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FOREWORD

We are reprinting the foreword written by John F. Garde from the first
edition of Nurse Anesthesia, which was published in 1997. John encour

aged the publication of the first edition of this text, two decades ago,
as an important milestone in the evolution of the specialty of nurse
anesthesia. He felt it showcased the breadth and depth of nurse anes
thetists’ contributions to research and clinical care. John conveyed his
enthusiasm for the unique role of nurse anesthetists to everyone he
encountered. He believed that anesthesia excellence was manifest when

a clinician made a difference in the everyday lives of patients. He was

one of the most consequential nurse anesthesia leaders of his time. We
present the foreword that he wrote for the first edition of this textbook
in his honor.

“Anesthesia and Orthopedics,” “Anesthesia for Ear, Nose, Throat, and

Maxillofacial Surgery,” “Anesthesia and Laser Surgery,” and the list goes
on. The continuum for practice in the twenty-first century is that of
professionals learning anew how to ensure the best possible care for

their patients.

When Agatha Hodgins and other nurse anesthetist pioneers
gathered in a classroom in the anesthesia department of the Univer
sity Hospital of Cleveland on June 17, 1931, they established what
was to become the American Association of Nurse Anesthetists

(AANA). 'Ihis group sought to place better-qualified people in the

field, to keep those already in nurse anesthesia abreast of modern
developments, and to give protection and recognition to this group
of professionals.

When the AANA values statement was adopted in 1995, it was not

surprising that it reflected this earlier philosophy. The AANA values

the following:
● Its members and the advancement of the profession of nurse anes

thesia

♦ Quality service to the public through diverse practice settings based
on collaboration and personal choice

● Integrity, accountability, competence, and professional commit
ment

● Scientific inquiry and contributions to the fields of anesthesiology,
nursing, and related disciplines

● Participation in the formation of healthcare policy.

These value statements are supported by knowledgeable practi

tioners ever in pursuit of their craft.
Nurse Anesthesia is a textbook that builds on a formidable knowl

edge base and draws on the expertise of CRNAs and other profession
als practicing in today’s fast-paced, ever-changing environment. 1 look
upon this volume as a means to demonstrate the profession’s growth
and encourage CRNAs and student nurse anesthetists to read it and
reflect upon the dynamic field they have chosen.

I would like to close with one of my favorite quotations from Ralph
Waldo Emerson, which 1 believe reflects all professionals on their pro
spective journeys;

To iaiigh often and much; to win the respect of intelligent people..
to earn the appreciation of honest critics ...;
to find the best in others ..
to leave the world a bit better. ... Bon voyage.

Sass Elisha

Jeremy S. Heiner

John J. Nagelhout

FOREWORD FOR NURSE ANESTHESIA,

FIRST EDITION

As a new century dawns, nurse anesthetists continue to provide the

highest quality anesthesia services to their patients. To put this into

perspective, consider that nurse anesthetists safely and compassion
ately administered anesthesia throughout the entire last century and
even prior to that. The writings of Alice Magaw, published between
1899 and 1906, provide a noteworthy benchmark. Magaw detailed the

use of chloroform and other anesthesia with the open-drop technique
in more than 14,000 surgical cases without a single fatality attributable
to anesthesia. She was the first nurse anesthetist to publish articles on

the practice of anesthesia and was considered “the mother of anesthe
sia” during a time when surgeons selected nurses to specialize in anes
thesia to provide greater safety for patients requiring anesthesia.

Many pharmacologic and technologic changes in anesthesia have
occurred, however, since those noble beginnings. The chapter titles of
this textbook serve as an atlas to this expanded knowledge base: “Clin
ical Monitoring in Anesthesia,” “Anesthesia Equipment,” “Pharmaco
kinetics.” “Inhalation Anesthetics,” “Intravenous Induction Agents,”

“Local Anesthetics,” “Opioid Agonists and Antagonists.” and “Neuro
muscular Blocking Agents, Reversal Agents, and Their Monitoring,” to
name a few. Look at the specialty components of anesthesia contained
in this book: “Cardiac Anesthesia,” “Respiratory Anesthesia,” “Thermal

Injury and Anesthesia,” “Trauma Anesthesia,” “Outpatient Anesthe
sia,” “Regional Anesthesia,” “Anesthesia for Ophthalmic Procedures,” John F. Garde, MS, CRNA, FAAN

Vil



PREFACE

anesthesia are discussed in detail. Providing effective anesthesia must
be viewed as part of a therapeutic continuum of care. For this reason,
we have intentionally included the latest medical and surgical informa
tion available from the specialties that impact our practice. Integrating

new technology and knowledge in the basic sciences into clinical prac
tice has allowed nurse anesthetists to continue to evolve as leaders in

providing safe and comprehensive care. We have included new chap
ters on a wide variety of topics, including patient-centeredcare, cul
tural competence and nurse anesthesia practice, infection control and
prevention, anesthesia for transplant surgery and organ procurement,

chronic pain physiology and management, and crisis resource manage

ment and patient safety.

Producing an educational resource of this size and complexity
would not be possible without the dedication of our authors and a

broad array of experts. We proudly carry over from the previous edi
tions hundreds of anatomic figures that were specially hand-drawn
for this text by renowned medical illustrator William E. Loechcl. We
would like to express our gratitude to the staff at Elsevier who work
tirelessly to produce this textbook. This book would not exist without
their knowledge, expertise, and enthusiasm. A special thank you to
Sonya Seigafuse, E.xecutive Content Strategist; Laura Selkirk, Senior
Content Development Speciali.st; and Manikandan Chandrasekaran,
Senior Project Manager.

We would also like to acknowledge the contributions of Karen
Plaus, PhD, CRNA, FAANA, FAAN as the coeditor of the first five
editions of this text. Dr. Plaus has devoted her career to educating

nurse anesthetists and advancing our specialty. Her decades-long
achievements on the national and international levels continue to be

instrumental in making nurse anesthesia a vital specialty for delivering
high-quality health care. Finally, we would like to acknowledge all of
the brilliant authors who have contributed to the creation of this book

in past editions.

Nurse anesthesia education and clinical practice continue to evolve

at a rapid pace. Our professional degree has moved to the doctoral
level, and the requisite knowledge needed to provide safe patient care
is increasing exponentially. Due to the complexity of modern surgical
procedures, ensuring the highest-quality outcomes requires the need
for lifelong learning. Anesthesia practice has expanded beyond the
traditional surgical settings to include interventional procedures, pain
management, and non-operating room anesthetics. The objective of
this new edition is to integrate the vast amount of current knowledge
to help guide clinical practice.

Technologic innovations that allow this textbook to be used in
traditional and various electronic formats are now commonplace. We

approach the seventh edition of Nurse Anesthesia with a clear intent
to bridge these platforms while remaining true to our educational
objectives. Since the conception of the first edition of this text more
than two decades ago, we continue to be guided by our original vision
to fulfill the need for scientifically based, clinically oriented work on
which anesthesia practitioners and learners can rely to deliver excellent

patient care.

Our intent is to harness the vast knowledge that nurse anesthetists

bring to clinical practice and provide a comprehensive, evidence-based
resource for continuous learning. We are tremendously gratified that
this textbook has become the seminal work for our specialty. Nurse

Aftesthesin is included among the Library of Congress’s essential nurs

ing textbooks for medical libraries throughout the United States and
in national digital resource databases such as Elsevier’s Clinical Key
for Nursing. We reach an international audience of nurses and nurse
anesthetists and are always pleased when we hear ofthe positive impact
we are having on anesthesia practice worldwide.

We are especially grateful to all of our new and returning authors
who bring a wealth of expertise and experience to their respective

areas. The majority of clinical anesthesia continues to be provided by
nurse anesthetists, and this textbook is a testament to the leadership we

bring to academic and clinical nursing. Each chapter has been exten
sively reviewed and revised to contain the most salient information
available. The newest concepts, techniques, and areas of controversy in

Sass Elisha

Jeremy S. Heiner

John J. Nagelliout

IX
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UNIT I Professional Issues

1

Nurse Anesthesia: A History of Cha enge

Evan KochBruce

From the outset. Mortonsdiscoverycaused problems.People realized
its monetaryand historicvalue. Morton attemptedto disguiseether so he
could profit from it and applied for a patent. Long, Jackson, and Wells all
claimed credit for Mortons discovery. Tlie four men battled for years. The

physician and writer Oliver Wendell Holmes Sr. (father of the Supreme
Court justice) wrote to Morton; “Everybody wants to have a hand in a
great discovery... All f want to do is give you a hint or two as to names.”
Holmes suggested “anesthesia from the Greek for imsensible.” The term
anesthesia had been in use before to denote parts of the body benumbed

but not paralyzed. Holmes only borrowed the word for the new state of
being, though he has received credit for coining it.’ As the anesthesiolo
gist Robert Dripps noted, “Anesthesia was placed under a cloud.”"*

Nineteenth-century anesthesia was problematic in other, more import

ant ways. Careless anesthetists vexed surgeons and infection-plagued
patients and delayed progress in the field of anesthesia for decades. Hie
historian Ira Gunn termed this era “the period of the failed promise.”^

In the 19th century, physicians wanted to operate but they showed
little interest in anesthesia as a medical specialty.^ James Gather, the

pioneer physician anesthetist, gave one explanation for this medical
disinterest: “So intense had been the interest in surgery that anesthet
ics had been used only as a means to an end, and this fully explained

the attitude of the profession on this subject in America at the present

time.” Physicians at the time could not make a living providing anesthe
sia anywhere outside a major city,' and anesthesia was deemed by some
as unworthy of a physician’s intellect.** The historian Marianne Bankert
agreed: “Apart from the few physicians who had a genuine intellectual
intere.st in anesthesia, it would also take years for ihe economics of
anesthesia to make it an attractive area for their colleagues—if at first,
only as a supplemental source of income.”^

The work of anesthesia was provided by others; “Students, nurses,

newly graduated physicians, specialists in other fields, and even cus
todians were called upon to be etherizers.'''^^ “Anesthesia could be any
body’s business,” wrote Virginia S. Thatcher."

Lack of attention led to a degradation of knowledge and technique:

The glass inhaler (Fig. 1.1) that Morton commissioned for his 1846
demonstration, and which worked so well, “was abandoned in favor of

a small bell-shaped sponge, which was saturated with ether and applied
directly over the nose and the mouth of the patient.”" Not surprisingly,
ether pneumonia resulted. Some surgeons turned to chloroform, which
had been discovered to have anesthetic properties by James Simpson in

England in 1847. “But, very soon, a death occurred from chloroform,
then another and another in quick succession. This led to its more careful
and restricted use by some surgeons, to its total abandonment by others,
but in 1855, the general mass of surgeons and physicians still continued
its use....”‘^ 'Ihatcher, the first historian of nurses as anesthetists, cited

It is fitting to open a text on nurse anesthesia with a history chapter.
Nurses were the first professional group of anesthetists in the United
States. Since the discovery of anesthesia in 1846, nurses have provided the

majority of anesthetics in this country. Nurses have contributed to incre

mental progress to improve clinical anesthesia, patient safety, science,
education, and public policies supporting anesthesia. Today’s American
Certified Registered Nurse Anesthetists (CRNAs)’ receive state-of-the-
art education, are granted a wide scope of practice, and have access to

reliable and affordable malpractice insurance. These accomplishments
are the result of more than a century of clinical accomplishments and

concerted group efforts. By educating others about the history and
achievements of CRNAs that created the foundation of our profession,

the next generation of nurse anesthetists can learn from the experiences
of the past and continue to move our profession toward excellence.

THE DISCOVERY OF MODERN ANESTHESIA

Decades before 1846, people were aware that inhaling nitrous oxide
or diethyl ether could produce euphoria. In the late 18th century, the
English scientists Joseph Priestley and Humphrey Davy experimented
on themselves and even partied with these substances. Davy famously

speculated that nitrous oxide “may probably be used with advantage
during surgical operations.”* At the same time, American medical stu
dents used ether and nitrous oxide recreationally.

However, almost 40 years would pass before they attempted to use

these agents as adjuncts to surgery. A physician from Georgia named
Crawford Long used diethyl ether for the removal of a small cyst in
1842, but he did not report his findings. At least two other men, the
Massachusetts physician Charles Jackson and the Connecticut dentist
Horace Wells, experimented with ether and nitrous oxide. Four years

after Long’s use of ether, on October 16, 1846, the Boston area dentist
William T.G. Morton conclusively demonstrated the use of ether for
surgical anesthesia in an operating room (now memorialized as the
“Ether Dome”) at Massachusetts General Hospital. This event was so

important that the surgeon John Collins Warren, who had witnessed
many prior failed attempts, reportedly exclaimed, “Gentlemen, this is

no humbug.” Another eminent surgeon who had been in attendance
stated, “I have seen something today that will go around the world.”^
From their vantage point, optimism seemed justified; however, another
half century would pass before the promi.se of painless surgery would
be substantially fulfilled.

^Certified Registered Nurse Anesthetist (CRNA) is the descriptor used
throughout this chapter interchangeably with nurse anesthetist and
nurse anesthesiologist.
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chloroform and stimulants to the Battle of Gettysburg. Harris “pen
etrated as near as possible to the scene of the conflict, ministering

as much as in her power to the stream of wounded that filled the
cars....”''* It is not known whether Mrs. Harris was a nurse. A sec

ond report connects an unnamed “nurse in attendance” with hav

ing administered chloroform to a Union army soldier.The third
and most convincing example comes from Catherine S. Lawrence,

a native of Skaneateles, New York, who wrote a 175-page autobiog
raphy in which she recorded administering anesthesia as a Union

army nurse. Lawrence described her duties at a hospital outside

Washington, DC, during and after the second battle of Bull Run
(1863). She administered medications, resuscitated with restor

atives such as ginger, tied sutures around arteries, and administered

chloroform. “1 rejoice that the time has arrived that our American

nurses are being trained for positions so important. A skillful nurse
is as important as a skillful physician.'

The First Civilian Nurses to Practice Anesthesia

Nurses in civilian hospitals began to practice anesthesia during the west
ward expansion that followed the Civil War. Surgeons taught Catholic

hospital Sisters the rudiments of administering ether.Sister Mary

Bernard in 1877 entered St. Vincents Hospital in Erie, Pennsylvania, to
train as a nurse and is the earliest known example. Between 1860 and

1900, surgeons throughout the Midwest repeated this practice, training
Sisters and secular nurses to administer ether. The Franciscan Sisters,

who were active in the building and staffing of St. John’s Hospital in
Springfield, Illinois, were particularly successful in preparing hospital
Sisters to become nurse anesthetists and sending them out to other

midwestern hospitals. Having been prepared by another community of
the Sisters of St. Francis (Syracuse, New York), Sister Mary Erhard went
to Hawaii in 1886, where she administered anesthesia and performed

other nursing duties on the island of Maui for approximately 42 years.

The St. Mary's Experience

In the summer of 1883, a very destructive tornado swept through
Rochester, Minnesota. In its wake, the tornado “left an idea in the

mind of the mother superior of the Sisters of St. Francis.” During

rescue efforts, she paid a visit to Dr. W.W Mayo and asked: “Did he

not think it would be well to build a hospital in Rochester?” Dr. Mayo

thought the town too small to support a hospital, but “Mother Alfred
had made up her mind. Quietly, she overruled the Old Doctor’s objec

tions and said that if he would promise to take charge of a hospital, the
sisters would finance it.” St. Mary’s Hospital was built and opened, and
although hospitals ranked low in the public’s mind due to poor anes

thesia and deadly infections, by 1904, it had expanded twice to keep up
with demand. The hospital has endured until today as the Mayo Clinic.
The Mayos (William Sr., William Jr., and Charles) won international

acclaim for pioneering surgery.
But how did the Mayos handle the administration of anesthesia?

According to Helen Clapsattle, the Mayo family historian, they were

aware of its dangers but, unlike their colleagues on the East Coast, they
were quick to embrace the open drop method of ether when it was

brought to the United States from Germany. They also differed from

East Coast physicians in one other respect; “In employing a permanent

full-time anesthetist, and that a nurse, the Mayo’s were unusual if not
unique. In other hospitals anesthetizing was one of the duties of the
interns.”

Why would they give the job to a nurse? The Mayos had given the
job to a nurse “in the first place through necessity; they had no interns.
When the interns came, the brothers decided that a nurse was better

suited to the task because she was more likely to keep her mind on it,
whereas the intern was naturally more interested in what the surgeon
was doing.’
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Fig. 1.1 Morton's inhaler, a replica of the inhaler used by William Morton

to demonstrate the anesthetizing capacity of ether on October 16,1846.

one physician who, in 1859, wrote “that most of the fatal cases can be
traced to a careless administration of the remedy’

Carelessness in anesthesia persisted for decades. A shocking exam

ple was recorded in 1894 by Harvey Cushing, the founder of neurosur
gery. Cushing was a student at Harvard Medical School when he wrote:

My first giving of an anaesthetic was when, a third-year student, I

was called down from the seats and sent in a little side room with
a patient and an orderly and told to put the patient to sleep. I knew
nothing about the patient whatsoever, merely that a nurse came in

and gave the patient a hypodermic injection. I proceeded as best I
could under the orderly's directions, and in view of the repeated
urgent calls for the patient from the amphitheater it seemed to be an
interminable time for the old man, who kept gagging, to go to sleep.
We finally wheeled him in. I can vividly recall just how he looked and
the feel of his bedraggled whiskers. The operation was started and at
this juncture there was a sudden great gush offluidfrom the patient's
mouth, most of which was inhaled, and he died. I stood aside, burn

ing with chagrin and remorse. No one paid the slightest attention

to me, although I supposed I had killed the patient. To my perfect
amazement, I was told it was nothing at all, that I had nothing to do

with the man’s death, that he had a strangulated hernia and had been

vomiting all night anyway, and that sort ofthing happenedfrecju ently
and I had better forget about and go on with the medical school. I

went on with the medical school, but I have never forgotten about it.

Not surprisingly, surgeons began to appreciate the need for pro
fessional anesthetists. The need, as Thatcher defined it, was for anes

thetists who would “(1) be satisfied with the subordinate role that the

work required, (2) make anesthesia their one absorbing interest, (3) not
look on the situation of anesthetist as one that put them in a position
to watch and learn from the surgeon’s technic, (4) accept the compar
atively low pay, and (5) have the natural aptitude and intelligence to

develop a high level of skill in providing the smooth anesthesia and

relaxation that the surgeon demanded.”" As a result of medical disin
terest, poor delivery of anesthesia, and an overwhelming need, nurses
were asked to administer anesthesia.

13

HISTORICAL ANTECEDENTS OF THE NURSE

AS AN ANESTHETIST

The Civil War provided the first opportunityfor nurses to assume
the duties of anesthetist. Evidence is scant but found in three

different accounts. Mrs. Harris from Baltimore, Maryland, took 20
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Barrages of gun fire would rock the sector for days, then convoys of
wounded would begin to arrive by ambulance. Night and day this
ceaseless stream kept coming on.... The seriously wounded, especially
the ones in severe shock, were taken to a special ward, given blood
transfusions and other treatments in preparation for surgery later.

From the receiving tent, the wounded were brought to the surgery,
put on the operating tables stretcher and all, given an anesthetic, oper
ated upon, picked up on their stretcher, and loaded on hospital trains
for evacuation to base hospitals.”-^'^ Terri Harsch.^” who described the

works of Roche-Stevenson and others such as Sophie Gran Winton,

reported that 272 nurses were killed during the war.

In a paper about Miss Nell Bryant from the Mayo Clinic, who was
the sole nurse anesthetist stationed at Base Hospital Number 26,we

learn that chloroform and ether were in use, the physiology of shock
was poorly understood, oxygen and nitrous oxide were given without
controlled ventilation, and venipuncture involved a surgical cutdown.

Anne Penland was a nurse anesthetist with the Presbyterian
Hospital of New York unit at Base Hospital Number 2. She had the

honor of being the first US nurse anesthetist to go officially to the
British front, where she so won the confidence of British medical offi

cers that the British decided to train their own nurses in anesthesia,

ultimately relieving more than 100 physicians for medical and surgical

work. Several hospitals were selected for this training of British nurses,
including the American Base Hospital Number 2, with Penland as the
instructor.^

Commenting in the Bulletin of the American College of Surgeons,
Frank Bunts wrote: “The (First) World War demonstrated beyond any

question the value of the nurse anesthetist.”^- George Crile speculated
that “if the Great War had gone on another year, the British army would
have adopted the nurse anesthetists right in the middle of the war.’
Looking back after World War II, Lt. Colonel Katherine Balz, deputy
chief of the Army Nurse Corps, credited nurse anesthetists for the fact

that 92% of “battle wounded who reached Army hospitals alive were
saved.”^'*

Nurses won the Mayos’ admiration by improving anesthesia care.

Alice Magaw could discuss “a hundred and one details as to signs of
sufficient anesthesia and ways of recognizing and preventing impend
ing disaster.” Magaw, along with her pupil Florence Henderson, refined
and advocated the dripping of ether. Ether anesthesia required vigi
lance and careful attention to detail and to the psychological care of
patients to minimize the agitation that often led to disasters like the one
previously described by Harvey Cushing.

Henderson described how this was done: “A modified Esmarch

inhaler, which is covered with two layers of stockinet, is used.... With
the mask held about an inch from the face the ether is dropped upon

it, slowly at first, and the patient is asked to breathe naturally through

the nose. Then the mask is gradually lowered, and the rapidity of the
dropping increased, care being taken not to give the ether fast enough
to cause a sensation of smothering or suffocation. As soon as the jaw
relaxes the head is turned to one side, because the patient usually

breathes more easily with the head in this position.” This was quite a
contrast to the “crude” methods of most early aneslhetizers, and it was

successful. Nancy Harris and Joan Hunziker-Dean, who investigated

Henderson’s life, concluded that “through a delicate balance of interper
sonal skills and technical expertise, she was able to essentially eliminate

the excitement phase associated with the induction of ether anesthesia
and consistently used a fraction of the usual dose. She demonstrated to
all who observed that the administration of ether anesthesia could be

elevated to an art form.”^*

Magaw and Henderson improved the safety of anesthesia care.

Magaw accounted for the delivery of over 14,000 anesthetics “with
out an accident, the need for artificial respiration or the occurrence

of pneumonia or any serious results.’

operations. Included were anesthetics for abdominal, inlraperitoneal,

gynecologic, urologic, orthopedic, ophthalmic, head and neck, and
integument operations. Some were even conducted with the patient in

the prone position.Magaw and Henderson introduced better teach

ing methods, too. Early anesthesia education has been described as “on
the spot training of any person available.”^^ At Mayo, sometimes the
“nurses stayed for 2 or 3 months and learned to give ether under super-

Surgeons who visited from Minneapolis, Baltimore, Chicago,

'22.26 These were not minor

'33

The Proliferation of Nurse Anesthetists

The first recognition of the value of formalized education also

occurred around this time. Isabel Adams Hampton Robb, a leading
pioneer in nursing and the first superintendent of the Johns Hopkins
School of Nursing, which opened in 1889, had, in 1893, published
a nursing textbook titled Nursing: Its Principles and Practices for
Hospital and Private Use; this textbook included a chapter titled “The
Administration of Anaesthetics.” By 1917, as a result of the “superior
quality of anesthesia performed by nurse anesthetists,”^'* they were
given the responsibility for surgical anesthesia at Johns Hopkins
Hospital in Baltimore, where a training program was established
under the direction of Ms. Olive Berger. Elsewhere, four postgrad

uate programs were developed: at St. Vincent’s Hospital in Portland,
Oregon (1909)^^; at St. John’s Hospital in Springfield, Illinois (1912);

at New York Postgraduate Hospital in New York City (1912); and at
Long Island College Hospital, Brooklyn, New York (1914).*' Other

nurse anesthesia programs were developed as part of the undergrad
uate nursing curriculum as a specialty option.

The Lakeside Experience

In 1900, Agatha Hodgins (Fig. 1.2), a Canadian nurse, went to

Cleveland to work at Lakeside Hospital. Dr. George Crile chose her
to become his anesthetist in 1908. Together with Crile, Hodgins

pioneered the use of nitrous oxide/oxygen anesthesia, proved its
superiority over ether for trauma cases in World War 1, and opened
and led a prominent school for nurse anesthetists that endured the
first major challenge from physician anesthetists. In 1931, Hodgins
founded the AANA.

'28
vision,

the state of Iowa, and England “sent selected nurses to Rochester to
observe Magaw and other nurse anesthetists at St. Mary’s Hospital at
their work.”' ‘ Charles Mayo was so impressed by Magaw that he named
her “The Mother of Anesthesia.” To this day, the American Association

of Nurse Anesthetists (AANA) confers on an outstanding practitioner

an award named for Alice Magaw.

The Great War, a Small Battlefield

Nurse anesthetists played a very large role during World War I. Their
involvement began in 1913,just 4 years before the United States became

involved militarily, and lasted until the armistice in 1918.

When America entered the war, the Army Nurse Corps numbered

233 regular nurses; it would grow to 3524 nurses by 1918. The num
ber of nurses who actually practiced anesthesia is unknown because at
the time nurse anesthetists formed part of the general nursing staff.-®
However, nurse anesthetists were credited with introducing nitrous

oxide/oxygen and teaching its administration to the English and the
French.-^ As a result of the superior performance of nurse anesthetists,

both the army and the navy sent nurses for anesthesia training for the
first time.

Several outstanding World War I-cra nurse anesthetists have been
remembered becau.se they wrote of their work. Nurse anesthetists
spent countless hours etherizing wounded soldiers as they arrived

in “ceaseless streams for days at a time after battles,” wrote Mary J.
Roche-Stevenson. "Work at a casualty clearing station came in great

waves after major battles, with intervals between of very little to do....
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He admonished “self respecting nurses to turn their attention to other

matters—perhaps urinalysis’’^^ This article, published in 1912, presaged
efforts to legislate or litigate nurse anesthetists out of existence. And it

set the tone for much of the vitriol directed by physician anesthetists

toward CRNAs in the years to come. Although few physicians chose
to specialize in anesthesia before World War II. one who did, Francis

Hoeffer McMechan—a Cincinnati native—began a crusade around 1911

to claim the field solely for physicians. Through publishing and speaking,

McMechan investigated the high-profile Lake.side School and its famous
surgeon, George Crile. He alleged that anesthesia was the practice of
medicine, and he petitioned the Ohio Medical Board to take action.

McMechan considered Ohio a “pivotal state in the national fight for the
preservation of the status of the anesthetist as a medical specialist.”^^

In a letter to Crile in 1916, the board claimed that no one other

than a registered physician was permitted to administer anesthesia.

Tlie board ordered the Lakeside Hospital School of Nursing to cease its

anesthesia program or lose its accreditation. Not wanting to be respon
sible for the loss of the school’s accreditation, Crile obeyed the order,

pending the outcome of a hearing conducted in 1917. At the hearing,

Crile took the position that Lakeside Hospital was only following the

lead of many of the major clinics in the country. (Recall Alice Magaw at

the Mayo Clinic.) Crile managed to persuade the board of medicine to
lift its order, and he was able to reinstitute his nurse anesthesia educa

tional program and his use of nurse anesthetists.
To protect nurse anesthetists. Crile took an additional step. In

1919, together with supporting physicians, he “introduced a bill into

the (Ohio) legislature to legalize the administration of anesthetics by
nurses.”'''" An amendment to the legislation stated tliat nothing in the
bill “shall be construed to apply to or prohibit in any way the adminis
tration of an anesthetic by a registered nurse under the direction of and

in the immediate presence of (emphasis added) a licensed physician,”
provided that such a nurse had taken a prescribed course in anesthesia
at a hospital in good standing.^^ Physician supervision of nurse anes
thetists, introduced here, would recur many times over.

In 1916, Louisville (Kentucky) Society of Anesthetists passed a resolu
tion proclaiming that only physicians should administer anesthesia. The
attorney genera! concurred, and the Kentucky State Medical Association

followed with a resolution stating that it was unethical for a physician to
use a nonphysician anesthetist or to use a hospital that permitted nurses

to administer anesthesia. These events prompted the surgeon Louis

Frank and his nurse anesthetist Margaret Hatfield to ask the state board

of health to join them in a lawsuit against the Kentucky State Medical

Association. They lost in the lower court, but on appeal they won, In

1917, Judge Hurt of the Kentucky Court of Appeals not only confirmed

the right of nurses to administer anesthesia but also enunciated clearly

that state licensure was meant to protect consumers, not professionals.
These two cases showed physicians that they could not rely on

the courts; however, they were not deterred. Physician anesthetists in
California brought suit against Dagmar Nelson, a nurse anesthetist,

for practicing medicine without the proper license. Tlic Chalmers-
Francis v. Nelson case was decided in favor of Nelson at each level of

the California civil courts. The California Supreme Court ruled that the

functioning of the nurse anesthetist under the supervision of and in the
direct presence of the surgeon was the common practice in operating

rooms: therefore the nurse anesthetist was not diagnosing and treating
within the meaning of the medical practice act.^®-’^

At the time, nurse anesthetists welcomed and embraced the con

cept of physician supervision because it was couched within statutes

that, for the first time, gave them legal status. Gene Blumenreich, who
has written extensively on the legal history of anesthesia, noted: “A
number of states adopted statutes recognizing the practice of nurse
anesthetists. Typically, these statutes followed the formulation in Frank

i
Fig, 1.2 Agatha Hodgins, an educator and founding president of the
American Association of Nurse Anesthetists, reintroduced (with other

American nurse anesthetists) the use of nitrous oxide for battlefield sur

gery during World War I in Europe.

Hodgins’s primary interest was in education. Like its predecessor,
the St. Mary’s Hospital in Rochester, Minnesota, the Lakeside Hospital
in Cleveland, Ohio, was the recipient of many requests for anestlie-

tist training from both physicians and nunses. .According to Thatcher,

“Visiting surgeons eager to emulate the Lakeside methods customarily
bought a gas machine (the Ohio Monovalve) and then sent a nurse to

Cleveland to find out how it worked.”" Hodgins recalled, “The number
of applicants increased so rapidly that we felt some stabilizing of work
necessary and the matter of a postgraduate school in anesthesia pre

sented itself.” In 1915, Hodgins opened a school at Lakeside Hospital,
Tlie Lakeside School was not the first formal postgraduate anesthe

sia educational program; that honor belongs to St. Vincent’s Hospital

in Portland, Oregon. But the Lakeside School is the only program for
which original records still exist. There were admission requirements,

the course included both clinical and didactic components, tuition

was charged, and a diploma was granted. “The department of anes

thesia encompassed the school, both being under the charge of Agatha
Hodgins as chief anesthetist. She, in turn, worked under the jurisdic

tion of the superintendent of the hospital and the chief surgeon. For the

supervision of the students, she had 1 or 2 assistants until 1922 when
the number \vas increased to 3.’

'Ihe Lakeside Hospital School prompted the establishment of 54

similar programs at major hospitals across the country.^'' The consider
able impact of the Lakeside School on the evolution of nurse anesthesia

education into a more formalized, scientifically based discipline can
thus be seen.

■11

ANESTHESIA: MEDICINE, NURSING, DENTISTRY,
OR WHAT?

Nurse anesthetists appeared to be on the threshold of national accep

tance when a New York attorney published a derisive article, titled

“The Case Against the Nurse-Anesthetist,” in which he introduced the

idea that anesthesia was by law exclusively the practice of medicine.
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K South and provided that nurse anesthetists were to work under the
‘supervision’ or ‘direction’ of a physician.” However, the statutes did not
define supervision. “It is clear that the legislation was not attempting
to create new duties and responsibilities for the supervising physician,
but merely to describe what was already occurring practice...to explain
why nurse anesthetists were not practicing medicine.’

●10

ORGANIZING NATIONALLY: "WE WHO ARE MOST

INTERESTED"

In 1926, Agatha Hodgins called together a small group of Lakeside
Hospital alumnae to form a national organization. Hodgins had been
an educator since World War I, and she sought strength in numbers
to address problems related to education. One hundred thirty-three
names were submitted,and tentative bylaws were drawn up. According
to Ruth Satterfield, who was an eminent CRNA educator and the first

nurse appointed as Consultant to the Army Surgeon General, “much
of what she (Hodgins) .said fell on deaf ears.”'*' The association failed to
thrive. Five years would pass before several problems would coalesce
and force the nationalorganizationofnurseanesthetiststo come to life.

Physician opposition to nurse anesthetists was one factor in this devel
opment. For example, in 1929, the California nurse anesthetists orga
nized after the Board of Medical Examiners alleged that nurse anesthetist

Adeline Curtis was practicing medicine illegally. Curtis, a natural public
speaker, went on the road with this refrain: . .we can get nowhere without
an organization. We’re in the minority of course but we must organize.”'’^
California held its first meeting February 3, 1930.'*^ Other states followed
suit, and by the end of the 1930s, 23 had established organizations.

Economics brought nurse anesthetists together as well. 'This era of
organizationoccurred during the Great Depression,and Hodgins noted
in 1935 that “the strongestobjectionofphysiciansduring this period was
against those nurse anesthetists who were working on a fee for service
basis.”'*'* Hanchett, who examined the Chalmers-Fraiicis v. Nelson case

(1933), concluded that the plaintiff California physicians were motivated
by economic factors.'*® Thatcher observed that “Miss Hodgins’ concept (of
an organization) might never have been sparked into action, and organiza
tions of nurse anesthetists might have stayed at the local level if the collapse
of the nation’s economyhad not revived the physician anesthetist’s interest
in protecting his income by eliminating competition from nurses....”"

It was the poor state of anesthesiaeducation that most motivated
Hodgins. In 1931, she wrote the following to Curtis, who was embroiled
in the California dispute: “My chief interest is in education.”'** So in
the face of rising physician opposition, deterioratingeconomics, and
the pressing need to reform education all compounding each other,
Hodgins tried again. ’Ihe National Association of Nurse Anesthetists
(NANA) was born on June 17, 1931. Its name would be changed to the
American Association of Nurse Anesthetists in 1933. The first meeting
was held in a classroom at Lakeside Hospital and was attended by 40
anesthetists from 12 states.'*^

Right away, the new association set its sights on improving the qual
ity of anesthesia by raising educational standards. The new president,
in a letter to Marie Louis at the American Nurses Association (ANA),

wrote; “It is because of the increasing number of nurses interested in the
particular work and growing realization of difficulties existing because
of insufficient knowledge of, and proper emphasis on, the importance
of education, that we who are most interested are taking the steps to

insure our ability to define and help maintain the status of the educated
nurse anesthetist.”'*** An education committee was formed. Chaired by
Helen Lamb, the committee crafted “recommended” curriculum stan

dards for schools and ratcheted them up in 1935 and again in 1936.

The fledgling association was weak with few members and little
money. It could not hold its first national meeting for 3 years, much

j

Fig. 1.3 Gertrude Fife and Helen Lamb were among the highly moti
vated group who built the profession. Fife served as second president
(1933-1935) and treasurer (1935-1950) of the National Association of

Nurse Anesthetists and edited the AANA Journal (1933-1950).

less advance an agenda of education reform. In that period, Hodgins
sustained a heart attack and “for all practical purposes bowed out as
administrative leader.” Gertrude Fife (Fig. 1.3) took over the day-to-
day affairs. There grew the realization, attributed by Bankert to Lamb
and the education committee, that the problems were of such magni
tude that an alliance with a more influential professional association

would be required. But which one?
Forming an alliance with a major professional organization

would likely prove problematic, as divergent interests could collide
and trust would be tested to its limit. The small and newly organized

NANA would have to fight to maintain its independence while at
the same time obtain much-needed support. According to historian

Rosemary Stevens, the AANA “made overtures to the American
Board of Anesthesiology (ABA) in 1938 which might have enabled the
two movements to combine and the anesthesiologists to take on the

responsibility of the nurses’ training.” But at the time, the ABA was
struggling to emerge from under the wing of surgery, and “the nurses
were summarily rejected.”'**'

So, instead, with the guidance and support of the American
Hospital Association, Fife and Lamb planned the first meeting, which
was held in Milwaukee in 1933. They also crafted a highly centralized

organization to efficiently address the association’s concerns. Thatcher
listed those concerns: “(1) building up the membershipso that there
would be a creditableshowingat the Milwaukeemeeting;(2) arranging
a program; (3) getting a constitutionand the bylaws revised; and (4)
launching the association’s educational program.”

Membershipwas to be a privilege, a mark of distinction. The bylaws
required that an active member have graduated from an accredited
school of nursing, have passed the required state board examination,
and maintain an active license. Importantly, an applicant must “have

engaged for not less than three years in the practice of the adminis
tration of anesthetic drugs prior to 1934 and must be so engaged at
the time of making application for membership.”®" As membership
surpassed 2500, a survey of schools, using onsite surveyors, evaluated
courses being taught. An Anesthesia Records Committee was formed
to create a standardized anesthetic record, and the credential “Member
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Fig. 1.4 This recruitment brochure was disseminated to schools of nursing to counteract the negative effect
of antinurse anesthetist public relations.

of the American Association of Nurse Anesthetists” was implemented.
Tliese strides served to show that the profession had left its infancy.
Then, World War II erupted and stalled further progress for the nurse
anesthesia profession.

Bankert quotes at length a letter iMealer later wrote in which she

described her experiences. Mealer recalled housing President Quezon

and his family, ‘‘giving anesthetics to one casualty after another” who
“all needed help that only a nurse could give them.” In Japanese custody
aboard a troop ship, and sick with dengue fever, Mealer wrote, “1 threw

my cape down on the deck to lie on it and prayed that the wind would
blow the fumes of the stale fish in another direction. I looked around

at the nurses in the various uniforms of coveralls and skirts. They had
grown slender as reeds but were smiling over some secret rumor about

liberation—not realizing they had nearly three more years of hard work
and starvation.”^

The war effort greatly expanded the need for anesthetists in both

military and civilian hospitals. Lt. Col. Katherine Balz, education con

sultant to the army, estimated that “approximately 15,000,000 patients

were admitted to Army hospitals during the war, and something
had to be done to provide the anesthesia services needed for these

patients’ care.” In 1942, historian Stevens reported that nurse anesthe

tists outnumbered anesthesiologists by 17 to 1.^' By the end of World
War II, the Army Nurse Corps had educated more than 2000 nurse

anesthetists, most (though not all) of whom were given an abbrevi
ated 4- to 6-month curriculum patterned after that required by the

AANA (Fig. 1.4).
volunteer nurses were placed into anesthesia service after only 90 days
of training! ‘At the end ofthat time, these volunteers were thrown into

WORLD WAR II AND NURSE ANESTHETISTS

When World War II began, nurse anesthetists once again distinguished
themselves. They served at home and in all theaters of operations. Mildred

Irene Clark, who was originally from North Carolina, Joined the army
in 1938. Under army auspices, she graduated from Jewish Hospital in

Philadelphia, where Hilda Salomon was program director. Clark was on
assignment as a nurse anesthetist at the Schofield Barracks Hospital in
Hawaii when Pearl Harbor was struck. Clark was among other nurse anes
thetists on active duty who set up educational programs for preparing addi
tional nurse anesthetists. Clark completed her career in 1967 as the chief

of the Army Nurse Corps, the first nurse anesthetist to hold this position.
Annie Mealer, another notable army nurse anesthetist, was sent

from Walter Reed Army Medical Center to the Philippines in 1941.
She served as chief nurse and chief nurse anesthetist of the hospital on
Corregidor. For 3 years, Mealer was held as a prisoner of war. Among
the nurse anesthetists imprisoned with her were Denny Williams,

Doris Keho, and Phyllis Arnold lacobucci. They and 62 other army
nurses were imprisoned until February 3, 1945.

52 Lt. Col. Balz recalled a situation in which some
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anesthetists—a land, so the story goes, which was never so foolish as
to allow nurses to administer anesthetics; the national association of

physician-anesthetists backdates its founding (from 1936) to 1905;
a new word (anesthesiologist) is coined in the 1930s to distinguish the
work of physician-anesthetists from nurse-anesthetists; ‘historical’
studies are published with titles such as The Genesis of Contemporary
Anesthesiolog)’, as though nothing of significance occurred in the field
until the 1920s, when physician-anesthesiabegan to be effectively orga
nized.”® Anesthesiologistslaunched a nationwide public relations effort
to denigrate nurse anesthetists. In 1947, several “major articles” appeared
in Look Magazine, Hospital Management, Readers Scope, and This Week.
One excerpt railed: “Bad anesthesia causes more operating-roomdeaths
than surgery. Now many hospitals have physician-anesthetiststo protect

you.” Fear was a part of this campaign; “Until the operating rooms of our
hospitals are brought into line with the clear requirements of modern
anesthesiology, hundreds of Americans will continue to die needlessly
on operating tables, sacrificed to ignorance and incompetence.”® No evi
dence was offered to support this opinion. The first study of anesthesia-
related outcomes would not be conducted until 1954.

These negative public relations efforts did not accomplish their
goal. Surgeons, the public, and “often the anesthesiologist himself”
were not dissuadedfrom trustingnurseanesthetists.However, they did
“discourage many capable nurses from entering the field,” prompting
the AANA to promote the professionand recruitnurseswho had been
frightened away.'' Anesthesiologists then undertook the first quality of
care study in anesthesia.The results, accordingto Gunn, “shocked and
dismayed many anesthesiologists.”

Tl\e study, which was published in 1954 by Beecher and Todd, was
the first prospective analysis of anesthesia outcomes. Ten university
hospitals contributed data from approximately 600,000 anesthetics.
The death rate for patients treated by nurse anesthetists was half that of
anesthesiologists. There was no difference in physical status among the
patients treated by the groups of providers. However,that did not stop
the authors from surmising (without evidence) that anesthesiologists
were anesthetizing more complex surgical cases.®® Not surprisingly,
more quality comparisonswould be conducted in the coming decades.

In 1948, for example, Olive Berger at Johns Hopkins reported 480
anesthetics for repair of cyanotic congenital heart disease in infants
and children, including tetralogy of Fallot,®^ Betty Lank at Boston
Children’s Hospital pioneered the use of cyclopropane in pediatric
anesthesia.®- After the United States committed troops to South Korea,
the National Women’s Press Club named the army nurse as its Woman

of the Year (1953). An army nurse anesthetist, Lt. Mildred Rush from
Massachusetts, accepted the award on behalf of all army nurses.

It was the Korean War that ultimately led to the accreditation of all
nurse anesthesia education programs. During the war itself, the AANA
had begun accrediting programs, but it had little authority and no way
to reform or close underperforming schools. To enforce proper stan

dards, the AANA successfully appealed to the Department of Health,
Education, and Welfare for recognition as the sole accrediting agency.®
To obtain federal education benefits, returning GIs had to attend an
accredited school of anesthesia. Within a few years, civilian schools

cither brought themselves into compliance with AANA standards or
quietly closed. As with certification of graduates, the AANA now found
itself as the arbiter of quality in the educating of nurses as anesthetists.

a situation in which 100 operations were being performed every 24

hours.. .there were not enough hours in the day to care for the patients
and at the same time provide for formal instruction. In this hospital,
over 5,000 anesthetics were given during a six months’ period, and
not one death or complication occurred as a result of anesthesia.’

The increased needs and the shortened training period posed
“extraordinary complications” for the AANA. The questionable quality
of newly minted graduates had to somehow be addressed. To maintain
standards, the AANA implemented a temporary “program of certifica
tion by exam and certification by waiver.”^ Accreditation of programs
was postponed entirely.

Despite being ill, Hodgins sent these words of encouragement: “The
immense and vital part all branches of medical service will play in this
continuing task can—because of its greatness—be now only dimly
conceived. They will in very truth be a ‘green island’ in ‘the wide deep
sea of misery’ now encompassing the earth.” These were among her
last words. Hodgins passed away in 1945. Her gravesite is located on
Martha’s Vineyard in Massachusetts.®'*

As World War II drew to a close, the AANA’s plans for instituting
a certification examination for civilian membership were at last real

ized. The first examination was given in June 1945. It was completed
by “90 women in 39 hospitals in 28 states, plus one in the Territory of
Hawaii.”®® It would be hard to conclude that their “high type of service”

during the two world wars did not account for this accomplishment. It
would also place the AANA firmly in the position of arbiter of quality
in nurse anesthesia.

Nationally, World War II was also associated with bringing about
certain human rights advances. Jackie Robinson in 1947 played his
first game for the Brooklyn Dodgers. President Truman integrated the
armed forces in 1948, and the first male nurse was contmissioned in

1955, a step attributed to nurse anesthesia. The first two male nurses
commissioned in the Army Nurse Corps were nurse anesthetists
Edward L.T. Lyon of New York and Frank Maziarski of Washington,
and the latter eventually became the 60th president of the AANA.'*-®®
The AANA admitted its first black member in 1944 and its first male

member in 1947.

53

A SHORT-LIVED PEACE FOR NURSE ANESTHETISTS

AND THE NATION

After the war, the numberof physiciansin anesthesiagreatly increased.
In 1940, there were only 285 full-time anesthesiologists, 30.2% of
whom were certified; in 1949, there were 1231 anesthesiologists, 38.3%
of whom were certified.®^ Gunn attributed the increase to wartime

medical experiences “alerting physicians to the potential of anesthe
sia as a specialty.®® Bankert listed as causes “the increased complexity
of anesthetics, but also., .a military structure that encouraged medi
cal specialization and a GI Bill that supported medical residencies.”®
The country produced more physicians, and many were drawn to
anesthesiolog)’.

Upon returning from military service, “medical (physician) anes

thetists—rnnny of them trained in the Armed Services—(in an effort)
to establish themselves in a civilian economy, brought about a resur

gence of activity against the nurse anesthetist.”** One activity was to
render “historically invisible” the contributions of nurses. For example,
the 1946 centennial celebration of ether at the Massachusetts General

Hospital lauded anesthesiologists but made no mention of nurse anes
thetists. Thomas Keys published Ihc History of Surgical Anesthesia, a
widely referenced book that recent analysis has shown was deliberately
meant to write nurse anesthesia out of existence.®^ Bankert listed other

similar efforts: “a myth is launched of the early superiority of British

THE NEW AGE AMERICAN HEALTH CARE:

THE 1960s

When the 1960s began, the AANA had evolved into a more fully
fledged professional organization under the influential leadership of its
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first full-time executive director, Florence McQuillen, who was hired in

1948. John Lundy, the chairman of anesthesiology at the Mayo Clinic,

worked with McQuillen and referred to her as “the best-read person on

the literature of anesthesia.” iMcQuillen e.xerted such a powerful influ
ence at the AANA* that in 1965 she was named association executive

of the year by the journal Hospital Management.
During McQuillen’s tenure, membership grew considerably,

exceeding 10,000 people. All 50 states had associations affiliated with

the AANA. In addition, the members approved the beginnings of a
continuing education program in anesthesia.*^

The decade of the 1960s was a transitional period for everyone

in health care. The United States, which had increasingly relied on
employer-based health insurance since World War II, extended cov

erage to elderly and poor people through Medicare and Medicaid in

1965. These programs led to a greater need for health care providers.
Educational programs for all health care professionals, including nurse

anesthetists, expanded accordingly.
Growth was embraced by anesthesiologists in ways that were not

entirely welcomed by CRNAs. Gunn recounted, “Anesthesiologists held

meetings to define (he future.” Some sought an all-physician specialty.

Others knew such a goal was unattainable because nurse anesthetists

were “providing the majority of anesthesia care in the United States.”*'*

To resolve the manpower issue, two ideas gained prominence. Some

advocated for the support of nurse anesthesia educational programs.

Others proposed a second anesthesia practitioner based on a physician

assistant model that the anesthesiologists could control.**-*'
The nationwide expansion of anesthesia prompted communica

tion between anesthesiologists and CRNAs. Since 1947, an American

Society of Anesthesiologists (ASA) bylaw precluded anesthesiologists
from communicating with the AANA. ASA President Albert Betcher
(1963) initiated eflbrls to establish relations with nurse anesthetists

in light of the reality presented by “present and projected personnel
needs.”*

in 1964, the ASA and AANA established a liaison committee that

met twice a year. McQuillen wrote that through negotiations, the AANA
sought “no interference with the progress of educational programs of
the Association, and a curbing of anti-nurse anesthetist activity and

publicity.”** After 3 years of meetings, the AANA News Bulletin and

the ASA Newsletter published a joint statement that read in part: “It is,

therefore, highly desirable that continued close liaisons be developed

between these organizations for enhancing the quality and quantity

of available personnel, for advancing educational opportunities, for

determining ethical relationships and for the overall improvement of

patient care.” C.R. Stephens, a noted anesthesiologist who had worked

with nurse anesthetists for many years, wrote in a 1969 report to the
ASA: “Progress has not been rapid, but the dialogue has enhanced

understanding.”*-*^ That progress and understanding would be tested
severely during the next decade.

THE 1970s

American involvement in Vietnam (Fig. 1.5) and the era of progres

sive reforms faded into history during the 1970s. Federal expenditures
for health care rose, and in response the government exercised greater
scrutiny of health services. In 1974, the US commissioner of education

revised the criteria governing nationally recognized accrediting agen
cies, of which the AANA was one. Tlie new criteria were intended to

protect the publics interests by completely separating the professional

obligations of a professional association from its proprietary concerns
as a trade association.^*’ Tlie AANA, which had been widely considered
the arbiter of quality in nurse anesthesia, would have to give up its roles

in accrediting programs and certifying graduates, roles it had nour
ished and cherished since 1931. To divest itself of these operations, the

AANA undertook a complete reorganization. In 1975, largely through

the work of Ira Gunn, Ruth Satterfield, Mary Cavagnaro, and Ed
Kaleita, autonomous councils were established and granted accrediting
and certifying functions.**

This transition provided an opportunity for anesthesiologists to fur

ther disrupt CRNA education. Recall that anesthesiologists had turned
down a similar opportunity in the 1930s. In the 1970s, the ASA pro
posed a “Faculty of Nurse Anesthesia Schools” that would replace the
AANA as the accrediting agency. However, after strategizingand speak
ing before the US Office of Education, the Councils on Accreditation

and Certification ultimately won the governments approval.
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Fig. 1.5 First Lieutenants Jerome Olmsted (A) and Kenneth Shoemaker (B) were killed in 1967 following the
crash of a C47 transport plane carrying wounded soldiers from Pleiku to Qui Nhon, Vietnam.
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services. An anesthesiologist would have to be present for the induc
tion of anesthesia and remain immediately available for consultation.
Anesthesiologists could no longer supervise more than four concur
rent cases.

TEFRA would have some adverse implications for CRNAs. Its

Guidelines to the Ethical Practice ofAnesthesiology (adopted October 25.
1978; effective February 12, 1979) made this clear.^^ These guidelines
separated reimbursementfor anesthesiologistsbased on supervision or

medical direction and specified payments on the basis of direction to
be limited to not more than two concurrent procedures. Payment took
two forms; Where CRNAs were employed by an anesthesiologist, each
service was billed as though the anesthesiologist had administered
each case. When the CRNAs were hospital employees, the lime units
for the anesthesiologist were cut in half. When the anesthesiologist’s
service was supervision and not direction (i.e., supervising three or
more CRNAs), the payment was to be made under Part A of Medicare
on the basis of a “reasonable charge.” The hospital could still bill for
the CRNA services of their own employees under Part A if the services
were provided within the hospital and under Part B of Medicare if the
services were provided in a surgical center.

An Existential Threat Leads to Direct Reimbursement

In early 1983, while the AANA was still dealing with TEFRA, with
out much fanfare and with less media exposure than usually accom

panies such legislation. Congress passed a second cost control bill,
the prospective payment system (PPS). Tlie PPS revised the means of
calculating Medicare billing from a cost-plus fee-for-service basis to
a prospective price based on diagnosis-related groups. This measure
posed a much greater threat to CRNAs than did TEFRA.

Tlie PPS legislation was a powerful disincentive to the hiring of
nurse anesthetists for the following reasons: (1) It would be impossi
ble for the anesthesia component of payment to cover the full cost of
hospital-employed CRNAs; (2) separating CRNA services from the
global cost of the surgery (unbundling) was prohibited; and (3) anes
thesiologists who had been billing for CRNA services under Medicare
Part B could no longer do so. Taken together, these caveats meant

“CRNA services were, for all practical purposes, nonreimbursable .’
The very real threat posed by PPS mandated action. Either the reim

bursement for both anesthesiologists and CRNAs would need to be
placed under the same source, Medicare Part A, or AANA would have
to seek direct reimbursement rights for CRNAs under Medicare Part B.

In the 1980s, CRNAs w’ere heavily recruited health care profes
sionals. Most CRNAs were employed by hospitals or anesthesiologists,
but a growing number of CRNAs practiced privately. Private practice
CRNAs were unable to obtain reimbursement directly from Medicare.
Medicaid, and many private insurance companies. After a 3-year-long
eftbrt that Bankert described as “one of the greatest lobbying achieve

ments not only of the AANA, but of the whole of nursing,” President
Reagan signed into law the Ormiibus Budget Reconciliation Act of
1986.^«

Since then, Medicare and Medicaid have paid directly for all CRNA

services, making nurse anesthetists the first nursing specialty to be so
accorded. Of its importance. Dr. Judith Ryan, executive director of the
ANA, said, “The American Association of Nurse Anesthetists’ achieve

ment to secure direct reimbursement for CRNAs is a singular, notable
contribution to identification and payment of the nurse as a provider of
care, and nursing services as covered health benefits.”^''

Nonlegislative Legal Problems Arise

In the same decade, events of no less significance took place in civil
law pertaining to anesthesia. The courts tested whether a surgeon is
liable for the actions of a nurse anesthetist. Traditionally, surgeons have

The struggle over accreditation and certification had several
important outcomes. By terminating the AANAs role in accrediting
schools and certifying graduates, the AANA became free to pursue

laws and policies that would protect CRNAs without fear of creating a
conflict between its private interests and its public duties. Second, the
struggle between AANA and ASA over accreditation and certification
revived the AANA’s friendly relationship with the ANA, which had lan
guished since Hodgins had first reached out to the ANA in the 1930s.®
Third, nurse anesthetist educators saw this episode as an opportunity

to upgrade educational programs and move them from hospitals into
universities and colleges. John Garde, Ira Gunn, Joyce Kelly, and Sister
Mary Arthur Schramm were the CRNAs who pioneered programs in
the baccalaureate, and then graduate, frameworks in the early 1970s.^'
In a fourth outgrowth of this era, state nurse anesthetist organizations
sought explicit legal recognition, cither as a stand-alone law or within
the state nurse practice act. This phase of licensure can be traced to
a Department of Health, Education, and Welfare committee report

from 1971 that “supported an extended scope of function for regis
tered nurses.” Higher educational standards, an increased complexity
of anesthesia practice, the women’s movement, and the increased pres
ence of men in nursing have all been cited as contributing to the greater
legal recognition of CRNAs.^^ Nurse anesthetists would soon be listed
in the laws or regulations of all 50 states. Legal recognition provided
CRNAs greater professional legitimacy. However, Mitch Tobin, the
former AANA state legal affairs director, cautioned that from state
to state, “the manner, type, and frequency of statutory and regulatory
recognition of CRNA practice varies considerably.”^^ In the following
decade, the AANA would have to issue position statements to clarify

and attempt to unify the ways in which CRNAs were treated under
different state nurse practice acts and boards of nursing rules.

FEDERAL LEGISLATIVE INITIATIVES IN THE 1980s

By the end of the 1970s, American health care expenditures had grown
from $69 billion to $230 billion, and “the reimbursement practices for

hospitals and doctors were peculiarly designed to encourage higher
costs.^"* Conservatives and some liberals in Congress aimed to cut that
back.
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Gunn described how cost control played out within anesthesia:

Anesthesiologists billed for services when they were not present in

the hospital or even in town. Some chose not to come out at night
or on weekends to supervise care provided in emergencies,yet they
billed as if they had been present. A number of surgeons, and other
providers, complained to both private insurers and Medicare. As
a result, some private payers began limiting reimbursement to not

more than two concurrent procedures, and Medicares Inspector

General focused on anesthesia reimbursement in the search for
potentialfraud. Around this time the AANAs Washington counsel,
stated that a source in the Inspector General's office of what wus
then the US Department of Health, Education, and Welfare had
told him that approximately 25% of Medicare fraud and abuse
investigations were related to anesthesia services.

Two federal efforts to control anesthesia costs and accountability

had their genesis in these unjust reimbursement practices.

7S

TEFRA

The first federal effort to control anesthesia costs and accountability

was the Tax Equity and Fiscal Responsibility Act (TEFRA), enacted in
1982. TEFRA was designed to control costs and “ensure that an anes
thesiologist demonstrated that he or she provided certain services as
part of a given anesthetic to qualify for payment.”^*’ There were seven
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been considered “Captains of the Ship” and were therefore thought to
be responsible for everything that occurred inside an operating room.

Logically this theory was extended to mean that "nurses (and nurse

anesthetists) become the temporary servants or agents of the attending

surgeon during the course of an operation, and liability for their neg
ligent acts may thus be imposed upon the surgeon under the doctrine

of respondeat superior."^ Blumenreich explained the danger to CRNAs
of this theory: “When surgeons work with nurse anesthetists, the
surgeons become liable for their mistakes—but when surgeons work

with anesthesiologists, the surgeons do not have to worry about what
happens at the head of the table.” But, in fact, the theory is fallacious.
Blumenreich went on to say, “First, surgeons are not always liable for
the negligence of nurse anesthetists. Second, surgeons may also be lia

ble for the negligence of anesthesiologists. Third, because a surgeon’s

liability, whether working with nurse anesthetists or anesthesiologists,
depends on the particular facts of the situation, as a practical matter,
the surgeon is likely to be included in the suit whether the surgeon

is working with a nurse anesthetist or an anesthesiologist.” In fact, no
surgeon has been held liable in a court of law for the negligence of a
nurse anesthetist. Courts have apportioned liability according to the
specific facts of a case.**^'®'

A second area of civil law that affected anesthesia in the 1980s was

antitrust. Nurse anesthetists, like other professionals, are subject to anti

trust laws. However, they can also use those laws when they allege that

others have conspired to restrict CRNA practice. Four cases involving
CRNAs illustrate this point: Bhan v. NME Hospitals, Inc. (1985), Oltz v.

St. Peters Community Hospital (1988), Hyde v. Jefferson Parish Hospital
District No. 2 (1983), and Minnesota Association ofNurse Anesthetists v.
Allina Health System Corp. (2002).

Tafford Oltz’s hospital privileges were terminated when the hospital

gave an exclusive contract to a group of anesthesiologists. The verdict
in Oltzs favor turned on the fact that St. Peters Community Hospital
had significant enough market share within its service area to exert a

monopoly, and that by awarding the exclusive contract to the anesthe

siologists the hospital damaged competition.
Vinod (Vinnie) Bhan sued his hospital in California after he was

terminated and replaced with anesthesiologists. The defendants

(both the hospital and the anesthesiologists) asserted that Bhan, as

a nurse and nurse anesthetist, did not, in the eyes of the law, com
pete with physicians because of their different licensure. Bhan lost

the case because the hospital that terminated his privileges did not
have sufficient market share in the community to restrain competi
tion. However, an appellate court ruling that gave Bhan and CRNAs
standing to sue anesthesiologists as competitors set a significant legal
precedent for the profession. The Ninth Circuit Court concluded:

“No doubt the legal restrictions upon nurse anesthetists create a func

tional distinction between nurses and MD anesthesiologists. Tltey do
not, however, necessarily preclude the existence of a reasonable inter

changeability of use or cross-elasticity of demand sufficient to con
strain the market power of MD anesthesiologists and thereby to affect
competition.”®®'®'* Blumenreich said, “The Bhan case was important

because it gave to some extent the protections of the antitrust laws to

nurse anesthetists. Hospitals could not boycott nurse anesthetists.” Its
results would be more “long-lasting.” In a third antitrust case, Hyde v.
Jefferson Parish Hospital (1983), an anesthesiologist sued the hospital
and a group of anesthesiologists that held an exclusive contract with
the hospital and worked with hospital-employed CRNAs. Dr. Hyde
was denied privileges solely on the basis of the exclusive contract.

Hyde claimed that a patient who was admitted for surgery in effect

had no choice but to buy anesthesia from the hospital's exclusive

group of anesthesiologists. The Jefferson Parish Hospital District won

the case at the lower court level, but Hyde appealed all the way to the
US Supreme Court.

The ASA filed an amicus curiae brief, but in support of Dr. Hyde.
The ASA opposed exclusive contracts but attempted to link its opin

ion to the quality of care, stating that “the elimination of competition

through a classic tying arrangement is not simply a matter of dollars

and cents. It can adversely affect the quality of medical care. ASA

believes that in this setting, it is particularly important that competi
tion be allowed to reward superior performance and innovation, while

exposing the indifference to quality that may too often be the hallmark
of a monopoly.”®®

The Supreme Court ruled unanimously in favor of the hospital’s
right to award an exclusive contract for anesthesia services. A footnote

in the Court’s opinion to the effect that ‘there has been no showing that

nurse anesthetists provide a lesser quality of care’ led Blumenreich to
conclude that the AANA accomplished what it set out to do.®® Gunn
wrote that “the Hyde case alerted the AANA to the need to revitalize its

public relations program, continue its watch for attempts to discredit

CRNAs, and take action either to correct or to prevent further damage.”
In a fourth and final antitrust-related case, the Minnesota

Association of Nurse Anesthetists (MANA) sued a hospital group and
its anesthesiologistsalleging restriction of trade and fraudulent billing.
Anesthesiologistshad forced CRNAs to leave their jobs and return only

under restrictive and lesser paying conditions, while at the same time
they billed for supervising CRNAs without fulfilling the necessary steps
outlined earlier under TEFRA and the PPS conditions for payment.

CRNAs across the country donated at least $2.5 million to support the

prosecution. The antitrust case was ultimately dismissed, but the fraud
ulent billing portion resulted in a $10 million out-of-court settlement

in favor of MANA. With the settlement money MANA repaid a loan
from the AANA and made a significant contribution to the AANA
Foundation. Brian Thorson, president of MANA and then-president
of AANA during the 10-year-long case, said CRNAs who contemplate

using the antitrust laws to right a wrong should think twice:

Never be afraid to stand up to injustice. With that in mind, the

opposition will be extremely well funded, and it is difficult to
topple organized medicine.

82

Brian Thorson, AANA President

CRNA ACHIEVEMENTS OF THE 1980s

Although much attention focused on events taking place on the legal

front, other important areas of practice were advanced in the 1980s.

For example, liability insurance coverage, first offered to CRNAs in

1974 by outside brokerages, was skillfully brought in-house when the
AANA bought the Glen Nyhan Agency. Renamed A-t, and now called

AANA Insurance, the agency has provided a steady stream of insur
ance to CRNAs since 1988, without which CRNAs would be subject to
outside insurance companies, some controlled by physicians.

The AANA Education and Research Foundation was established in

1981; it would be renamed the AANA Foundation in 1995. The founda

tion has enjoyed enormous support. A current report lists scholarships,
grants, poster presentations, fellowships, and health policy research in
excess of $4.2 million given to 3800 individuals.®^-®®

The history of nurse anesthesia would be incomplete without
remembering CRNA Goldie Brangman (Fig. 1,6). In September 1958 at

Harlem Hospital in New York City, Brangman was called to take over at
the head of an operating room table by her mentor Helen Mayer, an anes

thesiologist. Brangman recalled, “Dr. Mayer stood up, and I sat down.”
The patient was Dr. Martin Luther King Jr., who had been stabbed while

autographing copies of his first book, March to Freedom. King would

live another 10 years and change history. Brangman, who lived to the
age of 102, went on to change anesthesia. She completed 45 years at
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Fig. 1.6 Goldie Brangman.

the Harlem Hospital, 38 of them as director of its school of nurse anes
thesia, educating at “least 700 to 750 students. There weren’t too many
schools at the time that admitted blacks, men. or students from foreign

countries. We would hold dinners each weekend and try different foods

representing one of our students’ diverse ethnic backgrounds."**'-'
Between 1967 and 1973, Brangman ascended the AANA hierar

chy. As president in 1974, Brangman devoted herself to improving the
internal workings of the AANA, which had languished following the
1970 retirement of McQuillen. Her leadership brought on modernized
Internal and external communications and business methods, and it

established an executive committee of the board of trustees. At the same

time, the AANA annual meeting was {1) expanded to include concom

itant lectures, refresher courses, special activities, and lectures for stu
dents and (2) streamlined with written, rather than verbal, committee

reports and other important information. Under Brangman’s leader

ship, the members voted to discontinue holding the AANA annual

meeting in conjunction with the American Hospital Association. These
steps were evidence of dramatic advances in corporate financial and

profe.ssional maturity.
Brangman was principally an educator who extended the possi

bility of nurse anesthesia to many who, because of their race, might
not otherwise have been admitted to a program. Moreover, she taught

regional anesthesia long before it became a standard part of the cur
riculum and pioneered quality a,ssurance in anesthesia. Brangman was

honored with both the Helen Lamb Outstanding Educator Award and

Agatha Hodgins Award for Outstanding Accomplishment, the profes
sion’s highest attainments. Years later, near the end of her impactful
life, Brangman inspired other CRNAs of color to initiate a diversity
and inclusion program that would further correct the racial imbalance
in nurse anesthesia.^**'^' Marianne Downey (nee Bankcrt) (Fig 1.7)

was an -Fnglish professor who wrote the vital publication, “Watchful
Care: A History of America’s Nurse Anesthetists.” She had been chair

of the English department at the College of Joliet (Illinois) where she
took a keen interest in the history of nurses, and nurse anesthetists

in particular. Hired by the AANA to follow up the earlier work of
Thatcher. Downey showed through astute analysis that early and later
CRNAs fought gender-based and economic discrimination to build a

nursing specialty that is second to none. “Watchful Care," published
in 1989, received very positive reviews from, among other journals,

the American Association for the History of Nursing,the Bulletin of
the History of Medicine,and The Journal of American Historgy"* That
Downey conducted her research before the AANA established its

own archival program, when 50+ years of books and inactive records
were stacked in cardboard boxes in the dusty attic above the associ
ation’s offices, makes her accomplishment that much more laudable.

Fig. 1.7 Marianne Downey (nee Bankert).

In addition, Downey prompted the AANA to preserve its own history

by establishing a formal archival program, which lives on today as the
John F. Garde Archives.

THE CALL FOR HEALTH CARE REFORM IN THE 1990s

Bill Clinton (whose mother, Virginia Kelly, was a CRNA)*'^ was elected
president in 1992 with a promise to reform health care. For a variety
of reasons, Clinton’s health care plan was defeated. In its place, the
health insurance industry, in conjunction with the major businesses
that provided health insurance to their employees, forced a form of
“managed care” on a large portion of the insured population. Managed
care, in theory, was intended to (1) move the health care system from
a disease treatment to a health maintenance system; (2) do away with

incentives found in the fee-for-service system—that is, the more ser
vices provided, the more money made—and thereby reduce unnec

essary health services^^-®^; (3) promote a cost-effective workforce by

emphasizing primary care providers and nonphysician professionals;
and (4) promote a shift from independent practice patterns to greater

use of salaried personnel. Some anesthesiologist groups found that,
under managed care, their workload declined by 40%.'-"* Physicians
thus scrambled to protect autonomy and income, while patients sought

to preserve some choice of provider.

When CRNAs won direct reimbursement rights in 1986, they
agreed to accept no more than the amount Medicare assigned for the
service as payment in full. In other words, CRNAs would not “balance
bill” patients for any portion of their fees. Payment schedules were then
devised for anesthesiologists working alone, CRNAs working alone,

and anesthesiologists medically directing CRNAs in team practice

settings. In the early 1990s, a Government Accounting Office (GAO)
study**^ revealed that payments for anesthesia services under the med
ical direction arrangement were 120% to 140% greater than payments
for CRNAs or anesthesiologists working alone. This payment scheme

served as a strong incentive for anesthesiologists to employ CRNAs,
but it was not budget neutral, which had been the intent of Congress.
Tlie GAO recommended payment of only one anesthesia fee, total
ing no more than if an anesthesiologist performed the service alone.

Furthermore, the study recommended that payment for anesthetic
procedures under the medical direction model be split 50% for the
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the specialty to make unsubstantiated or misleading comments about
the unilateral contributions of anesthesiologists to the advancements
achieved.”

The Silber study stirred up “serious questions of objectivity.”
“Reportedly, both the Journal of the American Medical Association

and the New England Journal of Medicine declined to publish” it. The
timing of its publication led to questions about its motivation. “The
abstract was published in the midst of the controversy over the Health
Care Financing Administrations (HCFA’s) proposal to remove the

physician supervision requirement for nurse anesthetists in iMedicare
cases.” The AANA reviewers concluded, “Tlie timing of the publication
in the ASAs own journal was politically motivated” to influence the
HCFA (now known as the Centers for Medicare and Medicaid Services

[CMS]). However, CMS ultimately "dismissed all claims” made by the
authors in this study.

The Vila study compared outcomes at ambulatory surgery cen

ters (ASCs) with (hose in office operating rooms (a practice for many
independent CRNAs). It claimed that “the risk of adverse incidents
and deaths was approximately 10 times greater in the office setting
than in an ASC, and that if all office procedures had been performed
in ASCs, approximately 43 injuries and six deaths per year could
have been prevented.” It concluded with the hopeful remark that

“the presence of anesthesiologists in ASCs may be a factor in more

favorable outcomes.” Tlie AANA analyst pointed out flaws in both
the methodology and conclusions of this study. Tlie study “does not
specifically mention CRNAs,” yet it “makes the unsupportable asser

tion that office surgery may not be as safe when an anesthesiologist

is not present.”
Misuse of outcomes research was extensive during this era. Gunn

wrote that “in the medical literature in the 1990s, serious questions

were raised regarding the quality and relevance of published research,
the peer review system, and the selection of articles for publication.’
A 1993 review concluded that 95% of the medical research being pub

lished in journals was either flawed or irrelevant.

The Federal Supervision Regulation
In what past-President Larry Hornsby described as a “message from
the grave,” Magaw commented that, during the 1890s at the Mayo

Clinic, physicians oversaw nurse anesthesia in a “general way.” In
other words, Magaw and her colleague Henderson were on their

own. In the next 20 years, as the acceptance of nurse anesthetists
grew, a few physicians sought control over the women who prac
ticed anesthesia. The 1915 challenge to the Lakeside Hospital School
made this trend clear. Nurse anesthetists welcomed the legislation
sought by Crile and some of his colleagues in Ohio that for the first
lime codified the practice of nurse anesthesia in law." As noted ear
lier, the legislation mentioned supervision, but it legitimized their
practice.

In the 1980s, at the same time TEFRA took effect, the number

of anesthesiologists tripled. Increased competition in the anesthe
sia marketplace prompted Blumenreich to write that supervision

became the springboard for yet new attacks. In 1985, H. Ketcham

Morrell, president of the ASA, wrote: “...the operating surgeon

or obstetrician who purports to provide medical direction of the

nurse, in the absence of an anesthesiologist, carries a high risk of
exposure, on a variety of legal theories, for the acts of the nurse.’
An unknown number of surgeons opted for anesthesiologists as

a result. Imagined liability among surgeons became such a crisis
that Blumenreich wrote: “...no subject has received more of my
attention.”

For CRNAs, removing supervision from the Medicare Rules
was an obvious remedy, because it would impact practice in every

CRNA service and 50% for the anesthesiologist service, a significantly
reduced portion for both the anesthesiologists and the CRNAs. The
AANA chose to support the single-payment plan. The ASA opposed it.
The single-payment reimbursement plan was implemented, and ten
sion between the two groups was exacerbated again.

The reforms of the 1990s, together with the new ability to bill third-
party payers for their services, led entrepreneurial CRNAs to venture
into the business of anesthesia. At the same time, the Jack Neary Pain

Fellowship brought the subspecialty of pain control within the reach
of CRNAs. Private CRNA practice had been largely limited to office-
based surgery centers and small rural hospitals. Now corporate prac

tices catering to hospitals and larger surgery centers grew, including
pain practices. In this scenario, a CRNA businesspersonmight perform
cases but would facilitate and manage a contract for one or more clin
ical sites.

Attempts to Measure Quality of Care
It was mentioned earlier that during the second half of the 20th cen
tury, physicians and then nurses attempted to evaluate the quality
of anesthesia care by measuring death rates. In the aforementioned
Beecher and Todd study, the anesthesiologist outcomes were infe
rior to CRNA outcomes.’®*’ Two decades later, amid complaints

about the Veterans Administration (VA) health care system, the US
House of Representatives mandated a study by the National Science

Foundation regarding the care given to veterans. At the time, CRNAs
provided much of the anesthesia administered at VA facilities. The

reviewers reported back to Congress in 1977 that there were no sig
nificant differences in anesthesia outcomes based on the providers of
that care.'®'

In 1980, an anesthesiologist named .W H. Forrest published a por

tion of an institutional differences study conducted by the Stanford
Center for Health Care Research. Forrest divided the institutions

between those predominantly served by nurse anesthetists and those
predominantly served by anesthesiologists. He concluded—using con

servative statistical methods—that there were no significant differences

in anesthesia outcomes between the two anesthesia providers.
A North Carolina retrospective study of anesthesia-related mortal

ity from 1969 to 1976, which was performed by a committee from the
North Carolina Society of Anesthesiologists, was published in 1981.

The findings were similar for all providers (e.g., CRNAs working alone,
anesthesiologists working alone, and CRNAs and anesthesiologists
working together as a team); however, no test of significance was made
in this study.

Between 1992 and 2003, additional studies by Abenstein and
Warner, Silber et al., Wiklund and Rosenbaum, and Vila et al. were

published and promoted as evidence that “the utilization of anesthesiol
ogists improves anesthesia outcomes.” Tliese studies and their rebuttals
were summarized in “Quality of Care in Anesthesia,” a 2009 publica
tion by AANA.'®'' The article by Abenstein and Warner “purported to

analyze the quality of care...but failed to mention the key conclusion.”
For example, the authors claimed that there were “differences in the

outcomes of care based on type of provider, notwithstanding that the
actual researchers came to the opposite conclusion" (emphasis original).

The Silbur study “examined the death rate, adverse occurrence rate,

and failure rate of5972 Medicare patients.” One analyst concluded that
these data were, in fact, not “specific to anesthesia staffing,” and “the
type of anesthesia provider does not appear to be a significant factor

in the occurrence of potentially lethal complications.” Two studies
attributed to Wiklund and Rosenbaum were also found to be irrele

vant. The AANA reviewer pointed out that Wiklund and Rosenbaum,
by attributing safer anesthesia to a federal decision to “support train
ing in clinical anesthesiology” had left “the path of unbiased review of
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It is time to eliminate the outdated regulations and organizational
and cultural barriers that limit the ability of nurses to practice

to the full extent of their education, training, and competence.

The .US. is transforming its health care system to provide quality
care leading to improved health outcomes, and nurses can and
shouldplay a significant role. The current conflicts between var
ious APRNs scope of practice are based on their education and
training. State and federal regulations must be resolved so that
they are better able to provide seamless, affordable, and quality
care. Scope-of-practice regulations in all states should reflect the
full extent not only ofnurses but ofeach professionseducation and
training. Elimination of barriers for all professions with a focus on
collaborative teamwork will maximize and improve care through

out the health care system.

state. From 1994 to 2001, HCFA and AANA attempted to do just

that. The enormous struggles that ensued were chronicled briefly
by Patrick Downey in the AANA lournaP^^ and in captivating
detail by Sandra Larson. Legislation was introduced in both
houses of Congress that would remove the supervision require
ment and address reimbursement issues. Both the AANA and ASA

responded with grassroots public relations campaigns, and the
legislation went nowhere. Then, in December 1997, HCFA pro

posed a major change in its Hospital Conditions of Participation,
including the elimination of physician supervision of CRNAs.
Nursing organizations lined up in support of the change, but med
ical opposition was fierce. Nullifyinglegislationwas proposed, as
were safety studies to delay its consideration. More public relations
were deployed, and the controversial claims of the Silbur study
(that outcomes are better when CRNAs are supervised by anesthe

siologists) were invoked. In March 2000, HCFA ruled that CRNAs
could practice without physician supervision, and in its ruling
HCFA deemed the Silbur study “irrelevant.” But the new rule was
not implemented until the final days of the Clinton administra
tion, and the Bush administration, as all new administrations do,

placed a moratorium on late-term regulations. In November 2001,
the Bush administration, in response to vigorous and costly lobby

ing by the ASA, “allowed political favoritism” to prevail over rig
orous policymaking. The new administration restored the earlier
rule containing supervision.

The “final” rule contained an escape clause, a proviso allowing state

governors to opt out. Between 20 and 31 stales had no laws .specify
ing supervision of CRNAs, which meant governors, if inclined, might
provide an opt-out. Before long, some governors did. Iowa was the
first, and then a number of rural western states opted out. To date,

governors in 19 states have done so. These include Iowa, Nebraska,
Idaho, Minnesota, Arizona, New Hampshire, New Mexico, Kansas,

North Dakota, Washington, Alaska, Oregon, Montana, South Dakota,
Wisconsin, California, Colorado, Kentucky, and Oklahoma. In

Michigan, to meet the expanded need for providers during the Covid-19
pandemic. GovernorWhitmersuspended the supervision requirement
“until the end of the declared emergency.” It is unclear what she will
do if and when the Covid-19 emergency ends.’” Depending on one’s
interpretation of the eligibility rules, this includes between 60% and
90% of eligible states.

Opting out of physician supervision has not altered the safety of
anesthesia. Two prominent health economists, Brian Dulisse and
Jerry Cromwell, studied Medicare data between 1999 and 2005.”^
They found “no evidence that opting out of the oversight requirement
resulted in increased inpatient deaths or complications.” This came as
no surprise to the AANA and CRNAs. The authors concluded: “We
recommend that CMS return to its original intention of allowing nurse

anesthetists to work independently of surgeons or anesthesiologi st

supervision without requiring state governments to formally petition
for an exemption.”

Other contemporary studies supporting this assertion were col
lected in the publication Quality of Care in Anesthesia.^^^ They reported
no significant differences between CRNAs and Anesthesiologistswith
respect to obstetric anesthesia outcomes, similar mortality rates when
working individually, and no difference for team versus solo practice.
There was also no differences in mortality in hospitals without an

Anesthesiologists versus those where they provided or directed anes
thesia care. Lastly, the Institute of Medicine—the health arm of the
National Academy of Sciences—weighed in with a report, entitled “Tlie
Future of Nursing: Focus on Scope of Practice.””'' The report came as a
powerful endorsement of nurses as high-quality clinicians. Its conclu
sion reads, in part:

DOCTORAL PREPARATION OF NURSE

ANESTHETISTSACHIEVED

Upgrading Nurse Anesthesia Educational Requirements
Improving academic credentials for CRNA educators and their gradu
ates has always been closely aligned with the goals of the professional
association.”^ Nurse anesthesia educators have been responsible for

increasing requirements for curricular content, faculty qualifications,
and academic credentials for graduates since the early 20th century.
Over time, schools of anesthesia have changed from apprenticeships
at hospitals into degree-granting institutions fulfilling the vision of
early anesthesia leaders for a university education for nurse anesthe
tists. 'Ibis movement into academia required identifyingthe location of
schools of anesthesia throughout the nation, determining the essential
characteristics of better schools, agreeing on curricular requirements,

inspecting schools, and developing a school approval process. Lamb
envisioned the bright professional future this upward trend might
bring about, writing in 1936 that schools of anesthesia should seek
affiliation with universities, and that such affiliation “should eventually

result in broadened facilities, both practical and cultural.”

Beginning in the mid-1980s, the AANA and the Council on

Accreditation (COA) assessed the need for and feasibility of practice-

oriented doctoral degrees for nurse anesthetists. In June 2005, the
AANA board of directors convened an invitational summit meeting

to discuss interests and concerns surrounding doctoral preparation for
nurse anesthetists. Following the summit, a Task Force on Doctoral
Preparation of Nurse Anesthetists (DTF) was formed and charged with
developing options related to doctoral preparation of nurse anesthe
tists for the AANA board to consider.'"' The DTF’s final report and

options were presented to the AANA board of directors in April 2007,
and in June 2007 the board unanimously adopted the position of sup

porting doctoral education for entry into nurse anesthesia practice by
the year 2025.

Setting a requirement for doctoral education followed in October
2009, when the Council on Accreditation of Nurse Anesthesia

F.ducation Programs adopted this position: “The COA will not con
sider any new master’s degree programs for accreditation beyond 2015:
and that students accepted into an accredited program on January I,

2022, and thereafter must graduate with doctoral degrees.” The posi
tion became part of the Standard on Accreditation of Nurse Anesthesia
Educational Programs and the basis for drafting new standards for
clinical doctorate programs.

The Changing Face of Nurse Anesthesia
In 2007, President Terry Wicks realized the low visibility of minority
CRNAs. AANA had admitted its first black members in 1944,
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but there had been just one black AANA president, the late Goldie

Brangman. Brangman, when she was AANA treasurer, had been

excluded from speaking at board meetings; the overall percentage of
black CRNAs remained well below 10%, and the number who ascended

to state and national positions could be counted on one hand. Wallena

Gould and Regina Daniels McKinney developed and implemented

a wide-ranging diversity and inclusion effort, including mentorship
of candidates and support for students and faculty. Brangman com

mented that the diversification was a pleasure for her to behold, adding
that it builds a better AANA.

INTERNATIONAL FEDERATION OF NURSE

ANESTHETISTS

Tlie International Federation of Nurse Anesthetists (IFNA) is a coa
lition of national associations of nurse anesthetists. It is an affiliate

member of the International Council of Nurses and a Nursing Partner

of the World Health Organization. The IFNA represents more than

50,000 nurse anesthetists worldwide and is a growing organization

with members in both developed and developing countries. The first

organizational meeting was held in September 1988, and 11 countries

were admitted as charter members in 1989. A World Congress is held
every 2 years and is hosted by a member country.

To date, there are 36 member countries. The IFNA has developed
international standards for education, standards of practice, standards

for patient monitoring, and a code of ethics for nurse anesthetists.^®
An anesthesia approval process for entry-level programs was launched

in 2010, offering three levels of awards: registration, recognition, and

accreditation. The goal of the Anesthesia Program Approval Process is

toencourage programs to comply with the IFNA’sEducahona/Standard s

for Preparing Nurse Anesthetists through an approval process that takes
cultural, national, or regional differences into consideration.

MILITARY ANESTHESIA

The US military remains engaged around the world. CRNAs deploy to
trouble spots as members of the armed forces. Others work within the

Department of Health and Human Services for the US Public Health

Service and the VA. CRNAs are versatile, fulfilling more than clinical
duties in todays military; they are also leaders and, in some cases, soldiers

on the line. CRNAs Maj. Steve McColley and Cpt. Mitchell Bailey earned
Bronze Star Medal nominations for acts of courage in Iraq. Maj. Jeffrey

Roos, a CRNA stationed at Fort Benning, Georgia, earned a Bronze Star

from the army for his lifesaving efforts during Operation Anaconda, the
first major US offensive launched in Afghanistan after the September 11,
2001, attacks on the World Trade Center. A CRNA was in the news for

extricating Pvt. Jessica Lynch from a hospital in Iraq.
In past wars, CRNA deployments reduced anesthesia staff at state

side hospitals. No data exist to describe the overall impact of the lat
est escalation on anesthesia services in stateside hospitals. However,
the impact of deployments has been mitigated somewhat following a
recent policy change in the navy. Navy CRNAs are now considered

“licensed independent practitioners” (LIPs), a term coined by The

Joint Commission (TJC). According to Cpt. Annette Hasselbeck, NC

USN, LIP status has enabled the navy’s medical planners to use global
sourcing of CRNAs. CRNAs are used interchangeably with anesthesiol

ogists, based on skills, seniority, and availability. This had always been

the pattern in practice, but defining CRNAs as LIPs has kept practice

in compliance with TJC policy. According to Cpt. Ron Van Nest. NC

USN (retired), the policy was changed in 2000 to reflect the fact that

CRNAs very often deploy alone and capably make independent clinical

decisions that affect anesthetic management. Recognizing CRNAs as

LIPs has also kept morale high; all billets are filled, and retention of

naval CRNAs is at 100% as of this writing.
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PROGRESS IN ANESTHESIA

Since the 1890s, nurse anesthetists facilitated the advancement of

modern surgery. Their expertise with ether anesthesia made possible
the first successful intracranial, thoracic, adult and pediatric cardiac,
and trauma operations.'®* Nurse anesthetists elevated the quality of
anesthesia education available to nurses by implementing certifica
tion and recently recertification by examination, accreditation of

schools, mandatory continuing education, and progressively higher

degree standards for entry into practice. Progress in nurse anesthesia
attributable to CRNAs has occurred in other areas as well. The AANA

Foundation describes hundreds of recent and ongoing CRNA-led

research projects."® These projects range from basic and applied sci
ences to clinical anesthesia, education, and economics. Public aware

ness of CRNAs grew in 2020 as a result of Covid-19. CRNAs are at

the forefront of the battle against Covid-19 and frequently appeared
in the media during the initial outbreak. This was a marked change

from decades in which they were aptly described as “the best kept

secret in health care.” Notable articles and photographs are listed at
“CRNAs in the News.”'^®

I SUMMARY
Nurses were recruited into the field of anesthesia by surgeons in the latter
half of the 19th century because inexpert clinical anesthesia administra

tion by others often resulted in morbidity and mortality. The Civil War
was the earliest documented use of nurses as anesthetists, and it became

a trend thereafter, By the 1890s, nurse anesthesia, having spread from
midwestern Catholic hospitals to cities on both coasts, made anesthe

sia increasingly safe and thereby facilitated the advancement of surgery.
Before the turn of the 20lh century, nurse anesthetists provided gratu
itous training to others. They opened the first hospital-based anesthesia

educational program in 1909. During World War I, nurse anesthetists
significantly reduced combat-related surgical morbidity and mortality.
By 1920, nurse anesthesia had become well established and well accepted.

Nurse anesthetists formed a national organization in 1931. Dedicating
themselves to advancing anesthesia education and patient safety, nurse
anesthetists implemented a number of firsts: annual meetings, a monthly
bulletin, and a journal. In 1945, the first certification examination for

graduates was implemented. As a result of service in the midcentury
wars, nurse anesthetists earned officer’s status, and men gained the right
to join the military’s nurse corps. When the military demanded that its
nurse anesthetists pass the AANA certification examination, civilian

hospitals soon followed suit. By the 1950s, nurse anesthetists worked

with surgeons and engineers to pioneer anesthesia machinery, ventila

tors, and anesthesia for pediatric cardiovascular surgery. During this era,
accreditation of anesthesia training programs was achieved.

Tlie second half of the 20th century was marked by a closer involve
ment between the profession and government. As Medicare paid for
a larger proportion of clinical anesthesia services, the government in
turn exerted increasing control over how those services were rendered

and at what cost to taxpayers. Federal dollars were allocated for nurs

ing education, and the government exerted a measure of control over

accreditation. Independent counsels on accreditation, certification,

recertification, and public interest evolved.
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the anesthetic. For CRNAs, constant vigilance and a presence in fed

eral and state government centers were essential because of each of the
aforementioned policy changes.

Progress in nurse anesthesia has occurred over many decades
and resulted in an extraordinaryrecord of patient safety. CRNAs
have undertaken hundreds of clinical, scientific, and policy research

projects to further professional and public understanding of nurse
anesthesia.

In the 1960s and 1970s, state governments modernized nurse prac

tice acts to account for new subspecialties in advanced practice nurs

ing. CRNAs had to participate, even though they had long predated
other advanced practice nurses. The 1980s and 1990s brought about
governmental efforts to “reform” health care by extending services
and containing costs. Quality of care entered the debate, and CRNAs
ultimately proved what had been shown 50 years earlier: Anesthesia
outcomes are no worse and perhaps better when a CRNAadministers

Outcome

Death

Nausea

Time in PACU

Comparison

Plasminogen activator

Droperidol 1.25 mg

Intervention

Streptokinase

Ondansetron 4 mg

Spinal anesthesia

Patient

61-year-oid male, infarction

31-year-old female, laparoscopy

17-year-old male, arthroscopy
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\lurse Anesthesia Specialty Practice and
Education in the United States
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NURSE ANESTHESIA EDUCATIONAL

REQUIREMENTS

established Standards for Accreditation of Post-Graduate CRNA

Fellowships.^ The processes used to accredit programs and fellowships
are focused on ensuring compliance with the Standards and the COA
Accreditation Policies and Procedures}

Accreditation provides a means to assure and improve higher
education quality.* Revisions to the Standards and the accreditation

policies occur periodically in order to ensure they continue to reflect
the current requirements and prepare graduates for entry into prac

tice, meet USDE and CHEA recognition requirements, and promote
improvement in nurse anesthesia education. In 2011, the COA initi

ated a major revision of its Standards with the purpose of establishing
new practice doctorate standards. In 2015 the COA approved the prac
tice doctorate standards.' In 2016 the COA established the Programs’

Transitions to the Doctoral Level policy^ The policy provides the

procedural information for programs and reinforces the requirements
that all accredited programs must offer a doctoral degree for students

entering nurse anesthesia programs by January 1, 2022, and thereafter.

General Educational Requirements for Nurse Anesthesia
Programs

Nurse anesthesia programs are required to demonstrate compliance
with the Standards and the Accreditation Policies and Procedures to be

accredited by the COA. Programs are required to assess their integrity
and educational effectiveness through ongoing evaluation and assess
ment. Programs must continually monitor and evaluate their didactic

and clinical curriculum, including but not limited to curricular con

tent, admissions policies, faculty, and clinical sites used for student

educational experiences. In addition to programs’ internal assessment

processes, programs must submit annua! reports to the COA, complete
self-studies, and host onsite COA visits.

Nurse anesthesia educational requirements form the foundation for the

nurse anesthesia profession. The upgrading stringent and robust edu
cational requirements ensure that graduates have the knowledge, skills,

and abilities to enter into practice and provide safe anesthesia care. In

1931 the National Association of Nurse Anesthetists (NANA) was estab

lished by Agatha Hodgins. A primary goal of NANA was to develop
nurse anesthesia educational objectives.* In 1939 the NANA changed
its name to the American Association of Nurse Anesthesia (AANA).

Accreditation standards and processes were established to ensure high-
quality nurse anesthesia programs. Tire accreditation function for nurse

anesthesia programs was performed by the AANA until 1975 when the
Council on Accreditation of Nurse Anesthesia Educational Programs

(COA) was established and assumed responsibility for establishing the

standards and accreditation of nurse anesthesia programs. The COA

is the only accrediting agency recognized by the US Department of
Education (USDE) and the Council for Higher EducationAccreditation
(CHEA) to accredit nurse anesthesia programs in the United States
and Puerto Rico. The scope of the COA’s accreditation includes nurse

anesthesia programs that award post-master’s certificates, master’s, or

doctoral degrees, including programs offering distance education. The
standards (i.e., master’s, doctoral, and fellowships) are measures used by
the COA to assess the quality of nurse anesthesia education. The COA

has been responsible for increasing the requirements for curricular

content, faculty qualifications, and academic credentials for graduates.
This includes the requirement that all COA-accredited nurse anesthesia

programs award a master’s degree in 1998 and award doctoral degrees
to students entering programs on January 1, 2022, and thereafter.

Nurse Anesthesia Education Today
As of January 1, 2021, there are 124 accredited nurse anesthesia pro
grams and 5 new programs in capability review. There are 103 nurse

anestliesia programs approved to offer entry-level doctoral degrees
and 25 programs offering post-master’s doctoral completion degree
programs for Certified Registered Nurse Anesthetists (CRNAs).

The remaining 21 programs must be approved by the COA to award
doctoral degrees for entry into practice by the deadline of January 1,
2022. The progress made in programs transitioning to award doctoral
degrees in the last 10 years is shown in Fig. 2.1.

Nurse anesthesia programs are currently governed by two sets of
standards based on the degree the program is awarding. Programs

awarding master’s degrees are governed by the 2004 Standards for

Accreditation of Nurse Anesthesia Educational Programs} Programs

awarding doctoral degrees are governed by the Standards for
Nurse Anesthesia Programs: Practice Doctorate.^ In 2014 the COA

National Certification Exam Pass Rate

The COA monitors programs’ indicators of success and the attain

ment of their stated outcomes. This includes each program’s pass rates
on the National Board of Certification and Recertification for Nurse

Anesthetists (NBCRNA) National Certification Examination (NCE),

students’ attrition, and graduates’ employment rates.
Programs must demonstrate graduates take the NCE examination

and pass it in accordance with the COA’s pass-rate requirement. The

COA established a certification exam policy for monitoring programs’
NCE pass rates in 2003. Major revisions to the policy were made in
2006, 2013, 2016, and 2019. The most recent revised policy establishes
three methods that programs can use to meet the mandatory require

ment of 80%.* Programs must meet or exceed the COA mandatory pass
rate using one of the three methods. Programs that fall below the man

datory pass rate will be monitored and must demonstrate improve

ment. If improvement is not demonstrated within the established
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Fig. 2.1 Progression of nurse anesthesia programs transitioning to award doctoral degrees.

education. Minimum admission requirements include graduation from
a school of nursing, a baccalaureate or graduate degree in nursing or an

appropriate major, current unencumbered license as a registered nurse
(RN), and a minimum of 1 year of full-time work experience as a reg

istered nurse in a critical care setting. However, the average critical care
experience of RNs entering nurse anesthesia programs is 2.9 years.'^ The
critical care experience must have provided the RN with the opportunity

to develop as an independent decision maker capable of using and inter
preting advanced monitoring techniques based on knowledge of physi
ologic and pharmacologic principles. Programs determine what types of
work experience are acceptable for admission to meet this requirement.
Examples of critical care areas include but are not limited to surgical,
cardiothoracic, coronary, medical, pediatric, and neonatal intensive care
units.

Nurse Anesthesia Education Program Curriculum
Didactic Education

The didactic curricula of nurse anesthesia programs are governed by
the master’s and doctoral Standards and help ensure students are pro

vided with the scientific, clinical, and professional foundations upon

which to build sound and safe clinical practice. Programs must demon
strate they provide an extensive educationally sound curriculum com
bining both academic theory and clinical practice. The curricula must
include three separate courses in advanced physiology/pathophysi ol
ogy, advanced pharmacology, and advanced health assessment. This
requirement is consistent with the educational requirements identi
fied in the Advanced Practice Registered Nurse (APRN) Consensus
Model.''' Tlie curricula must also include content areas such as human

anatomy, chemistry, biochemistry, physics, genetics, acute and chronic
pain management, professional role development, anesthesia equip

ment, technology, research, clinical correlation conferences, radiol
og)’, ultrasound, wellness and substance use disorder, and business of
anesthesia/practice management (refer to 2004 Standards, Standard
III, Criterion C14 and Practice Doctorate Standards, Curriculum

Standards, E.2).^-^ Courses ensure graduates have the knowledge to
provide safe, high-quality anesthesia care. Course content includes the
induction, maintenance, and emergence from anesthesia; airway man

agement; anesthesia pharmacology; and anesthesia for special patient
populations such as obstetrics, geriatrics, and pediatrics.

Practice Doctorate Scholarly Work

Programs awarding doctoral degrees most commonly award either
a Doctor of Nursing Practice (DNP) or Doctor of Nurse Anesthesia

timeframe, then that specific programs’ accreditation is subject to an
adverse accreditation action.®

In addition, the COA’s Public Disclosure of Accreditation Decisions

and Performance Data policy requires programs to accurately post

their first-time NCE pass rates, attrition rates, and employment rates
graduates on their websites, and to link their websites to the COA’s list
of Accredited Programs.®’^ These stringent requirements help ensure
the effectiveness of nurse anesthesia clinical and didactic education, as

well as ensuring that the public is being provided with accurate infor
mation related to student achievement.

To assess the overall quality of nurse anesthesia programs, the COA
conducts periodic assessment of recent graduates’ preparedness for
entry into practice. The most recent assessment was conducted in 2015.
The results were similar to the previous survey conducted in 2011 that

indicated 98% of graduates and 97% of employers identified gradu
ates were prepared for entry into practice. Ninety-six percent of the
employers indicated they would hire the same graduates again.

Requirements for an Increase in Class Size

High-qualityeducationalprograms must have sufficient resources. In

2013 the COA approved a Program Resources and Student Capacity
policy.®-'' The policy requires programs to submit a request to increase
their COA-identified class size verifying there are adequate resources
to support the size and scope of the offering to appropriately prepare

students for practice and to promote the quality of graduates. Requests
to increase class size must be approved prior to the enrollment of addi
tional students.

10

Nurse Anesthesia Program Administration

The COA has requirements related to the administration of nurse anes
thesia programs. The requirements include programs’ management of
faculty and students, fiscal management, maintenance of COA accred
itation and other higher education accreditation requirements of the
universities, faculty continuing education, and program evaluations. In
2009 the COA approved a position statement requiring nurse anesthesia
programs to employ CRNAs \vith doctoral degrees in the roles of pro
gram administrator and assistant program administrator by January 1,
2018. This was done to support programmatic transition to the doctoral
degree for entry in to practice.

Nurse Anesthesia Program Admission Requirements

Programs are required to enroll only students who are of quality appro
priate for the profession, and who have the ability to benefit from their

12
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Practice (DNAP). Doctoral programs are required to provide addi
tional content in ethical and multicultural health care, health pol

icy, health care finance, informatics, leadership, and management.
Programs also must require students to complete a scholarly work
that demonstrates knowledge and scholarship skills within the area
of academic focus. In 2020 the COA published a white paper, titled
“Scholarly Work for Practice Doctorate Nurse Anesthesia Programs:

Current State and Guidance.”'^ The purpose of the white paper is to

guide programs’ development ofcriteria for scholarly work as defined
in the Standards for Accreditation of Nurse Anesthesia Programs:
Practice Doctorate.^

authoritative reference for programs in advising students about record

ing of clinical experiences, in 2015 the COA published Guidelinesfor
Counting Clinical Experiences.

The requirements for students who enroll in nurse anesthesia pro

grams on lanuary 1, 2022, and thereafter is to complete a minimum

of 650 anesthetics, which must include specialties such as pediatric,

obstetric, cardiothoracic, and neurosurgical anesthesia.^'^ The anes

thesia experiences include the care of multiple patient characteristics
including healthy patients critically ill patient, and patients of all ages
for elective and emergency procedures. In most programs, the mini

mum number of clinical experiences is surpassed early in their clinical

practicum. Based on CY2019 certification transcript data, nurse anes
thesia programs provide an average of 851 cases, 1675 hours of anesthe
sia clinical experience, and 2573 total clinical hours for each student.*^

Clinical Supervision

In 2019 the COA clarified the requirementsfor the clinical supervi

sion of students stating CRNAs and/or anesthesiologists are the only
individual(s) allowed to supervise nurse anesthesia students. CRNAs

and/or anesthesiologists are responsible for the anesthesia care of the
patient, and while supervising student, these professionals have the
additional responsibilities of providing direct guidance to the student,

evaluating the student’s performance, and approving a student’s plan of
care.^** The clinical faculty evaluates the technical and critical thinking
skills of each anesthesia student. The entry into practice competencies
for the nurse anesthesia professional are those required at the time
of graduation, and focus on providing safe, competent, and ethical

anesthesia care to patients for diagnostic, therapeutic, and surgical
procedures {refer to 2004 Standards. Standard III, Criterion C21 and
Practice Doctorate Standards, Graduate Standards, Dl-D51).^'^ Due

to a lack in standardization in clinical assessment, in 2020 the COA

developed and completed a Common Clinical Assessment Tool for use

on a pilot basis by nurse anesthesia programs.
It is important to note that the entry into practice competencies

should be viewed as the structure upon which the nurse anesthe
tist continues to learn new facts, obtain and refine knowledge, and
develop skills along the practice continuum that starts at graduation
(proficient) and continues throughout the entire professional career

(expert).

Affiliate Organization's Configurations and Relationships
In the 1970s the AANA bylaws were revised to allow for the estab
lishment of four separate autonomous councils under the corpo
rate structure of the AANA; the Council on Accreditation of Nurse

Anesthesia Educational Programs (COA), the Council on Certification
of Nurse Anesthetists (CCNA), the Council on Recertification of Nurse

Anesthetists (COR), and the Council for Public Interest in Anesthesia

(CPIA). The councils were established with the intention of informing
and assuring the public that accreditation, certification, and recertifi
cation activities are within the discipline of nurse anesthesia and are

separate from and not unduly influenced by the AANA. In the 2000s
there were significant changes in the councils’ structure. In 2007 the
CCNA and COR separately incorporated to form the NBCRNA. The

COA separately incorporated in 2009, and in 2010 the AANA mem

bers voted on a AANA bylaws change to not continue to recognize

the CPIA. Subsequent to that action the AANA chose to not continue

the independent activities of the CPIA and subsequently dissolved the

council and subsumed its roles and responsibilities, distributing
them across the organization’s existing structure. The COA and the
NBCRNA are solely responsible for their own internal affairs, includ

ing the election of officers, the creation and periodic modification of
their bylaws, and the direction of their financial activities. Separate
CRNA chief executive officers and boards of directors serve the COA,

19

Student Evaluation

All programs must evaluate students’ knowledge and skills to ensure

they are meeting the programs’ stated objectives as they progress in the
program. Evaluations should be anonymous and used to help develop

and implement policies and procedures that utilize objective criteria
to promote student learning while simultaneously enhancing the pro

grams’ quality and integrity.

Educational Methods

The methods used to deliver nurse anesthesia curricula are changing

as new technologies are being applied in higher education. Based on
COA 2020 Annual Report data and clue to Covid-19 restrictions that
required programs to discontinue face-to-face classes, 89% of nurse
anesthesia programs reported the use of some form of distance edu
cation in their provision of didactic instruction.*'’ Programs’ distance

education offerings vary from several core courses to programs in

which the majority of the didactic curriculum is provided using dis
tance education. In addition, all of the programs report having access

to some form of simulation (e.g., simple models, computer, and full-
body patient simulation). Standard E.ll requires programs awarding
doctoral degrees to have simulated clinical experiences incorporated
in the curriculum.-’ In addition, in 2015 the COA developed a posi
tion statement, titled “The Value of Simulation in Nurse Anesthesia

Education.”*'^ Tlie position statement identifies the advantages of simu
lation and how it relates to actual patient care.

Clinical Education

The clinical curriculum of nurse anesthesia education provides stu

dents with an opportunity to apply didactic knowledge in clinical

practice. Programs prepare graduates with the knowledge and skills

to administer all types of anesthesia, including general, regional,
selected local, and moderate sedation to patients of all ages for all
types of surgeries. Students use a variety of anesthesia drugs, man
age fluid and blood replacement therapy, and interpret data from
sophisticated monitoring devices. Additional clinical responsibilities
include the insertion of invasive catheters, the recognition and correc
tion of complications that occur during the course of an anesthetic,
the provision of airway and ventilatory support during resuscitation,

and pain management.
The COA standards require that students engage in a minimum of

2000 clinical hours and a minimum of 650 required cases. The types

of cases are listed by age and physical status of the patient, technique,
anatomy, and specialty type. These include call experiences and simu
lation activities. Specific directions are provided regarding how a case
may be counted, the difference between administration of a technique
and management of a technique, and differentiation between the var

ious types of anesthesia services. Graduates of nurse anesthesia pro
grams have an average of 9369 hours of clinical experience, including

733 hours during their baccalaureate nursing program, 6032 hours as a
critical care RN, and 2604 hours (NBCRNA, written communication.

May 2017) during their nurse anesthesia program.'* To provide an

21
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CERTIFIED REGISTERED NURSE ANESTHETIST

PRACTICE

the NBCRNA, and the AANA. In accordance with their bylaws, mem

bership on the COA and NBCRNA boards include CRNAs, hospital
administrators physicians, and members of the public. Membership on
the COA also includes university and student representatives,and the
NBCRNA has a designated surgeon and anesthesiologist member. To
enhance communications, staff and board liaison roles were established

in 2013 for the AANA, NBCRNA, and COA. Liaison representatives

attend select sessions at the organizations’ board meetings. In addition,
communication among the AANA, COA, and NBCRNA is facilitated
through regularly scheduled leadership meetings that include discus
sions on issues of mutual concern. More information on the AANA,

COA, and NBCRNA can be found at www.aana.com, www.coacrna.

org, and www.nbcrna.com, respectively.

Future Trends in Nurse Anesthesia Education

In 2014 a major step forward in specialization occurred when the

COA adopted Standards for the Accreditation of Post Graduate CRNA
Fellowships and procedures for the accreditation of postgraduate
CRNA fellowships.'* CRNA fellowships contain advanced education

and training in a focused area of specially practice or concentration.

As of January 2021, there are five accredited fellowships in pain man

agement and pediatrics.^^ While other specialty groups could eventu

ally avail themselves of this education, the commitment is to focus on
the nurse anesthesia community and to expand enrollment to other

practice disciplines over time, based on demand and the adequacy of
educational resources.

CRNAs are advanced practice registered nurses licensed as indepen
dent practitioners who provide holistic, patient-centered comprehen
sive anesthesia, analgesia, and pain management services for patients
across their lifespan, no matter the complexity of their health.^'’ As
leaders and decision makers, CRNAs work in collaboration with the

interprofessional team that includes the patient, other health care pro
fessionals, and other qualified practitioners such as physicians (e.g.,
surgeons, obstetricians, or anesthesiologists), dentists, or podiatrists
to provide high-quality anesthesia services.^^'^® Nurse anesthesia prac
tice focuses on each patient’s and team member’s individual perspec

tive and experience, as well as the importance of diversity, inclusion,
and equity. This is described in the AANA’s Diversity, Inclusion ami
Equity Position Statement and the Professional Attributes of the Nurse
Anesthetist core values.^*^’^*

Areas of Practice

Ihere are four nurse anesthesia-related practice roles as defined by the

NBCRNA. They are clinical practice, administrative, education, and
research, or a combination of two or more of the areas of practice.
In their clinical practice role, nurse anesthetists administer approxi
mately 45 million anesthetics annually for patients in the United
States.^^ CRNAs provide comprehensive, patient-specific anesthesia

services using anesthesia and analgesia techniques for surgical, obstet
ric, procedural, diagnostic, and chronic pain management procedures.

CRN.As are the direct provider of all elements of anesthesia services in

academic and community hospitals, critical access hospitals, ambula

tory surgical centers, clinics, and offices, as well as the predominant
anesthesia provider in US military, public health services, and Veterans
Administration health care facilities. CRNAs are the sole anesthesia

providers in nearly 100% of all rural hospitals and their respective com
munities, providing patients and families access to excellent obstetric,

surgical, diagnostic, and trauma stabilization services and care.

CRNAs are an integral part of the health care team, contributing

their expertise in perioperative management that may include prean
esthesia patient optimization, airway management, critical care, pain

management, resuscitation, and other related clinical activities. In

the face of the opioid crisis, CRNAs have led practice changes to min
imize or eliminate single modal opioid analgesia through multimodal
pain management during the perioperative period. CRNAs have also

integrated ultrasound-guided visualization for regional anesthesia

and vascular access along with point-of-care ultrasound (FOCUS) to
improve the safety of the care they provide and improve patient out

comes. During the Covid-19 pandemic, when elective surgical proce
dures were canceled, CRNAs were sought and enthusiastically answered

the call to lead critical care areas and specialty teams as APRNs. Federal

leaders and state governors, in response to the demands of the pan
demic, removed scope of practice barriers to allow CRNAs and other
APRNs to practice to their full scope of practice and education.

In addition to their clinical practice role, CRNAs arc businessown-
ers or administrators, or practice in other leadership positions; partic

ipate with the team in quality improvement processes; lead research
activities; are educators; collaborate in interdepartmental activities

including policy development; and participate on various state and
federal governmental agencies.-*'^^ CRNAs educate and collaborate

with their patients to provide informed, patient-centered health care.
Another important role that CRNAs fulfill is that of didactic and clin
ical educators for nurse anesthesia students, as well as teaching other
health care professionals specific skills related to their profession (e.g.,

flight nurses, medical students, respiratory therapists).

APRN Consensus Model

An important development for the practice of APRNs was the APRN

Consensus Model approved in 2008.''’ This is a model for licensure,
accreditation, certification, and education. The APRN Consensus

Model identifies areas of educational specialization within advanced

practice nursing that occur beyond the levels of role and/or practice
foci. The APRN Consensus Model is not to be used as a source for

regulation of practice, but rather to serve the individual nursing prac

titioners in their delivery of care and services. The National Council
of State Boards of Nursing (NCSBN) has established a campaign for

consensus and monitors state progression toward uniformity.-^ The

future examination for specialty areas of practice by the CRNA, above
the role of nurse anesthetist and the population foci of across the lifes

pan, should not be utilized as a gate-keeping mechanism to prevent any

CRNA from engaging in any subspecialty practice. As long as CRNAs
can demonstrate they have obtained the knowledge, skills, and abili

ties necessary to engage in a specialized area, individual practitioners

should not undergo regulation via additional professional licensure. In
2015 the NBCRNA established a subspecialty credential (NSPM-C) in
nonsurgical pain management.

Full Scope of Practice Competency Task Force

In 2018 the AANA and COA supported a Full Scope of Practice

Competency Task Force (FSOPCTF). The FSOPCTF’s charge was

to make evidence-based recommendations intended to continue to

prepare nurse anesthetists to meet the needs in all types of practice

settings. The ta.sk force spent over a year researching, discussing, and
formulating its recommendations. It focused on education as the foun
dation of autonomous and independent CRNA practice. A total of 25
recommendations were made to the AANA, COA, and NBCRNA.

To review and evaluate the recommendations, the COA established a

Standards Revisions Subcommittee. In 2020 hearings were held and
calls of comments distributed on proposed revisions to the Standards

reflecting many of the FSOPCTF’s recommendations. The COA made
revisions to the Standards in 2021.^^

32
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Today, market pressures continue to drive consolidation of health

care facilities in local markets and across the country, as well as the
growth of health care employment management companies to provide
affordable, quality care.^^’^'' As health care continues to transition from

a reimbursement model based on fee for service to one grounded in
value-based care and outcomes, the CRNA offers value and excellence

in leadership, holistic patient care, quality, and cost-effective care.^'^ To
meet the needs of their community, CRNAs may practice in a variety

of employment arrangements, such as self-employment, or employ
ment by a health care facility, anesthesia group, health system, practice

management company, university, military or clinic, or health care

system.^'* In addition, nurse anesthetists practice in various models

that include CRNA only, consultative CRNA/anesthesiologist arrange

ments where each provide anesthesia, or medical direction under an

anesthesiologist with the CRNA providing the anesthesia. Each of the
models are equally safe and of high quality; however, the CRNA-only
and consultative models offer a high degree of cost effectiveness.^**

CRNA Professional Credential

Professional certification indicates that the individual has met prede
termined criteria that measure the knowledge, skills, attitudes, and

judgments necessary for entry into the specialty of nurse anesthesia
practice. Certification affords the public and employers an awareness of

the qualifications and capabilities of health care providers. Consistent

with the purpose of professional certification, the CRNA credential
indicates that the individual who holds it has evidenced meeting the

prescribed criteria necessary to provide the services described within a
CRNA’s scope of practice.^^’^'*

To enter unencumbered practice as a CRNA, an individual must:

1. Comply with all state requirements for current and unrestricted

licensure as a registered professional nurse in all states in which he

or she currently holds an active license

2. Complete a nurse anesthesia educational program accredited by the
COA or its predecessor within the previous 2 calendar years

3. Successfully complete the NCE administered by NBCRKA or its

predecessor-^
4. If applicable, apply for authorization to practice as a CRNA in the

state(s)

The NCE eligibility requirements are available in the NBCRNA
National Certification (NCE) Handbook, which can be found at www.

nbcrna.com/publications/handbooks.

Continued Professional Certification

To maintain the CRNA credential, an individual must meet the

requirements set forth by the NBCRNA in the Continued Professional

Certification (CPC) Program. The comprehensive and rigorous CPC

Program promotes professional development and lifelong learning

to address changing accreditation requirements, the evolving health
care environment, increasing autonomy of nurse anesthesia prac

tice, and the integration of new technology regardless of practice
setting, patients, and conditions. The CPC Program replaced the
legacy Recertification Program, beginning in August 2016. The CPC
Program is comprised of two 4-year cycles over an 8-year period.

During the 8-year period, all elements of the program are repeated

every 4 years except for the assessment exam, which is required only
once every 8 years. In addition to documentation of practice and

licensure, the program components include Class A and Class B

credit requirements, completion of the four core modules, and the
CPC assessment. In addition to completion of the CPC Program
4-year cycles for maintenance of certification, the CRNA must docu
ment his or her anesthesia practice, maintain current state licensure,

and certify that he or she has no conditions that could adversely affect

the ability to practice anesthesia.^® Additional information regarding
the CPC Program may be found at www.nbcrna.com/continued-
certification. It is important to acknowledge that the CPC Program
was initially designed to change over time so as to best meet the

changing needs of the nurse anesthesia community, the larger health
care environment, and the patients who are served by the care and
services of the CRNAs in practice.

CRNA Scope of Practice

The AANA Scope of Nurse Anesthesia Practice broadly describes the
professional roles, functions, and responsibilities as defined by the

profession, while the individual CRNA’s scope of practice is based on

his or her personal education, licensure, experience, and skills.^®-^®
The AANA Nurse Anesthesia Practice Standards, Scope of Nurse
Anesthesia Practice and Code of Ethics provide the foundation for
nurse anesthesia professional practice.^^’^^'^^ The Scope of Practice
and Nurse Anesthesia Practice Standards are the foundation for the

COA Standards for Accreditation of Nurse Anesthesia Education

Programs (Table 2.1).
The 2019 Scope of Nurse Anesthesia Practice addresses the responsi

bilities associated with clinical anesthesia practice working collabora-
tively with other health care providers, but is not limited to the services
noted in Table 2.2.^^

Tlie Scope of Nurse Anesthesia Practice and the Standards for Nurse
Anesthesia Practice are the authoritative statements that describe the

minimum rules and responsibilities for which the nurse anesthetist

is accountable. The standards apply to all anesthetizing locations and

are intended to offer guidance for safe and high-quality anesthesia

care.^® Individual state or facility rules and regulations also define
CRNA scope of practice. Anesthesia services evolve and change
over time as research, evidence, technology, and new medications

become available. The CRNA may reference AANA Considerations

for Adding New Activities to Individual CRNA Scope of Practice to

address decision points necessary for addition of new skills to his
or her scope of practice.^® It is also the responsibility of the CRNA
to acquire the knowledge, skills, judgment, and experience neces

sary to safely practice within the scope of practice specific to state

and facility policy.^^ More information regarding CRNA practice is

available on the AANA website at https://www.aana.com/practice/

practice-manual.

3.26

AANA ORGANIZATIONAL STRUCTURE

AND FUNCTION

The AANA is a professional membership association that rep

resents over 57,000 CRNAs and student registered nurse anesthetists

nationwide. According to August 2019 AANA data, nearly 90% of
CRNAs in the United States are members of the AANA.^^ The AANA

was first incorporated in Ohio on March 12, 1932, as the National
Association of Nurse Anesthetists (NANA). It was reincorporated in

the state of Illinois on October 17, 1939, and designated as a tax-

exempt organization in accordance with subsection 501(c) of the

Internal Revenue Code; that same year, the organization’s name

was changed to the American Association of Nurse Anesthetists.^®
Following an AANA 2020 member resolution, the AANA is in the

process of rebranding the association as the American Association of
Nurse Anesthesiology.

Information regarding the governance bylaws, policies, and guide
lines of the AANA are available at https://www.aana.com/about-us/

who-we-are or through the members login page at https://www.aana .

com/governance. The bylaws address the classes of membership,
decision-making procedures, responsibilities of the AANA’s elected
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Crosswalk Between AANA Scope of Nurse Anesthesia Practice and COA StandardsTABLE 2.1

for Accreditation of Nurse Anesthesia Programs: Practice Doctorate

Element of Scope of Nurse Anesthesia Practice

Provide patient education and counseling

Perform a comprehensive history and physicai examination, assessment, and
evaiuation

Conduct a preanesthesia assessment and evaluation

Develop a comprehensive patient-specific plan for anesthesia, analgesia,
multimodal pain management, and recovery

Obtain informed consent for anesthesia and pain management

Select, order, prescribe, and administer preanesthetic medications, including
controlled substances

Standard(s) That Address Element

D25, D27,028, 030, 033, 034, 035

05, 06. 07, 08, 016, 025, 026,027, 028

05. 06. 07,015,016, 025,026, 028

05. 06. 07. 013,014, 017,019, 020,023,033, 035, 038

05, 06, 07, 025. 028, 032,035

05, 06. 07, 013,014, 017,020, 021,022, 025, 026, 027,028, 034

Implement a patient-specific plan of care, which may involve anesthetic

techniques such as general, regional, and local anesthesia; sedation; and

multimodal pain management

01, 02, 03. 04. 05, 06, 07, 09, 010, 011,019,020, 021, 022, 026,028, E2.1,

E2.2, E2.3. and clinical experience requirements

Select, order, prescribe, and administer anesthetic medications, including controlled 05,06,07,09,010,011,017,019,02 0,021,022,026,028, E2.1, E2.2, E2.3,

substances, adjuvant drugs, awessory drugs, fluids, and blood products and clinical experience requirements

Select and insert invasive and noninvasive monitoring modalities (e.g„ central

venous access, arterial lines, cerebral oximetry, bispectral index monitor,

transesophageal echocardiogram [TEE)|

Select, order, prescribe, and administer postanesthetic medications, including
controlled substances

Educate the patient related to recovery, regional analgesia, and continued

multimodal pain management

Discharge from the postanesthesia care area or facility

Provide comprehensive patient-centered pain management to optimize recovery 05,06,07, Oil, 017, clinical experience requirements, E2.2, E2.3

Provide acute pain services, including multimodal pain management and opioid- 05,06,07, Oil, 017, clinical experience requirements, E2.2, E2.3

sparing techniques

Provide anesthesia and analgesia using regional techniques for obstetric and

other acute pain management

Provide advanced pain management, including acute, chronic, and interventional 05.06,07,09,010, Oil, 017, clinical experience requirements, E2.2, E2.3
pain management

Perform point-of-care testing

Order, evaluate, and interpret diagnostic laboratory and radiologic studies (e.g.,

chest x-ray. 12-lead ECG, TEE}

Use and supervise the use of ultrasound, fluoroscopy, and other technologies for 05,06,07,09, Oil, E2.2, E2.3, clinical experience requirements

diagnosis and care delivery

Provide sedation and pain management for palliative care

05,06,07,08,013,014,017,019,021,022, clinical experience requirements

05. 06. 07, 013,014, 017,020,021,022, 025,026, 028,029, 034

05, 06, 07,025, 027, 028, 032, 030,033, 035

05, 06, 07.021,022, 026,028, 029

05, 06, 07,09, 010, Oil, 017, clinical experience requirements, E2.2, E2.3

05.06,07,019

05,06.07,016,019, E2.2, E2.3

01, 02, 03, 04. 05,06, 07, 09. 010, Dll, 019, 020, 021, 022,026, 028, E2.2,

E2.3, clinical experience requirements

05,06.07. 016,017,021,022, 026, 027,028, 032Order consults, treatments, or services related to the patient's care (e.g.,

physical and occupational therapy)

CRNAs provide pivotal health care leadership in roles such as chief executive

officer, administrator, manager, anesthesia services director, board member,

anesthesia practice owner, national and international researcher, educator,

mentor, and advocate

Nurse anesthetists are innovative leaders in the delivery of cost-effective,

evidence-based anesthesia and pain management, integrating critical thinking,

ethical judgment, quality data, scientific research, and emerging technologies

to optimize patient outcomes

CRNAs engage in health care advocacy and policymaking at the institutional, local, 025,026,013,014,033,034,035,036,038,040,041,042.043

state, national, and international levels. They also participate in professional

associations focusing on patient access to quality and affordable care.

025, 026. 031,032, 033, 034, 035,040

025,026, 013,023, 031, 032, 033,034,035,040, 044, 045, 046,047,048,

049.050,051

From American Association of Nurse Anesthetists. Scope of Nurse Anesthesia Practice. Park Ridge, IL: AANA; 2020. Retrieved from https://www.

aana.com/docs/default-source/practice-aana-com-web-documents-(al l}/scope-of-nurse-anesthesia-practice.pdf?sfvrsn=250049b1_6; Council on
Accreditation of Nurse Anesthesia Educational Programs. Standards for Accreditation of Nurse Anesthesia Programs: Practice Doctorate, Park
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Mucopolysaccharidosis, 437b
airway management difficulty associated with,

437b

Multiminicore myopathy, 843
Multimodal anticmetic therapy, 209-211

benzodiazepines, 211
butyrophenoncs, 211
glucocorticoids, 209-210
5-HTj receptor antagonists, 210-211
metoclopramide, 211
neurokinin 1 receptor antagonists, 211
Iransdermai scopolamine. 211

Multiple myeloma, 1071
Multiple organ dysfunction syndrome, 527
Multiple sclerosis, autoimmunity and.

1065-1066

Murphy eye,617
Murphy sign, 783-784
Muscle(s)

in back, 1110

cardiac, 826

cells, 483

contraction of, 483f-4841

contraction of

isometric, 831

isotonic, 831

process of, 826
extraocular, 1009, lOlOf

eyelid. 1009
inferior oblique, 1009
inferior rectus, 1009

of larynx, 616b
levator, 1009

motor pathways and, 715
orbicular, 1009, 101 If

orbital, lOlOt

papillary, 479
physiology of, 831-834, 831f-832f
skeletal, 826

slow versus fast, 834

smooth, 826

superior oblique, 1009
superior rectus, 1009
transversus abdominis, 1162-1163

ulnar flexor, 1158-1159, 1159f

Muscle cramping, dialysis and, 755
Muscle fibers, 826

structural arrangement of, 831f
Muscle reflexes, preoperativc evaluation of, 348
Muscle relaxants

in cardiac surgery, 538
for chronic pain, 1316

Musculoskeletal system, 826-850.e6
disorders of, 348

evaluation of, 346-348

preoperative evaluation of, 348
Myasthenia gravus, 835-838

anesthetic implications for, 837-838, 838b
clinical manifestations of, 836

epidemiology of, 835
pathophysiology of, 835-838, 835f, 836t
treatment of, 836-837

Mydriatics, as ocular medications. 1016t
Myelin, 705
Myelinolysis, 391
Myelomeningocele, neonatal anesthesia for,

1237-1238

Myocardial cell, 482, 482f
Myocardial infarction

abdominal aortic aneurysm and, 596
after cardiac surgery, 516-531
heart failure from. 519-531

universal definitions of, 354t

Myocardial injury, 354t
Myocardial oxygen balance, perioperative man

agement of, 518t

Mode, dose response variability analysis and,
58, 58f

Model for lind-Stage 1-iver Disease (MELD).
779, 779t

Model for End-Stage Liver Disease score
(MELD), 958-959. 959t

Modified Mallampati airway classification,
438-439,439f

Modulation, pain physiology. 1311
Molecular bond

covalent bonds, 218

electrostatic bonds, 218

representations, 218
Molecular modeling, 218
Mometasone, for asthma, 6501-6511

Monitoring
for burn patient, 926
intraoperative, for liver disease, 781-782
neonatal, during anesthesia, 1225
neurophysiologic, 724-726

during surgery, 724b
obesity and, 1103
systematic approach to, 315
of temperature, 321 -322
during thoracic surgery, 685
during vascular surgery, 587

Monitoring standards, from American Associa
tion of Nurse Anesthetists, 313

Monoamine oxidase inhibitors, 214-215

Monoamines, as neurotransmitter, 713t

Monoclonal antibodies, 1060, 1060f

Monocular blindness, 605

Monocyte, I050t, 1052
Mononuclear phagocyte system (MPS), 1049
Monro-Kelly doctrine, 721
Monielukast, for asthma, 650t-651t

Morbidity
in anesthesia, 1345-1346, 1347f
classification of, 1346b

Morbid obesity, 437b
airway management difficulty associated with,

437b

outpatient surgery for, 974-975
Morphine

for acute pain, 1299
advanced renal disease and, 759

in assisted reproductive technologies, 1333
cerebral physiology affected by, 718l
for chronic pain, 1315
doses of, 1134t

for labor analgesia, 1184, 1191
opioid analgesics, 146-147
for patient-controlled analgesia, 1299,1302t

pediatric, 1308t
Morphine sulfate, for pediatric premedication,

1247t

Mortality
factors associated with, 1348t

pregnancy-related. 1346
Morton, William T.G., 1

Motilin, effects and therapeutic uses of 795t
Motion artifact, in pulse oximetry, 320
Motor cortex, stimulation of, 331

Motor end plate, 826
Motor-evoked potentials, 331-332

brain monitoring with, 325t
intraoperative monitoring of, 724
neurologic monitoring with, 325b
neurophysiologic monitoring of, 999t

Motor pathways, 715-718
Motor threshold (MT), 1338
Motor unit, 826,827f

Motor vehicle collision, trauma from, 930,932

Mouth

anatomy of, 430
anomaly of, airway management and, 345b

Midbrain, 707

motor areas of, 717

Middle ear

nitrous oxide used in surgery for, 999
pressure in, 999
surgical procedures for. 998-1000

Midgut volvulus, neonatal anesthesia for,
1234-1235

Miglitol, for ty-pe 2 diabetes, 8711
Military, certified registered nurse anesthetist.

14

Milk-alkali syndrome, 789
Mill-wheel murmur, 421

Milnacipran, for chronic pain. 13031
Milrinone, 180-181

for LV systolic failure, 545
Mineralocorticoids, 878

Mini-Cog scoring algorithm, 1267f
Minimally invasive direct coronary artery

b)"pass, 558-559
Minimally invasive spine surgery, 1039
Minimum alveolar concentration (MAC). 55, 80

age on, effect of, 1220f, 124lf
inhalation anesthetics and

for pediatric patient, 1240, 1241f
neonatal, inhalation agents and, 1220

Minipress. See Prazosin
Mini-thoracotomy, 559, 559f
Minor calyx. 742
Minute volume, lung volume and, 623
Miochol, Sec Acetylcholine
Miscarriage, maternal obesity and, 1099
Mitotane, for Cushing syndrome, 881
MitraClip, 562
Mitral balloon vaivolomy, 554
Mitral insufficiency, 505-507, 555-556
Mitral regurgitation, 505-507, 555-556

acute, 555

anesthetic considerations and surgical options
for. 555-556, 555t

anesthetic considerations of. 506-507

effects of afterload reductions on, 506

pathophysiology associated with, 505-506,
506f

pulmonary vasculature and right ventricular
function, 506

Mitral stenosis, 504-505,554

anesthetic considerations for, 505, 554-555,

554t

pathophysiology of, 504-505,505f
pulmonary vascular changes in right ventricu

lar function, 505

surgical options for, 554-555
Mitral valve, 479

lesions on, 507l

repair of, 556f
robotic-assisted, 560f

transcatheter, 562

stenosis of, 504-505

systolic anterior motion of. 551
Mitral valve procedures

minimally invasive, 558
anesthetic considerations for, 559f

in robotic surgery. 823
Mitral valve prolapse, 510-511

anesthetic management of, 511
considerations, 510

description of, 510
etiology of, 510
management of, 510t
pathophysiology of, 510
pharmacology of, 510-511

Mixed acidosis, 631

Mixed connective tissue disease, pulmonary
manifestations of, 672b

Mobility, issues in, and robotic surgery, 818
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Myocardial oxygen consumption. 487,488t
Myocardial oxygen supply and demand,

516-518, 517f

Myocardial revascularization, 546-549
Myocardial sarcomere, 482,482f
Myocarditis, 836
Myocardium. 479

contractility of, 488-489
of newborn. 1210
in older adult, 1261

Myofibrils, 83!

Myoglobinemia, pneumatic tourniquet associat
ed with, 1043

Myoglobinuria
burn injury and, 918,925
pneumatic tourniquet associated with, 1043

Myoneural junction. 826
Myopic (nearsighted) eye, 1014
Myoplasm. 831
Myosin, cardiac muscle contraction and,

482-483,483f-484f

Myosin filament, 832f
Myositis, rheumaloid, 848
Myotonias, 845

Myotonic dystrophy, 845-847
anesthetic implications for, 846-847, 847b
incidence of, 845-846

treatment of. 846

Myringotomy, 999-1000
Myxedema coma, 894
Myxedema, hypothyroidism and, 893

Nausea (Confimied)

outpatient surgery and, 984
pathways of, 1289f
regional anesthesia and. in labor and delivery.

1196-1197

Neonate(s) (CominiieJ)

body composition of, 1240t
caloric requirements of. 1222
cardiac output in, 1210
cardiovascular system in, 1210-1211
depression of, meperidine and, 1184
fluid balance in. 1217, 1217t

fluid compartment volumes in, 1219t
fluid management in, 1221-1224
growth and development of. 1210-1218
heart rate of. 1210-1211

hepatic system in, 1217
intravenous fluid requirements. 1222b
metabolism of, anesthetic pharmacologic

consideration in, 1219

minimum alveolar concentration in, 1240
nervous system in, 1214-1216

neuromuscular blocking drugs for, 1221t
pain sensitivity in, 1215
postoperative hypothermia in, 1285
problems in, maternal history with commonly

associated, 1226t

pulmonary function in, 1214t
regional anesthesia in, 1229-1232
renal system in, 1216-1217
respiratory system of, 1211-1214
temperature regulation in, 1217-1218
water requirements of, 1222-1223

Neoplasms, gastric, 789-790
Neostigmine, neuromuscular blockade reversal

with, 1221, 1281

Neo-Synephrine. See Phenylephrine
Nephrectomy

laparoscopic, 807b
open,768

Nephritis, interstitial, 754
Nephrolithiasis, 763
Nephrolithotomy, percutaneous, 764
Nephron,742,743f

Nephrosclerosis, hypertension associated with.

spinal anesthesia and, 1125

Near-infrared spectroscopy, 328-329
brain monitoring with, 3251
during carotid endarterectomy, 607
neurologic monitoring with. 325b

Neck

airway management and, 345b
anatomy of. 987-989,988f-989f
ankylosed, 679
assessment of, airway examination and, 44if.

442

mo\’emenl of, airway management and. 344
nerve preservation during surgery on, 998
radical, dissection of, 1007

surgical procedures for, robotic. 825
venous circulation of, 495

Neck abnormalities, neonatal anesthesia and,
1227

Necrotizing enterocolitis (NEC), neonatal anes
thesia for, 1234

common symptoms of. 1234b
Needle(s)

angle of, for intraocular anesthesia, 1018,
1018f

for combined spinal epidural anesthesia, 1135
Crawford, 1128, 1129f

cutting-tip, 1119
depth of, for intraocular anesthesia, 1017
epidural, 1128
Hustead, 1128

introducer, 1120-1121

N

N-acelylcysteinc, for burn injury, 921
Nadbath eyelid block, 1022, 1029b
Nalbuphine

for labor and delivery, 1184
opioid analgesics, 148

Nalmefene, opioid analgesics, 149
Naloxone

cerebral physiology affected by, 720
opioid analgesics. 148-149

Naltrexone, opioid analgesics, 149
Nasal cavities. 614-615, 987
Nasal conchae, 614

Nasal procedures, 1005
Nasal RAE lubes, for ENT procedures, 992
Nasal septum, 614,987
Nasoendotracheal tube, 987-988

Nasolacrimal duct, 1014-1015

Nasopharyngitis, infectious, 361
Nasopharynx
anatomy of, 430

pathologic conditions of, in pediatric patient,
1254b

Natalizumab, Crohn's disease treated with, 797b
Naleglinide, for type 2 diabetes, 87U
National Association of Nurse Anesthetists

(NANA), 5

National Board of Certification and Recertifica

tion for Nurse Anesthetists (NBCRNA), 16
National Certification Examination (NCE), 16
National Institute for Occupational Safety and

Mealth (NIOSH), in laser safety, 1085
National Patient Safety Foundation (NPSF), 31
National Quality Forum (NQF), 31
National Quality Strategy (NQS), 30
National Surgical Quality Improvement Pro

gram (NSQIP), 1347
Natural killer cells. I051f, 1053
Nausea

after ENT procedures, 993
after middle ear procedures, 998
management of, 1287-1289
nonpharmacoiogic interventions for, 1289

noncutting-tip, 1119
pencil-point, 1119, 1197
specialized, 1136
for spinal anesthesia, 1119
tip shape of, for intraocular anesthesia, 1017
Tuohy, 1128, II 29f, 1136
t)-pesof, 1197f
ultrasound guidance. 1145

Necdic-through-needle combined spinal-
epidural (CSE) technique. 1190f

Negative efedback, hormone secretion and,
853-854,854f

Negative-pressure pulmonary edema (NPPE),

500

Nernst potential, 484
Nerve(s), 634-635

abducens, 1012

circumflex, 416t

common peroneal, 416t
cranial, 707f, 708.708t

blocks for, 452

carotid arteries associated with, 611 f

carotid endarterectomy and, 610t
monitoring of, 332t

deep peroneal, 1142f, 1173f, 1174
facial, 708, 989, 1012, 1012f
femor'.vl, 1167

block of. 1167, 1167f

frontal, 1011-1012

glossopharyngeal. 430, 708, 717
infraorbital, 1012-1013

infratrochlear. 1011-1012

injury to
chronic pain and. 1303
contributing factors to, 414
etiology and prevention, 416t
pain and, 1310
pathophysiology of, 413-414
patient-related factors and, 414
thoracic surgery and, 703

intercostal, 1161-1162

intestine innervation with, 796

lacrimal, 1011-1012

laryngeal, 453-454, 616
thoracic surgery and, 703

median

block of, 1158, II 58f

brachial plexus and, 1149
musculocutaneous

627

Nelson, Dagmar, 4
Neodymium (Nd), 1078f, 1080
Neohepatic phase, of liver transplantation, 962
Neonatal alloimmune thrombocytopenia, 1064
Neonatal anesthesia, 1207-1238.e3

caudal, 1231,1232f

drugs used in,1220-1221
preanesthetic assessment and

implications of. 1227,1228t
significance for, 1231t

regional. 1229-1232
spinal, 1231, 123 If

Neonatal Facial Coding System. 1307
Neonatal resuscitation, 1204, 1205b

Neonate(s)

acute pain in, 1307-1308
management of, 1307-1308

airway device for, 1251t
airway dynamics in, 1214
anesthetic equipment in, 1224-1225
anesthetic pharmacologic considerations in,

1218-1220

autonomic nervous system in, 1216
blood pressure in, 1210-1211
blood replacement in, 1223-1224
blood volume of, 1211, 1256-1257
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Neuropathy
autonomic, 869-870

definition of, 1294b

diabetic, 871

ischemic optic, 1041-1042
perioperative, 414-415
ulnar, 415

Neuropeptides, as neurotransmitter, 713-714,
713t

Neurophysiology, 704-74l.e5
Neuroradiology, interventional, 737, 737b, 738t
Neurotensin, effects and therapeutic uses of,

795t

Neurotransmitters, 712-714, 713t

pain-modulating, 1296t
Neutropenia, 1067
Neutrophils

function of, 1050t

immune system and, 1050, 1050t
Newton’s laws of motion, 224

New York Heart Association classification tool,

350, 353t

Nicardipine
deliberate controlled hypotension with, 994t
for pheochromocytoma, 887t-888t

Nicotine, 340

Nicotinic cholinergic receptors, in neonate, 1219
Nil per os (NPO), 665
Nimodipine, 735
Nissen fundoplication, 786
Nitric oxide, 496

blood flow and, 895, 896f

imbalance in, cor pulmonale and, 654
platelet function and, 895

Nitric oxide synthetase (NOS), 895
Nitroglycerin, 191

cerebral physiology affected by, 721
for coronary artery bypass graft, 547
deliberate controlled hypotension with, 994t

Nitropres. See Sodium nitroprusside
Nitroprusside

for cardiogenic pulmonary edema, 662
cerebral physiology affected by, 721
for LV systolic failure, 545
for pheochromocytoma, 888t

Nitrous oxide. 1,98-99,98b-99b

in anesthetic induction, for pediatric patient,
1248

cerebral physiology alfected by, 718t
considerations for omitting, 719b
electroencephalogram alfected by, 327t
inhalation anesthetics and, 84,85t

middle ear surgery and, 999
for nerve preservation, 999
as neurotransmitter, 713t

one-king ventilation and, 696
pneumothorax and, 675-676

Nilrovasodilators, 191

nitroglycerin, 191
sodium nitroprusside, 191

Nizatidine, peptic ulcer treated with. 789
NK cells and, 1057

N-methyl-D-aspartate antagonists, for acute
pain.1299-1300

N-methyl-D-aspartate (NMDA), in growth and
development, of pediatric brain, 1348

N-methyl-D-aspartate (NMDA) receptors, in
chronic pain, 1316

Nociception, 1311-1312
peripheral, inflammation and, !294f

Nodes of Ranvier, 705

Nominal hazard zone (NHZ), 1084

Nonalcoholic fatty liver disease, obesity and.
1097-1098

Nonanesthesia providers, management and
monitoring by, 1324b

Nervous system (Continued)
intraoperative monitoring of, 724
neonatal, 1214-1216,1228t

autonomic, 1216

parasympathetic, 481. 481f, 710
peripheral, 704-705,708-710
during pregnancy, 1178
somatic, 704.708

sympathetic, 481,481f, 709-710
acute pain effects on, 1296
blockade of, 1124-1125

Neural control, hormone secretion and, 853

Neuralgia, definition of, 1294b
Neuraxis, central, applied anatomy and physiol

ogy of, 1109-1119
Neuroanatomy. 704-741.e5
Neuroanesthesia, 704-74 l.e5

Neuroendocrine stress response, 1125

Neurokinin I receptor antagonists, 211
Neurologic disorders, preoperative assessment,

of pediatric patient, 1243
Neurologic dysfunction, in central neuraxial

blockade, 1115-1116

Neurologic injury, in combined spinal epidural
anesthesia, 1138-1139

Neurologic risk, in spinal anesthesia, 1127
Neurologic system

disease, manifestations of, 348-349

monitoring of, 324-335.e2
methods of, 325b

summary of, 335
preoperative evaluation of, 348-349

Neuromuscular blockade

antagonism of, in pediatric patient, 1242-
1243

liver disease anesthesia with, 782

for myasthenia gravis, 838
reversal of

for neonate. 1221

postoperative, 1281
Neuromuscular blocking drugs, 151, 761-762

allergic reactions to, 1064
effective doses of, 1221t

history of, 151-152
monitoring of, 152-156
for neonate, 1221

neuromuscular function test, 153-156,1541

double-burst stimulation, 154, I56f

posttetanic count, 155-156, 156b, 158b
single twitch, 153
tetanus, 154

Irain-of-four, 153-154, 155f

for pediatric patient, 1242-1243
reversal, 171-172

Neuromuscular function

postoperative assessment of, 1281
remote location monitoring of, 1325

Neuromuscular junction, 152f, 826-827, 828f
acetylcholine receptor at, 835f
development of, in neonate, 1214
neurophysiologic monitoring of, 999t

Neuromuscular system, 99
Neuromuscular transmission, overview of,

826-831

Neuron, 704

cholinergic, 827
classification of, 704

motor, 826

postganglionic, 710
primary afferent, pain transduction and,

1293

second-order, 1295

synapse, 705f
Neuronal plasticity, chronic pain and, 1313,

13l3f

Neuropathic chronic pain, 1310

Nerve(s) (Continued)

brachial plexus and, 1149
brachial plexus block and, 1156

nasociliary, 1011-1012
obturator, 416t, 1169

oculomotor, 717, 1010, 101 If

ophthalmic, 1010
ophthalmic anatomy of, 1009-1012
optic, 1009-1010, lOlIf

sheath trauma, 1028,1028b

orbicularis oculi, 101 If

peripheral, 708, 7081
cross-section of, 413f

injury, 1199f
phrenic

diaphragm and, 619
thoracic surgery and, 703

posterior tibial, 416t
pudendal, 416t
radial, 416t

block of, 1158

brachial plexus and, 1149
recurrent laryngeal, 430, 989
saphenous, 416t, 1173f
sciatic, 4161

anatomy of, 1171
block of, 1171-1172

spinal, 708
spinal accessory, 430
spinal cord, monitoring of, 332t
stimulation and peripheral nerve blocks.

1144-1145

superficial peroneal, 1172, 1173f
superior laryngeal, 430,989

laryngospasm and, 1252
supraorbital, 1012-1013
suprascapular, 416t
sural, 1174f

sympathetic. 618
thoracic, brachial plexus and, 1149
tibial, 1173f

transtracheal, anesthetic block of, 455f

trigeminal, 1011
anesthetic block, 452

illustration of, 453f

trochlear.717, 1010-1011, lOllf
ulnar, 416t, 418f

block of, 1159, 1159f

brachial plexus and, 1149
vagus, 430,430f, 618, 707-708, 1012

Nerve block(s)

for ankle, 1172-1174

for elbow, 1157-1158

intercostal, 1161-1162, 1162f

for lower extremity, 1166-1174

peripheral
for acute pain, 1301
complications of, 1142-1144
for pediatric patient, 1308, 13081
ultrasound guidance for, 1145b

at wrist, 1158-1159

Nerve cell, development of, in neonate, 1215
Nerve fiber(s)

bundles of, 413

classification of, 1113t

Nerve impulse, electrophysiology of, 711
Nerve integrity monitor (NIM) endotracheal

tube, 1003, 1004f

Nervous system
anterolateral, 715, 716b

autonomic, 704, 708

central, spinal anesthesia on, 1125-1126
dorsal column-media! lemniscal, 715.

716b

electrophysiology of, 711-712
enteric, 795-796
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Noncardiac surgery
antipiatelet drugs and, 910-915
outpatients requiring, 915

Nondepolarizing agents, 163-171
atracurium besylale. 167-168
cisatracurium besylate, 168
mivacurium chloride, 168

nondepolarizing agents’ effect, 168-171
pancuronium bromide, 167
rocuronium bromide, 163-167

vecuronium bromide, 167

Nondepolarizing inuscle relaxants (NDMRs)
for decreasing intraocular pressure. 1025
for neonate, 1214

Nondepolarizing neuromuscular blocking
agents, for pediatric patient, 1242-1243

Nondiverting monitor, 316-317
Non-Hodgkin lymphoma, 1071
Noninsulin-dependent diabetes, 869
Nonionizing radiation, 1317
Nonnarcotic analgesics, 149-150

acetaminophen, 149-150
ibuprofen, 149
ketorolac, 149

Nonoperating room anesthesia, 1322-1344.e3
Nonopioid analgesics, 138-150.e2
Nonpharmacologic therapies, for neonatal acute

pain management, 1307-1308
Nonpneumatic tourniquets, 1043
Nonrebreathing circuits, 267-268
Non-shivering ihermogenesis (NST),

1217-1218

Nonsteroidal antiinllammatory drugs (NSAlDs)
action of, schematic of, 901f

for acute pain. 1297-1298
antidiuretic hormone and, 859

for chronic pain, 1314-1315, 1314t
cyclooxygenase inhibited by. 901
h\-pcrsensitivity to, 1064
as ocular medications, 1016t

pharmacodynamic properties of, 912t
postoperative laparoscopic pain treated with.

Nurse anesthesia

civil law affect ing, 9-10
educational requirements, upgrading of, 13
educational standards for, 5

education for, 16-23.e2

program curriculum of, 17-18
requirements of, 16-19

historical antecedents of, 2-4

history of, 1-I5.e3
in 1960s, 7-8

in 1970s, 8-9, 8f

National Certification Examination for, 16-17

research in, 32-54.el

specialization in. 19
Nurse anesthetist

doctoral preparation of, 13-14
in Korean War, 7

physician opposition to, 5
proliferation of, 3-4
reimbursement of, 9-10

short-lived peace for, 7
small battlefield and, 3

state organizations for, 9
in World War I, 3

in World War 11,6-7, 6f

Nutritional status, older adult and, 1267

Nutrition, burn injury and, 925

Obesity (Coitiiniu'd)
pharmacologic considerations for, 1100-1101
postoperative complications in, 1107-1108
pregnancy and, 1202
prevalence of, 1092, 1093f
prophylaxis for, 1103
respiratory system and, 1094b, 1095
risk factors of, 1092-1093

statistics on, 1092

surgical treatment of, 1099-1100
treatment of, 1099-1100

type 2 diabetes mellitus and, 869
ventilatory management of, 1105t

Obesity hypoventilation syndrome, 635,
1096-1097

Obligate sodium cxcreters, 1216-1217
Obliterative bronchiolitis, differential diagnosis

of, 638t

O’Brien eyelid block, 1022
Obstetric anesthesia, 1176-1206.e6

complications of, 1199-1204
informed consent for, 1186

nonobstelric procedure. 1204, 1205b
Obstetric patients, combined spinal epidural

anesthesia for, 1137

Obstetric procedures, central neuraxial blockade
for, 1113

Obstructive sleep apnea, 346,635-636
anesthetic management of, 636,636t
clinical features of 635-636

comorbidities associated with, 6361
definition of 635

diagnosis of 635-636
etiology of 635
incidence and outcome of 635

mask ventilation difficulty associated with,
436-437

obesity and, 1095-1096
outpatient surgery for, 975
pathophysiology of 635
pediatric, 1257
STOP-Bang Scoring Model for, 1096b
tonsillectomy for, 1000
treatment of 636

Occlusive disease, 586

Occupational Safety and Health Administration
{OSHA}, 1082

Octreotide, carcinoid tumor treated with, 804
Ocular block

evaluation of 1021-1022

regional, 1024
discomfort from, 1025b

monitoring, 1024-1025
sedation for, 1024, 1025b

Ocular explosion, 1027
Oculocardiac rellex, 491, 492t, 1029
Ohm's law, 236, 496
Older adult

age-related physiologic changes in, 1260-1266
anesthesia for, 1260

body composition changes in, 1265
cardiovascular system in, 1261
central nervous system changes in, 1265-1266
chronic pain and, 1320-1321
cognitive ability/capability and decision mak

ing, 1266, 1266b
comorbidity in, 1268-1269
definition of 1260

endocrine system changes in, 1265
ethical issues in treatment of 1269-1270

frailty in, 1266-1267
functional status in, 1267

hepatic function in, 1264-1265
increase in number of 1260

neuraxial anesthesia for, 1266

nutritional status in, 1267

()

Obesity
abdominal visceral, 1093, I094f
android, 1093, I094f

anesthesia practice and, 1092-1108.e4
anesthetic management for, 1107-1108
aspiration and, 1103

bag mask ventilation dilficulty associated
with. 435

bariatric surgery for, 1099
cardiovascular system and, 1094-1095, 1094b
causes of 1094

choice of anesthetic technique for, 1105
classification of by body mass index, 1093t
comorbid conditions associated with, 347b
cost of 1092

definition in, 1092

endocrine system and, 1094b, 1098
gallstones and, 1098
gastrointestinal disease and, 1097-1098
gastrointestinal system and, 1094b
gluteal, 1093-1094, 1094f
gynecoid, 1093-1094, 1094f
hypertension and, 1095
incidence of 1092-1093

inllammation in, 1094

inhalation anesthetics and, 85

intraoperative monitoring and, 1103
intravenous anesthetics in, llOlt

laboratory tests for, 1101
maternal, 1099

medical conditions and, 1094, 1094b

metabolic disease and, 1098

morbid, definition of 1092

morbidly obese, 346

musculoskeletal system evaluation affected by,
346-347

nerve injury associated with, 414, 415b

obstructive sleep apnea and, 635, 1095-1096
operating room equipment and, 1102
pain management and, 1107
pathophysiology of 1094-1098
patient positioning and, 1103, 1104f
pediatric, 1098-1099
peripheral, 1093-1094, I094f
pharmacokinetic changes associated with,

1100b

815

for rheumatoid arthritis, 848

Nonsurgical pain management, 19, 1318
Norepinephrine, 179

adrenal medulla and. 884

mean arterial pressure affected by, 498
modulation of pain and, 1296t
as neurotransmitter, 713

renal function affected by, 748
sympathetic nervous system stimulation and.

482

for vasoplegic s\'ndrome, 545
Normal saline, 378-379, 378t

in pediatric patient, 1255-1256
Normeperidinc, 1302
Normosol-R, 378t, 379
Normothermia, 1388

definition of 321

maintenance of 1325

management recommendations for, 1286f
Normovolemia, 1388-1389

Nortriptyline, for chronic pain. 1302-1303,
!303t

Nose

anatomy of 429-430.614-615, 987
blood supply to, 429-430
pathology of airway management and,

345b

Nothing-per-mmith status, 1024
Novolin,872t

Nucleus of buys, 717
Number needed to treat, research methodology

and, 42

Numerical rating scale (NRS), 1296-1297
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Oropharynx. 987
anatomy of, 430
burn injury to, 919

Orthognathic surgery, 1006-1007
Orthopedic disease, obesity and, 1098
Orthopedic procedures, robotic surgery and, 825
Orthopedics

anesthesia for. 1030-1048.e3

definition of, 1030

Osmoreceptors, hypothalamic, antidiuretic
hormone and, 858

Osmosis, 223

Osmotic demyclination syndrome, 766
Osmotic diuretics, as ocular medications, 10161

Osteitis fibrosa cystica, 863
Osteoarthritis, 1030-1031

ankle arthroplasty for, 1035-1036
obesity and, 1098

Osteoblasts, 861

Osteoclasts, 861

Osteomalacia, 861

Otitis, upper respiratory infection and,
1244-1245

Otoacoustic emissions, 333

Outpatient anesthesia, 97l-986.e3
for pediatric patient, 1258

Outpatient surgery
acute substance abuse for, 972

advantages of, 971 -972
anesthetic considerations for, 982-984,982b

demographic considerations for, 972
depth-of-anesthesia monitoring for, 983
diagnostic procedures of, 977-978
disadvantages of, 972
discharge criteria for, 985-986,986b
features of, 971-972

fluid therapy, 983
hospital admission after, 973
laboratory evaluation, 977
local anesthetics in, 984b

obstructive sleep apnea and, 975, 975b
patient evaluation for, 976-981
patient preparation for, 976-981
patient recovery after, 983
patient satisfaction with, 971
patient screening for, 976
patient selection for, 972-976
for pediatric patient, 1258
postoperative considerations for, 984-986
postponement of, 976
premedication for, 981-982
preoperative patient instructions, 977b
social considerations for, 976,976b

unacceptable patient conditions for, 976
Ovassapian. 463f
Overdose, of anesthetics, number of deaths in,

I346t

Overweight
definition of, 1092

incidence of, 1092-1093

obesity and, classification of, by body mass
index, 10931

Overwhelming postsplcnectomy infection. 802
Oxidative metabolism, 834

Oxidizer, from surgical fires, 1086
Oxycodone, for chronic pain, 1315
Oxygen, 257-260

adverse effects of, 672

alveolar level of, 625

alveolar ventilation on, effect of. 625

analysis, 260-261
in anesthetic induction, for pediatric patient,

1248

for bronchospasm, 1248
carbon dioxide exchange and, 628-630
consumption of

Opioid analgesics (Coniimied)
naloxone, 148-149

naltrexone, 149

and cancer, 144

cardiac effects, 143-144

muscle rigidity, 143-144
pruritus, 144

classification, 139b

clinical effects, 142-143, 142b

endocrine effects, 144

gastrointestinal effects, 144
individual, 146-150

naturally occurring
codeine, 147

morphine, 146-147
neuraxial effects, 144-145, 145t

nonnarcotic analgesics, 149-150
acetaminophen, 149-150
ibuprofen, 149
ketorolac, 149

opiate receptors, 138-140
partial agonists and agonists-antagonists, 148

buprenorphine, 148
butorphanol, 148
nalbuphine, 148

pharmacogenetics, 141-142, 142b
pharmacokinetics, 140-141,141t
semisynlhetic, 147
synthetic, 147-148

alfentanil, 147

fentanyl, 147-148
meperidine, 147
methadone, 147

rcmifentanil, 148

sufentanil, 148

tramadol, 148

techniques and delivery, 145-146, 1451
Opioid-induced hyperalgesia (OIH), 1305
Opioid-sparing anesthesia, 150, 150t
Opsonization, 1049, 1053
Optical density (OD), 1084
Optic axis, 1013-1014
Optic chiasm, 1009-1010
Optic nerve atrophy, 1028
Optic nerve sheath trauma, 1028, 1028b
Oral and maxillofacial surgery, 1334

anesthetic considerations in, 1334

Oral endotracheal lube (OET), size of, for neo
nates, 1224-1225

Orbicularis oculi block, 1022,10231', 1023b

Orbit. 1013-1014, 1014f

measurement of, 1013b

tissue systems of, 1014,1014f-l0l5f
Orbital apex, lOlOf
Orbital arteries, 420f

Orbital fat, 1013

Orbital fossa, 1012-1013, 1012f

Orbital septum, 1013-1014
Orbital vein, 420f

Organ donation, types of, 950
Organ donor, anesthetic considerations for,

969-970

Organic compounds
functional groups, 221-222
hydrocarbons, 221

Organismic variables, 34
Organization, nurse anesthesia, history of, 5-6
Organ transplantation

anesthesia for, 950-970.e2

considerations, 950, 951 f

history of, 950
liver, 957-963

pancreas, 956-957
renal, 950-955

Orlistat, long-term treatment of obesity. 1 lOOt
Oropharyngeal airway, 434-435

Older adult (Continued)

postoperative cognitive dysfunction in,
1270-1271

risk factors for, 1270b

postoperative delirium in, 1270
preoperative assessment, issues of specific

importance in, 1266-1268
renal function changes in, 1263-1264
respiratory system changes in, 1262-1263
review of medications and polypharmacy,

1267-1268

surgical risk for, 1260
thermoregulation changes in, 1265

Older patients. See Patients; elderly
Oligodendrocyte, 704, 705t
Oliguria

acute kidney injury associated with, 750
clinical management of, 754b
management of, 964t
postoperative, 1290

Olmsted, jerome, 8f
Olsalazine, Crohn’s disease treated with, 797b

Oltz, Tafford, 10

Omalizumab, for asthma, 650t-65 It

Omeprazole, 789t
pancreatic tumor treated with, 793

Omnibus Budget Reconciliation Act of 1986, 9
Omphalocele, neonatal anesthesia for, 1233-

1234, 12331

One-lung ventilation, for robotically assisted
totally endoscopic coronary artery by-pass
surgery, 821-822,822b

Open circuit, pediatric, 1247
Open-eye injury, 1026
Operating room

cardiac, 530, 531t

fire prevention in, 1086, 1089f
spinal anesthetics in, 1119

Operationalization, definition of. 35
Operative error, prevention of, 373
Ophthalmic anatomy, 1009-1014
Ophthalmic block

in outpatient surgery, 983
techniques for, 1015-1017

Ophthalmic procedures
anesthesia for, I009-1029.e2

complications in, 1026-1029
general, 1023-1026, 1024b
regional, 1024-1025

anesthesia management for, 1023-1026
Opiate-induced respiratory depression, 1351
Opiate receptors, 138-140
Opioid(s)

for acute pain, 1298-1299
for burn injury, 928
for cardiac surgery, 538
for chronic pain. 1315,13151
epidural, 1133-1134

recommended doses of, 11341

immune suppression and, 1073-1074
for labor analgesia, 1190-1191
liver affected by, 775
liver disease anesthesia with, 782

for liver transplantation, 961-962
number of deaths in, 1346t

one-lung ventilation and, 696
for pediatric premedication, 1247t
postoperative pain management with, 1285
receptors for, 1220
signs of abuse of, 342b
tolerance to, chronic pain and, 1305-1306
ventilatory response to carbon dioxide, de

pressed by, 633-634
Opioid analgesics, 138-146

antagonists
nalmefene, 149
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Ovf^en (Coniinued}
in normal pulmonary function, in newborn

and the adult, 1214t

pregnancy and. 1178
shivering and. 1265,1286-1287

content of

in arterial blood, 629

calculations for. 629-630, 630f

in pulmonary capillary blood, 629
in venous blood, 629

coronary circulation and, 487,487f
fail-safe systems, 259-260
flowmeter, 257-259

flush, 259

hemoglobin for, affinity of, 628
low-pressure alarms, 260
myocardial, 516-531
one-lung ventilation and, 697
supplemental, in laser procedures, 1091
toxicity, pulmonary, 672
transport of, 628
ventilator driving gas, 260

Oxygenation
inadequate, signs and symptoms of, 1273b
monitoring of. 319-321
for pediatric patient, 1257
remote location monitoring of, 1325

Oxygen delivery index, 388t
Oxygen-demand theory, capillary blood flow

and,496

Oxygen extraction ratio, 388t
Oxygen saturation

in normal pulmonary function, in newborn
and the adult. 1214t

physiology, 320, 320f
Oxygen toxicity, one-lung ventilation and, 697
Oxyhemoglobin dissociation curve, 320, 320f,

628-629

factors influencing, 3201
Oxyhemoglobin dissociation curves, neonatal,

1211. 121!f

Oxymorphonc, for chronic pain, 1315
Oxytocin, 858, 1193,1200

transport of, 858f

Pain (Contimied)

pediatric, 1307-1308
pharmacology of, 1297-1302
physiologic consequences of, 1296-1297,

1297t

after laparoscopic surgery, 815
anatomy and physiology in, 1293-1296
in anesthesia complications, 1347
assessment tools in

for cognitively impaired, 1307t
for neonates, 1307

back, in epidural anesthesia, 1135
chronic. 1310-1321.e3

age-related considerations in, 1320-1321
cryoablation, 1319
evolution of, 1312-1313

failure to treat. 1321

management of, 1317-1320
multimodal treatment options for, 1317t
pathophysiology of, 1311
patient-centered approach in, 1321
pharmacology of, 1314-1317
physiology of, 1310-1311
postsurgical. 1312
radiofrequency. 1319
treating, 1313-1314
types of, 1311-1313

classification of, 1293

definition of, 1293

harmful effects of, 1284t

inflammatory, 1293
intensity scales. 1284f
in labor and delivery, 1180
neuropathic, 1293, 1303
nonpharmacologic interventions for, 1285
pathways for, 714, 714f-715f
perception of. 1295
physiology and management of, 1293-1309.e4
postoperative, 1283-1285

continuous catheter technique and, 1175
predictors of, 1296

receptors for, 714, 714f-715f
regional anesthesia for, 1141
sensitivity to, neonatal, 1215
somatic, 1293

tachycardia associated with, 1279
terminology of. 1294b
from tourniquet, 1043-1044
transduction of, 1293

transmission of, 1295-1296

modulation of, 1295-1296

visceral, 1293

Pain intensity scales, 1296-1297
Pain management

after vascular surgery, 588
anesthesia, 1327

for burn injury, 928-929
chronic. 1317-1320

complications and, 1320
imaging and radiation safety in, 1317
implantable devices in, 1320
interventional treatment in, 1317. 13181

sympathetic blocks in, 1319-1320
therapeutic injections in, 1318-1319

nonsurgical, 19
opioid drugs, 1285

Palate, pathology of, airway management and,
345b

Pancreas, 865-868

disease of. 790-794

anesthetic consideration in, 793-794

endocrine function of, 790-791

enzyme groups in, 7901
exocrine functions of, 790

insulin synthesis in, 867
physiologic overview of, 790-791

Pancreas

thyroid hormone, effect of. 890
transplantation of, 956-957

intraoperative considerations for, 957, 957f

postoperative considerations for, 957
preoperative considerations for, 956

tumors in, 793

Pancreatectomy, 794
Pancreaticoduodenectomy, 793
Pancreatic pseudocysts, 792
Pancreatitis

acute, 791-792

chronic, 792

diabetes associated with, 869

obesity and. 1097-1098
surgical therapy for, 792

Pancuronium, doses of, 1221t

Panhypopituitarism, 732-733, 855
Pantoprazole, 789t, 982
Papilla, 742
Papillary thyroid cancer, 1002
Papoose board, 1335
Paracrine function, 851

Paradoxical air embolism, 421, 730

Paradoxical reflex of Head. 632,634t

Paralysis

corticospinal tract causing, damage of,
715-717

neuraxial anesthetics in, 1127

Paramagnetic oxygen sensors, 241
Paramagnetic transducer, 241
Paraplegia

abdominal aortic aneurysm repair associated
with, 592

aortic cross-clamping as cause of, 596
Parathyroidectomy. 864
Parathyroid gland, 860-865
Parathyroid hormone, 861-862,86If-862f
Parathyroid hormone insufficiency, 397b
Paravertebral blocks (PVBs), 1160-1161

Paravertebral space (PVS), 1149
Parenchymal disease. 363
Parenteral administration, 68

Parenteral antibiotic prophylaxis, 1388
Parent, presence of. during anesthetic induction,

1247

Paresthesia

definition of, 1294b

tourniquet, postoperative, 1044
Parietal lobe, 705-706

Parietal pleura, 618-619
Parkland formula, in fluid resuscitation, 922-923

Partial pressure of arterial carbon dioxide
(PaCOj)

COPD and. 359

neonatal, 1213

in normal pulmonary function, in newborn
and the adult. 1214t

pneumoperitoneum effects on, 809
pregnancy and,1178

Partial pressure of arterial oxygen fPa02)
COPD and, 359

maintenance of, in one-lung ventilation,
697-698

in normal pulmonary function, in newborn
and the adult, 1214t

in older adult. 1263

Partial pressure of oxygen in pulmonary capil
lary (PPCO2), 629

Partial-thickness burns, 917

Participation, patient-centered care and, 25
Passive immunity, 1059-1060,1060f
Pathogen-associated molecular patterns

(PAMPs), 1049

Patient Blood Management (PBM), 402,402b,
403t

P

Pacemakers

cardiac, in procedures in remote locations,
1328

codes of. 577-578

Heart Rhythm Society (HRS). 577t
dual-chamber, atrial pacing spikes. 576f
electrode configurations of. 575f
electromagnetic interference and, 581-583
implanted, 580f
indications for the use of, 577b

leadless. 579, 579f

magnet and. 583.584t
in pectoral pocket, 575f
preoperalive evaluation of patients with,

356-357, 528

review of, 574-578,575f-576f

in separation from CPB and. 543
single-chamber

atrial pacing spikes, 575f
ventricular pacing spikes, 576f

terminology in, 575, 577t
types of, 575

Pack-year index, 684-685
Pain, 1293-1296

acute

anatomy and physiology in, 1310
assessment of, 1296-1297. 1297b

in elderly, 1306-1307
in patient with chronic pain, 1302-1308
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Perioperative goal-directed fluid therapy
(PGDT), 383-389, 388t

hemodynamic monitoring and, 385-387, 385f
Perioperative ISchemic Evaluation trial

(POISE-2), 911-914

Perioperative medications, recommended dos
ing for, 12681

Perioperative neuropathies, 414-415
Perioperative pulmonary complications, 1349
Perioperative surgical site infections, 1387-1389
Peripheral airways disease, 638
Peripheral nerve blockade, complications of,

1142-1144

Peripheral nerve blocks, 1308, 1308t
for acute pain, 1301
continuous, for acute pain, 1301
in outpatient surgery, 983

Peripheral neuropathies, central neuraxial block
ade with, 1115

Peripheral vascular disease, 586-588
preoperative evaluation of, 586-587
treatment of, 586

Peritubular capillary bed, 743
Perseus A500,254-255

Perseus A500 turbine ventilator, 281-282

Persistent pain, 1310
Persistent pulmonary hypertension of the new

born (PPHN), 1209-1210

Personal protective equipment
donning and doffing, 1379
respirator use during COVID-19, 1377

Personal protective equipment respirator, 1377

Patient-specific plan, for anesthesia care, 1324
Pectoralis blocks, 1165-1166

Pectus carinatum, 677

Pectus excavatum, 676-677

Pediatric anesthesia, 1239-I259.e4

agents for, 1240-1243
anatomy and physiology in, 1239
anesthetic management in, 1247-1257, 1247b,

1251t, 1252b-1254b, 1253f, I255t-1256t

cardiac arrest associated with, 1258-1259,
1258f

difficult airway in, 1253-1254, 1253b-1254b
drug administration in, 1240
emergence from, 1254
extubalion in, 1254

fluid management in, 1254-1257
induction of, 1248-1249

inhalation (mask) induction for, 1248-1249
intramuscular induction for, 1249

intravenous induction for, 1249

morbidilyand mortality in, 1258-1259, 1258f
outpatient, 1258
parent presence during induction of, 1247
pharmacologic considerations in, 1239-1243,

1240t, 1241f

postoperative care after, 1257-1258
preoperative preparation for, 1243-1247,

1244t, 1245b-1246b, 1247t

regional, 1258
Pediatric brain, growth and development

of, anesthetic complications related to,
1348-1349

Pediatric dentistry, 1334
anesthetic considerations in, 1335

Pediatric Perioperative Cardiac Arrest Registry,
1258-1259

Pediatrics, inhalation anesthetics and, 84-85, 85t

Pelvic procedure, hernia, spinal anesthesia for,
1123t

Pelvis, venous circulation of, 495

Pepsinogen, 787

Peptic ulcer disease, 788
Peptide hormones, 851
Peptide YY, effects and therapeutic uses of, 795t
Percentage of glottic opening, 439
Perception

of pain, 1295
pain physiology, 1311

Percutaneous coronary intervention (PCI), 1330,
1331b

Percutaneous endoscopic lumbar discectomy,
1039

Perfusion, surgical positioning effect on, 412
Perianesthesia patient care, 1272
Peribulbar block, 1017,1017f

Peribulbar extraconal techniques, 1019, I021f
Pericapsular nerve group (PENG) block,

1169-1170

Pericardial cavity, 477
Pericardial disease, 501 -504

Pericardial tamponade, blunt trauma and,
932-933

Pericardiocentesis, 502, 546

Pericarditis

acute, 501

chronic constrictive, 501-502

Pericardium, 477-491,478f

Perijunctional area, 829
Perinatal period, terminology used during,

1208b

Periodontics, 1334

anesthetic considerations in, 1335

Perioperative antibiotics, 204-208
Perioperative crisis events, 1363f
Perioperative fluid management, and enhanced

recovery after surgery, 821

Patient-centered care, 24-3 l.e3

benefits of, 27

concept of, 25-26
cultural competence and, 27-29, 30t
decision making and, in anesthesia, 30-31
as dimension of safety and health care quality.

30

measurement of health care quality in anes
thesia, 30-31

Patient-controlled analgesia
for acute pain, 1301-1302, 1302t
epidural, 1133,1189
for pediatrics, 1307-1308, 1308t
postoperative pain management with, 1284

Patient engagement. 26-27
shared decision-making, 26

Patient-intervention-comparison-outcome
(PICO) approach, 48

Patient-level variables, racial and ethnic dispar
ities, 27

Patient Protection and Affordable Care Act, 26,

29

Patient refusal, regional anesthesia contraindi
cated by, 1141

Patient risk assessment, 1387

Patients

alcohol intake by, 340-342
anesthetic history of, 339
applying evidence to, 41f-53f, 52-53, 52b
assessment of, timing of. 336-337
drug history of, 339
education, of, objectives of, 338b
elderly

hemodynamic changes in, 808-809
pain in,1306-1307,1307t
perioperative mortality and morbidity in,

1347-1348

postoperative hypothermia in, 1285-1287
evaluation for, outpatient surgery, 976-981
fasting interval for, 372
handoff, 1357-1361

health history of. 339
illicit drug use by, 342
interview of, preoperative, 338-343
intoxicated, management of, 778b
medical history of, 339
monitoring of, during anesthesia, 322-323
optimization of, thoracic surgery preoperative

evaluation and, 684-685

outpatient surgery

screening for. 976
selection for, 972-976

pediatric, anesthesia for, 1239-1259.e4
physiologic response of. anesthesia and, 1324
positioning of

for arthroscopy, 1033-1034, 1034f
for elbow arthroplasty, 1036
for hip arthroplasty, 1035
for shoulder arthroplasty, 1036-1037
for spinal surgery, 1040-1041, 1041f

postanesthesia recovery of, 1272-1292.e3
postoperative cognitive dysfunction in, 1348,

1349t

preexisting conditions of, nerve injury and,
414

pregnant, nonobstetric procedure for, 1205b
preoperativc evaluation of, 336-375.e6
preparation for, 336-375.e6

outpatient surgery, 976-981
recovery after, outpatient surgery, 986
satisfaction with, outpatient surgery, 971
smoking tobacco/electronic cigarettes, 340
social history of, 339-343
surgical history of, 339
surgical positioning for, 411

Patient safety, 1362-1371.e2

pH
neonatal, 1213

normal balance of, 630

Phagocyte, 1049
cells of, 1056f

Phagocytosis, 1049-1050
Pharmaceutics

benzodiazepines, 113-114
propofol, 101

Pharmacodynamics
benzodiazepines, 114
ketamine

cardiovascular effects, 111

CNS effects, 110-111

intraocular effects, 112

obstetric and pediatric use, 112
respiratory effects. 111-112

in neonate, 1219

propofol
cardiovascular effects, 104, 105t

central nervous system effects, 103-104,
1041

obstetric use, 105

respiratory effects, 104
Pharmacogenetics, 58

definitions, 77

history, 77-78
individual drug response/genetics, 78-79
opioid analgesics, 141-142, 142b
polymorphisms, 78, 79f

Pharmacogenomics, 77
Pharmacokinetics, 64

absorption, 67-68,67t
age, 76
benzodiazepines, 114
bioavailability, 68-69,69b
degree of ionization, 64-65
dexmedetomidine, 115-116

disease states, 76-77, 77b
distribution, 69-71

compartment models, 69-70, 69f
stereochemistry, 70-71, 7lf
structure-activity relationship, 70
volume of distribution, 70
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Pharmacokinetics (Continued)

drug elimination
clearance, 75-76, 76b

context-sensitive half-time, 74-75,75f, 75t

elimination half-life, 73-74, 74l

drug transporters, 64
etomidatc, 107

adrenocortical eifect, 108

cardiovascular effect, 107-108

CNS effect, 107

respiratory effect, 108
gender, 76
ketamine, 110

lipid solubility, 64-65,65b
ion trapping, 65,66f

metabolism, 71-73, 72b-73b, 73t

molecular size, 64,65f

in neonate, 1218-1220

opioid analgesics, 140-141, 141t
plasma concentration curve, 71,7If
propofol. 101-103, 102t, 103f
protein binding, 66
steady state, 71,72b
temperature, 76

Pharmacology, 55
Pharmacotherapy

for asthma, 360,3611

cardioprotective, 357-358
Pharyngeal arch, 429
Pharynx. 988

airway managcmenl and, 345b
airway obstruction and, 430
anatomy of. 430,615
obesity and, 1096
patency of, 1251
pathologic conditions of, in pediatric patient,

1254b

Phenoxybenzamine, 183
adrenergic receptor blockade with, 887
for pheochromocytoma, 887t

Phenlolamine. 183

for pheochromocytoma, 888t
Phenylephrine, 180

for maternal hypotension, 1192
as ocular medication, 1016t

Phenylcthanolamine-N-melhyl transferase
(PNMT),884

Phenytoin, for myotonic dystrophy, 846
Pheochromocytoma, 885-889

aneslhetic manageinent of, 887-889
clinical manifestations of. 886, 886b
diabetes associated with, 869

incidence and associated disease in, 886, 886t

intraoperative management of, 888t
postoperative management of, 889
preoperative management of, 886-887,887t
surgery for, 886-887

Phosphate
balance, disorders of, 397-398, 399t

metabolism of, parathyroid hormone and,
861

Phosphate buffer, renal regulation and, 746-747
Phosphocreatine-creatine system, 834
Phosphodiesterase inhibitors, 180-181
Pholoacoustic gas analyzer, 240
Photodynamic therapy (PDT), 1076, 1081
Photon

definilion of, 1076

energy of, 1076
interaction of, with electron. 1077f

Physical examination
in central neuraxial blockade, 1119

patienl assessment with, for outpatient
surgery, 976

for thoracic surgery, 681 -682
Physician, opposition of, to nurse anesthetist, 4

Physician Quality Reporting System (PQRS)
Program, 31

Pia mater, 707, 707f, 1111

Pickwickian syndrome, 1096-1097
PICO approach, 48
Pierre Robin syndrome, 437b, 1254b

airway management difficulty associated with,
437b

Piezoelectric effect, 234

Piezoelectric gas analysis, 239
Piggyback technique, for liver transplantation.

959-960

Pilocarpine, as ocular medications, 10161
Pilot study, description of, 39
Pinocytosis, 745
Pioglitazone, for type 2 diabetes, 871t
Pipeline supply

configuration, 247-248
cross-connection of gases. 250-251
loss of oxygen pipeline pressure, 250
problems with, 248-250

Piston-driven ventilators, 276

Pitocin, 1193

Pitressin. See Vasopressin
Pituitary gland, 854-860

anterior pituitary lobe, 854-858
disorders of, 855-856

hypersecretion of, 856
hyposecretion of, 855-856

hormone secretion, control of, 855, 855f, 856t

hypothalamus and, 854
location of, 854f

posterior pituitary lobe, 858-860,858f
tumors in, 855

Pituitary hormones
secretion of. control of, 855

target sites for, 855f
Pituitary stalk, 854
Pituitary surgery, 732-733

transsphenoidal approach to, 733
Placebo analgesia, chronic pain and, 1314
Placenta

abnormal implantation of, 1202-1203
abruption of, 1203
drugs, transfer and fetal efiects of. 1179-1180
in fetal circulation, 1207-1208

Placenta accreta, 1203, 1203f

Placenta increta, I203f

Placental villi, 1179

Placenta percreta, 1203f
Placenta previa, 1202, 1203f
Plantar fasciotomy, 1038
Plasma

fresh frozen, 406

glucose removal from, 866-867
osmolarity, 858
osmotic threshold of, 858

oxygen dissolved in, 628

volume of, during pregnancy, 1176, 1179t
Plasmalyte-A, 378t, 379
Plasma oncotic pressure, 376
Plasmapheresis, for myasthenia gravis, 837
Plasma protein, 851
Plasma thromboplastin antecedent. 898t
Plasmin, 900-901

Plasminogen, 900-901
Plateau pressure, 620-621
Platcletfs), 405-406, 1051f

adhesion and aggregation, 898f
attachment of, 895

components of, 895
function of, hypothermia and, 941
hemostasis and, 405-406

infusion guidelines of, 904-905
membrane surface of, 895-896

metamorphosis of, 897-898

Platelet(s) fContinued)

minimum counts before invasive procedures,
408b

during pregnancy, 1179t
receptors, glycoproteins, and common inhib

itor of, 910f

replacements of, 904t
.suggested minimum platelet counts before

invasive procedures, 408b
transfusion guidelines for, 408b

Platelet count. 902-903, 902t

test for, in pediatric patient, preoperative
preparation of, 1246b

Platelet-derived growth factor, 432
Plethysmography variability index, 388t
Pleura, 618-619

anatomy of, 618-619
parietal, 618-619
visceral, 618

Pleural cavity, 618
blood in, 674

Pleural efi'usion, 676

Pleural pressure, 621-622, 622f
Pleural space, 618

conditions that affect, 618t

fluid in, 676

Plume, 995

Pneumatic tourniquet, 1042-1043
Pneumocephalus, 426
Pneumomediastinum, pneumoperitoneum

associated with. 812-813
Pneumonitis

aspiration. See Aspiration pneumonitis
chronic, drug-induced, 671

Pneumopericardium, pneumoperitoneum asso
ciated with, 812-813

Pneumoperitoneum, 825
cardiovascular effects of, 808
creation of, 806-807

hemodynamic changes in, 808-809
hepatic and splanchnic effects, 811
immunologic effects of, 811
physiologic effects of, 807-808
pressure effects, 808b

pulmonary function changes associated with,
810b

renal effects of. 810-811

respiratory effects of, 809-811
Pneumothorax, 619,674-676

blunt trauma and, 932

closed, 674f

communicating, 674,675f
intercostal nerve blocks and, 1162
nitrous oxide and, 675-676

pneumoperitoneum associated with. 812-813
simple, 619,674, 674f
tension. See Tension pneumothorax

Poiseuille’s law, 231,497

resistance to breathing and. 623
Poiarographic electrode, 241
Polycystic ovary syndrome, diabetes associated

with, 869

Polymyositis, pulmonary manifestations of, 672b
Polyneuropathy, peripheral, in central neuraxial

blockade, 1115

Polypharmacy
older adult and, 1267-1268

in pain management, 1316-1317
Polysomnography, 346-347, 635
Polyuria

diabetes insipidus with, 859
hyperglycemia and, 869
postoperative, 1290

Pons, 707, 707f

apneuslic center in. 632
location of. 633f
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Pregnancy (Conii/uied)
physiologic changes in, 11791, 1179b
renal changes in, 1178-1179
respiratory changes in, 1177-1178
testing for, 370-371

indications for, 372b

Prejunctional receptors, 830
Premature Infant Pain Prolile (PIPP), 1307

Premature infants, outpatient surgery for, 973,
974b

Preinedication

delayed awakening associated with, 1282
emergence delirium associated with, 1282
pediatric, 1245-1247,1246b, 1247t

Preoperative autologous donation (PAD), 403
Preoperative considerations, in diabetes mellitus,

870-873

Preoperativc evaluation/assessment, 343-369
for abdominal aortic aneurysm repair,

594-595

for asthma, 648-651

benefits of, 337b

for cardiac surgery, 528-530
of carotid endarterectomy, 605
for chronic obstructive pulmonary disease,

642-643

for hypertension, 499-500
for liver disease, 779-780

in neonate, 1225-1232

for older adult patient, 1260

of patient, 336-375.e6
for pediatric patient, 1243-1247
for peripheral vascular disease, 586-587
for pituitary surgery, 733
for scoliosis, 678

for subarachnoid hemorrhage, 736

for supratentorial surgery. 726-729
for thoracic and thoracoabdominal aneu

rysms, 599-600
for thoracic surgery, 680-686, 682b

Preoperative history, in central neuraxial block
ade, 1114

Preoperative interview
objectives of, 338b
of patient, 338-343

Preoxygenation, trauma and, 934-935
Pressure, 224-226

atmospheric, 225
gauge and absolute, 226
measurement, 226, 226f

pathways for, 714-715
Pressure-controlled ventOation, 277-278

with volume guarantee, 278
Pressure monitoring devices, 1386
Pressure support ventilation, 278
Pressure-volume diagram, 490f
Pressure-volume loops, 319,3l9f
Pressure waves, 234

Primacor. See Milrinone

Primary adrenocortical insufficiency, 882,
882t

Primary immunodeficiency disorders,
1067-1068, 1067t

Prime, cardiopulmonary bypass and. 524
Prinivil. Sec Lisinopril
Proaccelerin, 898, 898t

Problem, identification of, in research process,
33,34b

Procoagulanl
in endothelium, 897f

mediators of, 896t

Proconvertin, 898, 898t

Progressive systemic sclerosis, pulmonary mani
festations of, 672b

Prolactin, 855

Prolactin-inhibitory factor, 856t

Postoperative pulmonary complications, risk
factors for, 1265b

Postoperative urinary retention (POUR), 1127
Postoperative visual loss, 417-420, 1041-1042,

1042b

robotic surgery and, 820
Postpartum hemorrhage, 1199-1201, I200f
Post reperfusion syndrome, 963, 9641
Post tonsillectomy hemorrhage (PTH), 1001
Postlraumatic stress disorder (PTSD), in intra

operative awareness, 1351
Potassium

absorption of, in colon, 797
balance, disorders of, 393-394

in crystalloid solutions, 1257t
imbalance of, dialysis and, 758
indications for testing of, 372b
in newborn, requirements for, 1222b
in pediatric patient, preoperative preparation

of. 1246b

Potassium channel, nerve impulse and, 712
Potassium ion

equilibrium potential of, 484t
nerve impulse and, 711

Polassium-titanyl-phosphate laser. 1077-1078,
1081

Pouches, 429

Powered air-purifying respirators (PAPR). 1377
Power, research sensitivity and, 42-44

Prasugrel
coronary stent and, 353
pharmacodynamic properties of, 912t

Pravachol. See Pravastatin

Pravastatin, perioperative use of, 357
Prazosin, 183

Preancsthesia, 1352

Preanesthesia assessment clinic, 336-337

Preanesthesia assessment, standards for remote

location anesthesia and, 1323-1324

Preanesthesia questionnaire, 337-338
Preanesthetic evaluation, for obesity, 1100b
Preanhepatic phase, of liver transplantation, 962
Prccardiopulmonary bypass period, 539-541
Prccordial Doppler, for detection of venous air

embolism, 73 It

Prednisolone, for asthma, 650t-651t

Prednisone, for asthma, 650t-651t

Prceclampsia, 1201-1202
anesthetic implications ol, 1202
description of, 1201
obstetric management of, 1201-1202
pathophysiology of, 1201

Pregabaiin
for chronic pain, 1302
for neuropathic pain, 1316

Pregnancy
acute kidney injury and, 752
anatomic and physiologic changes during,

1176-1180

anesthesia during, number of deaths in, 1346t
asthma and, 651

cardiac arrest in, 1199

cardiovascular changes in, 1176-1177
complications of, 1199-1204
gastrointestinal changes in, 1178
hematologic changes in, 1177
hepatic changes in, 1178
inhalation anesthetics and, 85

myasthenia gravis and, 835f
myotonic dystrophy and, 847
nervous system changes in, 1178
obesity and, 1099
outpatient surgery postponed by, 977, 978t,

980

in pediatric patient, preoperative preparation
of, 1246b

Popliteal nerve block, 1171f
Pores of Kohn, 618, 621

Porlocaval shunt, 363

Portopulmonary hypertension, 958-959
Positioning

airway management and, 436f
for caudal anesthesia, 1139

for epidural anesthesia, 1128
extreme, physiologic changes associated with,

819-820,819b

for obese parturient, for laryngoscopy, 1194f
ramping of patient, 435,437f
remote location monitoring of, 1325
for spinal anesthesia. 1119-1120
surgica],411-428.e3

airway complications of, 422-423
injuries associated with, 416t, 417b,

420-423, 423t

physiologic effects of, 411 -413
spinal cord injury associated with, 415-417
for venous air embolus, 731-732, 732f

Positioning device
brachial plexus injury associated with, 415
nerve injury caused by, 414,415b

Positive end-expiratory pressure (PEEP)
automatic, 697

intrinsic, 644, 644f

one-lung ventilation and, 697
optimal pressure for, 645f

Positive feedback, hormone secretion and, 854

Positive-pressure device, 1023
Positron emission tomography (PET), 1343
Postanesthesia care unit, 1272

admission, 1272

Aldreie scoring system, 1273
assessment in, initial, 1272-1274, 1274b

discharge from, 1290-1292, 1291b
pain management, 1283-1285

Postanesthesia Discharge Scoring. 1290-1292,
1291b

Postanesthesia recovery, 1272-1292.c3
score for. 1274b

street fitness, 129It

Postdischarge nausea and vomiting (PDNV),
1287

incidence of, 1288t

Posldural puncture headache (PDPH), 1125-
1126,1197-1198

in central neuraxial blockade, 1125-1126

in combined spinal epidural anesthesia, 1138
in epidural anesthesia, 1135
needles for, 1125-1126

treatment of, 1198

Posterior fossa surgery, 729-732
postoperative consideration with, 732b
surgical positioning for, 731-732,732f

Posterior ischemic optic neuropathy (PION),
820

Postganglionic axons, 710
Post-gastric bypass anastomotic leaks, 1107-

1108, 1107b

Fostgestational age, at surgery, 1226
Postjunctional end plate, 829
Postoperative cognitive dysfunction (POCD),

94.1270-1271, 1348

characteristics of, 1349t

prevention of, 1271
risk factors for, 1271

Postoperative delirium, 1265-1266, 1270,1281
Postoperative nausea and vomiting (PONV),

821,1287

incidence of, 12881

laparoscopy and, 813
management of, 1287,1288f
nonpharmacologic interventions for. 1289
primary risk factors, 1287b



1428 INDEX

Prone position, 427f
respiratory dynamics affected by, 1040
for spinal surgery, 1040, 104If

Prophylaxis, 208
Propofol

action of, 103, I04f

for advanced renal disease, 760

allergy, 105
for asthma, 649

carcinoid syndrome treated with, 805
cerebral metabolism affected by, 607
cerebral physiology affected by, 718t, 719
cesarean section, genera! anesthesia and,

1195-1196

chemical structure, 101,102f, 102t

contraindications and precautions, 105
deliberate controlled hypotension with, 994t
electroencephalogram affected by, 327
for pediatric patient, 1242
pharmaceutics, 101
pharmacodynamics

cardiovascular effects, 104, 105t

central nervous system effects, 103-104,
104t

obstetric use, 105

respiratory effects, 104
pharmacokinetics, 101-103, 102t, 103f

propofol infusion syndrome, 105-106
reformulations, 101

Propofol infusion syndrome, 105-106, 1242
Propranolol

for hyperthyroidism, 1003t
for pheochromocyloma, 887t

Proprioception, pathways for, 714f-715f, 715
Propylthiouracil (PTU)

for hyperthyroidism, 1003t
thyroid hormone and, 891

ProSeal LMA, 457f

Prospective payment system (PPS), nurse anes
thetist reimbursement and, 9

Prostacyclin, production of, 895
Prostaglandins

for acute pain, 1297-1298
as ocular medications, 10I6t

pain transmission and, 1295
renal function and, 746
for uterine contractions, 1200

Prostanoid biosynthesis pathway, 1300f
Prostate, transurethral resection of, 764-767

Prostatic disease, acute kidney injury as compli
cation of, 752

Prosthodontics, 1334

anesthetic considerations in. 1335

Protamine, administration of, during cardiac
surgery, 544

Protamine sulfate, 904t

Protective ventilation, 277
Protein

cardiac function regulated with, 482-483
insulin deficiency on, effects of, 869
metabolism of

glucocorticoids and, 877
insulin and, 865

in liver, 772, 772b

Protein binding
neonatal, anesthetic pharmacologic consider

ations in,1219

in pediatric patient, 1239
Protein hormones, 851

Protein synthesis, liver function and, 772, 772b
Proteinuria, 752, 756

Prothrombin, 898t

Prothrombin time test, 900, 902t

in pediatric patient, preoperative preparation
of, 1246b

Proton pump inhibitors, 789,789t

Pseudoaddiction, 1305

Pseudocholinesterase, 830

Pseudocysts, pancreatic, 792
Pseudohyperkalemia, 395b
Pseudohyponatremia, 390b
Pseudohypoparathyroidism, 397b
Psoas compartment block, 1168f
Psychiatric drugs, 211-215

antidepressants, 212
antipsychotics, 215
lithium, 215

monoamine oxidase inhibitors, 214-215

select serotonin reuptake inhibitors, 212-213
serotonin norepinephrine reuptake inhibitors,

Pulmonary embolism (Conlimiecl)
intraoperative management of, 660
medical and surgical treatment of, 658-659,

658b

pathophysiology of, 656
postoperative, 1276

pulmonary function and, 656
treatment of, 1276

Wells clinical prediction rule in, 1277t
Pulmonary function
burn injury and, 924
liver disease effects on, 781

in preoperative evaluation, for cardiac surgery,
528-529

Pulmonary function test, 636-637
for asthma, 648-649

for chronic obstructive pulmonary disease,
640-641,6421

thoracic surgery preoperative evaluation with,

215

tricyclic antidepressants, 213-214
Psychogenic chronic pain, 1311
Psychological system, acute pain effects on.

1297t

Psychologic issues, in reconstructive phase, for
burn patient. 929

Psychosomatic pain, 1311
Ptosis, 1028

Pulmonary administration, 68
Pulmonary arterial hypertension

classification of, 653b

treatment of, 652t

Pulmonary artery catheters
for cardiac surgery, 530
for detection of venous air embolism, 73 )i

Pulmonary artery diastolic pressure (PADP), 483
Pulmonary artery pressure, 625
Pulmonary aspiration, risk of, 371-372,373b
Pulmonary blood flow. 625-630
Pulmonary blood flow steal, 660
Pulmonary capillary wedge pressure, 483

pneumoperitoneum and steep Trendelenburg
affecting, 819

Pulmonary chemoreflex, 634t
Pulmonary circuit, aortic stenosis and, 508
Pulmonary circulation, 97
Pulmonary complications

anesthetic, 1349

postoperative, commonly cited, 1350b
Pulmonary disease

drug-induced, 670-671, 670b
in older adult, 1263

preoperative assessment, of pediatric patient,
1243

683

Pulmonary hypertension, 651-653
anesthetic management for, 652-653
classification of, 653b

clinical features of, 652

definition of, 651-652

diagnosis of, 652
etiology of, 652
incidence and outcome of, 652

pathophysiology of. 652
treatment of, 652t

Pulmonary hypoplasia, neonatal anesthesia and.
1235

Pulmonary oxygen toxicity. 672
Pulmonary surfactant, 621
Pulmonary system

acute pain effects on. 1297t
burn injury effects on, 924-925
rheumatoid arthritis and, 1031

Pulmonary vascular resistance, 532t, 625
in PPHN, 1209

Pulmonary vascular resistance (PVR), 97
Pulmonary vascular resistance index (PVRI),

532t

Pulse contour analysis, 386-387,387t
Pulse oximetry, 242-243, 320-321

in neonate, 1225

trauma and, 937

Pulse pressure, 388t
Pulsus bisferiens, 553

Pulsus paradoxus, 502, 546, 640
Puncta, 1014-1015

Purkinje system. 482
P value, definition of, 41-42

Pyloric stenosis, neonatal anesthesia for, 1233
Pyloromyotomy. 1233
Pyramidal tract, 716-717

Pyramid, in kidney, 742
Pyridostigmine, myasthenia gravis and, 837

Pulmonary edema, 626-627
anesthetic management for, 662-663
in burn injury, 924
cardiogenic, 661
drug-induced, 671
due to upper airway obstruction, 662
high-altitude, 661
management of, 627b
negative-pressure, 627, 1276

neurogenic, 661
noncardiogenic, 661, 1276

acute respiratory distress syndrome and,
Q

Q-air, 460f

Q-switched mode, of laser beam, 1078-1079

Qsymia, long-term treatment of obesity, llOOt
Quadratus lumborum (QL) blocks, 1164-1165
Quality, operationalization and, 35
Quincke needle, 1197f

667

drug-induced, 671
postobstruction, 1276
postoperative, 1276
treatment of, 1276

uremic, 661

Pulmonary embolism, 655-660
arthroplasty associated with, 1035
classification of, 655t

clinical features of, 656-657

definition of, 655

diagnosis of, 656-657,656b-657b, 657t
diagnostic testing for. 657. 658f, 658t, 658b
etiology of, 655-656
incidence and outcome of, 655

R

Rabcprazole, 789t. 982
Radial nerve block, at elbow. 1158, 1158f
Radiant heat loss, 321-322
Radiation

chronic pain and, 1317
infrared, 1076

ultraviolet, 1076
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Renal replacement therapy, 755b
continuous, 755

Renal system
anatomy of, 742-769.e3
anesthesia management for, 742-769.e3
anesthetic drugs effect on, 749
blood supply to, 742-744
burn injury effects on, 925
filtration in, 743f

function tests for, 364t

hormones in, 745-746

liver disease on, 780

neonatal. 1216-1217, 1228t

pathophysiology of, 742-769.e3
physiology of, 742-769.e3
during pregnancy, 1178-1179
preoperative evaluation of, 364-365
reabsorption in, 746f
secretion in, 745, 746f

tubular reabsorption and secretion in,
744-745

Renal transplantation, 768,950-955
indications for, 951

intraoperative considerations for, 953-954,
953f, 954b

postoperative considerations for, 954-955,
955b

postoperative pain control for, 955
preoperative considerations for, 951-952, 952t

Renin, 878

glomerular filtration and, 744
renal function and, 745

Renin-angiotensin level, renal function and, 748
Repaglinide, for type 2 diabetes, 871t
Rcperfusion injury, during lung transplantation.

Recurrent otitis media, in middle ear, 999-1000

Red blood cells (RBCs)

alternatives, 402

contraindications to salvage of, 404
intraoperative, salvage of, 404t
ox)’gen transport and, 628
packed, 405,406t, 902-903.904t

for neonate, 1224

storage, 407
transfusion of, 400-402

volume of, during pregnancy, 1176
Red muscle, 834

Refraction, 1146

Refractory period, of cardiac action potential.

Radiation enteritis, 801

Radical neck dissection, 1007

Radioactive iodine, 891

Radiofrequency catheter ablation (RFCA),
1329-1330

anesthetic considerations in, 1329-1330

postaneslhesia care in, 1330
procedure overview of, 1329

Radiography, 238-239
cervical spine, in pediatric patient, preopera

tive preparation of, 1246b
chest, 371,371b

for asthma, 648

for chronic obstructive pulmonary disease,
641,641t

chronic obstructive pulmonary disease
diagnosed with, 682

for cor pulmonale, 654
indications for, 371b

outpatient surgery evaluation with,
977-978

in pediatric patient, preoperative prepara
tion of, 1246b

Radiologic imaging, 443
Radiosurgery

anesthetic considerations in, 1343

indications for, 1340b

procedure overview of, 1339
Radiotherapy

anesthetic considerations in, 1343

indications for, 1340b

procedure overview of, 1339
Raman scattering analysis, 239
Ramipril, perioperative use of, 357-358
Ramping, patient position and, 435,437f
Randomized controlled trial (RCT), 38f, 49-50,

485

Regional anesthesia
clinical anatomy

lower extremity, 1150-1152
paravertebral space, 1149
spinal nerves, 1148-1149
truncal, 1150

upper extremity, 1149-1150
vertebral body process, 1149

Regulation
federal, of certified registered nurse anesthe

tist, 12-13

long-term, mean arterial pressure affected
by, 498

short-term, mean arterial pressure affected by,
497-498

Regurgitation
passive, 422
pregnancy and, 1178
risk of, 373b

Reliability
definition of, 32

instrument, 38

Relton adjustable pedestal frame, 1040, 1041 f
Remifentanil

cerebral physiology affected by, 718t
deliberate controlled hypotension with, 994t
for labor and delivery, 1184
opioid analgesics, 148

Remodeling, ventricular, 519-521, 52If
Renal disease

advanced

anesthetic management of patients with,
759-762

intraoperative monitoring for, 759
premedication for, 759
regional versus general anesthesia for, 76It
systemic abnormalities and, 757-759

diabetic, 870

Iluid management of, 762
preoperative assessment of patient with,

755-759

systemic effects of, 754t
Renal dysfunction, after cardiopulmonary

b^piass, 527
Renal failure

968

Reperfusion pulmonary edema, 660
Rcperfusion syndrome, 799
Repetitive transcranial magnetic stimulation

(rTMS), for major depressive disorders,
1338

Research, 32-54.el

applied, 34
basic, 34

characteristics of, 32

classification of, by method, 35t
definition of, 32

descriptive, 35t
dissemination of findings of, 44-45
evaluation of, 46, 46b

experimental, 35t, 36
ex post facto, 35t
historical, 35t

nature of, 32-33, 33b

qualitative. 35t, 36-37
quasi-experimental, 36

Research into Elderly Patient Anaesthesia and
Surgery Outcome Numbers study (REA
SON study), 1347-1348

Research method

classification of, 35t

classifying research on basis of, 35-36,35t, 37t
description of, 46
descriptive, 35t

Research plan, execution of, 39-40
Research process

blinding in, 35
hypothesis in, 34
instrumentation in, 38-39

literature review in, 33

masking in, 35
measurement in, 38-39

problem identification in, 33
stages in, 33-46

Research report, evaluation of, 46,46b
Residua! neuromuscular blockade, 471-472

49f

evaluation of, checklist for, 50b

fictional example of, 49f
Random sample, 38
Ranitidine, 982

gastric pH and, 666
Rapid sequence intubation, 934

anesthetic induction for, 935

Reactive airway disease, outpatient surgery for,
975

Receptor(s)
acetylcholine, 829-830
alpha, 59
cholinergic, 712
drug, 55-56, 56b
drug-response equation, 56-58
extrajunctional, 831
hormones, 851-854

for modulation of pain, 1295-1296
muscarinic, 712

nicotinic, 712

opioid, for acute pain. 1298
pain, 714
prejunctional, 830
ryanodine, 832
signal transduction, 56,57f
temperature, 714
types, 56

Recipient, selection criteria, 965b
Recombinant factor VII, 905

Recombinant factor Vila, 740

Recombinant vaccines, 1059

Reconstructive phase, in burn management, 929
Recruitment, pulmonary vascular resistance

and,625

Rectal prolapse, 801
Rectum

disease of, 800-801

fistulas in, 801

Rectus sheath blocks, 1163-1164

aortic cross-clamping as cause of, 591 -592,
596

chronic, 365, 754-755, 754b

dialysis for, 754-755
pneumatic tourniquet associated with, 1043
preoperative assessment of patient with,

755-759

systemic abnormalities and, 757-759
Renal fraction, 743

Renal function

age-related changes in, 1263-1264
anesthesia effects on, 747-748

hormones and, 745-746

laboratory tests for, 756-757
perioperative, 762

Renal insufficiency, 762



1430 INDEX

Residual volume, 623

in normal pulmonary function, in newborn
and the adult, 1214t

in older adult, 1262-1263,1263f

Resilience, 1356-1357

Resistance, 497

in series and parallel systems, 497f
of systems, 497

Reslizumab, 6501-6511

Resource allocation, CRM, 1363, 1363f

Respect, patient-centered care and, 25
Respiration

paradoxical, 688, 689f
quiet, diaphragm and, 619
spontaneous, 619

Respiratory arrest, optic nerve sheath trauma
and,1028

“Respiratory burst”, 1068
Respiratory centers, 632
Respiratory control, reflex mechanism of, 634t
Respiratory depression

neonatal, 1213

postoperative, 1278

Respiratory distress syndrome, 621
infantile, 1212

neonatal anesthesia and, 1227

Respiratory dysfunction, scoliosis and, 677
Respiratory evaluation, obesity and, 1102
Respiratory function, postoperative, assessment

of, 1275-1278

Respiratory membrane, 626
Respiratory monitoring apparatus (RMA),

1342-1343

Respiratory patterns, head trauma and, 739t
Respiratory quotient, 624-625
Respiratory rate

in normal pulmonary function, in newborn
and the adult, 1214t

during pregnancy, 1179t
Respiratory system, 97

age-related changes in, 1262-1263
anatomy and physiology of, 614
clinical monitoring of, 313-323.e2
compensatory mechanisms in, 631-632
dialysis and, 758
liver disease effects on, 781

neonatal, 1211-1214,1212f, 1228t

abnormalities in, 1227

obesity and, 1094b, 1095
pain and, 1296
pathology of, 635-636
pediatric medical histor)', anesthetic implica

tion of, I244t

during pregnancy, 1177-1178
preoperative evaluation of. 358-36!
spinal anesthesia in, 1123
surgical positioning effect on, 412-413

Respiratory tract
compression. 700

infection, upper, outpatient surgery post
poned by, 980-981, 981f

lower, 431-433

upper, 429-431

Respiratory zone, 618
Resting membrane potentials, 483-484,711
Restrictive cardiomyopathy, 512t, 513-514
Restrictive pulmonary disease, 660-663,660t
Reticuloendothelial system, 1049
Retina, 1014

Retinopathy, diabetic, 870
Retrobulbar block, 1017,1017f-10l8f

Retrobulbar hemorrhage, 1027, 1027b
Retroglottic tubes, 460
Retrograde autologous priming (RAP), 526
Retrograde cerebral perfusion, 572-573

Retrograde intubation, 469
Reverse Trendelenburg position, 423
Review of medications, older adult and,

1267-1268

Revised cardiac risk index (RCRI), 349,
351t-352t

Rewarming
hypothermia treated with, 1286-1287
of patient, cardiopulmonary bypass and, 573

Reynolds number, 231, 496-497,622
Rhabdomyolysis

anesthesia-induced, 841

lateral decubitus position and, 426
surgical procedure as cause of, 414

Rhesus (Rh) blood group, 1064-1065
Rheumatic heart disease (RHD), 549
Rheumatoid arthritis, 347,437b, 847-849

airway management difficulty associated with,
437b

anesthetic management for, 849, 849b
autoimmunity and, 1066
cervical spine and, 847-849, 848f
clinical manifestations of, 847-848

etiology of, 847
incidence of, 847

orthopedic surgery and, 1031
pericarditis caused by, 501
pulmonary manifestations of, 672b
treatment of, 848-849

Rheumatoid factor, 847

Rheumatoid spondylitis, 678
Rhinitis, upper respiratory infection and,

1244-1245

Rhinorrhea

ambulatory’ surgery for patient with, 980
differential diagnosis of, 980b

Rhythmicity, 712
Rickets, 861

RIFL See Rigid intubation fiberscope laryngo
scope (RIFL)

RIFLE classification of acute kidney injury,
750-751, 7511

Right ventricular dysfunction
acute respiratory distress syndrome and, 667
echocardiogram for assessment of, 682

Right ventricular failure, 730
Right ventricular hypertrophy, cor pulmonale

and, 653

Right ventricular stroke work index, 532t
Rigid fiberoptic stylets, 463
Rigid intubation fiberscope laryngoscope

(RIFL). 463
Rituxan. See Rituximab

Riluximab

for cancer, 1060

for rheumatoid arthritis, 848

Rivaroxaban

neuraxial anesthesia for, 9I2t

pharmacodynamic properties of, 912t
Robb, Isabel Adams Hampton, 3
Robinul. See Glycopyrrolate
RoboDoc, 817

Robotically-assisted laparoscopic prostatectomy
(RALP), 824-825

Robotic-assisted surgical system, laparoscopic
surgery and, 815-816

Robotic surgery
anesthesia for, 817-825.e2

cardiac procedures in, 821-823
enhanced recovery after surgery (ERAS) in,

821,821b

extreme positioning and, physiologic changes
associated with. 819-820, 819b

general anc.sthetic considerations for. 818-821
general surgical procedures in, 824

Robotic surgery (Continued)
gynecologic procedures and, 824
head and neck procedures and, 825
history of, 817
mitral valve procedures in, 823
orthopedic procedures and, 825
postoperative visual loss and, 820
robotic systems in, 817-818
surgical subspecialties, considerations for,

821-825

surgical time, spatial restrictions, and mobility
issues in, 818

thoracic procedures in, 823-824
urologic procedures and, 824-825

Robotic urologic surgery, 768. 769b
Robotic video-assisted thoracic surgery

(RVATS),824,824f
Rocuronium

dosage of, 1221t
hypersensitivity to, 1064
for liver transplantation, 961-962
for renal failure. 761-762

for renal transplantation, 953
for trauma, 935

Root cause analysis
in anesthesia complications, 1352-1355
flowchart for, 1353f

problem statement in, components of, 1353t
report, elements of, 1355b

Root sleeve, 1111

Ropivacaine, for labor and delivery, 1187
Rosiglitazone, for type 2 diabetes, 87It
Ross procedure. 551, 552t
Rosuvastatin, perioperative use of, 357
Routes of drug administration, 67-68

enteral, 67-68

parenteral, 68
pulmonary, 68
transdermal, 68

Roux-en-Y gastric bypass (RYGB), 1099
Ruby laser, 1076, 1081
"Rule ofNines”,917

Ryanodine receptor, 832

S

Sacral hiatus, 1109-1110

Sacral plexus, 1151
Sacroiliac joint, 1319
Sacrum. 1109-1110, lllOf

Saddle block, 1122

Safe injection practices, 1379, I380t
Safety

in patient, in prone or jackknifed position,
1114

for spinal or epidural anesthesia, 1114
systematic approach to, 1356

St. Marys Hospital, experience in, 2-3
Salmeterol

for asthma, 650t-651t

for chronic obstructive pulmonary disease, 643t
Sample

convenience. 38

random, 38

Sample size, research validity and, 44
Sampling

description of, 37
probability, 38

Saphenous vein graft (SVG), 548
SAPPHIRE trial, 610

Sarcoidosis, 673

Sarcolemma, 831

Sarcomere, 831, 83If

diagram of. 83If
Sarcoplasmic reticulum, 832
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Skin grafts, for burn injury, 926
Sleep apnea

acromegaly and, 858
airway obstruction associated with, 437b
obstructive, 1275

Sleep, pain management and, 1316
Sliding filament mechanism, 832, 833f
Sliding filament theory, 482-483,483f
Small airways disease, 638
Small for gestational age (SGA), 1229, 1229b
Smoke plume, 1084-1085
Smoking, 340
SNAP II monitor, 334

Sneeze, as reflex mechanism, 634t

Snoring, mask ventilation difficulty associated
with. 436-437

Social history, of patient, 339-343
Society for Simulation in Healthcare (SSH),

1366

Sodium

absorption of, in colon, 796-797
balance, disorders of, 390-393, 390t

in crystalloid solutions, 1257t
in newborn, requirements for, 1222b
restriction of, in hypertension, 880

Sodium bicarbonate, 1193

Sodium channels, nerve impulse and, 711-712
Sodium chloride solutions, 378, 378t

Sodium-glucose co-transporter-2 (SGLT2)
inhibitors. 87It, 872

Sodium ion

equilibrium potential of, 484t
glomerular filtration and, 744
nerve impulse and, 711

Sodium nitroprusside, 191
deliberate controlled hypotension with,

994t

Sodium-potassium adenosine triphosphate
(ATP) pump, nerve impulse and, 711

Sodium-potassium pump, 484
Soft lasers, 1081

Soft palate, 430
Solids. 217,222

Solid-state lasers, 1077-1078

Solubility, 222
Somatosensory area, cerebral, 706f
Somatosensory-evoked potentials, 330-331

abdominal aortic aneurysm repair monitoring
with, 592

brain monitoring with, 325t
isoflurane and, 331 f

monitoring of, during carotid endarterectomy,

Serum transferase, 774

Seventh cervical vertebra, 1006

Severe combined immunodeficiency (SCID), 1068
Severinghaus Pco^ electrode, 242
Sevoflurane

in assisted reproductive technologies, 1333
cerebral physiology affected by. 718t
electroencephalogram affected by, 327t
hepatic blood flow affected by, 772t
liver affected by, 775
malignant hyperthermia due to, 841
for pediatric patient, 1241, 1248
renal function affected by, 749

Shared decision-making, 26
Sheath of brachial plexus, 1149
Shikani optical stylet, 463,463f
Shivering

oxygen consumption increased by, 1265,
1286-1287

postoperative, 1286-1287
Shock

in central neuraxial blockade, 1118

classification of, 939t

irreversible, acute, 938-939

nonprogressive, 938
progressive, 938
spinal, 944-945
trauma and, 941

Shoemaker, Kenneth, 8f

SHORT. 442-443

Short-term devices, for acute mechanical circu-

Saxagliptin, for type 2 diabetes, 871t
Scarring, in reconstructive phase, for burn

patient. 929

Scattergram, 41
Scavenging flowmeters, 259
Schwann cell, 705

functions of, 705t

Sciatic block. 1170-1171

Sciatic nerve block, 1171-1172

Scientific method, knowledge from, 32
Sclera, 1014

Scoliosis, 1115

correction of, 1039

definition of, 677

surgery for, 1039
treatment of, 678

Scopolamine, 190
Second-generation supraglottic devices, 457-458
Second messenger, hormone receptor activation

and,851-853

Second victim

in anesthesia complications, 1355-1356
stages of recovery in, 1356b

Secretin, 790, 795t

Sedation

anxiolysis and, 1327
in cardiac surgery. 538
continuum of, 1326t, 1327

guidelines for. 1325-1327
ffir ophthalmic procedures, 1024, 1025b
preoperative, for cardiac surgery, 530

SEDLine Patient State Analyzer, 334
Seizure

intravascular injection and, 1027,1027b
local anesthetics and, 1198

Seizure disorders, outpatient surgery for, 973-974
Selective P2-agonists, 181-183
Selective IgA deficiency (SlgAD), 1067-1068
Selective norepinephrine and serotonin reuptake

inhibitors, for chronic pain, 1302
Selective relaxant binding agents, 174-176
Selective serotonin reuptake inhibitors (SSRls),

212-213

for chronic pain, 1302, 1315
Sella turcica, 854

Sellick, Brian Arthur, 455

Sellick maneuver, 455,934

Semiconductor laser. 1078

Semipermeable membranes, 222-223
Semirigid fiberoptic stylets, 463
Sensory pathways. 714-715
Sensory system, preoperative evaluation of, 348
Septal myectomy, 559
Septic meningitis, 1117
Serotonin

carcinoid tumor and, 803t, 804

modulation of pain and, 1296t
as ncurotransmitter, 713

pain transmission and, 1295, 1296t
Serotonin norepinephrine reuptake inhibitors

(SNRIs),215

for chronic pain, 1315
Serotonin syndrome, 213, 1303

postoperative, 1283
treatment of, 1283

Serum

calcium in, 860, 860f

osmolarity, 858
Serum albumin, concentration of, 774

Serum chemistry
indications for testing of, 372b
in pediatric patient, preoperative preparation

of, 1246b

Serum creatinine, renal function and. 756-757

Serum potassium level, 365, 370

latory support, 563
Shoulder

arthroplasty for, 1036-1038
anesthetic management of, 1036

arthroscopy for, 1033
position-related complications during,

1037t

prevention of complication.s during, 1037t
Shunt equation, 629
Shunt flow, hypoxic pulmonary vasoconstriction

and,695-696

Shunts, inhalation anesthetics and. 85-86

Sickle cell disease, 908,908b

outpatient surgery for, 975-976
Sickle cell trait, 908

Signal transduction, 56, 57f
Significance, description of, 41-42
Silastic silo, 1233

Sildenafil. 652t

Silicon ring tourniquet (SRT), 1043
Simulation, nurse anesthesia education and, 18

Simultaneous kidney and pancreas transplant, 957f
Simvastatin, perioperative use of, 357
Sinoatrial node, 481

action potential of, 485, 486f
Simrses of Valsalva, 570, 57 If

Sinus, procedures for, 1005
Sitagliptin, for type 2 diabetes, 871t
Sitting position, 426

complications associated with, 426
example of, 426f

Sjogren syndrome, pulmonary manifestations
of, 672b

Skeletal disorders, pulmonary function and,
676-679

606

neurologic monitoring with, 325b
for neurophysiologic monitoring, 725-726,

726t

peaks of, 330f
Somatostatin

effects and therapeutic uses of. 795t
gastric acid secretion and, 787
gastrointestinal function and. 865

Somatosympathelic reflex, 1279
Somatotropes synthesize, 855
Somatotropin, 854, 856
Spatial coherence, 1077
Spatial restrictions, and robotic surgery, 818
Spaulding disinfection and sterilization classifi

cation scheme, 1380, 1381t

Specific gravity
ofCSF, 1121

preoperative assessment of renal dysfunction
and,756

Spectral edge frequency, 328
Spectroscopy, near infrared, 328-329

neurologic monitoring with, 325b

Skeletal muscle, 826

contractile force of, 832, 834f

energy sources for, 834
relaxation of, 834b

Skeletal structure, pathologic conditions of, in
pediatric patient, 1254b

Skin

color of, in respiratory monitoring, 316
laser effects on, 1083t
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Spectroscopy, near-infrared, 3251
Speech pattern, preoperative evaluation of, 348
Sphincter of Oddi, 772-773, 783

spasm of, 775
Sphincterotomy, pancreatic duct, 792
Spinal analgesia, for labor and delivery, 1190
Spinal anesthesia, 1109-1140.e4

auditory, ocular, and facial complications of,
1127

block levels of, 1121-1123

in central nervous system, 1125-1126
for cesarean section, 1192-1193, 1193b

complications of, 1125-1127
continuous, 1125

duration of, 1122

and epidural anesthesia, combined,
1135-1139

equipment for, 1119-1121
in GI tract, 1123

injection site in, 1123

intrathecal drugs in, 1121-1123
length of surgery in. 1118
mechanisms of action of, 1112-1113

medication for, 11231

nausea and, 1125

neonatal, 1231, 123If

neurologic risk in, 1127
physiologic alterations in, 1123-1125
physiology of, 1112-1113
postdural puncture headache and, 1125-1126
in respiratory system, 1123
single-shot, 1192
spread of, 1121-1123
techniques for, 1119-1121

paramedian approach in, 1121
straight niidline approach in, 1120-1121
Taylor approach in, 1121

unexpected cardiac arrest and, 1127
urinary retention and, 1127

Spinal column, 111 If
curvatures of, 1112

Spinal column, neonatal. 1215, 1216f

Spinal cord, 708, 1110-1111, 111 If
dorsal horn of, 1298

injury to,415-417

thoracic surgery and. 703
ischemia of

and aortic cross-clamping, 592
descending thoracic and thoracoabdominal

aneurysms and, 599-600
linings of, 111 If
nerve, monitoring of, 332t

Spinal cord receptors, 55
Spinal D wave, 331
Spinal fusion, laparoscopy for, 1040
Spinal nerves, 1148-1149
Spinal reflex arc, 827f

Spinal stenosis, surgery for, 1039
Spine

airway management and, 345b
ankylosing spondylitis and, 1031-1032
cervical

injuries, airway management for, 936,
936f

rheumatoid arthritis in, 847, 848f, 1031

surgery on. 1038-1042
anesthetic management for, 1041
laparoscopy in, 1040b
spinal anesthesia for, 1123t

traumatic injury to, 943-947,943t, 944b
Spinothalamic system, pain transmission and,

1295, 1295f

Spinous process, 1109, lllOf
insertion of the needle in, 1121f

Spiriva. See Tiotropium

Spirometry
basis of, 636-637

chronic obstructive pulmonary disease and,
641t

loops, in ventilation, monitoring of, 319
pulmonary volume, measurement of, 636-637
thoracic surgery preoperative evaluation with,

Stent restenosis. 911

Stereochemistry, 70-71, 71f
Stereotactic radiosurgery, anesthetic consider

ations in, 1343

Stcrnomental distance, 440-441

Sternotomy. 559f
repeat, 540

Steroid hormones, 851
Steroids

anabolic, 343

for chronic pain. 1319
preparation of, 883t

Stethoscope, in respiratory monitoring, 316
Stimulated emission, of radiation,

1076-1077

St John’s wort, effects of, 343t

Stochastic effect, 1317
Stomach

anatomy of. 786-787
blood supply to, 786. 787f
diseases of, 786-790

position of, 786f
STOP-Bang questionnaire, 347b. 975
STOP-Bang Scoring Model, for obstructive sleep

apnea, 1096b
STOP questionnaire, 635
Strategic vision/plan, patient-centered care and,

683

Spironolactone, for hypertension, 879-880
Spleen

anatomy of, 802
disease of. 802-803

trauma to, 802-803

Splenectomy, 802
anesthetic considerations in, 803

laparoscopic, 807b
Splenomegaly, cirrhosis associated with, 779f
Spontaneous emission, of radiation, 1076-1077
Sprotte needle, 1197f
Sputum analysis, for asthma, 648
SSCOR DuCanto suction device, 936-937, 936f

Standard airway equipment, 451b
Standard and transmission-based precautions,

1374

Standard deviation (SD)

definition of, 41

dose response variability analysis and. 58
mean dose value distribution and, 59f

Standard error of the mean

definition of, 41

dose response variability analysis and,
58-59

mean dose value distribution and. 59f

Standards for Accreditation of Nurse Anesthesia

Educational Programs, 16, 21t
Standards for Nurse Anesthesia Practice, 314t
Stanford aortic dissection classification, 597t

Staphylococcus aureus, epidural abscess and,
1117

Staphyloma, 1014
Staphyloma 943, 1014
Starling equation, 660-661
Starling’s law, 660-661
Static effective compliance, 620
Statins, 188

perioperative use of, 357
for peripheral vascular disease, 586-587

Statistical techniques
choice of, 43t

correlational, 41,4It

descriptive, 40-41
hypothesis tested with, 42t
inferential, 36f, 41-42, 42t

selection of, 42,43t

Statistics

descriptive. 40-41, 40t
use of, in research, 40

errors in, 45b

Status asthmaticus, 647

Steatorrhea

chronic pancreatitis associated with, 792
maldigestion and, 796

Steep Trendelenburg position, in robotic surgery,
819-820,819b

Stem cell, 1051f

Stenosis

aortic, 549-551

mitral valve, 504-505

valvular, 354-355

26

Streptokinase, pharmacodynamic properties of,
912t

Stress

in anesthesia complications, 1357
indicators of, 1360t

Stress and learning, I368f
Stress testing, 357

for liver transplantation, 959-960
Stridor, 436
Stroke

acute ischemic, blood pressure management
in, 7401

carotid artery stent and, 612-613
causes of, 604

ipsilateral, 604
Stroke index, 532t

Stroke volume, 532t

normal values for, 388t

in older adult, 1261

pneumoperitoneum and, 808
during pregnancy, 1179t

Stuart-Prower factor. 898, 898t

Stunning, ischemia and, 519-531
Subarachnoid blockade, peripheral, for

postoperative pain, 1301
Subarachnoid block, failure to obtain, in

combined spinal epidural anesthesia.
1137-1138

Subarachnoid hemorrhage, 733
blood pressure management in, 740t
diagnosis of, 734
preoperative evaluation for, 736

timing of surgery for, 735-736
vasospasm and, 736

Subarachnoid space, 1110
spinal needle in, 1121f

Subcortical motor areas, 717-718

Subcutaneous implantable cardioverter
defibrillators (S-lCDs), 579

Subcutaneous tissue, burn injury to, 917
Subdural hematoma, 739f, 740

Subdural space, 707
epidural catheter, accidental subdural

injection, 1199
Substance abuse

outpatient surgery and, 972
signs of, 342b

Stent

Nitinol, 602-603

types of, 602f
Stenting and Angioplasty with Protection

Patients at High Risk for Endarterectomy
trial, 610
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Substance P

chronic pain and, 1306
modulation of pain and, 1296t
as neurotransmitter, 713-714

pain transduction and, 1293
Sub-tenon block. 1015-1016

Succinylcholine
for airway obstruction, 1253
cesarean section and, 1196

dosage of, 1221t
hypersensitivity to, 1064
in major depressive disorders, 1338
malignant hyperthermia due to, 841, 844b
for myasthenia gravis, 838
open-eye injury and, 1026
for pediatric patient, 1242
for renal failure, 761

for renal transplantation, 953
Succinylcholine chloride, 1275
Suction assisted laryngoscopy airway decontam

ination (SALAD). 936-937,937f

Sudden infant death syndrome (SIDS). 973
Sufentanil

for advanced renal disease, 760

cerebral physiology affected by, 718t
doses of, 1134t

for labor analgesia, 1191
opioid analgesics, 148

Sugammadex, 174-176
neuromuscular blockade reversal with, 1281

Sulci, cerebral, 705, 706f

Sulcus of Rolando, 705-706

Sulfasalazine, Crohn's disease treated with,
797b

Sulfonylurea drugs, 871t, 872
Sulfur hexafluoride perfluoropropane, as ocular

medications, 1016t

Superior laryngeal nerve block, 453-454,454f
Supine position, 423

example of, 4I9f
lateral decubitus position, 424

Supplemental oxygen, 1388
Supraclavicular block, 1153-1155
Supraglottic airway assessment, 442-443
Supraglottic airway devices (SADs), 434-435,

456-460

Supraglottic devices
complications associated with, 1349-1350
considerations for, 460

Supraglottic tubes, 460
Supraorbital extraconal peribulbar anesthesia,

1019-1021, 1022b

Sweating, thermoregulation and, 321
Sympathetic blocks, for chronic pain, 1319-1320
Synapse, 712

chemically mediated, 712
electrical, 712

neuron and chemical, 705f

Synaptic transmission, 712
Synchronized intermittent mandatory ventila

tion, 278

Syncytia] trophocytes, 1207-1208
Syndrome of inappropriate antidiuretic hormone

(SIADH) secretion, 860, 860t

Synovitis, 847
Synthetic androgens, 343
Synthetic opioid analgesics, 147-148

alfentanil, 147

fentanyl, 147-148
meperidine, 147
methadone, 147

remifentanil, 148

sufentanil, 148

tramadol, 148

Systematic review, 50-51
evaluation, questions in, 50b
methodology for, 50b

Systemic inflammatory response syndrome.

Surgery (Continued)
noncardiac

advanced age and, 1347
for obesity-related diseases requiring, 1100b
for pancreatitis, 792
pediatric

postoperative care after, 1257-1258
regional anesthesia for, 1258

pituitary, 732-733
anesthetic induction, maintenance, and

emergence for, 733
preoperative evaluation of. 733

positioning for, 423-427
positioning, in spinal anesthesia, 1123
posterior fossa, 729-732

anesthetic induction, maintenance, and

emergence for, 732
positioning for, 731-732,732f
postoperative considerations with, 732b

for older adult, 1260

robotic, 815-816

anesthesia for, 817-825.e2

cardiac procedures in, 821-823
enhanced recovery after surgery (ERAS) in,

821,821b

extreme positioning and, physiologic chang
es associated with. 819-820, 819b

general anesthetic considerations for,
8i8-821

general surgical procedures in, 824
gynecologic procedures and, 824
head and ne^ procedures, 825
history of, 817
mitral valve procedures in, 823
orthopedic procedures, 825
postoperative visual loss and, 820
robotic systems in, 817-818
surgical subspecialties, considerations for,

821-825

surgical time, spatial restrictions, and
mobility issues in, 818

thoracic procedures in, 823-824
urologic procedures and, 824-825

spinal, 1038-1042
anesthetic management for, 1041
intraoperative monitoring during, 724-725
laparoscopy in, 1040b
minimally invasive, 1039
postoperative visual loss associated with.

1041-1042, 1042b

for subarachnoid hemorrhage, 734
supratentorial

anesthetic induction and maintenance for.

527

Systemic lupus erythematosus
autoimmunity and, 1066
pulmonary manifestations of, 672b

Systemic vascular resistance, 532t
cardiovascular effect on, 808

normal values for, 388t

during pregnancy, 1176, 1179t
Systole

atrial, 486

cardiac cycle and, 486
ventricular, 486

Systolic anterior motion, 551
Systolic pressure variation, normal values for,

388t

T

Tachycardia
in fetus. 1181

malignant hyperthermia and, 842b
postoperative, pain as cause of, 1279

Tachyphylaxis, in epidural anesthesia, 1134
Tachypnea

asthma associated with, 647

malignant hyperthermia and, 842b
Tacrolimus, Crohn’s disease treated with,

797b
Surgery

ankle, 1038

anesthetic management for, 1038
anorectal, spina! anesthesia for, 1123t
back and spine, spinal anesthesia for, 1123t
bleeding risk in. 901
cerebrovascular, 733-737

on colon, 799-800

craniotomy, 727
for Crohn’s disease, 797

damage control, 933
foot, 1038

anesthetic management for, 1038
forearm, 1038

anesthetic management in, 1038
for gastric cancer, 789
for gastric disease. 789-790
hand.1038

anesthetic management in, 1038
intraabdominal, spinal anesthesia for, 1123t
length of, nerve injury associated with, 414
lung resection, 680
neurophysiologic monitoring during, 724b

728

Tactical Combat Casualty Care, 931
Tadalafil, for pulmonary hypertension, 652t
Tafluprost, as ocular medications, 10I6t
Takotsubo cardiomyopathy, 514
Tax Equity and Fiscal Responsibility Act (TE-

FRA), 9, 12

cerebral oxygenation monitoring during,
727t

emergence in, 728-729
fluid management during, 727-728
intraoperative monitoring during, 726-729
preoperative evaluation for, 727

for trauma, damage control. 933-934
universal protocols for prevention of errors in,

373,374b

T cells

adaptive immune system and, 1056-1057,
10S9f

CD4,1057, 1059f

CDS. 1057, 1059f

Team management. CRM, 1363, 1363f
TeamSTEPPS Team Performance Observation

Tool. 1366-1367
Teamwork

in anesthesia complications, 1357
elements of, 1359b

Tears, eye drops and, 1014-1015
Tec 6 vaporizer, 262
Telecommunication technology, remote anes

thetic monitoring using, 1343-1344

urologic
laparoscopy, 767-768
robotic, 768, 769b

vascular flow and organ perfusion affected by,
381-382

Surgical Care Improvement Project (SCIP), 204,
1044-1045

Surgical decompression, and ICP, 723
Surgical lasers, 1080-1081, 1080t
Surgical procedures, monitoring modalities and

anesthetic regimens for, 334t
Surgical site infection, 204,1386-1387
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Temperature, 227-229
conduction, 228

convection, 228

evaporation, 228
heal loss, 227-228

monitoring of, 321-322
pathways for, 714, 714f-7I5f
radiation, 228

receptors for, 714
redistribution. 227

regulation of
for burn therapy, 927
in neonate, 1217-1218

Thoracotomy, complications following. 702-703
Thorax

blunt trauma and, 932

venous circulation of, 495

'Ihree-in-one block, 1168

Threshold potential, 711
Thrombin, 898

cell-based theory of coagulation and, 899-900
in fibrinolytic system, 900
hypothermia and. 941
platelet production of, 895-896

Thrombin time, 902t, 903

Thrombocytopenia
abdominal aortic aneurysm rupture associat

ed with, 597

heparin-induced, 525,908-909,909b
liver disease associated with, 780

Thromboelastogram (TEG), 902t, 903-904, 903f,

Timolol, as ocular medications, 1016t

Tiolropium, 190,641-642, 643t
Tirofiban, pharmacodynamic properties of,

912t

Tissue

adipose, 1093-1094

subcutaneous, burn injury to, 917
Tissue factor (TF), 895, 898t

Tissue factor pathway inhibitor {TFPl), 900
Tissue oxygenation. GDFT and, 387
Tissue plasminogen activator, pharmacodynam

ic properties of, 912t
Tobacco smoking, effects of, 341t
Tocilizumab, for rheumatoid arthritis, 848
Tofacitinib, Crohn’s disease treated with,

797b

Tolerance, 1305

pain management and, 1316
Tongue, 430

anomaly of, airway management and, 345b
hypopharyngeal, 440
pathologic conditions of, in pediatric patient,

1254b

postoperative airway obstruction caused by,
1275

Tonicity, definition of, 1256
Tonsillectomy, 1000-1001, lOOOf
Tonsils, 988

bleeding of, 1001
Total body surface area (TBSA), burn injury

and,917

Total body water, 376
neonatal, 1214

pediatric, 1239
Total disc replacement, 1039
Total hip arthroplasty (THA), 1034-1035

direct anterior approach for, 1035
positioning for, 1035
thromboprophylaxis for, 1044

Total intravenous anesthesia (TIVA), 821

for radiofrequency catheter ablation,
1329-1330

Total knee arthroplasty (TKA), 1035
Total lung capacity (TLC), 619, 623-624

in normal pulmonary function, in newborn
and the adult, 1214t

obesity and, 1095
Totally endoscopic coronary artery bypass (TE-

CAB) surgery, 559, 821-822
contraindications to, 822b

robotically assisted, 821 -822,822b
Total parenteral nutrition (TPN), 798,

1223

Total spinal block, 1198-1199
Touch, pathways for. 714f-715f, 715
Tourniquet

for intravenous regional anesthesia.
1159-1160

pain caused by, 1043-1044
physiologic changes caused by, 1043b
pneumatic, 1042-1043

postoperative paresthesias, 1044
safety measures for, 1043b

Toxic megacolon, 798
Toxoid vaccines, 1059

T-piece, 1247. 1247b
Trachea, 432-433

airway management and, 345b
airway obstruction and, 437b
anatomy of, 616-618
burn injury to, 919
features of, 433f

injuries of, blunt trauma and, 933
thermal injury to, 919-920

remote location monitoring of, 1325
Temporal lobe, 705-706
Temporomandibular joint

limited movement in, 344

mobility of, airway management and, 441-442
rheumatoid arthritis, 1031

Tendon of the conus, 478

Tenon capsule, 1014, 1014f
Tension pneumothorax, 619, 674,675f

arthroscopy and, 1034
blunt trauma and, 932

carotid endarterectomy associated with, 609
signs and symptoms of, 1034b

Tentorium cerebelli, 707

Terazosin, adrenergic receptor blockade with.

961

Thromboembolism

carotid artery stent and, 612-613
venous

arthroplasty associated with, 1044
risk for. 915, 915t-916t

Thrombocndarterectomy, 659
Thrombolylics, neuraxial anesthesia for, 913t
Tliromboplastin, 8981
Thrombosis

acute stent, 911, 9I4b

ocular ischemia and, 1028

in postoperative patient, 1276
Tliromboxanes, pain transmission and, 1295
Thymus gland, excision of, 837
TTiyroid cartilage, 430-431,615
Thyroidectomy, 891
Tliyroid gland. 889-894, 1001, 1002f

disorders of. 368-369,890-894

Thyroid hormones, 851
formation of, 889

functions of, 889-890,890f

secretion, regulation of, 890, 890f
synthesis of, 889

Thyroid isthmus, 1001
Thyroid-stimulating antibody (TSAb), 1065
Thyroid-stimulating hormone, 854-855

in thyroid hormone formation, 889
Thyroid storm, 892-893, 892b
Tliyroid surgery. 1001-1004

intraoperative anesthetic management of,
1003

pathophysiology and, 1002
postoperative management for, 1003-1004,

1004b

preoperative assessment and preparation for,
1002-1003

Tliyromcntal distance, 344,440-441, 440f
Thyromenta! space, 440
Thyrotoxicosis. 890-891, 1002

signs and symptoms of, 890-891
Thyrotropcs, 855
Thyrotropin-releasing hormone, 856t
Thyroxine, 889
Ticagrelor, coronary stent and, 353
Ticlopidine, pharmacodynamic properties of,

912t

Tidal volume (V-j-)
atelectasis and, 676

inhalation anesthetics for pediatric patient
and,1240

lung volume and, 623
in normal pulmonary function, in newborn

and the adult, I214t

during pregnancy, 1179t
Time, surgical, and robotic surgery, 818

887

Tetanus, 832-833

Tetracaine, spinal anesthesia with, 1123t
Tlieophylline

for asthma, 6501-6511

for postdural puncture headache, 1125-1126
Tliermal burns, 919

Tliermal dilfusion flowmctry, brain monitoring
with, 325t

Thermal trauma, from laser, 1083

Thermistor, 322

Thermodynamics, 226
Thermoregulation, 321-322,1265
Tiiiazolidinediones, 8711,872

Thionamides, for hyperthyroidism, 1003t
Tliird space

losses, in neonate, 1223

in pediatric patient, 1256t
Thirst threshold, 858

Thoracic aortic aneurysms, 597-599
classification of, 597

diagnosis of, 598
etiology of, 597
treatment for, 598-599

Tlioracic procedures, in robotic surgery, 823-824
Thoracic surgery

analgesia for, 696-697
anesthesia for, 680-703.e5

complications after, 702-703
diagnostic data for, 682-684
lateral decubitus position, 686-688
monitoring plan. 685
postoperative complications in, preoperative

factors predicting, 681b
preoperative preparation, 680-686, 682b

history and physical examination in,
681-682

Thoracoabdominal aortic aneurysm
Crawford classification of, 598f

endovascular aortic aneurysm repair for,
601-604

etiology of. 598b
repair of, complications following, 600b

Thoracoscopy, 701-702
video-assisted, 70If

indications for, 70It
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Transfusion trigger, 401-402,1257
Transient ischemic attack (TIA), 604

Transient neonatal disease, 1064

Transient neurologic syndrome, 1123
Transitional circulation, 1208-1210

Transitional zone. 618

Transmission-based precautions, I381t
airborne, 1383

bloodborne, 1383

contact, 1382

droplet, 1382-1383
Transmission, pain, 1295, 1295f

modulation of, 1295-1296

Transmission, pain physiology, 1311
Transmural pressure, 734f
Transnasal hypophysectomy, 732f
Transport proteiii, 851
Transport, renal, mechanism of, 744-745
Transpulmonary pressure, 621-622,622f
Transpulmonary thermodilution (TPTD),

305-306

Transtracheal block, 454-455

Transtracheal injection, 455f
Transtracheal jet ventilation system, 466,466f
Transurethral resection of prostate (TURP),

764-767

anesthesia for, 766b

complications of, 765-767
spinal anesthesia for, 1114

Transurethral resection of prostate syndrome,
764-767

anesthesia for, 766-767

prevention of, 766
treatment of, 766

Transverse processes, 1109
Transverse tubules, 832

Transversus abdominis plane block. 1162-1163,
I163f

Trauma, 437b

abdominal, 934

acidosis and, 941

airway management for
difficulty associated with, 437b

anesthesia, 930-949.e4

blunt. 932-933

cardiac rupture and. 933
massive hemothorax and, 933

pericardial tamponade and, 932-933
tension pneumothorax and, 932
tracheal injuries and, 933
traumatic aortic rupture and, 933

breathing for, 937-938
care, levels of, 93If

cervical spine injuries, airway management
for. 936,936f

circulation and, 938-941

coagulopathy and, 940-941
continuum of care for, 948

damage control surgery for, 933
direct and videolaryngoscopy for, 935-936
endotracheal intubation for, 934

etiology of, 930
evaluation of, 931-932

head injury from. 942-943
hypothermia and, 941
injury from, 930
injury patterns, 931-932
management of care for, 930-931
massive transfusion protocols (MTP) and, 405
orthopedic injury and, 947-948
penetrating, 933-934
prehospital management of, 931
primary survey of. 931-932
secondary survey of, 932

Tracheal extubation, 470-474

algorithm, 472f
complications of, 470b, 471-474
criteria for, 470b

difficult airway, 471, 473t
for infant, 1251

for pediatric patient. 1251
risk factors for difficult, 47Ib

techniques, 470-471,471t
Tracheal intubation, 444f-445f

assessment of, 438-442

difficulty with, 433
for hypertensive patient, 500
indications for, 445t

methods. 471

Tracheobronchitis, 672

Tracheoesophageal fistula (TEF), neonatal anes
thesia for, 1235-1236,1236f

Tracheotomy, 469-470
Trachlite lighted stylet, 460-461,461f
Tract of Lissauer, pain transmission and, 1295
Tractus solitarius, 632

Tramadol, opioid analgesics, 148
Trandale Normodyne. See Labetalol
Tranexamic acid (TXA), 940

cardiopulmonary bypass and, 526
total hip arthroplasty and, 1045

Transcatheter aortic valve replacement (TAVR),
561-562, 562f

Transcatheter mitral valve repair, 562
Transcranial Doppler sonography

brain monitoring with, 325t
neurologic monitoring with, 325b

Transcranial Doppler ultrasonography, 329
Transcranial Doppler (TCD) velocity, monitor

ing of, during carotid endarterectomy, 606
Transcranial motor evoked potentials, for neuro

physiologic monitoring. 726t
Transcutaneous carbon dioxide monitoring, 318
Transcutaneous electrical nerve stimulator

(TENS), for chronic pain, 1320
Transcutaneous pacing pads, pacemakers. 575,

576f

Transdermal administration, 68

Transdermal scopolamine, 211
Transduction

of pain, 1293
pain physiology, 1310-1311

Transesophageal echocardiography (TEE),
309-312

for abdominal aortic aneurysm repair, 590
cardiac surgery and, 532-537
for detection of venous air embolism, 73 It

for lung transplantation, 966-967
Transfer of care, after anesthetic treatment, 1325

Transforaminal epidural steroid injection
(TESI). for chronic pain, 1318

Transfusion

guidelines for, 905-906
preoperative discussion on, 901

Transfusion-associated circulatory overload
(TACO). 409-410

Transfusion reactions, 1064-1065

Transfusion-related acute lung injury, 409,410t,

Trauma tCoiiliiiiied}

spinal cord injury from, 943-947
to spleen, 802-803
thoracic, 932-933

in thyroid surgery, 1006
ventilation for, 937-938

Trauma center, efficacy of, 930
Trauma-induced coagulopathy. 940
Trauma system

efficacy of. 930
organization of, 930-931

Traumatic brain injury, 738-741
blood pressure management for, 740t

Traumatic brain injury-induced coagulopathy, 941
Travoprost, as ocular medications, 1016t
Treacher Collins syndrome, 437b, 1254b

airway management difficulty associated with,
437b

Trendelenburg position, 423
complications associated with, 423
example of, 419f
pneumoperitoneum and, 810
steep, in robotic surgery, 819-820, 819b

Treprostinil, for pulmonary hypertension,
6521

Tricyclic antidepressants, 213-214
Tricyclic antidepressants (TCAs), for chronic

pain, 1302, 1303t
Trigeminal nerve palsy, in spinal anesthesia,

1127

Triglyceride, 867
Trigone, fibrous, 478
Triiodothyronine, 889
Trismus, 845

Trochlea, 1009

Tropicamide, as ocular medications, 1016t
Tropomyosin, 831
Troponin, 831
Troponin complex, 482
Troponin-tropomyosin complex, 482-483,

484f

Trousseau sign, 863, 863f
Trousseau syndrome, 793
Truncal blocks, 1150, 1160-1166

Trypsin, 790
Tryptase, allergic response and, 1062
r tubules, 832

Tube placement, for middle ear procedures,
999-inOO

Tube position control, 451b
Tuberculosis

adrenocortical insufficiency and, 882
difterential diagnosis of, 638t
pericarditis caused by, 501

Tubular membrane, transport through, 745
Tubular reabsorption and secretion, 744-745
Tubule

late distal, 745

proximal, 745
Tuffiersline, 1119-1120

Tumescent local anesthesia (TLA), 136-137

Tumor necrosis factor (TNF), 1053

Tumors, 437b

airway management difficulty associated with.
437b

anesthelic management, 804-805
carcinoid, 803-805

neuroendocrine, 681-682

pancreatic, 793
pituitary, 732
pituitary, surgery for, 856

Tunics, of eyeball, 1014, 1014f
Tuohy needle, 1128, 1129f, 1136,

ll97f

668

Transfusion-related circulatory overload, 669
Transfusion-related imnuinomodulation

(TRIM). 1073

Transfusion-related pulmonary disease, 668-670
Transfusion therapy

autologous, 403-404
compatibility of, 404-405, 405t
complications of, 408-410
indicators for, 400-402,402b
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Turbinates. 987-988

nasal anatomy and, 429-430
Turbine ventilators, 276

TURP syndrome, 764, 765t
Twitch. 832-833

Tympanic monitoring site, in body temperature,
322t

Tyrosine hydroxylase inhibitors, 194

Uremia, 762

cardiovascular disease and, 757

chronic, 758

renal disease and, 754

Ureterorenoscopy, 763
Urinalysis, indications for, 372b
Urinary retention

postoperative, 1290
in spinal anesthesia. 1127

Urinar}' tract, preoperative evaluation of, 364
Urine

Vancomycin, surgical site infection prevented
with, 1044

Van der Waals forces. 230

Vanillylmandelic add (VMA), 884
Van Lint eyelid block technique, 1022-1023
Vaporization, 228

Vaporizers, 261-265
classification and design, 261-262
hazards of contemporary vaporizers, 265
models, 263-265

underlying physical principles, 261
uses. 262-263

Variance, statistical, definition of, 40-41

Vascular access, obesity and, 1102
Vascular disease, peripheral, 586-588
Vascular endothelial growth factor, 431-432
Vascular surgery

epidural technique in, 588b
perioperative monitoring, 587

Vascular system. 491-498
anatomy of, 491 -496, 492f

Vasculature, cerebral, 710f

Vasoactive drugs, for ENT procedures,
992-993

Vasoactive intestinal peptide, effects and thera
peutic uses of, 795t

Vasoconstriction

U

Ulcer

gastric, 789
peptic, 788

Ulcerative colitis. 797-798, 797t
Ulnar nerve block

at elbow, 1159, ll59f

at wrist. 1158-1159, ll59f

Ulnar neuropathy. 415
Ultrafiltration

dialysis and, 755
physiologic efl'ects of, 755

Ultra-low-penetration air (Ul.PA) filter,
1085

Ultrasonographic imaging, 443
Ultrasonography, 234
Ultrasound

for chronic pain, 1317
epidural placement, of epidural anesthesia,

1131-1132,I131f

for femoral nerve block, 1167, ll67f

guidance for procedures, 1385
guided, for regional anesthesia,

1145-1148

neonatal anesthesia with, 1231

for nerve block guidance, 1145b
neuraxial anesthetic placement with, 1187
for sciatic nerve block. 1171-1172, 1172f

for transversus abdominis plane block,
1162

Unanticipated difficult airway, 444
Uncompensated metabolic acidosis, 631
Uncompensated metabolic alkalosis, 631
Uncompensated respiratory acidosis, 631
Uncompensated respiratory alkalosis, 631
Unfractionated heparin, neuraxial anesthesia

for, 913t

United Network for Organ Sharing (UNOS),
568.950

United States, trauma management in, 930
Univenl, 691-693,694f

Universal donor, 404-405

Universal gas laws. 229
Universal Protocol, 374b, 1325

Universal recipients, 404-405
Unspecified anesthetics, number of deaths in,

1346t

Upper extremity
arterial supply to, 493,495f
arthroplasty for. 1036-1038

anesthetic management of, 1036
intravenous regional anesthesia for,

1159-1160

regional anesthesia for, 1141-1175.e4
venous circulation of, 495

Upper lip bite lest. 441-442, 442f
Upper respiratory tract infection, 360-361

algorithm for, 362f
in pediatric patient

preoperativc preparation of,
1244-1245

recommendations for, 1245b

Up-rcgulation, hormones and. 853
Upright position, physiology of, 686-687

concentration and dilution of, 747

osmolality, preoperative assessment of renal
dysfunction and, 756

output of
acute kidney injury and, 749
postoperative, 1290

Urine osmolarity, 858
Urolithiasis. 763

Urologic procedures, robotic surgery and,
824-825

Urology disorders, preoperative assessment, of
pediatric patient, 1243

Uterus

blood flow in, 1179-1180

contractions of, 1180, 1200

ergot alkaloids for, 1200
oxytocin for, 1200

left uterine displacement, 1176-1177, 1177f
sensory innervation to, 1180f

Uvula, description of, 430

hypoxic pulmonary, 625-626. 628
mediators of, 896t

pulse oximetry and, 320-321
thermoregulatory, 1265

Vasoconstrictive drugs, 696
Vasodilation, mediators of, 8961

Vasodilator theory, capillary blood flow and.

V

Vaccines, 1059

VACTERL, 1235

Vacuum-assisted venous drainage (VAVD),

496

Vasodiiatory drugs, hypoxic pulmonary vaso
constriction and,696

Vasoplegic syndrome, 545
Vasopressin, 180,858

for liver transplantation, 961-962
mean arterial pressure affected by, 498
for vasoplegic syndrome, 545

Vasopressors, for liver transplantation, 961-962
Vasospasm

cerebral. 735

treatment of, 735

Vasotec. See Enalaprii
Vecuronium

dosage of, 122It
hypersensitivity to, 1064
for liver transplantation, 961-962
for renal failure, 761

Vein(s)

anatomy of, 492, 493f
axillary, 495
bronchial, 625

cephalic, 495
coronary sinus, 480
epidural, 1111-1112
ethmoid, 615

jugular, venous access in, 530
popliteal, 1171
portal, liver and, 770
pulmonary, 625
splenic, 802
thebesian, 481

Vena cava

aortocaval compression and, 1176-1177,
1177f

cannula in, 523f

filters, for pulmonary embolism, 658
inferior, 495

superior, 495

Venlafaxine, for chronic pain, 1303,1303t

524

Vaginal delivery, spinal anesthesia for, 1123t
Vagina, sensory innervation to, 1180f

Vagotomy, 790
Vagus nerve stimulation, for major depressive

disorders. 1338

Valerian, effects of, 343t

Validity
external, 32, 33b

instrument, 38

internal, 33b

internal versus external, 33b

research, 33b

Vallecula epiglottica, 615
Valsalva maneuver, 490,49If
Valve

aortic, 507

balloon-expandable, 561
surgical options for, 552t

atrioventricular, 479

bicuspid, 549-550
cardiac, 479

mitral, 479

self-expanding, 561
semilunar, 479-480

stenosis of, 503

surgery for, 549-558
tricuspid, 479

Valvular dysfunction, 504
Valvular heart disease (VHD). 354-355,

503-504,516-531

cardiac output and, 504
clinical symptoms of, 504
compensatory mechanisms in, 504
diagnostic modalities in, 504
evaluation of patient in, 504
surgery for, 549-558
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Venous air embolism, 420-421

prone position associated with, 426
sitting position associated with, 426

Venous air embolus, 729-730

detection of, 730-731, 73It

management, 731b
situations contributing to, 730b
surgical positioning for, 731-732, 732f
treatment of 731

Venous blood gases, in separation from CPB,

Ventricle

atrium separated from, 477
left, 479

function of and aortic stenosis, 507-508

overload of 52If

volume overload of 506

right, 479
Ventricular assist device (VAD), 565-566

separation from CPB and, 543-544
Ventricular dysfunction, left, 353-354
Ventricular function curve, 489, 489f

Ventricular hypertrophy, 499
Ventricular muscle fiber action potential,

484-485. 485f

Ventricular remodeling, 521f
Venturi eftect, 232

\'^enules, anatomy of 492
Veress needle, 806

Vertebrae, 1109

Vertebral body process, 1149
Vertebral column, 1110-1111, 11 Ilf

Vertebral foramen, 1109, 1111

Vertebra! lamina, 1109

Vertebroplasty, 1039
Vertical banded gastroplasty, 1100b
Very low-birth-weight (VLBW), 1204, 1225
Very low density lipoproteins (VLDLs), 1094
Vessel injury, 896-899, 898f
Vibratory sense, pathways for, 714f-715f 715
Video-assisted thoracoscopic surgery (VATS),

Vomiting (Confftinec/)
nonpharmacologic interventions for,

1289

outpatient surgery and, 984
pathways of 1289f
postoperative, 1287-1289
regional anesthesia and, in labor and delivery,

1196-1197

von Euler-Liljestrand mechanism, 695
von Hippel-Lindau syndrome, 886
von Recklinghausen disease, 886
von Willebrand disease, 906,906b

von Willebrand factor (vWF), 895-896, 898f

542

Venous drainage system, 1013
Venous system

coronary, 480,480f
physiology of 498

Venous thromboembolism

prevention of 659t
riskfor, 915, 915t-916l

Venovenous bypass, for liver transplantation.

900

V wave

cardiac cycle and, 486
pathologic, 506

W
963

Ventilation

alveolar, 624

apneic, trauma and, 935
for chronic obstructive pulmonary disease,

Warfarin

coagulopathies and, 740
medical procedures performed without

discontinuation of 913b

neuraxial anesthesia for, 9l3t

pharmacodynamic properties of 9l2t
reversal of 406,408t

Warfarin sodium, outpatient surgery and patient
use of 979

WATCHMAN procedure, 557, 557f
Water balance, antidiuretic hormone and.

644

dead space and, 624
gravity effect on, 688f
inadequate, adverse events in, 1349
mask, in airway management complications,

1350b

me.asurement, 684

mechanical

anesthetized, 688

liver surgery and, 775
minute

inhalation anesthetics for pediatric patient
and,1240

during pregnancy, 1178,1 !79t
modes of 668,668t-669t

monitoring of 316-319
flow, volume, and pressure, 318-319, 319f

one-lung, 599,689-696
anesthetized, open chest, 688
goals of 697
hy’poxemia associated with, 697-699,698t
management of 697-699
oxemia associated with, 680

physiology of 695-696, 695f
pneumoperitoneum effects on, 809
pulmonary blood flow and, 626
remote location monitoring of 1325
spontaneous, in anesthetized lateral position.

823

Video laryngoscope options, 451b
Videolaryngoscopy, 463-465
Viral illness, transmission of 409

Viral replication, interferon and, 1053
Virchow triad, 655-656, 655b, 1276

Viscoelastics, as ocular medications, 1016t

Viscus perforation, vessel and, 1084
Visible lasers, 1081

Visual analog scale (VAS), for pain assessment,
1296-1297

Visual axis. 1013-1014

Visual-evoked potential, 333
neurologic monitoring with, 325b
tracing of 330f

Vital capacity
in normal pulmonary function, in newborn

and the adult, 1214t

in older adult, 1262-1263, 1263f

Vitamin D, 861

conversion of 861f

insufficiency of 397b
renal function and, 746

Vitamin K

blood/coagulation factor replacements for,
904t

deficiency in, 773, 901
for premature infants, 1211

Vocal cords, movements of 616

Volatile agents. See also Inhalation anesthetics,
for advanced renal disease, 760-761

hepatic blood flow affected by, 770, 772t
liver affected by, 774-775
renal function affected by, 747-748
renal transplantation and, 953

Volume-controlled ventilation, 277

Volume replacement, obesity and, 1105-1106
Volvulus

of colon, 800

midgut, neonatal anesthesia for, 1234-1235
Vomiting

after ENT procedures, 993
after middle car procedures, 998
management of 1287

858

Water intoxication, TURP syndrome and,
765t

Water requirements, for neonate, 1222-1223,
1222t

Water, urine concentration of 747

Wavelength, definition of 1076
Waves, 233-235

electricity, 235-237
electromagnetic, 234-235
inverse square law, 235-237
magnetism, 235
pressure, 234

types, 233-235
Wenckebach tract, 481

Wernicke area, 706f

Wheezing, asthma associated with, 647
Whipple procedure, 793
Whitacrc needle, 1197f

White blood cell count

indications for testing of 372b
in pediatric patient, preoperative preparation

of 1246b

White blood cells

transfusion-related pulmonary disease and,
668-669

volume of during pregnancy, 1177
White matter

of central nervous system, 704
of spinal cord, 708

Wilson frame, 418, 422f 1040, 104lf

Wind-up, 1312-1313
chronic pain and,1299-1300

Wiskott-Aldrich syndrome (WAS), 1068
Withdrawal, pain management and, 1316
Withdrawal syndrome, 1304
Wong-Baker FACES scale, for pain assessment,

1296-1297

World Anaphylaxis Organization (WAO), crite
ria for anaphylaxis, 1064

World Federation of Neurological Surgeons
Scale, for subarachnoid hemorrhage, 734,
734t

687

surgical positioning effect on, 413
two lung, blood flow in, 695f

Ventilation-perfusion, 627-628, 627f
assessment of thoracic surgery preoperatwe

ev.iluation and, 683-684

Ventilation-perfusion ratio, 318, 627
surgical positioning effect on, 412

Ventilator-associated lung injury, atelectasis
and, 676

Ventilator-associated pneumonia (VAP),
1386

Ventilators

classification and theory of operation,
275-276

critical incidents related to ventilation,

282-283

current designs, 280-282
modes and settings, 276-279
safety features, 279-280
traditional, 282

tyjjical alarms, 276
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World War I, riurse anesthetist in, 3

World War II, nurse anesthetist in, 6-7, 6f
Wound

high-velocity, 933
lower-velocity, 933

Wrist, nerve block at, 1158-1159

Y Zocor. See Simvastatin

Zollinger-Ellison syndrome (ZES), 793
Zygapophyseal joints. 1319
Zymogen, 898

Young, chronic pain and, 1320

Z

Zafirlukast, for asthma, 650t-651t

Zestril. See Lisinopril
Zeus Robotic Surgical System, 817
Zevalin. See Ibritumomab

Zileuton, for asthma, 650t-651t

X

X-linked hyper-IgM syndrome (XHIGM), 1067
X-rays, 238-239

significant findings from, 520t


