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Notice

Medicine is an ever-changing science. As new research and clinical experience
broaden our knowledge, changes in treatment and drug therapy are required. The
authors and the publisher of this work have checked with sources believed to be relia-
ble in their efforts to provide information that is complete and generally in accord with
the stanidards accepted at the time of publication.However,in view of the possibility of
human error or changes in medical sciences,neither the authors nor the publisher nor
any other party who has been involved in the preparation or publication of this work
warrants that the information contained herein is in every respect accurate or com-
plete,and they disclaim all responsibility for any errors or omissions or for the results
obtained from use of the information contained in this work.Readers are encouraged to
confirm the information contained herein with other sources.For example and in parti-
cular, readers are advised to check the product information sheet included in the pack-
age of each drug they plan to administer to be certain that the information contained
in this work is accurate and that changes have not been made in‘thg recommended
dose or in the contraindications for administration.This recommendation is of particu-
lar importance in connection with new or infrequently used drugs.
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Preface

e

B B

In recent years, anesthesiology as the grade-2 subject and grade-1 clinical department has
been independently learned by many students including foreign students. Now, it is urgent that
an English textbook of anesthesiology is needed for undergraduate program for international
students. This textbook is written according to the depth of Chinese undergraduate textbook
of anesthesiology and the requirement of textbook of 1- and 2-year international anesthesia
residents, which is suitable for undergraduate program for international students.

This book covers the related contents of clinical anesthesia, intensive care and pain, which
is divided into 13 chapters including preoperative assessment, anesthesia monitoring, airway
management, local anesthetics and regional anesthesia, general anesthesia, acid-base balance,
respiratory failure, shock, cardiopulmonary resuscitation, nutrition support, and diagnosis and
treatment of pain, etc. This book is written by 15 anesthesia experts and scholars from teaching
hospital of different areas in China, which is the final version after the first draft, twice cross
review and finalization. This book highlights the combination of fundamental information,
related progress and latest knowledge, which can help students to facilitate"the understanding
of discipline development. '

We hope that every teacher can give advices in the process of using this book, which can

make it republication more perfect.

Editors
Oct 30, 2014
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Chapter' 7

Introduction

The term anesthesia was first used in the first century AD to describe the narcotic-like effects
of the plant mandragora. The term subsequently was defined as “a defect of sensation” and
“privation of the senses.” Oliver Wendell Holmes in 1846 was the first to propose the use of the
term to denote the state that incorporates amnesia, analgesia, and narcosis to make painless
surgery possible. Generally, anesthesia is characterized by sensory deprivation and reversible
inhibition of the function of central and/or peripheral nervous system caused by drugs and
techniques.

In the United States, use of the term anesthesiology to denote the practice or study of
anesthesia was first proposed in the second decade of the twentieth century to emphasize the
growing scientific basis of the specialty. Although anesthesia now rests on scientific foundations
comparable to those of other specialties, the practice of anesthesia remains mostly a mixture of
science and art. Moreover, the field of anesthesiology has been far beyond the scope of a word in
the aspects of anesthesia (Table 1-1). The development of modern anesthesiology can be divided
into three connected stages with different characteristics.

Table 1-1  Definition of the practice of anesthesiology within the practice of thedicine

1. Assessment and preparation of patients for surgery and anesthesia.

2. Prevention, diagnosis, and treatment of pain during and following surgical, obstetric, therapeutic, and diagnostic procedures.

3. Acute care of patients during the perioperative period.

4. Diagnosis and treatment of critical illness.

5. Diagnosis and treatment of acute, chronic, and cancer-related pain.

6. Cardiac, pulmonary, and trauma resuscitation.

7. Evaluation of respiratory function and application of treatments in respiratory therapy.

8. Instruction, evaluation of the performance, and supervision of both medical and paramedical personnel involved in perioperative care.
9. Administration in health care facilities, organizations, and medical schools necessary to implement these responsibilities.

10. Conduct of clinical, translational, and basic science research.

Data from the American Board of Anesthesiology Booklet of Information, February 2012.

Anesthesia  Since 1840s, the initial stage of the development of modern anesthesiology has
been nearly 100 years. At this stage, the main task of anesthetic workers was to solve pain

caused by the operation, focus on the development of narcotic drugs and methods of anesthesia,
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innovation and clinical application. As many theoretic and clinical problems were solved in the
development process, the theory of anesthesiology was accumulated and enriched. It also laid
the foundation for the development of disciplines.

Clinical anesthesiology This is an essential stage that anesthesia was rapidly transformed
into anesthesiology. Anesthesiology was endued with distinctively clinical and theoretical
characteristics: assessment and preparation of patients for surgery and anesthesia;
implementation and management of anesthesia; anesthetic management for special patients;
anesthetic management for critically ill patients; prevention and treatment of anesthetic
accidents and complications. At this stage, anesthesiology not only trended to improve and
perfect its features, but also played a significant role in promoting the development of surgery
and became an important branch of surgery in clinical medicine.

Anesthesia and Critical Care Medicine Since the mid-twentieth century, anesthesiology has entered a
rapid developing stage. Anesthesiology has absorbed relevant theory and technology from basic
medicine, clinical medicine, biomedical engineering and several edge disciplines in the long
term practice to generate and change its own theory and technical system, thus becoming an
important and independent discipline in clinical medicine.

Recently, work domain of anesthesiology has been expanded from operation room to
outpatient and ward. The scope of anesthesiology covers clinical anesthesiology, critical
care medicine (CCM) and pain management. Emphases of clinical anesthesiology have been
transferred to monitoring, maintaining and improving vital function in patients. Establishment
and management of postanesthesia care unit (PACU) and intensive care unit (ICU) not only
provided a strong guarantee for the safety of critically ill patients and patients undergoing major
surgery, but also became a necessary symbol of hospital modernization. Pain management has
expanded a novel way in which the theory and technology of anesthesiology were applied to
patients with pain. Today anesthesiology has become a wide range of discipline that investigates
clinical anesthesia, critical care medicine , resuscitation, and the mechanisms, diagnosis and
treatment of pain. Furthermore, the ability to manage systems for the efficient operation of a
medical center also makes the field of anesthesiology extremely rewarding. It has often been
said that the hospital does well if the anesthesia department does well, and vice versa. The two
are so interlinked that one cannot succeed without the support of the other. Anesthesiology has

become one of the most rapid developing and dynamic disciplines.

1 History of anesthesiology

L’

1.1 The development of ancient anesthesiology

In the Stone Age, humans began to use stone needle, spicules for analgesia and treatment.
In China, a wide variety of drugs such as black henbane, marijuana, aconitum, monkshood,

pepper were used for anesthetic and analgesic function in shennong bencaojing. In the han
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dynasty, Hua Tuo performed laparotomy with the assistance of mafeisan.

Ancient Egyptians used the combination of opium poppy (containing morphine) and
hyoscyamus (containing scopolamine), which is a similar combination(morphine and scopolamine)
as nowdays preoperative medication. Regional anesthesia in ancient times were consisted of
compression of nerve trunks (nerve ischemia) or the application of cold (cryoanalgesia). The
American indians may have practiced local anesthesia as their surgeons chewed coca leaves and

applied them to operative wounds, particularly prior to trephining for headache.

1.2 The initiation and development of modern anesthesiology

1.2.1 Inhalational anesthesia

In 1540, Diethyl ether (known at the time as “sulfuric ether” because it was produced by a
simple chemical reaction between ethyl alcohol and sulfuric acid) was originally prepared by
Valerius Cordus. Ether was used for frivolous purposes (“ether frolics™), but not as an anesthetic
agent in humans until 1842, when Grawford W. Long and William E. Clark independently used
it on patients for surgery and dental extraction, respectively. However, they did not publicize
their discovery. Four years later, in Boston, on October 16, 1846, William T.G. Morton conducted
the first publicized demonstration of general anesthesia for surgical operation using ether, when
was recorded as the beginning of modern anesthesiology. In 1847, chloroform was introduced
into clinical practice by the Scot Sir James Simpson, who administered it to his patients to relieve
the pain of labor. In 1844, Gardner Colton and Horace Wells were credited with having first used
nitrous oxide as an anesthetic for dental extractions in humans.

After ether, chloroform, nitric oxide were brought into clinical, the development of
inhalation anesthesia is relatively slow. Chloroform could cause arrhythmia, respiratory
depression and liver toxicity, so it was abandoned. Even after the intrdduction of other
inhalation anesthetics (ethyl chloride, ethylene, divinyl ether, cyclopropane, trichloroethylene,
and uroxene), ether remained the standard inhalational anesthetic until the early 1960s. In 1920,
Guedel published papers about ether. The same year, Magill introduced the application of
endotracheal intubation in inhalation anesthesia to solve the management problems of respiratory
tract. In 1927, Ralph waters invented to use sodium lime to absorb carbon dioxide. In 1956, halothane
is available, but the side effects of halothane include inhibitiong of respiratory cycle, liver poisoning
and increased sensitivity of myocardium to the adrenaline after extensive used, which causes
arrhythmia. In 1959, methoxyflurane was used, but its metabolites have renal toxicity. Enflurane,
isoflurane and sevoflurane were available in 1972, 1981, 1990 respectively. The development
of contemporary anesthesia can be embellished by introducing the improvement in anesthetic
apparatus and monitoring systems toward greater safety or, on the pharmacologic side, the
continued research for the basis of narcosis at the molecular level. In this connection, a useful clinical
yardstick was the concept of minimum alveolar concentration (MAC), which correlates closely with
lipid solubility of anesthetics. Also, measurements of MAC permitted comparison of studies on

the physiologic effects of anesthetics in terms of their relative potencies. Parenthetically, there is the



BT 5 Anaesthesiology

seemingly heretical suggestion that nitrous oxide should once and for all be abandoned due to the
ever-present liability of hypoxemia, its adverse effect on essential bone marrow metabolic enzymes,
and its well-known nonpharmacologic properties in relation to air-containing body cavities.

1.2.2 Intravenous anesthesia

Intravenous anesthesia appeared after the injection syringe and syringe needle were
manufactured. Since the second half of the nineteenth century, pioneers tried to perform
intravenous anesthesia with chloral hydrate, chloroform, ethyl ether, morphine, scopolamine,
and so on. Later barbiturates appeared, in 1934, Lundy and Waters used thiopental sodium
to replace for the inhalation anesthesia induction with ether. Methohexital, another type of
barbital drugs, was available in clinical practice in 1957. Sodium thiopental is still one of the
choices of intravenous anesthetics, and then benzodiazepines appeared, such as diazepam in
1959, lorazepam in 1971, midazolam in 1976 etc. Currently midazolam is widely used in pre-
anesthesia medication, general anesthesia induction, sedation or part of compound anesthesia.
Some other intravenous anesthetics, such as sodium hydroxybutyrate, ketamine, etomidate, and
propofol, remain available depends on different levels of medical center. The clinical application
of propofol is considered to be a great advancement of intravenous anesthesia, for its rapid
onset, rapid emergency, short duration, good controllability and wide range of application,
especially suitable for ambulatory surgery or some kinds operations.
Opioids Morphine, isolated from opium in 1805 by Sertiirner, was also tried as an intravenous
anesthetic. The high morbidity and mortality which was associated with high dose of opioids in
early reports caused many anesthetists to avoid opioids and favor pure inhalational anesthesia.
In 1969, Lowenstein rekindled performed “pure” opioid anesthesia by reintroducing the concept
of large doses of opioids as complete anesthetics, which are rarely used now. Morphine was
the first agent so employed, but fentanyl, sufentanil and alfentanil have been preferred by a
large margin as sole agents. As several new opioid analgesics had minor effects on heart like
volatile anesthetics, they have been widely used in clinical practice. Efficiency of sulfentanil in
anesthesia is strong; duration of alfentanil is short with a better controllability. Remifentanil,
an opioid subjects to rapid degradation by nonspecific plasma and tissue esterases, permits
profound levels of opioid analgesia without worries about prolonged postoperative ventilation,
so it has been widely used in clinical settings.
Neuromuscular blocking agents The introduction of curare by Harold Griffith and Enid
Johnson in 1942 was a milestone in anesthesia. Curare greatly facilitated tracheal intubation and
muscle relaxation during surgery. For the first time, operations could be performed without
relatively deep large doses of anesthetic to produce muscle relaxation. After that, the new
muscle relaxants are developed. Succinylcholine, the only depolarizing muscle relaxant today,
was synthesized by Bovet in 1949 and released in 1951; it has become a standard agent for
facilitating tracheal intubation during rapid sequence induction. Until recently, succinylcholine
remained unchallenged in its rapid onset of profound muscle relaxation, but its side effects (such

intraocular pressure and gastric internal pressure elevation, hyperkalemia, muscle pains, and



