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EVALUATION OF THE NEONATE AND
NEONATAL RESUSCITATION
Cardiopulmonary Resuscitation
QUESTIONS OF THE DAY

Providing peripartum analgesia and anesthesia requires
an understanding of the physiologic changes during pregnancy and labor; the effects of anesthetics on
the mother, fetus, and neonate; and the benefits and
risks associated with various anesthetic techniques. The
course of labor and delivery and knowledge of high-risk
maternal conditions must be clearly understood. These
conditions require the ability to provide several analgesic and anesthetic techniques. Lastly, proper training
and organization need to exist for potential obstetric
emergencies and complications requiring immediate intervention, such as fetal distress and maternal
hemorrhage.

PHYSIOLOGIC CHANGES IN PREGNANT
WOMEN
During pregnancy, labor, and delivery, women undergo
significant changes in anatomy and physiology as a
result of (1) altered hormonal activity; (2) biochemical
changes associated with increasing metabolic demands of
a growing fetus, placenta, and uterus; and (3) mechanical
displacement by an enlarging uterus.1,2

Cardiovascular System Changes
Changes in the cardiovascular system during pregnancy
can be summarized as (1) an increase in intravascular fluid volume; (2) an increase in cardiac output; (3)
a decrease in systemic vascular resistance; and (4)
the presence of supine aortocaval compression (Table
33.1).
Intravascular Fluid and Hematology

Maternal intravascular fluid volume begins to increase
in the first trimester. At term, plasma volume increases
about 50% above the nonpregnant state, whereas
the erythrocyte volume increases only about 25%. This
disproportionate increase in plasma volume accounts
for the relative anemia of pregnancy. Yet, the hemoglobin normally remains at 11 g/dL or more. This expanded
intravascular fluid volume of 1000 to 1500 mL at
term offsets the 300 to 500 mL blood loss that accompanies vaginal delivery and the average 800 to 1000
mL blood loss that accompanies cesarean delivery.
In addition, the contracted uterus following delivery
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Table 33.1

Changes in the Cardiovascular System During
Pregnancy

System Parameter
Cardiovascular System
Intravascular fluid volume
Plasma volume
Erythrocyte volume
Cardiac output
Stroke volume
Heart rate
Peripheral circulation
Systemic vascular
resistance
Pulmonary vascular
resistance
Central venous pressure
Pulmonary capillary
wedge pressure
Femoral venous pressure

Value at Term Compared
With Nonpregnant Value
Increased 35%-45%
Increased 45%-55%
Increased 20%-30%
Increased 40%-50%
Increased 25%-30%
Increased 15%-25%
Decreased 20%
Decreased 35%
No change
No change
Increased 15%-50%

Pulmonary System
Minute ventilation
Tidal volume
Breathing frequency
Lung volumes
Expiratory reserve
volume
Residual volume
Functional residual
capacity
Vital capacity
Total lung capacity
Arterial blood gases and pH
Pao2
Paco2
pH
Oxygen consumption

Increased 45%-50%
Increased 40%-45%
Increased 0-15%
Decreased 20%-25%
Decreased 15%-20%
Decreased 20%
No change
Decreased 0-5%
Normal or slightly increased
Decreased 10 mm Hg
No change or minimal
alkalosis
Increased 20%

Data from Cheek TG, Gutsche BB. Maternal physiologic alterations.
In Hughes SC, Levinson G, Rosen MA, Shnider SM, eds. Shnider and
Levinson’s Anesthesia for Obstetrics. 4th ed. Philadelphia: Lippincott
Williams & Wilkins; 2002:3-18; and Gaiser R. Physiologic changes
of pregnancy. In Chestnut DH, Polley LS, Tsen LC, Wong CA, eds. Chestnut’s Obstetric Anesthesia: Principles and Practice. 4th ed. Philadelphia:
Elsevier; 2009:15-36.

causes a form of autotransfusion, often in excess of
500 mL of blood.
The total plasma protein concentration is decreased
as a result of the dilutional effect of the increased intravascular fluid volume. Pregnancy is a hypercoagulable
state with concentration increases in factors I, VII,
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VIII, IX, X, and XII and decreases in factors XI, XIII,
and antithrombin III. This results in an approximately
20% decrease in prothrombin time (PT) and partial
thromboplastin time (PTT). Platelet count may remain
normal or decrease 10% by term, and leukocytosis is
common.!
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Cardiac Output

Cardiac output increases by about 35% by the end of the
first trimester and increases to about 50% above baseline
by the third trimester because of increases in both stroke
volume (25% to 30%) and heart rate (15% to 25%). Additional increases of 10% to 25% in cardiac output occur
with the onset of labor during the first stage and 40%
in the second stage. The largest increase occurs immediately after delivery, when cardiac output is increased by
as much as 80% above prelabor values. This presents a
unique postpartum risk for patients with cardiac disease,
such as fixed valvular stenosis. Cardiac output decreases
within the first hours after delivery and reaches prelabor values about 48 hours postpartum. It then decreases
substantially toward prepregnant values by 2 weeks
postpartum.!
Systemic Vascular Resistance

Although cardiac output and plasma volume increase,
arterial blood pressure decreases in an uncomplicated
pregnancy secondary to a 20% reduction in systemic vascular resistance at term. Systolic, mean, and
diastolic blood pressure may all decrease 5% to 20%
by 20 weeks of gestational age and gradually increase
slightly toward prepregnant values as the pregnancy
progresses further. There is no change in central venous
pressure during pregnancy despite the increased
plasma volume because of an increase in venous
capacitance.!
Aortocaval Compression

When supine, the gravid uterus can compress the aorta
and vena cava. Compression of the vena cava can
decrease preload, cardiac output, and systemic blood
pressure (Fig. 33.1). At term, the inferior vena cava
is almost completely occluded in the supine position,
with venous return of blood from the lower extremities through the epidural, azygos, and vertebral veins.
In addition, significant aortoiliac artery compression
occurs in 15% to 20% of pregnant women. Nearly
15% of pregnant women at term experience significant
hypotension in the supine position. Diaphoresis, nausea, vomiting, and changes in cerebration often accompany the hypotension. This constellation of symptoms
is termed supine hypotension syndrome. Vena cava
compression decreases cardiac output 10% to 20%
and may also contribute to lower extremity venous
stasis and thereby result in ankle edema, varices, and
increased risk of venous thrombosis.!

IVC
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Fig. 33.1 Schematic diagram showing compression of the inferior vena cava (IVC) and abdominal aorta by the gravid uterus in
the supine position.

Echocardiography Changes

There are significant changes in echocardiography during pregnancy.3 The heart is displaced anteriorly and
leftward. Right-sided chambers increase in size by 20%
and left-sided chambers increase in size by 10% to 12%
with an associated left ventricular eccentric hypertrophy
and increase in ejection fraction. Mitral, tricuspid, and
pulmonary valve annuli diameters increase, but the aortic annulus remains the same. Tricuspid and pulmonary
valve regurgitation is common, and about 1 in 4 women
has mitral regurgitation. In addition, small insignificant
pericardial effusions may be present during pregnancy.!
Compensatory Responses and Risks

In the supine position, significant arterial hypotension
is uncommon because the patient compensates for a
decrease in preload by reflex increases in systemic vascular resistance. This compensatory increase in systemic
vascular resistance is impaired by regional anesthetic
techniques. Consequently, supine positioning is avoided
during neuraxial anesthetic administration in the second
and third trimesters. Significant lateral tilt is frequently
used during labor analgesia and cesarean deliveries to
reduce hypotension and preserve fetal circulation by displacing the gravid uterus leftward and off the inferior
vena cava (Fig. 33.2). Left uterine displacement can be
accomplished by placing the patient in a left lateral position or by elevation of the right hip 10 to 15 cm with a
blanket, wedge, or table tilt.
The gravid uterus can also compress the lower abdominal aorta. Arterial hypotension can then occur in the
lower extremities, which accounts for systemic blood
pressure measurements in the arms not reflective of this
decrease. Aortocaval compression decreases uterine and
placental blood flow. Even with a healthy uteroplacental
unit, prolonged maternal hypotension (more than 25%
decrease for an average patient) for longer than 10 to
555

IV

Section IV SPECIAL ANESTHETIC CONSIDERATIONS

R

L

IVC

Aorta

Wedge

Fig. 33.2 Schematic diagram depicting left uterine displacement by elevation of the right hip with a wedge. This position deflects the gravid uterus off the inferior vena cava (IVC) and aorta.

15 minutes can significantly decrease uterine blood flow
(UBF) and lead to progressive fetal acidosis.
The increased venous pressure distal to the level of
vena caval compression serves to divert blood return from
the lower half of the body via the paravertebral venous
plexuses to the azygos vein. Flow from the azygos vein
enters the superior vena cava, and cardiac venous return
is maintained. Dilation of the epidural veins may increase
the rate of unintentional intravascular placement of the
epidural catheter. This could lead to accidental intravascular injection of the local anesthetic solution, which can
have profound effects on the cardiovascular system and
central nervous system (CNS) with potential for complete
hemodynamic collapse, seizures, and death. A test dose is
administered before dosing an epidural catheter in order
to decrease the likelihood of an unintended intravascular
placement before initiating neuraxial blockade. This technique is described later in the section “Epidural Analgesia” (also see Chapter 17).!

Pulmonary System Changes
The most significant changes in the pulmonary system
during pregnancy include alterations in (1) the upper airway, (2) minute ventilation, (3) arterial oxygenation, and
(4) lung volumes (see Table 33.1).
Upper Airway (Also See Chapter 16)

During pregnancy there is significant capillary engorgement of the mucosal lining of the upper respiratory tract
and increased tissue friability. As a result, instrumentation of the upper airway is more likely to cause obstruction from tissue edema and bleeding. Additional care is
needed during suctioning, placement of airways (avoid
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nasal instrumentation if possible), direct laryngoscopy,
and intubation. It may be prudent to select a smaller
cuffed tracheal tube (6.0 to 6.5 mm internal diameter) because the vocal cords and arytenoids are often
edematous. The presence of preeclampsia, upper respiratory tract infections, and active pushing with associated increased venous pressure further exacerbate airway
tissue edema making both endotracheal intubation and
subsequent ventilation more challenging. In addition, the
weight gain associated with pregnancy, particularly in
women of short stature or with coexisting obesity (also
see Chapter 29), can result in difficulty placing the laryngoscope because of a shorter neck and increased breast
tissue.!
Minute Ventilation and Oxygenation

Minute ventilation is increased about 50% above prepregnant levels during the first trimester and is maintained for
the remainder of the pregnancy. This increased minute
ventilation is achieved primarily by an increase in tidal
volumes, with small increases in the respiratory rate (see
Table 33.1). Increased circulating levels of progesterone
and increased CO2 production are the likely stimulus for
the increased minute ventilation. Resting maternal PaCO2
decreases from 40 mm Hg to approximately 30 mm Hg
during the first trimester as a reflection of the increased
minute ventilation. Arterial pH, however, remains only
mildly alkalotic (7.42 to 7.44) because of increased renal
excretion of bicarbonate ions (HCO3− of approximately 20
to 21 mEq/L at term).
Early in gestation, maternal PaO2 while breathing room
air is normally above 100 mm Hg because of the presence of hyperventilation and the associated decrease in
alveolar CO2. Later, PaO2 becomes normal or even slightly
decreased, most likely reflecting airway closure and intrapulmonary shunt. Maternal hemoglobin is shifted to the
right with the P50 increasing from 27 to approximately
30 mm Hg.
At term, oxygen consumption is increased by 20%.
The added work of labor results in further increases in
both minute ventilation and oxygen consumption. During labor, oxygen consumption increases above prelabor
rates by 40% during the first stage and 75% during the
second stage. The pain of labor can result in severe hyperventilation causing PaCO2 to decrease below 20 mm Hg.
This pain-associated hyperventilation and alkalosis can
be attenuated by neuraxial analgesic techniques.!
Lung Volumes

The expiratory reserve volume (ERV) and residual lung
volume (RV), in contrast to the early appearance of
increased minute ventilation, do not begin to change
until about the third month of pregnancy (see Table 33.1).
With increasing enlargement of the uterus, the diaphragm
is forced cephalad, which is primarily responsible for
the 20% decrease in functional residual capacity (FRC)
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present at term. This change is created by approximately
equal decreases in the ERV and RV. As a result, FRC can
be smaller than closing capacity for many small airways and may cause atelectasis in the supine position.
Vital capacity is not significantly changed with pregnancy. The combination of increased minute ventilation
and decreased FRC results in a more rapid rate at which
changes in the alveolar concentration of inhaled anesthetics can be achieved. Respiratory measures of FEV1,
FEV1/FVC (forced vital capacity), and closing capacity do
not change significantly with pregnancy.!
Anesthetic Implications

During induction of general anesthesia in a pregnant
patient, PaO2 decreases much more rapidly than in a nonpregnant patient because of decreased oxygen reserve
(decreased FRC) and increased oxygen uptake (increased
metabolic rate). For these reasons, the administration of
supplemental oxygen or preoxygenation prior to general
anesthesia is especially critical for patient safety. The
pregnant patient should breathe oxygen for 3 minutes
before any period of anticipated apnea (such as induction
of anesthesia) or take four maximal breaths over the 30
seconds just prior to induction of anesthesia if emergent
general anesthesia is needed. In addition, the increased
airway edema makes both ventilation and intubation
more difficult and further increases the potential for complications and morbidity.!

Gastrointestinal Changes
Gastrointestinal changes during pregnancy make women
beyond 20 weeks gestation vulnerable to regurgitation,
aspiration of gastric contents, and the development of
acid pneumonitis. Displacement of the stomach and pylorus cephalad by the enlarged uterus repositions the intraabdominal portion of the esophagus into the thorax and
decreases the competence of the esophageal sphincter.
Increased progesterone and estrogen levels of pregnancy
further reduce esophageal sphincter tone. During vaginal
delivery, gastric pressure is increased by both the gravid
uterus and the lithotomy position. Gastrin, which is
secreted by the placenta, stimulates gastric hydrogen ion
secretion such that the pH of gastric fluid is predictably
low in pregnant women. For these reasons, gastric fluid
reflux into the esophagus with subsequent esophagitis
(heartburn) is common and increases with the pregnancy
gestational age. In addition, gastric emptying is delayed
with the onset of labor or administration of opioids, further increasing the risk of aspiration.
Anesthetic Implications

Regardless of the time interval since the ingestion of food,
women in labor must be treated as having a full stomach
and an increased risk for pulmonary aspiration of gastric
contents. This includes the routine use of nonparticulate
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antacids, rapid sequence induction, cricoid pressure, and
cuffed endotracheal intubation as part of the general
anesthesia induction sequence in a pregnant woman after
approximately 20 weeks gestational age. Pain, anxiety,
and opioids administered during labor can further slow
gastric emptying beyond an already prolonged transit
time. Epidural analgesia using local anesthetics does not
delay gastric emptying, but using epidural boluses of
fentanyl does.4 The low pH of aspirated gastric fluid is
important in the production and severity of acid pneumonitis and is the basis for the administration of antacids to
pregnant women before induction of anesthesia. Current
American Society of Anesthesiologists (ASA) guidelines5
recommend the “timely administration of oral nonparticulate antacids, intravenous (IV) H2-receptor antagonists, and/or metoclopramide for aspiration prophylaxis”
prior to the induction of anesthesia in pregnant women.
Nonparticulate antacids such as sodium citrate (30 mL)
work rapidly. Metoclopramide can significantly decrease
gastric volume in as little as 15 minutes, although gastric
hypomotility associated with prior opioid administration
reduces the effectiveness of metoclopramide.6 H2-receptor
antagonists increase gastric fluid pH in pregnant women
approximately 1 hour after administration without producing adverse effects. Antacids plus H2-antagonists are
better than antacids alone in decreasing gastric acidity.7!

Nervous System Changes
Volatile anesthetic requirements (minimum alveolar concentration, or MAC) decrease up to 40% during pregnancy in
animal studies8 and 28% in humans9 within the first trimester
of pregnancy. However, an electroencephalographic monitoring study illustrated that the anesthetic effects of sevoflurane on the brain are similar in pregnant and nonpregnant
women.10 Consequently the magnitude and mechanism of
the decreased anesthetic requirement remains uncertain. A
clinical implication of this decreased MAC is that alveolar
anesthetic concentrations that would not routinely produce
unconsciousness may approximate anesthetizing concentrations in pregnant women. Judicious administration of
anesthetics that depress the CNS is required to prevent unintended impairment of upper airway reflexes and add to the
already increased risk of aspiration of gastric contents.
Pregnant patients are more sensitive to the local
anesthetics used during neuraxial blockade. There is
a decrease in local anesthetic dose needed for epidural
or spinal anesthesia in pregnant women at term. The
observation of decreased neuraxial local anesthetic
doses as early as the first trimester suggests a role for
both anatomic and biochemical changes. This decreased
requirement is occurring before significant aortocaval
compression and decreases in the volume of the epidural
space from dilated veins. Although this increased sensitivity is likely based on hormonal changes, mechanical
changes may also be involved. Engorgement of epidural
557
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veins as intra-abdominal pressure increases with progressive enlargement of the uterus results in a decrease in
both the size of the epidural space and volume of cerebrospinal fluid (CSF) in the subarachnoid space. The
decreased volume of these spaces facilitates the spread
of local anesthetics. Yet, the CSF pressure itself does not
increase with pregnancy.!

Renal Changes
Renal blood flow and the glomerular filtration rate are
increased about 50% to 60% by the third month of pregnancy and do not return to prepregnant levels until 3
months postpartum. Therefore, the normal upper limits
in blood urea nitrogen and serum creatinine concentrations are decreased about 50% in pregnant women. There
is decreased tubular resorption of both protein and glucose, and excretion of them in the urine is common. In
a 24-hour urine collection, findings of less than 300 mg
protein or 10 g glucose are considered the upper limits of
normal in pregnancy.!

Hepatic Changes
Liver blood flow does not change significantly with pregnancy. Plasma protein concentrations are reduced during pregnancy, and decreased serum albumin levels can
increase free blood levels of highly protein-bound drugs.
Slightly increased liver function tests are common in the
third trimester. Plasma cholinesterase (pseudocholinesterase) activity is decreased about 25% to 30% from the
tenth week of gestation up to 6 weeks postpartum. Yet,
this decreased activity is likely not sufficient to prolong
the neuromuscular blockade of succinylcholine. In addition, incomplete gallbladder emptying and changes in
bile composition increase the risk of gallbladder disease
during pregnancy. Even without underlying pathologic
abnormality, alkaline phosphatase levels double during
pregnancy from placental production.!

PHYSIOLOGY OF THE UTEROPLACENTAL
CIRCULATION
The placenta is the interface of maternal and fetal tissue
for the purpose of physiologic exchange. Maternal blood
is delivered to the uterus and placenta by two uterine
arteries. Nutrient-rich and waste-free blood is transferred
from the placenta to the fetus through a single umbilical
vein and fetal blood returns to interface with the maternal
circulation via two umbilical arteries.

Uterine Blood Flow
UBF increases throughout gestation from about 100
mL/min before pregnancy to 700 mL/min (about 10%
558

of cardiac output) at term gestation. About 80% of
the UBF perfuses the intervillous space (placenta) and
20% supports the myometrium. The uterine vasculature has limited autoregulation and remains essentially
maximally dilated under normal pregnancy conditions.
UBF decreases because of either reduced uterine perfusion pressure or increased umbilical arterial resistance.
Decreased perfusion pressure can result from systemic
hypotension secondary to hypovolemia, aortocaval compression, or decreased systemic resistance from either
general or neuraxial anesthesia. UBF also decreases with
increased uterine venous pressure. This can result from
vena caval compression (supine position), prolonged or
frequent uterine contractions, or significant abdominal musculature contraction (Valsalva maneuver during
pushing). Additionally, extreme hypocapnia (PaCO2 < 20
mm Hg) associated with hyperventilation secondary to
labor pain can reduce UBF to the point of fetal hypoxemia and acidosis.
Epidural or spinal anesthesia does not alter UBF as
long as maternal hypotension is avoided. Endogenous
catecholamines induced by stress or pain and exogenous
vasopressors have the capability of increasing uterine
arterial resistance and decreasing UBF. The use of phenylephrine (α-adrenergic agonist) to correct maternal hypotension does not influence fetal well-being. Although
ephedrine is safe to use to correct maternal hypotension,
phenylephrine administration results in less fetal acidosis
and base deficit as shown in clinical trials.11-13 Although
further work is needed to confirm the safety and efficacy
of norepinephrine as a vasopressor in obstetric patients
before routine clinical use, a 2015 study comparing norepinephrine and phenylephrine for arterial blood pressure
maintenance during cesarean delivery noted norepinephrine was associated with a more rapid maternal heart rate
and increased cardiac output.14!

Placental Exchange
Transfer of oxygen from the mother to the fetus is dependent on a variety of factors including the ratio of maternal UBF to fetal umbilical blood flow, the oxygen partial
pressure gradient, the respective hemoglobin concentrations and affinities, the placental diffusing capacity, and
the acid-base status of the fetal and maternal blood (Bohr
effect). The fetal oxyhemoglobin dissociation curve is
left-shifted (greater oxygen affinity) whereas the maternal hemoglobin binding curve is right-shifted (decreased
oxygen affinity), resulting in facilitated oxygen transfer to the fetus. The fetal PaO2 is normally 40 mm Hg
and never more than 60 mm Hg even if the mother is
breathing 100% oxygen.15 This is because the placental
exchange to the fetus from the mother represents venous
rather than arterial blood. Carbon dioxide readily crosses
the placenta and is not limited by diffusion but rather
flow.
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Placental exchange of most drugs and other substances
less than 1000 Da occurs principally by diffusion from the
maternal circulation to the fetus and vice versa. Diffusion
of a substance across the placenta to the fetus depends
on maternal-to-fetal concentration gradients, maternal
protein binding, molecular weight, lipid solubility, and
the degree of ionization of that substance. Minimizing
the maternal blood concentration of a drug is the most
important method of limiting the amount that ultimately
reaches the fetus.
The large molecular weight and poor lipid solubility
of nondepolarizing neuromuscular blocking drugs result
in the limited ability of these drugs to cross the placenta
(also see Chapter 11). Succinylcholine has a low molecular weight but is highly ionized and therefore does not
readily cross the placenta. Thus, during administration
of a general anesthetic for cesarean delivery, the fetus/
neonate is not paralyzed. Additionally, both heparin and
glycopyrrolate have significantly limited placental transfer. Placental transfer of barbiturates, local anesthetics,
and opioids is facilitated by the relatively low molecular
weights of these substances. In general, drugs that readily
cross the blood-brain barrier also cross the placenta.
Fetal Uptake

Fetal uptake of a substance that crosses the placenta is
affected by the lower pH (0.1 unit) of fetal blood compared to maternal. The lower fetal pH means that weakly
basic drugs (local anesthetics, opioids) that cross the placenta in the nonionized form will become ionized in the
fetal circulation. Because an ionized drug cannot readily cross the placenta and return to the maternal circulation, this drug will accumulate in the fetal blood against
a concentration gradient. Therefore, in an acidotic fetus,
larger concentrations of local anesthetic can accumulate
(ion trapping), especially during periods of fetal distress.
Increased concentrations of local anesthetics in the fetus
can result in decreased neonatal neuromuscular tone. If
direct maternal intravascular local anesthetic injection
occurs, significant fetal toxicity can result in bradycardia, ventricular arrhythmia, acidosis, and severe cardiac
depression. Placental transfer and fetal uptake of specific
analgesic and anesthetic drugs are detailed in the upcoming sections on “Methods of Labor Analgesia” and “Anesthesia for Cesarean Delivery.”!
Characteristics of the Fetal Circulation

The fetal circulation helps protect vital fetal organs from
exposure to large concentrations of drugs initially present in umbilical venous blood. For example, about 75%
of umbilical venous blood initially passes through the
fetal liver, such that significant portions of many drugs
are metabolized before reaching the fetal arterial circulation for delivery to the heart and brain. Despite decreased
liver enzyme activity in comparison to adults, fetal/neonatal enzyme systems still can metabolize most drugs.
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Moreover, drugs in the portion of umbilical venous blood
that enter the inferior vena cava via the ductus venosus
will be diluted by drug-free blood returning from the lower
extremities and pelvic viscera of the fetus. These circulatory characteristics decrease the fetal plasma drug concentrations compared to maternal following an IV drug bolus.!

STAGES OF LABOR
It is important to understand the stages of labor and
when labor can become dysfunctional, resulting in more
intervention from the obstetrician. Obstetrics can be predictably unpredictable. A patient may adopt a particular
birth plan only to have it change at the outset of labor
or after many hours. Labor can occur spontaneously or
be induced based on maternal or fetal indications. What
constitutes normal labor progress has been more precisely
defined.16,17 Ideally these changes will prevent cesarean
deliveries in the first stage of labor (active stage arrest)
when the woman is not yet in active labor.
Labor is a continuous process divided into three
stages. The first stage refers to the onset of labor until the
cervix is fully dilated. The first stage is further divided
into two phases: latent phase and active phase. The latent
phase can persist for many hours and in some cases days.
Active phase begins at the point when the rate of cervical dilation increases. This usually occurs between 5 to 6
cm dilation. The second stage of labor begins when the
cervix is fully dilated and ends when the neonate is born.
This stage is referred to as the “pushing and expulsion”
stage. Once the neonate is delivered the third and final
stage begins and is completed when the placenta is delivered. If progression of labor through the stages is halted
or delayed, there is concern for dysfunctional labor and
potential for obstetric intervention.
If a woman’s cervix fails to dilate or dilates slowly
in the active phase (first stage of labor) despite pharmacologic interventions, this is considered an active phase
arrest and will result in a cesarean delivery. Arrest of
descent occurs during the second stage of labor, when the
neonate is unable to deliver vaginally. The mode of delivery depends on what pelvic level the arrest of descent
occurs and the position of the neonatal head. If the neonate is low enough in the pelvis, the obstetrician can perform an instrumented vaginal delivery (also known as an
operative vaginal delivery) via vacuum or forceps. If the
neonate remains too high in the pelvis, then the woman
will need to undergo a cesarean delivery. In addition, the
fetal condition can dictate a change in labor course and
delivery mode based on the fetal heart rate (FHR) tracing.
The anesthesia provider can be consulted at any time
throughout the labor to aid in a safe delivery. The labor
course, mode of delivery, and maternal comorbid conditions should all be considered in determining which analgesic or anesthetic technique is most appropriate.!
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T10
T11
T12
L1

S2
S3
S4

and delivery. Neuraxial analgesic techniques that block
levels T10 to L1 during the first stage of labor must be
extended to include S2 to S4 for efficacy during the second stage of labor.
Labor pain can have significant physiologic effects on
the mother, fetus, and the course of labor. Pain stimulates
the sympathetic nervous system, increases plasma catecholamine levels, creates reflex maternal tachycardia and
hypertension, and can reduce UBF. In addition, changes
in uterine activity can occur with the rapid decrease in
plasma epinephrine concentrations associated with onset
of neuraxial analgesia. Oscillations in epinephrine can
cause many uterine effects ranging from a transient
period of uterine tachysystole (extremely frequent uterine
contractions) to a period of uterine quiescence. Alternatively, these epinephrine changes can convert dysfunctional uterine activity patterns associated with poorly
progressive cervical dilation to more regular patterns
associated with normal cervical dilation.18!

METHODS OF LABOR ANALGESIA
Nonpharmacologic Techniques
Fig. 33.3 Schematic diagram of pain pathways during pregnancy. Visceral pain during the first stage of labor is due to uterine
contraction and cervical dilation. Afferent sensory fibers from the
uterus and cervix travel with sympathetic nerve fibers and enter
the spinal cord at T10-L1. Somatic afferents from the vagina and
perineum travel via the pudendal nerve to levels S2-S4.

ANATOMY OF LABOR PAIN
Contraction of the uterus, dilatation of the cervix, and
distention of the perineum cause pain during labor and
delivery. Somatic and visceral afferent sensory fibers
from the uterus and cervix travel with sympathetic nerve
fibers to the spinal cord (Fig. 33.3). During the first stage
of labor (cervical dilation), the majority of painful stimuli
are the result of afferent nerve impulses from the lower
uterine segment and cervix, with contributions from the
uterine body causing visceral pain (poorly localized, diffused, and usually described as a dull but intense aching). These fibers pass through the paracervical tissue and
course with the hypogastric nerves and the sympathetic
chain to the dorsal root ganglia of levels T10 to L1. During the second stage of labor (pushing and expulsion),
afferents innervating the vagina and perineum cause
somatic pain (well localized and described as sharp).
These somatic impulses travel primarily via the pudendal
nerve to dorsal root ganglia of levels S2 to S4. Pain during this stage is also caused by distention and tissue ischemia of the vagina, perineum, and pelvic floor muscles.
Pain is associated with descent of the fetus into the pelvis
560

A variety of nonpharmacologic techniques for labor
analgesia exist. Although data are limited, acupuncture,
acupressure, transcutaneous electrical nerve stimulation,
relaxation, and massage all demonstrate a modest analgesic benefit.19 Other techniques such as hypnosis and
intradermal water injections do not show significant benefit beyond control. Most nonpharmacologic techniques
seem to reduce labor pain perception but lack the rigorous scientific methodology for useful comparison of
these techniques to pharmacologic methods. A woman’s
satisfaction with labor and delivery may not be directly
associated with analgesic efficacy. A meta-analysis
reviewing the effectiveness of a support individual (e.g.,
doula, family member) noted that women with a support individual used less pharmacologic analgesia, had
a decreased length of labor, were more likely to have a
vaginal birth, and were less likely to have negative feelings about childbirth.20!

Systemic Medications
Systemic analgesics are utilized on labor and delivery,
but normally limited by bolus dose, dosing interval, and
24-hour cumulative dose. Although the use of systemic
opioid analgesics is quite common, the use of sedatives,
anxiolytics, and dissociative drugs is rare. The potential
for maternal sedation, respiratory compromise, loss of
airway protection, and proximity to time of delivery dictate judicious use of systemic opioids. For women who
are in early spontaneous labor or beginning induction
of labor, systemic opioid analgesia can be especially
beneficial.
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Opioids (Also See Chapter 9)

Although there are individual differences among opioids, all
readily cross the placental barrier and exert neonatal effects
in typical clinical doses, including decreased FHR variability and dose-related neonatal respiratory depression. All
opioids can have maternal side effects, including nausea,
vomiting, pruritus, and decreased stomach emptying.
Meperidine is one of the most frequently used opioids
worldwide likely secondary to cost, availability, and easy
administration. It can be administered in doses of 12.5
to 25 mg IV or 25 to 50 mg intramuscularly. Maternal
half-life of meperidine is 2 to 3 hours with half-life in the
fetus and newborn significantly greater (13 to 23 hours)
and more variable. In addition, meperidine is metabolized
to an active metabolite (normeperidine) that can significantly accumulate after repeated doses. With increased
dosing and shortened time interval between dose and
delivery, neonatal risks of decreased Apgar scores, lowered oxygen saturation, and prolonged time to sustained
respiration are more likely.21
Morphine was used more frequently in the past, but
currently is rarely used. Like meperidine it has an active
metabolite (morphine-6-glucuronide) and a prolonged
duration of analgesia; the half-life is longer in neonates
compared to adults, and it produces significant maternal sedation. In latent labor, obstetric providers may
use intramuscular morphine combined with phenergan for analgesia, sedation, and rest, termed morphine
sleep. This produces analgesia for approximately 2.5 to
6 hours with an onset of 10 to 20 minutes and does not
appear to affect maternal or neonatal morbidity.22
Fentanyl is commonly used for labor analgesia. It has
a short duration and no active metabolites. When given
in small IV doses of 50 to 100 µg in an hour, there are
no significant differences in neonatal Apgar scores and
respiratory effort compared to newborns of mothers not
receiving fentanyl.23,24
Remifentanil patient-controlled analgesia (PCA) may
be considered for women who have contraindications to
neuraxial blockade. Although labor pain improved with
remifentanil, a randomized controlled trial comparing epidural analgesia to remifentanil PCA had overall pain scores
that were smaller in the epidural group.25 More sedation
and hemoglobin desaturation were noted during remifentanil analgesia, but there was no difference between groups
in fetal and neonatal outcomes. A more recent (2015)
equivalence trial performed between remifentanil PCA and
epidural analgesia found remifentanil was inferior to epidural analgesia for satisfaction of pain relief and pain relief
scores.26 Because remifentanil has potential for significant
maternal respiratory depression, its use should remain
under close supervision of an anesthesiologist.!
Nitrous Oxide

Inhaled nitrous oxide (N2O) has been used for decades
for labor analgesia and recently has increased in use
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within the United States. Nitrous oxide is typically
inhaled intermittently in a fixed mixture of 50% N2O
with 50% oxygen. It provides satisfactory analgesia in
some women but is inferior to epidural analgesia. The
side effects are mild with nausea, dizziness, and drowsiness among the most common.27 Without coadministration of opioids, it is safe and does not result in hypoxia,
unconsciousness, or loss of protective airway reflexes.28
Maternal cardiovascular and respiratory depression are
minimal and uterine contractility is not affected. In
addition, newborn Apgar scores from mothers using
nitrous oxide in labor are similar to those from mothers using other labor pain management methods or no
analgesia. When delivered with appropriate scavenging
equipment there does not appear to be concern regarding occupational exposure. Despite its historical use,
rigorous scientific studies are lacking to further assess
its overall efficacy, safety, and long-term effects on the
fetus and newborn.29!

Neuraxial (Regional) Analgesia
Neuraxial analgesia (e.g., epidural, spinal, combined
spinal-epidural [CSE]) is currently the most widely used
method of labor analgesia in the United States. Placement of paracervical and pudendal blocks for analgesia is rare. Neuraxial analgesia typically involves
the administration of local anesthetics, and often
the coadministration of opioid analgesics. In addition, adjuvant drugs such as epinephrine and clonidine decrease the dose of local anesthetics or opioids
required for analgesia.30,31 However, given that the
FDA (Food and Drug Administration) issued a black
box warning regarding the possibility of significant
hypotension with neuraxial clonidine in obstetrics,
caution should be used.
Local Anesthetics

The ester-linked local anesthetics (e.g., 2-chloroprocaine, procaine, tetracaine) are rapidly metabolized by
plasma cholinesterase, decreasing the risk of maternal toxicity and placental drug transfer. Amide-linked
local anesthetics (e.g., lidocaine, bupivacaine, ropivacaine) are degraded by P-450 enzymes in the liver.
Bupivacaine and ropivacaine are the most commonly
used local anesthetics for labor analgesia, and both are
extremely safe when appropriately dosed for epidural
or intrathecal administration. An accidental, large
intravascular dose of any local anesthetic can result
in significant maternal morbidity (seizures, loss of
consciousness, severe arrhythmias, and cardiovascular
collapse) or fatality and the potential for fetal accumulation (ion trapping); see discussion under “Physiology
of Uteroplacental Circulation.” Immediate recognition
and treatment is essential (see “Systemic Toxicity and
Excessive Blockade”).!
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Neuraxial Opioids (Also See Chapter 9)

Neuraxial opioids are commonly used in obstetric
anesthesia. Lipid-soluble opioids such as fentanyl and
sufentanil are frequently used to augment the neuraxial analgesia of local anesthetics. The administration
of opioids alone in the epidural space can provide
moderate analgesia, but they are not as effective as
dilute solutions of local anesthetic. Intrathecal opioids
are more potent than epidural or systemic administration but are of limited duration (<2 hours) and also
less effective than using neuraxial local anesthetics. Coadministration of opioids with local anesthetics prolongs and improves the quality of analgesia
and has local anesthetic-sparing effects. The addition
of neuraxial opioids is associated with dose-related
maternal side effects including pruritus, sedation, and
nausea. In addition, administration of intrathecal opioids can result in fetal bradycardia independent of
hypotension. 32 The mechanism for fetal bradycardia
is unclear but may result from uterine hyperactivity
following the rapid onset of analgesia.!

NEURAXIAL TECHNIQUES
Neuraxial techniques represent the most effective form
of labor analgesia and achieve the highest rates of maternal satisfaction.33 The patient remains awake and alert
without sedative side effects, maternal catecholamine
concentrations are reduced, hyperventilation is avoided,
cooperation and capacity to participate actively during
labor are facilitated, and excellent, predictable analgesia can be achieved, superior to the analgesia provided
by all other techniques. However, a delay in providing
neuraxial pain relief, inadequate analgesia, or poorly
communicating information about neuraxial labor analgesia can contribute to a negative childbirth experience
(also see Chapter 17).34

Preoperative Assessment
Prior to initiation of any neuraxial blockade, anesthesia providers should assess the patient’s pregnancy and
health history; perform a focused physical examination;
discuss the risks, benefits, and alternatives; and obtain
consent (also see Chapter 13). In otherwise healthy
women, routine laboratory tests are not required.5 Resuscitation equipment and drugs must be immediately
available to manage serious complications secondary
to initiation of epidural or spinal blocks (see “Contraindications of Neuraxial Anesthesia” and “Complications
of Regional Anesthesia”). During initiation of the neuraxial blockade, mother and fetus are closely monitored
(maternal vital signs and FHR monitoring). Current recommendations allow otherwise healthy laboring women
to have modest amounts of clear liquids. However, in
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complicated labors (e.g., by morbid obesity, difficult airway, concerning fetal status), the decision to restrict oral
intake should be determined by the individual anesthesia
provider.5!

Timing and Placement of Epidural
The decision of when to place an epidural was previously
controversial over the concern of adversely affecting the
progress of labor. Current ASA and American College of
Obstetricians and Gynecologists (ACOG) guidelines recommend that a maternal request for labor pain relief is
sufficient justification for epidural placement, and the
decision should not depend on an arbitrary cervical dilation.5,35 Randomized controlled clinical trials comparing
patients receiving either systemic opioids or neuraxial
analgesia in early labor (both spontaneous and induced)
demonstrated no difference in rates of cesarean delivery.36,37 A Cochrane review based on studies dating up
to 2011 that compared neuraxial and systemic opioid
labor analgesia noted no difference in rates of cesarean
delivery, but women with neuraxial analgesia did have
an increased rate of instrumented vaginal delivery.38,39
Neuraxial analgesia is associated with a prolonged second stage of labor, and the mean duration of the second
stage is approximately 20 minutes longer with epidural
labor analgesia.38 A 2015 clinical trial found no difference between epidurals dosed with fentanyl alone versus local anesthetic suggesting a prolonged second stage
is not a result of decreased pushing effort secondary to
local analgesia.40 This increase in the second stage is not
harmful to the infant or mother, and as long as the fetal
status is reassuring and there is ongoing progress toward
delivery, the duration of the second stage does not require
intervention.41!

Epidural Technique
Epidural analgesia is a catheter-based technique used
to provide continuous pain relief during labor (also see
Chapter 17). The technique involves insertion of a specialized needle (Tuohy) between vertebral spinous processes in the back, into the epidural space (Fig. 33.4).
This needle has a slightly curved blunt tip to minimize
dural puncture. The woman can either be in the sitting or
lateral position based on both the experience of the anesthetic provider and optimal exposure to critical anatomic
landmarks. Based on ASA task force recommendations
regarding neuraxial infectious complications, aseptic
techniques should always be used during placement of
neuraxial needles and catheters, including (1) removal of
jewelry (e.g., rings and watches), handwashing, and wearing of caps, masks, and sterile gloves; (2) use of individual packets of antiseptics for skin preparation; (3) use of
chlorhexidine (preferred) or povidone-iodine (preferably
with alcohol) for skin preparation, allowing for adequate
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epidural space, and the needle is removed. The catheter
is secure and used for intermittent or continuous injections. Once the catheter is in place, analgesia is achieved
by administration of local anesthetics, or opioids, or both
(see earlier discussion), and maintained throughout the
course of labor and delivery. The catheter can also be
used for instrumented or cesarean delivery as well as
administration of morphine for postoperative analgesia,
when necessary.!
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Fig. 33.4 Schematic diagram of lumbosacral anatomy showing
needle placement for epidural block.

drying time; (4) sterile draping of the patient; and (5)
use of sterile occlusive dressings at the catheter insertion
site.42 The needle is normally inserted between L2 and
L4. The needle traverses the skin and subcutaneous tissues, supraspinous ligament, interspinous ligament, and
the ligamentum flavum and is advanced into the epidural
space (Fig. 33.5). The tip of the Tuohy needle should not
penetrate the dura, which forms the boundary between
the intrathecal or subarachnoid space and the epidural
space. To locate the epidural space, a tactile technique
called loss of resistance is used. The tactile resistance
noted with pressure on the plunger of an air- or salinefilled syringe dramatically decreases as the tip of the needle is advanced through the ligamentum flavum (dense
resistance) into the epidural space (no resistance), which
has an average depth of approximately 5 cm from the
skin. Once the needle is properly positioned, a catheter is
inserted through the needle. The catheter remains in the

The CSE technique follows the epidural technique as
described, but after the loss of resistance a spinal needle
(24- to 27-gauge, pencil-point needle) is inserted into
the epidural needle, using a needle through needle procedure. Once CSF is visualized, an intrathecal dose of
local anesthetic and opioid is administered. The spinal
needle is removed and the epidural catheter is threaded
as described with the epidural technique. The benefits of
the CSE include quicker onset of analgesia and no motor
blockade if opioids alone are placed intrathecally. A systematic review of CSE versus epidural literature found no
major difference in maternal benefit or fetal risks but an
increased rate of analgesia onset and maternal pruritus
with the CSE technique.43!

Epidural and Combined Spinal-Epidural Dosing
and Delivery Techniques
During labor, an epidural catheter allows continuous
infusion of local anesthetic with or without opioid drugs.
In addition, anesthesia providers can bolus the catheter
with either the same or a more concentrated solution of
local anesthetic. Programmable infusion pumps allow a
patient-controlled epidural analgesia (PCEA) method of
delivering the chosen anesthetic mixture with or without
a background infusion. Compared to a continuous infusion alone, a PCEA method of delivery allows for fewer
medical personnel, decreased motor block, improved
patient satisfaction, and lower local anesthetic consumption.5,44 Adding a background infusion to PCEA further
improves labor analgesia, reduces the need for clinician
boluses, and does not increase maternal or neonatal
adverse events. However, there is not enough current
evidence to determine if adding a continuous background infusion to a PCEA affects the length of labor
and need for operative delivery.5,44 Programmed intermittent epidural bolus (PIEB) is a more recent method
of administering automated fixed epidural boluses at
scheduled intervals. PIEB can be used alone or with a
PCEA technique. Use of PIEB may slightly reduce local
anesthetic usage, improve maternal satisfaction, and
decrease the need for rescue boluses.45,46 Concentrations
of labor epidural local anesthetics have decreased over
time because dense motor blockade may adversely affect
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Fig. 33.5 Technique of epidural and combined spinal-epidural analgesia. (A) Epidural catheter placement
for labor analgesia: (1) The desired epidural space L2-L4 is identified. Following infiltration with local anesthetic a Tuohy needle is seated in the intervertebral ligaments. A syringe is connected to the epidural
needle for confirmation of degree of resistance using constant or periodic pressure on the plunger. As
the needle tip is passed from the high resistance of the ligamentum flavum to the low resistance in the
epidural space, a sudden loss of resistance is recognized by the anesthesia provider and advancement is
stopped. (2) An epidural catheter is advanced through the needle into the space. Analgesic medications
are administered through the catheter following a test dose. (B) Combined spinal-epidural analgesia:
(1) Following Tuohy needle placement into the epidural space, (2) a spinal needle (24- to 26-gauge) is
introduced through the epidural needle into the subarachnoid space. (3) Proper placement is confirmed
by free flow of the cerebrospinal fluid. A bolus of local anesthetic or opioid is administered through the
spinal needle. (4) Following spinal needle removal, an epidural catheter is advanced through the Tuohy
needle into the epidural space. The epidural catheter can be used for continuation of labor analgesia.
(From Eltzschig HK, Lieberman ES, Camann WR. Regional anesthesia and analgesia for labor and delivery.
N Engl J Med. 2003;348:319-332, used with permission.)
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vaginal delivery rate. Typical maintenance infusion concentrations for epidural bupivacaine (0.04% to 0.125%)
or ropivacaine (0.0625% to 0.2%) are both effective. Opioids such as fentanyl (2 µg/mL) or sufentanil (0.2 µg/
mL) may be added to the infusion mixture to augment
analgesia and decrease local anesthetic requirements, but
they increase the side effects of pruritus, nausea, and
sedation in a dose-dependent manner. Bolus administration of opioids can also be administered through the epidural catheter with typical doses of fentanyl 50 to 100
µg or sufentanil 5 to 10 µg to improve analgesia. Dilute
concentrations of epinephrine (1:300,000 to 1:800,000)
can also be added to the epidural mixture to augment
analgesia.
For CSEs the initial intrathecal dose can include an
opioid, local anesthetic, or a combination of the two.
Typical intrathecal doses for opioids are fentanyl (10 to
20 µg) or sufentanil (1.5 to 5 µg), and local anesthetic
doses include bupivacaine (1.25 to 3.5 mg) and ropivacaine (2 to 5 mg). Use of large-dose opioids (e.g., sufentanil 7.5 µg) is associated with increased risk of fetal
bradycardia and severe pruritus even without the presence of hypotension.32 Prior to initiation of the epidural,
a test dose should be performed to evaluate the possibility of unintended IV or intrathecal catheter placement.
Commonly, 3 mL of 1.5% lidocaine containing 1:200,000
epinephrine is used. Increases in heart rate and arterial
blood pressure more than 20% above baseline (intravascular placement) or rapid analgesia and lower extremity motor block (intrathecal placement) indicate epidural
catheter misplacement. Whenever a bolus is administered
in the epidural for initiation or breakthrough pain, it is
recommended to administer the anesthetic mixture incrementally through the epidural catheter while monitoring
maternal arterial blood pressure and FHR continuously.
Instrumented vaginal delivery may become necessary
for arrest of descent and fetal indications. Use of forceps
often requires a denser block with perineal anesthesia.
Supplementation with 5 to 10 mL of epidural lidocaine
(1% to 2%) or 2-chloroprocaine (2% to 3%) may be needed.!

Spinal Labor Analgesia
Spinal analgesia can be administered just before vaginal
delivery. This technique is useful for advanced second-stage
analgesia, instrumented (forceps/vacuum) delivery, evaluation/evacuation of retained placenta, or repair of highdegree perineal lacerations. Placement of spinal block (3 to
5 mg bupivacaine with or without 10 to 20 µg of fentanyl)
allows the rapid onset of analgesia. This dose is significantly
less than that needed for a cesarean delivery. The duration of
this type of spinal analgesia is approximately 60 to 90 minutes. A 24- to 27-gauge pencil-point spinal needle is selected
to reduce the risk of post–dural puncture headache. If anesthesia is primarily needed for perineal laceration repair, the
patient may be left in the sitting position for a few additional
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minutes following use of hyperbaric local anesthetic in order
to concentrate the sensory block in the perineal region
(saddle block). A true saddle block anesthetic does not produce complete uterine pain relief because the afferent fibers
(extending to T10) from the uterus are not blocked.!

CONTRAINDICATIONS OF NEURAXIAL
ANESTHESIA
Certain conditions contraindicate neuraxial procedures.
They include (1) patient refusal, (2) infection at the needle
insertion site, (3) significant coagulopathy, (4) hypovolemic shock, (5) increased intracranial pressure from mass
lesion, and (6) inadequate resources or provider expertise.
Other conditions such as systemic infection, neurologic
disease, and mild coagulopathies are relative contraindications that should be evaluated on a case-by-case basis
using current guidelines.47,48 Human immunodeficiency
virus (HIV) and hepatitis infection are not contraindications to neuraxial technique in pregnant women.!

COMPLICATIONS OF REGIONAL
ANESTHESIA
The retrospective rates of inadequate epidural analgesia or
inadequate CSE analgesia requiring catheter replacement
were 7% and 3%, respectively, at a U.S. academic center.49
The rate of accidental dural puncture during epidural catheter placement is approximately 1% to 2%, and about half
of these punctures result in a severe headache, which is
typically managed with analgesics, hydration, rest, caffeine,
or blood patch if necessary. Other potential side effects from
neuraxial blockade include pruritus, nausea, shivering, urinary retention, motor weakness, low back soreness, and
a prolonged block. More serious complications of meningitis, epidural hematoma, and nerve or spinal cord injury
are extremely rare. A 2014 multicenter database analysis
of 257,000 obstetric patients examined rates of serious
neurologic events.50 The rate of epidural abscess or meningitis was 1:63,000, epidural hematoma was 1:251,000,
and high neuraxial block 1:4300. A 2006 meta-analysis of
1.37 million women receiving labor epidurals noted rates
of deep epidural infections 1:145,000, epidural hematoma
1:168,000, and persistent neurologic injury remaining longer than 1 year at 1:240,000 (also see Chapter 17).51

Systemic Toxicity and Excessive Blockade
Infrequent but occasionally life-threatening complications can result from administration of neuraxial
anesthesia. The most serious complications are from
accidental IV or intrathecal injections of local anesthetics. An unintended bolus of IV local anesthetic causes
dose-dependent consequences ranging from minor side
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effects (e.g., tinnitus, perioral tingling, mild arterial blood
pressure, and heart rate changes) to major complications
(seizures, loss of consciousness, severe arrhythmias, cardiovascular collapse). The severity depends on the dose,
type of local anesthetic, and preexisting condition of the
patient. Bupivacaine has greater affinity for sodium channels than lidocaine and dissociates more slowly. In addition, its high protein affinity makes cardiac resuscitation
more difficult and prolonged. Measures that minimize the
likelihood of accidental intravascular injection include
careful aspiration of the catheter before injection, test
dosing, and incremental administration of therapeutic
doses. Successful resuscitation and support of the mother
will reestablish UBF. This will provide adequate fetal oxygenation and allow time for excretion of local anesthetic
from the fetus. The neonate has an extremely limited ability to metabolize local anesthetics and may have prolonged convulsions if emergent delivery is required.
A high spinal (total spinal) block can result from an
unrecognized epidural catheter placed subdural, migration
of the catheter during its use, or an overdose of local anesthetic in the epidural space (i.e., high epidural). Both high
spinal blocks and high epidural blocks can result in severe
maternal hypotension, bradycardia, loss of consciousness,
and blockade of the motor nerves to the respiratory muscles.
Treatment

Treatment of complications resulting from both intravascular injection and high spinal block are directed at
restoring maternal and fetal oxygenation, ventilation, and
circulation. Intubation, vasopressors, fluids, and advanced
cardiac life support (ACLS) algorithms are often required.
Changes to ACLS guidelines for pregnancy include use of
manual left uterine displacement (rather than tilt) to relieve
aortocaval compression, avoidance of lower extremity
vessels for drug delivery, and no modifications to pharmacologic or defibrillation protocol except removal of fetal
and uterine monitors prior to shock, unless it would delay
the intervention.52,53 If a local anesthetic overdose occurs,
consider use of a 20% IV lipid emulsion to bind the drug
and decrease toxicity.54 In any situation of maternal cardiac arrest with unsuccessful return of spontaneous circulation, the fetus should be emergently delivered if the
mother is not resuscitated within 4 minutes of the arrest.
This guideline for emergent cesarean delivery increases
the chances of survival for both the mother and neonate. In addition, the use of checklists and simulation can
improve performance during the rare but critical events.!

Hypotension
Hypotension (decrease in systolic blood pressure > 20%)
secondary to sympathetic blockade is the most common
complication of neuraxial blockade for labor analgesia
with rates of approximately 14%.43 Prophylactic measures
include left uterine displacement and hydration. Although
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a standard for timing, amount, and hydration fluid remains
controversial, all agree dehydration should be avoided.
Prehydration with up to 1 L IV crystalloid does not appear
to significantly decrease rates of hypotension from smalldose labor epidurals.55 Although IV fluid preloading may
be used to reduce the frequency of maternal hypotension
after spinal anesthesia, there is no consistently significant
difference in hypotension following spinal anesthesia if
a preload or co-load of either IV crystalloid or colloid is
administered.5,56,57 Treatment of hypotension consists of
further uterine displacement, IV fluids, and vasopressor
administration. Either phenylephrine or ephedrine can be
used to treat hypotension. Although ephedrine (primarily β-adrenergic) was historically used, more recent data
confirm that (1) a phenylephrine (primarily α-adrenergic)
infusion at the time of spinal placement is effective at
preventing hypotension; (2) compared with ephedrine,
phenylephrine is associated with less placental transfer
and fetal acidosis; and (3) phenylephrine is now widely
considered the vasopressor of choice for treating maternal hypotension.12,58 However, significant decreases in
maternal heart rate below baseline signify a decrease in
cardiac output, and consequently both heart rate and arterial blood pressure should be considered when choosing
vasopressor drugs to manage maternal hypotension.58,59 If
treated promptly, transient maternal hypotension does not
lead to fetal depression or neonatal morbidity.!

Increased Core Temperature
An increase in core maternal body temperature and fever
are associated with labor epidural analgesia (also see
Chapter 20). Only about 20% of women who receive
epidural labor analgesia develop a fever and the remaining 80% have no increase in core body temperature.60
Although the cause of the maternal temperature rise
remains uncertain, an association with noninfectious
inflammation mediated by proinflammatory cytokines is
a likely cause. This increase in maternal temperature is not
associated with a change in white blood cell count or with
an infectious process, and treatment is not necessary.60 In
addition, the fever associated with epidural labor analgesia
does not increase the incidence of neonatal sepsis and need
not affect neonatal septic workup. Although some studies
note no effect on fetal well-being, other studies suggest
maternal temperatures greater than 38° C are associated
with adverse neonatal outcomes including seizures, hypotonia, and need for a period of assisted ventilation.60,61!

OTHER NERVE BLOCKS FOR LABOR
Paracervical Block
A paracervical block is infrequently used to provide pain
relief during the first stage of labor. The technique consists of submucosal administration of local anesthetic
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immediately lateral and posterior to the uterocervical
junction, which blocks transmission of pain impulses at
the paracervical ganglion. Complications from systemic
absorption can occur as well as the possibility of direct
fetal trauma or injection. Paracervical block is associated
with a 15% rate of fetal bradycardia.62 The mechanism of
this phenomenon is unclear, and close fetal monitoring
is warranted. The fetal bradycardia is usually limited to
less than 15 minutes, and treatment is mainly supportive.!

Pudendal Block
A pudendal block is infrequently used to provide pain relief
during the second stage of labor at the time of delivery.
In most medical centers this technique is used when
neuraxial techniques are unavailable. The obstetrician guides
a sheathed needle through the vaginal mucosa and sacrospinous ligament just medial and posterior to the ischial spine.
Local anesthesia injection around the pudendal nerve blocks
sensation of the lower vagina and perineum. Although the
technique provides analgesia for vaginal delivery or uncomplicated instrumented vaginal delivery, the rate of failure is
high.63 Complications in addition to failure include systemic
local anesthetic toxicity, ischiorectal or vaginal hematoma,
and, rarely, fetal injection of local anesthetic.!

ANESTHESIA FOR CESAREAN DELIVERY
The majority of cesarean deliveries are performed with
neuraxial anesthesia. Use of regional anesthesia (1)
avoids the risks of maternal aspiration of gastric contents
and difficult airway management associated with general anesthesia, (2) allows less anesthetic exposure to the
neonate, (3) has the benefit of an awake mother, and (4)
allows placement of neuraxial opioids to decrease postoperative pain. Sometimes the severity of the fetal condition
and emergent nature of the situation (e.g., fetal bradycardia or uterine rupture) necessitate the use of general anesthesia because of its rapidity and reliability. Other times
it is required when regional anesthesia is contraindicated
(e.g., coagulopathy or severe hemorrhage). In addition
to its rapid and dependable onset, benefits of general
anesthesia over regional include a secure airway, controlled ventilation, and potential for less hemodynamic
instability. Current ASA guidelines5 recommend the
“timely administration of oral nonparticulate antacids,
IV H2-receptor antagonists, and/or metoclopramide for
aspiration prophylaxis” prior to the induction of general
anesthesia in pregnant women. In emergent situations,
an oral nonparticulate antacid may be most appropriate.

Spinal Anesthesia
For a pregnant patient without an epidural catheter, spinal anesthesia is the most common regional anesthetic
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technique used for cesarean delivery (also see Chapter 17).
The block is technically easier than an epidural anesthetic,
is more rapid in onset, does not carry the risk of systemic
drug toxicity owing to the smaller dose, and is more reliable in providing surgical anesthesia from the midthoracic
level to the sacrum. The incidence of post–dural puncture
headache has become low (<1%) with the introduction of
smaller diameter, noncutting, pencil-point spinal needles.
However, maternal hypotension is more likely and more
profound with spinal anesthesia than with epidural anesthesia because the onset of sympathectomy is more rapid
(see previous section on “Hypotension”). Spinal anesthesia
can be used safely for patients with preeclampsia. A typical spinal anesthetic could consist of bupivacaine (10 to 15
mg) with preservative-free morphine (50 to 200 µg) added
to decrease postoperative pain. Many other combinations
of local anesthetics and opioids are also used. A hyperbaric solution of local anesthetic is often used to facilitate
anatomic and gravitational control of the block distribution. The medication will flow with the spinal curvature
to a position near T4. The duration of a single-shot spinal anesthetic is variable but normally provides adequate
surgical anesthesia for 90 minutes. A continuous spinal
anesthetic technique with deliberate catheter placement
approximately 3 cm subdural is a rarely used alternative,
but sometimes is chosen in cases of accidental dural puncture during attempts to place an epidural catheter. This
allows the advantage of a titratable, reliable, dense anesthetic, but it carries the risks of high spinal block if the
intrathecal catheter is mistaken for an epidural catheter
or the provider is unfamiliar with the technique. The rates
of rare complications such as meningitis or neurologic
impairment from local anesthetic toxicity with use of a
spinal catheter may be more frequent than those for the
other neuraxial techniques but remain unknown. Leaving
the spinal catheter in place for 24 hours may decrease the
risk of post–dural puncture headache.64!

Epidural Anesthesia
Epidural anesthesia is an excellent choice for surgical
anesthesia when an indwelling, functioning epidural
catheter has been placed for labor analgesia (also see
Chapter 17). It allows titration to the desired level of
anesthesia and ability to extend the block time if needed.
It is also ideal for patients who cannot tolerate the sudden onset of sympathectomy, such as some patients with
severe cardiac disease. Some disadvantages include a
slower onset compared to spinal anesthesia and a greater
risk of maternal systemic drug toxicity. The volume and
concentration of local anesthetic drugs used for surgical
anesthesia are larger than those used for labor analgesia; however, the technique of catheter placement, test
dosing, and potential complications are similar. A standard dosing regimen for epidural anesthesia for cesarean delivery could include approximately 15 to 20 mL of
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2% lidocaine or 3% 2-chloroprocaine in divided doses.
For urgent cesarean deliveries, 3% 2-chloroprocaine is
often selected because it has the most rapid onset of any
epidural local anesthetic. Compared to lidocaine, 2-chloroprocaine diminishes both the efficacy and duration of
epidural morphine administered for postoperative analgesia.65 Addition of epinephrine (1:200,000) or fentanyl
(50 to 100 µg) can enhance the intensity and duration
of the block. Typically, the anesthesia provider attempts
to provide sensory anesthesia from the T4 level to the
sacrum. Epidural block failure rates for cesarean delivery
following use of a labor epidural are known to be greater
in the urgent setting compared to elective cases and range
between 1.7% and 19.8%.66 In some cases conversion to
general endotracheal anesthesia may be required. Epidural morphine (1.5 to 3 mg) is typically administered
near the end of the procedure to decrease postoperative
pain for up to 24 hours.!

opioid analgesics, propofol, nitrous oxide, and additional
muscle relaxant if needed. During typical general anesthesia for cesarean delivery, opioids and benzodiazepines are
administered after the baby is delivered to avoid placental
transfer of these drugs to the neonate. Prior to delivery
of the baby, the primary anesthetic for the incision and
delivery is the induction agent, as there is little time for
uptake and distribution of the inhaled anesthetic into either
the mother or fetus. If intubation attempts fail, the cesarean delivery may proceed if the anesthesia provider communicates that she or he can reliably ventilate the mother
with either face mask or laryngeal mask airway68 (see Fig.
33.6). Halogenated anesthetics are often partially replaced
with other anesthetics following delivery to decrease uterine atony. They may be entirely replaced with maintenance
anesthetics that do not affect uterine tone (e.g., total intravenous anesthesia [TIVA] with propofol and opioids) to further reduce the risk of uterine atony.

Combined Spinal-Epidural Anesthesia

Drugs for Induction of General Anesthesia (Also See
Chapter 7)

In selected circumstances, use of a CSE technique offers
the advantage of a spinal anesthetic with rapid, reliable
onset of a dense block, as well as the ability to administer
additional local anesthetic through the epidural catheter.
This allows titration of the block level or extension of the
block duration if the procedure lasts for a longer period.
One disadvantage is the delay in verification of a functioning epidural catheter.!

General Anesthesia
General anesthesia is used in obstetric practice for cesarean delivery, typically when neuraxial anesthesia is contraindicated or for emergencies because of its rapid and
predictable action. Based on data from 1997 through
2002, the relative risk of general anesthesia is 1.7 times
that of neuraxial anesthesia. Approximately two thirds of
the deaths associated with general anesthesia were caused
by intubation failure or induction problems.67 Appropriate airway examination, preparation, and familiarity
with techniques and an algorithm for the difficult airway
are critical for providing a safe anesthetic (Fig. 33.6). A
multi-institutional database of adverse obstetric anesthesia events indicates that current rates of failed intubation
are approximately 1:533, although none of the 10 failed
obstetric intubations in the database resulted in maternal
fatality.50 The sequence of events for inducing general
anesthesia for cesarean delivery are detailed in Box 33.1.
After administration of a nonparticulate antacid, preoxygenation, and confirmation of surgical readiness, a rapidsequence induction is typically performed and a cuffed
endotracheal tube placed. Surgical incision is made after
confirmation of tracheal intubation and adequate ventilation. Anesthesia is maintained by administration of a combination of a volatile anesthetic, as well as benzodiazepines,
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A number of drugs are used by anesthesia providers to
rapidly induce general anesthesia.
Propofol

This highly lipid-soluble drug results in rapid onset
of action that renders the patient unconscious within
approximately 30 seconds. It is preservative free and
must be drawn up only hours before use, decreases the
incidence of nausea and vomiting, and is currently not a
controlled substance. Propofol administration has no significant effect on neonatal behavior scores with induction
doses (2.5 mg/kg), but larger doses (9 mg/kg) are associated with newborn depression.!
Etomidate

Like propofol, etomidate has a rapid onset of action
because its high lipid solubility and rapid hydrolysis result
in a relatively short duration of action. Unlike propofol, at
typical induction doses (0.3 mg/kg) etomidate has minimal effects on the cardiovascular system, but it is painful
on injection, can cause involuntary muscle tremors, has
higher rates of nausea and vomiting, and can increase the
risk of seizures in patients with decreased thresholds.!
Ketamine

Ketamine produces a rapid onset of anesthesia, but unlike
propofol, ketamine’s sympathomimetic characteristics
increase arterial pressure, heart rate, and cardiac output
through central stimulation of the sympathetic nervous
system, making it an ideal choice for a pregnant woman
in hemodynamic compromise. Doses above those appropriate for induction of general anesthesia (1 to 1.5 mg/
kg) can increase uterine tone, reduce uterine arterial perfusion, and lower seizure threshold. In low doses (0.25
mg/kg), ketamine has profound analgesic effects, unlike
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Fig. 33.6 Algorithm for difficult airway management with failed intubation in obstetrics. CP, Cricoid
pressure; C/S, cesarean section; CT, cricothyrotomy; ETC, esophageal tracheal combitube; LMA, laryngeal mask airway; PLMA, ProSeal laryngeal mask airway (Laryngeal Mask Company, Henley-on-Thames,
England); TTJV, transtracheal jet ventilation. (From Hughes S, Levinson G, Rosen M, Shnider SM, eds. Shnider
and Levinson’s Anesthesia for Obstetrics. 4th ed. Philadelphia: Lippincott; 2002, used with permission.)

barbiturates, but has been associated with undesirable
psychomimetic side effects (bad dreams), which can be
lessened by coadministration of benzodiazepines. Both
ketamine and etomidate are considered appropriate for
induction of anesthesia in a pregnant woman who is
actively hemorrhaging, has uncertain blood volume, and
is at risk for profound hypotension.!

the active metabolites, use of diazepam has been associated
with neonatal respiratory depression. Midazolam is a shorter
acting anxiolytic but also rapidly crosses the placenta, and
large induction doses have been associated with profound
neonatal hypotonia. Anxiolytic use has been controversial;
however, in specific obstetric situations, lower doses may be
beneficial keeping in mind their amnestic properties.!

Anxiolytics

Maintenance of Anesthesia

Diazepam is used in obstetrics, but it will readily cross the
placenta and yield roughly equal maternal and fetal blood
levels. Because neonates have a limited ability to excrete

Maintenance of anesthesia for cesarean delivery often
includes the inhalation of a low concentration (<0.75 MAC)
of volatile anesthetic. The volatile anesthetic is an important
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Box 33.1 General Anesthesia for Cesarean Section: A
Suggested Technique
• Administer a nonparticulate oral antacid (sodium citrate)
prior to induction of anesthesia
• Place standard monitors and maintain left uterine
displacement
• Start an infusion of crystalloid solution through a largebore intravenous catheter
• Preoxygenate for 3 minutes, or four maximal breaths over
30 seconds
• When the surgeon is ready and patient prepped, an assistant should apply cricoid pressure (and maintain until the
position of the endotracheal tube is verified)a
• Administer induction drug and paralytic in rapid sequence,
wait 30 to 60 seconds, and then initiate direct laryngoscopy for endotracheal intubation
• After confiming endotracheal tube placement, communicate to surgeon to proceed with incision
• Administer oxygen and a volatile anesthetic
• After delivery, anesthesia may be maintained by administering a combination of a halogenated drug (< 0.75 MAC),
as well as benzodiazepines, opioid analgesics, propofol,
nitrous oxide, and additional muscle relaxant as needed
• Extubate the trachea when the patient is fully awake and
strong
aNot

all agree that cricoid pressure is efficacious or required in every
patient.

component of general anesthesia because the incidence of
maternal recall is increased with emergent cesarean delivery. Placental transfer of volatile anesthetics is rapid because
they are nonionized, highly lipid-soluble substances of low
molecular weight. Fetal concentrations depend on the concentration and duration of anesthetic administered to the
mother. During a typical general anesthetic for cesarean
delivery, opioids are administered after the baby is delivered
to avoid placental transfer to the neonate.
There may be confusion regarding the presence of fetal
distress, the use of general anesthesia, and subsequent
delivery of a depressed neonate. A depressed fetus is likely
to be associated with a depressed neonate, and general
anesthesia is selected because it is the most rapidly acting
and reliable anesthetic technique to allow cesarean delivery. A Cochrane review of 16 studies comparing neuraxial
blockade versus general anesthesia in otherwise uncomplicated cesarean deliveries found that “No significant difference was seen in terms of neonatal Apgar scores of 6 or
less and of 4 or less at one and five minutes or the need
for neonatal resuscitation.”69 The authors concluded that
there was no evidence to show that neuraxial anesthesia
was superior to general anesthesia for neonatal outcome.
The induction to delivery interval is not as important to
neonatal outcome as the interval from uterine incision to
delivery, when UBF is compromised and fetal asphyxia
may occur. A lengthy duration between induction to
delivery may result in a lightly anesthetized, but not an
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asphyxiated neonate. If excessive concentrations of volatile anesthetics are administered for prolonged periods,
neonatal effects of these drugs, as evidenced by flaccidity, cardiorespiratory depression, and decreased tone, may
be anticipated. It is important to recognize that if neonatal depression is due to transfer of anesthetic drugs, the
infant is merely anesthetized and should respond easily
to simple treatment measures such as assisted ventilation of the lungs to facilitate elimination of the volatile
anesthetic. Rapid improvement of the infant should be
expected, and if it does not occur, it is important to search
for other causes of depression. For these reasons, it is critical that clinicians experienced with neonatal ventilation
are present at cesarean deliveries under general anesthesia
in which the time from incision to delivery may be longer,
or if maternal condition necessitates an atypical induction
and maintenance of anesthesia. A discussion of the operative and anesthetic plan by the neonatologist, obstetrician,
and anesthesia provider is crucial for optimizing the outcome of neonates in these situations.!
Neuromuscular Blocking Drugs (Also See Chapter 11)

Succinylcholine (1 to 1.5 mg/kg IV) remains the neuromuscular blocking drug of choice for obstetric anesthesia
because of its rapid onset (30 to 45 seconds) and short
duration of action. Because it is highly ionized and poorly
lipid soluble, only small amounts cross the placenta. It is
normally hydrolyzed in maternal blood by the enzyme
pseudocholinesterase and does not generally interfere
with fetal neuromuscular activity. Although pseudocholinesterase activity is decreased in pregnancy, neuromuscular blockade by succinylcholine is not significantly
prolonged. If large doses are given (2 to 3 mg/kg) it results
in detectable levels in umbilical cord blood. However,
extreme doses (10 mg/kg) are needed for the transfer to
result in neonatal neuromuscular blockade. If the hydrolytic enzyme is present either in low concentration or in
a genetically determined atypical form, prolonged maternal paralysis can occur and the return of neuromuscular
strength should always be determined before additional
muscle relaxants are given or extubation of the trachea.
Rocuronium is an acceptable alternative to succinylcholine. It provides adequate tracheal intubating conditions in
approximately 90 seconds at doses of 0.6 mg/kg and under
60 seconds at doses of 1.2 mg/kg. Unlike succinylcholine,
it has a much longer duration of action, decreasing maternal safety in the event the anesthesia provider is unable
to intubate the trachea or ventilate the patient. Uterine
smooth muscle is not affected by neuromuscular blockade.
The blockade can be terminated by administration of neostigmine. Under normal circumstances, the poorly lipidsoluble, highly ionized, nondepolarizing neuromuscular
blockers (i.e., rocuronium, vecuronium, cisatracurium, pancuronium) do not cross the placenta in amounts significant
enough to cause neonatal muscle weakness. This placental
impermeability is only relative and when large doses are
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given over long periods, neonatal neuromuscular blockade can occur. A paralyzed neonate will have normal cardiovascular function and good color but no spontaneous
ventilatory movements, no reflex responses, and skeletal
muscle flaccidity. Treatment consists of respiratory support
until the neonate excretes the drug, which may take up
to 48 hours. Antagonism of nondepolarizing neuromuscular blocking drugs with cholinesterase inhibitors may be
attempted, but adequate respiratory support is the mainstay of treatment.!

ABNORMAL PRESENTATIONS AND
MULTIPLE BIRTHS
Multiple Gestations
The United States is seeing an increase in multiple gestations with the expanded use of artificial reproductive
technologies. Twin pregnancy accounts for 3.4% of the
live births in 2013.70 The vast majority of multiple gestations are twin (97% to 98%). Higher order multiples
account for 0.1% to 0.2% of the births. Multiple pregnancies account for a significant risk to both the mother
and the fetuses. Antepartum complications may develop
in up to 80% of the multiple gestations. These complications include a higher rate of preterm labor, preeclampsia,
gestational diabetes, preterm premature rupture of membranes, intrauterine growth restriction, and intrauterine
fetal demise. Pregnancies with multiple gestations account
for 9% to 12% of the perinatal deaths.71 A 2013 randomized control trial showed that planned cesarean delivery
did not decrease risk of fetal or neonatal death compared
to a planned vaginal delivery.72 The majority of twin
pregnancies are vertex-vertex positioning of the fetuses.
If the second twin is breech, it is important to discuss the
mode of delivery with the obstetricians. If vaginal delivery is attempted, an emergent cesarean delivery might
be required if (1) the second twin changes position after
delivery of the first twin or (2) there is fetal bradycardia
in the second twin. In cases of vaginal delivery, women
are strongly advised to undergo placement of an epidural
to facilitate delivery and extraction of the second twin. In
cases of breech extraction of the second twin, the epidural
provides both analgesia and optimal perineal relaxation
during the delivery of the fetal head of the second twin.
Relaxation of the uterus improves delivery conditions of
the second twin and reduces the risk of head entrapment.
This is best achieved by using drugs that provide quick
uterine relaxation (e.g., IV nitroglycerin). The obstetrician may need to perform an instrumented delivery of the
second twin. At the late second stage of delivery a more
concentrated local anesthetic will optimize the perineal
anesthesia and relaxation during this critical portion of
the delivery. At this time, the potential for head entrapment or fetal bradycardia is highest and a denser block
allows for possible transition to cesarean delivery.!
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Abnormal Presentations
Breech Presentation

Singleton breech presentation occurs in about 3% to 4%
of all pregnancies. External cephalic version (ECV) has a
mean success rate of approximately 60%. The procedure
involves rotating the fetus via external palpation and
pressure of the fetal parts. Ultrasound and FHR monitoring are useful in assessing position and fetal distress
during this procedure. Throughout the ECV, maternal
relaxation of abdominal muscles is beneficial. Neuraxial
analgesia reduces pain and may improve success of the
ECV.73 The risks of ECV include placental abruption, fetal
bradycardia, and rupture of membranes. These risks are
low, but the anesthesia provider should be immediately
available if an ECV is being performed in case an urgent
or emergent cesarean delivery is needed.
Few medical centers perform singleton vaginal breech
delivery. Only recently (2006) have obstetric practice
guidelines allowed individual obstetricians the flexibility of performing these deliveries based on their experience and comfort level.74 Institutions offering a singleton
vaginal breech delivery should have clear guidelines for
performing the procedure. Women should undergo pelvimetry, an ultrasound to determine fetal weight, and
counseling by the obstetrician to review the risks of the
procedure. The patient is strongly encouraged to have an
epidural placed during labor as the anesthetic management and risks are similar to a breech extraction of the
second twin.!
Shoulder Dystocia

A shoulder dystocia is an obstetric emergency. The diagnosis is made after the delivery of the fetal head when
further expulsion of the infant is prevented by impaction of the fetal shoulders with the maternal pelvis. It
occurs in approximately 1% to 1.5% of all deliveries. Risk
factors include macrosomia, diabetes, obesity, history
of dystocia, labor induction, and instrumented delivery.
Among deliveries with shoulder dystocia, the risk of postpartum hemorrhage is increased 11% and fourth-degree
laceration increased 3.8%.75 Once shoulder dystocia is
diagnosed by the obstetrician, a set of maneuvers are
performed to deliver the infant. Fetal pH declines 0.04
unit/min between delivery of the head and trunk. Cases
of shoulder dystocia 7 minutes or longer have a significant increase in risk of neonatal brain injury. The final
maneuver in a failed shoulder dystocia delivery requires
pushing the fetus back up and proceeding to emergent
cesarean delivery. Among the fetal injuries and sequelae
of shoulder dystocia are brachial plexus injury, neurologic injury from asphyxia, and broken clavicle. Often
these neurologic injuries improve over time with roughly
less than 10% resulting in permanent Erb palsy. The average perinatal mortality rate is estimated at 0.4% to 0.5%
of deliveries complicated by shoulder dystocia.75!
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HYPERTENSIVE DISORDERS OF
PREGNANCY
The clinical spectrum of hypertensive diseases during
pregnancy has varying maternal and fetal effects. The
definition of hypertensive disorders in pregnancy were
updated and changed in 2013.76 Hypertensive disorders
in pregnancy have been classified into four types: (1)
preeclampsia-eclampsia, (2) chronic hypertension, (3)
chronic hypertension with superimposed preeclampsia,
and (4) gestational hypertension. Gestational hypertension
is new-onset increased arterial blood pressures occurring
after 20 weeks of gestation most often near term with the
cause unclear, but with the need for increased surveillance
during pregnancy. If the increased blood pressure persists
through 12 weeks postpartum, the patient is considered
a chronic hypertensive. Chronic hypertension is elevated
blood pressures predating pregnancy or occurring prior to
20 weeks of gestation. These women are at more frequent
risk for developing superimposed preeclampsia.

Preeclampsia
Preeclampsia is a pregnancy-specific disorder with a
multisystem involvement that has increased 30% over
the past decade and affects 7.5% of pregnancies worldwide and between 2% and 5% of pregnant women in
the United States.77 Risk factors include primigravida,
chronic hypertension, gestational/preexisting diabetes,
obesity, preeclamptic family history, multiple gestation,
and use of assisted reproductive technology. Preeclampsia is a systemic disease affecting every organ system
with both maternal and fetal manifestations. Current
diagnostic criteria are detailed in Boxes 33.2 and 33.3,
which define preeclampsia into two distinct categories:
(1) preeclampsia and (2) preeclampsia with severe features. The term mild preeclampsia has been removed and
the requirement of proteinuria is no longer necessary
to make the diagnosis of preeclampsia. A subcategory
of severe preeclampsia is HELLP syndrome, which is a
constellation of hemolysis, elevated liver enzymes, and
low platelet count. Eclampsia (presence of seizures) in a
patient with the diagnosis of preeclampsia is rare. In 10%
to 15% of eclamptics, symptoms of preeclampsia were
not previously detected.
Preeclampsia begins with the pathogenic maternal/
fetal interface. During placental formation there is failure
of complete trophoblast cell invasion of the uterine spiral
arteries. The failure of spiral artery remodeling creates
decreased placental perfusion, which may ultimately lead
to early placental hypoxia. Ultimately there is upregulation of cytokines and inflammatory factors as seen in
sepsis.78
Currently, the treatment of maternal symptoms of preeclampsia is delivery. If the pregnancy is remote from
term in the presence of preeclampsia with severe features,
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Box 33.2 Criteria for Preeclampsia
Blood Pressure
• Greater than or equal to 140 mm Hg systolic or greater
than or equal to 90 mm Hg diastolic on two occasions at
least 4 hours apart after 20 weeks of gestation in a patient
with a previously normal arterial blood pressure
• Greater than or equal to 160 mm Hg systolic or greater
than or equal to 110 mm Hg diastolic, hypertension can
be confirmed within a short interval (minutes) to facilitate
timely antihypertensive therapy
AND
• Greater than or equal to 300 mg protein per 24-hour
urine collection (or this amount extrapolated from a timed
collection)
OR
• Protein/creatinine ratio greater than or equal to 0.3*
• Dipstick reading of 1+ (used only if other quantitative
methods not available)
OR IN THE ABSENCE OF PROTEINURIA, NEW-ONSET HYPERTENSION WITH NEW ONSET OF ANY OF THE FOLLOWING:
• Thrombocytopenia: platelet count less than 100,000/µL
• Renal insufficiency: serum creatinine concentrations
greater than 1.1 mg/dL or doubling of serum creatinine
concentration in absence of other renal disease
• Impaired liver function: elevated blood concentrations of
liver transaminases to twice normal concentration
• Cerebral or visual disturbances
• Pulmonary edema or cyanosis
*Each

measured as mg/dL.

Box 33.3 Criteria for Preeclampsia With Severe Features
Systolic blood pressure of 160 mm Hg or higher, or diastolic
blood pressure of 110 mm Hg or higher on two occasions
at least 4 hours apart while the patient is on bed rest (unless antihypertensive therapy is initiated before this time)
Thrombocytopenia (platelet count less than 100,000/µL)
Impaired liver function as indicated by abnormally elevated
blood concentrations of liver enzymes (to twice normal
concentration), severe persistent right upper quadrant or
epigastric pain unresponsive to medication and not accounted for by alternative diagnoses, or both
Progressive renal insufficiency (serum creatinine concentration
greater than 1.1 mg/dL or a doubling of the serum creatinine concentration in the absence of other renal disease)
Pulmonary edema
New-onset cerebral or visual disturbances
Boxes 33.2 and 33.3 from American College of Obstetricians and
Gynecologists; Task Force on Hypertension in Pregnancy. Hypertension in pregnancy. Report of the American College of Obstetricians
and Gynecologists’ Task Force on Hypertension in Pregnancy. Obstet
Gynecol. 2013;122:1122-1131.

a determination must be made whether to deliver or
expectantly manage. This requires repeated evaluation of
the mother and fetus. It is critical for the anesthesia provider on labor and delivery to be aware of these patients
and their clinical course, as they can rapidly deteriorate
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and can require urgent or emergent delivery. Even remote
from pregnancy, preeclampsia and gestational hypertension are associated with biologic changes that confer
an increased future risk of cardiovascular disease and
stroke.79,80
Management

Normally, invasive monitoring is not required and
central venous lines may increase risk without known
benefit. However, in certain cases of severe preeclampsia and HELLP an invasive pressure line and central
venous catheter may be beneficial. These clinical situations might include (1) management of labile hypertension, (2) need for frequent blood gas/laboratory
studies (severe pulmonary edema), (3) need for rapid
central acting vasoactive medications, or (4) estimation
of intravascular volume status (oliguria).81 The use of
judicious administration of fluids to sustain or augment
intravascular volume before initiation of neuraxial
blockade may be necessary.
Magnesium

Magnesium sulfate is used for seizure prophylaxis in preeclamptic women. Although a magnesium sulfate infusion reduces seizure rates in women with preeclampsia
with severe features, new guidelines do not recommend
administering magnesium sulfate to preeclamptic women
without severe features.76 Magnesium reduces CNS irritability by decreasing activity at the neuromuscular junction. Consequently, it can potentiate the action of both
depolarizing and nondepolarizing muscle relaxants. Magnesium sulfate also provides uterine and smooth muscle
relaxation. Based on the new guidelines magnesium sulfate should be continued intrapartum, including during
cesarean delivery and until 24 hours postpartum. Magnesium toxicity is important to consider in preeclamptic
women with worsening renal function and oliguria, as
it is renally excreted. Women are monitored for magnesium toxicity with evaluation of deep tendon reflexes,
respiratory depression, and neurologic compromise. The
infusion usually is administered by loading 4 to 6 g over
20 to 30 minutes with a continued magnesium sulfate
infusion of 1 g/h until 12 to 24 hours after delivery. The
therapeutic range for seizure prophylaxis is between 6 to
8 mg/dL. Loss of deep tendon reflexes occurs at 10 mg/dL
with prolonged PQ intervals and widening QRS complex
on the electrocardiogram (ECG). Respiratory arrest occurs
at 15 to 20 mg/dL, and asystole occurs when the level
exceeds 20 to 25 mg/dL. If toxicity occurs, IV calcium
chloride (500 mg) or calcium gluconate (1 g) should be
administered.!
Antihypertensives

During the intrapartum management of preeclampsia,
women often have additional elevations in arterial blood
pressure from pain. Arterial blood pressure management
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may require antihypertensives. Current guidelines recommend treating systolic blood pressure greater than 160
mm Hg for prevention of intracerebral hemorrhage.76 Initial therapy normally includes IV labetalol and hydralazine; however, without IV access oral nifedipine can be
considered.82 In refractory severe hypertension, nitroglycerin and sodium nitroprusside may be used in the
acute situation with appropriate invasive monitoring.
Evaluation of maternal arterial blood pressure and FHR
are important as drug-induced decreases in maternal perfusion pressure can result in uteroplacental insufficiency
and fetal bradycardia.!
Neuraxial Analgesia Considerations

The ACOG considers neuraxial analgesia the preferred
analgesic method for labor in preeclamptic patients, but
careful titration of the local anesthetic is needed to prevent the reduction in uteroplacental perfusion pressure.76
Although a routine platelet count is not necessary in
otherwise healthy laboring women, for women with preeclampsia, a thorough evaluation of the patient’s current
hematologic status should be performed. The anesthesia provider should verify hemoglobin and platelet levels prior to placement of any neuraxial block given the
potential for thrombocytopenia in severe preeclampsia
and HELLP. A specific platelet count predictive of neuraxial anesthetic complications has not been determined,
but a stable platelet count of 75 to 80 × 109/L has been
suggested as a reasonable minimum platelet level for
neuraxial techniques, assuming no additional contraindications to neuraxial anesthesia exist.79,83 Regardless, the
risk-benefit ratio of neuraxial block placement should be
frankly discussed with the patient given the risks of epidural hematoma compared to other anesthetic and analgesic alternatives. Care should be taken before epidural
catheter removal, as platelet levels often decrease further
after delivery. Bleeding time has not been demonstrated
to be of clinical value. If hypotension occurs following
initiation of neuraxial analgesia, prompt but judicious
titration of phenylephrine or ephedrine should be administered, understanding that the patient with preeclampsia
may have hypersensitivity to catecholamines.
Given the potential for placental insufficiency with
preeclampsia, the anesthesia provider must be prepared
for urgent delivery. Exaggerated upper airway edema is
frequent in preeclamptics and increases the risk of difficult intubation if an emergent general anesthetic is
required. Endotracheal intubation may produce further
hypertension during laryngoscopy and a small amount
of nitroglycerin (2 µg/kg) or esmolol (1.5 mg/kg) can be
beneficial when administered with propofol for induction.84 If there is concern for a difficult airway, appropriate alternatives such as video laryngoscopy at the outset
should be considered. Postpartum uterine atony is more
common with magnesium sulfate infusion and accentuated if an inhaled anesthetic is administered. Pitocin and
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prostaglandins are safe for uterine atony, but methylergonovine (methergine) is relatively contraindicated because
it can precipitate hypertensive crisis.!

HEMORRHAGE IN PREGNANT WOMEN
Hemorrhage in pregnant women remains a significant
cause of maternal fatality. Placenta previa, abruptio
placentae, and uterine rupture are the major causes of
bleeding and uncontrolled hemorrhage during the third
trimester and labor. Postpartum hemorrhage occurs in
3% to 5% of all vaginal deliveries and is typically due
to uterine atony, retained placenta, placenta accreta,
or lacerations involving the cervix or vagina. Common problems identified with hemorrhages leading
to significant morbidity and mortality risks in obstetrics include (1) poor quantification of blood loss, (2)
unrecognized associated risk factors for hemorrhage,
(3) delayed initiation of treatment, and (4) inadequate
readiness and resources including inadequate transfusion of appropriate blood products in a massive hemorrhage situation.85

Placenta Previa
Placenta previa results from an abnormal uterine implantation of the placenta in front of the presenting fetus.
The incidence is approximately 1 in 200 pregnancies. Risk
factors include advanced age, multiparity, assisted reproductive techniques, prior hysterotomy, and prior placenta
previa. Historically, the classic presentation of placenta
previa is painless vaginal bleeding that typically occurs
preterm in the third trimester. However, most previas are
now diagnosed antenatally by ultrasonography. A trial of
labor is acceptable if the placenta edge is further than 2
cm from the internal os. If the placenta is within 1 cm,
the patient should undergo cesarean delivery. For placentas that lie between 1 cm and 2 cm from the cervical os,
the optimal management remains uncertain and delivery management is currently individualized.86 Neuraxial
anesthesia is an appropriate choice if there is no active
bleeding or hypovolemia. The use of two large-bore IV
lines with fluid warmers and availability of invasive
monitoring is suggested with cesarean delivery for rapid
infusion of fluids or blood products given the increased
risk of placenta accreta with known previa.87!

Massive Hemorrhage
For emergency situations with active hemorrhage, general anesthesia may be required. Ketamine (1 to 1.5 mg/
kg) or etomidate (0.3 mg/kg) IV are useful drugs for
induction of anesthesia. If a massive hemorrhage occurs,
activation of a massive transfusion protocol with aggressive use of fresh frozen plasma, platelets, and fibrinogen
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in addition to packed red blood cells may be needed for
transfusion in ratios similar to those used for a trauma
resuscitation, as a dilutional coagulopathy can quickly
result in such a situation.88 In these cases of uncontrolled rapid hemorrhage, there is often insufficient time
to wait for the return of laboratory studies before transfusion of appropriate blood products. Although numerous randomized controlled trials conclude that the use of
tranexamic acid significantly decreases postpartum blood
loss,89 these studies do not adequately address questions
on safety and efficacy of empiric tranexamic acid use at
the time of hemorrhage recognition. An ongoing multicenter randomized controlled trial enrolling 20,000
patients with postpartum hemorrhage (the WOMAN trial)
is currently investigating the use of tranexamic acid on a
composite end point of maternal death or hysterectomy.90
Neonates delivered from pregnant women in hemorrhagic
shock are likely to be acidotic and hypovolemic and may
need resuscitation. If hemorrhage is not controlled with
standard pharmacologic measures, the obstetric team can
consider (1) uterine artery ligation, (2) B-Lynch sutures,
(3) an intrauterine balloon, (4) use of arterial embolization by interventional radiology if the patient is stable for
transport, or (5) hysterectomy.!

Abruptio Placentae
Abruptio placentae is separation of the placenta from
the uterine wall after 20 weeks of gestation but before
delivery. The incidence is approximately 0.4 to 1 in 100
pregnancies. Risk factors include advanced age, hypertension, trauma, smoking, cocaine use, chorioamnionitis, premature rupture of membranes, placenta previa,
and history of prior abruption. Placental abruption is
associated with 10% to 20% of all perinatal deaths,
and although maternal death is rare, maternal mortality rate is increased sevenfold.91 When the separation
involves only the placental margin, the escaping blood
can appear as vaginal bleeding often associated with
uterine tenderness. Alternatively, large volumes of blood
loss (>2 L) can remain entirely concealed in the uterus.
Chronic bleeding and clotting between the uterus and
placenta can cause maternal disseminated intravascular
coagulopathy (DIC). Ultrasound is specific if abruption is
noted but has poor sensitivity, and a normal examination does not exclude abruption. Definitive treatment of
abruptio placentae is to deliver the pregnancy. The anesthetic plan is based on both the delivery urgency and
the abruption severity. If there are no signs of maternal hypovolemia, active bleeding, clotting abnormalities, or fetal distress, epidural analgesia can be used for
labor and vaginal delivery. However, severe hemorrhage
necessitates emergency cesarean delivery and the use of
a general anesthetic similar to that described for placenta previa. It is predictable that neonates born under
these circumstances will be acidotic and hypovolemic.!

Chapter 33

Obstetrics

Uterine Rupture

Uterine Atony

Uterine rupture is poorly defined and includes cases ranging from scar dehiscence to those with catastrophic uterine wall rupture. In addition to prior uterine scar, uterine
rupture is associated with rapid spontaneous delivery,
motor vehicle trauma, trauma from instrumented vaginal delivery, large or malpositioned fetus, and excessive
oxytocin stimulation. Following a single prior cesarean
delivery with a low transverse incision, a trial of labor
after cesarean (TOLAC) is associated with a 1% or less
incidence of uterine rupture.92 Spontaneous rupture of
an unscarred uterus is far more rare. The presentation is
variable with no finding being 100% sensitive but may
include fetal bradycardia, persistent abdominal pain, vaginal bleeding, cessation of contractions, loss of station,
and breakthrough pain with epidural analgesia. Abdominal pain is not always a diagnostic finding, and continuous FHR monitoring indicating deceleration currently
represents the most common sign associated with uterine rupture.93 Neuraxial labor analgesia may be used as
part of TOLAC and should not be expected to mask signs
and symptoms of uterine rupture. Immediate evaluation,
aggressive resuscitation, and general anesthesia for emergent cesarean delivery are normally required for management. Often uterine repair by the obstetrician can occur
following cesarean delivery if a minor scar dehiscence
is present, but hysterectomy is needed for most cases of
uterine wall rupture of an unscarred uterus. When vaginal birth is planned after a previous cesarean delivery, it
is recommended that “TOLAC be undertaken in facilities
with staff immediately available to provide emergency
care”93 should a uterine rupture occur. Appropriate staffing considerations include obstetric, anesthesia, pediatric,
and nursing personnel.!

Uterine atony is a common cause of postpartum hemorrhage and can occur immediately after delivery or several hours later. Risk factors for postpartum uterine atony
include retained products, long labor, high parity, macrosomia, polyhydramnios, excessive oxytocin augmentation, and chorioamnionitis. A 2013 systematic literature
review noted that active management of the third stage
(placental delivery) reduced postpartum hemorrhage
without increasing risk of retained placenta.95 Following
bimanual massage, uterine atony is initially treated with
IV oxytocin. The amount of oxytocin used to prevent
postpartum hemorrhage is highly variable. One common
approach uses continuous oxytocin infusion of 20 to 40
IU diluted in up to 1 L of crystalloid administered after
delivery as a wide open IV infusion. Another protocol
uses bolus of IV oxytocin 3 IU at a time in an effort to
reduce the overall oxytocin dose required to prevent postpartum hemorrhage. No differences in the uterine tone,
maternal hemodynamics, side effects, or blood loss were
observed between these different methods of oxytocin
dosing.96 Although a dilute solution of oxytocin typically
exerts minimal cardiovascular effects, rapid IV injection
of even 3 to 5 IU is associated with tachycardia, vasodilation, and hypotension and should be administered over 30
seconds or more.96 Periodic communication between the
anesthesia and obstetric teams is key in rapidly assessing
whether oxytocin is effective or whether additional types
of uterotonics should be administered. Methylergonovine
(0.2 mg IM) is an ergot derivative that can be given to
improve uterine tone. Methylergonovine can cause significant vasoconstriction and is relatively contraindicated
in patients with preeclampsia, pulmonary hypertension,
or ischemic cardiac disease. The prostaglandin F2α (0.25
mg IM) is another uterotonic used to treat atony. It is
associated with nausea, tachycardia, pulmonary hypertension, desaturation, and bronchospasm. It should be
avoided in asthmatics. Prostaglandin E1 (600 µg oral/sublingual/rectal) is also effective in treating atony. It has no
significant cardiac effects, but may cause hyperthermia. If
postpartum hemorrhage is not controlled with these initial methods, more invasive techniques and blood product
transfusion will be needed urgently (previously described
in the section “Massive Hemorrhage”).!

Retained Placenta
Retained placenta occurs in about 2% to 3% of all vaginal
deliveries and usually necessitates manual exploration of
the uterus. If epidural analgesia was not used for vaginal
delivery, manual removal of the placenta may be initially
attempted with analgesia provided by IV administration
of opioids or the inhalation of nitrous oxide. If uterine
relaxation is necessary for placenta removal, boluses of
IV nitroglycerin (200 µg) are normally effective but have
not been shown to reduce the need for manual uterine
extraction. Additionally relocation to the operating room
and placement of neuraxial analgesia may be beneficial
for thorough evaluation. Induction of general anesthesia with endotracheal intubation and administration of a
volatile anesthetic to provide uterine relaxation are not
typically necessary. An effort to obtain accurate blood
loss is critical in determining an appropriate anesthetic
and resuscitation plan as retained placenta is associated
with an increased risk of postpartum hemorrhage and
need for transfusion.94!

Placenta Accreta
Placental implantation beyond the endometrium gives
rise to (1) placenta accreta vera, which is implantation and adherence onto the myometrium; (2) placenta
increta, which is implantation into the myometrium;
and (3) placenta percreta, which is penetration through
the full thickness of the myometrium (Fig. 33.7). With
placenta percreta, implantations may occur onto bowel,
bladder, ovaries, or other pelvic organs and vessels. Any
of these placental implantations can produce a markedly
575
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Placenta increta

Myometrium
Serosa

Placenta
percreta

5000 mL, and in some, substantially more. Coagulopathies develop in approximately 20% of these patients,
and a significant proportion require hysterectomies. Placenta accreta is not reliably diagnosed until the uterus
is open. The anesthesia provider must keep in mind this
possibility and be prepared to treat sudden massive blood
loss. The choice of anesthetic technique can be individualized by case and provider while keeping this possibility in mind. For patients with a preoperative diagnosis,
or high suspicion, preparations for massive hemorrhage
are needed and intraoperative cell salvage should be
considered.98!

AMNIOTIC FLUID EMBOLISM
Placenta
accreta

Fig. 33.7 Classification of placenta accreta based on the degree
of penetration of myometrium. (From Kamani AAS, Gambling
DR, Chritlaw J, et al. Anesthetic management of patients with
placenta accreta. Can J Anaesth. 1987;34:613-617, used with
permission.)

adherent placenta that cannot be removed without tearing the myometrium and producing a life-threatening
severe hemorrhage.
These abnormal placental implantations occur more
frequently in association with placenta previa. The rate
of placenta accreta disorders has increased nearly 60-fold
over the past 50 years, and it currently occurs in approximately 1 in 533 pregnancies.97 Recent (2015) studies note
ultrasonography diagnosis of placenta accreta to have a
positive predictive value of only 68% and a diagnostic
sensitivity of 55% with a negative predictive value of
98% and specificity of 88%.97 Consequently, anesthetic
management should not be exclusively guided by antepartum ultrasound results. In patients with placenta previa and no previous cesarean delivery, the incidence of
accreta is approximately 3%. However, the risk of placenta accreta associated with placenta previa increases
with the number of previous cesarean deliveries. With
one previous uterine incision, the incidence of placenta
accreta has been reported to be 11%, and with two previous uterine incisions the rate is 40%, and with three or
more prior uterine incisions the incidence rises to above
60%.87
In patients with both placenta previa and accreta,
massive and rapid intraoperative blood loss is common
with reported median blood loss ranging from 2000 to
576

The incidence of amniotic fluid embolism (AFE) is currently estimated between 1 and 6 cases per 100,000
deliveries.50,99 Clinical features of AFE include the sudden onset of hypotension, fetal distress, respiratory distress, hypoxia, DIC, cardiopulmonary arrest, and altered
mental status. These signs must be differentiated from
other more common disorders of pregnancy and delivery. AFE can occur during labor, delivery, or uterine
surgery or in the immediate postpartum period. The
exact cause and pathogenesis of AFE remain uncertain, but it is believed to be a type of anaphylactoid
or hypersensitivity reaction to some component of the
amniotic fluid. The diagnosis of AFE is a clinical diagnosis of exclusion. Although in the past it had been
believed that aspirating amniotic fluid debris such as
fetal squamous cells from the maternal pulmonary circulation was diagnostic, it has since been determined
that fetal cells are present in the circulation of all pregnant women and no diagnostic laboratory test for AFE
currently exists. Conditions that mimic AFE include
venous air embolism, pulmonary thromboembolism,
acute hemorrhage (i.e., uterine rupture, abruption,
accreta), peripartum cardiomyopathy, sepsis, anaphylaxis, local anesthetic toxicity, high spinal block, and
inhalation of gastric contents. Treatment of AFE is supportive and directed toward cardiopulmonary resuscitation with inotropic support, transfusion, and correction
of hypoxemia. Endotracheal intubation and mechanical support of ventilation are almost always required.
Rapid onset of coagulopathy may occur and result in
life-threatening hemorrhage. Definitive diagnosis is
extremely difficult or impossible, even with postmortem examination.!

ANESTHESIA FOR NONOBSTETRIC
SURGERY DURING PREGNANCY
The overall incidence of nonobstetric surgery during
pregnancy is 1% to 2%, with trauma, appendicitis, and
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cholecystitis being the most frequent causes.100,101 In
addition to management of maternal awareness, hemodynamics, and respiration and taking into account the
physiologic changes of pregnancy as described before,
anesthesia management objectives for pregnant women
undergoing nonobstetric surgery include prevention of
intrauterine fetal hypoxia and acidosis. There is concern
for spontaneous abortion with procedures early in pregnancy and premature labor with surgery later in pregnancy. Elective procedures should always be delayed
until after pregnancy. A pregnant woman should never
be denied an indicated surgical procedure; however,
nonurgent operations are delayed until after the first
trimester in order to minimize teratogenic effects on the
fetus by avoiding this period of significant organogenesis. Second trimester is considered the optimal time for
intervention as the risk of preterm labor is lowest. In the
case of acutely urgent surgical procedures, their timing should mimic that of nonpregnant patients. A 2015
database comparison between women who had surgery
during pregnancy and a matched cohort noted that
although there were more emergencies during surgery
in pregnancy, there was no difference in rates of mortality or morbidity.102
For operations that are necessary during pregnancy,
the anesthesia provider should (1) determine an anesthetic
plan that optimizes the maternal and fetal condition; (2)
consult an obstetrician and perinatologist in order to
optimize plans for unexpected events; (3) determine a
plan for fetal monitoring if appropriate; and (4) discuss
a plan in the event of a cesarean delivery or maternal
arrest. According to ACOG, when nonobstetric surgery is
planned, the “surgery should be done at an institution
with neonatal and pediatric services; an obstetric provider with cesarean delivery privileges should be readily available; and a qualified individual should be readily
available to interpret the FHR.”103 There is no evidence
that a regional anesthetic technique is better than using
general anesthesia for nonobstetric surgery during pregnancy, and there is some retrospective evidence that use
of regional techniques for abdominal surgery may result
in higher rates of preterm labor compared to general
anesthesia.104

Avoidance of Teratogenic Drugs
There is always the possibility that anesthesia will be
unknowingly administered to patients with an early
undiagnosed pregnancy. For this reason, ASA guidelines recommend, “pregnancy testing may be offered
to female patients of childbearing age and for whom
the result would alter the patient’s management.”105
Routine pregnancy testing before elective surgery for
women of childbearing age remains controversial. Most
drugs, including anesthetics, have been demonstrated to
be teratogenic in at least one animal species. In humans,
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the critical period of organogenesis is between 15 and
56 days of gestation. No currently used anesthetic drugs
have been shown to have any teratogenic effects in
humans when using standard concentrations at any
gestational age,103 with the exception of cocaine. The
FDA has recently stopped using categories A-D and X
in favor of new labeling that describes what is actually
known and recommended for use of each drug during
pregnancy.106 Neurodegeneration and widespread apoptosis following exposure to anesthetics has been clearly
established in developing animals, and a few studies
demonstrate cognitive impairment in adult animals after
neonatal anesthetic exposure. The effects of anesthetic
exposure in young children remain unknown; however,
some but not all studies suggest that neurocognitive
deficits could occur in infants and toddlers107 (also see
Chapter 12).!

Avoidance of Intrauterine Fetal Hypoxia and
Acidosis
Avoidance of decreased UBF and oxygenation is critical
to fetal well-being. The development of intrauterine fetal
hypoxia and acidosis is minimized by avoiding maternal hypotension with left uterine displacement after the
20th week of gestation, as well as by preventing arterial
hypoxemia and excessive changes in PaCO2 because both
hypercapnia and hypocapnia result in reduced uterine
blood flow and fetal acidosis. High inspired concentrations of oxygen do not increase the risk for in utero retrolental fibroplasia (retinopathy) because the high oxygen
consumption of the placenta plus the uneven distribution
of maternal and fetal blood flow in the placenta prevent
fetal PaO2 from exceeding 60 mm Hg (even if maternal
PaO2 exceeds 500 mm Hg).15
FHR monitoring via Doppler is possible at 16 to 18
weeks of gestational age, but variability as a marker of
well-being is not established until 25 to 27 weeks of gestation. ACOG states that “the decision to use fetal monitoring should be individualized and, if used, should be
based on gestational age, type of surgery, and facilities
available.”103 The greatest value of fetal monitoring is that
by displaying fetal compromise, it allows further optimization of the maternal and fetal condition. Currently
there is no evidence for the efficacy of FHR monitoring.
In addition, interpretation is difficult as most anesthetics
reduce FHR variability, placement and signal acquisition
may be challenging, and a trained person is needed to
interpret the FHR tracing strip.!

Prevention of Preterm Labor
The underlying disease requiring surgery, and not
the anesthetic technique, has been associated with an
increased risk for preterm delivery. Intra-abdominal procedures have more risk than minor peripheral procedures.
577
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After successful completion of surgery, both the FHR
and maternal uterine activity should be monitored. Preterm labor can be treated with tocolytics (e.g., nifedipine
or indomethacin) in consultation with an obstetrician.
Although magnesium sulfate does not demonstrate efficacy as a tocolytic, in situations when there is concern
for preterm delivery, administration of magnesium sulfate can reduce the risk of cerebral palsy.108 In addition,
maternal corticosteroid administration is recommended
for concern of preterm delivery prior to 32 weeks to
decrease neonatal morbidity.108 Postoperative analgesics
can alter the perception of contractions, stressing the
need for external monitoring.!

Management of Anesthesia
Elective surgery for pregnant women should be deferred
until after delivery. When surgery is necessary, it is
best to delay the operation until the second trimester.
Before proceeding, a plan for fetal monitoring, potential
maternal arrest, and implications of an urgent cesarean
delivery should be discussed with an obstetrician and
perinatologist. When feasible, neuraxial anesthetic techniques should be considered given appropriate provider
experience and circumstance as they limit fetal drug
exposure and maternal risks associated with general
anesthesia. When a general anesthetic is chosen, aspiration prophylaxis and left uterine displacement should be
used. Induction technique should be similar to that for
cesarean delivery under general anesthesia as previously
discussed. Eucarbia should be maintained (30 mm Hg
end-tidal CO2) as well as adequate uterine perfusion with
fluids and appropriate use of vasopressors such as phenylephrine. Regardless of the anesthetic technique selected,
it is recommended that inhaled concentrations of oxygen
be at least 50%. Postoperatively, deep venous thrombosis
prophylaxis should be instituted, FHR and uterine activity
monitored (often at least 24 hours), and a plan for postoperative analgesia determined.!

Laparoscopic Surgery
Laparoscopy is considered safe during any trimester,
and the indications for its use are the same as for nonpregnant patients.109 Trimester does not influence the
laparoscopic surgical complication rate, and conversion
to an open approach is low (1%), with a slightly higher
fetal loss rate, but lower preterm delivery rate was
noted compared to open approaches.110 Most investigations comparing laparoscopic to open techniques note
no significant difference in fetal or maternal outcomes.
If a laparoscopic technique is used, in addition to considerations discussed earlier, end-tidal CO2 should be
monitored throughout surgery and low pneumoperitoneum pressures (10 to 15 mm Hg) should be used if
feasible.!
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DIAGNOSIS AND MANAGEMENT OF FETAL
DISTRESS
The evolution of FHR monitoring began with the question, How do we detect hypoxia and metabolic acidosis
in the fetus? Intrapartum fetal monitoring was designed
to detect hypoxia in labor and allow the clinicians to
intervene prior to acidosis and long-term fetal CNS
damage. The fetal brain responds to peripheral and
central stimuli, including (1) chemoreceptors, (2) baroreceptors, and (3) direct effects of metabolic changes
within the CNS. FHR monitoring was developed as a
crude, nonspecific method of tracking fetal oxygenation and distress. Excellent external FHR monitors are
available, but it is often necessary to apply an internal
fetal scalp electrode to obtain accurate continuous FHR
monitoring.

Key Evaluation Components
Based on a 2008 National Institutes of Health (NIH) report,
the assessment of FHR interpretation involves evaluation
of (1) uterine contractions, (2) baseline FHR, (3) baseline
FHR variability, (4) presence of accelerations, (5) periodic
or episodic decelerations, and (6) changes or trends of
FHR patterns over time.111
Uterine Contractions

Uterine contractions can be monitored externally or
internally. External monitors only relay contraction
frequency, but internal monitoring allows for both frequency and measurement of intrauterine pressure (in
Montevideo units). Uterine activity and definitions are
detailed in Box 33.4. If a tonic contraction or period
of tachysystole occurs during labor, treatment with IV
nitroglycerin can briefly relax the uterus and restore
Box 33.4 Uterine Activity Terminology
• Normal: ≤5 contractions in 10 minutes, averaged over a
30-minute window
• Tachysystole: >5 contractions in 10 minutes, averaged
over a 30-minute window
• Characteristics of uterine contractions: tachysystole
should be always qualified as to presence or absence of
associated fetal heart rate decelerations.
• Tachysystole applies to either spontaneous or stimulated labor. The clinical response to tachysystole may
differ depending on whether contractions are spontaneous or stimulated.
• Hyperstimulation and hypercontractility are not defined
and should be abandoned.
Data from Macones GA, Hankins GD, Spong CY, et al. The 2008
National Institute of Child Health and Human Development workshop
report on electronic fetal monitoring: update on definitions, interpretation, and research guidelines. J Obstet Gynecol Neonatal Nurs.
2008;37(5):510-515.
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fetal perfusion. In addition, the obstetrician can administer subcutaneous terbutaline.!
Baseline Fetal Heart Rate

Baseline FHR is determined by approximating the mean
FHR rounded to increments of 5 beats/min during a
10-minute window excluding accelerations, decelerations, and periods of marked FHR variability (change >
25 beats/min). Abnormal baseline includes bradycardia
(<110 beats/min) and tachycardia (>160 beats/min).!
Variability

Baseline variability is also determined by examining
fluctuations that are irregular in amplitude and frequency
during a 10-minute window excluding accelerations and
decelerations. Variability is classified as follows:
Absent FHR variability: amplitude range undetectable
Minimal FHR variability: amplitude range greater than
undetectable and 5 beats/min or less
Moderate FHR variability: amplitude range 6 beats/min
to 25 beats/min.
Marked FHR variability: amplitude range above 25 beats/
min
!

Accelerations

An acceleration is an abrupt increase in FHR defined
as an increase from the acceleration onset to the peak
in less than 30 seconds. In addition, the peak must be
15 beats/min or more and last 15 seconds or longer
from the onset to return. Before 32 weeks of gestation, accelerations are defined as having a peak of 10
or more beats/min and a duration of 10 seconds or
longer.!
Decelerations

Decelerations are classified as variable or late based on
specific criteria described here and displayed in Box 33.5
and Fig. 33.8. A prolonged deceleration is present when
there is a visually apparent decrease in the FHR from the
baseline that is greater than or equal to 15 beats/min,
lasting 2 minutes or longer.
Late decelerations are a result of uteroplacental
insufficiency causing relative fetal brain hypoxia during a contraction. The change results in sympathetic
response and increased peripheral vascular resistance,
elevating the fetal blood pressure, which is detected by
the fetal baroreceptors and results in slowing in the
FHR. This response is termed a reflex late deceleration.
A second type of late deceleration is caused by myocardial depression in the presence of worsening hypoxia.
A moderate drop in FHR indicates some uteroplacental
insufficiency; however, a more severe drop in the FHR
can indicate near total insufficiency. The term early
deceleration is controversial. Although many texts
associate it with head compression, it is more likely a
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variant of the reflex late deceleration that mirrors the
uterine contraction and is considered benign but might
evolve into a more typical late deceleration.112 Variable
decelerations are generally synonymous with umbilical
cord compression. An ominous sinusoidal FHR pattern
is defined as having a smooth sine wave–like pattern
with a cycle frequency of 3 to 5/min that persists for 20
or more minutes and can be associated with placental
abruption.111
It is generally accepted that minimal to undetectable
FHR variability in the presence of decelerations is associated with fetal acidemia. Severe decelerations (<70 beats/
min for >60 sec) are associated with fetal acidemia and
are extremely ominous with the absence of variability.113
The FHR tracing is a nonspecific assessment of fetal
acidosis and should be interpreted over the course of time
in relation to the clinical context and fetal and maternal factors. A normal fetus will experience episodes of
hypoxia during labor and tolerate these periods without
long-term neurologic sequelae.!

Fetal Heart Rate Categories
A three-tiered FHR classification system (Box 33.5) is currently used for a more general fetal assessment.114 This
evaluation system may move between categories over
time. A Category I FHR tracing is considered normal,
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Box 33.5 Fetal Heart Rate (FHR) Tracing Criteria for
Decelerations
Category Color
I
IIa
IIb

IIc
III

Description

Green No acidemia
Blue
No central fetal acidemia (adequate oxygen)
Yellow No central fetal acidemia, but FHR pattern
suggests intermittent reductions in O2 which
may result in fetal O2 debt
Orange Fetus potentially on verge of decompensation
Red
Evidence of actual or impending damaging fetal
asphyxia

Category I. An FHR tracing with normal baseline rate (110160 beats/min), moderate FHR variability, absence of late
or variable decelerations, and possible presence of early
decelerations.
Category II. Everything not included in Categories I and III.
Most authorities believe that this category needs to be
subdivided into three further subcategories, based on the
severity of the periodic changes (IIb) and then reduction of
FHR variability (IIc).
Category III. An FHR tracing with absent FHR variability, recurrent decelerations or bradycardia, or a sinusoidal pattern.
Data from Macones GA, Hankins GD, Spong CY, et al. The 2008
National Institute of Child Health and Human Development workshop
report on electronic fetal monitoring: update on definitions, interpretation, and research guidelines. J Obstet Gynecol Neonatal Nurs.
2008;37(5):510-515; and Parer JT, Ikeda T. A framework for standardized management of intrapartum fetal heart rate patterns. Am J Obstet
Gynecol. July 2007;197(1):e1-6.
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A

B
Fig. 33.8 Fetal heart rate decelerations. (A) Variable deceleration with minimal variability. (B) Late deceleration with minimal variability.

predicts a normal fetal acid-base state at the time of
observation, and no specific management is required. To
qualify as Category 1, all of the following criteria must
be present: (1) baseline FHR of 110 to 160 beats/min; (2)
moderate baseline FHR variability; (3) no late or variable
decelerations; (4) early decelerations may be present or
absent; and (5) accelerations may be present or absent.
A Category II FHR tracing is considered indeterminate
and includes all tracings not in category I or III. Examples
580

include fetal tachycardia, prolonged decelerations more
than 2 minutes but less than 10 minutes, and recurrent
late decelerations with moderate baseline variability.
Category II tracings require continued monitoring and
reevaluation in light of the entire clinical picture.
A Category III FHR tracing is considered abnormal
and is associated with an abnormal fetal acid-base state.
Category III tracings include either (1) a sinusoidal FHR
pattern, or (2) absent FHR variability with recurrent late
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decelerations, recurrent variable decelerations, or bradycardia. These tracings require prompt patient evaluation and efforts to improve the fetal condition such as
intrauterine resuscitation with change in maternal position, treatment of hypotension, use of supplemental oxygen, and treatment of tachysystole if present. If the FHR
tracing does not improve, expeditious delivery should
proceed.!

EVALUATION OF THE NEONATE AND
NEONATAL RESUSCITATION
The transition from fetal to neonate life involves major
physiologic changes in the pulmonary and circulatory systems. The importance of the intrapartum and
antepartum events can predict how safe and successful the transition to neonate will be. As a measure of
fetal assessment, analysis of umbilical cord blood gases
is performed at delivery. Typical values are shown in
Table 33.2.
Assessment of neonates immediately after birth is
important to promptly identify depressed infants who
require active resuscitation. The Apgar score assigns a
numerical value (0, 1, or 2) to five vital signs measured
or observed at 1, 5, and 10 minutes after delivery (Table
33.3). It has not been surpassed as a method of facilitating recognition and guiding resuscitation management of
a newborn. Approximately 10% of newborns need some
assistance to begin breathing and less than 1% require
advanced cardiopulmonary resuscitation that includes
chest compressions of resuscitation medications.115 Most
newborns (with Apgar ≥ 8) require little treatment other
than suctioning of the nose and mouth, tactile stimulation to promote breathing, and avoiding hypothermia. The
neonate’s skin should be wiped dry and the baby placed
on a radiantly heated bed, covered with warm blankets, or
placed in skin-to-skin contact with mother. Apgar scores
of 10 are rare because the acrocyanosis persists in a normal newborn well past 5 minutes of life.

Cardiopulmonary Resuscitation
Management of neonates in the delivery room is implemented in 30-second evaluations and interventions
as detailed in Fig. 33.9. At delivery, once the infant is
placed under a radiant warmer and drying and stimulation have occurred, the first 30-second evaluation begins
based on 2015 neonatal resuscitation guidelines.115 This
evaluation takes into account gestational age and starts
with the determination of tone, breathing, or crying.
If breathing and crying do not occur, then clearing of
the airway (mouth, then nose) and repeated stimulation should be performed while maintaining euthermia;
this is the next 30-second evaluation. Evaluation for
apnea, gasping, and heart rate occur with determination

Table 33.2
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Normal Blood Gas Values of Umbilical Artery
and Vein

Measurement

Mean Artery
Value

Mean Vein
Value

pH

7.27

7.34

Pco2 (mm Hg)

50

40

Po2 (mm Hg)

20

30

Bicarbonate (mEq/L) 23

21

Base excess (mEq/L) −3.6

−2.6

Data derived from Thorp JA, Rushing RS. Umbilical cord blood gas
analysis. Obstet Gynecol Clin North Am. 1999;26(4):695-709.

Table 33.3

Evaluation of a Neonate With Apgar Score

Criterion

2

1

0

Heart rate
(beats/min)

>100

<100

Absent

Breathing

Irregular,
crying

Slow

Absent

Reflex
irritability

Cry

Grimace

No response

Muscle
tone

Active

Flexion of the
extremities

Limp

Color

Pink

Body pink,
extremities
cyanotic

Cyanotic
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of the 1-minute Apgar score and possible intervention
with positive-pressure ventilation (PPV) assistance and
placement of pulse oximetry and ECG monitoring. In the
event of a heart rate below 100 beats/min, PPV efficacy
should be evaluated by checking for chest movement,
optimizing PPV delivery, and consideration of need for
intubation or laryngeal mask airway (LMA) placement.
If the heart rate drops below 60 beats/min, then chest
compressions, intubation, and ventilation with 100%
oxygen should commence with ECG monitoring and
preparation for umbilical vein cannulation. Based on
the 2015 guidelines, it is reasonable to initiate resuscitation with air and add supplemental oxygen titrated to
achieve the preductal oxygen saturation approximating
the expected value of healthy infants (see Fig. 33.9). In
addition, these guidelines endorse use of 100% oxygen
in situations in which chest compressions are required.
Infants older than 36 weeks of gestation assessed to
have moderate to severe hypoxic-ischemic encephalopathy should be enrolled in a therapeutic hypothermia
protocol (also see Chapter 45).
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Antenatal counseling
team briefing and equipment check

Birth

Term gestation?
Good tone?
Breathing or cying?

Yes

1 minute

No

Infant stays with mother for routine
care: warm and maintain normal
temperature, position airway,
clear secretions if needed, dry.
Ongoing evaluation

Warm and maintain normal
temperature, position airway, clear
secretions if needed, dry, stimulate

Apnea or gasping?
HR below 100/min?

No

Yes

Yes

Position and clear airway
SpO2 monitor
Supplementary O2 as needed
Consider CPAP

PPV
SpO2 monitor
Consider ECG monitor

HR below 100/min?

Labored breathing or
persistent cyanosis?

No

Postresuscitation care
Team debriefing

Yes
Check chest movement
Ventilation corrective steps if needed
ETT or laryngeal mask if needed
No

HR below 60/min?
Yes
Intubate if not already done
Chest compressions
Coordinate with PPV
100% O2
ECG monitor
Consider emergency UVC

Targeted preductal SpO2
after birth
1 min
2 min
3 min
4 min
5 min
10 min

60%-65%
65%-70%
70%-75%
75%-80%
80%-85%
85%-95%

HR below 60/min?
Yes
IV epinephrine
If HR persistently below 60/min
Consider hypovolemia
Consider pneumothorax
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Fig. 33.9 Neonatal resuscitation algorithm. CPAP, Continuous positive airway pressure; ECG, electrocardiogram; ETT, endotracheal tube; HR, heart rate; IV, intravenous; PPV, positive-pressure ventilation;
UVC, umbilical vein cannulation. (Based on figure from Wyckoff MH, Aziz K, Escobedo M, et al. Neonatal
Resuscitation: 2015 American Heart Association Guidelines Update for Cardiopulmonary Resuscitation
and Emergency Cardiovascular Care. Circulation. 2015;132(18 suppl 2):S543-S560.)
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If meconium is present, an individual skilled in endotracheal intubation should be present at the time of birth.
If the infant is vigorous with good respiratory effort and
muscle tone following delivery, no significant intervention is needed, but if poor muscle tone and inadequate
breathing efforts are present, resuscitation should commence and PPV initiated if the infant is not breathing
or the heart rate is less than 100 beats/min.115 Routine
intubation for tracheal suction in this setting is no longer
suggested, but instead emphasis should be on initiating
ventilation within the first minute of life in the nonbreathing or ineffectively breathing infant by clearing the
airway and use of PPV.
Epinephrine

Epinephrine is indicated in the event the heart rate continues to stay below 60 beats/min despite PPV, chest
compressions, or immediately if asystole is present. The
dose is 0.1 to 0.3 mL/kg of a 1:10,000 IV solution given
rapidly. The dose may be repeated every 3 to 5 minutes,
if necessary.!
Hypovolemia

In certain circumstances blood loss in the neonate may
lead to hypovolemia, such as placental abruption, placenta previa, or vasa previa, although arrest secondary to
hypovolemia is rare. Volume expansion should be instituted in a newborn who appears to have suffered blood
loss or is in hypovolemic shock and has not responded to
other resuscitation measures discussed previously. Blood
or isotonic crystalloid (in 10 mL/kg aliquots) may be
administered in the delivery room.!
Glucose

During deliveries when the newborn is suspected to have
severe asphyxia, intrauterine growth restriction, or maternal diabetes, hypoglycemia should be suspected. During
the resuscitation, a heel stick can determine the blood
glucose level.!
Naloxone

Naloxone is no longer recommended for use in newborns in the delivery room. Should the newborn manifest
respiratory depression in the delivery room, appropriate ventilation should be maintained until the neonate
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is transported to the intensive care nursery. Continued
stabilization and evaluation can be performed in the
nursery and administration of naloxone considered once
the mother’s history is reviewed to evaluate for prenatal
exposure to chronic opioids.!

QUESTIONS OF THE DAY
1. How do the following cardiovascular parameters
change during pregnancy: blood volume, stroke volume, heart rate, systemic vascular resistance, central
venous pressure, femoral venous pressure?
2. What are the expected arterial blood gas values (pH,
PaCO2, and PaO2) in a pregnant woman at term? What is
the mechanism for the differences from the nonpregnant state?
3. What nerves mediate pain during the first stage of
labor? Where does pain originate during the second
stage of labor? If neuraxial analgesia is used during
labor and delivery, what spinal levels should be targeted for the first and second stages?
4. A primigravid patient in early labor is considering
options for analgesia. She asks you whether epidural
analgesia will prolong her labor or increase the chance
for a cesarean section. How would you respond?
5. Describe the 3-tier system of fetal heart rate monitoring and how the further separation of the category II
into IIa, IIb, and IIc has improved management and
assessment.
6. What are the key changes in the definition and management of preeclampsia beginning in 2013?
7. What is the clinical definition of preeclampsia? What
additional criteria define preeclampsia with severe
features?
8. What are the most common causes of maternal hemorrhage during the third trimester and labor? What
factors can lead to increased risk of morbidity and
mortality with massive hemorrhage in the obstetric
patient?
9. Immediately after delivery, a neonate with meconiumstained amniotic fluid has good respiratory effort and
muscle tone. What interventions should be done next?
If the neonate had poor respiratory effort, what would
be the next steps in management?
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