessment. More
than 85% of enrollees reported good to
excellent health status, almost 25%
reported no coexisting illnesses (in-
cluding hypertension, anemia, diabe-
tes, and heart or lung disease), almost
30% were <70 years old, and 65%
were ASA PS 1 or 2 status, suggesting
a fairly healthy group.”’ If patients are
comparable to those in the study, are
routinely evaluated by primary care
physicians, have stable mild disease,
and will undergo cataract operation
under topical or bulbar block, then no
special testing is required because of
cataract surgery. Serious, poorly con-
trolled conditions must be normalized
before surgery, and selective testing
suggested by history and physical ex-
amination may be necessary. Al-
though testing is rarely necessary be-
cause of cataract surgery, patients with
limited access to healthcare services
may benefit from medical evaluation.
The ACC/AHA Guidelines for Cardiac
Evaluation for Noncardiac Surgery con-
sider cataract surgery to be low risk.?
Tables 4-3 and 4-5 list testing indica-
tions for particular diseases.

The Difficult Airway

An important part of preoperative eval-
uation is assessment of the airway. If a
patient with a difficult airway can be
identified before the day of operation,
special equipment or personnel with
advanced training and skills in airway
management can be available without
delaying or postponing procedures or
compromising patient safety.! Patients
with the following characteristics may
have a challenging airway:

e Obstructive sleep apnea
e Snoring
e Obesity

e Facial and neck deformities from
previous operation

e Head and neck radiation
e Head and neck trauma

e Congenital abnormalities
e Rheumatoid arthritis

e Down syndrome

e Scleroderma

e Cervical spine disease or previous
operation

The ease or difficulty of laryngosco-
py and intubation are discussed exten-
sively in the literature. However,
equally, if not more, important is the
ability to predict difficulty with mask
ventilation.”? The following patient
characteristics independently suggest
difficulty with mask ventilation:

e Age >55 years

e BMI >26 kg/m?
e Lack of teeth

e A beard

e Snoring history

Patients with Down syndrome or
rheumatoid arthritis may have asymp-
tomatic atlantoaxial subluxation and
cervical spine instability. A careful his-
tory may elicit neurologic deficits or
neck and shoulder pain. Patients with
neurologic deficits or symptoms, and
rheumatoid arthritis patients with
long-standing, severely deforming dis-
ease need cervical spine radiographs
with special flexion, extension, and
open-mouth odontoid views.

Chapter 8 discusses the evaluation
of the patient with a difficult airway.
The goals in the preoperative clinic
should be documentation of an air-
way examination, including Mallam-
pati score, status of teeth (Fig. 4-1),
range of motion of the neck, thyro-
mental distance, body habitus, and
pertinent deformities. Previous anes-
thetic records should be obtained and
a discussion of awake fiberoptic intu-
bation with the patient may be appro-
priate. See Physical Examination
above for components of the airway
examination.

Anesthesia-Specific Concerns

A personal or family history of pseudo-
cholinesterase deficiency should be
identified preoperatively. Records from
previous anesthetics may clarify an
uncertain history. If time allows, a
dibucaine number and pseudocho-

linesterase, chloride, and fluoride le-
vels should be obtained. A history of
malignant hyperthermia (MH) or a
suggestion of it (hyperthermia or rigid-
ity during anesthesia) either in a pa-
tient or family member should be
clearly documented and arrangements
made before the day of operation.

Ambulatory Surgery

Approximately 60-70% of surgical
procedures are performed on an out-
patient basis, and of these, 5-8% are
performed in an office setting. A
study of ambulatory surgery in Medi-
care beneficiaries older than 65 years
of age found no deaths on the day of
operation when the procedure was
performed in a physician’s office; 2.3
deaths per 100,000 procedures when
performed in a freestanding ambula-
tory surgical center; and 2.5 deaths
per 100,000 when performed at an
outpatient hospital. The 7-day mortal-
ity was 35 per 100,000, 25 per 100,000,
and 50 per 100,000 respectively. Age
>85 years, significant comorbidity,
and type of procedure predicted ad-
verse events.”?

Almost half of ambulatory surgical
procedures are performed in patients
age 65 years and older. Elderly pa-
tients may bring specific problems to
the ambulatory setting as they often
have multiple chronic conditions and
poor eyesight, and may be unable to
perform activities of daily living such
as feeding themselves or driving.
Some patients have limited support
during the stress of recovery from
anesthesia and surgery.®® Chapter 20
and The Elderly above discuss preop-
erative evaluation of this population in
greater detail.

Patients with OSA may require
skilled and specialized airway man-
agement. They are typically sensitive
to anesthetic agents (less airway mus-
cle tone than normal, which leads to
airway collapse) and narcotics (great-
er than average respiratory depres-
sion). They may require longer postop-
erative monitoring and the American
Sleep Apnea Association suggests
that some patients with sleep apnea
might not be candidates for ambula-
tory surgery.

Obese patients may require special-
ized equipment to accommodate their
weight, which might not be readily
available in ambulatory facilities. Pa-
tients with a history or family history
of MH may require prolonged observa-



tion in the recovery period, so plan-
ning is important. Whether a patient
susceptible to MH is a candidate for
ambulatory surgery should be decided
well before the day of operation. Pa-
tients with a history or who are at risk
of a difficult airway may need special-
ized equipment and personnel that
might not be available. Individuals
with pacemakers and ICDs may not be
candidates for freestanding ambulato-
ry facilities if electromagnetic interfer-
ence is likely.

PATIENT MANAGEMENT

Management of comorbid conditions
and interventions to reduce risk are as
important as identification and diagno-
sis of medical disease. If anesthesiolo-
gists are not going to intervene to
improve new or chronic disease states,
then close collaboration with primary
care physicians, specialists, and sur-
geons are essential. Far too many an-
esthesia practices collect information
without having processes in place to
follow through to manage patients and
risk so as to improve outcomes and
reduce adverse events.

Consultations

Collaborative care of patients is often
necessary and beneficial. Consultation
initiated by the preoperative physician
should seek specific advice regarding
diagnosis and status of the patient’s con-
dition(s). Asking specific questions such
as “Does this patient have CAD?” or “Is
this patient in the best medical condi-
tion for planned thoracotomy with lung
resection under general anesthesia?” is
the first step. Letters or notes stating
“cleared for surgery” are rarely sufficient
to design a safe anesthetic. A letter sum-
marizing the patient’s medical problems
and condition, along with the results of
diagnostic tests, are necessary.

Close coordination and good com-
munication among the preoperative
anesthesiologist, surgeon, and consult-
ant is vitally important. Miscommuni-
cation among care providers was cen-
tral to most reported incidents in the
Australian Incident Monitoring Study
(AIMS) whenever preoperative assess-
ment was implicated.!

In many practices the cardiology
service is most frequently consulted
perioperatively. In one survey, howev-
er, the usefulness of such consulta-
tions was questioned by anesthesiolo-
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gists. Unfortunately, only 17% of
anesthesiologists felt obligated to fol-
low the consulting cardiologist’s rec-
ommendations. Forty percent of the
consultations contained only the rec-
ommendation to “proceed with the
case,” “cleared for surgery,” or “contin-
ue with current medications.” Recom-
mendations regarding intraoperative
monitoring or cardiac medications
were largely ignored. Part of this re-
sponsibility lies with the consulting
physicians (be that surgeons or anes-
thesiologists) and the long-standing
practice of asking for or receiving car-
diac “clearance.” This is a vague re-
quest and a response (often scribbled
on a prescription pad) simply stating
“low risk” or “cleared for surgery” is
meaningless and unhelpful. In gener-
al, preoperative consultations should
be sought for diagnosis, evaluation,
and improvement of a new or poorly
controlled condition, and for creation
of a clinical risk profile that the pa-
tient, anesthesiologist, and surgeon
use to make management decisions.

Detailed discussions and communi-
cation, preferably oral, are essential
for the best management of complicat-
ed patients. Copies of diagnostic stud-
ies that accompany the consultation
letter help the anesthesiologist to
make an independent decision about
patient risk and to plan anesthetic
care. Chapter 6 has a detailed discus-
sion of consultations.

Practice Guidelines

An important element for a successful
preoperative evaluation system is a
uniform, consistent method for assess-
ment and management. Even though
individual judgment 1is necessary,
guidelines and policies for the group
should be developed. Cancellations,
delays, or demands for additional diag-
nostic testing on the day of operation
after a patient has been evaluated and
deemed acceptable for anesthesia by
the preoperative clinic is detrimental
to the success of a preoperative assess-
ment program.

Practice guidelines improve the pro-
cess of preoperative evaluation and
management and affect surgical out-
comes. Guidelines minimize variation
in clinical practice and make good use
of resources. They may help to avoid
cancellations or delays on the day of
operation when the anesthesiologist in
the preanesthetic clinic and the one
performing the anesthesia have differ-

ences in opinion about the patient’s
fitness for operation. This will prevent
patient inconvenience and disappoint-
ment and surgeon dissatisfaction.
Guidelines synthesized from the best,
most current sources help practition-
ers stay up-to-date with recommenda-
tions and the literature by assimilating
treatments and diagnostics into their
practices. Guidelines can be as simple
as an organization of the type and
timing of care delivered to typical,
uncomplicated patients, or as complex
as instructions for dealing with a spe-
cific issue expressed by decision trees
in branching logic format.”® Accep-
tance is more likely when disease-
specific algorithms are developed and
agreed to by all stakeholders. The in-
tent is not to design inflexible stan-
dards, but to provide a consistent,
straightforward method to evaluate a
particular disease such as hyperten-
sion or CAD; a finding such as a mur-
mur; or a symptom such as chest pain.
Practice guidelines recommend care
based on scientific evidence and broad
consensus, but leave room for justifi-
able variations in practice.

Practice guidelines typically rely on
evidence-based medicine that examines
the data from clinical research. Intu-
ition, personal clinical experience, and
pathophysiologic rationale are less im-
portant. The practice and teaching of
evidence-based medicine requires skills
that are not part of traditional medical
training. Precisely defining a problem
and the information required to resolve
the problem are important first steps.
The pertinent studies from a well-con-
ducted literature search are selected
and applied to the treatment of medical
conditions found in patients.

Algorithms such as in Figure 4-2,
and guidelines such as those in Tables
4-3, 4-5, and 4-7, are examples.

Nothing by Mouth Guidelines

Historically, patients have been told to
abstain from oral intake (nothing by
mouth [NPO]) after midnight regard-
less of the time of their procedure to
reduce the risk of aspiration. Twenty
years ago Miller found that a light
breakfast (of tea and toast) 2-4 hours
before an operation did not negatively
impact gastric pH or volume. In many
European countries today, patients are
allowed to eat a “light breakfast” if an
operation is scheduled for noon or
after. However, this practice has not
received widespread adoption in the
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United States. Because oral fluids have
short gastric transit times many, if not
most, departments of anesthesia mod-
ified the “nothing after midnight” ap-
proach. The ASA recommends that
healthy patients who will undergo
elective procedures be allowed to
drink clear liquids (e.g., water, juice
without pulp, coffee or tea without
cream or milk) until 2 hours before
anesthesia; breast milk until 4 hours
before anesthesia; and nonhuman
milk, infant formula, or a light break-
fast until 6 hours before procedures
requiring anesthesia (Table 4-8).74

Medication Instructions

Some medications should be contin-
ued on the day of operation because
of their beneficial effects; others may
be harmful or contraindicated.” Med-
ications associated with withdrawal
effects (e.g., p-blockers, centrally act-
ing sympatholytics, benzodiazepines,
and opioid analgesics) should be con-
tinued through the preoperative peri-
od. Table 4-6 describes in detail drugs
to be continued or discontinued before
an operation.

Most antihypertensive medications,
with the possible exception of angio-
tensin-converting enzyme inhibitors
(ACEIs) and angiotensin receptor-
blocking agents (ARBs) should be
taken before operation.”® ACEIs and
ARBs may be associated with greater
risk for hypotension upon induction of
general anesthesia. For significant pro-
cedures with planned neuraxial block-
ade or general anesthesia in well-con-
trolled hypertensive patients, it may
be beneficial to hold these drugs on
the day of operation. In our preopera-
tive clinic patients who will undergo
minor procedures with monitored an-
esthesia care, and those with poorly
controlled hypertension are advised
to continue these drugs on the day of
operation to reduce the risk of signifi-
cantly elevated blood pressure in the
pre- and postoperative periods. f-
Blockers and centrally acting sym-
patholytics (e.g., clonidine) can be as-
sociated with rebound hypertension
when withdrawn.

Consensus is lacking on the recom-
mendations to discontinue diuretics
preoperatively. Diuretics (e.g., hydro-
chlorothiazide) to treat HTN may help
to control blood pressure when contin-
ued on the day of operation. Withhold-
ing potent loop diuretics (e.g., furo-
semide) on the day of operation may

TABLE 4-8.

Guidelines for Food and Fluids Before
Elective Surgery

Time Before

Surgery Food or Fluid Intake
Upto8 Food and fluids as
hours desired
Uptoé6 Light meal (e.g., toast
hours? and clear liquids®),
infant formula,
nonhuman milk
Uptog Breast milk
hours?
Up to 2 Clear liquids® only; no
hours? solids or foods con-
taining fat in any
form
Duringthe2  No solids, no liquids
hours

aThis guideline applies only to patients
who are not at risk for delayed gastric
emptying. Patients with the following con-
ditions are at risk for delayed gastric emp-
tying: morbid obesity; diabetes mellitus;
pregnancy; a history of gastroesophageal
reflux; a surgery limiting stomach capaci-
ty; a potential difficult airway; opiate anal-
gesic therapy.

bClear liquids are water, carbonated bever-
ages, sports drinks, and coffee or tea
(without milk). The following are not clear
liquids: juice with pulp, milk, coffee or tea
with milk, infant formula, and any bever-
age with alcohol.

decrease the risk of hypokalemia, vol-
ume depletion, and renal insufficien-
cy. Intravenous admission by the an-
esthesiologists on the day of operation
is an option.

Medications used by patients with a
history of or who are at risk for heart
disease, such as f-blockers, digoxin,
antiarrhythmics, and statins, should
not be withdrawn before operation. Not
only are they beneficial, but risk may
be increased when they are not taken.?

Pulmonary medications, such as
theophylline, inhaled p-agonists, in-
haled anticholinergics, and inhaled or
oral steroids, should be continued
preoperatively.

Oral hypoglycemic agents should be
held the day of operation to avoid
hypoglycemia. Taking small amounts
of long-acting insulin on the day of
operation presents little risk of hy-
poglycemia, but results in improved
perioperative control. Patients with
types 1 and 2 diabetes should discon-

tinue all short-acting insulins on the
day of operation. Type 2 diabetics
should take none or up to one-half dose
of long-acting (e.g., lente or neutral
protamine Hagedorn [NPH]) or combi-
nation (70/30 preparations) insulins
on the day of operation. Type 1 diabet-
ics should take a small amount (usual-
ly one-third to one-half) of their usual
morning long-acting insulin (e.g., lente
or NPH) on the day of operation to
avoid diabetic ketoacidosis. Patients
with an insulin pump should continue
their basal rate only.

Warfarin may be associated with
increased bleeding except for minor
procedures such as cataract surgery
without bulbar blocks. There is no con-
sensus on the optimal perioperative
management of patients on warfarin.
The usual recommendation is to with-
hold 4 doses of warfarin before opera-
tion (if the INR is 2.0-3.0) to allow the
INR to decrease to <1.5, a level consid-
ered safe for surgical procedures and
neuraxial blockade.”” If the INR is
>3.0, it is necessary to withhold war-
farin longer than 4 doses. If the INR is
measured the day before the operation
and remains >1.8, a small dose of vita-
min K (1.0-5.0 mg orally or subcutane-
ously) can reverse anticoagulation.®®

Substitution with shorter acting an-
ticoagulants such as unfractionated
or low-molecular-weight heparin, re-
ferred to as bridging, is controversial
and should be individualized.®? Kearon
recommends preoperative bridging
with intravenous heparin only for pa-
tients who have had an acute arterial
or venous thromboembolism within 1
month before operation if the proce-
dure cannot be postponed.®?

Most medications for neurologic and
psychological problems should be con-
tinued on schedule in the preoperative
period. Antiepileptics, antiparkinson
medications, antidepressants, including
monoamine oxidase inhibitors (MAO-
Is), antipsychotics, benzodiazepines,
and drugs to treat myasthenia gravis are
best maintained to avoid exacerbations
of symptoms. Antianxiety and psychi-
atric medications should be continued
up until the time of the procedure.
Communication is crucial to alert the
day of operation caregivers because
alterations in anesthesia may be nec-
essary when caring for patients on
these medications, especially for pa-
tients taking MAOIs.

Highly active antiretroviral regi-
mens to treat human immunodeficien-



¢y virus require regular dosing to pre-
vent drug resistance. It is important to
maintain these as scheduled. Antibi-
otics should be taken to complete a
prescribed course of therapy.

Patients taking narcotic pain medi-
cations should be told to continue
these medications as needed, includ-
ing on the day of operation. Missed
doses may result in withdrawal symp-
toms and significant pain with the
associated stress response and hemo-
dynamic perturbations.

Aspirin and other nonsteroidal anti-
inflammatory drugs (NSAIDs) are gen-
erally discontinued before the day of
operation. Circumstances may dictate
otherwise to prevent myocardial infarc-
tion or stroke, to improve patency of
vascular grafts, and to achieve better
pain control. There is a lack of consen-
sus about discontinuing these medica-
tions. Stopping aspirin and NSAIDs may
be more important for intracranial, spi-
nal, and some ophthalmologic (other
than cataract) procedures. Aspirin may
be continued for patients at high risk
for cardiovascular and cerebrovascular
complications and for those scheduled
for vascular reconstruction. Discontinu-
ation of nonaspirin NSAIDs may benefit
patients at risk for renal insufficiency
and continuation may be preferred to
improve pain management. Aspirin and
other NSAIDs do not need to be discon-
tinued for planned neuraxial or regional
anesthesia techniques. If the decision to
discontinue these agents is made, aspi-
rin should be stopped 5-7 days before
the operation and other NSAIDs 24-48
hours before the operation.”® Many cold
preparations and over-the-counter drugs
(e.g., Alka-Seltzer and Pepto-Bismol)
may contain aspirin.

More potent antiplatelet agents,
such as clopidogrel (Plavix) may be
associated with a substantial risk of
perioperative bleeding. These drugs
should be discontinued 7 days before
the operation.

Thyroid replacement drugs and an-
tithyroid medications should continue
on schedule.” Patients taking steroids
regularly should take their usual dose
on the day of operation.” Patients who
have taken more than the equivalent
of 7.5 mg of prednisone a day for at
least 2 weeks within the previous year
may be at risk for stress-associated
adrenal insufficiency.

Postmenopausal hormone replace-
ment therapies containing estrogen in-
crease the risk of perioperative throm-
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boembolic complications and should
be discontinued before operation.®® Es-
trogens must be stopped approximate-
ly 1 month before the operation to
return coagulation to baseline. Most
modern oral contraceptives have low
doses of estrogen that increase throm-
boembolic risk minimally. The risk of
unanticipated pregnancy may out-
weigh the benefits of discontinuing
oral contraceptives.

Herbals and supplements may inter-
act with anesthetic agents, alter the
effects of prescription medications, and
increase bleeding. Many patients do
not consider supplements to be medi-
cations and will not report them in a
list of their medications unless asked.
Gingko biloba, echinacea, garlic, gin-
seng, kava, St. John's wort, and valeri-
an may be associated with increased
bleeding, or a resistance or increased
sensitivity to anesthetic and sedative
agents.®! Herbals and supplements
should be discontinued 7-14 days be-
fore the operation. The exception is
valerian, a central nervous system de-
pressant that may cause a benzodiaze-
pine-like withdrawal when discontin-
ued. If time permits, valerian should be
tapered before a planned anesthetic.

Patients who are particularly anx-
ious should be offered a prescription
for a short course of benzodiazepines,
such as lorazepam, to be taken in the
days preceding the operation, as well
as on the day of operation.

Therapies to Modify
Cardiac Risk

Perioperative p-blockers may reduce
adverse cardiac events in patients who
will undergo intermediate- to high-risk
operation, if significant clinical predic-
tors are present.®28 One survey found
that almost 60% of surgeons and 50%
of cardiologists thought that the best
place to institute or coordinate a f-
blocker protocol is in a preoperative
anesthesiology clinic.8* Anesthesiolo-
gists, especially those working in pre-
operative clinics, need to participate
in this effort to identify at-risk patients
and prescribe these drugs. Although
these drugs can be given in the imme-
diate preoperative period on the day of
operation, patients may derive added
benefit from starting these drugs soon-
er. Starting B-blockers preoperatively
allows more time to titrate to effect
and provides an opportunity to identi-
fy intolerance. Table 4-7 lists p-block-
er prescribing guidelines.

A combination of p-blockers and
statins reduced cardiovascular compli-
cations and mortality in vascular sur-
gery patients, and statins alone were
beneficial in patients who had other
high-risk procedures.® Elective opera-
tions should be postponed for at-risk
patients scheduled to undergo vascu-
lar or other high-risk procedures to
implement statin therapy (see Chap. 7
and Heart Disease above).

B-Blockers should not be started in
patients with an acute or recent (with-
in 1 month) exacerbation of heart fail-
ure (although they are beneficial for
patients with chronic heart failure), in
patients with high-degree heart block
or significant bradycardia, or in pa-
tients with reactive airways disease
who are dependent on daily p-agonists
or who have an acute exacerbation of
bronchospasm. 3-Blockers are not con-
traindicated in patients with stable,
mild to moderate chronic obstructive
lung disease or asthma.®® Table 4-7
lists exclusion criteria.

Chapter 7 discusses this topic in
greater detail.

CLINICAL MODELS
AND MANAGEMENT

As the practice of surgery has moved
into the outpatient arena with the ma-
jority of patients presenting to the
hospital within minutes to hours of
undergoing complex procedures anes-
thesiologists have struggled with how
best to accomplish their evaluations.
Various models exist. Lee originally
proposed an anesthesia-based outpa-
tient clinic in 1949. Some clinics do no
more than document information pro-
vided by the patient, the medical
record, or others who have seen the
patient. Some anesthesiologists rely on
other physicians operating indepen-
dently to prepare patients for operation,
either based on anesthesia-derived
guidelines or not. This allows for re-
view of information but little direct
oversight of the process. Practices that
do not have preanesthesia clinics need
to develop guidelines to direct testing
and to prepare patients for anesthesia
(Tables 4-3, 4-5, 4-6, 4-8, and 4-9).
Many surgeons and anesthesiolo-
gists rely on prior screening of pa-
tients or referrals to primary care
physicians, internists, or specialists to
“clear” patients or to manage comor-
bid conditions. Although this reliance
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TABLE 4-9.

Surgeon’s Checklist

If the patient has not had an anesthe-
sia consultation before the day of sur-
gery, please adhere to the following
guidelines:

[ ] 1. Surgical history and results
of physical examination are
available on the day of the
operation.

[] 2.Preoperative Questionnaire
(Table 4-4) is given to the
patient with instructions to
fill it out and bring it on the
day of surgery or fax it before
hand to

[] 3.Appropriate diagnostic tests
are completed and are avail-
able. You are responsible for
followup on any tests that you
order (Tables 4-3 and 4-5
and Fig. 4-2).

[] 4. Medical information from
outside our healthcare sys-
tem (diagnostic tests, blood
work, cardiac stress tests,
echocardiograms, catheter-
izations, pulmonary function
tests, consultations) is
available on the day of the
operation.

[] 5. Patient has been given pre-
operative medication instruc-
tions (Table 4-6).

[] 6. Patient has been given NPO

guidelines (Table 4-8).

. “Clearance” letters or notes
are rarely sufficient to de-
sign a safe anesthetic. A let-
ter summarizing the pa-
tient’s medical problems
and condition and verifying
that the patient’s medical
status is optimized is neces-
sary. Surgery may be de-
layed or postponed for pa-
tients with chronic medical
conditions if they have not
been evaluated in the Anes-
thesia Preoperative Medi-
cine Clinic (APMC) and nec-
essary information is not
available preoperatively, or
their medical status is not
optimized. The staff of APMC
encourage you to use the
clinic for complex patients or
those undergoing major oper-
ations (Tables 4—1 and 4-3).

]

may be appropriate for a few, very
select diseases and patients, the man-
agement of conditions for everyday
life and for reducing long-term com-
plications is very different from the
stresses of a surgical procedure and
anesthesia. Proficiency in preopera-
tive care is a prerequisite for board
certification in anesthesia; internists
who are not specifically trained in
preoperative care may “feel insecure
when called on to evaluate the preop-
erative patient because this important
aspect of medicine is not formally
taught in many training programs.”®”
Anesthesiologists are best suited to do
preoperative assessments because of
our comprehensive understanding of
surgical procedures, anesthetic tech-
niques, and the pharmacologic and
physiologic responses of patients dur-
ing procedures.

Anesthesiologist-staffed preopera-
tive clinics improve the satisfaction of
patients and physicians, reduce oper-
ating room cancellations and delays,
and decrease unnecessary testing and
costs.®® To expand the anesthesiolo-
gist’s responsibilities beyond the oper-
ating room, an educational system
must be developed to train anesthesi-
ologists in preoperative care. Concern
has been expressed that current anes-
thesiology training programs are inad-
equately preparing practitioners to
evaluate and manage patients with
complicated medical conditions prior
to anesthesia and operation.®® During
residency training, honing the cogni-
tive aptitude for preoperative medi-
cine is not emphasized because of the
inordinate amount of time anesthesi-
ologists spend in the operating room
learning technical and procedural
skills. One study found that fewer than
half of residency programs have a
formal preoperative management cur-
riculum.®  Anesthesiology often at-
tracts physicians who either do not
want to work in clinic settings, or do
not want to develop proficiency in
preoperative medicine, communica-
tion, and multidisciplinary manage-
ment of care. Kluger, from the AIMS
study, stated: “Anaesthetists must rec-
ognize they are responsible for the
overall clinical management of the
patient rather than simply providing a
technical service.”!

As anesthesiologists assume a great-
er out-of-operating room presence and
take on the tasks of evaluating and
managing patients before operation

and anesthesia, expert practices using
cost-efficient management, outcomes
measures, and practice guidelines
must be developed. Diagnostic exper-
tise and clinical decision making
should be emphasized. It would be
unrealistic to expect anesthesiologists
to manage the administrative and clin-
ical roles of perioperative medicine
without training in these skills during
residency.?? Greater involvement of
anesthesiologists in preoperative med-
icine has potential benefits to patients,
institutions, the healthcare system,
and the specialty. Preoperative clinics
enable anesthesiologists to be respon-
sible for perioperative care resources,
to attract a diverse population of
healthcare providers to the specialty,
and to establish an expertise beyond
the operating suite.

Preanesthesia clinics vary widely in
services offered and the personnel
involved in preoperative evaluation.
They are staffed by anesthesiologists,
internists, or physician extenders,
such as nurse practitioners, physician
assistants, registered nurses, or some
combination (M. Higgins, personal
communication, Vanderbilt Universi-
ty December 2005).7* Little difference
has been shown in patient outcomes
when those cared for by physicians
and other health practitioners were
compared. Little data from preanes-
thetic clinics exist to guide staffing.
When outcomes were compared be-
tween patients cared for by nurse
practitioners versus primary care phy-
sicians, no difference in health status
of patients or quality of care was
found. In one study, a physician’s
diagnostic accuracy was improved 20-
30% after a physician’s assistant took
a detailed history.°

Anesthesiologists are highly quali-
fied to perform preoperative assess-
ment and management because of
their intimate knowledge of anesthe-
sia, the planned surgical procedures,
and the associated physiologic pertur-
bations. For the sake of cost-efficiency,
physician extenders, such as regis-
tered nurses, physician assistants, ad-
vanced nurse practitioners, and medi-
cal assistants, can contribute to
evaluation under the direction of the
anesthesia department. Depending on
services that are offered, additional
staff might include clerks, phleboto-
mists, ECG technicians, administra-
tors, social workers, case managers,
and physical therapists.



Scheduling

Scheduling should be based on the
anticipated requirements of the preop-
erative visit, such as the numbers and
types of practitioners (e.g., nurses,
physicians, physical therapists, phle-
botomists) who will be seeing the pa-
tient, required diagnostic studies, and
the general health of the patient. The
general health of the patient is esti-
mated by the ASA PS or a screening
mechanism offered by various Inter-
net-based tools, a previsit telephone
call, or a patient-completed informa-
tion form sent from the surgeon’s office
(Table 4-4). Standardized appointment
times for all patients inherently result
in delays and long waits. Facilities
should consider open-access schedul-
ing that accommodates walk-ins for
those patients traveling long distances
or who have physical disabilities or
unexpected scheduling of operation to
prevent inconveniencing them with a
return appointment. Reserving a block
of time to coordinate appointments
with high-volume office visits to sur-
geons might be useful. Scheduling pa-
tients far enough in advance allows
time for ordering tests, improving the
patient’s medical condition, and re-
cruiting social services. Evening and
weekend hours afford patients the
least disruption from work or family
responsibilities.

Because long wait times contribute
to patient dissatisfaction, strategies
should lessen wait times to improve
satisfaction. If patients arrive early or
late for an appointment, if practitio-
ners take longer than an appointment
time, or if patients without appoint-
ments delay the evaluation of other
patients, wait times will increase.
Scheduling appointments that reflect
time needed, using longer appoint-
ment intervals, providing necessary
clinical information, using a comput-
erized anesthesia record, accepting
provider idle time, scheduling breaks,
and deliberately expecting many “no-
show” patients might decrease wait
time.

Improving Patient Experience
with Preoperative Evaluation

Patients who are scheduled for opera-
tion want information, want to have
their concerns addressed, and want
their questions answered.”! Patient an-
xiety is reduced when a patient’s coping
style is not threatened. Too much infor-
mation, especially detailed information
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about the dangers of anesthesia and
operation, creates anxiety in patients
who prefer to cope by avoidance. Pa-
tients without prior anesthetic expo-
sure desire more information than
patients who have had previous anes-
thetics. Patients desire information in
layperson language. Respecting a pa-
tient's feelings, explaining complex is-
sues in a simple manner, and learning
effective communication skills can im-
prove patient satisfaction.’” Nonverbal
communication, dress, and avoidance
of jargon are important. Videos about
anesthesia can be time-efficient and
well received. Written instructions, es-
pecially regarding NPO guidelines,
medications, and when and where to go
on the day of operation, are essential.

Patient satisfaction questionnaires
should be designed and used to im-
prove the processes.”® Some questions
that might be asked in such a survey
are as follows:

¢ Did the anesthesiologist explain the
planned anesthetic in terms you
understood?

e How well did the anesthesiologist
answer your questions and address
your concerns?

e How well did the anesthesiologist
explain what you could expect after
your anesthesia?

¢ Did you have to wait long?

e Was the staff courteous and respect-
ful to you?

e Overall, how satisfied were you with
your preanesthetic visit?

e How might we improve our services?

Informatics

Modern, up-to-date information sys-
tems streamline acquisition, storage,
and transfer of data about patients
among primary care providers, the
laboratory, consultants, surgeons, and
operating room and clinic personnel.
Many institutions have developed
their own computer-based programs
(Figs. 4-3, 4-4, and 4-5) and a variety
of commercial products are available.
These can be as simple as a question-
naire (Table 4-4) or as advanced as
complex systems that include decision
support tools for diagnostic testing,
suggestions for consultations, physi-
cian computer order entry, direct links
to laboratory databases, and the capa-
bility of printing patient preoperative
instructions, as well as a summary of
the evaluation.

Computerized order-entry, prescrip-
tion generation, and management pro-
grams can improve patient care and
reduce costs. Patients can transfer in-
formation via e-mail, facsimile ma-
chines, and interactive telephone sys-
tems. Simple telephone reminders
improve appointment keeping, patient
satisfaction, patient compliance, use
of services, and medication compli-
ance, and decrease use of alcohol and
tobacco (prevention programs).

Computer-program patient interviews
save valuable physician time and may
be convenient for the patient. Computer
programs that gather information di-
rectly from patients allow planning
for needed services in advance, and
can provide patient education and in-
struction. Internet-based sites such as
www.onemedicalpassport.com and tools
such as HealthQuest and telemedicine
have been used for preoperative evalua-
tion.”® Airway evaluation is particularly
enhanced with telemedicine.

Electronic technology has enhanced
the ease and efficiency of data acquisi-
tion and this data can be accessed for
patient care simultaneously by multi-
ple providers in diverse locations.
Technology can improve management
of clinical studies, be used for cost
analysis, and used for staffing, re-
source allocation, and managed care
or capitated contract negotiations.

A computerized preanesthetic
evaluation system can improve hos-
pital (not just preoperative clinic)
reimbursement by improved docu-
mentation of diagnosis-related group
(DRG) codes when ICD-9 codes are
changed.®*

Medicolegal Culpability

As anesthesiologists broaden their
scope of practice and responsibilities,
concerns over medical liability arise.
Professional negligence, or malprac-
tice, is generally characterized as a
failure on the part of the physician to
possess or exercise reasonable skill or
diligence in the diagnosis or treatment
of a patient. The essential elements of
a medical malpractice claim include a
duty toward the patient, a breach of
that duty, and an injury to the patient
because of the breach of duty. A physi-
cian’s responsibility is to act in accor-
dance with national standards of care
established by the profession, which
are defined in terms of care delivered
by an average practitioner, not the best
practitioner.
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FIGURE 4-3. Computerized patient history.

Duties of the preoperative physician
include examination of the patient and
referral to a specialist if necessary. Part
of the examination requires the use of
diagnostic information or techniques
that an average, reasonable practitioner
would use in similar circumstances.

Often physicians are concerned
about failure to diagnose a condition by
failing to order a diagnostic screening
test. The traditional system of ordering
preoperative tests routinely evolved
from the mistaken belief that more
information, no matter how irrelevant
or expensive, will improve care, en-
hance safety, and decrease liability. In
reality, nonselective screening may in-
crease legal culpability. Unanticipated
abnormalities on laboratory test results

@ Has Patient ever seen a Cardiologist?

EhonE Dt Hite

I I ]

are uncommon. The relationship be-
tween these abnormalities and surgical
and anesthetic morbidity is weak at
best. More than half of all abnormal
test results obtained in routine preop-
erative screening are ignored or not
noted in the medical record, which is
the document of interest to the courts.
Failure to followup an abnormal result
is, from a legal point of view, probably
riskier than failure to order the test in
the first place.

Physicians without malpractice claims
are more likely than physicians with
malpractice claims to encourage pa-
tients to talk and give their opinions.
The physicians clarify what has been
discussed, and keep patients informed
about what to expect during a visit. One

Exam Room:

study found that communication prob-
lems were predominant in most of the
reported incidents involving a failure of
preoperative preparation.! Chapter 95
discusses legal issues in anesthesiology
in greater detail.

Economics

It has been said that anesthesiologists
do not get paid to do preoperative
evaluations. In reality, the fee for pre-
operative assessment is part of the total
operating room payment, and preoper-
ative assessment by an anesthesiologist
is required by both regulatory bodies
and CMS.** One study showed that
preanesthetic care can reduce delays
and cancellations on the day of opera-
tion.®% This can improve revenues by
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FIGURE 4-4. Computerized patient physical examination and diagnostic test ordering.

increasing time spent on billable cases
rather than incurring personnel costs
with an empty operating room. Avoid-
ing delays and cancellations on the day
of operation eliminates waste associat-
ed with unnecessary setups with dis-
posal products. Preoperative assess-
ment clinics also reduce costs by
decreasing unnecessary testing and
identifying patients with special needs
on the day of operation.

According to CMS, preoperative as-
sessments by anesthesiologists can
be billed separately as visits or con-
sultations “if medically necessary”
and “‘beyond a routine preanesthetic
assessment.”” When anesthesiologists

perform at the level of a perioperative
physician by ordering diagnostic studies
such as echocardiograms or stress tests;
by identifying problems and requesting
consultations with specialists; by pre-
scribing therapies such as p-blockers or
bronchodilators; and by coordinating
care beyond a simple anesthetic plan,
they are offering care “beyond a routine
preanesthetic assessment” and should
bill for consultative services. Chapter 97
describles the criteria required to bill for
preoperative consultations.

Physicians working in or administer-
ing preanesthetic clinics must become
familiar with the CMS Advance Benefi-
ciary Notice (ABN) billing rules. These

rules govern whether physicians and
other Medicare Part B providers can bill
beneficiaries directly if Medicare does
not cover services because of a lack of
medical necessity. In the past, under
Medicare, liability for uncovered ser-
vices was the responsibility of the ben-
eficiary. Recent changes to the rules
relieve beneficiaries from financial lia-
bility if the provider did not disclose that
the service was not reimbursed by CMS.
Unless the physician or facility has fol-
lowed the ABN rules, payment may not
be sought from the patient. ABN rules
apply only to outpatient services. Addi-
tional information can be obtained from
http://www.cms.hhs.gov.
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FIGURE 4-5. Computerized patient assessment and plan, patient medication instructions, and billing documentation.

THE FUTURE OF
PREOPERATIVE CLINICS

Preoperative clinics are ideal settings
for offering comprehensive care be-
yond anesthesia evaluation. Advanced
care and postdischarge planning, res-
piratory therapy training, counseling
about smoking and substance abuse,
vaccinations, and end-of-life care dis-
cussions have been effectively imple-
mented in preanesthesia clinics.57.%
When a patient is scheduled for opera-
tion, the patient may be more focused
on health issues and improvement in-

terventions may be particularly suc-
cessful. These times have been called
“teachable moments.”%

Warner has rightfully challenged the
anesthesia community to do its part in
reducing the substantial burden of to-
bacco abuse.%” Physical therapists can
offer crutch training, social workers
can begin postdischarge planning, es-
pecially for patients requiring rehabil-
itation services, and case managers
can coordinate care across many disci-
plines. A 5-minute intervention in a
preoperative clinic significantly in-
creased and improved discussions of

advance care planning and increased
completion of a durable power of at-
torney to 25%, compared to 10% by
controls.%

Some day it may be possible to identi-
fy patients with genetic polymorphisms
linked to adverse outcomes during the
preoperative assessments. Then phar-
macologic interventions and manage-
ment can directly alter morbidity and
mortality.?” Molecular biology is rapidly
changing our ability to identify genetic
variability and its effects on diseases and
responses to therapies. This new ap-
proach could dramatically alter the way



we perform risk assessment and how we
design management plans. It would
allow us to move away from expecta-
tions of results based on population
studies to treatments based on individu-
al patient characteristics. Pharmacoge-
netics may eventually lead to genetic
screening tests to identify patients who
are at risk for adverse perioperative out-
comes, such as patients with pseudocho-
linesterase deficiency, halothane hepati-
tis, and susceptibility to malignant
hyperthermia, as well as less familiar
traits associated with the duration and
response to drugs such as benzodiaze-
pines, opioids, anesthetics, and NSAIDs,
and pain tolerance.”’

CONCLUSION

The prevention of complications dur-
ing and after procedures requiring an-
esthesia is the most important task for
preoperative anesthesiologists. Identi-
fication of risk requires fundamentally
good medicine, systems of care, clini-
cal and laboratory assessment, and
experienced, knowledgeable, and ded-
icated healthcare providers. Risk re-
duction and outcome improvement
are the ultimate goals of preoperative
assessment and management.
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CHAPTER 5

The Anesthetic Plan
for Healthy Patients

Patrick E. Benedict, MD, and
Kevin K. Tremper, PhD, MD

This chapter focuses on the develop-
ment of an anesthetic plan for healthy
adults undergoing elective surgery. Like
their medically ill counterparts, healthy
patients undergo a variety of surgical
procedures. By virtue of their favorable
physical status, however, healthy pa-
tients generally undergo shorter and
simpler operations. This is fortunate as
the complexity of surgical procedures is
one determinant of overall perioperative
risk.! Additionally, healthy patients, by
definition, are free of major medical co-
morbidity, a major contributor to periop-
erative risk.? For purposes of this chap-
ter, “healthy” patients are defined as
American Society of Anesthesiologists®
(ASA) physical status (PS) 1 or 2. Despite
the fact that perioperative risk is low in
healthy patients, development of an an-
esthetic plan is, in many respects, the
same as that for patients with serious
comorbidities. Development of a suc-
cessful anesthetic plan in any patient
consists of several important steps. The
first is a thorough evaluation of the pa-
tient via history and physical examina-
tion. In healthy patients, a key compo-
nent of this evaluation is the history of
perioperative, and specifically anesthet-
ic, problems and complications. Any suc-
cessful plan must also take into account
the exact nature of the proposed surgical
procedure. Finally, expectations and
needs of both the patient and the sur-
geon must be taken into consideration.
Of these expectations, safety and effica-
cy are of utmost importance. This chap-
ter reviews the evaluative phase of the
anesthetic plan, with a special focus on
recognition and avoidance of complica-
tions that can occur in healthy patients.
This is followed by a review of the imple-
mentation phase, with specific emphasis
on meeting the needs of both the patient
and the surgeon, within the bounds of
safety and efficacy. Finally, we review
the use of routine and specialized moni-
tors in healthy patients undergoing elec-
tive operations.

EVALUATION OF THE
HEALTHY PATIENT

History
Formulating an anesthetic plan be-
gins with a thorough evaluation of the
patient. The starting point for this
evaluation is the complete history
and physical examination. In October
2001, the ASA published a Practice
Advisory for Preanesthesia Evalua-
tion.* This practice advisory provides
guidelines regarding the minimum
requirements with respect to the his-
tory, physical examination, testing,
and timing of the preoperative assess-
ment. Throughout this chapter, the
principles of this advisory are in-
voked when specific issues relate to
the healthy patient, whether they are
undergoing simple or complex surgi-
cal procedures.

In the context of the healthy patient,
the purpose of the history and physi-
cal examination is fourfold:

e To fully elucidate the nature of the
proposed operation and the problem
for which the operation is being
performed.

e To investigate for the presence or
absence of comorbidities or condi-
tions that can heighten periopera-
tive risk (to verify that the patient is,
in fact, healthy).

e To ascertain whether the patient has a
history of perioperative complications.

e To educate the patient and deter-
mine the patient's preferences.

The preoperative history and physi-
cal examination are typically a joint
effort between the surgeon and the
anesthesiologist. The following sections
are specific goals and methods for the
conduct of such a preoperative history
and physical examination, which are
also well summarized in the American
Society of Anesthesiologists Practice
Advisory for Preoperative Evaluation.*

Nature of the Surgical

Disease and the Planned
Surgical Procedure

In planning a successful anesthetic, the
primary goals of the anesthesiologist
are patient safety, patient satisfaction,
and the provision of ideal operating
conditions. The starting point for the
development of this plan is a thorough
understanding of the surgical problem.
In many cases, the physical problem
that necessitates an operation can have
a significant impact upon the provision
of safe anesthesia. For example, pa-
tients presenting for surgical correction
of temporomandibular joint disease
may have significant issues with airway
management. In addition, operations
that achieve the same end point are
often performed using differing ap-
proaches and techniques. For example,
otherwise healthy men may undergo
prostatectomy using either a laparo-
scopic or an open approach. Surgical

KEY POINTS

1. The main objectives in anesthetizing
healthy patients are safety and efficacy.

2. The purpose of the anesthetic history
and physical examination in healthy
patients is fourfold:

To fully elucidate the nature of the
surgical problem and the specific re-
quirements of the operation being
performed.

To ensure that the patient is, in fact,
healthy.

To identify patient features that could
potentially complicate the anesthetic.

To interview the patient and deter-
mine the patient’s preferences.

3. A successful anesthetic plan must
take into account the needs of the
patient, the surgeon, and the
anesthesiologist.

Copyright © 2008 by The McGraw-Hill Companies, Inc. Click here for terms of use.

4. Healthy patients can undergo most
of their preoperative evaluation and
preparation immediately prior to
surgery.

5. Extensive evaluation and testing are
rarely necessary in healthy patients
undergoing uncomplicated surgical
procedures.

6. Anesthetic monitoring has evolved
greatly and is believed to prevent
complications and improve
outcomes.

7. Healthy patients rarely require more
than basic, noninvasive intraopera-
tive monitoring.

8. Healthy patients occasionally under-
go complicated surgical procedures
that require additional and more in-
vasive monitoring.



technique alone can have a profound
impact upon the choice of anesthesia.
Much information regarding the sur-
gical condition and planned procedure
is obtained from the surgical history
and physical, which is performed by
the surgeon or an agent of the surgeon
(physician assistant, resident, nurse
practitioner). It is critical that effective
communication be established and
maintained between members of the
surgical and anesthesia teams at all
times. Computerized medical records
aid greatly in achieving this goal. Most
healthy patients do not require a visit
with an anesthesiologist prior to their
operation date. It is important, howev-
er, that the surgical team recognize
when an advance visit with an anesthe-
siologist is appropriate, and that the
opportunity for the visit be made avail-
able. To this end, preoperative anesthe-
sia assessment clinics have evolved,
along with screening criteria® to aid
surgical teams in deciding who needs
this consultation. Preoperation clinics
are discussed in subsequent sections.

Defining “Healthy”

For purposes of this chapter, “healthy”
patients are considered to be ASA phys-
ical status (PS) classifications 1 and 2.
Hence, by definition, these patients ei-
ther have no disease, or minor disease
processes that are well controlled and
cause no physical limitation. In 1993,
Menke et al. demonstrated that ASA
classification independently predicted
overall perioperative risk, and that this
risk was low in ASA PS 1 and 2 pa-
tients.” Similar findings have been veri-
fied by other authors, and the classifica-
tion is still in common use (Table 5-1),
demonstrating low perioperative risk in
healthy patients.®

Once the surgical condition and the
specifics of the operation are clarified,
the next goal of the anesthesiologist is
verification that the patient is, in fact,
free of disease. This constitutes the
bulk of the preoperative history and
physical in healthy patients, and again,
should be a joint venture between sur-
gical and anesthesia teams. A compre-
hensive review of systems is the tool of
choice for this purpose, and this is
generally obtained by a member of the
surgical team. It is good practice for
anesthesiologists to verify and further
explore these findings, especially when
they are pertinent for provision of safe
anesthesia. The use of assessment tools
or guidelines is helpful for this purpose.
The American College of Cardiology/
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TABLE 5-1.

American Society of Anesthesiologists Physical Status Classification

Class Description

P1 No organic, physiologic, bio-
chemical, or psychiatric
disturbances

P2 Mild to moderate systemic
disturbance(s)

P3 Severe systemic disturbance
that may or may not be relat-
ed to the reason for surgery

P4 Severe systemic disturbance
that is life-threatening

Ps5 Moribund patient who has lit-
tle chance of survival

P6 Brain-dead patient for organ
harvesting
E Any patient in whom an emer-

gency operation is required

Examples

Otherwise healthy patient

Hypertension; well-controlled diabetes;

mild obesity; age <1 or 70 years; malig-
nancy without evidence of significant
spread or physiologic disturbance

Angina; poorly controlled diabetes; mas-

sive obesity; uncontrolled thyroid
dysfunction

“Unstable” angina; congestive heart fail-

ure; debilitating respiratory disease;
hepatorenal failure

Septic patient with multiorgan failure; pa-

tient in cardiac arrest with major trauma

Data from American Society of Anesthesiologists Physical Status Classification.®

American Heart Association guidelines
are extremely useful for evaluating pa-
tients with suspected cardiovascular
disease.? Similar guidelines exist for
evaluation of the respiratory system.!?
The review of systems is also a valuable
tool for careful screening of hepatic and
gastrointestinal, neurologic, musculo-
skeletal, endocrine, genitourinary, and
blood coagulation systems.
Occasionally, findings from the re-
view of systems (e.g., history of gastro-
esophageal reflux disease, neuropsychi-
atric disorders, clotting abnormalities),
can alter the anesthetic plan in other-
wise ‘“healthy” patients. In addition,
medical disease (e.g., hypertension, dia-
betes, coronary artery disease, asthma,
obstructive pulmonary disease) will oc-
casionally be diagnosed in surgical
patients previously assumed to be
“healthy.” It is critical that these pa-
tients be referred for definitive evalua-
tion and potential optimizing therapy.
Communication with the referring sur-
geon is important, as this evaluation
and treatment can delay the planned
procedure. A full discussion of the im-
pact of comorbidity on perioperative
risk is beyond the scope of this chapter.

Identification of Potential
Anesthetic Complications

Even patients who are free of comor-
bidity are susceptible to a range of
anesthetic complications (Table 5-2).

In healthy patients, a primary deter-
minant of the success of an anesthetic
is avoidance of these complications.
Hence a major focus of the anesthesi-
ologist’s portion of the medical history
in healthy patients is identification of
potential complications. Patients may
have a personal or a family history of
such complications. When a history of
complications is suspected, the patient
should always be asked to provide a
thorough account of the events and
their consequences. It also is impor-
tant to obtain medical records if possi-
ble. This is usually a simple process,
but consent is required. Once the com-

TABLE 5-2.

Potential Anesthetic Complications
in Healthy Patients

Frequency

Complication (Reference)

Postoperative flogy
nausea and
vomiting

Ocular injury

Unanticipated
difficult airway

Intraoperative
awareness

Malignant hy-
perthermia

1:600—1:1600103:104
1:8-1:1000%5

1:100—-1:500%5%5

1:30,0001:1°6
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TABLE 5-3.

Risk Factors for Postoperative Nausea and Vomiting

Patient Surgical Anesthetic Postoperative
Female gender Longer duration Nitrous oxide use Pain

History of PONV or motion sickness Gynecologic operation Gastric distension Dizziness

High preoperative anxiety level Laparoscopic operation Reversal of neuromuscular blockade Early oral intake
Obesity Middle ear operation Opioid use Opioid use

Delayed gastric emptying
Nonsmoking patient
Younger age

PONV, postoperative nausea and vomiting.

Reprinted and adapted from Golembiewski JA, O'Brien D. A systematic approach to the management of postoperative nausea and vomiting. J Peri-
anesth Nurs 2002;17:363-376, with permission from The American Society of PeriAnesthesia Nurses.*°”

plication is identified and fully eluci-
dated, the anesthetic plan should be
altered so as to minimize the risk of
the particular complication. This plan
should be clearly documented, and the
patient informed that steps have been
taken for prevention of the complica-
tion. Below is a discussion of common
anesthetic complications and steps
that can be taken to minimize or elim-
inate them.

Postoperative Nausea and Vomit-
ing The most common complication
that patients experience in relation to
anesthesia is postoperative nausea and
vomiting (PONV). This complication is
highly distressing, yet relatively ame-
nable to prevention.!! Recognition of
this problem, followed by alterations
in the anesthetic plan has resulted in
marked improvements in patient out-
come and satisfaction.'? Untreated,
nausea occurs in as many as 40% of
patients undergoing general anesthe-
sia.!® Golembiewski’s excellent review
of this subject outlines patient charac-
teristics that have been shown to
heighten risk (Table 5-3).

When these characteristics, or a
strong history of PONV are encoun-
tered, the anesthetic plan should in-
clude use of anesthetic agents with
less likelihood of causing the disorder
(e.g., consideration of total intrave-
nous anesthesia [TIVA] with propo-
fol).!2 In addition, strong consideration
should be given to use of prophylactic
preventative agents, which are highly
effective.!? Figure 5-1 illustrates the
PONV algorithm used at the Universi-
ty of Michigan.

Note that postinduction droperidol
(0.625 mg IV) is included as a primary
prophylactic agent in high-risk pa-

tients. The U.S. Food and Drug Ad-
ministration (FDA) recently placed a
“black box” warning on droperidol,
noting its propensity to prolong the
QT interval, which may be associated
with serious cardiac rhythm distur-
bances.!* Subsequent investigations
have challenged this measure by the
FDA, citing remarkable safety at the
typical dosages used in modern anes-
thetic practice.!® It is therefore con-
troversial whether there should be
any limit on the use of droperidol,
given its long track record of safety
and efficacy in anesthetic use. Final-
ly, anxiety, as a possible causative
factor, can be effectively addressed
by a frank acknowledgment to the
patient that the problem has been
recognized and that steps are in place
for prevention.

History of Difficult Airway An im-
portant potential complication that
must be recognized prior to elective
surgery is a history of difficult airway
management. When this problem is
known or suspected, a thorough ac-
count of the findings and manage-
ment must be sought from both the
patient and old medical records. In
this regard, a thorough, legible ac-
count of the intraoperative events is
critical for subsequent management.
“Difficult airway” usually means that
airway anatomy was such that stan-
dard laryngoscopy was either difficult
or impossible. When this is identified
in the preoperative history, subse-
quent management via an awake
technique must be considered. Pa-
tients with difficult airways, temporo-
mandibular joint disorders, congenital
airway disorders, etc are often other-
wise healthy. The prospect of awake

airway management can be anxiety
provoking, and it is best that this
possibility be communicated well in
advance of the operative date. Ex-
plaining this plan in a slow, reassuring
fashion serves to inform and prepare
the patient so that the patient can
present on the day of the operation
with minimal anxiety. A brief review
of airway assessment is found in Phys-
ical Examination below; airway evalu-
ation and assessment are considered
in greater detail in Chap. 35.

Malignant Hyperthermia A rare
anesthetic complication that must be
recognized and planned for is malig-
nant hyperthermia (MH). Estimates of
the incidence of this complication
range from 1:20,000 to 1:70,000.'6 Rec-
ognition, prevention, and treatment of
MH are a major success story in anes-
thesia. What used to be a nearly uni-
formly fatal disorder now has a mortal-
ity rate of less than 10%.7 When
patients present with either a personal
or family history of the disorder, the
evaluating anesthesiologist is con-
fronted with decisions regarding test-
ing and perioperative management.
Muscle biopsy testing for the disorder
is available at a diminishing number of
centers and is costly, time-consuming,
and not completely reliable.!® This test
is characterized by excellent sensitivi-
ty, but marginal specificity.!® Although
genetic testing appears promising, it is
currently not widely available. Conse-
quently, many anesthesiologists pro-
ceed on the assumption that the pa-
tient is at risk and provide a
nontriggering anesthetic. In certain
cases, regional anesthesia, or even
conscious sedation, may be appropri-
ate. In cases where this is inappropri-
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 discharge is not anticipated. Patients should have a
documented, pre-treatment, normal QT interval and
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may repeat x1 after 6 hours [SERO]
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Prescribe 5Ht3 agent or Scopolamine 0.4mg patch

Trimethobenzamide (Tigan) 200 mg IM/PR

Diphenhydramine  (Benadryl) 25mg IV [HIST]

Nalbuphine (Nubain) 2mg IV [OAA] (for Opioid induced PONV)

Phenegran (Promethazine) 6.25 mg IV [HIST] (not in patients > 65 years of age)
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MEDICATION CLASS Rev. 11/05

DOPA = Dopamine Antagonist, SERO = Serotonin Antagonist, HIST = Histamine Antagonist, OAA = Opioid Agonist/Antagonist

FIGURE 5-1. Guidelines for the prevention of postoperative nausea/vomiting in the adult patient.

ate, however, a nontriggering general
anesthetic is provided. Bryson et al.
demonstrated recently that general
anesthesia could be safely provided to
MH-susceptible outpatients as long as
triggers were avoided.?® “Nontrigger-
ing” in this sense means avoidance of
the only two reliable MH triggers: suc-
cinylcholine and the potent inhaled
anesthetics. This is typically accom-
plished with TIVA, which includes
propofol, nondepolarizing neuromus-
cular blocking agents, and opiates. A
minimum of 4 hours of observation
are recommended following an un-
eventful anesthetic.?! It is appropriate
that patients with potential MH risk be
seen well in advance of surgery so that

an accurate clinical history can be
obtained and a plan can be devised
and communicated to the patient.

Pseudocholinesterase Deficien-
cy Pseudocholinesterase  (butyrylcho-
linesterase) is a plasma enzyme that has
no known physiologic function. Most
cases of deficiency of this enzyme are
attributable to alterations in the gene
that codes for it. In 2003, Yen et al.
estimated the incidence of homozy-
gous (affected) individuals to be ap-
proximately 1:1800.22 Deficiency is
usually identified when an anesthe-
tized patient has prolonged recovery
from the depolarizing neuromuscular
blocking agent succinylcholine. Suspi-

cion of this deficiency first arose in
1953, when Nilsson gave succinylcho-
line to a patient who then failed to
resume spontaneous ventilation after
completion of a short operation.?
Hence the colloquial name “suxame-
thonium apnea.” Mivacurium, a short-
acting, nondepolarizing, neuromuscu-
lar blocking agent, also depends on
this enzyme for elimination.?* Despite
being far more common than its inher-
ited counterpart MH, pseudocholinest-
erase deficiency should pose far less
danger to patients. In addition, testing
for the disorder is far simpler and
more widely available than that for
MH. Once identified, safe manage-
ment simply entails ventilatory sup-
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port, combined with sedation until the
drug is eliminated via the kidney (af-
ter several hours in homozygous re-
cessive patients). Identification of this
condition in advance allows for alter-
ation of the anesthetic plan so that use
of these drugs can be avoided.

Awareness A great deal of public
concern has been expressed about
intraoperative awareness. Recently,
Matthey identified the concept of
“awake paralysis,” the subject of much
recent media attention, to be a top
concern in patients undergoing gener-
al anesthesia. Unfortunately, the true
incidence of intraoperative awareness
under general anesthesia, reported to
range from 0.2-1.0%, is probably un-
derestimated.?> Not all patients who
are aware in the operating room re-
member the fact afterward. This can
be a particularly bothersome experi-
ence for many patients and lasting
adverse sequelae are common.?® Dom-
ino et al., using an analysis of litigation
records, identified awareness as a
common root cause for legal action
against anesthesiologists.?”

As with other complications, a thor-
ough account of the events from both
the patient and the patient's records
should be sought. Occasionally, a pa-
tient misinterprets the goals of con-
scious sedation and labels this as intra-
operative awareness. It is important to
clarify this distinction to patients, so
that expectations are realistic. In light
of the recent focus that intraoperative
awareness has received, a new moni-
tor, the bispectral index (BIS) has
evolved.?® Although use of BIS moni-
toring may reduce the incidence of
awareness, recent reports by My-
chaskiw and Rampersad cast doubt on
this technology. Both demonstrated
awareness, despite BIS values being
maintained in the low (anesthetized)
range.?%30 Use of this device is more
thoroughly reviewed in Monitoring in
Healthy Patients below. Whenever
strong suspicion of awareness under
general anesthesia exists, plans must
be made to alter the anesthetic to
prevent its recurrence. Kazanjian pro-
vides an excellent list of methods (Ta-
ble 5-4) to reduce the incidence of
awareness, and of steps to take in
response to this complication.?!

Recent ASA guidelines on intraoper-
ative awareness and brain-function
monitoring also provide practitioners
with useful information for evaluation
and treatment plans to prevent this

TABLE 5-4.

Intraoperative Awareness
Prevention

Consider amnestic premedication (mid-
azolam, scopolamine)

Routine equipment checks: e.g., correct
placement of vaporizer

End-tidal monitoring of volatile anesthet-

ics with low-concentration alarm
Adequate dosing of induction agents

Use of appropriate volatile anesthetic con-
centration or propofol dose for mainte-

nance

Realize potential for awareness with hy-
potension/hypovolemia

Judicious use of neuromuscular blocking

agents combined with careful monitoring
Frequent checks of intravenous lines and
pumps when using total intravenous an-

esthesia
Clear labeling of all syringes

Quiet, professional operating room atmos-

phere: minimize auditory input

Consider use of anesthetic depth monitor

(Bispectral Index)

Calm reassurance when strong possibility

of awareness suspected

Data from Kazanjian P.3

worrisome complication.?? These in-
clude careful preoperative evaluation,
as certain patient features, such as
drug resistance, may be predictive.?”
In addition, various types of surgery
(cardiac, obstetric, trauma), as well as
anesthetic techniques, may place pa-
tients at particular risk.>> The ASA
recognizes that processed electroen-
cephalogram (EEG) devices, which as-
sign a numeric value to a patient’s
level of sedation, are marketed to help
minimize the risk of intraoperative
awareness, and the ASA states “we are
interested in following their continued
evolution and in conducting further
research in this area.” Hence, the ASA
concludes, “[b]rain function monitors
are an option to be used when the
anesthesiologist deems it appropriate,
just as he or she makes choices about
specific drugs, dosages, warming de-
vices, and other types of monitors
depending on the individual patient.”

Additional Complications A vari-
ety of additional perioperative compli-
cations exist and early recognition of
these complications is critical in pre-
venting their reoccurrence. In a recent
review, Mertes et al. found that seri-

Followup

Punctual postoperative checks with
inquiries about awareness

Precise documentation of suspected
events, as reported by patient

Attempt to corroborate patient’s ac-
count with actual events

Do not trivialize or deny patient’s as-
sertion

Provide a full explanation of events to
patient

Offer patient appropriate followup, e.g.,
psychological support, if desired

Try to determine a cause

Assure patient that risk of awareness
is still low with subsequent anes-
thetics

Notify hospital risk management

Notify surgeon and primary care
physician

ous drug reactions are surprisingly
common in anesthetic practice,** and
that in many cases, alternative drugs
could have been selected (antibiotics,
local anesthetics, opiates, others) or
avoided altogether (succinylcholine in
the case of pseudocholinesterase defi-
ciency). Pulmonary aspiration of acid-
ic gastric contents has the potential to
complicate any anesthetic, even in
otherwise healthy patients. Gastro-
esophageal reflux disease (GERD) and
a full stomach are potential risk factors
in healthy patients. If general anesthe-
sia is being contemplated when aspira-
tion risk exists, the anesthetic plan is
altered in two ways:

1. Prophylactic antiaspiration measures
should be taken (gastric motility
drugs, pharmacologic stomach acid
reduction, and rapid sequence induc-
tion), and

2. Laryngeal mask airway should not
be used.

Finally, even in the absence of an-
ticipated risks or complications, many
patients simply have high-anxiety le-
vels. It is appropriate for these pa-
tients to visit with an anesthesiologist,
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TABLE 5-5.

Pharmacologic Effects and Potential Perioperative Complications of 8 Commonly Used Herbal Remedies

Name of Herb Common Uses Pharmacologic Effects Potential Perioperative Complications

Treatment of viral
infections

Echinacea, purple
coneflower, root

Immune system stimulation  Reduced effectiveness of immunosuppres-
sants; infection with long-term use; poten-
tial hepatotoxicity

Dose-dependent increase in heart rate and
blood pressure with potential for perioper-
ative myocardial infarction and stroke; ar-
rhythmias with halothane; tachyphylaxis
with intraoperative ephedrine

Concerns for perioperative bleeding

Ephedra, ma huang Weight loss, athletic

performance

Indirect- and direct-acting
sympathomimetic

Garlic, ajo Antihypertensive, anti-
thrombus-forming

Circulatory stimulant

Inhibits platelet aggregation

Gingko, maidenhair, Inhibits platelets Concerns for perioperative bleeding; may po-

fossil tree tentiate platelet inhibitors
Ginseng, ajo General well-being Poorly understood Concerns for perioperative bleeding
Kava-kava Anxiolytic, sedative Anxiolytic, sedative Potentiates sedative effects of anesthetic

agents

St. John’s wort

Valerian, vandal root,
all heal

Data from Skinner, CM and Rangasami J.1°8

in advance of their operation date, to
address and ameliorate this anxiety.
There is even evidence to suggest that
nonpharmacologic strategies may play
a significant role in treating both pain
and anxiety.%®

Medication Review

A thorough and meticulous drug his-
tory must be obtained from all pa-
tients undergoing elective surgery.
Even healthy patients may take a
variety of prescription and nonpre-
scription medications. All medica-
tions must be recorded, and the rea-
sons for their use must be assessed.
Patients must also be questioned care-
fully about drug allergies and drug
intolerances, and a clear distinction
between the two must be documented
in the medical record. When obtain-
ing a drug history, it is important to
ask that all regularly ingested exoge-
nous compounds, including over-the-
counter medications, herbal prepara-
tions and vitamin supplements be re-
ported. Several of these compounds
have been associated with serious pe-
rioperative complications and drug-
drug interactions.®® The ASA recom-
mends avoidance of these prepara-
tions (generally for a period of 2
weeks) prior to administration of an
anesthetic.’” Table 5-5 lists common

Depression, anxiety

Anxiolytic and sleep aid

Inhibition of serotonin,
noradrenaline and dopa-
mine; cytochrome P450
enzyme induction

Sedation

herbal preparations and adverse inter-
actions that are associated with them.

Finally, it is important to determine
whether the patient is using any illicit
drugs, as many of these drugs are also
associated with anesthetic complica-
tions.?® Patients must be advised to
abstain from all forms of'illicit drugs as
soon as possible prior to an elective
operation.

Physical Examination

The purpose of the physical examina-
tion in healthy surgical patients is to
corroborate and augment findings
from the medical history. Thus the
first goal of the physical examination
is to rule out disease. The second goal
is to identify physical features that
may make provision of anesthesia
difficult, or potentially lead to compli-
cations. In actuality, the physical ex-
amination begins while the history is
being obtained. This direct interac-
tion is a good time to observe the
gross physical appearance and mental
status of the patient. It is also a good
time to look for any obvious skin
(jaundice, cyanosis, signs of dehydra-
tion, rashes) or musculoskeletal ab-
normalities (especially spine deformi-
ties) that may be clues to underlying
pathologic conditions. This examina-
tion begins with a set of vital signs,

Decreased effectiveness of multiple medications

Potentiates anesthetic agents

including room air oxygen saturation.
Even if previously documented from
the surgical history and physical ex-
amination, it is important for anesthe-
siologists to perform baseline exami-
nations of both the cardiovascular
and respiratory systems prior to an
elective operation. Finally, a meticu-
lous examination of the airway must
be performed to assess for features
that predict difficult airway manage-
ment if the need for general anesthe-
sia should arise.

Vital Signs

Even in the presence of a negative
medical history, abnormal vital signs
can be an important first clue to the
presence of underlying disease. In
fact, potential medical risks, such as
hypertension and thyroid disease, are
occasionally diagnosed during the pre-
operative history and physical exami-
nation. The “white coat” phenomenon
is responsible for hypertension in
many preoperative patients.®® Signifi-
cant elevations in blood pressure or
heart rate, however, especially on re-
peated measures, warrant further in-
vestigation and possible therapy. Rath-
er than simply asking, height and
weight should be accurately mea-
sured. Arterial blood pressure should
be determined either via sphygmoma-
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nometry or oscillometry, using an ap-
propriate-size cuff. It is desirable to
obtain blood pressure in both arms.
We feel strongly that baseline room air
oxygen saturation should be measured
via pulse oximetry on every patient.

Cardiorespiratory Examination
Examination of cardiovascular and
respiratory systems also begins with
observation of the patient, which is
conveniently accomplished while ob-
taining the history. Findings such as
labored breathing, wheezing, coughing,
clubbing of the nails, jugular venous
distension, and cyanosis are typically
identified while simply conversing
with a patient. Obviously, these are
signs of potentially serious pathologic
conditions, and should be investigated
further by more in-depth examination.
Physical examination of the cardiovas-
cular system should aid in ruling out
hypertension, valvular heart disease,
and heart failure. Palpation and aus-
cultation of the heart should be per-
formed to identify heaves, rubs, extra
heart sounds, and murmurs. Peripher-
al pulses should be assessed for both
quality and magnitude. The chest
should be examined for wheezes,
rales, and rhonchi.

Airway Evaluation

Regardless of the anesthetic that is
ultimately chosen for a particular op-
eration, it is important that a careful
examination of the airway be per-
formed in every patient. While much
of the remainder of the physical exam-
ination represents a combined or even
redundant effort between anesthesiol-
ogists, surgeons, and internists, a com-
plete airway examination is generally
not the purview of other medical spe-
cialists. The anesthesiologist is solely
responsible for securing the airway
and establishing ventilation. Difficulty
with these processes may place the
patient in great peril. This is borne out
by the fact that airway management
problems account for a relatively large
proportion of anesthesia-related mor-
bidity and mortality. In ASA closed
claims analyses, both Caplan and
Domino demonstrated that loss of the
airway is a frequent cause of litigation
associated with severe injury or
death.94! If a patient is known to have
a difficult airway, alternative manage-
ment plans are available (e.g., awake
fiberoptic intubation) to the anesthesi-
ologist. Identifying patients with diffi-
cult airways, followed by these alter-

TABLE 5-6.

Features Associated with Difficult Laryngoscopy

Likelihood Ratio (LR) That

Feature

Difficult mask ventilation
Body mass index »26
Edentulous
Age >55 years
History of snoring
Facial hair
Mouth opening/jaw protrusion

Mallampati classification
Mandibular space
Obesity

Data from Pearce A.43

native induction techniques, should
eliminate the “unconscious patient,
can't intubate, can't ventilate” scenar-
io. Consequently, it is a major goal of
anesthesiologists to predict the poten-
tially difficult airway in advance of
anesthetic induction.

Tests to Predict Difficult Laryn-
goscopy Preoperative airway assess-
ment, with the aim of detecting the
anticipated difficult airway, has
evolved over the years. Currently, a
number of strategies exist for system-
atic evaluation of the airway and vari-
ous guidelines endorse the use of such
strategies.*? Key elements of the air-
way examination include neck anato-
my, neck flexion and extension, thyro-
mental distance, mouth opening,
Mallampati score, and, more recently,
jaw protrusion and the presence of a
beard. Excellent reviews are available
of various tests and strategies com-
monly used by anesthesiologists to as-
sess physical and symptomatic fea-
tures that may predict difficult
laryngoscopy (Table 5-6).%
Mandibular displacement (upper lip
bite test) recently was correlated with
difficulty of laryngoscopy and may
have clinical usefulness.** Although
these various tests and maneuvers are
typically simple to perform, they usual-
1y have poor sensitivity and specificity,
and hence unreliable predictive val-
ue.*® This explains the occasional find-
ing of the “unanticipated difficult air-
way” after seemingly reliable testing
preoperatively predicted otherwise.*>
Typically, these tests have attempted to
correlate symptomatic (e.g. sleep ap-

Laryngoscopy Will Be Difficult

»2 Factors, LR = 2.546

Limited jaw protrusion (Mallampati Class IlI),
LR = 6.544

Mallampati Class Ill, IV, LR = 1.5-6.0%9:11°

Thyromental distance <6 cm, LR = 2%

Body mass index »35, LR = 211

nea) and anatomic patient features
with difficulty of laryngoscopy.*

Difficult Mask Ventilation

Although successful laryngoscopy fol-
lowed by endotracheal intubation con-
stitutes definitive management for an
unconscious and apneic patient, venti-
lation by mask can be a lifesaving
maneuver. Despite this fact, the his-
torical precedent for investigators with
an interest in predicting the difficult
airway has been to focus on laryngos-
copy alone. With the potentially life-
saving importance of mask ventilation
in mind, however, investigators are
beginning to stress both laryngoscopy
and mask ventilation in their predic-
tive strategies. In 2000, Langeron et al.
estimated the incidence of difficult
mask ventilation and identified sever-
al predictive physical features: history
of snoring, body mass index (BMI)
>26, lack of teeth, age >55 years, and
beard.*® In 2004, Han et al. devised a
scale for categorizing difficulty of
mask ventilation. This 4-point scale
elaborates on Langeron’s work , which
only noted difficult and impossible
ventilation, whereas Han’s scale de-
scribes four degrees of assessment of
ventilation, similar to scales used for
laryngoscopy (Table 5-7).

Han et al. noted an incidence of
difficult mask ventilation of approxi-
mately 1.5% in the 3000 patients stud-
ied.*” More recently, a study of more
than 41,000 patients confirmed the
incidence of difficult ventilation to be
approximately 1.5% and that the inci-
dence of impossible ventilation was
0.5%.%¢ This large study by Kheterpal



TABLE 5-7.

Mask Ventilation Scale

0 Not attempted

1 Easy mask ventilation (with
and without neuromuscular
block)

2 Ventilated by mask with oral
airway or other adjuvant
(with or without neuromus-
cular block)

3 Difficult mask ventilation—in-
adequate, unstable, or re-
quired two practitioners

4 Unable to ventilate

Data from Han R, Tremper KK, Kheterpal S,
and O’Reilly M.47

et al. noted 6 preoperative indepen-
dent predictors (four of Langeron’s) of
difficult mask ventilation: history of
snoring, age >58 years, BMI >30,
Mallampati class IIT or 1V, limited jaw
protrusion, and the presence of a
beard (Table 5-8).

It should be noted that the only
modifiable risk factor is the presence
of a beard. These results suggest that
the anesthesiologist might consider
recommending that the patient shave

TABLE 5-8.

Independent Predictors of Difficult
Ventilation and Intubation

Difficult Mask Ventilation P-Value
Beard 0.0001
History of snoring 0.001
BMI »30 0.0001
Mallampati Ill or IV 0.001
Age >50 years 0.01
Severely limited jaw 0.03

protrusion

Difficult Mask Ventilation?

and Difficult Intubation®
Severely limited jaw 0.0001

protrusion
Thick neck/mass 0.02
History of sleep apnea 0.04
BMI »30 0.05
History of snoring 0.05

Data from Kheterpal S HR, Shanks A,
O’Reilly M, and Tremper KK.48

aDifficult mask is a grade Ill or IV mask
(see Table 5-7).

bDifficult intubation is a Mallampati grade
Il or IV laryngoscopic view.
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prior to an elective procedure, espe-
cially if the patient has several other
risk factors for difficult mask ventila-
tion. Table 5-9 illustrates the stan-
dard preoperative airway features
that we assess and record via elec-
tronic data entry at the University of
Michigan.

Anticipated Difficult

Airway Strategy

When a potential difficult airway is
identified, it is the anesthesiologist’s
responsibility to develop a strategy to
manage the airway in the event that
general anesthesia becomes neces-
sary. When a truly difficult airway is
known or strongly suspected, and
general anesthesia is necessary, the
usual management plan entails place-
ment of an oral or nasal endotracheal
tube while the patient is awake and
spontaneously breathing. Several im-
portant steps in planning and patient
preparation for this process are worth
mentioning.

The very thought of a potential air-
way problem can be anxiety provok-
ing. Often, the source of this anxiety
stems from the patient’s perception
that theirs is a rare problem that places
them in grave danger. To allay much
of this anxiety, it is helpful to have a
frank discussion with the patient and
fully inform the patient about the na-
ture of the problem, and the rationale
and plan for safely dealing with it.
Patients are reassured knowing that
the difficult airway is relatively com-
mon and that appropriate manage-
ment poses no untoward danger. Care-
ful anxiolytic sedation is appropriate
preoperatively, to the extent that air-
way compromise is avoided. Antisiala-
gogue premedication (typically glyco-
pyrrolate 0.4-0.6 mg IV) aids greatly in
the ability to anesthetize airway mu-
cosa (typically with 2-4% lidocaine).
Profound topical anesthesia of upper
airway mucosa, combined with judi-
cious sedation, are the key elements in
conducting a safe, effective, and com-
fortable awake intubation.

Special Preoperative
Considerations

Preoperative Anesthesia Assess-
ment Clinics Currently, the vast ma-
jority of patients who present for elec-
tive operations are admitted to the
hospital on the day of their procedure.
Fortunately, most healthy patients can
be seen and assessed by the anesthesia
team immediately prior to their opera-

TABLE 5-9.

Airway Physical Exam Elements

Test Findings
Dentition Normal
Dentures
Edentulous
Poor dentition
Beard Yes/no
Mouth >3 cm
opening <3cm
Unable to assess
Mallampati Class I, 11, I, 1V,
class Unable to assess
Hyoid to >6 cm
mentum <6 cm
Cervical Normal
spine Limited flexion

Limited extension
Limited flexion and
extension
Known unstable
Possible unstable
Unable to assess
None
Tracheostomy
Endotracheal tube
Unable to assess
Normal
Laryngeal mobility
limited status
Postradiation therapy
Mass
Previous tracheosto-
my scar
Radiation changes
Thick, obese
Thyroid cartilage not
visible
Tracheal deviation
Unable to assess
Jaw A: Normal, lower inci-
protrusion sors can protrude
past upper
B: Limited, lower inci-
sors can only be ad-
vanced to meet
upper
C: Severely limited,
lower incisors can-
not protrude to
meet upper

Existing
airway

Neck
anatomy

tion. The ASA Practice Advisory on
Preanesthesia Evaluation recommends
the timing of the preoperative evalua-
tion based on not only the health of the
patient, but the invasiveness of the
surgical procedure.* The ASA recom-
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TABLE 5-10.

Patient Information Report: Sample Questions

Question Criteria

Do you have or have
you had any of the
following heart-
related conditions?

Heart failure
Do you have or have
you ever had any of
the following?

Liver disease

Diabetes

Heart disease

Heart attack within
the last 6 months

Angina (chest pain)

Irregular heartbeat

Rheumatoid arthritis
Kidney disease

Answer Action

Yes or No
Yes or No

Yes or No
Yes or No
Yes or No
Yes or No
Yes or No

If yes, send patient for ECG and preoperative anesthesia visit
If yes, send patient for ECG and preoperative anesthesia visit

If yes, send patient for ECG and preoperative anesthesia visit
If yes, send patient for ECG and preoperative anesthesia visit
If yes, send patient for ECG and preoperative anesthesia visit
If yes, send patient for preoperative anesthesia visit

If yes, send patient for electrolytes, creatinine, BUN, CBC, and

preoperative anesthesia visit

Yes or No
anesthesia visit
Yes or No

If yes, send patient for SGOT/ALT, PT/PTT, and preoperative

If yes, send patient for ECG and preoperative anesthesia visit

BUN, blood urea nitrogen; CBC, complete blood count; PT, prothrombin time; PTT, partial thromboplastin time; SGOT (ALT), serum glutamic oxalo-

acetic transaminase.
Data from Tremper KK, and Benedict P.>

mends that all patients undergoing
highly invasive surgical procedures be
seen prior to the day of surgery. These
patients require evaluation, counsel-
ing, or therapy in advance of their
surgical date. An appropriate and con-
venient place to coordinate this work-
up is the preoperative anesthesia as-
sessment clinic (PAC). To derive the
most benefit from PACs, surgeons
need to use them discriminately. We
find it helpful to provide screening
criteria to our surgeons in the form of
a patient self-assessment sheet.> This
screening questionnaire (Table 5-10)
is filled out by the patient using a
series of check boxes. The boxes are
aligned to a back page such that posi-
tive answers will check (via carbon
copy) the recommended preoperative
laboratories and whether a PAC con-
sultation is suggested. For example if
an affirmative answer is recorded for
the question “Do you have heart dis-
ease?”, an electrocardiogram is ordered
(if not recently done) and the patient is
referred. Chapter 4 provides a detailed
account of the role, functioning, and
benefits of PACs.

Obesity and Obstructive Sleep
Apnea Obesity is a well-established
public health problem in developed
countries. More specifically, obesity
presents a major problem for all prac-
titioners who care for patients in the
perioperative period. Obese patients
not only have alterations in physiolo-
gy at baseline that result in major
lifestyle limitations, they also have a
well-documented elevation in periop-

erative risk.>° This would seem to jus-
tify (by convention) ASA classification
of at least PS 2, and perhaps PS 3.
Multiple physiologic comorbidities
tend to exist in obese patients (diabe-
tes mellitus, obstructive sleep apnea,
cardiovascular disease, osteoarthritis,
others).>! In addition, anatomical al-
terations of the airway also place these
patients at increased risk for difficult
mask ventilation and laryngoscopy.*®
Intravenous access can be extremely
difficult in obese patients and in some
cases central access must be consid-
ered. Many consider obesity to be a risk
factor for gastric aspiration and preven-
tative measures should be considered.
Obesity clearly heightens risk for ad-
verse perioperative respiratory out-
comes.” Blum et al. reviewed the qual-
ity assurance events recorded from
25,767 anesthetics. They found a statis-
tically significant increase in failed in-
tubation, reintubation, dental injury,
and airway obstruction associated with
increasing body mass index.>

Short of substantial weight loss prior
to elective surgery (with a poor success
rate, as shown recently by Coe et al.),>
however, the aforementioned perioper-
ative risks are generally not modifiable.
Hence, a key element for practitioners
to consider in preparation for an elec-
tive operation in obese patients is coun-
seling, specifically with regard to
weight loss (if time permits) and full
disclosure of significantly heightened
perioperative risks.>

It might also be beneficial to prepare
obese patients for practical issues such
as difficult IV access and the possible

need for awake intubation and extuba-
tion. Obstructive sleep apnea (OSA) is
a syndrome that is commonly associat-
ed with obesity and is characterized by
periodic, partial, or complete airway
obstruction during sleep. It is estimat-
ed that approximately 9% of women
and 24% of men have some degree of
OSA, while the severe, symptomatic
disease is present in approximately
2% of women and 4% of men.> In
October 2005, the ASA published a
practice guideline on the Perioperative
Management of Patients with Obstruc-
tive Sleep Apnea (OSA). This practice
guideline comprehensively reviews
the preoperative and postoperative
management of patients with this dis-
order.%> On occasion, patients who are
considered to be healthy may have
undiagnosed OSA; thus it is important
to get a complete history, specifically
as it relates to snoring and daytime
somnolence. If the patient is, indeed,
suspected of having the syndrome,
then the patient should be worked up
prior to an elective procedure as rec-
ommended by the practice guideline.

Old Age Another well-established
public health concern that has specific
perioperative implications is aging.
This is critical for anesthesiologists be-
cause of the rapid aging of the popula-
tion, combined with the fact that an
increasing proportion of surgical proce-
dures are performed in the elderly. In
1986, Tiret et al. provided evidence that
the elderly have higher perioperative
complication rates and higher risk than
their younger counterparts, even in the



absence of comorbidities.”® The issue of
perioperative risk, as it relates solely to
advancing age, however, is far from
settled.”” Some would therefore assert
that anesthetizing “healthy” elderly pa-
tients poses no significant elevation in
perioperative risk. It must be remem-
bered, however, that even “healthy”
elderly patients have marked diminu-
tion in the function of all major organ
systems.® This would cause some to
assign the ASA classification of PS 2 or
even PS 3 to all such patients. Aside
from the universal physiologic changes
seen in all elderly patients (“aging”),
elderly patients definitely tend to accu-
mulate coexisting disease, which Kim
et al. clearly demonstrated to be a
strong predictor of complications.

Elderly patients often have addition-
al and unique perioperative challeng-
es. Many have poor hearing and eye-
sight, and some suffer from cognitive
impairment. This can make communi-
cation difficult. Simple issues like
transportation home after conscious
sedation can become logistical prob-
lems in the elderly. An important re-
sult of the aforementioned physiologic
changes is markedly altered drug dis-
position in the elderly. Elderly pa-
tients have diminished volumes of dis-
tribution, decreased clearance, and
heightened sensitivity to nearly all
medications.®® This explains why el-
derly patients are more sensitive to
the therapeutic actions of most drugs,
and markedly more susceptible to side
effects. In summary, despite changes
attributable to normal aging, there is
no strong association between age it-
self and perioperative risk. Thus, chro-
nologic age should not be a contraindi-
cation to surgery. The elderly tend to
accumulate coexisting disease, howev-
er, so anesthesiologists should be espe-
cially vigilant in the detection of such
disease. Finally, to avoid complica-
tions and dissatisfaction in the elderly,
anesthesia providers need to under-
stand the altered pharmacology, phys-
iology, and special needs that accom-
pany the normal aging process.

Smoling Approximately 1 in 5 adult
Americans currently smoke and mil-
lions of elective surgical procedures are
performed each year on these individu-
als.%° This is unfortunate, as cigarette
smoking is independently responsible
for an alarming elevation in the rate of
serious perioperative pulmonary com-
plications.®! Cigarette smoking is defi-
nitely an addictive disease that adverse-
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ly alters the lifestyle of those affected.
This fact, coupled with the well-known
perioperative risks that smoking con-
fers,%2 should result (again, by conven-
tion) in otherwise healthy smokers
being classified as at least ASA PS 2, and
in many cases, ASA PS 3. A recent
United States Public Health Service
guideline has advised all physicians to
“strongly advise every patient who
smokes to quit because evidence shows
that physician advice to quit smoking
increases abstinence rates.”®® Further-
more, anesthesiologists are uniquely
positioned to give such advice. The
preoperative interaction has been de-
scribed by Warner as a “teachable mo-
ment” that not only lowers their imme-
diate perioperative risk, but also is of
great benefit to their long-term health.®
Quitting smoking immediately prior to
surgery does not heighten risk, produce
untoward anxiety, or consistently pre-
cipitate nicotine withdrawal.%* Hence,
patients who smoke should not be
considered ‘“healthy.” These patients
should be advised of the elevation in
perioperative risk that is attributable to
their habit, and be encouraged to quit
as soon as possible prior to their elec-
tive surgical procedure.

Preoperative Testing

in Healthy Patients

Billions of dollars are wasted in the
United States each year on unneces-
sary preoperative testing.%®> In the case
of healthy patients, this testing is al-
most always unnecessary.% It is gener-
ally accepted that healthy patients
undergoing low-risk surgical proce-
dures require no specific laboratory
testing unless clinically indicated.®” Lit-
tle evidence exists regarding the propri-
ety of such routine testing in healthy
patients undergoing more complicated
procedures with the potential for major
blood loss (e.g., major corrective ortho-
pedic procedures, brain aneurysm clip-
ping). Many recommend obtaining a
preoperative hematocrit level in men-
struating women, but there are little
data to support this.5” Women of child-
bearing age should be given pregnancy
tests if it cannot be ascertained for
certain whether or not they are preg-
nant. It is our institutional policy that
women 18 years of age and older be
asked, “Is it possible that you could be
pregnant?” If they answer “no,” they
are not tested. This is in general agree-
ment with the ASA stance on this issue:
“The task force believes that the litera-
ture is inadequate to inform patients or

physicians on whether anesthesia caus-
es harmful effects on early pregnancy.
Pregnancy testing may be offered to
female patients of childbearing age and
for whom the result would alter the
patient’s management.”*

The indiscriminate ordering of bat-
teries of routine tests, even in patients
with serious comorbidities, has been
the subject of intense review, and has
been found to be excessively expen-
sive and ineffective.?® In fact, batteries
of routine tests and their subsequent
interpretations were found to predict
morbidity more poorly than the sim-
ple use of either the ASA physical
status classification, or the ACC/AHA®
guidelines. What is recommended by
the ASA Practice Advisory is that “spe-
cific tests and their timing should be
individualized and based upon infor-
mation obtained from sources such as
the patient’s medical record, inter-
view, physical examination, and the
types and invasiveness of the planned
procedure.”® Halaszynski et al. well-
summarized these concepts in their
recent article addressing this issue
(Table 5-11).%

They suggest that age be used as a
basic indication for testing, with the
additional components of surgical com-
plexity and medical illness allowing for
layers of flexibility. According to this
paradigm, healthy patients < 45 years of
age, having uncomplicated operations
require no testing. As patients deviate
from this healthy/uncomplicated base-
line, testing may be indicated, but in a
directed and temporally related fashion
(if a test was recently done, it does not
generally need to be repeated). Thus, if
it can be ascertained from the preoper-
ative history and physical examination
that a patient is healthy, “routine” test-
ing is rarely indicated in patients having
uncomplicated surgical procedures. At
the University of Michigan, the only
“screening” test that we routinely order
preoperatively is an electrocardiogram
(ECG) in asymptomatic men older than
45 years of age and in women older
than 55 years of age if they have any
cardiovascular risk factors.!

IMPLEMENTATION OF THE PLAN

Type of Anesthesia: General,
Regional, Monitored
Anesthesia Care

Once the goal of preoperative evalua-
tion has been achieved, the anesthesi-
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TABLE 5-11.

Preoperative Testing in Healthy Patients

Low-Risk Operation

Age (years)

Test <45

Electrocardio- M Y
gram

Complete Y
blood count

Electrolytes

Glucose

Liver function
tests

Coagulation
studies

Urinalysis

Pregnancy S

Chest radio-
graph

BUN/Cr

45-55 55-70

High-Risk Operation

Cardiac/ Major
370  Thoracic Vascular Abdominal
Y Y Y S
Y Y Y Y
Y Y Y Y
Y Y Y Y
S
Y Y S
S S S
Y S
Y Y Y

M = male; Y = usually indicated; S = sometimes indicated, may be requested by surgeon.
Data from Tremper KK, Benedict P. Paper “preoperative computer”. Anesthesiology 2000;92:1212-1213.

ologist and patient must devise an
anesthetic plan. This is where surgeon
requirements and patient preference
directly interface. Surgeon require-
ments vary widely, but most patients
simply want their surgical experience
to be safe and comfortable. Surgeons
want the best conditions possible to
perform their operations and it is ad-
visable that surgeons and anesthesiol-
ogists communicate in advance of the
operation to express their require-
ments and limitations. Anesthesiolo-
gists have direct control over many
variables that surgeons require to
carry out their operations safely and
swiftly, including degree of conscious-
ness, blood pressure control, ventilato-
ry control, and level of consciousness
at the conclusion of surgery. If other
factors are equal (patient has no par-
ticular preference, perceived safety is
equal), surgeon preference must be
taken into consideration. Patient safe-
ty, however, is always of paramount
importance and at times may out-
weigh surgeon preference (e.g., per-
forming a regional anesthetic for a
lower-extremity procedure in a patient
with severe pulmonary disease).
Keeping safety in mind, the anes-
thetic choice is often influenced by
two key patient features: coexisting
disease and aging. A completely ac-
ceptable technique for a particular op-

eration (e.g., a subarachnoid block for
a total-knee arthroplasty) may be con-
traindicated in patients presenting
with certain disease states (e.g., aortic
stenosis). Whereas general anesthesia
is performed rather indiscriminately
in young, healthy patients, regional,
or even local anesthesia with sedation
might be the safest option in patients
with severe respiratory disease. The
same holds true for the elderly pa-
tient. Even “healthy” elderly patients
have well-documented diminutions
in the function of renal, hepatic, car-
diorespiratory, and drug-metabolizing
systems® that are progressive. Drugs
and doses that are innocuous in
young, healthy patients can have long-
lasting, debilitating effects in the el-
derly. Consequently, it may be desir-
able, whenever possible, to consider
regional, or even local anesthesia with
minimal sedation in the elderly.

Type and location of surgery play an
important role in planning for anes-
thesia, but patient preference and the
destination of the patient in the post-
operative phase also must be consid-
ered. Newer, more rapidly eliminated
anesthetics have made postoperative
destination less of an issue than in
times past, but one that still must be
considered. For example, long-lasting
regional blocks and long-acting intra-
venous medications may be inappro-

Major

BloodLoss Major
Possible Intracranial  Orthopedic
S S S

Y Y Y

Y Y Y

Y Y Y

S S S

S S

Y Y Y

priate for patients scheduled on an
outpatient basis. Following is an over-
view of common surgical operations
and factors that influence the anes-
thetic plan.

Type of Procedure

Head and Neck Procedures
Head and neck procedures range from
minor, superficial operations to com-
plex resections and reconstructions in-
volving nerve monitoring, large fluid
shifts, and blood loss. Many simple,
superficial operations are performed for
skin cancer excision, followed by clo-
sure of the defect. Unless these lesions
are deep or large, the cases can usually
be safely and comfortably managed
with conscious sedation combined with
local anesthetic applied by the surgeon.
Unless brief and superficial, ear surgery
usually necessitates general anesthesia
to achieve suitable patient comfort. It is
common for these procedures to be
performed on an outpatient basis. Cos-
metic facial surgery is often performed
with conscious sedation combined with
local anesthesia to preserve awake mus-
cle tone. Complex head and neck oper-
ations are often performed for invasive
(mouth, throat, neck) cancers. These
operations can be very complex and
involve much fluid shifting and blood
loss. In addition, these lesions can com-
promise the airway, necessitating non-



standard (awake) airway management
techniques. Presence of a tracheostomy
is relatively common at completion of
these operations. Because of the length
and complexity of these procedures,
invasive monitoring (arterial lines) is
common. Communication with the pa-
tient and family is important in achiev-
ing realistic expectations.

On occasion, intracranial neurosur-
gery is performed in the awake pa-
tient, but the majority of these opera-
tions are performed under general
endotracheal anesthesia. Anesthesia
for awake craniotomy is beyond the
scope of this chapter. Success in these
cases depends on an intimate surgeon-
patient-anesthesiologist interaction
with much preoperative communica-
tion. Because operating conditions for
intracranial operations depend on and,
conversely, can impact on vasomotor
control, invasive (particularly arterial)
monitoring is common. Neurologic
function (somatosensory evoked poten-
tials) monitoring is common and the
anesthesiologist must be knowledge-
able in the interactions of anesthetic
agents and these monitors. Additional-
ly, neurosurgeons will often request (if
feasible) that a rapid wake-up be ac-
complished at the conclusion of sur-
gery so that early assessment of neuro-
logic function can be carried out.

Thoracic Procedures Thoracic sur-
gical procedures range from outpa-
tient thoracoscopic procedures (minor
pulmonary resections and biopsies,
sympathectomy) to major pulmonary
and upper gastrointestinal tract proce-
dures involving major body cavity and
cardiovascular trespass, blood loss,
and fluid shifting. The majority of
these procedures require single-lung
ventilation, and this must be planned
for. Open thoracic procedures are typ-
ically associated with a high degree of
postoperative pain, which is best con-
trolled with postoperative epidural an-
algesia. Because of their proximity to
major vascular structures and poten-
tial for adverse ventilatory interac-
tions these procedures often necessi-
tate invasive intravascular lines and
monitors, which must be discussed
with the patient as part of the preoper-
ative plan.

Abdominal Procedures Increasing-
ly, abdominal procedures are being
performed laparoscopically. General
anesthesia with endotracheal intuba-
tion must be employed for patients to
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safely and comfortably tolerate this
technique. Regional techniques can be
used successfully for open intraab-
dominal procedures, but these opera-
tions are frequently long and complex,
so general anesthesia is often favored.
When general anesthesia is employed,
endotracheal intubation is indicated to
provide abdominal muscle relaxation
and to protect against gastric aspira-
tion. Epidural is an excellent option
for postoperative analgesia in open
abdominal operations, but is usually
not necessary when procedures are
performed laparoscopically. Because
of the potential for vascular involve-
ment, major blood loss, and fluid shift-
ing, invasive monitors are sometimes
indicated, even in otherwise healthy
patients.

Urologic Procedures Many urolog-
ic procedures are performed through a
cystoscope and are of relatively short
duration. In these cases, short-acting
regional and general anesthetics are
equally safe and effective options. Pa-
tient preference can play a major role
in devising a plan for these cases.
Both nephrectomy and prostatectomy
typically have been performed via
large, open approaches, but are in-
creasingly being performed laparoscop-
ically. Open prostatectomy has been
performed successfully under both
general and regional anesthesia, but
the laparoscopic approaches for these
procedures necessitate general anes-
thesia with endotracheal intubation.

Gynecologic Procedures As with
abdominal and urologic procedures,
gynecologic procedures are being per-
formed increasingly via the laparo-
scopic approach. The same principles
as for abdominal and urologic proce-
dures apply. When performed via an
open abdominal approach, gynecolog-
ic procedures generally require gen-
eral anesthesia with endotracheal in-
tubation to allow profound muscle
relaxation. Vaginal, cervical, and hys-
teroscopic procedures can be com-
pleted safely and comfortably using
either general or regional anesthesia.
Thus patient preference combined
with anesthetist experience must be
taken into account when planning for
these cases.

Orthopedic Procedures At one ex-
treme, orthopedic operations can be
brief and minor peripheral extremity
procedures amenable to either region-

al or local anesthesia with sedation. At
the other end of the spectrum are
long, complicated procedures that in-
volve large blood losses, fluid shifting,
and intraoperative nerve monitoring.
Total knee and hip joint replacement
operations are very common and can
be carried out with either general or
regional anesthesia. Epidural anesthe-
sia is an effective choice and can be
continued into the postoperative peri-
od to provide excellent analgesia.
Some patients are extremely anxious
about the prospect of being awake dur-
ing orthopedic procedures. Serious con-
sideration must be given to general
anesthesia in these patients. Major
spine surgery, operations for major or-
thopedic malignancies and revision hip
operations can be long and complex, so
general anesthesia with endotracheal
intubation and invasive monitoring
should be considered. Upper-extremity
nerve blocks are increasingly common
for procedures on the shoulder and
arm. Interscalene blocks and cathe-
ters are useful for shoulder surgery.
Infraclavicular blocks and/or cathe-
ters are useful for procedures on the
forearm and hand. Chapter 74 discuss-
es the use of these techniques more
fully. Because of the significant pain
associated with shoulder reconstruc-
tive surgery and the need for postop-
erative manipulation as part of the
rehabilitation, interscalene catheters
are very popular. They can be used as
the sole anesthetic, or in combination
with general anesthesia. These blocks
have proven efficacy in the successful
treatment of immediate postoperative
pain.®?

Ocular Procedures Many surgical
procedures on the eye can be carried
out safely and comfortably using local
anesthesia. When formulating the an-
esthetic plan preoperatively with the
patient, this technique must be fully
explained so that the patient has real-
istic expectations. Some ocular proce-
dures can be very long, necessitating
use of general anesthesia to provide
optimal operating conditions. In these
cases, plans may need to be devised
for “deep” extubation to avoid cough-
ing and elevation of intraocular pres-
sure on emergence from anesthesia.

Regional Anesthesia versus
General Anesthesia

Whether general anesthesia or regional
anesthesia should be used for major
surgical operations is controversial.
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TABLE 5-12.

Perceived Advantages of
Regional Anesthesia

Regional anesthesia

Very targeted site of drug action

Necessitates far less intravenous se-
dations and analgesia (especially
important in elderly patients)

Profound analgesia and relaxation

No need for airway management or
mechanical ventilation

Possible decreased blood loss, de-
creased risk of thromboembolism7®

General anesthesia

Indiscriminate drug administration
to entire body

Far greater requirement for intrave-
nous and potentially long-acting
medications

Intravenous drugs with potential
side effects required to achieve
same effect

Airway management is always nec-
essary and mechanical ventila-
tion is often necessary

Patients at risk for hemorrhage,
venous thromboembolism

Both techniques have advocates and
detractors from both a safety and effica-
cy standpoint. Table 5-12 identifies the
advantages commonly cited for general
and regional anesthetic techniques.
Although there is no convincing ev-
idence that morbidity and mortality
are decreased with either technique,
there is a suggestion of improvement
in specific outcomes with use of re-
gional anesthesia.”® Despite the com-
mon perception that regional anesthe-
sia is generally “safer” than general
anesthesia, its principal advantage is
in providing analgesia postoperatively.
For certain operations, regional anes-
thesia offers distinct advantages com-
pared to general anesthesia,”! but
some of the perceived benefits of re-
gional anesthesia recently have been
questioned.” For regional techniques
to be successful, the patient must be
accepting of the technique, a skilled
clinician must be available to perform
it, and the block must be effective. If
long-lasting blocks or indwelling cathe-
ters are to be used, educational efforts
must be made regarding the special
care that these techniques necessitate.
Lastly, patients must be informed of
the potential complications that can
result from the use of regional anes-

thesia. Chapters 45-49 provide a more
in-depth analysis of this controversial
subject.

Monitored Anesthesia Care:
Potential Pitfalls
Superficial operations are commonly
performed in healthy patients using the
monitored anesthesia care (MAC) tech-
nique. This entails use of anxiolytic,
sedating, and analgesic medications ad-
ministered by anesthesia personnel,
combined with local anesthesia admin-
istered by the surgeon. In a recent
editorial, Hug describes the attitude of
anesthesia providers regarding such
cases as ‘routine, simple, and low-
risk.””37* In addition, these operations
are often performed hastily, in remote
locations, and involve positioning that
provides anesthetists poor access to the
airway. This can result in a situation
where “diligence is less by both the
anesthetist and the surgeon.””® Com-
bined with liberal use of sedating respi-
ratory-depressant medications, MAC
has the potential to result in life-threat-
ening anesthetic-related complications.
Complications attributable to MAC
anesthesia have been reported in the
literature, and a recent closed claims
analysis by Bhanaker et al. sheds new
light on this devastating, yet uncom-
mon problem. In this study, MAC anes-
thesia represented a ‘liability profile
similar to claims associated with gener-
al anesthesia.” This led the authors to
conclude that “oversedation leading to
respiratory depression was an impor-
tant mechanism of patient injury dur-
ing MAC. Appropriate use of monitor-
ing, vigilance, and early resuscitation
could have prevented many of these
injuries.””* Hence, anesthesia providers
need to be cognizant of the potential for
serious complications associated with
MAC anesthesia and avoid the pitfall of
trivializing this technique to the extent
of compromised vigilance and potential
serious complications.

Preoperative Instructions

A clear, concise set of preoperative
instructions can contribute greatly to
patient safety and operating room effi-
ciency. Provision of these instructions
can be carried out in a variety of ways,
but we feel that a combination of both
verbal and written communication is
most likely to achieve the desired re-
sult. At our institution the verbal com-
munication is carried out in either the
preoperative clinic, or via a combina-

tion of surgical and nursing preopera-
tive “teaching.” Our written preopera-
tive instructions are in the form of a
folder, or “packet,” that is periodically
reviewed by perioperative surgical, an-
esthesia, and nursing teams. The most
important elements of preoperative in-
struction that relate to the provision of
safe anesthesia are dietary (nothing by
mouth [NPO]) and medication instruc-
tions. Even when general anesthesia is
not the primary anesthetic plan, it is
an eventual possibility in many cases.
Consequently, it is important that pa-
tients fast appropriately so that the risk
of aspiration is minimized. Fasting
guidelines for elective surgery are
clearly delineated by the ASA,”® and
we tend to instruct patients conserva-
tively (e.g., interpreting “clear liquids”
to mean “water”).

ASA PS 1 and PS 2 patients may be
taking a variety of prescription and non-
prescription medications. To avoid po-
tential complications, clear instructions
must be given regarding continuation
and avoidance of various medications
prior to elective surgery. Medications
that are typically continued include an-
tireflux, cardiovascular, and antihyper-
tensive (with the possible exception of
angiotensin-converting enzyme inhibi-
tors and angiotensin receptor block-
ers),”® pain (with the possible exception
of aspirin and nonsteroidal antiin-
flammatory medications), psychotropic
(with the exception of monoamine oxi-
dase inhibitors), asthma, and antisei-
zure medications. Medications taken on
the day of surgery should be consumed
with as little water as possible. Alter-
native medications and herbal prepa-
rations deserve special consideration.
Many patients do not consider these to
be medications and hence must be spe-
cifically asked about their use. These
products are poorly regulated and often
contain unknown quantities of sub-
stances that can lead to serious periop-
erative drug interactions and complica-
tions.”” Because of the lack of data on
many of these preparations, the ASA
recommends that practitioners continu-
ally familiarize themselves with alterna-
tive medications and advise the discon-
tinuation of all such products for at least
2 weeks prior to elective surgery.”®

Premedication

It is difficult to find consensus on what
constitutes the best plan for pharmaco-
logic premedication prior to anesthesia.
What is important is that each agent be



administered only if there is a clear
and specific indication for its use. The
most common indications for preoper-
ative administration of medications are
anxiolysis, analgesia, and gastric aspi-
ration, surgical wound infection, and
thromboembolic prophylaxis. None of
these classes of medications should be
administered on a purely “routine” ba-
sis. Each of these medications has a
unique set of potentially dangerous
side effects, including allergic reactions,
drug-drug interactions, prolonged ef-
fects, and added cost. Hence, in the
absence of clear indications, healthy
patients undergoing elective operations
should receive little or no pharmacolog-
ic premedication.

Anxiety is common in patients
undergoing even minor surgery, and it
tends to heighten as the surgical event
approaches. It is difficult to discern
which patients will be anxious prior to
surgery by any other means but a di-
rect interview. Treating preoperative
anxiety not only improves patient satis-
faction,” but may have more far-reach-
ing effects, such as reduction of surgi-
cal stress response and lowering the
incidence of PONV.® Although, the
most commonly used agents used for
this purpose are benzodiazepines, par-
ticularly midazolam, other agents, such
as melatonin, are safe and efficacious.®!

Preoperative analgesia may be con-
sidered when painful conditions, such
as orthopedic fractures, are present. If
opiates are chosen for this purpose,
patients must be monitored for seda-
tive and respiratory depressant side
effects. Some studies even support the
use of “preemptive analgesia” with
agents such as ketorolac as a means
to lower anesthetic requirements and
their attendant side effects. Evaluation
for the risk of nausea and vomiting
was discussed above (see Postoperative
Nausea and Vomiting). When this risk
is identified, consideration should be
given to single, or in select cases, mul-
timodal, therapy to prevent this com-
plication. Healthy patients occasionally
will require thromboembolism prophy-
laxis in the perioperative period. This is
most commonly accomplished with ei-
ther low-dose or low-molecular-weight
heparin preparations.

Postoperative Destination

The anesthetic plan must take into
account the postoperative destination
of the patient. Pre- and intraoperative
planning must be flexible, so that safe
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and appropriate medical care is avail-
able if the ongoing needs of the patient
change. For example, many airway
procedures can be accomplished on an
outpatient basis. However, there is a
relatively high risk with this type of
surgery that complications could re-
quire admission to, or even mechani-
cal ventilation in, an intensive care
unit. This sort of eventuality must be
taken into account for two reasons.
First, operations with a relatively high
likelihood of admission or intensive
care unit management (even in other-
wise healthy patients) should not be
scheduled in facilities that lack the
means to provide this care. Second,
patients and their families must be
advised beforehand of this possibility.
Patients and family members must be
aware that intraoperative events can
change the postoperative destination
of the patient, even if the initial plan
was for same-day discharge.

Patients have three ultimate postop-
erative destinations: home, a hospital
“floor” or “ward” bed, or the intensive
care unit. A stay in the postanesthesia
care unit (PACU, or “recovery room”)
may precede any of these final desti-
nations. Planning for the eventuality
of any of these destinations must
occur in both the pre- and intraopera-
tive phases of an anesthetic. In the
case of both the PACU and the inten-
sive care unit, advance planning must
be carried out so that a bed is available
and the unit is appropriately staffed.
Both patients and family members
need to be made aware of the destina-
tion that was initially planned, and of
any changes that may have been made
based on intraoperative (or PACU
events). Fortunately, many proce-
dures that are planned on an outpa-
tient basis and are free of complica-
tions entail very short PACU stays, or
(as is increasingly common) bypass a
recovery room altogether. This is gen-
erally safe, cost-effective, and well-
received by patients, but necessitates
simple, but crucial, advance planning.
For example, it is mandatory that pa-
tients who have received sedating
medications have safe transportation
home, usually in the person of a care-
giver who can also assist with medica-
tion, surgical dressing issues, and
other forms of assistance.

Postoperative Pain

Postoperative pain resulting from sur-
gical procedures performed in healthy

patients ranges from none to severe
and relatively long-lasting. As such,
treatment of postoperative pain ranges
from no treatment at one extreme
(noninvasive endoscopic procedures)
to invasive techniques, including epi-
dural analgesia and indwelling nerve
plexus catheters. This section provides
a simple overview of available pain-
control options in healthy patients,
and readers are referred to Chap. 74
for a more in-depth review of this
subject. It is the anesthesiologist’s re-
sponsibility to couple analgesia with
hypnosis in the intraoperative phase,
and then continue some form of anal-
gesia postoperatively, while minimiz-
ing additional drug effects such as
sedation and respiratory depression. A
key feature in the success of this plan
is education, and physician-caregiver
rapport in the preoperative phase. Al-
though it is important for patients to
wake up as pain free as possible, it is
also critical that they be informed that
they will likely experience some de-
gree of postoperative pain. Realistic
expectations regarding postoperative
pain, as discussed further in Chap. 74,
are a vital component in patient satis-
faction and avoidance of complica-
tions related to pharmacologic control
of pain.

As stated previously, healthy patients
generally undergo short, simple surgi-
cal procedures. Occasionally, however,
complicated operations are performed
that result in severe postoperative pain.
Thus, the entire array of pain-control
modalities at the anesthesiologist’s dis-
posal must be available in this popula-
tion. Despite controversy over its effica-
cy,?? preemptive analgesia with agents
such as acetaminophen and nonsteroid-
al antiinflammatory drugs (INSAIDs)
must be considered. Use of these com-
pounds is also typically the first line of
therapy in patients having minor opera-
tions, such as carpal tunnel repair or
vasectomy. These compounds are gen-
erally devoid of side effects, but patients
must be cautioned regarding overdose
with resultant damage to the liver and
kidneys.

Opiates are indicated for moderate to
severe pain, via either oral or intrave-
nous routes of administration. Patient-
controlled analgesia (PCA) represents a
major advance in the use of opiates for
postoperative analgesia, but success
with the technique is dependent on
proper planning and patient instruc-
tion. Grass published an excellent and
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thorough review of this subject, cover-
ing its history, safety, efficacy, and cur-
rent practice guidelines.®®> Major nerve
conduction blockade (nerve blocks,
plexus blocks) and epidural analgesia
are occasionally necessary in healthy
patients undergoing surgical procedures
that will result in severe pain (e.g., or-
thopedic, intraabdominal, and pelvic
procedures). Liu published an excellent
practical review of indwelling catheters
for postoperative pain relief.?* Although
highly successful, both techniques are
associated with potentially serious com-
plications and proper planning and con-
sent entails disclosure of both aspects of
these techniques. Finally, the issues of
aging, opiate dependence, and abuse all
have important implications for the suc-
cessful planning and management of
postoperative pain; Chap. 74 discusses
these issues in detail.

MONITORING IN
HEALTHY PATIENTS

The medical community, the anesthe-
sia community, and to some extent
patients assume that monitoring during
anesthesia and surgery results in fewer
preventable mishaps and improved
outcomes. Fortunately, since its intro-
duction into modern medicine, anes-
thesia is an increasingly safe proposi-
tion.®> As Domino and others continue
to point out, however, rare anesthesia
mishaps continue to have catastrophic
outcomes (death, major morbidity) that
are very costly to society.*! Every year,
thousands of cases of death and serious
morbidity are attributed solely to the
provision of anesthesia.?® In a large
proportion of these cases, the cause of
the morbidity or mortality is believed
to be preventable.?” Failure to prevent
anesthetic catastrophes usually results
from lapses in vigilance or simple
human error. Anesthetic monitors are
intended to aid in the maintenance of
vigilance and to alert providers to the
possibility of human error. Following is
an overview of monitors commonly
used in healthy patients and the ratio-
nale for their use in various clinical
scenarios. For a more in-depth review
of monitoring devices and their clinical
applications and limitations, the reader
is referred to Chaps. 29-34.

Despite the assumption that there is
a correlation between monitoring and
outcome, there is little in the way of
scientific validation to support this as-

TABLE 5-13.

American Society of Anesthesiologists
Standards for Basic Intraoperative
Monitoring?

Standards

Standard 1: Qualified anesthesia per-
sonnel shall be present in the room
throughout the conduct of all gen-
eral and regional anesthetics, and
monitored anesthesia care

Standard 2: Oxygenation, ventilation,
circulation, and temperature shall
be continually evaluated
Oxygenation

Oxygen concentration of inspired
gas
Observation for the patient
Pulse oximetry
Ventilation
Auscultation
Observation of the patient
Observation of reservoir bag
End-tidal carbon dioxide analysis
Circulation
Continuous ECG display
Heart rate and blood pressure re-
corded every 5 min
Evaluation of circulation: auscul-
tation of heart sounds, palpa-
tion of pulse, pulse plethys-
mography, pulse oximetry,
intraarterial pressure tracing
Temperature
Core temperature and/or skin
temperature

aThe term continuously means prolonged
without interruption, whereas continually
means repeated regularly and frequently.®®

sumption. In 1986, Eichhorn et al. sug-
gested that intraoperative monitors
may reduce adverse events and there-
fore improve outcomes.®® From this
body of work arose the ASA guidelines
for intraoperative monitoring,®® which
have been amended (Table 5-13).

The assumption that monitoring im-
proves outcome, coupled with the zeal
of anesthesia providers to gather infor-
mation, can lead to practitioners erring
on the side of more, rather than fewer,
monitoring devices. This would be ideal
if monitors were cheap, completely ac-
curate, and completely safe. Most mod-
ern monitoring devices, however, are
expensive and not always accurate.
Some forms of monitoring have the
potential to mislead anesthesia provid-
ers, while others are even capable of

causing serious physical harm.%9!
Therefore, in planning for an anesthet-
ic, anesthesiologists must weigh the
perceived advantages with the known
potential for complications when choos-
ing a monitoring strategy (Table 5-14).

Healthy patients having uncompli-
cated surgical procedures rarely need
more than the ASA basic intraoperative
monitors. Before considering machines
that monitor the human body however,
it is vital that anesthesiologists main-
tain basic physical examination skills.
These skills can give vital information
about patients quickly and reliably. For
example, failure of the chest to rise
combined with a bubbling sound ema-
nating from the patient’s throat, may
indicate cuff failure or improper place-
ment of an endotracheal tube. Tactile
sensation of a bounding pulse in the
presence of a low machine reading,
may indicate a problem with mechani-
cal blood pressure measurement. Dis-
coloration of a patient’s skin combined
with a feeling of warmth could be an
early indicator of malignant hyperther-
mia. Smelling a potent anesthetic vapor
could be a sign of an airway leak or
disconnect. Although it would be crude
and unwise to rely solely on sense
perception to assess patients, clini-
cians must maintain vital physical ex-
amination skills in addition to their
knowledge and skills in use of me-
chanical monitoring devices. Analyses
of anesthetic mishaps leading to seri-
ous morbidity and mortality?! consis-
tently reveal one common mechanism
as a root cause for catastrophe: failure
to deliver oxygen to vital organs. The
most common cause of critical end-
organ hypoxia is failure to ventilate the
lungs, hence the ASA recommendation
for continuous evaluation of oxygen-
ation and ventilation, even in healthy
patients. The goal of this monitoring is
early recognition of ventilatory inade-
quacy, which can be rectified before
end-organ damage ensues. Observation
is still a vital skill in assessing tissue
oxygenation, especially in the case of
the awake patient. Signs of hypoxemia
in an awake patient include decreased
level of consciousness, loss of judg-
ment, and disorientation, but these
signs are not specific and occur in
many other conditions. Cyanosis might
be an indicator of hypoxemia, but it is
late occurring and generally unreliable.
Given the devastating consequences of
arterial hypoxemia, however, this
cause must be at the top of any differ-
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Types of Anesthesia Monitors and Their Properties

Type of Monitor

Physical examination

Pulse oximetry

Arterial blood gas analysis

Sphygmomanometry, oscillometry

Arterial catheterization

Electrocardiography

Capnography

EEG, bispectral index, entropy, others

Temperature probes

Central venous cannulation, pulmonary
artery catheter

ential diagnosis when these physical
signs are encountered.

Measurement of Oxygenation

Three methods of assessing oxygen
delivery are widely available: arterial
blood gas analysis, pulse oximetry,
and measurement of inspired oxygen
concentration. The need for blood gas
analysis in healthy surgical patients is
relatively rare. This test is invasive
(and therefore has potential complica-
tions), relatively expensive, and can
only be performed intermittently. Its
use in healthy patients should be con-
sidered when complex surgical proce-
dures are being performed or when
perioperative complications necessi-
tate in-depth analysis of ventilation
and acid-base status. Pulse oximetry is
completely noninvasive, well accepted
(despite being a continuous monitor),
and is relatively inexpensive. Exten-
sive reviews of the development, theo-
ry, and applications of pulse oximetry
are available. Pulse oximetry and in-
spired oxygen analysis should be used
in every patient undergoing general an-
esthesia. Pulse oximetry should be used
in all patients anesthetized with sedat-
ing intravenous medications. What fol-
lows is a summary of pulse oximetry’s
technical aspects, perioperative uses,
and limitations.

Pulse oximetry relies on two princi-
ples to continuously measure the de-
gree of arterial blood oxygenation: dif-
ferential light absorption of oxy- and
deoxyhemoglobin, and pulsation of ar-
terial blood. The pulse oximeter dis-
plays a number that corresponds to the
arterial saturation obtained from an in
vivo cooximeter. Also displayed on

Potential for

What Is Measured Invasiveness Complications
Heart tones, breath sounds, pulse, Noninvasive -

color, etc.
Arterial oxygen saturation Noninvasive -
Ventilatory and acid-base status Invasive ++
Blood pressure Noninvasive +
Blood pressure Invasive ++
Cardiac rhythm, integrity Noninvasive =
Ventilatory, circulatory status Non- to semi-invasive -
Brain function, depth of anesthesia Noninvasive +
Body temperature Non- to semi-invasive +
Volume status, cardiac function Invasive +++

most units is a plethysmograph, or
pulse waveform. Some advantages of
pulse oximetry can also be viewed as
limitations. First, the pulse oximeter is
quite accurate when compared to in
vivo oximetry, but only under ideal
conditions and within a fixed range of
arterial saturation. Artifacts that create
less-than-ideal conditions include shiv-
ering, cold extremity, intravascular
dyes, venous congestion, and electro-
cautery. In addition, the processor algo-
rithms built into the device are unable
to give meaningful output for oxygen
saturations below 70%. Second, users
must be familiar with limitations of the
plethysmograph feature. It should not
be assumed that the plethysmograph
accurately reflects the magnitude of
the arterial pulsation, and hence the
adequacy of perfusion. This signal is
variably (and sometimes highly) ampli-
fied to aid in the measurement of oxy-
gen saturation.?” Hence the plethysmo-
graph magnitude should not be used to
infer information about the adequacy
of blood perfusion.

Hemodynamic Monitors

Hemodynamic monitors are those in-
tended to assess the adequacy of cir-
culatory function. All anesthetized
patients must have at least intermit-
tent blood pressure monitoring. For
healthy patients having uncomplicat-
ed surgical procedures, intermittent
cuff measurement is usually suffi-
cient. Cuff measurement of blood
pressure can be achieved via either
sphygmomanometry or oscillometry.
Both methods are accurate, noninva-
sive, and well tolerated. Clinicians
using either of these methods must

understand a few guidelines to insure
accurate measurement. First, cuff size
must be appropriate for the patient.
Too large or too small a cuff size can
under- or overestimate blood pressure,
respectively. This is most common in
obese patients, where cuff size is too
small. Second, this method of blood
pressure measurement is subject to
motion artifact.

Direct intraarterial blood pressure
monitoring involves insertion of a
catheter into an artery followed by its
connection to a pressure transduction
system. Arterial lines are occasionally
necessary in healthy patients because
of procedural length or complexity.
This technique is invasive and serious
complications can result from its use.
When correctly performed, this meth-
od provides continuous measurement
of blood pressure that is very accurate.
The data obtained from this measure-
ment technique can even be used as
an accurate measure of intravascular
volume status.”

In patients who are intubated and
mechanically ventilated, variation in
the peak systolic pressure with venti-
lation has been used as a method to
determine intravascular volume sta-
tus.? This measurement, known as
systolic pressure variation (SPV), has
been compared to central venous
pressure measurements, pulmonary
artery occlusion pressure measure-
ments, and transesophageal echo mea-
surement of left ventricular volume,
and found to be more accurate than
other pressure measurements for de-
termining adequacy of volume resus-
citation.”* Normal values of SPV are
between 5 and 10 mm Hg, with high
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values representing possible underre-
suscitation (hypovolemia) and low val-
ues meaning the patient may be over-
resuscitated.”® This SPV has been
described as a “dynamic variable of
volume responsiveness.”?4%

Clinicians must not forget basic
physical examination skills that can
be valuable when specifically assess-
ing circulatory status. Palpation and
auscultation are the two most useful
of these skills. These tests can be
immediately performed and require
no mechanical devices. These meth-
ods are not sufficient to completely
monitor the circulatory status in
healthy patients. Regular use of these
techniques, however, especially when
baseline assessments were performed
for comparison, can give anesthesia
providers accurate and early informa-
tion that can guide therapy or aid in
selection of more complex assessment
techniques. Palpation of a peripheral
pulse can give valuable information
about the circulatory status of the pa-
tient. Two properties of the pulse
must be ascertained: magnitude and
character. The pulse of a healthy pa-
tient at baseline should be strong and
regular. Performing a baseline exami-
nation is mandatory so that later com-
parison can be made.

Auscultation is another physical ex-
amination skill with usefulness in the
modern operating room. Auscultation
is simple to perform, even on a contin-
uous basis, and is an excellent qualita-
tive measure of ventilation. Ausculta-
tion is most valuable to the clinician
when a baseline examination is per-
formed and used for later comparison.
Baseline auscultation of heart and
lungs should be performed in every
anesthetized patient. As with palpa-
tion, both the quality and the magni-
tude of the sounds must be ascer-
tained. Auscultation is never sufficient
on its own to make definitive diag-
noses or to guide therapy, but it can be
performed easily, immediately, and
without harm, and may guide the cli-
nician in planning additional diagnos-
tic steps. An example is development
of a third heart sound combined with
new pulmonary rales, raising suspi-
cion of fluid overload and pulmonary
edema.

The heart is not only a pump, but a
vital end-organ that is susceptible to
hypoxic insult. In addition, even
healthy, anesthetized patients are sus-
ceptible to cardiac rhythm abnormali-

ties that can compromise circulatory
adequacy. Consequently, it is routine
for anesthesiologists to monitor the
integrity of the heart muscle and heart
rhythm during anesthesia. This is ac-
complished mainly via the electrocar-
diogram (ECG) and, when possible,
feedback from an awake patient (angi-
na or anginal equivalent). ECG moni-
toring is considered a standard of care
in modern anesthesia. ECG monitor-
ing is completely noninvasive, rela-
tively inexpensive, and can be as-
sessed continuously. ECG data are
crude representations of the heart’s
electrical activity, but critical informa-
tion can be inferred from the trace
regarding the integrity of the myocar-
dium. Specific patterns of abnormality
on ECG tracings can represent cardiac
dysrhythmias, cardiac ischemia, and
electrolyte imbalances that can com-
promise the integrity of the heart mus-
cle and its function as a pump.

The most common ECG abnormality
found in healthy anesthetized patients
is dysrhythmias. Thus when using an
ECG to monitor healthy patients, it is
wise to monitor leads that are best
suited for rhythm identification, such
as lead IT or V,. Common causes of
perioperative dysrhythmias are auto-
nomic nervous system overactivity,
ventilatory abnormalities such as hy-
poxemia and hypercarbia, and cardiac
effects of anesthetic medications and
adjuvants. Perioperative dysrhythmias
in otherwise healthy patients are often
well tolerated and self-limited. Some,
such as severe bradycardia and junc-
tional rhythms, can compromise circu-
latory status and require intervention.
On occasion, the perioperative ECG
will identify myocardial ischemia in
patients who were previously thought
to be healthy.

By definition, healthy patients are
free of coronary artery disease. Use of
perioperative ECG monitoring, howev-
er, will identify possible coronary is-
chemia in patients who were previous-
ly thought to be free of ischemic heart
disease. The relationship between pe-
rioperative ECG evidence of coronary
ischemia and the diagnosis of ischemic
heart disease remains unclear. For
ECG to function well as a monitor for
myocardial ischemia, correct combi-
nations of leads must be used. Highest
sensitivity can be achieved when
these combinations include lead V..
Changes in ST segments and in T-
wave configurations are the most uni-

versally accepted ECG findings repre-
sentative of coronary ischemia, but
the specificity of these findings is far
from perfect.”® Newer monitors use
computer-assisted ST-segment analy-
sis to assist in early detection of coro-
nary ischemia. Most monitors allow
printing or “freezing” of a short ECG
trace to compare with later findings.
When these are not performed, clini-
cians should closely observe a prein-
duction ECG tracing so that compari-
sons can be made later, if necessary.

Capnography

Measurement of respiratory carbon
dioxide is useful and strongly encour-
aged in all anesthetized patients. The
methodology most commonly used is
end-tidal carbon dioxide measure-
ment, or capnography, to measure the
carbon dioxide concentration in respi-
ratory gas. Portable colorimetric de-
vices are also available for use at the
bedside and in the emergency room,
and are used to confirm proper place-
ment of an endotracheal tube. Capno-
graphic samples can be obtained from
closed or open (e.g., near the nose of
a patient who is spontaneously breath-
ing room air) breathing circuits. Cap-
nography gives clinicians vital infor-
mation regarding the pattern and the
magnitude of ventilation. Capnogra-
phy gives useful information regard-
ing cardiopulmonary function. To
produce a normal capnogram, the
patient must be producing CO, at the
normal rate, blood must be returning
it to the pulmonary circulation, and
the lungs must be ventilated. There-
fore, a continuous capnogram in-
sures, on a breath-to-breath basis, that
all of the following are functioning
normally: metabolism, blood flow, and
ventilation.

A sudden drop in end-tidal carbon
dioxide might indicate pulmonary em-
bolism.?” Capnography is useful in
confirming proper placement of endo-
tracheal tubes, but it is not useful in
ruling out endobronchial intubation.
End-tidal carbon dioxide concentra-
tion can be monitored continuously,
the machinery is relatively inexpen-
sive and the technique noninvasive.

Mental Status and

Depth of Anesthesia

The best monitor of cerebral function
in a healthy patient who requires an-
esthesia is interaction with a conscious
patient. This is the rationale for using



awake anesthetic techniques in cer-
tain settings where feedback regarding
brain integrity is critical (carotid en-
darterectomy, prostatectomy with use
of nonionic irrigants). In many surgi-
cal settings, however, awake anesthet-
ic techniques are unsuitable. A con-
cept that is intimately related to
perioperative cerebral function is the
ability of anesthesia providers to accu-
rately assess the efficacy, or “depth,”
of anesthesia in unconscious patients.
The ideal general anesthetic renders a
patient unconscious and pain free,
facilitates ideal surgical working con-
ditions, is rapidly reversible at the
conclusion of surgery, and has no
lasting side effects. During anesthesia-
induced unconsciousness, however,
there is no completely reliable method
of assessing whether a patient is aware
and possibly perceiving intraoperative
events. Anesthesia providers undergo
rigorous training in pharmacology and
physiology to correctly dose medica-
tions and interpret physiologic data so
that they can provide assurance on
these grounds that patients are ade-
quately anesthetized. Unfortunately,
correct drug dosing and “normal”
physiologic values do not insure that
all patients are unconscious and free
from pain.

One method of monitoring brain
function (and, presumably, conscious-
ness) that has seen occasional intraop-
erative use is the EEG. This monitoring
technique is cumbersome, expensive,
and requires highly trained personnel
to interpret the highly complex data
generated. Currently, an unprocessed
EEG is rare in intraoperative settings.
A variation of the EEG that has gained
much notoriety in both the medical
community and with the lay media is
bispectral index (BIS), or ‘“entropy”
monitoring. These devices use only
select EEG leads and then filter and
transform the signals into a single
digitized value.?® BIS or entropy values
correlate inversely with depth of anes-
thesia.®® Use of the device has been
advocated for two reasons: its use re-
duces both the incidence of intraoper-
ative awareness during general anes-
thesia and anesthetic drug costs.””
Although intraoperative awareness is
a real problem, the issue has been
somewhat sensationalized by the pub-
lic media, which has led to much
public interest in BIS. The ability of
BIS to eliminate awareness, however,
remains controversial,'® and some
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even argue that BIS could actually
cause anesthesiologists to underdose
their medications, leading to a higher
incidence of awareness.!® This issue
remains unsettled and requires fur-
ther investigation.

Temperature Monitoring

It is vital that temperature be moni-
tored in some way in all anesthetized
patients, especially when general an-
esthesia is chosen or when MH trigger-
ing agents are used. Multiple investi-
gators have shown improved outcome
with maintenance of normothermia
during major operations.'? Hypother-
mia slows metabolism, inhibits coagu-
lation, can cause cardiovascular labili-
ty, and is very uncomfortable in
awake patients. Hypothermia is easily
and commonly achieved in the operat-
ing room, but the best treatment strat-
egy is prevention. Several methods of
temperature monitoring are available
to anesthesia providers. The simplest
and least-invasive method is use of a
skin temperature probe. These probes
are somewhat accurate but it must be
kept in mind that skin temperature is
not truly representative of core, or
internal, temperature. In addition,
skin probes are easily rendered inac-
curate by ambient conditions, such as
warming and cooling mattresses and
forced air blowers. Several semi-inva-
sive methods of temperature monitor-
ing are available, including tympanic,
nasopharyngeal, esophageal, and rec-
tal. Although these methods are quite
safe, accurate, and more reflective of
core temperature, complications are
possible (ruptured tympanic mem-
brane, nosebleed, irretrievable probe
wires). The most accurate monitors of
core body temperature are also the
most invasive. Temperature probes
are present on the tips of pulmonary
artery and urinary catheters, but these
are generally reserved for major oper-
ations in medically ill patients.

CONCLUSION

Safety and efficacy are the primary
determinants of a successful anes-
thetic. Safety in anesthesia is mainly
achieved through the avoidance of
complications. A main source of
complications is patient comorbidity.
Healthy patients, by definition, lack
comorbidity, but may still experience
anesthetic complications. The main

goals of the anesthetic plan in healthy
patients are insuring the absence of
comorbidity and the identification of
potential complicating factors. The
primary method of accomplishing
these goals is the careful performance
of a preoperative history and physical
examination, which is typically a joint
effort between the surgeon and anes-
thesiologist. In most cases, the anes-
thetic portion of this evaluation can be
performed on the same day as sur-
gery. Once the evaluation of the
healthy surgical patient is complete,
the plan is formulated, taking into
account the needs of both the patient
and the surgeon. The patient must be
fully informed of the nature of the
operation and the type of anesthesia
involved. Patient instructions and use
of premedications are important steps
that lead to safe and successful anes-
thesia. Finally, monitoring devices are
believed to be a major contributor to
avoidance of complications and over-
all patient safety. Generally, healthy
patients only need basic ASA intraop-
erative monitoring, but on occasion,
the extent of surgery may dictate a
more invasive monitoring scheme.
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CHAPTER 6

Appropriate and
Effective Use of
Consultants

Lee Goldman, MD, and
Thomas H. Lee, MD

As pressures to improve the quality,
safety, and efficiency of healthcare
intensify, perioperative consultation
has evolved into an increasingly well-
defined area of medicine, and hospital
staffs are giving more thought on
when and how to use them. Like most
medical interventions, perioperative
consultations are susceptible to the
three basic types of medical errors:

1. Overuse—requesting consultations
on patients who are unlikely to
benefit from them leads to delays
and needless expense.

2. Underuse—failing to request a
consultation on a patient who
might benefit from such an evalu-
ation; this failure can contribute
to the occurrence of preventable
complications.

3. Misuse—unnecessarily endangering
patients as a result of poor commu-
nication or advice.

Although the risk of such errors has
always been present, the need to re-
duce their frequency has grown as a
consequence of several trends. First,
the proportion of patients who might
benefit from consultations has grown
as a result of the aging of the popula-
tion and the rise in the prevalence of
comorbid illnesses in patients who un-
dergo or are considered for procedures.
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PREOPERATIVE EVALUATION OF THE ANESTHESIA PATIENT

This trend toward increased risk in the
patient population has been accompa-
nied by surgical and anesthetic advanc-
es that encourage the performance of
ambitious procedures in increasingly
aged patients. Progress in the fields of
anesthesiology and medicine has made
these disciplines so sophisticated that
the interfaces between them require
special skills. Multiple specialists must
often be involved if these complex pa-
tients are to receive optimal care.

Additional pressure for efficiency
and coordination comes from the
healthcare marketplace. Rising insur-
ance premiums are causing employers
and other healthcare purchasers to use
every possible tactic to reward effi-
ciency (and to punish inefficiency)
among hospitals and physicians. One
of these tactics is publication on the
Internet and elsewhere of data on
quality of care, including mortality
and complication rates for surgical
procedures, so that patients who are
bearing an increasing portion of their
costs can decide where they might get
the highest quality care.

KEY POINTS

In response, hospitals have devel-
oped preadmission evaluation centers
where patients can be seen and exam-
ined by anesthesiologists and consult-
ants before admission for same-day
procedures. The informal scramble to
obtain immediate preoperative con-
sultation for a patient with an unex-
pected problem is being replaced by
the development of coordinated team
care, with consultants who have a
special interest in perioperative medi-
cine and a commitment to provide on-
demand consultations at these cen-
ters.!=3 Several investigations have
shown that such consultations can
lead to the detection of important new
diagnoses that may warrant preopera-
tive interventions*® or help in arrang-
ing followup care.*

However, the effectiveness of con-
sultations provided by such services
or by individual physicians is highly
variable and is influenced by commu-
nication among the surgeon, anesthe-
siologist, and medical consultant.6!!
In one study of 156 cases at a teaching
hospital, consultants and the physi-

1. The increasing prevalence of high-
risk patients undergoing complex
surgical procedures and the increas-
ing pressures for improved efficien-
cy and quality have created an in-
creased need for effective and
timely perioperative medical
consultation.

2. Anesthesiologists and surgeons
have a duty to recognize when con-
sultations are needed, to notify the
patient of the planned consultation,
and to inform the patient of impor-
tant consultation findings.

3. The questions to be answered by the
consultant should be stated clearly.
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4. The consultant should limit initial
recommendations to those of high
priority in the perioperative period.

5. Direct communication between the
primary physician and the consult-
ant can help to avoid misunder-
standings and to clarify manage-
ment goals.

6. In addition to estimating periopera-
tive risk and developing appropriate
initial management strategies, the
consultant should follow the patient
through the postoperative period.

7. The consultant should respect the
primary physician’s relationship
with the patient.
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cians who requested the consultation
disagreed on the reason for the con-
sultation and the principal clinical
issue in 14% of cases.!® When commu-
nication among physicians is so tenu-
ous, it is not surprising that rates of
compliance with the recommenda-
tions of consultants are only 54-
77%.12—14

In summary, the potential contribu-
tion by consultants has never been
greater, but there are many opportuni-
ties for the perioperative consultation
process to go awry. This chapter de-
scribes ways in which consultations
may be used and misused by describ-
ing their role, performance, medicole-
gal issues, and factors associated with
effectiveness.

ROLE OF THE CONSULTANT

One of the most common reasons for
perioperative consultation is a request
for “clearance” for surgery.* For medi-
colegal and clinical reasons, request-
ing physicians and the consultants
should narrow the purpose of the con-
sultation in such cases. “Clearance”
implies a guarantee of a good out-
come, which is impossible to provide.
The provision of such a guarantee is
considered ill-advised from a medi-
colegal perspective; in addition, the
impact of consultations aimed at
“clearing” patients usually is limited.'®

Instead of providing “clearance,”
the consultant should provide an esti-
mate of the risk of cardiac and noncar-
diac complications associated with the
planned procedure for the patient (Ta-
ble 6-1). For higher-risk patients, the
consultant should identify strategies

TABLE 6-1.

Key Functions of the Consultant

e Estimation of cardiac and noncardi-
ac risk of surgery

e |dentification of management strat-
egies that minimize risks

e Anticipation of complications that
may occur during the perioperative
period

e Postoperative followup to help
prevent, detect, and manage
complications

e Perioperative management of acute
and chronic medical conditions

e Education—teaching and learning

that might mitigate those risks and can
help compare the risks associated with
surgical versus medical therapy. Final-
ly, the consultant can anticipate poten-
tial intra- and postoperative problems,
and follow the patient postoperatively
to help prevent, detect, and manage
such complications.

In the management of acute or
chronic medical conditions that often
complicate perioperative care, consult-
ants can play a role analogous to that of
a primary care internist. Input from an
internist may be required when the
patient has an unstable medical prob-
lem (e.g., acute ischemic heart disease),
an uncertain medical status (e.g., dysp-
nea of unknown cause), multiple chron-
ic diseases (e.g., diabetes, hypertension,
or alcohol abuse), or psychological dis-
tress. When the internist has been the
primary care physician for that patient,
familiarity with the past history and the
baseline condition can enhance man-
agement of clinical and social issues.

Although the perioperative consulta-
tion process virtually always goes
smoothly, the potential complexity of
the consultant’s role and relationship to
the patient and the other physicians
involved in the patient’s care become
painfully apparent. The consultant is a
physician directly involved in the pa-
tient’s care, and thus should perform
thorough evaluations and gather prima-
ry data through a history and examina-
tion (as opposed to a review of the
medical record). However, the primary
physicians are the surgeon and the
anesthesiologist. Thus, consultants
should not be delegated responsibility
for performing the definitive preopera-
tive evaluation—and the primary phy-
sicians bear ultimate responsibility for
the overall care.

On the other hand, the consultant
should respect the relationships among
the patient, surgeon, and anesthesiolo-
gist, and be appropriately circumspect
in conversations with the patient. For
example, a consultant might answer a
patient’s questions about diabetes melli-
tus but should not generally engage in
lengthy discussions concerning whether
the surgery should be performed or is
likely to succeed. The consultant’s obli-
gations to the patient can almost always
be met through the consultant’s primary
relationship with the other physicians.

Occasionally, however, these obliga-
tions come into conflict. A trilateral
deliberative model has been proposed
to describe the ethical duties of the

primary physician and the consultant.”
This model cautions that both the con-
sultant and the primary physician
should avoid seeking to “dominate”
each other and should minimize ex-
pression to the patient of insignificant
differences of judgment between them.
Both consultants and primary physi-
cians have an obligation to the patient
to keep information confidential from
each other if the patient so desires, as
long as the information is not relevant
to immediate healthcare concerns.

According to this model, consultants
can have a direct discussion with the
patient over a difference of opinion with
the primary physician (e.g., regarding
the issue of whether surgery be per-
formed) to avoid serious harm to the
patient or in the case of malpractice by
the primary physician. Implicit in this
model is the assumption that the con-
sultant and the primary physician have
attempted to resolve differences of opin-
ion before either alarms the patient
through such discussions.

Although consultants may be expert
in their own specialties, they should
recognize issues on which their exper-
tise is less than that of the anesthesiol-
ogist or surgeon. For example, an inter-
nist’s recommendations on the choice
and route of anesthesia are not author-
itative and may generate animosity
within the healthcare team. Similarly,
trivial recommendations (e.g., “avoid
hypotension”) are unlikely to improve
care but remain distressingly common.
In a series of medical consultations to
surgeons at one teaching hospital, 122
(12%) of 1016 recommendations were
judged to be “insulting.”1?

Just as consultants can learn from
colleagues in anesthesia and surgery,
they can play important roles as teach-
ers. This educational role requires tact
and sensitivity. Opinions should be ex-
pressed concisely and without conde-
scension; references should be provid-
ed selectively. The description of a
differential diagnosis may be helpful,
but a long, intellectual discussion in the
medical record is unlikely to be read.

LOGISTIC ISSUES IN
THE PERFORMANCE
OF A CONSULTATION

Timing of the
Preoperative Evaluation

The increase in ambulatory and “same-
day” inpatient surgery has been ac-



companied by the development at sev-
eral institutions of “preadmitting test
centers,” where large numbers of pa-
tients undergo preoperative laboratory
work and evaluations by anesthesiolo-
gists and other personnel. As the vol-
ume at such centers increases, the
historical practice of searching for con-
sultants as the need arises becomes
untenable. Consequently, many hospi-
tals have identified consultants who
are onsite or nearby, available to per-
form general medical, cardiology, and
other types of preoperative consulta-
tions on short notice. The availability
of such consultations minimizes costly
disruptions to the operating room
schedule.

In the ideal situation, the surgeon
who plans elective surgery for a patient
should perform an evaluation that is
sufficiently thorough to determine
whether a consultation will be needed.
If so, an elective outpatient consultation
should be arranged well in advance of
the surgical date, allowing the consult-
ant time to obtain previous medical
records, electrocardiograms (ECGs),
and radiographs; perform additional
tests (e.g., an exercise tolerance test);
and make adjustments in the patient’s
medical regimens, such as the initiation
of therapy for hypertension. Unfortu-
nately, the need for such information or
intervention often is detected during
the surgeon’s or anesthesiologist’s eval-
uation only a few days or hours before
an operation. For this reason, institu-
tions with high surgical volumes need
to develop mechanisms for providing
consultations with an internist or cardi-
ologist on a “walk-in” basis.

One approach that some organiza-
tions have used to identify patients
who need consultation more reliably
and in a more timely manner is to
have the surgeon or anesthesiologist
use a risk index to stratify patients
according their likelihood of major
cardiac complications.'® In this ap-
proach, higher risk patients (e.g., class
IIT or IV according to the Revised
Cardiac Risk Index) are automatically
referred for cardiology or other con-
sultation. Such standardized approach-
es to use of perioperative consulta-
tions are consistent with a substantial
emerging literature supporting the use
of clinical guidelines or critical path-
ways for a variety of medical and
surgical conditions.

Technologic advances both increase
the need for these consultations and
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make evaluations of patients easier.
Computerized ECG machines provide
preliminary interpretations of the trac-
ing, but the interpretative software
generally is written to have a high
sensitivity for detecting abnormalities.
An unofficial reading of “poor R-wave
progression; cannot exclude anterior
myocardial infarction” often will force
the evaluating anesthesiologist to re-
quest a cardiology consultation. How-
ever, electronic medical records often
make old tracings and other data
readily available, so that new findings
can be readily differentiated from old
abnormalities.

Even with the most effective sys-
tems for detecting patients who might
benefit from preoperative consulta-
tions, the need for consultation may
be recognized the evening before, or
even the morning of, a scheduled pro-
cedure. Last-minute preoperative car-
diology consultations are most com-
monly precipitated by a history of
cardiovascular disease that might not
have been fully evaluated previously
or by an abnormality on the preopera-
tive ECG. In one study of 166 last-
minute consultations,? the cardiology
consultant recommended an exercise
test or echocardiogram in 21% of pa-
tients, sometimes leading to a delay in
surgery. In 13% of patients, the cardi-
ology consultants suggested an adjust-
ment or change in medications. In 5
patients (3%), the consultant specifi-
cally suggested that surgery be de-
layed or cancelled because of the ECG
finding of an unexpected previous my-
ocardial infarction of uncertain age,
marked ischemia, or advanced con-
duction system disease.

When consultations are requested at
the last minute before surgery, consult-
ants should resist the temptation to
“punish” other physicians (and the pa-
tient) by forcing a postponement of the
procedure. Because operating room
time is among the most costly of hospi-
tal resources, the consultant should
make every effort to see the patient
before the scheduled procedure time.
Afterward, the various members of the
healthcare team should attempt to
identify strategies for a more orderly
consultative process.

When performed in a timely and
effective manner, perioperative con-
sultations can improve the efficiency
of care. For example, in one study, the
addition of an internist to a cardiotho-
racic surgery service at a tertiary care

teaching center was associated with
major reductions in postoperative
lengths of stay and in the number of
radiologic procedures and laboratory
tests that were ordered.!” Involvement
of a diabetes consultation team reduc-
es the length of stay for patients with
diabetes.!'® In a randomized trial at a
Veterans Affairs hospital, outpatient
preoperative evaluation by an inter-
nist significantly reduced hospital
length of stay.!?

Unfortunately, consultants also have
the ability to worsen efficiency. When
consultants suggest additional tests,
hospital length of stay may be pro-
longed.?® Consequently, consultants
should exercise restraint in suggesting
additional tests and limit recommenda-
tions to those that are absolutely neces-
sary during hospitalization. Elective
tests may be postponed until after the
patient has been discharged.

Postoperative Care

A rule used by many experienced con-
sultants is “never go home before the
patient is out of the operating room.”
Patients are often unstable in the imme-
diate postoperative period, so consult-
ants should be prepared to reevaluate
patients shortly after their admission to
the recovery room. For example, post-
operative hypertension often occurs
30-60 minutes after the end of anesthe-
sia, and ischemia on an initial ECG in
the recovery room is a powerful predic-
tor of major postoperative cardiac com-
plications.?! Thus, consultants and pri-
mary physicians should evaluate the
patient’s volume status and fluid orders
so as to avoid marked hemodynamic
changes, and should consider early per-
formance of an ECG to detect asymp-
tomatic ischemia.

The period of risk does not end with
the immediate perioperative period.
Mobilization of extravascular fluid,
high sympathetic tone associated with
pain, and hypercoagulable states may
contribute to cardiovascular complica-
tions, such as acute myocardial infarc-
tion, 24-48 hours or more after sur-
gery.?? Other medical conditions also
may worsen later in the hospitaliza-
tion; for example, mild renal failure
may be unmasked by perioperative
fluid volume shifts. Thus, consultants
should follow patients for at least 3-5
days after surgery, or until discharge,
if the patient leaves sooner.

Formal medical comanagement in-
corporates the medical physician into
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postoperative care as a codecision
maker rather than as a consultant.
This model can reduce the percentage
of patients who have postoperative
problems, while simultaneously being
preferred over standard care by both
nurses and surgeons.??

Some hospitals have instituted rapid-
response teams to aid in the postopera-
tive care of patients whose impending
complications might otherwise not be
addressed as promptly, completely, and
expertly as desired. Data are inconclu-
sive on the benefits of this model—one
study showed striking benefits after
this type of service was instituted com-
pared with before,?* whereas a random-
ized trial showed equal improvement
in both the control and intervention
groups compared with the historical,
preintervention period.?®

MEDICOLEGAL ISSUES

Consultations are often ordered main-
ly for “defensive medicine” purposes,
but such consultations can lead to
delays and increased resource use.!”
Several legal decisions have made
clear that primary physicians have a
duty to request consultations when
clinical problems lie outside their
expertise,?® but there is no such duty
to consult when the anesthesiologist
or surgeon does not recognize any
special problems. Nevertheless, judg-
ments have been made against physi-
cians when the patient’s recovery does
not progress and no consultation was
sought, or when a physician under-
took a procedure beyond his or her
training when specialists were avail-
able. Furthermore, the primary physi-
cian has an obligation to inform the
consultant of any subsequent develop-
ments that may be relevant to the
consultant’s expertise.?627

The implication of these principles
is that anesthesiologists and surgeons
should have a low threshold for re-
questing consultation from internal
medicine and subspecialty colleagues
when patient outcomes are potentially
influenced by acute or chronic medi-
cal conditions. Although anesthesiolo-
gists may be comfortable managing
common problems such as hyperten-
sion or diabetes, cardiology consulta-
tions are appropriate for reviewing
equivocal ECGs or evaluating a chest
pain syndrome. Informal or “hallway”
consultations, in which the internist or

subspecialist does not examine the pa-
tient but may write a note, are inade-
quate.?®?9 These informal consulta-
tions sometimes can suffice if the
question is brief and simple, but, espe-
cially in the era of managed care,
physicians should resist the financial
temptation to avoid formal consulta-
tion on difficult or complex cases.*

The consultant bears an important
legal, ethical, and financial responsibil-
ity for formalizing and documenting
the relationship with both the primary
physician and the patient. Even though
the request for a consultation is made
by the anesthesiologist or surgeon, the
primary physician should inform the
patient and obtain the patient’s consent
because of legal and ethical consider-
ations.?” Legal decisions indicate that
the patient may not be liable for the
consultant’s fees if the patient does
not give such consent.?%?” The request
for a consultation and patient consent
should be documented in writing;?®
under many payment systems, the con-
sultant’s fee may be denied if the re-
quest for consultation is not evident in
the medical notes.

Despite the consultant’s direct du-
ties to the patient, the primary physi-
cian remains the individual who is
responsible for all decisions regarding
the patient’s treatment. The consult-
ant should write a full report to the
primary physician because oral rec-
ommendations may not be recognized
in any legal proceedings. In general,
the consultants should not discuss
findings directly with the patient un-
less the primary physician has given
permission, particularly if the clinical
decisions that flow from those findings
have not been discussed yet. The pri-
mary physician is the individual with
the duty to convey important informa-
tion to the patient.?®

FACTORS ASSOCIATED
WITH THE EFFECTIVENESS
OF CONSULTATIONS

Consultations often lead to new diag-
noses and management decisions, in-
cluding changes in medical therapy,
triage to a new service, and delay or
cancellations of surgery.!™ Neverthe-
less, in the perioperative setting, about
half of consultants’ recommendations
are ignored.'* Consultants sometimes
make unimportant or ill-advised rec-
ommendations, do not convey the rec-

ommendations appropriately to the
primary physicians, or have appropri-
ate recommendations ignored by pri-
mary physicians.

Effective communication between
the consultant and the primary physi-
cian who requests a consultation is
gaining increasing attention as the pace
of modern healthcare accelerates, and
face-to-face contact among colleagues
becomes less predictable. In one study,
disagreement existed between the con-
sultant and the primary physician on
the issues of a consultation in 14% of
internal medicine consultations at a
teaching hospital.!® At another teaching
hospital, no specific question was asked
in 24% of preoperative diabetes consul-
tations, and consultants ignored the
stated question in another 12%.3! Pri-
mary physicians report that the impact
of the consultation is diminished when
breakdowns in communication occur.'®

The best way to prevent such mis-
understanding, of course, is direct oral
communication between the consult-
ant and primary physicians®? (Table
6-2), both just after the initial consul-
tation and in the days afterward.
Nonetheless, face-to-face or telephone
conversations between busy colleagues
are often difficult to arrange, so written
notes in the medical record are critical
to communication—and for documen-
tation. E-mail or faxed communica-
tions may be useful for coordination of
care, but should not be relied upon for
transmittal of critical or confidential
information.

The consultant should continue to
be involved in the patient’s case after
surgery when such involvement is ap-
propriate. Several investigations have
found that recommendations are more
likely to be followed if consultants
write periodic followup notes, repeat-

TABLE 6-2.

Factors Associated with Compliance
with Consultant’s Recommendations

e Direct contact between consultant
and primary physician32

e Continued followup of
patientst4:31:34

e Limited number of
recommendations!3:34

e |dentification of high-priority
recommendations®3

e Specification of drug dosage,
route, and duration33



ing essential recommendations.?13334
In one study, consultations that in-
cluded more than one followup note
had an effect on diagnosis in 92% of
patients and an effect on treatment in
84% of patients.®> When one or no
followup note was written, effects on
diagnosis were detected in just 74% of
patients (p <0.001), and effects on
treatment were found in only 56% of
patients (p <0.001).

When consultants make a higher
number of recommendations, compli-
ance decreases'®?* with any recom-
mendation. In one series of 202 consul-
tations, compliance was highest when 5
or fewer recommendations were made,
regardless of the severity of the pa-
tient’s illness.

The number of recommendations
can usually be reduced by thoughtful
prioritization and elimination of trivial
suggestions. One study'? found that
12% of recommendations made by a
general medical consultation team
were judged to be “insulting” by the
reviewer, a surgical chief resident, and
an additional 6% were considered
nonessential. After the consultants at
this teaching hospital were encour-
aged to use moderation in making
recommendations, the mean number
of recommendations per consultation
decreased from 6.2 per patient to 3.8.

Clear identification of important rec-
ommendations in the written record
leads to a greater rate of compliance.
One study®? found that labeling recom-
mendations as “crucial” resulted in more
than 90% compliance, even if they were
part of a long list of suggestions. Clarify-
ing the priority of recommendations is
best accomplished by direct oral com-
munication. Communication of urgent
recommendations should not rely on
written communication alone.

Another tactic for the consultant
seeking to reduce the number of rec-
ommendations in the initial consulta-
tion note is to determine which issues
can be deferred until after surgery. If
the consultant continues to be en-
gaged in the patient’s care, evaluations
and management of some issues can
be conducted later without disrupting
the surgical schedule. For example,
because postponing surgery to im-
prove control of hypertension in pa-
tients with a moderately increased dia-
stolic blood pressure does not affect
cardiac risk,?? the consultant need not
emphasize potential recommendations,
such as screening for renovascular hy-
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pertension or pheochromocytoma, for
moderate hypertension that is newly
discovered before surgery.

The effectiveness of the consultation
is likely to increase if the consultant
makes important recommendations as
specific and complete as possible. When
suggesting a drug, the dose and dura-
tion should be provided so that a sur-
geon or anesthesiologist who may not
be familiar with a drug can copy the
recommendations directly into the
order book. In one study,* for example,
compliance decreased to 85% when
only one was specified and to 64%
when neither was listed (p <0.001).

SUMMARY

The importance of the role of the
consultant has increased because of
increasing clinical risk among the
patient population undergoing proce-
dures, logistic changes that have ac-
companied the trend toward outpa-
tient and same-day surgery, and
intensifying pressures for efficiency
and improvement in quality. Advanc-
es in anesthesia and internal medicine
have helped create a special area of
medicine for the consultants who
function at their interface.

Primary physicians (surgeons and an-
esthesiologists) and consultants should
be aware of the medicolegal issues in
the consultative process and the impact
of communication breakdowns on pa-
tient care. Primary physicians should
recognize when consultations are need-
ed, inform patients that a consultation
will be requested, make the request in
writing, and identify the specific issue
to be addressed (Table 6-3).

The consultant has a duty to re-
spond to the consultation request in a

TABLE 6-3.

Responsibilities of the Primary Physician

e Care of the patient

e |dentification of problems beyond
his or her expertise

e Obtaining the patient’s consent to
call a consultation

e Making the request for the consul-
tation in writing

e Clearly identifying the issues for
the consultant to address

e Conveying the results of the evalu-
ation to the patient

TABLE 6-4.

Ten Commandments for
Effective Consultations

. Determine the question

. Establish urgency

. Look for yourself

. Be as brief as appropriate

. Be specific

. Provide contingency plans

. Honor thy turf

. Teach...with tact

. Talk is cheap...and effective
. Follow up
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timely manner, to provide a written
note detailing the evaluation, to re-
spect the primary physician’s relation-
ship with the patient, and to transmit
recommendations to the physician as
clearly as possible.

With these considerations in mind, a
list of “Ten Commandments for Effec-
tive Consultation”® can be directed at
medical physicians who perform consul-
tations (Table 6-4). These “command-
ments” recommend that consultants
clarify the issue of the consultation, es-
tablish priorities, gather primary data
via a history and physical examination
(as opposed to just a review of the
chart), and make concise, yet detailed,
recommendations. Consultants should
provide contingency plans so that their
notes may provide guidance regardless
of how a case develops, respect the
primary physicians and their relation-
ships with the patient, and directly com-
municate with the primary physicians.
Finally, the consultants are urged to
follow the patient for at least several
days postoperatively.
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CHAPTER 7

Evaluation of
the Patient with
Cardiovascular
Disease

Ronald P. Olson, MD

PREOPERATIVE ASSESSMENT

Preoperative evaluation has changed
over the last few years. In an increas-
ingly distant past, the attending anes-
thesiologist would interview the hospi-
talized patient and family a day or two
before surgery. All resources of the
medical systems were mobilized to en-
sure that all aspects of the patient’s
health were assessed and treated. Sur-
gery was delayed until any cardiac
condition was fully addressed. Now
patients usually arrive on the morning
of surgery, and anesthesia is adminis-
tered by a practitioner who has not
previously met the patient. Cardiac
conditions may (or may not) have
been stabilized by other physicians.
Some surgical procedures are unlikely
to cause any more stress than activities
of daily living; other procedures are
high risk, but the risk of postponing
surgery to allow the anesthesiologist to
interview the patient is higher. In es-
sence, the paradigm of preoperative
assessment is shifting from predicting
risk to actively managing risk.! The
issue is less whether to cancel surgery,
and more whether indicated cardiac
tests and management need to be done
preoperatively under the supervision
of the perioperative physician or post-
operatively in a more elective fashion
by primary care clinicians. Conse-
quently, there is a need for a reassess-
ment of what preoperative investiga-
tions and treatments are indicated
preoperatively.? This chapter focuses
on the patient presenting for noncardi-
ac surgery. Many of the studies in this
area have been done on patients hav-
ing vascular or cardiac surgery, but as
much as possible, evidence on other
surgical populations is presented.
Evaluation of a patient’s cardiac sta-
tus is based first and foremost on a
clinical examination. The general level
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of risk can usually be determined with
questions, hands, and a stethoscope.
Although detailed quantification of that
risk may require investigations, it is
important to remember that the history
and physical examination may provide
all the information needed for a given
anesthesia plan. If further testing will
not result in interventions or change
the anesthesia plan, there is no need to
require such testing preoperatively.

Benefits of
Preoperative Assessment

Because of a sometimes fragmented
healthcare system, the preoperative en-
counter may be one of the few times a
careful assessment of a patient’s cardi-
ac status will occur. Conditions such as
hypertension, chronic obstructive pul-
monary disease (COPD), asthma, and
diabetes may be identified and treated
so that the patient’s health will be im-

KEY POINTS

proved for years to come. Some medi-
cations, such as antihypertensives, -
blockers, statins, and hypoglycemics,
can be easily initiated with instructions
for followup with primary care. To
miss these opportunities to improve
the patient’s health is reprehensible.

Dangers of Testing in
Low-Risk Populations

On the other hand, investigations and
interventions should not be started by
clinicians who cannot ensure fol-
lowup, as doing so entails some risk. If
enough tests are done, especially in a
low-prevalence population, there inev-
itably are mild abnormalities. These
are likely to be either false positives or
to be true positives that have little
bearing on the perioperative period. If
surgery is delayed to follow up even
just the true positives, the inconve-
nience and risks of delayed surgery

1. Although imbalance of oxygen sup-
ply and demand of the myocardium
during perioperative stress contin-
ues to be a common mechanism of
perioperative morbidity and mortal-
ity, an equally important cause is
the rupture of a vulnerable plaque
with subsequent thrombosis of a
coronary artery. Maintenance of
healthy endothelial function is vital
to prevent this.

2. Perioperative risk assessment re-
quires consideration of the func-
tional status of the patient and the
risk inherent in the surgical proce-
dure, as well as the diseases of the
patient and how optimal is the dis-
ease management.

3. The history and physical examina-
tion, along with limited indicated
tests, are often adequate to deter-
mine the perioperative risk of a
patient. Preoperative cardiac test-
ing is generally not needed unless
a patient has at least two of the
following: chronic disease, need
for high risk surgery, poor exercise
tolerance. Perhaps surprisingly,
preoperative cardiac testing is
sometimes not needed in patients
who have two or three of these
conditions, but who have detailed
documentation of optimal man-
agement. Further testing is unlike-
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ly to change management and
these patients may proceed direct-
ly to surgery.

4. Preoperative cardiac testing is most
useful in those patients who do not
clearly fit into the low-risk or the
fully optimized category. In these
patients, further testing is usually
needed to formulate an anesthesia
plan.

5. In some of these intermediate-risk
patients, risk can be managed by
relatively simple interventions by
the anesthesiologist. If these pa-
tients can be so optimized, testing
may not be necessary.

6. A few small studies have shown
that perioperative B-blockade has a
dramatic reduction in long-term
morbidity and mortality after sur-
gery. Like any medication, however,
there are some risks and it needs to
be used selectively.

7. There are many interventions,
such as control of diabetes, hyper-
tension, and endothelial function,
that can be well within the scope
of an anesthesiologist’s skill set.
If anesthesiologists wish to con-
sider themselves perioperative cli-
nicians, they must be active in
these well-established aspects of
medicine.
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might outweigh the minimal benefits
of followup. Also, perioperative clini-
cians are unlikely to follow up on
these abnormalities,® and thus to ex-
pose the patient to possible false reas-
surance and delayed diagnosis. The
clinician may be left vulnerable to
litigation if there is any remotely relat-
ed adverse event. The perioperative
period is too short and isolated for
disease screening. Screening is better
done by primary care, where follow up
is done over time in the context of
overall health, and the few true posi-
tives will be sifted out from the many
false positives.

Each institution must balance how
much intervention can be done without
exposing the patient and institution to
the dangers of inadequate followup.
Generally, what can be done easily and
safely should be done; other investiga-
tions or interventions that do not di-
rectly impact on the perioperative peri-
od should be deferred to primary care.
The perioperative team and the prima-
ry care practitioners ideally should
share information and resources.

Who Should Do the
Preoperative Assessment?

One method of preoperative assess-
ment is to refer any patient with poten-
tial cardiac risk to the cardiology ser-
vice, and await “clearance’ for surgery
by that specialist. Unfortunately, cardi-
ologists are not generally in the best
position to balance the risk of surgery,
risk of not proceeding with surgery,
risks of various anesthesia techniques,
and skills of a specific anesthesiologist.
Thus it is inappropriate for a cardiolo-
gist, or any other clinician, to “clear”
the patient for surgery. The decision
whether it is appropriate for a specific
patient to undergo a specific procedure
with the given resources can only be
done by the anesthesiologist responsi-
ble for that patient on the day of sur-
gery. This chapter clarifies what infor-
mation the anesthesiologist needs to
make that final decision and to formu-
late the anesthesia plan.

Someone must first determine if the
patient is at increased risk. If risk is
low, surgery can proceed. On the
other hand, if the risk is high, it will be
necessary to ensure that everything
has been done to reduce or manage
that risk. If so, no further investigation
is needed. It is the intermediate- or
indeterminate-risk patients who re-
quire the most careful assessment to

determine whether extra intervention
is required. These assessments of in-
creased risk may require consultation
with cardiologists, but increasingly
can be done by the anesthesia team,
especially if the patient has had previ-
ous cardiac care.

PHYSIOLOGY OF
PERIOPERATIVE
CARDIAC MORBIDITY

Patients with cardiac disease are at
increased risk for perioperative mor-
bidity and mortality. The overall rate
of perioperative myocardial infarction
(MI) in these patients is approximately
5%.%5 Approximately 50% of patients
with cardiac disease develop other
complications perioperatively.® Vascu-
lar surgery patients are in a yet higher
risk category by virtue of the disease
which brings them to surgery. Even
vascular patients with no risk factors
for coronary artery disease (CAD)
have a 5% incidence of perioperative
cardiac complications (PCCs).” This
chapter focuses primarily on the cardi-
ac complications, but it is important to
remember that these changes are also
occurring elsewhere in organs such as
the brain, kidneys, and lungs.

Several cardiac complications can
occur perioperatively (Table 7-1). As
most of these are either the cause or
the result of ischemia,® all of which
may ultimately lead to infarction,’ the
emphasis is on the causes of ischemia.

The traditional view of PCCs is one
of a mismatch between oxygen supply
and demand. Recently there is more
appreciation of the mechanism of en-
dothelial dysfunction, leading to rup-
ture of a vulnerable plaque, followed by
thrombosis. This chapter describes the
physiology of perioperative morbidity
as a result of myocardial ischemia re-
sulting from these two mechanisms.
The etiology is clearly multifactorial
and defies simple classification, but this
approach assists in developing different
strategies needed to prevent and treat
the different etiologies.'®

Supply-Demand Mismatch

Some infarctions occur at a site of
relatively high-grade stenosis that has
formed gradually and with the devel-
opment of collaterals. These tend to
present with ST elevation and result in
non-Q-wave infarctions. These are the
sites where a supply-demand mis-

TABLE 7-1.

Perioperative Cardiac Complications

Sudden death
Myocardial infarction
Myocardial ischemia
Systolic heart failure
Diastolic heart failure
Arrhythmias

match results in ischemia. Infarction
probably occurs only after several
hours of ischemia.!® Reduction of the
mismatch by reducing heart rate and
increasing oxygen supply may relieve
the ischemia. These sites are often
amenable to coronary artery bypass
grafting or percutaneous transluminal
coronary angioplasty (PTCA) with
stenting.

Angiography may not be the gold
standard for detecting sites of critical
stenosis. Angiography compares the
lumen of a segment of artery with the
lumen before and after that segment.
But atherosclerosis is a systemic dis-
ease in which all of the arteries are
affected to some degree; thus angiog-
raphy cannot compare diseased with
healthy segments, but compares se-
verely diseased with mildly or moder-
ately diseased. A severe stenosis in the
middle of moderate stenosis will not
show up as a critical lesion (Fig. 7-1).
There is also evidence of a “Glagov”
phenomenon of vascular remodeling
where the plaque may increase in size,
yet the lumen remains unchanged or
even enlarges slightly.!'''? Repeated
small leaks from plaque fissures may
cause the growth of plaques until they
become unstable. Angiography is un-
likely to measure these changes. In-
stead, intravascular ultrasound or car-
diac MRI is needed.

Thrombosis from
Endothelial Dysfunction

Other infarcts start with an abrupt
occlusion of an often insignificant cor-
onary stenosis because of plaque rup-
ture at that site (Fig. 7-2). The sudden
blockage of these less-critical stenoses
may be more lethal because it is more
difficult to reverse the pathology and
there are no collateral arteries. These
episodes result in ST depression on an
electrocardiogram (ECG).

Ellis et al. assessed the preoperative
angiograms of vascular patients expe-
riencing a postoperative MI and com-
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FIGURE 7-1. Plaque rupture with thrombosis. Available at: http://images.medscape.com/pi/
editorial/cmecircle/2004/3598/images/libby/slideoos.gif. Last accessed July 5, 2007. Illustration

courtesy of Frederick J. Schoen, MD, PhD.

pared them with the findings in a
matched group of nonoperative MIs;
they did not find a high-grade stenosis
(>70%) in any of the patients who
had a PCC.'® Cohen studied the coro-
nary artery autopsies of 26 cases of
fatal postoperative MIs. Plaque rup-
ture was present in 12 cases and intra-
coronary thrombus was present in 9
cases. A thrombus occurred on a ste-
nosis of >50% in only 31% of cases.!
This is consistent with Dawood’s earli-
er study of coronary artery autopsies,
which showed evidence of plaque dis-
ruption in 55% of fatal perioperative
MIs and in 40% of nonoperative MIs.'®
As described in Figure 7-2, part of the
reason for occlusion occurring at so
many noncritical lesions may be that
the angiogram cannot detect that

some of these are actually high-grade
stenoses.

Endothelial dysfunction is a result of
three broad groups of cardiovascular
etiologies: hypercoagulability, inflam-
mation, and sympathomimetic over-
drive. These detrimental forces are
controlled to some extent by endothe-
lial protective factors (Fig. 7-3).

Hypercoagulability

Surgery induces a prothrombotic state
that may be variable and measurable.'6
If this could be measured, it would be
valuable to selectively treat high-risk pa-
tients with anticoagulants. Some patients
are probably predisposed to hypercoagu-
lability. Factor V Leiden is an example of
this which has not turned out to be very
significant perioperatively.!”

Inflammation

Surgery initiates an inflammatory re-
sponse, and current research on the
utility of markers such as C-reactive
protein (CRP) in prediction of myocar-
dial infarction'® are yet to be extended
to the perioperative period. This topic
is discussed further in sections below.

Sympathetic Stimulation

The obvious sympathetic response to
the stress of surgery may be attenuat-
ed by neuraxial anesthesia'® or B-
blockers.?’ Reduction of anxiety is im-
portant to reduce all the above factors.

Protective Factors
A few short episodes of ischemia may
induce preconditioning that results
in less damage if later ischemia oc-
curs. Zaugg et al. summarized these
concepts.?!

Nitric oxide induces endothelial sta-
bility. The anesthetic nitrous oxide
does the opposite.

Postoperative Ischemia

Advances in anesthesia have result-
ed in the intraoperative period being
a controlled and safe period. Most
ischemia occurs in the immediate
postoperative period during emer-
gence from anesthesia, when cate-
cholamines are surging,?? rather than
during anesthesia. Landesberg showed
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FIGURE 7-2. Angiographic versus pathologic views of stenosis. Top row: angiographic views; bottom row: pathologic views. Column A: normal artery;
column B: artery with “moderate” atherosclerosis. Because of remodeling, angiography shows a normal lumen with enlargement of the vessel. A
pathologic view of the same artery would see the same lumen, but 50% of the cross-sectional area would be occupied by plaque. Column C: more
involved artery. Angiography shows that the lumen is 50% less in diameter than the adjacent “normal” (B) segment. Pathology shows the 2-mm lumen
but a larger plague and measures the stenosis as an 89% narrowing. Column D: same situation but with even more remodeling present. Angiography
shows a 50% diameter narrowing even though the plaque is much larger than in column C, and still concludes that this is not severe disease. Because
of the greater enlargement of the artery, the pathology now shows the stenosis as a 95% cross-sectional narrowing, even though the lumen size is
actually the same as in column C. Reproduced with permission from Fishbein MC and Siegel RJ.*2
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FIGURE 7-3. Etiology of perioperative myocardial infarction. BP, blood pressure; CRP, C-reactive protein; FFA, free fatty acids; HR, heart rate; IL,
interleukin; PAI-1, plasma activator inhibitor-1; TNF-c., tumor necrosis factor. Adapted from Devereaux PJ, Goldman L, Cook D, et al. Perioperative
cardiac events in patients undergoing noncardiac surgery: a review of the magnitude of the problem, the pathophysiology of the events and methods
to estimate and communicate risk CMAJ 2005;173:627-634. Reprinted with permission of the publisher. Copyright 2000, CMA Media Inc.*82

that most ischemic events, and most
ischemic events that result in infarc-
tion, occur immediately postopera-
tively (Fig. 7-4).% Badner, among oth-
ers, has shown that postoperative MIs
occur mostly in the first few days
after an operation (Fig. 7-5), and are
often asymptomatic.>?224 Prolonged
ischemia is more likely to result in
infarct than is a shorter duration of
ischemia. When the endothelium is
damaged, acetylcholine causes musca-
rinic receptor-mediated vasoconstric-
tion instead of endothelium-depen-
dent vasodilatation.?! Thus, prolonged
ischemia may be the cause, as well as
the result, of vasoconstriction and sub-
sequent thrombus formation.?
Although much emphasis is placed
on ischemia, postoperative stress may
result in the anaerobic threshold of a
patient being reached, leading to dia-
stolic dysfunction, which may cause

later morbidity even if no ischemia
occurs.?® Cardiac damage is a continu-
um, not a dichotomy of infarction or no
infarction.?6 Even asymptomatic is-
chemia may predict long-term compli-
cations.® Asymptomatic plaque rupture
may heal but leave the plaque more
vulnerable to subsequent rupture.?”28

With these mechanisms in mind, we
proceed to an analysis of risk for these
events.

IDENTIFYING
PERIOPERATIVE RISK

This section reviews the overall inci-
dence of PCC in the set of patients
with cardiovascular disease, as well
as why it is important to identify
higher-risk patients. After comparing
the common risk indices that are
used for identifying these patients,

individual risk factors are discussed
in greater detail. Finally, an updated
scheme for determining which pa-
tients need further preoperative car-
diac assessment is presented. The se-
lection of preoperative tests is the
topic of the last section.

Overall Perioperative
Risk in Patients with
Cardiovascular Disease

Cardiovascular complications may
be the most common of all perioper-
ative complications,* although one
recent study found that gastrointesti-
nal, pulmonary, renal, infectious,
wound, and pain control complica-
tions were all more common in hos-
pitalized patients.?’

Risk of perioperative complications
is very low (<1%) in patients with no
evidence of cardiac disease.®® A recent
analysis of the 6 studies assessing the



incidence of major cardiac complica-
tions in patients at risk showed an
overall rate of 3.9%.!%2 Patients with
peripheral vascular disease are a well-
studied group because they are easily
identifiable and have a high complica-
tion rate. Polderman’s B-blocker study
of a selected group of vascular patients
with stress echocardiography wall mo-
tion abnormalities showed a 34% cardi-
ac complication rate.’! The Coronary
Artery Surgery Study (CASS) showed
an 8.5% complication rate in vascular
surgery patients with medically man-
aged coronary artery disease.>?

An observational study of 67,548 pa-
tients undergoing total hip arthroplas-
ty between 1987 and 2000 gives a more
contemporary comparison of the dif-
ference between patients with and
without vascular disease®® (Fig. 7-6).
This study shows that in both groups,
the majority of complications occur
during the first 20 postoperative days.

Mangano'’s B-blocker study showed
how the risk from surgery may extend
up to 2 years beyond the immediate
perioperative period. This is likely be-
cause even asymptomatic infarct or
ischemia may have long-term detri-
mental effects.?*

Purpose of Identifying
and Quantifying Risk
in Individuals

It is somewhat useful to know what
the overall risk of adverse events is for
a given group of patients, but it is
more critical to identify individual pa-
tients who are at risk and in whom
optimization is possible.

Initial assessment places the pa-
tient into a low-risk, high-risk, or in-
termediate/indeterminate-risk  cate-
gory. The threshold for testing has
traditionally been set somewhere in
the intermediate- or indeterminate-
risk category. However, this concept
of a threshold for testing in the mid-
dle of a graduated risk scale is not
always helpful. Certainly patients at
low risk for PCC do not require spe-
cial testing; but neither do high-risk
patients who have documented opti-
mization. In both these cases, surgery
can usually proceed with no further
investigation. It is important to use
previous records and common sense
to avoid tests that only duplicate pre-
vious investigations.

It is also clear that testing should be
done if the individual is at high risk
and not optimized. In this case, how-
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FIGURE 7-4. Timing of postoperative ischemia. The time of onset of longest ischemia relative to
the end of surgery (T = 0). Orange bars represent the onset time of longest ischemic events of all
patients who had ischemia but no myocardial infarction; blue bars represent the onset time of
longest ischemic events that culminated in myocardial infarction. Reprinted from Landesberg G,
Mosseri M, Zahger D, et al. Myocardial infarction after vascular surgery: the role of prolonged
stress-induced, ST depression-type ischemia. ] Am Coll Cardiol 2001;37(7):1839-1845, with
permission from American College of Cardiology Foundation.23
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FIGURE 7-5. Timing of postoperative myocardial infarctions. Reproduced with permission from
Badner NH, Knill RL, Brown JE, Novick TV, and Gelb AW.5
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limits. Reproduced with permission from Lie SA, Engesaeter LB, Havelin LI, Furnes O, and Vollset
SE.33
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ever, the patient should be sent to the
consultant, who can choose the tests.
It is the intermediate- or indetermi-
nate-risk patient who most needs fur-
ther preoperative testing to quantify
risk and guide optimization choices.
The tests are needed not because the
patient falls above a threshold for test-
ing, but because the patient’s place on
the risk continuum and adequacy of
optimization are unknown. This testing
can often be done by the anesthesia
team without cardiac consultation. The
main questions to be answered are
these: “Can the patient be made bet-
ter?” and “Can the risk of PCC be re-
duced?” The main goal of preoperative
assessment, then, is not just to identify
perioperative risk, but to identify those
patients who may benefit from some
change in perioperative management.
Table 7-2 lists the reasons for doing
preoperative risk assessment.

Comparison of Risk Indices

Starting with Lee Goldman in 1977, a
number of collections of risk factors
have been proposed to determine which
patients are high risk and require de-
tailed cardiac investigations. The most
commonly used index is the one set out
by the American Heart Association and
American College of Cardiology. The
Revised Cardiac Index proposed and val-
idated by Lee is probably the best stud-
ied.®> Risk indices are cost-effective in
vascular surgery.’%” They are derived
from, and most appropriately applied to,
populations.?® Although they do not per-
form well in defining exact risks in
individuals, they can place a patient in a
general risk category.*® Most divide pa-
tients into one of three risk groups: high,
moderate, or low.

High Risk for PCC

This is a group of patients who have a
greater than 5% risk of PCC. These pa-
tients warrant full precautions, such as
postponement of surgery to allow opti-
mization or special perioperative mea-
sures to control risk as well as careful
assessment and acceptance of the risk-to-
benefit ratio of proceeding to surgery. In
the past, these patients were believed to
require an automatic referral to cardiolo-
gy. However, as described above, if the
patient is already known to be optimized,
further investigation is unnecessary.

Moderate or Indeterminate

Risk for PCC

This group of patients are not clearly
either high risk or low risk, and are the

patients who often warrant further
risk analysis. Increasingly, however, if
these patients are stable, they may
proceed to surgery with relatively sim-
ple risk reduction interventions such
as the initiation of B-blockers.

Low Risk for PCC

These patients rarely require preoper-
ative testing.®® Tests that might be
indicated in routine primary care
should not be ordered unless full fol-
lowup of results can be guaranteed.

Paul'’s study of 4 risk factors (history
of diabetes, prior angina, previous
myocardial infarction, and history of
congestive heart failure) in 878 vascu-
lar surgery patients showed good cor-
relation with coronary angiography*’
(Fig. 7-7).

Table 7-3 compares the contents of
the most common risk indices. The
next section discusses the specific risk
factors that have been proposed for
these and other assessments of periop-
erative risk.

Specific Risk Factors

The clinical history will uncover risk
factors for PCCs. These risk factors are
usually the same as the risk factors for
cardiovascular disease in general.*!
Because they are part of the disease
etiology, changing the risk factor (if
possible) might reduce the periopera-
tive risk. Thus identification of these
factors provides initial guidance on
perioperative optimization options. If
these risk factors have already been
minimized as much as possible, or if
the perioperative assessment clinician

80

TABLE 7-2.

Reasons for Risk Assessment

Determine if the risk of proceeding to
surgery is acceptable

Assist anesthesiologist in reducing
and balancing risks

Assist surgeon in choosing procedure
with best risk-to-benefit balance

Identify those cases that are inappro-
priate for ambulatory surgical sites

Identify conditions that may be
improved

Identify needs for postoperative man-
agement (monitoring, admission,
ICU)

Enable informed consent by the
patient

can easily arrange for optimization,
there may be no need to investigate
further.

This section discusses the putative
risk factors individually.

Known Coronary Artery Disease

Before discussing the various risk fac-
tors for CAD, it is important to review
how patients with known CAD should
be evaluated. As recommended by
American College of Cardiologists/
American Heart Association (ACC/
AHA) guidelines, any unstable CAD
(major clinical predictor) needs to be
addressed before surgery.*? It has
sometimes been assumed that the
presence of known CAD automatically
required a detailed cardiology consul-
tation to ‘“clear” the patients. But

70
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n =352
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FIGURE 7-7. Concordance of clinical risk score and severity of coronary angiography. Bars
represent proportions of patients with severe multivessel disease (orange), critical three-
vessel and/or left main disease (green), and left main stenosis >70% (blue) within each
clinical risk group. Reproduced with permission from Paul SD, Eagle KA, Kuntz KM, Young

JR, and Hertzer NR.4°



TABLE 7-3.

Comparison of Risk Indices

Cardiac Risk Index

Risk Factor  Goldman 197758
Ischemic MI <6 mo
heart ago
disease
CHF
CVD
Arrhythmias ~ Other than sinus or
premature atrial
contractions on last
preoperative ECG,
»5 premature ven-
tricular contrac-
tions/min
High-risk Intraperitoneal, In-
surgery trathoracic, aortic

Emergency

Points

10

11

Modified Cardiac Risk
Index
Detsky 198684

MI <6 mo

MI>6 mo

CCS angina class lll;
CCS angina class IV

Unstable angina <6 mo

Pulmonary edema <1
wk

Pulmonary edema
ever

Other than sinus or
premature atrial
contractions on last
preoperative ECG,
»5 premature ven-
tricular contrac-
tions/min

Emergency

Points

10

10

20

10

10

10

Revised
Cardiac Risk
Index

Lee 199956

History of M,
or Q waves

History of +
treadmill
test

Use of NTG,
current
angina

CHF or History
of

History of TIA
or stroke

Vascular,
thoracic,
abdominal,
orthopedic

Boersma
200154

Current or
prior
angina,
prior MI

History of
CHF

History of
CVA

ACC/AHA
20024?

Previous MI
by history
or Q waves
on ECG

Angina CCS |
orll

Compensat-
ed or prior
HF

Chassot
200245

Prior Ml »6
wk and <3
mo

Angina CCS |
orll

Post CABG/
PTCA »6
wk & <3
mo, or>6y

Compensat-
edorprior,
EF <0.35

Ventricular

Kertai 20052 65 Points

Prior MI, prioror 13
current
angina

CHF 14

History of CVA 10

CHF

AAA rupture 43

Thoracoabdominal 26

Abdominal 26
aortic

Infrainguinal 15

(continued)
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TABLE 7-3.

Comparison of Risk Indices

(Continued)

Revised
Modified Cardiac Risk Cardiac Risk
Cardiac Risk Index Index Index Boersma ACC/AHA Chassot
Risk Factor  Goldman 197758 Points Detsky 198684 Points Lee 199956 200154 20024 200245 Kertai 20052 65 Points
Diabetes Requiring Diabetes Diabetes
insulin® mellitus mellitus
Renal insuf- Creatinine »2 Renal insuffi- Renal dysfunc- 16
ficiency mg/dLb ciency tion
Age 70y 5 70y 5 70y Physiologic
70y
Valvular Aortic stenosis 3 Aortic stenosis 20
disease
Medical PO, <60 mm Hg; PCO, 3 PO, <60 mm Hg; PCO, 5
status 50 mm Hg; K<3.0 50 mm Hg; K<3.0
mmol/L; HCO3 <20 mmol/L; HCO3 <20
mmol/L; BUN >50 mmol/L; BUN >50
mg/dL (18 mmol/ mg/dL (28 mmol/
L); creatinine »3.0 L); creatinine »3.0
mg/dL (260 umol/ mg/dL (260 umol/
L); abnormal AST; L); abnormal AST;
chronic liver dis- chronic liver dis-
ease; bedridden ease; bedridden
Other Hypertension 7
COPD 7
B-blocker use -15
Statin use -10

AAA, abdominal aortic aneurysm; ACC/AHA, American College of Cardiologists/American Heart Association; AST, aspartate aminotransferase; BUN, blood ureanitrogen; CABG, coronary artery bypass graft-

ing; CCS, Canadian Cardiovascular Society; CHF, congestive heart failure; COPD, chronic obstructive pulmonary disease; CVA, cardiovascular accident; CVD, cardiovascular disease; ECG, electrocardiogram;
EF, ejection fraction; HCO,, bicarbonate; HF, heart failure; MI, myocardial infarction; NTG, nitroglycerin; PCO,, partial pressure of carbon dioxide; PO,, partial pressure of oxygen; PTCA, percutaneous trans-
luminal coronary angioplasty; TIA, transient ischemic attack.
aVascular surgery, predictors of all-cause mortality.

bAlthough trending to association, was not a statistically significant independent predictor.
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“clearing” a patient for surgery is a
nebulous concept, implying some im-
possible guarantee against bad out-
come. What is really needed is some-
one to judge whether the patient is
optimized and to clarify the risks in-
volved. Ideally, one would also have
the assurance that the patient is stable.
When is CAD considered stable? Cer-
tainly either lack of symptoms or opti-
mization and stabilization of symp-
toms is an important part of this
assessment. Left main vessel disease
or three-vessel disease should be care-
fully assessed even if asymptomatic.
The time period of increased risk
after infarction or invasive intervention
has changed, and is discussed next.

Previous Myocardial Infarction A
couple decades ago, a patient was con-
sidered at high risk for PCC for 6
months after an MI, and at some in-
creased risk forever. Today, advances
in treatment of acute coronary syn-
drome have improved the prognosis
after MI. However, as shown by Van
Belle’s angiography study of 56 post-MI
patients, plaques remain unstable and
vulnerable to reocclusion for at least 4
weeks, even after thrombolysis.*> Now
the high-risk period is 6 weeks, with a
period of relative risk from 6-12 weeks.
In this relative-risk period, cardiac
function is more important than time.

Recent Coronary Artery Bypass In
1997, the Coronary Artery Surgery
Study showed that high-risk patients
undergoing a variety of noncardiac op-
erations faired better if they had coro-
nary artery bypass (CABG) surgery than
if they had not. Clinically stable patients
who had undergone CABG within the
last 5 or 6 years were relatively “protect-
ed” from myocardial infarction compli-
cating noncardiac surgery and thus
probably did not warrant routine preop-
erative stress testing.®? McFalls’ study in
vascular patients suggests revascular-
ization may not be necessary preopera-
tively.** Revascularization should be
done if it would have been indicated
irrespective of the planned surgery.
Which procedure should be done first
requires a case-by-case analysis. This
topic and the McFalls' study are dis-
cussed in more detail in the section,
Managing Risk: What Interventions?

Recent Percutaneous Translumi-
nal Coronary Angioplasty Recom-
mendations for surgery after PTCA

CHAPTER 7: EVALUATION OF THE PATIENT WITH CARDIOVASCULAR DISEASE

have changed dramatically. In the
1990s, it appeared that PTCA per-
formed a couple of weeks before an
operation resulted in halving the rate
of PCC.*> However, with the advent of
stenting during PTCA, things changed.
In 2002, Kaluza studied 40 patients
who underwent noncardiac surgery
less than 6 weeks after PTCA with
stents. Ticlopidine and aspirin were
continued postoperatively. There were
8 deaths, all in patients who had oper-
ations less than 2 weeks after PTCA.
Six deaths were from MI; 2 were from
bleeding complications.*

Wilson retrospectively studied 207
patients who had undergone PTCA
with stent placement followed by non-
cardiac operations in the following 2
months. Eight (3.9%) had PCC; 6 (3%)
died. All 8 complications occurred in
patients who had had an operation less
than 6 weeks after PTCA. There were
no PCC in patients who were operated
on 7-9 weeks after PTCA. Patients had
received ticlopidine or clopidogrel for
2-4 weeks after stent placement. No
major clinical adverse outcomes were
attributed to excessive bleeding.

Posner retrospectively studied 686
matched pairs of patients with CAD
undergoing noncardiac operations—one
set having undergone PTCA preopera-
tively, and one set who did not get
revascularization of their CAD. These
groups were compared with 2155 nor-
mal controls; 142 patients had had
PTCA less than 90 days before surgery.
There was no difference in PCC be-
tween these patients and matched pa-
tients with CAD who were not revascu-
larized. Patients who had PTCA more
than 90 days before the operation had a
lower risk of PCC than did CAD pa-
tients who were not revascularized, al-
though not as low as normal controls.*”

On this basis, it is recommended
that surgery be delayed until at least 6
weeks after PTCA, and preferably for
12 months after PTCA and stenting
with a drug-eluting stent.*’3

Hypertension
Hypertension is the leading cause of
cardiac morbidity and strokes.*® Even
white-coat hypertension is associated
with endothelial dysfunction® and in-
creased risk of cardiac events.>°
Evidence that hypertension actually
results in increased perioperative mor-
bidity is limited. A meta-analysis of 30
observational studies demonstrated an
odds ratio of the association between

hypertension and PCC of 1.35 (range:
1.17-1.56).5! This difference is not
clinically significant in the short-term.
However, even if hypertension in and
of itself is not a significant periopera-
tive risk factor, the cardiac conditions
which often accompany hypertension
are. These include left ventricular hy-
pertrophy (LVH),%2% renal failure,
and stroke. Uncontrolled hyperten-
sion becomes an unoptimized risk fac-
tor that should be addressed preopera-
tively. Management of preoperative
high blood pressure is discussed in the
section Management of Hypertension.

Diabetes

Asymptomatic type 2 diabetics have
the same risk of MI as do patients with
previous MI.>* Diabetes is considered a
risk factor for perioperative cardiac
complications by most sources,*?45
although some studies have not shown
it to be s0.56-%9 Whether strict control of
diabetes reduces risk is discussed in
the section Medications: What to Start
and What to Stop.

Smoking

Smoking is a clear risk factor for cardi-
ac disease and poor wound healing.
Smoking cessation is one of the most
effective ways to reduce cardiovascu-
lar risk. The unsolved question is how
long before surgery is cessation neces-
sary in order for there to be some
benefit. There is concern that the
stress of withdrawal may add to peri-
operative catecholamine surge. The
issue of preoperative cessation is dis-
cussed in Smoking Cessation below.

Hyperlipidemia

Hyperlipidemia is a major risk factor
for CAD, and improving the lipid pro-
file leads to a reduction in risk. It was
initially assumed that because lipid pro-
files change so slowly, management of
lipids was not a practical perioperative
issue. However, treatment with statins
is proving to have some fairly rapid
benefits, although there is no study
specifically in the perioperative setting.
The benefit of statins is more than just
improvement of hyperlipidemia. The
perioperative benefits of statins are dis-
cussed in Medications: What to Start
and What to Stop below.

Peripheral Vascular Disease

Of patients with peripheral vascular
disease (PVD), 30% have CAD. The
fact that many of these patients are
unable to exercise puts them at in-
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creased risk and also makes quantifi-
cation of cardiac status difficult. This
is a very significant, but unfortunately
a minimally modifiable, risk factor.

Congestive Heart
Failure/Cardiomegaly

Congestive heart failure is both a
cause and a result of ischemia. Cardi-
omegaly is a risk factor for PCC.5?

Renal Insufficiency

This was added to the list of interme-
diate clinical predictors of PCC by the
last update of the ACC/AHA guide-
lines.*? Lee's analysis showed in-
creased risk with creatinine >2 mg/dL
in the derivation cohort but not the
validation cohort.®

Arrhythmias

Arrhythmias are a cause and an effect
of ischemia. Generally arrhythmias in
and of themselves will not precipitate
problems unless the heart is already
compromised. Therefore, they are of
more concern if there is other evi-
dence of cardiac disease.

Conditions that may occur in other-
wise healthy persons which are of
perioperative concern are Wolff-Par-
kinson-White (WPW) disease and pro-
longed QT syndrome. These condi-
tions have a bearing on which drugs
are selected to treat arrhythmias that
might occur.

Valvular Lesions

An increase in the sensitivity of echo-
cardiography a couple of decades ago
resulted in a plethora of diagnoses of
trivial regurgitation. Trivial regurgita-
tion is just that; it is virtually never of
consequence perioperatively, even for
consideration of endocarditis prophy-
laxis. Mitral valve prolapse is also
quite common, If asymptomatic, it is
generally of no concern perioperative-
ly, except in men older than 40 years
of age, who will require prophylaxis
against endocarditis.®® Detection of
any diastolic murmur requires further
investigation.

Aortic stenosis is of very grave con-
cern to the anesthesiologist, and the
discovery of this condition is a prima-
ry objective of preoperative assess-
ment. The history may give evidence
of some recent change in exercise
capacity if this lesion is becoming
significant. However, where aortic
stenosis is a possibility, the threshold
for investigation of a heart murmur

should be very low, as the rate of PCC
can be very high.6162 With advance
planning and careful technique this
risk can be minimized.5

History of

Cardiovascular Accident

History of stroke or transient ischemic
attack was an independent correlate of
PCC in both the derivation and the
validation cohort of the Revised Cardi-
ac Risk Index,*® as well as in Boersma
and Kertai's studies.®*%

Anemia

The general trend is toward greater
tolerance of perioperative anemia.
However, patients with CAD are an
exception to this.® If this condition is
identified far enough in advance of the
operation, arrangements can be made
for preoperative erythropoietin and
iron, intraoperative isovolemic he-
modilution, and special ICU maneu-
vers.®”” With advance preparations,
transfusion can be avoided in many
situations. In addition to disrupting
the supply-demand balance, anemia
is a marker for other comorbidities.

Age

Age greater than 70 years was an
independent risk factor in some multi-
variate analyses, %% but not in oth-
ers.%66569 Age in and of itself is proba-
bly not a significant risk factor if it is
carefully separated from the associat-
ed comorbidities. If an MI does occur,
however, mortality is higher.6®7°

Markers of Inflammation
A recent analysis of more than 14,000
women in the Women's Health Initia-
tive shows that increased CRP is predic-
tive of adverse cardiovascular events.”!
Other studies also show it to be an
independent risk factor, and a recent
workshop by the Centers for Disease
Control and Prevention and the Ameri-
can Heart Association concluded that
the high sensitivity test for CRP is the
recommended marker of inflammation
in atherosclerotic disease.”? Whether it
can be used to guide perioperative
management is yet to be determined.'®
B-type natriuretic peptide is a marker
of inflammation that is abnormal in ad-
vanced heart failure.”? It has a high
negative predictive value and might be
useful to select out some high-risk pa-
tients who do not need echocardiograms
to rule out ventricular dysfunction.”

Albumin

Low albumin is a marker of overall
debilitation and acute-phase reactants,
and thus serves as a very good prog-
nostic test for PCC. Unfortunately, this
test result does not offer much guid-
ance in perioperative management,
aside from possibly a long delay in
surgery to allow improved nutrition.

Depression
A recent quantitative review suggests
that depressive symptoms contribute a
significant independent risk for the
onset of coronary disease, a risk (odds
ratio [OR] = 1.64) that is greater than
the risk conferred by passive smoking
(OR = 1.25) but less than the risk
conferred by active smoking (OR =
2.5).” Patients with coronary heart
disease who also display depressive
symptoms have an increased risk of
mortality.”®

The Neurological Outcome Re-
search Group conducted a prospective
study of 555 CABG patients for 6
months and showed that, after adjust-
ment for other risk factors, depression
was associated with a 2- to 3-fold in-
crease in risk of death. Patients who
were depressed at the time of surgery,
but not depressed at 6 months, did not
have the same increased death rate.””
This reminds us of the importance of
treating depression discovered preop-
eratively. Again, cooperation with pri-
mary care or consultant specialists is
critical.

Genetic Polymorphisms

Genetic testing is increasingly com-
monplace, and there is increasing in-
terest in how this might be applied to
perioperative risk stratification. Factor
V Leiden is a good example of a com-
mon genetic polymorphism. However,
with the possible exception of cardiac
surgery, routine antithrombotic mea-
sures are sufficient to counteract the
effects of this condition and routine
preoperative testing for this is not
recommended.!”

Some studies show an association
of specific genetic polymorphisms
with atherosclerotic complications after
CABG,”8-8% whereas others have not
shown strong associations.®! The Mul-
ticenter Study of Perioperative Is-
chemia Research Group showed that
certain polymorphisms for platelet
glycoprotein Illa and the degree of
platelet activation are related to levels
of troponin after CABG, suggesting



that this platelet polymorphism con-
tributes to perioperative myocardial
injury.®? Inflammatory response is
also altered by genetic variability of
key inflammatory genes.®-% Genetic
variability in B-adrenergic responses
may assist in determining who should
receive perioperative B-blockers and
who should not.?”-%

Although not routinely indicated at
this time, genetic testing is a significant
frontier in perioperative medicine.

Carotid Stenosis

In addition to being a marker for
cardiovascular disease, carotid steno-
sis may predispose a patient to periop-
erative stroke. A common dilemma is
whether or not carotid surgery should
precede other operations. The risk of
serious stroke in patients undergoing
a nonvascular operation is less than
1%. It is no higher in patients with
bruits than in those without bruits.?
The benefits of carotid surgery in pa-
tients with asymptomatic stenosis is
small, and likely achievable only in
certain centers.! In the case of coro-
nary artery surgery, selective duplex
ultrasound screening for carotid ste-
nosis does have benefits,?? but there is
no evidence to support prophylactic
carotid endarterectomy before gener-
al surgery.”® Even in cardiac surgery
patients, most strokes occur in pa-
tients without carotid stenosis.®?%
The exception may be high risk pa-
tients—those with stenosis >90% and
either a history of transient ischemic
attacks (TIAs) or elevated creatinine.
These patients warrant carotid sur-
gery whether or not they are sched-
uled for other surgery.”®

Surgical Procedure Risk

The planned surgical procedure de-
fines the overall requirements for pre-
operative assessment. High-risk opera-
tions, such as an abdominal vascular
operation, is almost guaranteed to in-
clude significant stress from events
such as cross-clamping of the aorta. By
definition, a vascular operation occurs
in a patient with cardiovascular dis-
ease. At this level of surgical risk, it is
imperative to know that cardiac func-
tion has been optimized.

At the other end of the spectrum,
low-risk operations, such as cataract
removal, entails risks not much differ-
ent from activities of daily living. If the
patient can walk to the surgical suite,
the patient has probably demonstrated
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the cardiac capacity necessary to en-
dure the stress of surgery. Schein’s
large study of 18,189 cataract surgery
patients showed that foregoing preop-
erative testing did not result in any
change in outcome. The critical ele-
ment of this study, which is sometimes
missed, is that all of these patients
were assessed by their primary care
practitioners, and any tests required
for general health maintenance were
done. This study supports the concept
that a clinical examination is the irre-
placeable foundation of preoperative
assessment, and tests are secondary.

The ACC/AHA guidelines catego-
rize surgical risk (Table 7-4). Kumar’s
study verifies the profound influence
of the type of surgical procedure on
perioperative risk.5

Functional Status

The remarkably simple tool of asking
about the functional status of the pa-
tient provides good prediction of risk
for PCC. It is a descriptor of how much
the risk factors impact the patient, and
is most useful as a screening tool to
select out patients who are very un-
likely to have PCCs. Reilly showed
that patients who reported they could
not climb 2 flights of stairs or walk 4
blocks had twice as many PCCs as
those who reported they could.”® Al-
though patient self-description of exer-
cise capacity correlates well with actu-

TABLE 7-4.

al functional capacity,®” the accuracy
of this test can be improved by actual-
ly observing the stair climbing. Girish
observed maximum stair climbing in
83 operation candidates. The overall
rate of postoperative complications,
including cardiac events, arrhythmias,
reintubation, atelectasis, and pneumo-
nia, was 25%. The rate in those who
could not complete 1 flight of stairs
was 89%. No patient able to climb 7
flights of stairs had a complication.?® It
is important that the patient be able to
climb 2 flights of stairs without devel-
oping dyspnea, chest pain, or leg pain.
This helps ensure that a poor anaero-
bic capacity does not coexist with a
good aerobic capacity.? Biccard re-
cently described this and other limita-
tions of a stair-climbing test.!°

Clinical Determination of Need
for Specific Preoperative
Cardiac Investigations

Increasingly, the options for testing
have outstripped the resources for
testing; as a result, it is important to be
selective. Testing where it is not need-
ed depletes resources needed -else-
where, and may delay surgery need-
lessly. Selective testing is cost-effective
and safe.®® Similar to other aspects of
medicine, preoperative assessment of
cardiac status should occur in two
stages: through a clinical history that
defines general risk, then through se-

Cardiac Risk? Stratification for Noncardiac Surgical Procedures

High (Reported cardiac risk often greater than 5%)
e Emergent major operations, particularly in the elderly
e Aortic and other major vascular surgery
e Peripheral vascular surgery
e Anticipated prolonged surgical procedures associated with
large fluid shifts and/or blood loss

Intermediate

(Reported cardiac risk generally less than 5%)

e Carotid endarterectomy
e Head and neck surgery
e Intraperitoneal and intrathoracic surgery

e Orthopedic surgery
® Prostate surgery
(Reported cardiac risk generally less than 1%)

LowP

e Endoscopic procedures
e Superficial procedure

e (ataract surgery

® Breast surgery

2Combined incidence of cardiac death and nonfatal myocardial infarction.
Do not generally require further preoperative cardiac testing.
Reproduced with permission from Eagle KA, Berger PB, Calkins H, et al.42
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lective tests that further define that
risk.

The Bayesian theorem states that
testing a group with a low prevalence
of a given condition results in too
many false positives for the informa-
tion to be useful. The purpose of the
clinical assessment is to select patients
who have a roughly 5% or greater
likelihood of PCCs,'! and in whom
further testing will yield a useful
change of pretest to posttest probabili-
ties. Applying tests to a lower preva-
lence (unselected) group is ineffective.

A rapid initial assessment of risk can
be done by assessing three areas: (a) the
number of clinical risk factors present;
(b) the type of operation planned; and
(©) the functional status of the patient.*
This format is the foundation of the
ACC/AHA guidelines, specifically the
shortcut to determination of need for
cardiac investigation.*?

The ACC/AHA guidelines will soon
be updated to reflect the increasingly
common situation where manage-
ment of risk does not necessarily need
to be preceded by extensive investiga-
tion. A modified scheme foreshadow-
ing this is presented below. This is not
meant to be yet another competing
scheme, but a simplification and re-
finement of existing schemes.

If the patient is not in an emergen-
cy situation or experiencing serious
cardiac conditions such as unstable
coronary syndromes, decompensated
congestive heart failure (CHF), signif-
icant arrhythmias, and severe valvu-
lar disease (all major clinical predica-
tors in the ACC/AHA guideline), then
3 factors will determine the need for
preoperative cardiac investigations.
Presence of 2 of these 3 factors gener-
ally warrants further cardiac investi-
gations (Fig. 7-8).

Functional Status

As described above, inability to do 1
flight of stairs is a predictor of in-
creased perioperative risk.?¢% Climb-
ing 1 flight of stairs is equivalent to
an aerobic capacity of 4 metabolic
equivalents (METS) (Duke Activity
Status Assessment)?” and probably
represents a capacity to endure post-
operative stresses without ischemia.

Presence of Unoptimized

Risk Factors

Unoptimized risk factors include the
conditions categorized as intermedi-
ate clinical predictors in the ACC/

Need preoperative cardiac testing
if 2 of 3 are present

: é';‘%i”a Poor

° CHF functional

« Diabetes mellitus Unoptimized capacity
risk factors

« Renal insufficiency
» Hypertension

1 flight of stairs

FIGURE 7-8. Clinical determination of need for preoperative cardiac investigation.

AHA guidelines (angina pectoris,
prior MI, CHF, diabetes, and renal
insufficiency) that have not been as-
sessed, managed, and deemed to be
under optimal control by a qualified
physician. This physician may be the
primary care physician, a consultant,
or the anesthesiologist. Also consid-
ered are other conditions, such as
hypertensive urgencies and dyspnea.

Often one risk factor that is stable
but not fully optimized (e.g., hyper-
lipidemia, hypertension, smoking)
does not warrant further preopera-
tive investigation. Two or more un-
optimized risk factors do warrant the
change of perioperative manage-
ment.65102103 This is consistent with
Lee's algorithm and the American Col-
lege of Physicians guidelines where
the use of a scoring system results in
no further testing unless more than 1
risk factor is present.>6104

Surgical Procedure

A planned operation in the high-risk
category (Table 7-4) requires consid-
eration of further quantification of
risk if there is also poor functional
status or presence of 2 unoptimized
risk factors.

Moderate-risk procedures entail a
less than 1% risk of PCC, even in
patients with known cardiac dis-
ease.’? Very-low-risk procedures such
as cataract surgery and diagnostic
arthroscopy entail no more risk than
activities of daily living; they could
be done even with disease that is not
fully optimized. Disease manage-
ment may be required, but could
occur postoperatively.

It is important to remember that
the patient is an active partner in the
risk analysis. If a patient refuses inva-
sive cardiac intervention, then medi-
cal optimization is likely all that will
be done, regardless of what tests are
considered.

PREOPERATIVE CARDIAC
TESTS TO FURTHER
QUANTIFY RISK

If the initial clinical assessment of risk
factors shows that further quantifica-
tion of risk will be useful, it is appro-
priate to proceed to other tests. These
tests are usually good prognostic indi-
cators of outcome, but are not param-
eters that directly cause risk. The
information provided by these sec-
ond-level tests may not lead to quick,
direct modification of risk, as is the
case for risk factors. These tests pro-
vide prognostic information, and are
useful if the information will change
the risk above or below some manage-
ment threshold—for example if the
patient is on the threshold for having
the operation done at an ambulatory
center, or it is not clear whether angi-
na is stable or not. If the patient is
already clearly on one side or the
other of the threshold, there is no
need to apply prognostic indicators.
This is another application of the prin-
ciple that tests are not useful if the
pretest probability is very low because
the number of false positives (with
needless delay of surgery) will be
high. Even angiography is imprecise
in a low-risk population.“



Not all testing is useful. A common
case example is a patient with known
stable cardiac disease for whom it
would be “nice” to have more informa-
tion. A stress echocardiogram is ar-
ranged, and the result is indeterminate.
The cardiologist, when faced with the
possibility of serious cardiac disease,
wants to be sure nothing is missed.
This motivation may stem as much
from the concern for litigation as from
indications for good medical practice.
Thus an angiogram is scheduled, and it
shows a stenosis amenable to stenting.
A stent is placed and clopidogrel started,
which means that surgery should be
delayed for up to 12 months.*’ All this
is done for cardiac disease that may
have been less hazardous than the indi-
cation for operation. Delay of operation
is inconvenient at least, probably unnec-
essary, and possibly dangerous. McFalls
showed that there is no benefit in pre-
operative versus postoperative cardiac
intervention in vascular surgery. If this
is true for vascular surgery, it is likely
even more true for lower-risk opera-
tions and lower-risk patients* (the
shortcomings of this study are ad-
dressed in Preoperative Invasive Inter-
ventions: When Should CABG or PTCA
Be Done Preoperatively? below).

It is sometimes best to keep a pa-
tient off the “cardiac train” of stress
test, angiogram, angioplasty, and an-
tiplatelet agent, because once a pa-
tient is onboard, the patient is un-
available for elective surgery until the
end of the journey. Before purchasing
the “ticket” of a stress test, the clinician
and patient must be willing to go the
full journey. The Dutch Echocardio-
graphic Cardiac Risk Evaluation Apply-
ing Stress Echocardiography Group
analyzed*® patients with PCCs. They
suggest that in intermediate-risk pa-
tients, the addition of perioperative
B-blockers reduces the risk of PCCs to
a level where dobutamine stress
echocardiography would not change
management.5

Invasive tests, such as angiography,
or alternatives, such as intravascular
ultrasonography, coronary artery calci-
um by electron-beam tomography,'0>1%6
cardiac CT,'%7 or cardiac MRI'% are not
discussed. These specialized tests are
not generally ordered or interpreted
without a cardiology consultation.

Second-level tests, for purposes of
discussion, are divided into resting
cardiac tests, cardiac stress tests, and
postoperative tests.

CHAPTER 7: EVALUATION OF THE PATIENT WITH CARDIOVASCULAR DISEASE

Resting Cardiac Tests

Electrocardiogram

An ECG is often done routinely. This
test may be useful as a baseline in
case of subsequent PCCs, but it is not
useful for screening or for diagnostic
purposes except in high-risk patients.
This is because the specificity of ab-
normalities is too low. An ECG should
not usually be done preoperatively in
low-risk operations, unless it would
have been done outside of the periop-
erative period. Having said that, ei-
ther the presence of 2 risk factors for
CAD or diabetes alone warrants hav-
ing a baseline ECG even in low-risk
operations. For baseline purposes, an
ECG less than 6 months old is ade-
quate if there have been no clinical
changes.

If there is a change on the ECG, what
does it mean perioperatively? Most
studies show that preoperative ST-T-
wave changes (ST segment elevation or
depression or T-wave inversion) are not
associated with worse outcomes.>%108
However, this generalization does not
apply to high-risk patients. In a study of
exclusively vascular surgery patients,
Landesberg showed that ECG changes
of LVH and ST depression were predic-
tive of PCCs.5?

What about Q waves? Again, if the Q
waves would have raised concerns out-
side of the operation, they should also be
investigated before the operation. Liu’s
study of surgical patients age 70 years
and older suggests ECG changes are not
predictive of PCCs. But this study of 386
patients with abnormal ECGs, only 104
(27%) of whom had major Q waves, did
not have an adequate sample size to
draw firm conclusions.%®

Ejection Fraction

Transthoracic (2D) echocardiography
or radionucleotide ventriculography
are used to measure ejection fraction.

TABLE 7-5.

Left ventricular dysfunction is a pre-
dictor of future cardiovascular events
and increased overall mortality.!% Al-
though helpful in monitoring heart
failure and valvular disease, if there is
concern about ischemia, it is prefera-
ble to select other tests.

Measurement of

Heart-Rate Variability

A decrease in heart-rate variability
predicts adverse cardiac outcomes.''?
A recent study of high-risk patients
showed that a decreased low-frequen-
cy-to-high-frequency power ratio be-
fore induction of anesthesia predicted
adverse cardiac events up to 2 years
after the operation.'®® A small study by
Laitio showed that fractal analysis of
certain preoperative heart-variability
parameters may be predictive of pro-
longed postoperative myocardial is-
chemia in emergency hip operation
patients.!!!

With current analysis methods, the
resting cardiac tests give supportive
data only. Stress tests are usually
needed to define risk or optimization.

Cardiac Stress Tests

Cardiac stress tests involve 2 compo-
nents: a stressor and a test. These can
be mixed in any way, but the most
common combinations are treadmill
ECG, dobutamine echocardiography,
and adenosine radionuclide (Table 7-5).

Treadmill Exercise Testing

This is the simplest of the stress tests.
Treadmill ECG testing is a good first-
line test in those patients able to do the
exercise.*>11? It is not useful in patients
unable to exercise, with ECG changes
(left bundle-branch block, pacemaker,
WPW, ST elevation at rest), or with a
history of revascularization. It produces
30% false positives in women. In prac-
tice, if a patient is able to do treadmill

Matching of Stressor and Test in Cardiac Stress Test

Test
Myocardial
ECG Echocardiogram  Perfusion
Exercise treadmill Common  Sometimes
5 Pharmaceutical stimula- Common
A tion (e.g., dobutamine)
g Vasodilation (e.g., Sometimes Common

dipyridamole)
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testing, the patient probably does not
need further preoperative testing. If
further testing is needed, a more accu-
rate test, such as stress echocardiog-
raphy, is generally preferred.

Older has shown that cardiorespira-
tory exercise testing for anaerobic
threshold is useful for identifying high-
risk patients who are unlikely to devel-
op diastolic heart failure postoperative-
ly, and therefore are unlikely to need
postoperative ICU admissions.?> Unfor-
tunately, few institutions can logistical-
ly arrange these tests preoperatively.

Dobutamine Stress
Echocardiography

This test has the advantage of requir-
ing relatively little time to complete.
It is a functional test in that it shows
how cardiac function is affected by
underlying pathology. Image quality
is limited in obesity. Both Kertai’s and
Beattie's meta-analyses show that the
receiver operating curve of dobuta-
mine stress echocardiography is bet-
ter than other tests.!!® Table 7-6 sum-
marizes the other characteristics in
Kertai's study.!'* Beattie's analysis,
which included 68 studies of 10,049
patients, judged that stress echocardi-
ography was superior to thallium im-
aging because the negative predictive
value of stress echocardiography was
superior. Because accuracy and avail-
ability vary between locations, each
institution may have a different pre-
ferred test.*

TABLE 7-6.

A common dilemma is whether a
dobutamine stress echocardiogram
should be postponed in the case of a
patient taking B-blockers. Weissman'’s
study in dogs showed that dobutamine
was less able to reproduce ischemia if
esmolol was administered.!® If the test
is being done to assess whether -block-
ade will reduce ischemia, then B-block-
ers should be stopped before the test. If,
on the other hand, the purpose is to see
if the B-blockade is providing protection
from ischemia, the test should be done
with B-blockers on board. If we are
trying to minimize preoperative stress,
stopping B-blockers may be counterpro-
ductive, even if it is informative.

Radionucleotide Imaging

This test may be more sensitive than
others in this category as it will detect
flow anomalies that do not yet cause
wall-motion abnormalities; however, it is
also less specific. Compared with echo-
cardiography, its accuracy is less affected
by obesity, but is altered by large breasts.

Cardiac MRI

This is a new test that can combine
flow studies with wall-motion studies in
remarkable resolution. It is useful for
complex high-risk cases, but does not
yet have a clear role in preoperative
screening. Fuster and Kim published a
recent review of this technology.!®

Tests of Endothelial Dysfunction
As described above, endothelial dys-
function is one of the unifying mecha-

nisms of PCCs. Several new tests for
this are showing prognostic value for
cardiovascular disease in general, and
may prove to be useful in the periop-
erative period. One of these is brachial
artery flow-mediated dilation. In this
“stress test” of the vasculature, nitro-
glycerin dilation is the “stressor” and
ultrasonic observation of the brachial
artery is the test.''”

Postoperative Tests

As most ischemia occurs postopera-
tively and is silent, it makes sense to
monitor for it. Postoperative ECG
changes suggesting ischemia may be
predictive of postoperative morbidi-
ty and mortality even in low-risk
patients.!18119

Postoperative troponin elevation in-
dicates increased risk of cardiac
events.®120 It is more sensitive than
ECGs® or creatine kinase myocardial
band (CK-MB),!*¥ and has become the
gold standard for identifying postoper-
ative ischemia. Le Manache studied
the postoperative troponin levels of
1136 abdominal aortic aneurysm sur-
gical patients, and found that a slight-
ly elevated level was asso