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Preface

Three decades ago, I could not decide whether I wanted to pursue a career in anesthesiology or obstetrics. So ð I decided to
do both. I obtained training in both specialties largely because of my love of perinatal medicine. This text is the result of my
desire to prepare a comprehensive resource for all anesthesia providers (and obstetricians) who provide care for pregnant
women.

In the preface to the first edition, I identified two goals: (1) to collate the most important information that anesthesia
providers should know about obstetrics, and (2) to prepare a thorough and user-friendly review of anesthesia care for
obstetric patients. I asked each contributor to prepare a comprehensive, scholarly discussion of the subject and also to
provide clear, practical recommendations for clinical practice. As we unveil the fourth edition, those goals remain intact.
Further, the fourth edition has undergone a more extensive revision than either the second or the third edition.

First, consider the cover. The maternal-fetal image draws attention to the fact that the anesthesia provider and the
obstetrician provide simultaneous care for two (or more) patients – both the mother and her unborn child. As I look at that
image, I am awestruck by the miraculous beauty of conception, pregnancy, and childbirth.

Second, consider the content. At least 10 chapters – including the chapters on neuraxial labor analgesia, cesarean
delivery, the difficult airway, and hypertensive disorders – have been rewritten from start to finish. The three previously
published chapters on neuraxial labor analgesia have been consolidated into a single chapter, as have the two previously
published chapters on anesthesia for cesarean delivery. All chapters have been updated, and most chapters have undergone
extensive revision. Two new chapters address the important subjects of patient safety and maternal mortality. And the
fourth edition – for the first time – features a dedicated website that includes the whole content of the book and is fully
searchable. The book’s interior has been enhanced by the addition of a second color, which allows a better and more
attractive visual presentation.

Third, consider the contributors. The fourth edition includes an astounding number of 32 new contributors! Of special
significance is the addition of three outstanding new editors. I hand-picked these new editors as a result of my personal
interaction with them in the preparation of previous editions of this textbook, as well as my familiarity with – and respect
for – the depth and breadth of their knowledge and judgment, and the quality of their scholarship. The title page lists their
academic affiliations and hospital leadership positions. In addition, Linda S. Polley, M.D., is the current President of the
Society for Obstetric Anesthesiology and Perinatology (SOAP). Lawrence C. Tsen, M.D., is the President-elect of SOAP,
and he also serves as Editor-in-Chief of International Journal of Obstetric Anesthesia. And Cynthia A. Wong, M.D., is the
obstetric anesthesia section editor for Anesthesia and Analgesia. The addition of these extraordinary obstetric anesthesiol-
ogists to the editorial team has resulted not only in the preparation of a better product, but it also reflects the publisher’s
(and my own) long-term commitment to this text.

My fellow editors and I should like to acknowledge the important roles of four groups of special people. First, we should
like to thank the 72 other talented and distinguished contributors to the fourth edition, as well as the contributors to
previous editions of this text. Without their commitment to this project, the fourth edition would not have seen the light of
day. Second, we should like to gratefully acknowledge the invaluable contributions made by our competent, loyal, and at
times long-suffering assistants: Jennifer Lee and Donna Stortz (DHC); Mary Lou Greenfield (LSP); Judy Johnson (LCT); and
Allison Ernt and Sean Jones (CAW). Third, we should like to acknowledge the encouragement, expertise, and attention to
detail provided by the professional production team at Elsevier Mosby. And finally, we should like to thank you, the readers,
not only for your support of this text through the years, but also for your ongoing commitment to the provision of safe and
compassionate care for pregnant women and their unborn children.

David H. Chestnut, M.D.

Micah 6:8

Preface xiii
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For I heard a cry as of a woman in travail, anguish as of
one bringing forth her first child, the cry of the daughter
of Zion gasping for breath, stretching out her hands,
‘‘Woe is me!’’

—JEREMIAH 4:31

‘‘The position of woman in any civilization is an index
of the advancement of that civilization; the position of
woman is gauged best by the care given her at the birth
of her child.’’ So wrote Haggard1 in 1929. If his thesis is true,
Western civilization made a giant leap on January 19, 1847,
when James Young Simpson used diethyl ether to anesthe-
tize a woman with a deformed pelvis for delivery. This first
use of a modern anesthetic for childbirth occurred a scant
3 months after Morton’s historic demonstration of the
anesthetic properties of ether at the Massachusetts General
Hospital in Boston. Strangely enough, Simpson’s innovation
evoked strong criticism from contemporary obstetricians,
who questioned its safety, and from many segments of
the lay public, who questioned its wisdom. The debate
over these issues lasted more than 5 years and influenced
the future of obstetric anesthesia.2

JAMES YOUNG SIMPSON

Few people were better equipped than Simpson to deal
with controversy. Just 36 years old, Simpson already had
7 years’ tenure as Professor of Midwifery at the University
of Edinburgh, one of the most prestigious medical schools
of its day (Figure 1-1). By that time, he had established a
reputation as one of the foremost obstetricians in Great
Britain, if not the world. On the day he first used ether
for childbirth, he also received a letter of appointment as
Queen’s Physician in Scotland. Etherization for childbirth
was only one of Simpson’s contributions. He also designed
obstetric forceps (which still bear his name), discovered the
anesthetic properties of chloroform, made important

innovations in hospital architecture, and wrote a textbook
on the practice of witchcraft in Scotland that was used by
several generations of anthropologists.3

An imposing man, Simpson had a large head, a massive
mane of hair, and the pudgy body of an adolescent.
Contemporaries described his voice as ‘‘commanding,’’
with a wide range of volume and intonation. Clearly
Simpson had ‘‘presence’’ and ‘‘charisma.’’ These attributes
were indispensable to someone in his profession, because in
the mid-nineteenth century, the role of science in the
development of medical theory and practice was minimal;
rhetoric resolved more issues than facts. The medical cli-
mate in Edinburgh was particularly contentious and vitu-
perative. In this milieu, Simpson had trained, competed for
advancement and recognition, and succeeded. The rigor of
this preparation served him well. Initially, virtually every
prominent obstetrician, including Montgomery of Dublin,
Ramsbotham of London, Dubois of Paris, and Meigs of
Philadelphia, opposed etherization for childbirth. Simpson
called on all of his professional and personal finesse to sway
opinion in the ensuing controversy.

MEDICAL OBJECTIONS TO THE USE OF
ETHER FOR CHILDBIRTH

Shortly after Simpson administered the first obstetric anes-
thetic, he wrote, ‘‘It will be necessary to ascertain anesthe-
sia’s precise effect, both upon the action of the uterus and
on the assistant abdominal muscles; its influence, if any,
upon the child; whether it has a tendency to hemorrhage
or other complications.’’4 With this statement he identified
the issues that would most concern obstetricians who
succeeded him and thus shaped the subsequent develop-
ment of the specialty.

Simpson’s most articulate, persistent, and persuasive
critic was Charles D. Meigs, Professor of Midwifery
at Jefferson Medical College in Philadelphia (Figure 1-2).
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In character and stature, Meigs equaled Simpson. Born to a
prominent New England family, Meigs’ forebears included
heroes of the American revolutionary war, the first gover-
nor of the state of Ohio, and the founder of the University
of Georgia. His descendants included a prominent pediatri-
cian, an obstetrician, and one son who served the Union
Army as Quartermaster General during the Civil War.5

At the heart of the dispute between Meigs and Simpson
was a difference in their interpretation of the nature of labor
and the significance of labor pain. Simpson maintained that
all pain, labor pain included, is without physiologic value. He
said that pain only degrades and destroys those who experi-
ence it. In contrast, Meigs argued that labor pain has pur-
pose, that uterine pain is inseparable from contractions, and
that any drug that abolishes pain will alter contractions.
Meigs also believed that pregnancy and labor are normal
processes that usually end quite well. He said that physicians
should therefore not intervene with powerful, potentially
disruptive drugs (Figure 1-3). We must accept the state-
ments of both men as expressions of natural philosophy,
because neither had facts to buttress his position. Indeed,
in 1847, physicians had little information of any sort about
uterine function, pain, or the relationship between them.
Studies of the anatomy and physiology of pain had just
begun. It was only during the preceding 20 years that inves-
tigators had recognized that specific nerves and areas of the
brain have different functions and that specialized peripheral
receptors for painful stimuli exist.2

In 1850, more physicians expressed support for Meigs’s
views than for Simpson’s. For example, Baron Paul Dubois6

of the Faculty of Paris wondered whether ether, ‘‘after
having exerted a stupefying action over the cerebro-spinal
nerves, could not induce paralysis of the muscular element
of the uterus?’’ Similarly, Ramsbotham7 of London Hospital
said that he believed the ‘‘treatment of rendering a patient
in labor completely insensible through the agency of anes-
thetic remedies . . . is fraught with extreme danger.’’ These
physicians’ fears gained credence from the report by a spe-
cial committee of the Royal Medical and Chirurgical Society
documenting 123 deaths that ‘‘could be positively assigned
to the inhalation of chloroform.’’8 Although none involved
obstetric patients, safety was on the minds of obstetricians.

The reaction to the delivery of Queen Victoria’s eighth
child in 1853 illustrated the aversion of the medical
community to obstetric anesthesia. According to private
records, John Snow anesthetized the Queen for the delivery
of Prince Leopold at the request of her personal physicians.
Although no one made a formal announcement of this fact,
rumors surfaced and provoked strong public criticism.
Thomas Wakley, the irascible founding editor of The
Lancet, was particularly incensed. He ‘‘could not imagine
that anyone had incurred the awful responsibility of advis-
ing the administration of chloroform to her Majesty during
a perfectly natural labour with a seventh child.’’9 (It was her

FIGURE 1-1 James Young Simpson, the obstetrician who first
administered a modern anesthetic for childbirth. He also discovered
the anesthetic properties of chloroform. Many believe that he was the
most prominent and influential physician of his day. (Courtesy Yale
Medical History Library.) FIGURE 1-2 Charles D. Meigs, the American obstetrician who

opposed the use of anesthesia for obstetrics. He questioned the safety
of anesthesia and said that there was no demonstrated need for it
during a normal delivery. (Courtesy Wood Library Museum.)
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eighth child, but Wakley had apparently lost count—a
forgivable error considering the propensity of the Queen
to bear children.) Court physicians did not defend their
decision to use ether. Perhaps not wanting a public con-
frontation, they simply denied that the Queen had received
an anesthetic. In fact, they first acknowledged a royal anes-
thetic 4 years later when the Queen delivered her ninth and
last child, Princess Beatrice. By that time, however, the issue
was no longer controversial.9

PUBLIC REACTION TO ETHERIZATION
FOR CHILDBIRTH

The controversy surrounding obstetric anesthesia was not
resolved by the medical community. Physicians remained
skeptical, but public opinion changed. Women lost their
reservations, decided they wanted anesthesia, and virtually
forced physicians to offer it to them. The change in the
public’s attitude in favor of obstetric anesthesia marked
the culmination of a more general change in social attitudes
that had been developing over several centuries.

Before the nineteenth century, pain meant something
quite different from what it does today. Since antiquity,
people had believed that all manner of calamities—disease,

drought, poverty, and pain—signified divine retribution
inflicted as punishment for sin. According to Scripture,
childbirth pain originated when God punished Eve and
her descendants for Eve’s disobedience in the Garden of
Eden. Many believed that it was wrong to avoid the pain
of divine punishment. This belief was sufficiently prevalent
and strong to retard acceptance of even the idea of anesthe-
sia, especially for obstetric patients. Only when this tradi-
tion weakened did people seek ways to free themselves from
disease and pain. In most Western countries, the transition
occurred during the nineteenth century. Disease and pain
lost their theologic connotations for many people and
became biologic processes subject to study and control by
new methods of science and technology. This evolution of
thought facilitated the development of modern medicine
and stimulated public acceptance of obstetric anesthesia.10

The reluctance that physicians felt about the adminis-
tration of anesthesia for childbirth pain stands in stark
contrast to the enthusiasm expressed by early obstetric
patients. In 1847, Fanny Longfellow, wife of the American
poet Henry Wadsworth Longfellow and the first woman in
the United States anesthetized for childbirth, wrote:

I am very sorry you all thought me so rash and naughty
in trying the ether. Henry’s faith gave me courage, and I
had heard such a thing had succeeded abroad, where the
surgeons extend this great blessing more boldly and uni-
versally than our timid doctors. . . . This is certainly the
greatest blessing of this age.11

Queen Victoria, responding to news of the birth of her first
grandchild in 1860 and perhaps remembering her own
recent confinement, wrote, ‘‘What a blessing she
[Victoria, her oldest daughter] had chloroform. Perhaps
without it her strength would have suffered very much.’’9

The new understanding of pain as a controllable biologic
process left no room for Meigs’s idea that pain might have
physiologic value. The eminent nineteenth-century social
philosopher John Stuart Mill stated that the ‘‘hurtful agen-
cies of nature’’ promote good only by ‘‘inciting rational
creatures to rise up and struggle against them.’’12

Simpson prophesied the role of public opinion in the
acceptance of obstetric anesthesia, a fact not lost on
his adversaries. Early in the controversy he predicted,
‘‘Medical men may oppose for a time the superinduction
of anaesthesia in parturition but they will oppose it in vain;
for certainly our patients themselves will force use of it
upon the profession. The whole question is, even now,
one merely of time.’’13 By 1860, Simpson’s prophecy came
true; anesthesia for childbirth became part of medical prac-
tice by public acclaim, in large part in response to the
demands of women.

OPIOIDS AND OBSTETRICS

The next major innovation in obstetric anesthesia came
approximately 50 years later. Dämmerschlaff, which
means ‘‘twilight sleep,’’ was a technique developed by von
Steinbüchel14 of Graz and popularized by Gauss15 of
Freiberg. It combined opioids with scopolamine to make
women amnestic and somewhat comfortable during labor
(Figure 1-4). Until that time, opioids had been used spar-
ingly for obstetrics. Although opium had been part of the
medical armamentarium since the Roman Empire, it was

FIGURE 1-3 Frontispiece from Meigs’s textbook of obstetrics.
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not used extensively, in part because of the difficulty of
obtaining consistent results with the crude extracts avail-
able at that time. Therapeutics made a substantial advance
in 1809 when Sertürner, a German pharmacologist, isolated
codeine and morphine from a crude extract of the poppy
seed. Methods for administering the drugs remained unso-
phisticated. Physicians gave morphine orally or by a method
resembling vaccination, in which they placed a drop of solu-
tion on the skin and then made multiple small puncture
holes with a sharp instrument to facilitate absorption. In
1853, the year Queen Victoria delivered her eighth child,
the syringe and hollow metal needle were developed. This
technical advance simplified the administration of opioids
and facilitated the development of twilight sleep approxi-
mately 50 years later.16

Although reports of labor pain relief with hypodermic
morphine appeared as early as 1868, few physicians favored
its use. For example, in an article published in Transactions
of the Obstetrical Society of London, Sansom17 listed the
following four agents for relief of labor pain: (1) carbon
tetrachloride, the use of which he favored; (2) bichloride
of methylene, which was under evaluation; (3) nitrous
oxide, which had been introduced recently by Klikgowich
of Russia; and (4) chloroform. He did not mention opioids,
but neither did he mention diethyl ether, which many phy-
sicians still favored. Similarly, Gusserow,18 a prominent
German obstetrician, described using salicylic acid but
not morphine for labor pain. (Von Baeyer did not introduce
acetylsalicylic acid to medical practice until 1899.) In retro-
spect, von Steinbüchel’s and Gauss’s descriptions of twilight
sleep in the first decade of the century may have been
important more for popularizing morphine than for sug-
gesting that scopolamine be given with morphine.

Physicians reacted to twilight sleep as they had reacted
to diethyl ether several years earlier. They resisted it, ques-
tioning whether the benefits justified the risks. Patients also
reacted as they had before. Not aware of, or perhaps
not concerned with, the technical considerations that
confronted physicians, patients harbored few doubts and
persuaded physicians to use it, sometimes against the
physicians’ better judgment. The confrontation between

physicians and patients was particularly strident in the
United States. Champions of twilight sleep lectured
throughout the country and published articles in popular
magazines. Public enthusiasm for the therapy subsided
slightly after 1920, when a prominent advocate of the
method died during childbirth. She was given twilight
sleep, but her physicians said that her death was unrelated
to any complication from its use. Whatever anxiety this
incident may have created in the minds of patients, it did
not seriously diminish their resolve. Confronted by such
firm insistence, physicians acquiesced and used twilight
sleep with increasing frequency.19,20

Although the reaction of physicians to twilight sleep
resembled their reaction to etherization, the medical
milieu in which the debate over twilight sleep developed
was quite different from that in which etherization was
deliberated. Between 1850 and 1900, medicine had changed,
particularly in Europe. Physiology, chemistry, anatomy, and
bacteriology became part of medical theory and practice.
Bright students from America traveled to leading clinics in
Germany, England, and France. They returned with new
facts and methods that they used to examine problems
and critique ideas. These developments became the basis
for the revolution in American medical education and prac-
tice launched by the Flexner report published in 1914.21

Obstetrics also changed. During the years preceding
World War I, it had earned a reputation as one of the
most exciting and scientifically advanced specialties.
Obstetricians experimented with new drugs and tech-
niques. They recognized that change entails risk, and they
examined each innovation more critically. In addition,
they turned to science for information and methods to
help them solve problems of medical management.
Developments in obstetric anesthesia reflected this change
in strategy. New methods introduced during this time stim-
ulated physicians to reexamine two important but unre-
solved issues, the effects of drugs on the child, and the
relationship between pain and labor.

THE EFFECTS OF ANESTHESIA ON
THE NEWBORN

Many physicians, Simpson included, worried that anes-
thetic drugs might cross the placenta and harm the
newborn. Available information justified their concern.
The idea that gases cross the placenta appeared long
before the discovery of oxygen and carbon dioxide. In the
sixteenth century, English physiologist John Mayow22 sug-
gested that ‘‘nitro aerial’’ particles from the mother nourish
the fetus. By 1847, physiologists had corroborative evidence.
Clinical experience gave more support. John Snow23

observed depressed neonatal breathing and motor activity
and smelled ether on the breath of neonates delivered from
mothers who had been given ether. In an early paper, he
surmised that anesthetic gases cross the placenta.
Regardless, some advocates of obstetric anesthesia dis-
counted the possibility. For example, Harvard professor
Walter Channing denied that ether crossed the placenta
because he could not detect its odor in the cut ends
of the umbilical cord. Oddly enough, he did not attempt
to smell ether on the child’s exhalations as John Snow
had done.24

FIGURE 1-4 Title pages from two important papers published in the
first years of the twentieth century. The paper by von Steinbüchel
introduced twilight sleep. The paper by Kreis described the first use of
spinal anesthesia for obstetrics.
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In 1874, Swiss obstetrician Paul Zweifel25 published an
account of work that finally resolved the debate about the
placental transfer of drugs (Figure 1-5). He used a chemical
reaction to demonstrate the presence of chloroform in the
umbilical blood of neonates. In a separate paper, Zweifel26

used a light-absorption technique to demonstrate a differ-
ence in oxygen content between umbilical arterial and
venous blood, thereby establishing the placental transfer
of oxygen. Although clinicians recognized the importance
of these data, they accepted the implications slowly. Some
clinicians pointed to several decades of clinical use ‘‘without
problems.’’ For example, Otto Spiegelberg,27 Professor of
Obstetrics at the University of Breslau, wrote in 1887, ‘‘As
far as the fetus is concerned, no unimpeachable clinical
observation has yet been published in which a fetus was
injured by chloroform administered to its mother.’’
Experience lulled them into complacency, which may
explain their failure to appreciate the threat posed by
twilight sleep.

Dangers from twilight sleep probably developed insid-
iously. The originators of the method, von Steinbüchel
and Gauss, recommended conservative doses of drugs.
They suggested that 0.3 mg of scopolamine be given every
2 to 3 hours to induce amnesia and that no more than
10 mg of morphine be administered subcutaneously for
the whole labor. Gauss, who was especially meticulous,
even advised physicians to administer a ‘‘memory test’’ to
women in labor to evaluate the need for additional scopol-
amine. However, as other physicians used the technique,

they changed it. Some gave larger doses of opioid—as
much as 40 or 50 mg of morphine during labor. Others
gave additional drugs (e.g., as much as 600 mg of pentobar-
bital during labor as well as inhalation agents for delivery).
Despite administering these large doses to their patients,
some physicians said they had seen no adverse effects
on the infants.28 They probably spoke the truth, but this
probability says more about their powers of observation
than the safety of the method.

Two situations eventually made physicians confront
problems associated with placental transmission of anes-
thetic drugs. The first was the changing use of morphine.29

In the latter part of the nineteenth century (before the
enactment of laws governing the use of addictive drugs),
morphine was a popular ingredient of patent medicines
and a drug frequently prescribed by physicians. As addic-
tion became more common, obstetricians saw many preg-
nant women who were taking large amounts of morphine
daily. When they tried to decrease their patients’ opioid
use, several obstetricians noted unexpected problems
(e.g., violent fetal movements, sudden fetal death), which
they correctly identified as signs of withdrawal. Second,
physiologists and anatomists began extensive studies of pla-
cental structure and function. By the turn of the century,
they had identified many of the physical and chemical
factors that affect rates of drug transfer. Thus, even before
twilight sleep became popular, physicians had clinical and
laboratory evidence to justify caution. As early as 1877,
Gillette30 described 15 instances of neonatal depression
that he attributed to morphine given during labor.
Similarly, in a review article published in 1914, Knipe31

identified stillbirths and neonatal oligopnea and asphyxia
as complications of twilight sleep and gave the incidence
of each problem as reported by other writers.

When the studies of obstetric anesthesia published
between 1880 and 1950 are considered, four characteristics
stand out. First, few of them described effects of anesthesia
on the newborn. Second, those that did report newborn
apnea, oligopnea, or asphyxia seldom defined these words.
Third, few used controls or compared one mode of treat-
ment with another. Finally, few writers used their data to
evaluate the safety of the practice that they described. In
other words, by today’s standards, even the best of these
papers lacked substance. They did, however, demonstrate a
growing concern among physicians about the effects of
anesthetic drugs on neonates. Perhaps even more impor-
tant, their work prepared clinicians for the work of Virginia
Apgar (Figure 1-6).

Apgar became an anesthesiologist when the chairman of
the Department of Surgery at the Columbia University
College of Physicians and Surgeons dissuaded her from
becoming a surgeon. After training in anesthesia with
Ralph Waters at the University of Wisconsin and with
E. A. Rovenstine at Bellevue Hospital, she returned to
Columbia Presbyterian Hospital as Director of the Division
of Anesthesia. In 1949, she was appointed professor, the first
woman to attain that rank at Columbia University.32

In 1953, Apgar33 described a simple, reliable system for
evaluating newborns and showed that it was sufficiently
sensitive to detect differences among neonates whose
mothers had been anesthetized for cesarean delivery by
different techniques (Figure 1-7). Infants delivered of
women with spinal anesthesia had higher scores than

FIGURE 1-5 Paul Zweifel, the Swiss-born obstetrician who performed
the first experiments that chemically demonstrated the presence of
chloroform in the umbilical blood and urine of infants delivered by
women who had been anesthetized during labor. (Courtesy J.F.
Bergmann-Verlag, München, Germany.)
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those delivered with general anesthesia. The Apgar score
had three important effects. First, it replaced simple obser-
vation of neonates with a reproducible measurement—that
is, it substituted a numerical score for the ambiguities of
words such as oligopnea and asphyxia. Thus it established
the possibility of the systematic comparison of different
treatments. Second, it provided objective criteria for the
initiation of neonatal resuscitation. Third, and most impor-
tant, it helped change the focus of obstetric care. Until that
time the primary criterion for success or failure had been
the survival and well-being of the mother, a natural goal
considering the maternal risks of childbirth until that time.
After 1900, as maternal risks diminished, the well-being
of the mother no longer served as a sensitive measure of
outcome. The Apgar score called attention to the child and

made its condition the new standard for evaluating obstet-
ric management.

THE EFFECTS OF ANESTHESIA ON LABOR

The effects of anesthesia on labor also worried physicians.
Again, their fears were well-founded. Diethyl ether and
chloroform depress uterine contractions. If given in suffi-
cient amounts, they also abolish reflex pushing with the
abdominal muscles during the second stage of labor.
These effects are not difficult to detect, even with moderate
doses of either inhalation agent.

Simpson’s method of obstetric anesthesia used signifi-
cant amounts of drugs. He started the anesthetic early,
and sometimes he rendered patients unconscious during
the first stage of labor. In addition, he increased the depth
of anesthesia for the delivery.34 As many people copied his
technique, they presumably had ample opportunity to
observe uterine atony and postpartum hemorrhage.

Some physicians noticed the effects of anesthetics on
uterine function. For example, Meigs35 said unequivocally
that etherization suppressed uterine function, and he
described occasions in which he had had to suspend
etherization to allow labor to resume. Other physicians
waffled, however. For example, Walter Channing,36

Professor of Midwifery and Medical Jurisprudence at
Harvard (seemingly a strange combination of disciplines,
but at that time neither of the two was thought sufficiently
important to warrant a separate chair), published a book
about the use of ether for obstetrics (Figure 1-8). He
endorsed etherization and influenced many others to use
it. However, his book contained blatant contradictions. On
different pages Channing contended that ether had no
effect, that it increased uterine contractility, and that it
suspended contractions entirely. Then, in a pronounce-
ment smacking more of panache than reason, Channing
swept aside his inconsistencies and said that whatever
effect ether may have on the uterus he ‘‘welcomes it.’’
Noting similar contradictions among other writers,
W. F. H. Montgomery,37 Professor of Midwifery at the
King and Queen’s College of Physicians in Ireland, wrote,
‘‘By one writer we are told that, if uterine action is excessive,
chloroform will abate it; by another that if feeble, it will
strengthen it and add new vigor to each parturient effort.’’

John Snow23 gave a more balanced review of the effects
of anesthesia on labor. Originally a surgeon, Snow became
the first physician to restrict his practice to anesthesia.
He experimented with ether and chloroform and wrote
many insightful papers and books describing his work
(Figure 1-9). Snow’s technique differed from Simpson’s.
Snow withheld anesthesia until the second stage of labor,
limited administration to brief periods during contractions,
and attempted to keep his patients comfortable but respon-
sive. To achieve better control of the depth of anesthesia,
he recommended using the vaporizing apparatus that he
had developed for surgical cases. Snow23 spoke disparag-
ingly of Simpson’s technique and the tendency of people to
use it simply because of Simpson’s reputation:

The high position of Dr. Simpson and his previous ser-
vices in this department, more particularly in being the
first to administer ether in labour, gave his recommen-
dations very great influence; the consequence of which is

FIGURE 1-7 Title page from the paper in which Virginia Apgar
described her new scoring system for evaluating the well-being of a
newborn.

FIGURE 1-6 Virginia Apgar, whose scoring system revolutionized the
practice of obstetrics and anesthesia. Her work made the well-being
of the infant the major criterion for the evaluation of medical
management of pregnant women. (Courtesy Wood Library Museum.)
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that the practice of anesthesia is presently probably in a
much less satisfactory state than it would have been if
chloroform had never been introduced.

Snow’s method, which was the same one he had used to
anesthetize Queen Victoria, eventually prevailed over
Simpson’s. Physicians became more cautious with anes-
thesia, reserving it for special problems such as cephalic
version, the application of forceps, abnormal presentation,
and eclampsia. They also became more conservative with
dosage, often giving anesthesia only during the second stage
of labor. Snow’s methods were applied to each new inhala-
tion agent—including nitrous oxide, ethylene, cyclopro-
pane, trichloroethylene, and methoxyflurane—as it was
introduced to obstetric anesthesia.

Early physicians modified their use of anesthesia from
experience, not from study of normal labor or from learning
more about the pharmacology of the drugs. Moreover, they
had not yet defined the relationship between uterine pain
and contractions. As physicians turned more to science
during the latter part of the century, however, their strate-
gies began to change. For example, in 1893 the English
physiologist Henry Head38 published his classic studies of
the innervation of abdominal viscera. His work stimulated

others to investigate the role of the nervous system in
the control of labor. Subsequently, clinical and labora-
tory studies of pregnancy after spinal cord transection
established the independence of labor from nervous
control.39 When regional anesthesia appeared during the
first decades of the twentieth century, physicians therefore
had a conceptual basis from which to explore its effects
on labor.

Carl Koller40 introduced regional anesthesia when he
used cocaine for eye surgery in 1884. Recognizing the
potential of Koller’s innovation, surgeons developed tech-
niques for other procedures. Obstetricians quickly adopted
many of these techniques for their own use. The first papers
describing obstetric applications of spinal, lumbar epidural,
caudal, paravertebral, parasacral, and pudendal nerve blocks
appeared between 1900 and 1930 (see Figure 1-4).41-43

Recognition of the potential effects of regional anesthesia
on labor developed more slowly, primarily because obste-
tricians seldom used it. They continued to rely on inhala-
tion agents and opioids, partly because few drugs and
materials were available for regional anesthesia at that
time, but also because obstetricians did not appreciate the
chief advantage of regional over general anesthesia—the
relative absence of drug effects on the infant. Moreover,
they rarely used regional anesthesia except for delivery,
and then they often used elective forceps anyway. This set
of circumstances limited their opportunity and motivation
to study the effects of regional anesthesia on labor.

FIGURE 1-8 Frontispiece from Walter Channing’s book on the use of
etherization for childbirth. Channing favored the use of etherization,
and he persuaded others to use it, although evidence ensuring its
safety was scant.

FIGURE 1-9 John Snow, a London surgeon who gave up his surgical
practice to become the first physician to devote all his time to
anesthesia. He wrote many monographs and papers, some of which
accurately describe the effects of anesthesia on infant and mother.
(Courtesy Wood Library Museum.)
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Among early papers dealing with regional anesthesia, one
written by Cleland44 stands out. He described his experi-
ence with paravertebral anesthesia, but he also wrote a
thoughtful analysis of the nerve pathways mediating labor
pain, an analysis he based on information he had gleaned
from clinical and laboratory studies. Few investigators were
as meticulous or insightful as Cleland. Most of those who
studied the effects of anesthesia simply timed the length
of the first and second stages of labor. Some timed the
duration of individual contractions or estimated changes
in the strength of contractions by palpation. None of the
investigators measured the intrauterine pressures, even
though a German physician had described such a method
in 1898 and had used it to evaluate the effects of morphine
and ether on the contractions of laboring women.45

More detailed and accurate studies of the effects of
anesthesia started to appear after 1944. Part of the stimulus
was a method for continuous caudal anesthesia introduced
by Hingson and Edwards,46 in which a malleable needle
remained in the sacral canal throughout labor. Small, flexible
plastic catheters eventually replaced malleable needles and
made continuous epidural anesthesia even more popular.
With the help of these innovations, obstetricians began
using anesthesia earlier in labor. Ensuing problems, real
and imagined, stimulated more studies. Although good
studies were scarce, the strong interest in the problem
represented a marked change from the early days of
obstetric anesthesia.

Ironically, ‘‘natural childbirth’’ appeared just as regional
anesthesia started to become popular and as clinicians
began to understand how to use it without disrupting
labor. Dick-Read,47 the originator of the natural method,
recognized ‘‘no physiological function in the body which
gives rise to pain in the normal course of health.’’ He attrib-
uted pain in an otherwise uncomplicated labor to an
‘‘activation of the sympathetic nervous system by the emo-
tion of fear.’’ He argued that fear made the uterus contract
and become ischemic and therefore painful. He said that
women could avoid the pain if they simply learned to abol-
ish their fear of labor. Dick-Read never explained why uter-
ine ischemia that results from fear causes pain, whereas
ischemia that results from a normal contraction does not.
In other words, Dick-Read, like Simpson a century earlier,
claimed no necessary or physiologic relationship between
labor pain and contractions. Dick-Read’s book, written
more for the public than for the medical profession, repre-
sented a regression of almost a century in medical thought
and practice. It is important to note that contemporary
methods of childbirth preparation do not maintain that
fear alone causes labor pain. However, they do attempt to
reduce fear by education and to help patients manage pain
by teaching techniques of self-control. This represents a
significant difference from and an important advance over
Dick-Read’s original theory.

SOME LESSONS

History is important in proportion to the lessons it teaches.
With respect to obstetric anesthesia, four lessons stand out.
First, every new drug and method entails risks. Physicians
who first used obstetric anesthesia seemed reluctant to
accept this fact, perhaps because of their inexperience

with potent drugs (pharmacology was in its infancy) or
because they acceded too quickly to patients, who wanted
relief from pain and had little understanding of the tech-
nical issues confronting physicians. Whatever the reason,
this period of denial lasted almost half a century, until 1900.
Almost another half-century passed before obstetricians
learned to modify their practice to limit the effects of
anesthetics on the child and the labor process.

Second, new drugs or therapies often cause problems in
completely unexpected ways. For example, in 1900, physi-
cians noted a rising rate of puerperal fever.48 The timing
was odd. Several decades had passed since Robert Koch had
suggested the germ theory of disease and since Semmelweis
had recognized that physicians often transmit infection
from one woman to the next with their unclean hands.
With the adoption of aseptic methods, deaths from puer-
peral fever had diminished dramatically. During the waning
years of the nineteenth century, however, they increased
again. Some physicians attributed this resurgence of puer-
peral fever to anesthesia. In a presidential address to the
Obstetrical Society of Edinburgh in 1900, Murray49 stated
the following:

I feel sure that an explanation of much of the increase of
maternal mortality from 1847 onwards will be found in,
first the misuse of anaesthesia and second in the ridicu-
lous parody which, in many hands, stands for the use of
antiseptics. . . . Before the days of anaesthesia, interfer-
ence was limited and obstetric operations were at a min-
imum because interference of all kinds increased the
conscious suffering of the patient. . . . When anaesthesia
became possible, and interference became more frequent
because it involved no additional suffering, operations
were undertaken when really unnecessary . . . and so
complications arose and the dangers of the labor
increased.

Although it was not a direct complication of the use of
anesthesia in obstetric practice, puerperal fever appeared
to be an indirect consequence of it.

Changes in obstetric practice also had unexpected effects
on anesthetic complications. During the first decades of the
twentieth century, when cesarean deliveries were rare and
obstetricians used only inhalation analgesia for delivery, few
women were exposed to the risk of aspiration during deep
anesthesia. As obstetric practice changed and cesarean
deliveries became more common, this risk rose. The syn-
drome of aspiration was not identified and labeled until
1946, when obstetrician Curtis Mendelson50 described
and named it. The pathophysiology of the syndrome had
already been described by Winternitz et al.,51 who instilled
hydrochloric acid into the lungs of dogs to simulate the
lesions found in veterans poisoned by gas during the
trench warfare of World War I. Unfortunately, the reports
of these studies, although excellent, did not initiate any
change in practice. Change occurred only after several
deaths of obstetric patients were highly publicized in lay,
legal, and medical publications. Of course, rapid-sequence
induction, currently recommended to reduce the risk of
aspiration, creates another set of risks—those associated
with a failed intubation.

The third lesson offered by the history of obstetric anes-
thesia concerns the role of basic science. Modern medicine
developed during the nineteenth century after physicians
learned to apply principles of anatomy, physiology, and
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chemistry to the study and treatment of disease. Obstetric
anesthesia underwent a similar pattern of development.
Studies of placental structure and function called physi-
cians’ attention to the transmission of drugs and the poten-
tial effects of drugs on the infant. Similarly, studies of the
physiology and anatomy of the uterus helped elucidate
potential effects of anesthesia on labor. In each instance,
lessons from basic science helped improve patient care.

The fourth and perhaps the most important lesson is the
role that patients have played in the use of anesthesia for
obstetrics. During the nineteenth century it was women who
pressured cautious physicians to incorporate routine use of
anesthesia into their obstetric practice. A century later,
it was women again who altered patterns of practice, this
time questioning the overuse of anesthesia for routine deliv-
eries. In both instances the pressure on physicians emanated
from prevailing social values regarding pain. In 1900 the public
believed that pain, and in particular obstetric pain, was
destructive and something that should be avoided. Half a
century later, with the advent of the natural childbirth move-
ment, many people began to suggest that the experience of
pain during childbirth, perhaps even in other situations,
might have some physiologic if not social value. Physicians
must recognize and acknowledge the extent to which social
values may shape medical ‘‘science’’ and practice.52,53

During the past 60 years, scientists have accumulated a
wealth of information about many processes integral to
normal labor: the processes that initiate and control lacta-
tion; neuroendocrine events that initiate and maintain
labor; the biochemical maturation of the fetal lung and
liver; the metabolic requirements of the normal fetus and
the protective mechanisms that it may invoke in times

of stress; and the normal mechanisms that regulate the
amount and distribution of blood flow to the uterus and
placenta. At this point, we have only the most rudimentary
understanding of the interaction of anesthesia with any of
these processes. Only a fraction of the information available
from basic science has been used to improve obstetric
anesthesia care. Realizing the rewards from the clinical
use of such information may be the most important
lesson from the past and the greatest challenge for the
future of obstetric anesthesia.
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KEY POINTS

� Physicians have debated the safety of obstetric
anesthesia since 1847, when James Young Simpson
first administered anesthesia for delivery. Two issues
have dominated the debate: the effects of anesthesia
on labor and the effects of anesthesia on the
newborn.

� Despite controversy, physicians quickly incorporated
anesthesia into clinical practice, largely because of
their patients’ desire to avoid childbirth pain.

� Only after obstetric anesthesia was in use for many
years did problems become apparent.

� Important milestones in obstetric anesthesia are the
introduction of inhalation agents in 1847, the
expanded use of opioids in the early decades of the
twentieth century, and the refinement of regional
anesthesia starting in the mid-twentieth century.

� Outstanding conceptual developments are (1)
Zweifel’s idea that drugs given to the mother cross
the placenta and affect the fetus and (2) Apgar’s idea
that the condition of the newborn is the most
sensitive assay of the quality of anesthetic care of the
mother.

� The history of obstetric anesthesia suggests that the
major improvements in patient care have followed
the application of principles of basic science.
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Part II

Maternal and Fetal Physiology

Metabolism was among the first areas of physiology to influence clinical practice. By the

beginning of the twentieth century, physiologists had established many of the principles

that we recognize today, including normal rates of oxygen consumption and carbon dioxide

production, the relationship between oxygen consumption and heat production, and the rela-

tionship between metabolic rate and body weight and surface area among individuals and

species. Almost simultaneously, clinicians began to apply these principles to their studies of

patients in different states of health and disease.

In one early study, physiologist Magnus-Levy1 found an exception to the rule that basal

metabolic rate varied in proportion to body surface area. As he measured a woman’s oxygen

consumption during pregnancy, he observed that her metabolic rate increased out of propor-

tion to increments in her body weight and surface area. Subsequent studies by other investi-

gators established the basis of this phenomenon. Per unit of weight, the fetus, placenta, and

uterus together consumed oxygen (and released carbon dioxide and heat) at a higher rate than

the mother. In effect, the metabolism of a pregnant woman represented the sum of two inde-

pendent organisms, each metabolizing at its own rate in proportion to its own surface area.

Thus, each kilogram of maternal tissue consumed oxygen at a rate of approximately 4 mL/min,

whereas the average rate for the fetus, placenta, and uterus was approximately 12 mL/min,

although it could rise as high as 20 mL/min. Therefore, during pregnancy, the mother’s metab-

olism was the sum of her metabolic rate plus that of the fetus, placenta, and uterus.1-4

Subsequent studies established that the highest rates of fetal metabolism occurred during

the periods of most rapid growth, thereby reaffirming another physiologic principle—the

high metabolic cost of synthesizing new tissue.5

The aforementioned studies gave clinicians estimates of the stress imposed by pregnancy. To

maintain homeostasis during pregnancy, a pregnant woman had to make an appropriate

adjustment in each of the physiologic mechanisms involved in the delivery of substrates to

the fetal placental unit and in the excretion of metabolic wastes. Thus, for every increment in

fetal weight, clinicians could expect to find a proportional change in all the mechanisms

involved in the delivery of substrate to the fetus and in the excretion of all byproducts.

In fact, subsequent clinical studies established predictable changes in uterine blood flow,

cardiac output, blood volume, minute ventilation, the dissipation of body heat, and the renal

excretion of nitrogenous waste and other materials.

Donald Caton, M.D.
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Marked anatomic and physiologic changes occur in women
during pregnancy. The pregnant woman must adapt to the
developing fetus and provide for its increased metabolic
demands. The enlarging uterus places mechanical strain
on the woman’s body. The greater production of various
hormones by the ovaries and the placenta further alters
maternal physiology. The hallmark of successful anesthetic
management of the pregnant woman is recognition of these
anatomic and physiologic changes and appropriate adapta-
tion of anesthetic techniques to these changes. This chapter
reviews the physiologic alterations of normal pregnancy and
their anesthetic implications.

BODY WEIGHT AND COMPOSITION

The mean maternal weight increase during pregnancy is
17% of the prepregnancy weight, or approximately 12 kg.1

Weight gain results from an increase in the size of the
uterus and its contents (uterus, 1 kg; amniotic fluid, 1 kg;
fetus and placenta, 4 kg); increases in blood volume and
interstitial fluid (approximately 2 kg each); and deposition
of new fat and protein (approximately 4 kg). Normal weight
gain during the first trimester is 1 to 2 kg, and there is a 5-
to 6-kg gain in each of the last two trimesters.
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Obesity is a major problem in the United States and also
represents a potential problem for the parturient. Obesity
increases the risk of adverse pregnancy outcome, including
the rate of cesarean delivery. The odds ratios for cesarean
delivery are 1.46, 2.05, and 2.89 for overweight, obese, and
severely obese women, respectively, compared with preg-
nant women of normal weight.2 Excessive weight gain
during pregnancy constitutes a major risk factor for long-
term increase in body mass index (BMI).3

THE HEART AND CIRCULATION

Physical Examination of the Heart

Pregnancy causes cardiac hypertrophy. The hypertrophy is
a result of greater blood volume as well as increased stretch
and force of contraction.4 These changes, coupled with the
elevation of the diaphragm, lead to several alterations in
cardiac findings.

Changes in heart sounds include accentuation of the first
heart sound with exaggerated splitting of the mitral and
tricuspid components (Box 2-1).5 The second heart sound
changes little, although the aortic-pulmonic interval tends
to vary less with respiration during the third trimester. The
third heart sound may be heard during the third trimester
and does not possess any clinical significance. A fourth
heart sound may be heard in 16% of pregnant women,
although it typically disappears by term. A grade II systolic
ejection murmur is commonly heard at the left sternal
border.6 The murmur is considered a benign flow
murmur that is attributed to cardiac enlargement from
increased intravascular volume, which causes dilation of
the tricuspid annulus and regurgitation.

Elevation of the diaphragm shifts the heart anteriorly and
to the left during pregnancy. On physical examination the
point of maximal cardiac impulse is displaced cephalad to
the fourth intercostal space and leftward to at least the
midclavicular line.

The electrocardiogram (ECG) typically changes during
pregnancy, especially during the third trimester. There is
an increase in heart rate and a shortening of both the PR
interval and the uncorrected QT interval. This shortening
has implications for the clinical course of women with long
QT syndrome.7 During pregnancy in these women, the
risk of cardiac events is reduced (risk ratio [RR] = 0.38)
compared with that in periods between pregnancy.
However, the initial 9 months after delivery are associated
with a markedly higher risk of adverse cardiac events
(RR = 2.7), suggesting that the QT interval may be

prolonged in the postpartum period. Other ECG changes
include an axis shift; the QRS axis shifts to the right during
the first trimester but may shift to the left during the third
trimester as a result of displacement by the expanding
uterus.8 Depressed ST segments and isoelectric low-voltage
T waves in the left-sided precordial and limb leads are
commonly observed during pregnancy.9

Echocardiography demonstrates left ventricular hyper-
trophy by 12 weeks’ gestation, with a 50% increase in
mass at term.10 This hypertrophy occurs as a result of an
increase in the size of the preexisting cardiomyocytes rather
than in the number of cells. The hypertrophy is eccentric,
resembling that developed during exercise.1 A significant
increase in the annular diameters of the mitral, tricuspid,
and pulmonic valves occurs; 94% of term pregnant women
exhibit tricuspid and pulmonic regurgitation, and 27% ex-
hibit mitral regurgitation.11 The aortic annulus is not dilated.

Central Hemodynamics

Prerequisites for the accurate determination of hemodynam-
ic changes during pregnancy require that measurements be
made with subjects in a resting position, which minimizes
compression of the aorta and inferior vena cava by the gravid
uterus. Further, comparisons must be made with an appro-
priate control, such as the same group of women before
pregnancy or a matched group of nonpregnant women. If
control measurements are made during the postpartum
period, a sufficient interval must have elapsed so that hemo-
dynamic parameters return to prepregnancy values. For
some measurements, this return may take 24 weeks or
more.12

Cardiac output increases during pregnancy (Table 2-1).
This change occurs by 5 weeks’ gestation, with a resultant
increase of 35% to 40% by the end of the first trimester
of pregnancy.10,13 Cardiac output continues to rise through-
out the second trimester until it reaches a level approxi-
mately 50% greater than that of nonpregnant women
(Figure 2-1).10,12,14-16 This parameter does not change
from this level during the third trimester. In the past it
had been postulated that cardiac output declined during

BOX 2-1 Changes in the Cardiac Examination in the
Pregnant Patient

� Accentuation of S1 (first heart sound); exaggerated
splitting of the mitral and tricuspid components

� Typical systolic ejection murmur
� Possible presence of S3 (third heart sound) and S4

(fourth heart sound) (no clinical significance)
� Leftward displacement of point of maximal cardiac

impulse

TABLE 2-1 Central Hemodynamics at Term Gestation

Parameter Change*

Cardiac output +50%
Stroke volume +25%
Heart rate +25%
Left ventricular end-diastolic volume Increased
Left ventricular end-systolic volume No change
Ejection fraction Increased
Left ventricular stroke work index No change
Pulmonary capillary wedge pressure No change
Pulmonary artery diastolic pressure No change
Central venous pressure No change
Systemic vascular resistance �20%

*Relative to nonpregnant state.

Adapted from Conklin KA. Maternal physiological adaptations

during gestation, labor, and the puerperium. Semin Anesth 1991;

10:221-34.
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the third trimester. The problem with this supposition was
that measurements were obtained with pregnant women in
the supine position; thus, the observed decrease in cardiac
output was a reflection of aortocaval compression rather
than a true physiologic change.

Cardiac output is a reflection of heart rate and stroke
volume. The earliest change in cardiac output is attributed
to an increase in heart rate, which occurs by the fourth to
fifth week of pregnancy.10 The heart rate increases approx-
imately 15% to 25% over baseline by the end of the first
trimester and does not change during the third trimes-
ter.10,12-17 Stroke volume rises by approximately 20%
between the fifth and eighth weeks of gestation, and by
25% to 30% by the end of the second trimester, and then
remains at this level until term.10,12,13,17 Left ventricular
mass increases by 23% from the first to the third trimes-
ter.18 The increase in stroke volume correlates with rising
estrogen levels.1

Left ventricular end-diastolic volume increases during
gestation, whereas end-systolic volume remains unchanged,
resulting in a larger ejection fraction.10,12-15,17 Central
venous, pulmonary artery diastolic, and pulmonary capillary
wedge pressures during pregnancy are within the normal
range for nonpregnant individuals.16 The apparent discrep-
ancy between left ventricular filling pressure and end-
diastolic volume is explained by hypertrophy and dilation,
with the dilated ventricle accommodating a greater volume
without an increase in pressure.

Myocardial contractility is also increased, as demon-
strated by the higher velocity of left ventricular circumfer-
ential fiber shortening (Figure 2-2).10,14,17 Tissue Doppler
imaging has been used to assess diastolic function, as
this technique is relatively independent of preload.19

Investigators found that left ventricular diastolic function
was not impaired during pregnancy, whereas systolic func-
tion was increased during the second trimester.

The rise in cardiac output during pregnancy results in
greater perfusion to the uterus, kidneys, and extremities.
Blood flow to the brain and liver do not change. Uterine
blood flow increases from a baseline of approximately
50 mL/min to 700 to 900 mL/min at term.20-24 Approxi-
mately 90% of this flow perfuses the intervillous space, with
the balance perfusing the myometrium.22 At term, skin
blood flow is approximately three to four times the
nonpregnant level, resulting in higher skin temperature.25

Renal plasma flow is increased by 80% at 16 to 26 weeks’
gestation but declines to 50% above the nonpregnant
baseline at term.26

Blood Pressure

Positioning, gestational age, and parity affect blood pressure
measurements. Brachial sphygmomanometry yields the
highest measurements in the supine position and the
lowest measurements in the lateral position.15,27 Blood
pressure increases with maternal age, and for a given age,
nulliparous women have a higher mean pressure than
parous women.28 Systolic, diastolic, and mean arterial pres-
sures decrease during mid-pregnancy and return toward
baseline as the pregnancy approaches term.29 Diastolic
blood pressure falls to a greater degree than does systolic
blood pressure, with early to mid-gestational decreases of
approximately 20%.30 The changes in blood pressure are
consistent with changes in systemic vascular resistance,
which falls during early gestation, reaches its nadir
(35% decline) at 20 weeks’ gestation, and rises during late
gestation. Unlike blood pressure, systemic vascular
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resistance remains approximately 20% below the nonpreg-
nant level at term.12,16 The decreased systemic vascular
resistance results from the development of a low-resistance
vascular bed (the intervillous space) as well as vasodilation
caused by prostacyclin, estrogen, and progesterone.

Aortocaval Compression

The extent of compression of the aorta and inferior vena
cava by the gravid uterus depends on positioning and
weeks’ gestation. At term there is partial vena caval
compression in the lateral position, as documented by
angiography.31 This finding is consistent with the 75% ele-
vation—above nonpregnant levels—of femoral venous and
lower inferior vena caval pressures.32 Despite caval com-
pression, collateral circulation maintains venous return, as
reflected by the right ventricular filling pressure, which is
unaltered in the lateral position.16

In the supine position, there is nearly complete obstruc-
tion of the inferior vena cava at term gestation.33 Blood
return from the lower extremities occurs through the
intraosseous vertebral veins, paravertebral veins, and the
epidural veins.34 However, venous return via these collat-
erals is less than would occur through the inferior vena
cava, resulting in a decrease in right atrial pressure.35

Compression of the inferior vena cava occurs as early as
13 to 16 weeks’ gestation and is evident from the 50%
increase in femoral venous pressure that occurs when a
woman assumes the supine position at this stage of preg-
nancy (Figure 2-3).36 By term, femoral venous and lower
inferior vena cava pressures are approximately 2.5 times
the nonpregnant measurements in the supine position.32,36

In the supine position, the aorta may be compressed by
the term gravid uterus. This compression accounts for the
lower femoral artery pressure compared with brachial
artery pressure in the supine position.37,38 These findings
are consistent with angiographic studies in supine pregnant

women, which show partial obstruction of the aorta at the
level of the lumbar lordosis and enhanced compression
during periods of maternal hypotension.39

At term, the left lateral decubitus position results in less
enhancement of cardiac sympathetic nervous system activ-
ity and less suppression of cardiac vagal activity than the
supine or right lateral decubitus position.40 Women who
assume the supine position at term gestation experience a
10% to 20% decline in stroke volume and cardiac
output.41,42 These effects are consistent with the fall in
right atrial filling pressure. Blood flow in the upper ex-
tremities is normal, whereas uterine blood flow decreases
by 20%, and lower extremity blood flow falls by 50%.43

Perfusion of the uterus is less affected than that of the
lower extremities because vena caval compression does
not obstruct venous outflow via the ovarian veins.34 The
adverse hemodynamic effects of aortocaval compression
are reduced once the fetal head is engaged.37,38

Many term pregnant women exhibit an increase in bra-
chial artery pressure when they assume the supine position.
This finding is caused by a higher systemic vascular resis-
tance, which is attributed to compression of the aorta. Up
to 15% of women at term experience bradycardia and a
substantial drop in blood pressure when supine, the
so-called supine hypotension syndrome.44,45 It may take
several minutes for the bradycardia and hypotension to
develop, and the bradycardia is usually preceded by a
period of tachycardia. The syndrome results from a pro-
found drop in venous return for which the cardiovascular
system cannot compensate.

Hemodynamic Changes during Labor
and the Puerperium

Cardiac output during labor (but between uterine contrac-
tions) increases from prelabor measurements by approxi-
mately 10% in the early first stage, by 25% in the late first
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stage, and by 40% in the second stage.46-48 In the immediate
postpartum period, cardiac output may be as much as 75%
above predelivery measurements.47 These changes result
from an increase in stroke volume due to greater venous
return and alterations in sympathetic nervous system activ-
ity. During uterine contractions, 300 to 500 mL of blood is
displaced from the intervillous space into the central circu-
lation (i.e., autotransfusion).49-51 Increased intrauterine
pressure forces blood from the intervillous space through
the relatively unimpeded ovarian venous outflow system.34

The postpartum rise in cardiac output results from relief of
vena caval compression, diminished lower extremity venous
pressure, and a reduction of maternal vascular capacitance.48

Cardiac output falls to just below prelabor measurements at
24 hours postpartum.49 It returns to prepregnancy levels
between 12 and 24 weeks postpartum.12 Heart rate falls rap-
idly after delivery, reaches the prepregnancy rate by 2 weeks
postpartum, and is slightly below the prepregnancy rate for
the next several months.12,52 Other anatomic and functional
changes of the heart are also fully reversible.19,53

THE RESPIRATORY SYSTEM

Despite the multiple anatomic and physiologic changes that
occur during pregnancy, it is remarkable that pregnancy has
a relatively minor impact on lung function.

Anatomy

The thoracic cage enlarges in circumference by 5 to 7 cm
during pregnancy because of increases in both anteropos-
terior and transverse diameters.54,55 An increase in the hor-
mone relaxin causes the rib cage to undergo structural
changes, including relaxation of the ligamentous attach-
ments of the ribs.55,56 The vertical measurement of the
chest decreases by as much as 4 cm as a result of the
elevated position of the diaphragm.

Capillary engorgement of the larynx and the nasal and
oropharyngeal mucosa begins early in the first trimester
and increases progressively throughout pregnancy.54 Voice
changes frequently result from involvement of the false
vocal cords and the arytenoid region of the larynx. Nasal
breathing commonly becomes difficult, and epistaxis may
occur. The nasal congestion may contribute to the per-
ceived shortness of breath of pregnancy.57

Airflow Mechanics

Inspiration in the term pregnant woman is almost totally
attributable to diaphragmatic excursion.58 This is caused by
a greater descent of the diaphragm from its elevated resting
position and limitation of thoracic cage expansion because
of its expanded resting position (Table 2-2). Both large- and
small-airway function are minimally altered during preg-
nancy. The shape of flow-volume loops, the absolute flow
rates at normal lung volumes,59 forced expiratory volume in
1 second (FEV1), and the ratio of FEV1 to forced vital capac-
ity (FVC) are unchanged during pregnancy, as is closing
capacity.60

The peak expiratory flow rate achieved with a maximal
effort following a maximal inspiration is often considered a
surrogate for the FEV1. The test is often used to monitor

asthma therapy. Studies are conflicting as to whether peak
expiratory flow rates decrease during pregnancy.61,62

Harirah et al.61 found that peak expiratory flow rate
declined significantly throughout gestation in all positions
(Figure 2-4) and that flow rates in the supine position were
lower than those during standing and sitting. The mean rate
of decline was 0.65 L/min per week, and peak expiratory
flow remained below normal at 6 weeks postpartum.

Lung Volumes and Capacities

Tidal volume increases by 45% during pregnancy, with
approximately half of the change occurring during the
first trimester (Table 2-3; Figure 2-5). The early change in
tidal volume is associated with a reduction in inspiratory
reserve volume. Total lung capacity usually is preserved or

TABLE 2-2 Effects of Pregnancy on Respiratory Mechanics

Parameter Change*

Diaphragm excursion Increased
Chest wall excursion Decreased
Pulmonary resistance Decreased 50%
FEV1 No change
FEV1/FVC No change
Flow-volume loop No change
Closing capacity No change

FEV1, Forced expiratory volume in 1 second; FVC, forced vital

capacity.

*Relative to nonpregnant state.

Adapted from Conklin KA. Maternal physiological adaptations

during gestation, labor, and the puerperium. Semin Anesth 1991;

10:221-34.
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is decreased minimally. The residual volume tends to drop
slightly, a change that maintains vital capacity. Inspiratory
capacity increases by 15% during the third trimester
because of increases in tidal volume and inspiratory reserve
volume.63,64 There is a corresponding decrease in expira-
tory reserve volume.63,64

Functional residual capacity (FRC) begins to fall by the
fifth month of pregnancy and is decreased to 80% of the
prepregnancy capacity by term.60,63,64 This change is
caused by elevation of the diaphragm, which occurs as
the enlarging uterus enters the abdominal cavity. A 25%
reduction in expiratory reserve volume and a 15% reduction
in residual volume account for the change. It is important
to remember that assumption of the supine position causes
FRC to decrease further to 70% of the prepregnancy
volume. Total lung capacity is slightly reduced during
pregnancy.63,65

Ventilation and Blood Gases

Resting minute ventilation rises during pregnancy (see
Table 2-3), owing primarily to an increase in tidal
volume.63,66 The inspiratory rate and pattern remain rela-
tively unchanged. The ratio of total dead space to tidal
volume remains constant during pregnancy, resulting in
an increase in alveolar ventilation of approximately 30%
above baseline. The rise in minute ventilation results from
hormonal changes and greater carbon dioxide production.
Carbon dioxide production at rest rises by about 30% to
300 mL/min59 and is closely related to the blood level of
progesterone.67 Progesterone acts as a direct respiratory
stimulant,68 and the progesterone-induced increase in che-
mosensitivity results in a steeper slope and a leftward shift
of the CO2 ventilatory response curve. The greater chemo-
sensitivity occurs early in pregnancy and remains constant
until delivery.59

The hypoxic ventilatory response is increased during
pregnancy to twice the normal level secondary to rises in
estrogen and progesterone levels.69 This increase occurs
despite blood and cerebrospinal fluid (CSF) alkalosis.

The arterial pressure of oxygen increases to 100 to
105 mm Hg as a result of greater alveolar ventilation
(Table 2-4).66 The higher PaO2 results from the decline in
PaCO2 and a lower arteriovenous oxygen difference, which
reduces the impact of venous admixture on the PaO2.70,71

As pregnancy progresses, oxygen consumption continues
to increase, and cardiac output increases to a lesser
extent, resulting in a reduced mixed venous oxygen content
and increased arteriovenous oxygen difference. After mid-
gestation, pregnant women in the supine position fre-
quently exhibit a PaO2 less than 100 mm Hg. This occurs
because the FRC may be less than closing capacity, resulting
in closure of small airways during normal tidal volume ven-
tilation.66 Moving a pregnant woman from the supine to the
erect or lateral decubitus position improves arterial oxygen-
ation and reduces the alveolar-to-arterial oxygen gradient.

The PaCO2 declines to approximately 30 mm Hg by
12 weeks’ gestation but does not change further during
the remainder of pregnancy. Although in nonpregnant
individuals a gradient exists between the end-tidal carbon
dioxide tension and PaCO2, the two measurements are
equivalent during early pregnancy,72 at term gestation,73

TABLE 2-3 Changes in Respiratory Physiology at Term
Gestation

Parameter Change*

Lung volumes:
Inspiratory reserve volume +5%
Tidal volume +45%
Expiratory reserve volume �25%
Residual volume �15%

Lung capacities:
Inspiratory capacity +15%
Functional residual capacity �20%
Vital capacity No change
Total lung capacity �5%

Dead space +45%
Respiratory rate No change
Ventilation:

Minute ventilation +45%
Alveolar ventilation +45%

*Relative to nonpregnant state.

From Conklin KA. Maternal physiological adaptations during gestation,

labor, and the puerperium. Semin Anesth 1991; 10:221-34.
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FIGURE 2-5 Lung volumes and capacities during pregnancy.
ERV, expiratory reserve volume; FRC, functional residual capacity;
IC, inspiratory capacity; IRV, inspiratory reserve volume; RV, residual
volume; TLC, total lung capacity; TV, tidal volume; VC, vital capacity.

TABLE 2-4 Blood Gas Measurements during Pregnancy

Trimester

Parameter Nonpregnant First Second Third

PaCO2 (mm Hg) 40 30 30 30
PaO2 (mm Hg) 100 107 105 103
pH 7.40 7.44 7.44 7.44
[HCO3

�] (mEq/L) 24 21 20 20
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and in the postpartum period.74 This finding is attributed to
a reduction in alveolar dead space, which results from an
increase in cardiac output during pregnancy. The mixed
venous PCO2 is 6 to 8 mm Hg below the nonpregnant
level from the late first trimester until term.1

Metabolic compensation for the respiratory alkalosis of
pregnancy reduces the serum bicarbonate concentration to
approximately 20 mEq/L, the base excess by 2 to 3 mEq/L,
and the total buffer base by approximately 5 mEq/L.75 This
compensation is incomplete, as demonstrated by the eleva-
tion of venous,76 capillary,77 and arterial66 blood pH by
0.02 to 0.06 unit.

The rise in minute ventilation that accompanies
pregnancy may be interpreted as shortness of breath. By
30 weeks’ gestation, 75% of pregnant women have exer-
tional dyspnea.78 The proposed etiology is the greater
drive to breathe and the increased respiratory load.
Factors that contribute to the sensation of dyspnea include
larger pulmonary blood volume, anemia, and nasal conges-
tion. Exercise has no effect on pregnancy-induced changes
in ventilation or alveolar gas exchange.79

Sleep

Sleep disturbances are a common occurrence during preg-
nancy owing to mechanical and hormonal factors. Pregnant
women have more complaints of insomnia and daytime
sleepiness. The American Academy of Sleep Medicine has
established a disease entity, pregnancy-associated sleep
disorder, defined as the occurrence of insomnia or exces-
sive sleepiness that develops in the course of pregnancy.80

Progesterone has a strong sedating effect, and cortisol,
levels of which are higher in pregnancy, is associated with
an increase in rapid eye movement (REM) sleep.81

Sleep quality is worsened in the first and third trimesters.
Polysomnography reveals reduced slow-wave and REM
phases of sleep, decreased total sleep time, and increased
rate of wakening after sleep onset.82 Sleep may be poor for
up to 3 months postpartum.82,83 Snoring is common during
pregnancy, occurring in up to 20% of women by the third
trimester. Pregnancy is associated with transient restless leg
syndrome, a disorder in which the patient experiences the
need to move her legs.84 The incidence ranges from 15% in
the first trimester to 23% in the third trimester.84

Metabolism and Respiration during Labor
and the Puerperium

Minute ventilation of the unmedicated parturient increases
by 70% to 140% in the first stage of labor and by 120% to 200%
in the second stage of labor compared with prepregnancy
measurements.85 The PaCO2 may fall to as low as 10 to 15
mm Hg. Oxygen consumption increases above the prelabor
value by 40% in the first stage and by 75% in the second
stage.85 The changes in oxygen consumption result from
the increased metabolic demands of hyperventilation, uterine
activity, and maternal expulsive efforts during the second
stage. The maternal aerobic requirement for oxygen exceeds
oxygen consumption during labor, as is evident from the
progressive rise of blood lactate concentration, an index of
anaerobic metabolism.86-88 Initiation of neuraxial analgesia
prevents these changes during the first stage of labor and
mitigates the changes during the second stage of labor.86-89

FRC increases after delivery but remains below the pre-
pregnancy volume for 1 to 2 weeks. Oxygen consumption,
tidal volume, and minute ventilation remain elevated until
at least 6 to 8 weeks after delivery. The alveolar and mixed
venous PCO2 rise slowly after delivery and are still slightly
below prepregnancy levels at 6 to 8 weeks postpartum.1

HEMATOLOGY

Blood Volume

Maternal plasma volume expansion begins as early as 6 weeks’
gestation and continues until it reaches a net increase of
approximately 50% by 34 weeks’ gestation (Table 2-5; Figure
2-6).90-93 After 34 weeks’ gestation, the plasma volume
stabilizes or falls slightly. Red blood cell volume falls during
the first 8 weeks of pregnancy, increases to the prepregnancy
level by 16 weeks, and undergoes a further rise to 30% above
the prepregnancy volume at term.91,93,94 The plasma volume
expansion increase exceeds that of the red blood cell volume
increase, resulting in the physiologic anemia of pregnancy.
With volumes expressed in milliliters per kilogram (mL/kg),
pregnancy results in an increase in plasma volume from 49 to
67 mL/kg, an increase in total blood volume from 76 to
94 mL/kg, and no change in red cell volume (27 mL/kg).91

Greater increases in blood volume occur with twin than with
singleton pregnancies, and blood volume is positively
correlated with the size of the fetus in singleton pregnancies.92

The physiologic hypervolemia facilitates delivery of nutrients
to the fetus, protects the mother from hypotension, and
reduces the risks associated with hemorrhage at delivery.
The decrease in blood viscosity from the lower hematocrit
creates lower resistance to blood flow, which may be an
essential component of maintaining the patency of the utero-
placental vascular bed.

The rise in plasma volume results from fetal and mater-
nal hormone production, and several hormonal systems
may play a role. Additionally, the expansion of plasma
volume may be an adaptive physiologic response that
helps maintain blood pressure in the presence of decreased
vascular tone.95,96 The maternal concentrations of estrogen
and progesterone increase nearly 100-fold during preg-
nancy.1 Estrogens increase plasma renin activity, enhancing
renal sodium absorption and water retention via the renin-
angiotensin-aldosterone system. Fetal adrenal production of
the estrogen precursor dehydroepiandrosterone may be the

TABLE 2-5 Hematologic Parameters at Term Gestation

Parameter
Change* or Actual
Measurement

Blood volume +45%*
Plasma volume +55%*
Red blood cell volume +30%*
Hemoglobin 11.6 g/dL
Hematocrit 35.5%

*Relative to nonpregnant state.

From Conklin KA. Maternal physiological adaptations during gestation,

labor, and the puerperium. Semin Anesth 1991; 10:221-34.

Chapter 2 Physiologic Changes of Pregnancy 21


	Cover
	Chestnut's Obstetric Anesthesia Principles and Practice Expert Consult
	ISBN:      9780323055413
	Dedication
	Contributors
	Preface

	Introduction
	Chapter 1 - The History of Obstetric Anesthesia
	JAMES YOUNG SIMPSON
	MEDICAL OBJECTIONS TO THE USE OF ETHER FOR CHILDBIRTH
	PUBLIC REACTION TO ETHERIZATION FOR CHILDBIRTH
	OPIOIDS AND OBSTETRICS
	THE EFFECTS OF ANESTHESIA ON THE NEWBORN
	THE EFFECTS OF ANESTHESIA ON LABOR
	SOME LESSONS
	REFERENCES


	Part II - Maternal and Fetal Physiology
	Chapter 2 - Physiologic Changes of Pregnancy
	BODY WEIGHT AND COMPOSITION
	THE HEART AND CIRCULATION
	Physical Examination of the Heart
	Central Hemodynamics
	Blood Pressure
	Aortocaval Compression
	Hemodynamic Changes during Labor and the Puerperium

	THE RESPIRATORY SYSTEM
	Anatomy
	Airflow Mechanics
	Lung Volumes and Capacities
	Ventilation and Blood Gases
	Sleep
	Metabolism and Respiration during Labor and the Puerperium

	HEMATOLOGY
	Blood Volume
	Plasma Proteins
	Coagulation
	Hematology and Coagulation during the Puerperium

	THE IMMUNE SYSTEM
	THE GASTROINTESTINAL SYSTEM
	Anatomy, Barrier Pressure, and Pyrosis
	Gastrointestinal Motility
	Gastric Acid Secretion
	Gastric Function during Labor and the Puerperium
	EFFECTS OF ANALGESIA ON GASTRIC FUNCTION DURING LABOR


	THE LIVER AND GALLBLADDER
	THE KIDNEYS
	NONPLACENTAL ENDOCRINOLOGY
	Thyroid Function
	Glucose Metabolism
	Adrenal Cortical Function

	THE MUSCULOSKELETAL SYSTEM
	THE NERVOUS SYSTEM
	Pregnancy-Induced Analgesia
	Vertebral Column
	Sympathetic Nervous System

	ANESTHETIC IMPLICATIONS
	Positioning
	Blood Replacement
	General Anesthesia
	ENDOTRACHEAL INTUBATION
	MATERNAL OXYGENATION
	INHALATION AND INTRAVENOUS ANESTHETICS
	MUSCLE RELAXANTS
	CHRONOTROPIC AGENTS AND PRESSORS

	Neuraxial Analgesia and Anesthesia
	TECHNICAL CONSIDERATIONS AND POSITIONING
	ANESTHETIC DOSE REQUIREMENTS
	PHARMACOKINETICS AND PHARMACODYNAMICS OF LOCAL ANESTHETICS
	SYSTEMIC TOXICITY OF LOCAL ANESTHETICS
	HYPOTENSION DURING NEURAXIAL ANALGESIA AND ANESTHESIA
	EFFECTS OF NEURAXIAL ANESTHESIA ON RESPIRATORY FUNCTION


	REFERENCES

	Chapter 3 - Uteroplacental Blood Flow
	ANATOMY
	CHANGES AND FUNCTION DURING PREGNANCY
	Distribution of Blood Flow
	Functional Classification
	Autoregulation
	Margin of Safety
	Changes during Parturition

	DETERMINANTS OF UTERINE BLOOD FLOW
	MECHANISMS OF REGULATION OF UTEROPLACENTAL BLOOD FLOW
	Vasoconstrictors
	ANGIOTENSIN II
	ALPHA-ADRENERGIC AGONISTS

	Vasodilators
	PROSTAGLANDINS
	NITRIC OXIDE

	Steroid Hormones
	Vasoactive Substances
	Shear Stress

	METHODS OF MEASUREMENT OF UTEROPLACENTAL BLOOD FLOW
	NEURAXIAL ANESTHESIA
	Hypotension
	Fluid Preload
	Vasopressors
	Local Anesthetics
	Epinephrine and Alpha2-Adrenergic Agonists
	Opioids

	GENERAL ANESTHESIA
	Induction Agents
	Inhalational Agents
	Ventilation

	EFFECTS OF OTHER DRUGS
	Magnesium Sulfate
	Antihypertensive Agents
	Calcium Entry-Blocking Agents
	Vasodilators
	Inotropic Drugs

	REFERENCES

	Chapter 4 - The Placenta: Anatomy, Physiology, and Transfer of Drugs
	ANATOMY
	Embryology
	Comparative Anatomy
	Vascular Architecture
	MATERNAL
	FETAL


	PHYSIOLOGY
	Barrier Function
	Hormonal Function
	Regulation of Placental Blood Flow
	MATERNAL BLOOD FLOW
	FETAL BLOOD FLOW

	Transport Mechanisms
	PASSIVE TRANSPORT
	FACILITATED TRANSPORT
	ACTIVE TRANSPORT
	PINOCYTOSIS
	OTHER FACTORS THAT INFLUENCE PLACENTAL TRANSPORT

	Transfer of Respiratory Gases and Nutrients
	OXYGEN
	CARBON DIOXIDE
	GLUCOSE
	AMINO ACIDS
	FATTY ACIDS


	DRUG TRANSFER
	Pharmacokinetic Principles
	Inhalation Anesthetic Agents
	Induction Agents
	BARBITURATES
	KETAMINE
	PROPOFOL
	ETOMIDATE

	Benzodiazepines
	Opioids
	Local Anesthetics
	Muscle Relaxants
	Anticholinergic Agents
	Anticholinesterase Agents
	Antihypertensive Agents
	Vasopressor Agents
	Anticoagulants
	Drug Delivery Systems
	Disease States

	PLACENTAL PATHOLOGY
	REFERENCES

	Chapter 5 - Fetal Physiology
	FETAL OXIDATIVE METABOLISM
	Oxygen Uptake and Substrate Use
	Glucose-Lactate Metabolism
	Amino Acid and Lipid Metabolism

	GENERAL GROWTH AND DEVELOPMENT
	FETAL HEAT PRODUCTION AND THERMOREGULATION
	FETAL CIRCULATION
	Fetal Oxygen Transport
	Regulation of Extracellular Fluid Volume
	Circulatory Pattern In Utero
	Cardiac Output
	VENTRICULAR RESPONSE TO CHANGES IN PRELOAD
	VENTRICULAR RESPONSE TO CHANGES IN AFTERLOAD
	FETAL CARDIAC CONTRACTILITY
	VENTRICULAR RESPONSE TO ALTERED HEART RATES
	DISTRIBUTION OF CARDIAC OUTPUT

	Control of the Systemic Circulation and the Fetal Response to Stress
	Sympathetic and Parasympathetic Development
	Endocrine Control and the Response to Stress
	Circulatory Responses to Increased Intracranial Pressure
	Postnatal Effects of Intrauterine Stress

	FETAL NOCICEPTION
	REFERENCES


	Part III - Fetal and Neonatal Assessment and Therapy
	Chapter 6 - Antepartum Fetal Assessment and Therapy
	PRENATAL CARE IN LOW-RISK PREGNANCIES
	Determination of Gestational Age
	Routine Ultrasonography
	Evaluation of Fetal Growth
	INTRAUTERINE GROWTH RESTRICTION
	FETAL MACROSOMIA

	Assessment of Fetal Well-Being

	PRENATAL CARE IN HIGH-RISK PREGNANCIES
	Goals of Antepartum Fetal Testing
	Antepartum Fetal Tests
	NONSTRESS TEST
	VIBROACOUSTIC STIMULATION
	BIOPHYSICAL PROFILE
	CONTRACTION STRESS TEST
	UMBILICAL ARTERY DOPPLER VELOCIMETRY
	MULTIPLE MODALITIES TO ASSESS FETAL WELL-BEING


	SPECIAL TECHNIQUES FOR ANTEPARTUM FETAL SURVEILLANCE
	Perinatal Ultrasonography
	Screening for Fetal Chromosomal Abnormalities
	SECOND-TRIMESTER FETAL ANEUPLOIDY SCREENING
	SECOND-TRIMESTER ULTRASONOGRAPHIC SCREENING FOR FETAL ANEUPLOIDY
	FIRST-TRIMESTER FETAL ANEUPLOIDY SCREENING

	Definitive Diagnosis of Fetal Chromosomal Abnormalities
	AMNIOCENTESIS
	CHORIONIC VILLUS SAMPLING
	CORDOCENTESIS

	Other Tests
	THREE-DIMENSIONAL ULTRASONOGRAPHY
	COMPLEMENTARY RADIOGRAPHIC IMAGING
	FETAL ECHOCARDIOGRAPHY
	FETAL CELLS OR DNA IN THE MATERNAL CIRCULATION


	SPECIAL CIRCUMSTANCES REQUIRING ADDITIONAL FETAL SURVEILLANCE
	Abnormal Serum Analyte Screening Result with Normal Fetal Karyotype
	Hydrops Fetalis
	Post-Term Pregnancy
	Intrauterine Fetal Demise

	FETAL THERAPY
	Antenatal Corticosteroids
	Fetal Surgery

	REFERENCES

	Chapter 7 - Anesthesia for Fetal Surgery and Other Intrauterine Procedures
	INDICATIONS AND RATIONALE FOR FETAL SURGERY
	Bilateral Hydronephrosis-Obstructive Uropathy
	Congenital Diaphragmatic Hernia
	Ex Utero Intrapartum Treatment Procedure
	Congenital Cystic Adenomatoid Malformation
	Sacrococcygeal Teratoma
	Myelomeningocele
	Twin-to-Twin Transfusion Syndrome
	Twin Reversed Arterial Perfusion Sequence
	Congenital Heart Defects
	Other Lesions

	SURGICAL BENEFITS AND RISKS
	ANESTHETIC MANAGEMENT
	Anesthesia for Minimally Invasive and Percutaneous Procedures
	Anesthesia for Open Fetal Surgery
	Anesthesia for the Ex Utero Intrapartum Treatment Procedure
	Fetal Response to Surgical Stimulation
	Effects of Anesthesia on Fetal Circulation
	Fetal Monitoring

	PRETERM LABOR
	THE FUTURE OF FETAL THERAPY
	REFERENCES

	Chapter 8 - Intrapartum Fetal Assessment and Therapy
	FETAL RISK DURING LABOR
	INTRAPARTUM FETAL ASSESSMENT
	Electronic Fetal Heart Rate Monitoring
	BASELINE FETAL HEART RATE
	FETAL HEART RATE VARIABILITY
	PERIODIC CHANGES

	Limitations of Electronic Fetal Heart Rate Monitoring
	Methods for Improving the Efficacy of Electronic Fetal Heart Rate Monitoring
	Supplemental Methods of Fetal Assessment
	New Technologies for Fetal Assessment

	INTRAPARTUM FETAL THERAPY
	REFERENCES

	Chapter 9 - Neonatal Assessment and Resuscitation
	TRANSITION FROM INTRAUTERINE TO EXTRAUTERINE LIFE
	Circulation
	Respiration
	Catecholamines
	Thermal Regulation

	ANTENATAL ASSESSMENT
	ASSESSMENT OF THE NEWBORN
	Apgar Score
	Umbilical Cord Blood Gas and pH Analysis
	Respiration and Circulation
	Neurologic Status
	Gestational Age

	NEONATAL RESUSCITATION
	SPECIAL RESUSCITATION CIRCUMSTANCES
	Meconium Aspiration
	Preterm Infant
	Congenital Anomalies

	ETHICAL CONSIDERATIONS
	NEUROBEHAVIORAL TESTING
	REFERENCES

	Chapter 10 - Fetal and Neonatal Neurologic Injury
	HISTORY, DEFINITIONS, AND SIGNIFICANCE
	EPIDEMIOLOGY AND ETIOLOGY OF CEREBRAL PALSY
	Peripartum Asphyxia and Cerebral Palsy
	Chorioamnionitis, Fever, and Cerebral Palsy
	Advances in the Radiologic Diagnosis of Cerebral Injury

	PATHOPHYSIOLOGY OF FETAL ASPHYXIA
	Magnesium Sulfate and Cerebral Palsy

	NEUROPATHOLOGY OF PERINATAL ASPHYXIA
	GLUTAMATE-INDUCED NEURONAL INJURY
	ENDOGENOUS FETAL NEUROPROTECTION
	OTHER CAUSES OF FETAL AND NEONATAL BRAIN INJURY
	Drugs
	Maternal Trauma
	Fetal Trauma

	ANESTHESIA AND BRAIN INJURY
	NEW THERAPIES
	REFERENCES


	Part IV - Foundations in Obstetric Anesthesia
	Chapter 11 - Patient Safety and Team Training
	PATIENT SAFETY
	The Swiss Cheese Model
	Medical Errors

	TEAMS AND TEAMWORK
	Team Leadership
	High-Reliability Organizations and Teams
	Team Training
	Simulation-Based Training in Obstetrics
	Team Training in Obstetrics
	CREW RESOURCE MANAGEMENT
	DISRUPTIVE BEHAVIOR
	OPTIONS FOR SIMULATOR TRAINING IN OBSTETRICS


	REFERENCES

	Chapter 12 - Spinal, Epidural, and Caudal Anesthesia: Anatomy, Physiology, and Technique
	ANATOMY
	Obstetric Pain Pathways
	Anatomic Changes of Pregnancy
	Vertebral Anatomy

	PHYSIOLOGY
	Physiology of Neural Blockade

	TECHNIQUE
	Patient Position
	ULTRASONOGRAPHIC GUIDANCE

	Choice of Drug
	SPINAL ANESTHESIA
	EPIDURAL ANESTHESIA
	CAUDAL ANESTHESIA

	Equipment and Needle and Catheter Placement
	SPINAL ANESTHESIA
	EPIDURAL ANESTHESIA
	COMBINED SPINAL-EPIDURAL ANESTHESIA
	CAUDAL ANESTHESIA


	COMPLICATIONS OF NEURAXIAL TECHNIQUES
	Unintentional Dural Puncture
	Unintentional Intravascular or Subarachnoid Injection
	EPIDURAL TEST DOSE

	Inadequate Anesthesia
	Equipment Problems
	Resuscitation of the Obstetric Patient

	REFERENCES

	Chapter 13 - Local Anesthetics and Opioids
	LOCAL ANESTHETICS
	Molecular Structure
	CHIRALITY

	Mechanism of Action
	Pharmacodynamics
	Pharmacokinetics
	2-CHLOROPROCAINE
	LIDOCAINE
	BUPIVACAINE
	ROPIVACAINE
	EFFECT OF HISTAMINE (H2)-RECEPTOR ANTAGONISTS
	EFFECTS OF PREECLAMPSIA
	EFFECT OF DIURNAL VARIATION

	Toxicity
	CENTRAL NERVOUS SYSTEM TOXICITY
	CARDIOVASCULAR TOXICITY
	SYSTEMIC TOXICITY OF ROPIVACAINE AND LEVOBUPIVACAINE
	EFFECTS OF PREGNANCY ON SYSTEMIC TOXICITY
	Central Nervous System Toxicity
	Cardiovascular Toxicity

	TREATMENT OF SYSTEMIC TOXICITY
	TISSUE TOXICITY
	ALLERGIC REACTIONS
	Management of an Allergic Reaction


	Effects on the Uterus and Placenta
	UTERINE BLOOD FLOW
	UMBILICAL BLOOD FLOW
	UTERINE TONE AND CONTRACTILITY

	Drug Interactions with 2-Chloroprocaine
	Potency of Bupivacaine, Ropivacaine, and Levobupivacaine
	Placental Transfer
	MOLECULAR SIZE
	IONIZATION AND LIPID SOLUBILITY
	PROTEIN BINDING
	MATERNAL BLOOD CONCENTRATION OF DRUG
	Dose
	Site of Administration
	Epinephrine

	PLACENTA

	Teratogenicity
	Fetal and Neonatal Effects
	PHARMACOKINETICS
	SYSTEMIC TOXICITY
	FETAL HEART RATE
	NEUROBEHAVIORAL TESTS
	PRETERM FETUS AND NEWBORN
	ASPHYXIA


	OPIOIDS
	Molecular Structure
	Mechanism of Action
	Pharmacokinetics and Pharmacodynamics
	Toxicity
	Side Effects
	SENSORY CHANGES
	NAUSEA AND VOMITING
	PRURITUS
	HYPOTENSION
	RESPIRATORY DEPRESSION
	URINARY RETENTION
	DELAYED GASTRIC EMPTYING
	RECRUDESCENCE OF HERPES SIMPLEX VIRUS INFECTIONS

	Placental Transfer and Fetal and Neonatal Effects
	NEONATAL DEPRESSION
	FETAL BRADYCARDIA


	ADJUVANTS
	Epinephrine
	Bicarbonate
	Alpha2-Adrenergic Agonists
	INTRATHECAL CLONIDINE
	EPIDURAL CLONIDINE

	Neostigmine

	REFERENCES


	Part V - Anesthesia Before and During Pregnancy
	Chapter 14 - Nonanesthetic Drugs during Pregnancy and Lactation
	GENERAL TERATOLOGY
	U.S. Food and Drug Administration Categories

	DRUG USE DURING PREGNANCY
	Anticonvulsants
	Isotretinoin (Accutane)
	Tranquilizers
	Lithium
	Antidepressants
	Anticoagulants
	Thyroid and Antithyroid Drugs
	Inotropic Agents
	Antihypertensive Drugs
	METHYLDOPA
	HYDRALAZINE
	BETA-ADRENERGIC RECEPTOR ANTAGONISTS
	LABETALOL
	ANGIOTENSIN-CONVERTING ENZYME INHIBITORS
	CALCIUM ENTRY-BLOCKING AGENTS

	Antiarrhythmia Drugs
	Antineoplastic and Immunosuppressant Drugs
	Antiasthmatic Drugs
	THEOPHYLLINE AND AMINOPHYLLINE
	EPINEPHRINE
	TERBUTALINE AND OTHER SHORT-ACTING BETA-SYMPATHOMIMETIC AGENTS
	CORTICOSTEROIDS
	CROMOLYN SODIUM
	OTHER AGENTS

	Antiemetics
	TRIMETHOBENZAMIDE
	PHENOTHIAZINES
	METOCLOPRAMIDE
	ONDANSETRON

	Antihistamines
	Antibiotics
	PENICILLINS AND CEPHALOSPORINS
	ERYTHROMYCIN
	SULFONAMIDES
	TRIMETHOPRIM
	NITROFURANTOIN
	TETRACYCLINES
	AMINOGLYCOSIDES
	QUINOLONES
	METRONIDAZOLE
	ACYCLOVIR AND OTHER ANTIVIRAL THERAPY

	Mild Analgesics
	ASPIRIN
	ACETAMINOPHEN
	PROPOXYPHENE
	CODEINE
	INDOMETHACIN
	OTHER NONSTEROIDAL ANTI-INFLAMMATORY DRUGS

	Caffeine

	DRUG USE DURING LACTATION
	Cytotoxic Drugs that May Interfere with Cellular Metabolism of the Nursing Infant
	Drugs of Abuse for which Adverse Effects on the Breast-Feeding Infant Have Been Reported
	Radioactive Compounds that Require Temporary Cessation of Breast-Feeding
	Drugs for which the Effects on Nursing Infants Are Unknown but May Be of Concern
	PSYCHOTROPIC DRUGS
	METRONIDAZOLE

	Drugs that Have Been Associated with Significant Effects on Some Nursing Infants and Should Be Administered to Nursing Mothers with Caution
	ATENOLOL
	BROMOCRIPTINE
	ERGOTAMINE
	LITHIUM

	Maternal Medications Usually Compatible with Breast-Feeding
	ANALGESICS, OPIOIDS, SEDATIVES, AND ANTICONVULSANTS
	ANTIBIOTICS AND OTHER ANTIMICROBIAL AGENTS
	ANTIHISTAMINES AND PHENOTHIAZINES
	THEOPHYLLINE AND OTHER ANTIASTHMATIC DRUGS
	ANTIHYPERTENSIVE DRUGS
	ANTICOAGULANTS
	CORTICOSTEROIDS
	DIGOXIN
	ORAL CONTRACEPTIVES
	PROPYLTHIOURACIL
	H2-RECEPTOR ANTAGONISTS
	CAFFEINE


	REFERENCES

	Chapter 15 - In Vitro Fertilization and Other Assisted Reproductive Technology
	ASSISTED REPRODUCTIVE TECHNOLOGY PROCEDURES 
	Hormonal Stimulation
	Oocyte Retrieval
	In Vitro Fertilization
	Embryo Transfer
	Gamete Intrafallopian Transfer
	Zygote Intrafallopian Transfer

	SUCCESS OF ASSISTED REPRODUCTIVE TECHNOLOGY
	OBSTETRIC COMPLICATIONS
	EFFECTS OF ANESTHESIA ON REPRODUCTION
	General Considerations
	Local Anesthetic Agents
	Opioids, Benzodiazepines, and Ketamine
	Propofol and Thiopental
	Nitrous Oxide
	Volatile Halogenated Agents
	Antiemetic Agents

	ANESTHETIC MANAGEMENT
	Ultrasonographic-Guided Transvaginal Oocyte Retrieval
	Embryo Transfer
	Pneumoperitoneum and the Trendelenburg Position
	Laparoscopic-Assisted Reproductive Technology
	Postoperative Management

	FUTURE CONSIDERATIONS
	REFERENCES

	Chapter 16 - Problems of Early Pregnancy
	PHYSIOLOGIC CHANGES OF EARLY PREGNANCY
	Respiratory Changes
	Cardiovascular Changes
	Gastrointestinal Changes
	Neurologic Changes

	ECTOPIC PREGNANCY
	Clinical Presentation
	Diagnosis
	Obstetric Management
	Anesthetic Management

	ABORTION AND INTRAUTERINE FETAL DEMISE
	Clinical Presentation and Obstetric Management
	Obstetric Complications
	Anesthetic Management

	CERVICAL INSUFFICIENCY OR INCOMPETENCE
	Diagnosis
	Obstetric Management
	Anesthetic Management

	GESTATIONAL TROPHOBLASTIC DISEASE
	Etiology
	Clinical Presentation and Diagnosis
	HYDATIDIFORM MOLE
	MALIGNANT GESTATIONAL TROPHOBLASTIC NEOPLASIA

	Obstetric Management
	Anesthetic Management

	HYPEREMESIS GRAVIDARUM
	CORPUS LUTEUM CYSTS
	REFERENCES

	Chapter 17 - Nonobstetric Surgery during Pregnancy
	MATERNAL SAFETY: ALTERED MATERNAL PHYSIOLOGY
	Respiratory System and Acid-Base Balance Changes
	Cardiovascular System Changes
	Changes in Blood Volume and Blood Constituents
	Gastrointestinal System Changes
	Altered Responses to Anesthesia

	FETAL CONSIDERATIONS
	Risk of Teratogenicity
	PRINCIPLES OF TERATOGENICITY
	NONDRUG FACTORS ENCOUNTERED IN THE PERIOPERATIVE PERIOD
	SYSTEMIC AGENTS
	Animal Studies
	Human Studies

	LOCAL ANESTHETICS
	MUSCLE RELAXANTS
	INHALATION ANESTHETICS
	Animal Studies
	Volatile Agents
	Nitrous Oxide

	Human Studies
	Occupational Exposure to Waste Anesthetic Agents
	Studies of Operations Performed during Pregnancy


	BEHAVIORAL TERATOLOGY

	Fetal Effects of Anesthesia
	MAINTENANCE OF FETAL WELL-BEING
	Maternal and Fetal Oxygenation
	Maternal Carbon Dioxide and Acid-Base Status
	Uteroplacental Perfusion

	FETAL EFFECTS OF INHALATION AGENTS
	FETAL EFFECTS OF SYSTEMIC DRUGS

	Prevention of Preterm Labor

	PRACTICAL CONSIDERATIONS
	Timing of Surgery
	Abdominal Emergencies
	Laparoscopy
	Electroconvulsive Therapy
	Direct Current Cardioversion and Maternal Resuscitation
	Fetal Monitoring during Surgery
	Anesthetic Management
	PREOPERATIVE MANAGEMENT
	CHOICE OF ANESTHESIA
	PREVENTION OF AORTOCAVAL COMPRESSION
	MONITORING
	ANESTHETIC TECHNIQUE
	POSTOPERATIVE MANAGEMENT


	REFERENCES


	Part VI - Labor and Vaginal Delivery
	Chapter 18 - Obstetric Management of Labor and Vaginal Delivery
	THE PROCESS OF LABOR AND DELIVERY
	Onset of Labor
	TIMING
	MECHANISM

	Stages of Labor
	Components of Labor and Delivery
	THE POWERS
	THE PASSAGEWAY
	THE PASSENGER
	THE MECHANISM OF LABOR

	Clinical Course
	mkc0018s0120
	ADMISSION
	SUBSEQUENT CARE
	LABOR PROGRESS: THE FRIEDMAN CURVE
	AMNIOTOMY
	SECOND STAGE OF LABOR
	THIRD STAGE OF LABOR
	FOURTH STAGE OF LABOR


	LABOR PROGRESS: FIVE MANAGEMENT QUESTIONS
	The Active Management of Labor

	SPECIAL SITUATIONS
	Premature Rupture of Membranes
	PRETERM PREMATURE RUPTURE OF MEMBRANES
	TERM PREMATURE RUPTURE OF MEMBRANES
	CHORIOAMNIONITIS

	Induction of Labor
	ELECTIVE INDUCTION
	INDICATED INDUCTION

	Operative Vaginal Delivery
	VERTEX PRESENTATION
	NONVERTEX PRESENTATIONS
	FETAL DEATH

	Shoulder Dystocia

	REFERENCES

	Chapter 19 - Vaginal Birth after Cesarean Delivery
	PRIMARY CESAREAN DELIVERY: CHOICE OF UTERINE INCISION
	OUTCOMES OF ATTEMPTED VAGINAL BIRTH AFTER CESAREAN DELIVERY
	ELIGIBILITY AND SELECTION CRITERIA
	History of More than One Cesarean Delivery
	Previous Low-Vertical Incision
	Twin Gestation
	Unknown Uterine Scar
	Suspected Macrosomia
	Gestation beyond 40 Weeks
	Breech Presentation
	Size of Hospital
	Contraindications

	OTHER ISSUES
	RISKS OF ATTEMPTED VAGINAL BIRTH AFTER CESAREAN DELIVERY
	OBSTETRIC MANAGEMENT
	Intravenous Access and Availability of Blood
	Fetal Heart Rate Monitoring
	Intrauterine Pressure Monitoring
	Use of Prostaglandins
	Oxytocin Augmentation of Labor

	ANESTHETIC MANAGEMENT
	REFERENCES

	Chapter 20 - The Pain of Childbirth and Its Effect on the Mother and the Fetus
	EXISTENCE AND SEVERITY
	PERSONAL SIGNIFICANCE AND MEANING
	ANATOMIC BASIS
	First Stage of Labor
	Second Stage of Labor

	NEUROPHYSIOLOGIC BASIS
	Peripheral Afferent Terminals
	ROLE OF SENSITIZATION
	INHIBITORY RECEPTORS

	Peripheral Nerve Axons
	Spinal Cord
	Ascending Projections

	EFFECT ON THE MOTHER
	Obstetric Course
	Cardiac and Respiratory Effects
	Psychological Effects
	Pain after Delivery

	EFFECT ON THE FETUS
	SUMMARY
	REFERENCES

	Chapter 21 - Childbirth Preparation and Nonpharmacologic Analgesia
	PAIN PERCEPTION
	CHILDBIRTH PREPARATION
	History
	Goals and Advantages
	Limitations
	Effects

	NONPHARMACOLOGIC ANALGESIC TECHNIQUES
	Continuous Labor Support
	Touch and Massage
	Therapeutic Use of Heat and Cold
	Hydrotherapy
	Vertical Position
	Biofeedback
	Intradermal Water Injections
	Transcutaneous Electrical Nerve Stimulation
	Acupuncture/Acupressure
	Hypnosis

	IMPLICATIONS FOR ANESTHESIA PROVIDERS
	REFERENCES

	Chapter 22 - Systemic Analgesia: Parenteral and Inhalational Agents
	PARENTERAL OPIOID ANALGESIA
	INTERMITTENT BOLUS PARENTERAL OPIOID ANALGESIA
	Meperidine
	Morphine
	Diamorphine
	Fentanyl
	Nalbuphine
	Butorphanol
	Meptazinol
	Pentazocine
	Tramadol

	PATIENT-CONTROLLED OPIOID ANALGESIA
	Meperidine
	Morphine and Diamorphine
	Fentanyl
	Alfentanil
	Nalbuphine
	Remifentanil

	OPIOID ANTAGONISTS
	OPIOID ADJUNCTS AND SEDATIVES
	INHALATION ANALGESIA
	Nitrous Oxide
	Volatile Halogenated Agents

	REFERENCES

	Chapter 23 - Epidural and Spinal Analgesia/Anesthesia for Labor and Vaginal Delivery
	PREPARATION FOR NEURAXIAL ANALGESIA
	Indications and Contraindications
	Types of Neuraxial Analgesia
	EPIDURAL ANALGESIA
	COMBINED SPINAL-EPIDURAL ANALGESIA
	CONTINUOUS SPINAL ANALGESIA
	CAUDAL ANALGESIA
	SINGLE-SHOT TECHNIQUES

	Informed Consent
	Equipment
	Monitors
	Intravenous Hydration
	Maternal Positioning

	INITIATION OF EPIDURAL ANALGESIA
	Epidural Test Dose
	INTRAVASCULAR TEST DOSE
	INTRATHECAL TEST DOSE
	TECHNIQUES TO MINIMIZE LOCAL ANESTHETIC TOXICITY

	Choice of Drugs
	LOCAL ANESTHETICS
	Bupivacaine
	Ropivacaine
	Levobupivacaine
	Lidocaine
	2-Chloroprocaine

	OPIOIDS
	Lipid-Soluble Opioids: Fentanyl and Sufentanil
	Other Opioids

	ADJUVANTS
	Epinephrine
	Clonidine
	Neostigmine

	SUMMARY


	INITIATION OF SPINAL ANESTHESIA
	Choice of Drugs
	OPIOIDS
	Fentanyl and Sufentanil
	Other Opioids

	LOCAL ANESTHETICS
	Baricity of Intrathecal Solution

	INTRATHECAL ADJUVANTS


	MAINTENANCE OF ANALGESIA
	Epidural Analgesia
	DRUGS FOR THE MAINTENANCE OF EPIDURAL ANALGESIA
	ADMINISTRATION TECHNIQUES
	Intermittent Bolus
	Continuous Infusion
	Patient-Controlled Epidural Analgesia
	Timed Intermittent Bolus Injection

	PATIENT MONITORING DURING MAINTENANCE EPIDURAL ANALGESIA
	EQUIPMENT

	Spinal Analgesia
	Ambulatory ‘‘Walking’’ Analgesia

	ANALGESIA/ANESTHESIA FOR VAGINAL DELIVERY
	SIDE EFFECTS OF NEURAXIAL ANALGESIA
	Hypotension
	Pruritus
	Nausea and Vomiting
	Fever
	Shivering
	Urinary Retention
	Recrudescence of Herpes Simplex Virus
	Delayed Gastric Emptying

	COMPLICATIONS OF NEURAXIAL ANALGESIA
	Inadequate Analgesia
	Unintentional Dural Puncture
	Respiratory Depression
	Intravascular Injection of Local Anesthetic
	High Neuroblockade or Total Spinal Anesthesia
	Extensive Motor Blockade
	Prolonged Neuroblockade
	Sensory Changes
	Back Pain
	Pelvic Floor Injury

	EFFECTS OF NEURAXIAL ANALGESIA ON THE PROGRESS OF LABOR
	Cesarean Delivery Rate
	RANDOMIZED CONTROLLED TRIALS
	Mode and Density of Neuraxial Analgesia and Effect on Cesarean Delivery Rate

	IMPACT STUDIES
	TIMING OF INITIATION OF NEURAXIAL ANALGESIA

	Instrumental Vaginal Delivery Rate
	Duration of Labor
	FIRST STAGE OF LABOR
	SECOND STAGE OF LABOR
	Second-Stage Management: Immediate versus ‘‘Delayed’’ Pushing

	THIRD STAGE

	Other Factors and Progress of Labor
	OXYTOCIN
	AMBULATION


	EFFECTS OF NEURAXIAL ANALGESIA ON THE FETUS AND NEONATE
	Direct Effects
	FETAL HEART RATE
	NEONATAL DEPRESSION

	Indirect Effects

	CONCLUSIONS AND RECOMMENDATIONS
	Philosophy of Labor Analgesia
	A Practical Guide to Neuraxial Labor Analgesia
	INITIATION OF ANALGESIA
	MAINTENANCE OF ANALGESIA


	REFERENCES

	Chapter 24 - Alternative Regional Anesthetic Techniques: Paracervical Block, Lumbar Sympathetic Block, Pudendal Nerve Block, and Perineal Infiltration
	PARACERVICAL BLOCK
	Technique
	Choice of Local Anesthetic
	Maternal Complications
	Fetal Complications
	ETIOLOGY OF FETAL BRADYCARDIA
	Reflex Bradycardia
	Direct Fetal Central Nervous System and Myocardial Depression
	Increased Uterine Activity
	Uterine and/or Umbilical Artery Vasoconstriction
	Summary


	Physician Complications
	Recommendations

	LUMBAR SYMPATHETIC BLOCK
	Technique
	Complications

	PUDENDAL NERVE BLOCK
	Efficacy and Timing
	Technique
	Choice of Local Anesthetic
	Complications

	PERINEAL INFILTRATION
	Choice of Local Anesthetic
	Complications

	REFERENCES

	Chapter 25 - Postpartum Tubal Sterilization
	AMERICAN SOCIETY OF ANESTHESIOLOGISTS GUIDELINES
	SURGICAL CONSIDERATIONS
	NONMEDICAL ISSUES
	PREOPERATIVE EVALUATION
	RISK OF ASPIRATION
	Gastric Emptying
	Gastric Volume and pH
	Gastroesophageal Reflux
	Summary

	ANESTHETIC MANAGEMENT
	Local Anesthesia
	General Anesthesia
	Neuraxial Anesthesia
	EPIDURAL ANESTHESIA
	SPINAL ANESTHESIA


	POSTOPERATIVE ANALGESIA
	REFERENCES


	Part VII - Cesarean Delivery
	Chapter 26 - Anesthesia for Cesarean Delivery
	HISTORY
	INDICATIONS
	OPERATIVE TECHNIQUE
	MORBIDITY AND MORTALITY
	PREVENTION OF CESAREAN DELIVERY
	Maternal Labor Analgesia
	External Cephalic Version
	Intrauterine Resuscitation

	PREPARATION FOR ANESTHESIA
	Preanesthetic Evaluation
	Informed Consent
	THRESHOLD ELEMENTS
	INFORMATION ELEMENTS
	CONSENT ELEMENTS
	INFORMED REFUSAL

	Blood Products
	Monitoring
	Medication Availability and Storage
	Equipment
	Aspiration Prophylaxis
	Prophylactic Antibiotics
	Aseptic Technique
	Intravenous Access and Fluid Management
	Supplemental Medications for Anxiety
	Positioning
	Supplemental Oxygen

	ANESTHETIC TECHNIQUE
	Neuraxial versus General Anesthesia
	Overview of Neuraxial Anesthetic Techniques
	Spinal Anesthesia
	LOCAL ANESTHETIC AGENTS
	Adjuvant Agents


	Epidural Anesthesia
	LOCAL ANESTHETIC AGENTS
	ADJUVANT AGENTS

	Combined Spinal-Epidural Anesthesia
	Extension of Epidural Labor Analgesia
	General Anesthesia
	PREPARATION
	INDUCTION
	MAINTENANCE
	EMERGENCE AND EXTUBATION
	PHARMACOLOGY
	Thiopental
	Propofol
	Ketamine
	Etomidate
	Midazolam
	Muscle Relaxants
	Nitrous Oxide
	Volatile Halogenated Agents


	Local Anesthesia

	RECOVERY FROM ANESTHESIA
	Oral Intake
	Removal of Urinary Catheter
	Postoperative Assessment and Discharge

	ANESTHETIC COMPLICATIONS
	Awareness and Recall
	Dyspnea
	Hypotension
	RISK FACTORS FOR HYPOTENSION
	PREVENTION OF HYPOTENSION
	TREATMENT OF HYPOTENSION

	Failure of Neuraxial Blockade
	High Neuraxial Blockade
	Nausea and Vomiting
	PREOPERATIVE NAUSEA AND VOMITING
	INTRAOPERATIVE NAUSEA AND VOMITING
	POSTOPERATIVE NAUSEA AND VOMITING
	PROPHYLAXIS AND TREATMENT OF NAUSEA AND VOMITING

	Perioperative Pain
	Pruritus
	Shivering

	OBSTETRIC COMPLICATIONS
	Postpartum Hemorrhage
	PREPARATION FOR BLOOD LOSS
	RESPONSE TO BLOOD LOSS

	Obstetric Hysterectomy
	Thromboembolic Events

	REFERENCES

	Chapter 27 - Postoperative Analgesia: Systemic and Local Techniques
	PAIN PATHWAYS
	PSYCHOLOGICAL FACTORS
	PREDICTORS OF PAIN
	THE JOINT COMMISSION MANDATE
	ANALGESIC AGENTS
	Opioids
	Nonsteroidal Anti-inflammatory Drugs
	Cyclooxygenase-2 Inhibitors
	Acetaminophen
	Local Anesthetics
	Alpha2-Adrenergic Receptor Agonists
	Magnesium Sulfate
	Gabapentin
	Ketamine and Dextromethorphan

	NONPHARMACOLOGIC INTERVENTIONS
	MULTIMODAL ANALGESIA
	BREAST-FEEDING ISSUES
	REFERENCES

	Chapter 28 - Postoperative Analgesia: Epidural and Spinal Techniques
	NEURAXIAL TECHNIQUES FOR CESAREAN DELIVERY
	BENEFITS OF POSTOPERATIVE ANALGESIA
	Reduced Complications and Improved Outcome
	Breast-feeding and Interactions with the Newborn

	CHRONIC POSTOPERATIVE PAIN
	PHARMACOLOGY OF NEURAXIAL OPIOIDS
	Pharmacokinetics and Pharmacodynamics
	CENTRAL NERVOUS SYSTEM PENETRATION
	DISTRIBUTION AND MOVEMENT OF OPIOIDS WITHIN THE CENTRAL NERVOUS SYSTEM


	EPIDURAL OPIOIDS
	Morphine
	SINGLE-DOSE REGIMENS FOR POSTCESAREAN ANALGESIA
	ONSET AND DURATION
	EPIDURAL VERSUS INTRATHECAL ADMINISTRATION

	Fentanyl
	Sufentanil
	Meperidine
	Other Epidural Opioids
	HYDROMORPHONE
	DIAMORPHINE
	BUTORPHANOL
	NALBUPHINE

	Epidural Opioid Combinations
	Patient-Controlled Epidural Analgesia
	Extended-Release Epidural Morphine

	INTRATHECAL OPIOIDS
	Morphine
	ONSET AND DURATION
	DOSAGE

	Fentanyl
	Sufentanil
	Other Intrathecal Opioids
	MEPERIDINE
	DIAMORPHINE
	NALBUPHINE

	Intrathecal Opioid Combinations
	Maternal Safety and Neonatal Effects
	MATERNAL SAFETY
	NEONATAL EFFECTS


	SIDE EFFECTS OF NEURAXIAL OPIOIDS
	Respiratory Depression
	PHARMACOKINETICS AND PHARMACODYNAMICS
	INCIDENCE
	MORPHINE
	EXTENDED-RELEASE EPIDURAL MORPHINE
	LIPOPHILIC OPIOIDS
	PREVENTION
	Identify Patients at Risk
	Limit Opioid Dose

	MONITORING, DETECTION, AND TREATMENT
	Monitor Respiration and Understand the Limitations of Monitoring Techniques
	Monitor Respiration for an Appropriate Duration
	Treat Respiratory Depression

	SUMMARY

	Nausea and Vomiting
	INDIVIDUAL ANTIEMETIC AGENTS
	COMBINATION ANTIEMETIC REGIMENS
	NONPHARMACOLOGIC TECHNIQUES

	Pruritus
	DRUG THERAPY

	Urinary Retention
	Hypothermia and Shivering

	NEURAXIAL NONOPIOID ANALGESIC ADJUVANTS
	Alpha-Adrenergic Agonists
	Neostigmine
	N-Methyl-D-Aspartic Acid Antagonists
	KETAMINE
	MAGNESIUM

	Epinephrine
	Newer Agents

	FUTURE APPLICATIONS
	REFERENCES


	Part VIII - Anesthetic Complications
	Chapter 29 - Aspiration: Risk, Prophylaxis, and Treatment
	HISTORY
	INCIDENCE, MORBIDITY, AND MORTALITY
	GASTROESOPHAGEAL ANATOMY AND PHYSIOLOGY
	Esophagus
	Gastrointestinal Motility
	Gastric Secretion
	Ingestion of Food
	Effects of Pregnancy on Gastric Function

	RISK FACTORS FOR ASPIRATION PNEUMONITIS
	PATHOPHYSIOLOGY
	CLINICAL COURSE
	TREATMENT
	Management of Aspiration
	RIGID BRONCHOSCOPY AND LAVAGE
	ANTIBIOTICS
	TREATMENT OF HYPOXEMIA
	CORTICOSTEROID USE

	Management of Respiratory Failure
	MECHANICAL VENTILATION
	POSITIVE END-EXPIRATORY PRESSURE
	FLUID MANAGEMENT
	BASIC CRITICAL CARE ALGORITHMS
	CORTICOSTEROID USE


	PROPHYLAXIS
	Preoperative Oral Fluid Administration
	Choice of Anesthesia
	Antacids
	Histamine H2-Receptor Antagonists
	Proton Pump Inhibitors
	Metoclopramide
	Sellick Maneuver

	RECOMMENDATIONS FOR CESAREAN DELIVERY
	ORAL INTAKE DURING LABOR
	REFERENCES

	Chapter 30 - The Difficult Airway: Risks, Prophylaxis, and Management
	RISKS
	Incidence and Epidemiology
	Maternal Morbidity and Mortality
	Definition and Classification
	Physiologic and Anatomic Changes of Pregnancy
	AIRWAY EDEMA
	RESPIRATORY AND METABOLIC CHANGES
	WEIGHT GAIN
	BREAST TISSUE ENLARGEMENT
	FULL DENTITION
	GASTROESOPHAGEAL CHANGES


	AIRWAY ASSESSMENT
	Multivariable Assessment of Airway Difficulty
	Mallampati Classification
	Atlanto-occipital Joint Extension
	Thyromental Distance
	Mandibular Protrusion Test
	Other Factors
	MORBID OBESITY
	PREECLAMPSIA
	TEAMWORK

	Summary

	PROPHYLAXIS
	Use of Neuraxial Analgesic Techniques during Labor
	Preparation for General Anesthesia
	ASPIRATION PROPHYLAXIS
	PATIENT POSITIONING
	DENITROGENATION (PREOXYGENATION)
	CART AND EQUIPMENT FOR DIFFICULT AIRWAY


	MANAGEMENT
	Neuraxial Anesthesia
	Awake Intubation before General Anesthesia
	Video Fiberoptic Laryngoscopy
	Surgery Standby or Awake Tracheostomy
	Local Anesthesia for Cesarean Delivery

	THE UNANTICIPATED DIFFICULT AIRWAY
	Cannot Intubate but Can Ventilate
	Cannot Intubate and Cannot Ventilate
	Laryngeal Mask Airway
	THE LARYNGEAL MASK AIRWAY AND CRICOID PRESSURE
	THE LARYNGEAL MASK AIRWAY AS A CONDUIT FOR INTUBATION

	Laryngeal Tube and Combitube
	Transtracheal Jet Ventilation

	EXTUBATION OF THE PATIENT WITH A DIFFICULT AIRWAY
	Predicting Difficulty with Extubation
	Use of Airway Exchange Catheters and Other Preventive Measures

	REFERENCES

	Chapter 31 - Postpartum Headache
	DIFFERENTIAL DIAGNOSIS
	Primary Headaches
	MIGRAINE

	Secondary Headaches
	HYPERTENSION
	POSTERIOR REVERSIBLE LEUKOENCEPHALOPATHY SYNDROME
	SUBARACHNOID HEMORRHAGE
	CORTICAL VEIN THROMBOSIS
	CEREBRAL INFARCTION/ISCHEMIA
	SUBDURAL HEMATOMA
	PNEUMOCEPHALUS
	MENINGITIS
	PSEUDOTUMOR CEREBRI/BENIGN INTRACRANIAL HYPERTENSION
	BRAIN TUMOR
	SPONTANEOUS INTRACRANIAL HYPOTENSION
	SINUSITIS
	CAFFEINE WITHDRAWAL
	LACTATION HEADACHE


	POST-DURAL PUNCTURE HEADACHE
	Incidence
	Symptoms
	Onset and Duration
	Imaging
	Pathophysiology
	Risk Factors
	AGE
	GENDER
	VAGINAL DELIVERY
	MORBID OBESITY
	AIR TRAVEL
	HISTORY OF PREVIOUS POST-DURAL PUNCTURE HEADACHE
	MULTIPLE DURAL PUNCTURES
	NEURAXIAL ANESTHETIC TECHNIQUE
	Epidural Needle Size/Design
	Spinal Needle Design
	Spinal Needle Size
	Direction of Bevel of the Quincke Needle
	Direction of the Bevel of the Tuohy Needle
	Midline or Paramedian Approach
	Skin Preparation
	Air versus Saline Method of Locating the Epidural Space
	Choice of Local Anesthetic Drug for Spinal Anesthesia
	Continuous Spinal Anesthesia
	Combined Spinal-Epidural Anesthesia


	Complications
	Prevention
	POSTURE
	HYDRATION
	ABDOMINAL BINDER
	CAFFEINE
	INTRASPINAL OPIOIDS
	INTRATHECAL CATHETER
	PROPHYLACTIC EPIDURAL/INTRATHECAL SALINE
	PROPHYLACTIC BLOOD PATCH
	PROPHYLACTIC DEXTRAN PATCH

	Treatment
	PSYCHOLOGICAL SUPPORT
	POSTURE
	HYDRATION
	ABDOMINAL BINDER
	PHARMACOLOGIC TREATMENT
	Caffeine
	Sumatriptan
	Adrenocorticotropic Hormone
	Miscellaneous Medications

	EPIDURAL MORPHINE
	EPIDURAL/INTRATHECAL SALINE
	EPIDURAL BLOOD PATCH
	Efficacy
	Timing
	Technique for Blood Patch
	Complications of Blood Patch Procedures
	Infectious/Hematologic Complications
	Neurologic Complications

	Dextran/Gelatin Patch
	Fibrin Sealant Patch
	Surgery

	SUMMARY OF TREATMENT

	Unanswered Questions

	REFERENCES

	Chapter 32 - Neurologic Complications of Pregnancy and Neuraxial Anesthesia
	THE INCIDENCE OF NEUROLOGIC SEQUELAE
	Obstetric Surveys
	Nonobstetric Surveys

	PERIPHERAL NERVE PALSIES
	Compression of the Lumbosacral Trunk
	Obturator Nerve Palsy
	Femoral Nerve Palsy
	Meralgia Paresthetica
	Sciatic Nerve Palsy
	Peroneal Nerve Palsy

	POSTPARTUM BLADDER DYSFUNCTION
	CENTRAL NERVOUS SYSTEM LESIONS
	Neurologic Sequelae of Dural Puncture
	CRANIAL NERVE PALSY
	CRANIAL SUBDURAL HEMATOMA

	Trauma to Nerve Roots and the Spinal Cord
	TRAUMA ASSOCIATED WITH ATTEMPTED EPIDURAL CATHETER INSERTION
	TRAUMA ASSOCIATED WITH SPINAL ANESTHESIA

	Space-Occupying Lesions of the Vertebral Canal
	EPIDURAL HEMATOMA
	SUBDURAL HEMATOMA

	Infection
	EPIDURAL ABSCESS
	Clinical Presentation
	Etiology
	Management

	EPIDURAL-RELATED INFECTION
	MENINGITIS
	Etiology and Risk Factors
	Clinical Presentation and Management

	PREVENTION OF INTRASPINAL INFECTION AFTER NEURAXIAL ANESTHESIA
	Face Mask
	Sterile Gown
	Sterilizing the Skin
	Maintaining Sterility of the Epidural Catheter, Its Contents, and the Entry Point


	Vascular Disorders
	ISCHEMIC INJURY TO THE SPINAL CORD

	Chemical Injury
	THE EPIDURAL SPACE
	THE SUBARACHNOID SPACE
	TRANSIENT NEUROLOGIC SYNDROME
	ARACHNOIDITIS

	Vulnerable Patients
	VERTEBRAL ABNORMALITY
	VASCULAR ABNORMALITIES
	SPINAL TUMOR
	COAGULOPATHY OR ANTICOAGULATION
	IMMUNOCOMPROMISE
	PREEXISTING NEUROLOGIC DISORDER
	DIABETES


	FOLLOW-UP AND RISK MANAGEMENT
	Diagnosis of Possible Neurologic Injury

	REFERENCES

	Chapter 33 - Medicolegal Issues in Obstetric Anesthesia
	LAWSUITS INVOLVING CLAIMS AGAINST HEALTH CARE PROVIDERS
	Importance of Effective Communication
	Theories of Liability
	Establishing Medical Malpractice
	Establishing Lack of Informed Consent

	THE LITIGATION PROCESS
	Sources of Law
	Initiation of a Lawsuit
	Discovery
	Trial

	INFORMED CONSENT
	Process and Documentation
	Capacity to Consent/Mental Competence
	Minor Patients
	Consent for Labor Analgesia

	REFUSAL OF CARE
	Documentation
	Conflicts Arising out of the Maternal-Fetal Relationship

	DISCLOSURE OF UNANTICIPATED OUTCOMES AND MEDICAL ERRORS
	LIABILITY PROFILES IN OBSTETRIC ANESTHESIA: THE AMERICAN SOCIETY OF ANESTHESIOLOGISTS CLOSED-CLAIMS PROJECT
	Anesthesia-Related Injuries
	Precipitating Events Leading to Injuries
	Payments
	Lessons Learned

	PROFESSIONAL PRACTICE STANDARDS
	POTENTIAL RISK MANAGEMENT PROBLEM AREAS
	REFERENCES


	Part IX - Obstetric Complications
	Chapter 34 - Preterm Labor and Delivery
	DEFINITIONS
	NEONATAL MORTALITY
	NEONATAL MORBIDITY
	PRETERM LABOR
	Risk Factors
	Prediction and Prevention of Preterm Labor
	PREVENTION OF PRETERM LABOR

	Diagnosis
	Assessment and Therapy
	ANTENATAL ADMINISTRATION OF CORTICOSTEROIDS
	ANTIBIOTIC THERAPY
	SELECTION OF TOCOLYTIC AGENTS
	PHYSIOLOGY OF UTERINE CONTRACTIONS
	EFFICACY OF TOCOLYTIC THERAPY


	THE PRETERM INFANT
	Physiology
	Method of Delivery
	Ethical Issues
	Fetal Heart Rate Monitoring

	ANESTHETIC MANAGEMENT
	Vaginal Delivery
	Cesarean Delivery

	INTERACTIONS BETWEEN TOCOLYTIC THERAPY AND ANESTHESIA
	Indications for Anesthesia during and after Tocolytic Therapy
	Calcium Entry-Blocking Agents
	MECHANISM OF ACTION
	SIDE EFFECTS
	ANESTHETIC MANAGEMENT

	Cyclooxygenase Inhibitors
	MECHANISM OF ACTION
	SIDE EFFECTS
	ANESTHETIC MANAGEMENT
	CYCLOOXYGENASE-2-SPECIFIC INHIBITORS

	Beta-Adrenergic Agonists
	MECHANISM OF ACTION
	TREATMENT REGIMEN
	SIDE EFFECTS
	Hypotension and Tachycardia
	Pulmonary Edema
	Hyperglycemia
	Hypokalemia
	Hyperkalemia
	Other Maternal Side Effects
	Fetal Side Effects

	ANESTHETIC MANAGEMENT

	Oxytocin Antagonists
	Magnesium Sulfate
	SIDE EFFECTS
	ANESTHETIC MANAGEMENT


	INVESTIGATIONAL TOCOLYTIC AGENTS
	Nitric Oxide Donors

	REFERENCES

	Chapter 35 - Abnormal Presentation and Multiple Gestation
	ABNORMAL POSITION
	BREECH PRESENTATION
	Epidemiology
	Obstetric Complications
	MORBIDITY AND MORTALITY

	Obstetric Management
	EXTERNAL CEPHALIC VERSION
	MODE OF DELIVERY
	VAGINAL BREECH DELIVERY
	CESAREAN DELIVERY

	Anesthetic Management
	ANALGESIA FOR LABOR
	ANESTHESIA FOR VAGINAL BREECH DELIVERY
	ANESTHESIA FOR CESAREAN DELIVERY


	OTHER ABNORMAL PRESENTATIONS
	Face Presentation
	Brow Presentation
	Compound Presentation
	Shoulder Presentation

	MULTIPLE GESTATION
	Epidemiology
	Placentation
	Physiologic Changes
	Obstetric Complications
	FETAL COMPLICATIONS
	Twin-to-Twin Transfusion
	Intrauterine Growth Restriction
	Preterm Labor
	Abnormal Presentation
	Morbidity and Mortality
	Order of Delivery

	MATERNAL COMPLICATIONS

	Obstetric Management
	TWIN A
	TWIN B

	Anesthetic Management
	LABOR AND VAGINAL DELIVERY
	VAGINAL DELIVERY OF TWIN A/ABDOMINAL DELIVERY OF TWIN B
	CESAREAN DELIVERY


	REFERENCES

	Chapter 36 - Fever and Infection
	FEVER
	Definition and Pathophysiology
	Interaction with Pregnancy
	Infections in Pregnant Women
	CHORIOAMNIONITIS
	UROLOGIC INFECTIONS
	RESPIRATORY TRACT INFECTION
	POSTPARTUM INFECTION

	Sepsis and Septic Shock

	EPIDURAL ANALGESIA AND MATERNAL FEVER
	Incidence
	Etiology
	THERMOREGULATORY FACTORS
	EFFECT OF SYSTEMIC OPIOIDS IN WOMEN NOT RECEIVING EPIDURAL ANALGESIA
	INFLAMMATION

	Consequences

	NEURAXIAL ANESTHESIA IN THE FEBRILE PATIENT
	Clinical Studies
	Laboratory Studies
	Recommendations

	GENITAL HERPES INFECTION
	Interaction with Pregnancy
	Obstetric Management
	Anesthetic Management

	REFERENCES

	Chapter 37 - Antepartum and Postpartum Hemorrhage
	MECHANISMS OF HEMOSTASIS
	ANTEPARTUM HEMORRHAGE
	Placenta Previa
	EPIDEMIOLOGY
	DIAGNOSIS
	OBSTETRIC MANAGEMENT
	ANESTHETIC MANAGEMENT
	Double Setup Examination
	Cesarean Delivery


	Placental Abruption
	EPIDEMIOLOGY
	DIAGNOSIS
	PATHOPHYSIOLOGY
	OBSTETRIC MANAGEMENT
	ANESTHETIC MANAGEMENT
	Labor and Vaginal Delivery
	Cesarean Delivery


	Uterine Rupture
	EPIDEMIOLOGY
	DIAGNOSIS
	OBSTETRIC MANAGEMENT
	ANESTHETIC MANAGEMENT

	Vasa Previa
	EPIDEMIOLOGY
	DIAGNOSIS
	OBSTETRIC MANAGEMENT
	ANESTHETIC MANAGEMENT


	POSTPARTUM HEMORRHAGE
	Uterine Atony
	EPIDEMIOLOGY
	DIAGNOSIS
	OBSTETRIC AND ANESTHETIC MANAGEMENT

	Genital Trauma
	ANESTHETIC MANAGEMENT

	Retained Placenta
	OBSTETRIC MANAGEMENT
	ANESTHETIC MANAGEMENT

	Placenta Accreta
	EPIDEMIOLOGY
	DIAGNOSIS
	OBSTETRIC MANAGEMENT
	ANESTHETIC MANAGEMENT

	Uterine Inversion
	EPIDEMIOLOGY
	DIAGNOSIS
	OBSTETRIC MANAGEMENT
	ANESTHETIC MANAGEMENT

	Invasive Treatment Options
	ANESTHETIC MANAGEMENT


	TRANSFUSION THERAPY
	Autologous Transfusion
	ANTEPARTUM DONATION
	NORMOVOLEMIC HEMODILUTION
	INTRAOPERATIVE BLOOD SALVAGE

	Treatment of Massive Blood Loss
	Complications of Transfusion of Blood Products

	REFERENCES

	Chapter 38 - Embolic Disorders
	THROMBOEMBOLISM
	Incidence
	Etiology
	VENOUS STASIS
	CHANGES IN COAGULATION
	VASCULAR DAMAGE
	OBSTETRIC CONDITIONS
	COINCIDENTAL DISEASE

	Pathophysiology
	Diagnosis
	CLINICAL
	DIAGNOSTIC EVALUATION

	Therapy
	DEEP VEIN THROMBOSIS
	PULMONARY EMBOLISM

	Anesthetic Management

	AMNIOTIC FLUID EMBOLISM
	Incidence
	Pathophysiology
	Clinical Presentation
	Anesthetic and Obstetric Management

	VENOUS AIR EMBOLISM
	Incidence
	Pathophysiology
	Clinical Presentation
	Recommendations

	REFERENCES

	Chapter 39 - Maternal Mortality
	GLOBAL MATERNAL MORTALITY
	Leading Causes

	MATERNAL MORTALITY IN THE DEVELOPED WORLD
	Leading Causes
	Risk Factors
	Severe and Near-Miss Morbidity
	Anesthesia-Related Maternal Mortality

	REFERENCES


	Part X - The Parturient with Systemic Disease
	Chapter 40 - Autoimmune Disorders
	SYSTEMIC LUPUS ERYTHEMATOSUS
	Definition and Epidemiology
	Pathophysiology
	Diagnosis
	Effect of Pregnancy
	Effect on the Mother
	Effect on the Fetus
	Medical Management
	Obstetric Management
	Anesthetic Management

	ANTIPHOSPHOLIPID SYNDROME
	Definition and Epidemiology
	Pathophysiology
	Diagnosis
	Effect on the Mother
	Effect on the Fetus
	Medical and Obstetric Management
	Anesthetic Management

	SYSTEMIC SCLEROSIS (SCLERODERMA)
	Definition and Epidemiology
	Pathophysiology
	Diagnosis
	Effect of Pregnancy
	Effect on Pregnancy and the Fetus
	Medical Management
	Obstetric Management
	Anesthetic Management

	POLYMYOSITIS AND DERMATOMYOSITIS
	Definition and Epidemiology
	Pathophysiology
	Diagnosis
	Effect of Pregnancy
	Effect on the Fetus
	Medical and Obstetric Management
	Anesthetic Management

	REFERENCES

	Chapter 41 - Cardiovascular Disease
	CONGENITAL HEART DISEASE
	Left-to-Right Shunts
	Coarctation of the Aorta
	Tetralogy of Fallot
	INTERACTION WITH PREGNANCY
	ANESTHETIC MANAGEMENT

	Eisenmenger’s Syndrome
	INTERACTION WITH PREGNANCY
	OBSTETRIC MANAGEMENT
	ANESTHETIC MANAGEMENT
	Labor
	Cesarean Delivery



	PRIMARY PULMONARY HYPERTENSION
	HYPERTROPHIC OBSTRUCTIVE CARDIOMYOPATHY
	INTERACTION WITH PREGNANCY
	MEDICAL MANAGEMENT
	OBSTETRIC MANAGEMENT
	ANESTHETIC MANAGEMENT

	ISCHEMIC HEART DISEASE
	PATHOPHYSIOLOGY
	INTERACTION WITH PREGNANCY
	DIAGNOSIS
	MEDICAL MANAGEMENT
	OBSTETRIC MANAGEMENT
	ANESTHETIC MANAGEMENT
	Labor
	Cesarean Delivery


	VALVULAR DISORDERS
	Aortic Stenosis
	PATHOPHYSIOLOGY
	DIAGNOSIS
	INTERACTION WITH PREGNANCY
	OBSTETRIC MANAGEMENT
	ANESTHETIC MANAGEMENT

	Aortic Regurgitation
	PATHOPHYSIOLOGY
	CLINICAL PRESENTATION
	DIAGNOSIS
	MEDICAL MANAGEMENT
	OBSTETRIC MANAGEMENT
	ANESTHETIC MANAGEMENT

	Mitral Stenosis
	PATHOPHYSIOLOGY
	DIAGNOSIS
	INTERACTION WITH PREGNANCY
	MEDICAL MANAGEMENT
	SURGICAL MANAGEMENT
	OBSTETRIC MANAGEMENT
	ANESTHETIC MANAGEMENT

	Mitral Regurgitation
	PATHOPHYSIOLOGY
	DIAGNOSIS
	INTERACTION WITH PREGNANCY
	ANESTHETIC MANAGEMENT

	Mitral Valve Prolapse
	PATHOPHYSIOLOGY
	DIAGNOSIS
	MEDICAL MANAGEMENT
	OBSTETRIC MANAGEMENT
	ANESTHETIC MANAGEMENT

	Prior Prosthetic Valve Surgery
	MATERNAL ANTICOAGULATION
	OBSTETRIC MANAGEMENT
	ANESTHETIC MANAGEMENT

	Cardiac Surgery during Pregnancy

	PERIPARTUM CARDIOMYOPATHY
	DIAGNOSIS
	MANAGEMENT

	THE PREGNANT PATIENT WITH A TRANSPLANTED HEART
	PATHOPHYSIOLOGY
	INTERACTION WITH PREGNANCY
	ANESTHETIC MANAGEMENT

	CARDIOPULMONARY RESUSCITATION DURING PREGNANCY
	ARRHYTHMIAS
	Antiarrhythmic Medications
	DIGITALIS
	QUINIDINE
	BETA-ADRENERGIC RECEPTOR ANTAGONISTS
	CALCIUM ENTRY-BLOCKING AGENTS
	LIDOCAINE
	AMIODARONE
	ADENOSINE

	Treatment of Congenital Heart Block and Bradyarrhythmias
	Prolonged QT Syndrome and Ventricular Tachycardia
	Cardioversion

	DISEASES OF THE AORTA
	Marfan’s Syndrome
	Aortic Dissection
	PATHOPHYSIOLOGY
	DIAGNOSIS
	MANAGEMENT


	INFECTIVE ENDOCARDITIS
	PATHOPHYSIOLOGY
	DIAGNOSIS
	MEDICAL AND SURGICAL MANAGEMENT
	OBSTETRIC AND ANESTHETIC MANAGEMENT
	ANTIBIOTIC PROPHYLAXIS

	REFERENCES

	Chapter 42 - Endocrine Disorders
	DIABETES MELLITUS
	Definition and Epidemiology
	Pathophysiology
	Clinical Presentation and Diagnosis
	Interaction with Pregnancy
	HOW DOES PREGNANCY AFFECT DIABETES MELLITUS?
	HOW DOES DIABETES MELLITUS AFFECT THE MOTHER AND FETUS?

	Obstetric Management
	Anesthetic Management

	THYROID DISORDERS
	Thyroid Hormone Physiology
	Hyperthyroidism
	DEFINITION AND EPIDEMIOLOGY
	PATHOPHYSIOLOGY
	CLINICAL PRESENTATION AND DIAGNOSIS
	INTERACTION WITH PREGNANCY
	MEDICAL AND SURGICAL MANAGEMENT
	Thyroid Storm
	Preoperative Preparation
	Medical and Surgical Management during Pregnancy

	OBSTETRIC MANAGEMENT
	ANESTHETIC MANAGEMENT

	Hypothyroidism
	DEFINITION AND EPIDEMIOLOGY
	PATHOPHYSIOLOGY
	CLINICAL PRESENTATION AND DIAGNOSIS
	INTERACTION WITH PREGNANCY
	MEDICAL MANAGEMENT
	OBSTETRIC MANAGEMENT
	ANESTHETIC MANAGEMENT


	PHEOCHROMOCYTOMA
	Definition and Epidemiology
	Pathophysiology
	Clinical Presentation and Diagnosis
	Interaction with Pregnancy
	Medical and Surgical Management
	PREOPERATIVE PREPARATION
	INTRAOPERATIVE MANAGEMENT
	MANAGEMENT DURING PREGNANCY

	Obstetric Management
	Anesthetic Management

	REFERENCES

	Chapter 43 - Hematologic and Coagulation Disorders
	ANEMIA
	Normal Hemoglobin Morphology
	Dilutional Anemia of Pregnancy
	Thalassemia
	α-THALASSEMIA
	β-THALASSEMIA
	β-THALASSEMIA MAJOR
	β-THALASSEMIA MINOR

	Sickle Cell Disease
	SICKLE CELL ANEMIA
	Epidemiology
	Pathophysiology
	Diagnosis
	Interaction with Pregnancy
	Medical Management
	Obstetric Management
	Anesthetic Management

	SICKLE CELL DISEASE VARIANTS
	SICKLE CELL TRAIT

	Autoimmune Hemolytic Anemia

	COAGULATION
	Thrombotic and Thrombolytic Pathways
	Assessment of Coagulation
	ROUTINE HEMATOLOGY
	BLEEDING TIME
	THROMBOELASTOGRAPHY
	PLATELET FUNCTION ANALYZER


	THROMBOCYTOPENIC COAGULOPATHIES
	Autoimmune Thrombocytopenic Purpura
	DIAGNOSIS
	INTERACTION WITH PREGNANCY
	OBSTETRIC MANAGEMENT

	Thrombotic Thrombocytopenic Purpura
	Drug-Induced Platelet Disorders

	CONGENITAL COAGULOPATHIES
	von Willebrand’s Disease
	Other Coagulation Factor Deficiencies

	ACQUIRED COAGULOPATHIES
	Disseminated Intravascular Coagulation
	Therapeutic Anticoagulation
	Other Acquired Coagulopathies

	NEURAXIAL ANESTHESIA IN THE PATIENT WITH ONGOING COAGULOPATHY
	HYPERCOAGULABLE STATES
	Protein C Deficiency
	Factor V Leiden Mutation
	Protein S Deficiency
	Antithrombin III Deficiency
	Lupus Anticoagulant

	REFERENCES

	Chapter 44 - Human Immunodeficiency Virus
	PATHOPHYSIOLOGY
	DIAGNOSIS
	CLINICAL MANIFESTATIONS
	Neurologic Abnormalities
	Pulmonary Abnormalities
	Gastrointestinal Abnormalities
	Hematologic Abnormalities
	Cardiovascular Abnormalities
	Endocrine Abnormalities
	Renal Abnormalities

	INTERACTION WITH PREGNANCY
	DRUG THERAPY
	Fetal Side Effects

	ANESTHETIC MANAGEMENT
	Coexisting Diseases
	Neuraxial Anesthesia
	General Anesthesia

	STRATEGIES TO MINIMIZE TRANSMISSION OF HUMAN IMMUNODEFICIENCY VIRUS
	To the Uninfected Patient
	STANDARDS FOR EQUIPMENT DISINFECTION

	To the Health Care Worker
	POSTEXPOSURE PROPHYLAXIS FOR HEALTH CARE WORKERS


	REFERENCES

	Chapter 45 - Hypertensive Disorders
	CLASSIFICATION OF HYPERTENSIVE DISORDERS
	PREECLAMPSIA
	Epidemiology
	PARTNER-RELATED RISK FACTORS
	NON-PARTNER-RELATED RISK FACTORS
	MATERNAL COMORBIDITIES AND LIFESTYLE FACTORS

	Pathogenesis
	ABNORMAL PLACENTATION AND THE MATERNAL SYNDROME
	GENETIC FACTORS
	IMMUNOLOGIC FACTORS
	ANTIANGIOGENIC PROTEINS

	Prophylaxis
	Clinical Manifestations
	CENTRAL NERVOUS SYSTEM
	AIRWAY
	PULMONARY
	CARDIOVASCULAR
	HEMATOLOGIC
	HEPATIC
	RENAL
	UTEROPLACENTAL BLOOD FLOW

	Obstetric Management
	MATERNAL AND FETAL SURVEILLANCE
	TREATMENT OF ACUTE HYPERTENSION
	Hydralazine
	Labetalol
	Esmolol
	Sodium Nitroprusside
	Nifedipine

	SEIZURE PROPHYLAXIS
	ROUTE AND TIMING OF DELIVERY
	CORTICOSTEROID ADMINISTRATION FOR SEVERE PREECLAMPSIA OR HELLP SYNDROME

	Complications of Preeclampsia
	CEREBROVASCULAR ACCIDENT
	PULMONARY EDEMA
	RENAL FAILURE
	PLACENTAL ABRUPTION

	HELLP Syndrome
	Anesthetic Management
	PREANESTHESIA EVALUATION
	Airway
	Hemodynamic Monitoring

	NEURAXIAL ANALGESIA FOR LABOR AND DELIVERY
	Coagulation Status
	Intravenous Hydration
	Treatment of Hypotension
	Epinephrine

	ANESTHESIA FOR CESAREAN DELIVERY
	Neuraxial Anesthesia
	General Anesthesia
	Airway Considerations
	Hypertensive Response to Laryngoscopy
	Effects of Magnesium Sulfate

	Postoperative Analgesia


	Postpartum Management
	Long-Term Outcomes

	ECLAMPSIA
	Epidemiology
	Clinical Presentation and Diagnosis
	Obstetric Management
	Resuscitation and Seizure Control
	Anesthetic Management
	Long-Term Outcomes

	REFERENCES

	Chapter 46 - Liver Disease
	VIRAL HEPATITIS
	Definition
	Pathophysiology and Epidemiology
	Diagnosis
	Vertical Transmission
	HEPATITIS B
	OTHER FORMS OF HEPATITIS

	Medical and Obstetric Management

	INTRAHEPATIC CHOLESTASIS OF PREGNANCY
	Definition and Epidemiology
	Diagnosis
	Effect on the Mother and Fetus
	Medical and Obstetric Management

	ACUTE FATTY LIVER OF PREGNANCY (REVERSIBLE PERIPARTUM LIVER FAILURE)
	Definition and Epidemiology
	Pathophysiology
	Diagnosis
	Effect on the Mother and Fetus
	Medical, Obstetric, and Anesthetic Management

	SPONTANEOUS HEPATIC RUPTURE OF PREGNANCY
	PORTAL HYPERTENSION
	Risk of Variceal Hemorrhage during Pregnancy
	Medical and Obstetric Management

	LIVER TRANSPLANTATION DURING PREGNANCY
	PREGNANCY AFTER LIVER TRANSPLANTATION
	ANESTHETIC MANAGEMENT OF THE PARTURIENT WITH LIVER DISEASE
	Systemic Abnormalities Associated with Hepatic Disease
	Effect of Anesthesia on Hepatic Blood Flow and Oxygenation
	Neuraxial Anesthesia
	General Anesthesia

	REFERENCES

	Chapter 47 - Malignant Hyperthermia
	EPIDEMIOLOGY
	PATHOPHYSIOLOGY
	GENETICS
	TRIGGERS
	CLINICAL PRESENTATION
	Masseter Muscle Rigidity

	DIAGNOSIS
	TESTING
	PREGNANCY AND MALIGNANT HYPERTHERMIA
	Maternal Physiology
	Effects on the Fetus and Newborn

	MANAGEMENT OF THE MALIGNANT HYPERTHERMIA-SUSCEPTIBLE PARTURIENT
	Analgesia for Labor
	Anesthesia for Cesarean Delivery
	Obstetric Drugs in Malignant Hyperthermia-Susceptible Patients

	ASSESSMENT OF HYPERTHERMIA AND TACHYCARDIA
	TREATMENT
	DANTROLENE IN PREGNANCY
	REFERENCES

	Chapter 48 - Musculoskeletal Disorders
	GESTATIONAL BACK PAIN
	Obstetric Management
	Anesthetic Management

	CHRONIC LOW BACK PAIN
	Obstetric Management
	Anesthetic Management

	POSTPARTUM BACKACHE
	SCOLIOSIS
	Scoliosis Associated with Neuromuscular Disease
	Interaction with Pregnancy
	Surgical Management
	Obstetric Management
	Anesthetic Management

	RHEUMATOID ARTHRITIS
	Interaction with Pregnancy
	Medical Management
	Obstetric Management
	Anesthetic Management

	ANKYLOSING SPONDYLITIS
	Interaction with Pregnancy
	Anesthetic Management

	SPINA BIFIDA
	Tethered Cord and Arnold-Chiari Malformation
	Obstetric Management
	Anesthetic Management

	ACHONDROPLASIA
	Obstetric Management
	Anesthetic Management

	OSTEOGENESIS IMPERFECTA
	Obstetric Management
	Anesthetic Management

	SPONDYLOLISTHESIS
	REFERENCES

	Chapter 49 - Neurologic and Neuromuscular Disease
	MULTIPLE SCLEROSIS
	Interaction with Pregnancy
	Anesthetic Management

	HEADACHE DURING PREGNANCY
	Tension Headache
	TREATMENT
	OBSTETRIC AND ANESTHETIC MANAGEMENT

	Migraine Headache
	TREATMENT
	OBSTETRIC AND ANESTHETIC MANAGEMENT


	SPINAL CORD INJURY
	Obstetric Management
	Anesthetic Management

	MYASTHENIA GRAVIS
	Medical Management
	Obstetric Management
	Anesthetic Management

	EPILEPSY
	Medical Management
	Interaction with Pregnancy
	Anesthetic Management

	MYOTONIA AND MYOTONIC DYSTROPHY
	Obstetric Management
	Anesthetic Management

	MUSCULAR DYSTROPHY
	Obstetric Management
	Anesthetic Management

	THE PHAKOMATOSES (NEUROCUTANEOUS SYNDROMES)
	Neurofibromatosis
	OBSTETRIC MANAGEMENT
	ANESTHETIC MANAGEMENT

	Tuberous Sclerosis
	OBSTETRIC AND ANESTHETIC MANAGEMENT

	Cutaneous Angiomatosis with Central Nervous System Abnormalities

	LANDRY-GUILLAIN-BARR&Eacute; SYNDROME
	Obstetric Management
	Anesthetic Management

	POLIO
	Obstetric Management
	Anesthetic Management

	BRAIN NEOPLASMS
	Obstetric Management
	Anesthetic Management

	IDIOPATHIC INTRACRANIAL HYPERTENSION
	Interaction with Pregnancy
	Anesthetic Management

	MATERNAL HYDROCEPHALUS WITH SHUNT
	Obstetric Management
	Anesthetic Management

	INTRACEREBRAL HEMORRHAGE
	Obstetric Management
	Anesthetic Management

	CEREBRAL VEIN THROMBOSIS
	Obstetric and Anesthetic Management

	MOTOR NEURON DISORDERS
	Amyotrophic Lateral Sclerosis
	Spinal Muscular Atrophy
	Peroneal Muscular Atrophy

	ISOLATED MONONEUROPATHIES DURING PREGNANCY
	Bell’s Palsy
	Carpal Tunnel Syndrome
	Meralgia Paresthetica

	REFERENCES

	Chapter 50 - Obesity
	PHYSIOLOGIC CHANGES OF OBESITY
	Pulmonary Changes
	PULMONARY MECHANICS
	LUNG VOLUMES
	OXYGENATION

	Cardiovascular Changes
	Gastrointestinal Changes
	Endocrine Changes
	Coagulation Changes

	INTERACTION WITH PREGNANCY
	Progress of Labor and Method of Delivery
	Perinatal Outcome

	ANESTHETIC MANAGEMENT
	Preanesthetic Assessment
	Labor and Vaginal Delivery
	Cesarean Delivery
	SPINAL ANESTHESIA AND COMBINED SPINAL-EPIDURAL ANESTHESIA
	EPIDURAL ANESTHESIA
	GENERAL ANESTHESIA


	POSTOPERATIVE COMPLICATIONS
	Postoperative Analgesia

	REFERENCES

	Chapter 51 - Renal Disease
	PHYSIOLOGIC CHANGES IN PREGNANCY
	RENAL PARENCHYMAL DISEASE
	Definition and Pathophysiology
	Diagnosis
	Effect of Pregnancy
	Effect on the Mother and Fetus
	Medical and Obstetric Management
	Hemodialysis and Long-Term Ambulatory Peritoneal Dialysis
	Anesthetic Management
	NEURAXIAL ANESTHESIA
	GENERAL ANESTHESIA


	ACUTE RENAL FAILURE
	Definition and Epidemiology
	Pathophysiology and Diagnosis
	PRERENAL CAUSES
	POSTRENAL CAUSES
	INTRARENAL CAUSES

	Effect on the Mother and Fetus
	Medical and Obstetric Management
	Anesthetic Management

	RENAL TRANSPLANTATION
	Renal Hyperfiltration
	Effect of Pregnancy on the Renal Allograft
	Effect on the Fetus
	Medical and Obstetric Management
	Anesthetic Management

	UROLITHIASIS
	Definition and Epidemiology
	Pathophysiology
	Diagnosis
	Effect of Pregnancy
	Effect on the Mother and Fetus
	Urologic and Obstetric Management
	Anesthetic Management

	REFERENCES

	Chapter 52 - Respiratory Disease in Pregnancy
	ASTHMA
	Definition
	Epidemiology
	Pathophysiology
	AIRWAY SMOOTH MUSCLE
	NEURAL COMPONENTS
	AIRWAY INFLAMMATION
	AIRWAY EPITHELIUM

	Diagnosis
	MEDICAL HISTORY
	PHYSICAL EXAMINATION
	LABORATORY STUDIES

	Interaction with Pregnancy
	EFFECTS OF PREGNANCY ON ASTHMA
	EFFECTS OF ASTHMA ON THE PARTURIENT AND FETUS

	Medical Management
	BRONCHODILATORS
	ANTI-INFLAMMATORY AGENTS

	Obstetric Management
	Anesthetic Management
	PREOPERATIVE ASSESSMENT
	MANAGEMENT DURING LABOR AND VAGINAL DELIVERY
	MANAGEMENT DURING CESAREAN DELIVERY


	CIGARETTE SMOKING
	Epidemiology
	Pathophysiology
	Interaction with Pregnancy
	Medical Management
	Anesthetic Management

	CYSTIC FIBROSIS
	Epidemiology
	Pathophysiology
	Diagnosis
	Interaction with Pregnancy
	EFFECT OF PREGNANCY ON CYSTIC FIBROSIS
	EFFECT OF CYSTIC FIBROSIS ON PREGNANCY

	Medical Management
	Obstetric Management
	Anesthetic Management

	RESPIRATORY FAILURE
	Epidemiology
	Pathophysiology
	Diagnosis
	Interaction with Pregnancy
	Medical Management
	Obstetric Management
	Anesthetic Management

	REFERENCES

	Chapter 53 - Substance Abuse
	DRUG DETECTION
	LICIT DRUGS
	Alcohol
	EPIDEMIOLOGY
	PHARMACOLOGY
	SYSTEMIC EFFECTS
	EFFECTS ON PREGNANCY AND THE FETUS
	ANESTHETIC MANAGEMENT

	Tobacco
	EPIDEMIOLOGY
	PHARMACOLOGY
	SYSTEMIC EFFECTS
	EFFECTS ON PREGNANCY AND THE FETUS
	ANESTHETIC MANAGEMENT

	Caffeine
	EPIDEMIOLOGY
	PHARMACOLOGY
	SYSTEMIC EFFECTS
	EFFECTS ON PREGNANCY AND THE FETUS
	ANESTHETIC MANAGEMENT


	ILLICIT DRUGS
	Marijuana (Cannabis)
	PHARMACOLOGY
	SYSTEMIC EFFECTS
	EFFECTS ON PREGNANCY AND THE FETUS
	ANESTHETIC MANAGEMENT

	Cocaine
	EPIDEMIOLOGY
	PHARMACOLOGY
	SYSTEMIC EFFECTS
	EFFECTS ON PREGNANCY AND THE FETUS
	ANESTHETIC MANAGEMENT

	Amphetamines
	EPIDEMIOLOGY
	PHARMACOLOGY
	SYSTEMIC EFFECTS
	EFFECTS ON PREGNANCY AND THE FETUS
	ANESTHETIC MANAGEMENT

	Hallucinogens
	EPIDEMIOLOGY
	PHARMACOLOGY
	SYSTEMIC EFFECTS
	EFFECTS ON PREGNANCY AND THE FETUS
	ANESTHETIC MANAGEMENT

	Opioids
	EPIDEMIOLOGY
	PHARMACOLOGY
	SYSTEMIC EFFECTS
	EFFECTS ON PREGNANCY AND THE FETUS
	ANESTHETIC MANAGEMENT

	Solvents
	EPIDEMIOLOGY
	PHARMACOLOGY
	SYSTEMIC EFFECTS
	EFFECTS ON PREGNANCY AND THE FETUS
	ANESTHETIC MANAGEMENT


	REFERENCES

	Chapter 54 - Trauma
	EPIDEMIOLOGY
	Domestic Violence
	Motor Vehicle Accidents
	Suicide
	Substance Abuse

	COMPLICATIONS AND OUTCOMES
	Maternal Outcome
	Fetal and Neonatal Outcome

	INJURY SCALES
	RESUSCITATION AND OBSTETRIC MANAGEMENT
	New Strategies in Resuscitation
	ABCs of Resuscitation
	AIRWAY
	BREATHING
	CIRCULATION
	Venous Access
	Fluids
	Crystalloids
	Colloids
	Hypertonic Solutions

	Blood Products
	Warming

	TRAUMATIC BRAIN INJURY

	Maternal Monitoring
	Fetal Monitoring
	Diagnostic Tests
	BLOOD TESTING
	URINE TESTING
	RADIOGRAPHIC IMAGING
	ULTRASONOGRAPHY
	DIAGNOSTIC PERITONEAL LAVAGE

	Other Management Issues
	ANALGESIA
	RISK OF THROMBOSIS
	PREECLAMPSIA AND ECLAMPSIA
	EVACUATION OF THE UTERUS
	CARDIAC ARREST AND PERIMORTEM CESAREAN DELIVERY
	COMA, PERSISTENT VEGETATIVE STATE, AND BRAINSTEM DEATH

	Education and Training

	ANESTHETIC MANAGEMENT
	Induction and Intubation
	Maintenance of Anesthesia
	Fetal Monitoring
	Cesarean Delivery
	Fluids
	Pulmonary Edema

	REFERENCES


	Appendix A - American Society of Anesthesiologists Guidelines for Regional Anesthesia in Obstetrics
	GUIDELINE I
	GUIDELINE II
	GUIDELINE III
	GUIDELINE IV
	GUIDELINE V
	GUIDELINE VI
	GUIDELINE VII
	GUIDELINE VIII
	GUIDELINE IX
	GUIDELINE X

	Appendix B - Practice Guidelines for Obstetric Anesthesia
An Updated Report by the American Society of Anesthesiologists Task Force on Obstetric Anesthesia**Excerpted from Practice Guidelines for Obstetric Anesthesia: An Updated Report by the American Society of Anesthesiologists Task Force on Obstetric Anesthesia. Anesthesiology 2007; 106:843-63. &copy;2007, Americian Society of Anesthesiologists, Inc. Lippincott Williams &amp; Wilkins, Inc. A copy of the full text can be obtained from American Society of Anesthesiologists, 520 N. Northwest Highway, Park Ridge, IL 60068-2573.Developed by the American Society of Anesthesiologists Task Force on Obstetric Anesthesia: Joy L. Hawkins, MD (Chair), Denver, Colorado; James F. Arens, MD, Houston, Texas; Brenda A. Bucklin, MD, Denver, Colorado; Richard T. Connis, PhD, Woodinville, Washington; Patricia A. Dailey, MD, Hillsborough, California; David R. Gambling, MBBS, San Diego, California; David G. Nickinovich, PhD, Bellevue, Washington; Linda S. Polley, MD, Ann Arbor, Michigan; Lawrence C. Tsen, MD, Boston, Massachusetts; David J. Wlody, MD, Brooklyn, New York; and Kathryn J. Zuspan, MD, Stillwater, Minnesota.Submitted for publication October 31, 2006. Accepted for publication October 31, 2006. Supported by the American Society of Anesthesiologists under the direction of James F. Arens, MD, Chair, Committee on Standards and Practice Parameters. Approved by the House of Delegates on October 18, 2006. A list of the references used to develop these Guidelines is available by writing to the American Society of Anesthesiologists.
	Methodology
	A. Definition of Perioperative Obstetric Anesthesia
	B. Purposes of the Guidelines
	C. Focus
	D. Application
	E. Task Force Members and Consultants
	F. Availability and Strength of Evidence

	Guidelines
	I. Perianesthetic Evaluation
	History and Physical Examination.
	Recommendations.

	Intrapartum Platelet Count.
	Recommendations.

	Blood Type and Screen.
	Recommendations.

	Perianesthetic Recording of the Fetal Heart Rate.
	Recommendations.


	II. Aspiration Prevention
	Clear Liquids.
	Recommendations.

	Solids.
	Recommendations.

	Antacids, H2 Receptor Antagonists, and Metoclopramide.
	Recommendations.


	III. Anesthetic Care for Labor and Vaginal Delivery
	Overview.
	Timing of Neuraxial Analgesia and Outcome of Labor.
	Neuraxial Analgesia and Trial of Labor after Previous Cesarean Delivery.
	Recommendations.

	Early Insertion of a Spinal or Epidural Catheter for Complicated Parturients.
	Recommendations.



	Continuous Infusion Epidural Analgesia.
	CIE Compared with Parenteral Opioids.
	CIE Compared with Single-injection Spinal.
	CIE with and without Opioids.
	Recommendations.

	Single-injection Spinal Opioids with or without Local Anesthetics.
	Recommendations.

	Pencil-point Spinal Needles.
	Recommendations.

	Combined Spinal-Epidural Analgesia.
	Recommendations.

	Patient-controlled Epidural Analgesia.
	Recommendations.


	IV. Removal of Retained Placenta
	Anesthetic Techniques.
	Recommendations.

	Uterine Relaxation.

	V. Anesthetic Choices for Cesarean Delivery
	Equipment, Facilities, and Support Personnel.
	Recommendations.

	General, Epidural, Spinal, or Combined Spinal-Epidural Anesthesia.
	Recommendations.

	Intravenous Fluid Preloading.
	Ephedrine or Phenylephrine.
	Recommendations.

	Neuraxial Opioids for Postoperative Analgesia.
	Recommendations.


	VI. Postpartum Tubal Ligation
	Recommendations.
	VII. Management of Obstetric and Anesthetic Emergencies
	Resources for Management of Hemorrhagic Emergencies.
	Recommendations.

	Central Invasive Hemodynamic Monitoring.
	Recommendations.

	Equipment for Management of Airway Emergencies.
	Recommendations.

	Cardiopulmonary Resuscitation.
	Recommendations.



	Appendix 1: Summary of Recommendations
	I. Perianesthetic Evaluation
	II. Aspiration Prophylaxis
	III. Anesthetic Care for Labor and Delivery
	Neuraxial Techniques: Availability of Resources.
	Timing of Neuraxial Analgesia and Outcome of Labor.
	Neuraxial Analgesia and Trial of Labor after Previous Cesarean Delivery.
	Early Insertion of Spinal or Epidural Catheter for Complicated Parturients.
	Continuous Infusion Epidural (CIE) Analgesia.
	Single-injection Spinal Opioids with or without Local Anesthetics.
	Pencil-point Spinal Needles.
	Combined Spinal-Epidural (CSE) Anesthetics.
	Patient-controlled Epidural Analgesia (PCEA).
	IV. Removal of Retained Placenta
	V. Anesthetic Choices for Cesarean Delivery
	VI. Postpartum Tubal Ligation
	VII. Management of Obstetric and Anesthetic Emergencies



	Appendix C - Optimal Goals for Anesthesia Care in Obstetrics
	References:

	Appendix D - Online Resources for Obstetric Anesthesia Providers
	OBSTETRIC ANESTHESIOLOGY SOCIETIES
	The Obstetric Anaesthetists Association (OAA)
	The Society for Obstetric Anesthesia and Perinatology (SOAP)

	OTHER PROFESSIONAL SOCIETIES OF INTEREST
	The American Academy of Pediatrics (AAP)
	The American College of Obstetricians and Gynecologists (ACOG)
	The American Society of Anesthesiologists (ASA)
	The American Society of Regional Anesthesia and Pain Medicine (ASRA)
	The Anesthesia Patient Safety Foundation (APSF)
	The Association of Women’s Health, Obstetric and Neonatal Nurses (AWHONN)
	The Canadian Anesthesiologists’ Society (CAS)
	The International Anesthesia Research Society (IARS)
	The International Fetal Medicine and Surgery Society (IFMSS)
	The North American Society of Obstetric Medicine (NASOM)
	The Society for Maternal-Fetal Medicine (SMFM)
	The Society of Obstetric Medicine of Australia and New Zealand (SOMANZ)

	GOVERNMENTAL REGULATORY AND INFORMATIONAL WEBSITES
	The Centers for Disease Control and Prevention (CDC)
	Confidential Enquiries into Maternal and Child Health (CEMACH)

	JOURNALS AND SCIENTIFIC LITERATURE
	American Journal of Obstetrics and Gynecology (the official journal of the SMFM)
	Anesthesiology (the official journal of the ASA)
	Anesthesia &amp; Analgesia (the official journal of the IARS and the SOAP)
	Canadian Journal of Anesthesia (the official journal of the CAS)
	The Cochrane Collaboration
	International Journal of Obstetric Anesthesia (the official journal of the OAA)
	Obstetric Anesthesia Digest
	Obstetrics & Gynecology (the official journal of the ACOG)
	Pediatrics (the official journal of the AAP)
	PubMed (a medical literature search resource supported by the National Institutes of Health)


	Index
	A
	B
	C
	D
	E
	F
	G
	H
	I
	J
	K
	L
	M
	N
	O
	P
	Q
	R
	S
	T
	U
	V
	W
	Z


