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Preface

vii

It has been enormously satisfying to prepare the third edition of Anesthetic and Obstetric
Management of High-Risk Pregnancy because it fulfills the need for close communication
between two specialties, anesthesiology and obstetrics. This relationship is necessary not only
to take care of the sick parturient, but also to deliver a healthy baby.

New developments in obstetrics and in obstetric anesthesia necessitated this third edition.
Most of the contributors to this edition are new, and they have provided information on the
latest approaches, as well as updated information. In addition, Chapter 13, “Critical Care
Anesthesia for High-Risk Parturients,” is completely new.

Like earlier editions, the third edition includes contributions from an international team of
experts in the field of obstetric anesthesia and obstetrics. I thank all the authors for their valu-
able contributions. The authors have expressed their own opinions and recommendations,
which do not necessarily reflect my own views. I also wish to thank Ms. Elizabeth Kiernan
for her endless help in completing the new edition.

I sincerely hope this edition will further reinforce the concept of the team approach for
taking care of the high-risk parturient.

Boston, Massachusetts Sanjay Datta, MD, FFARCS(ENG)
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1
Prepartum and Intrapartum Fetal Monitoring
Ramon Martin

Anesthesia for the obstetric patient is an integral part of la-
bor and delivery. For routine, normal deliveries, anesthesia
usually involves providing pain relief with an epidural tech-
nique. In pregnancies complicated by either maternal or fetal
disease, the role of anesthesia is more central to patient care
and can involve close monitoring with invasive lines during
labor, fluid management, and discussion with the obstetricians
about the timing and type of anesthesia.

Equally important in the dialogue with the obstetricians is
an understanding of the techniques used to assess the fetus.
During labor and delivery, the fetus is evaluated primarily by
fetal heart rate (FHR) monitoring, either electronically or with
intermittent auscultation. This technique is only one of sev-
eral methods to monitor the fetus from the midfirst trimester
through birth. As pregnancy progresses, the prenatal record
contains a wealth of information not only about the parturi-
ent but also about the fetus.

The monitoring of the mother and the fetus during this pe-
riod of development has evolved considerably as a result of
biochemical and technical advances that have yielded a bet-
ter understanding of the fetus. Most pregnancies proceed and
end with no complications. Monitoring techniques are used
not only for diagnostic purposes, thereby serving a preven-
tive role, but also are possibly useful in treatment when the
fetus is stressed. Stress to the fetus is defined in this chapter
as either hypoxia or asphyxia, because the supply of oxygen
to the fetus is crucial. Any diminution or cessation of oxygen
results in an immediate change in acid–base status, affecting
all organs, particularly the heart and the brain. There are com-
pensatory responses by the fetus, but fetal reserves are lim-
ited. It is therefore important to recognize the fetal response
to stress and, if possible, to identify the cause of the stress
and treat it.

This chapter reviews the relevant aspects of fetal respira-
tory and cardiac physiology to define the fetal response to
stress (i.e., asphyxia or hypoxia). The techniques used to mon-
itor the fetus during pregnancy, labor, and delivery are dis-
cussed in relation to their effectiveness in determining
whether a fetus is stressed.

Fetal Cardiovascular System

Fetal gas exchange occurs via the placenta. Because the fetal
lungs are nonfunctional, several shunts in the fetal circulation
allow oxygenated blood to pass from the placenta to the sys-
temic circulation. Streaming or laminar blood flow keeps oxy-
genated blood separate in the venous system and assumes
great importance in preferentially supplying oxygenated
blood to organs such as the heart, brain, and adrenal glands
during periods of hypoxia.

Venous Flow from the Placenta to the 
Fetal Heart

Approximately 40% of fetal cardiac output goes to the pla-
centa, with a similar amount returning to the right heart via
the umbilical vein (Figure 1.1). The blood in the umbilical
vein has the highest oxygen saturation in the fetal circulation,
so its distribution is important for the delivery of oxygen to
fetal tissues. Half the umbilical venous blood enters the duc-
tus venosus, which connects to the inferior vena cava; the rest
enters the hepatoportal venous system.1

Streaming, which is the separation of blood with differing
oxygenation saturations as it flows through a single vessel, is
an important determinant of oxygen delivery to fetal tissue.
This effect is seen when the more highly saturated umbilical
venous blood passes through the ductus venosus into the in-
ferior vena cava to meet the desaturated venous drainage from
the lower trunk. In the liver, umbilical venous return is di-
rected toward the left lobe and then portal venous return to
the right lobe, so that there is a marked difference in oxygen
saturation (higher in the left hepatic lobe than the right).2,3

Although both hepatic veins enter the inferior vena cava, the
left hepatic vein streams preferentially with the blood flow
from the ductus venosus3 whereas the right hepatic vein flow
follows the same route as that from the abdominal vena cava.

Preferential flow of the umbilical venous return to the left
atrium occurs because of the crista dividens, which splits the

1
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2 R. Martin

inferior vena cava blood flow into two streams. One stream
includes the oxygenated blood from the umbilical vein that is
directed toward the foramen ovale and into the left atrium;
the other stream consists of deoxygenated blood from the
lower extremities and portal vein that enters the right atrium,
resulting in a higher oxygen saturation in the left atrium than
in the right. Blood flow through the superior vena cava is also
preferentially streamed along with blood flow through the
coronary sinus via the tricuspid valve. The desaturated blood
from the right heart is directed toward the placenta for re-
oxygenation. The left heart supplies oxygenated blood for the
brain.

Cardiac Output

Because of intracardiac and extracardiac shunts, the two ven-
tricles do not work in series, as in adults. Therefore, they do
not have the same stroke volume. The right ventricle ejects

approximately two-thirds of fetal cardiac output (300
mL/kg/min), and the left ventricle ejects about one-third (150
mL/kg/min). Of the right ventricular output, only a small frac-
tion (8%) flows through the pulmonary arteries. Most of the
output crosses the ductus arteriosus and enters the descend-
ing aorta, allowing deoxygenated blood to return preferen-
tially to the placenta. The left ventricular output enters the as-
cending aorta, and most of the output reaches the brain, upper
thorax, and arms.4–6

This distribution of cardiac output to individual organs is
shown in Table 1.1. Because flow to the organs below the di-
aphragm is derived from both ventricles, flow is expressed as
a percent of the combined ventricles.

Myocardial Function

The fetal myocardium, relative to the adult myocardium, is
immature in structure, function, and sympathetic innervation.
Although the length of the fetal sarcomere is the same as that
in the adult,7 the diameter of the fetal sarcomere is smaller,
and the proportion of noncontractile mass to the number of
myofibrils is less, 30% in the fetus versus 60% in adults.8 Ac-
tive tension generated is less than that in the adult heart at all
lengths of a muscle along a length–tension curve. Passive or
resting tension is higher in fetal myocardium than in the adult,
suggesting lower compliance for the fetus.

A study of volume loading by infusion of blood or saline
solution in fetal lambs showed that the right ventricle is un-
able to increase stroke work or output as much as that in the
adult.9 Cardiac output varies directly with heart rate, so an in-
crease in rate from 180 to 250 beats/min will increase cardiac
output 15% to 20%. Conversely, a decrease in heart rate be-
low basal levels causes a decrease in ventricular output. His-
tochemical staining of the sympathetic nervous system
demonstrates delayed development. Compared with the adult,
isolated fetal cardiac tissue has a lower response threshold to
the inotropic effects of norepinephrine, which is presumed to
be secondary to the incomplete development of the sympa-
thetic nervous system.8 As a result, the fetal heart appears to
operate at or near peak performance normally.

FIGURE 1.1. Normal fetal circulation with major blood flow patterns
and oxygen saturation values (circled numbers indicate percent sat-
uration). IVC, inferior vena cava; P, placenta; Li, liver; RHV and
LHV, right and left hepatic veins; SVC, superior vena cava; RA and
LA, right and left atria; RV and LV, right and left ventricles; DA,
ductus arteriosus; PA, pulmonary artery; Ao, aorta; Lu, lung; DV,
ductus venosus; PV, pulmonary vein; UV, umbilical vein; UA, um-
bilical artery.

TABLE 1.1. Distribution of cardiac output in fetal lambs.

Blood flow Cardiac output
Organ (mL/kg/min) (%)

Heart 180 2
Brain 125 2
Upper body 25 16
Lungs 100 8
Gastrointestinal (GI) tract 70 5
Kidneys 150 2.5
Adrenals 200 0.1
Spleen 200 1.2
Liver 20 1.5
Lower body 25 20
Placenta 20 37
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1. Prepartum and Intrapartum Fetal Monitoring 3

Control of the Cardiovascular System

The cardiovascular system is controlled by a complex inter-
relationship between autoregulation, reflex effects, hormonal
substrates, and the autonomic nervous system. Although many
organs in adults are able to maintain fairly constant blood flow
over a wide range of perfusion pressures, the placental cir-
culation does not exhibit autoregulation.10 As a result, blood
flow changes directly with changes in arterial perfusion pres-
sure. Papile et al. demonstrated in fetal lambs that the cere-
bral circulation is autoregulated.11 The baroreflex has also
been shown to exist in fetal animals. In adults, it functions to
stabilize heart rate and blood pressure, but in the fetus it is
relatively insensitive. Marked changes in pressure are re-
quired to produce minor responses, so that the function of the
baroreflex is probably minimal in utero.12

The chemoreceptor reflex is governed by receptors in ei-
ther the carotid body or in the central nervous system (CNS)
and causes hypertension and mild tachycardia with increased
respiratory activity. Chemoreceptors in the aorta cause brady-
cardia with a slight increase in blood pressure. The former
are less sensitive than the latter, so that bradycardia and hy-
pertension are seen with hypoxia because of the overriding
response of the aortic chemoreceptors.

The autonomic nervous system is fully developed in the fe-
tus, as demonstrated by the presence of receptors and acetyl-
cholinesterase and its response to cholinergic or adrenergic ag-
onists. The renin-angiotensin system is also important in
regulating the normal fetal circulation and the response to hem-
orrhage. Angiotensin II exerts a tonic vasoconstriction on the
peripheral vasculature to maintain systemic arterial blood pres-
sure and umbilical blood flow.13 Vasopressin, although de-
tectable in the fetus, probably has little regulatory function.
Stress, that is, hypoxia, elicits an increase in vasopressin secre-
tion and results in hypertension and bradycardia.14 In the pres-
ence of decreased cardiac output, the renin-angiotensin system
maintains the flow to the brain, heart, and placenta, while flow
to the splanchnic bed decreases.15 Circulating prostaglandins are
present in high concentrations in the fetus16,17 and are produced
by both the placenta and the fetal vasculature. Prostaglandins
(PGEs) have diverse effects on the cardiovascular system. In-
fusions of PGE1, PGE2, PGF2, and thromboxane constrict the
umbilical–placental circulation,18,19 whereas prostacyclin has
the opposite effect. Prostaglandin E1, PGE2, PGI2, and PGD2

cause pulmonary vasodilation in the fetus, and PGF2 produces
vasoconstriction.20,21 Prostaglandins also relax smooth muscle
in the ductus arteriosus so that it remains patent in utero.22,23

Placental Respiratory Gas Exchange
and Fetal Oxygenation

Although fetal viability is seen at earlier gestational ages, a
significant amount of morbidity results from the underdevel-
opment of the respiratory system. After the embryonic period,

the airways proliferate and branch from 8 to 16 weeks gesta-
tion. Vascular channels appear from 17 to 27 weeks and ap-
proximate the potential air spaces; this is when effective gas
exchange becomes possible. Surfactant appears and enhances
adequate surface tension to keep the alveoli open. Type I and
II epithelial cells are also identified. From 28 to 35 weeks
gestation, the interstitial spaces thin and the peripheral air
spaces develop. There is a gradual increase in the surface area
for gas exchange. From 36 weeks on, the number of alveoli
rapidly increases, and there is further differentiation of spe-
cific cell types.

The passage of oxygen from the atmosphere to the fetus
can be described in a sequence of six steps. These steps al-
ternate bulk transport of gases with diffusion across mem-
branes. The first three steps are primarily maternal and the
last three are fetal (Figure 1.2).

Transport of oxygen starts from the atmosphere to the ma-
ternal alveoli through the large airways by the respiratory
muscles, in exchange for carbon dioxide. The pressure of oxy-
gen in the alveoli is regulated by several mechanisms that re-
spond to changes in the levels of the partial pressures of oxy-
gen (PO2) and carbon dioxide (PCO2), and the pH of maternal
blood. Arterial PCO2 in the parturient is regulated at a lower
level than in the nonpregnant woman, secondary to the ef-
fects of progesterone.24

With the second step, oxygen diffuses rapidly across the
alveoli to maternal erythrocytes. The PO2 of maternal arterial
blood is slightly less than that in the alveoli because of shunt-
ing and inequality of ventilation and perfusion throughout the
lung fields. In the pregnant woman, the gradient of oxygen in
the arterioles and alveoli is dependent on position and widens

FIGURE 1.2. Six steps in the transport of oxygen from the atmos-
phere to the fetal tissues.
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4 R. Martin

when she moves from the upright to the supine position. Ma-
ternal blood transports oxygen to the placenta in two forms,
free and bound to hemoglobin. These two forms are in a re-
versible equilibrium.

In the diffusion of oxygen across the placenta, the oxygen
uptake by the gravid uterus is greater than that by the fetus; this
is because, compared with the fetus, the placenta and uterus ex-
tract oxygen and consume a relatively large fraction. In chronic
sheep preparations, this has been calculated with the Fick prin-
ciple: uterine oxygen consumption is measured by the differ-
ence in oxygen content between the maternal arterial blood (A)
and uterine venous blood (V). Multiplying the difference by
uterine blood flow (F) yields uterine oxygen uptake:

(A � V)F � O2 uptake by the gravid uterus

In a sheep study, the umbilical vein was observed to carry
the highest concentrations of oxygenated blood delivered to
the fetus, but this is low when compared with maternal PO2.
Attempts have been made to explain the low fetal PO2 with
either a concurrent or cross-current model of placental oxy-
gen exchange, but the placenta is probably more complex.
Nonetheless, the umbilical venous PO2 depends on and is not
higher than the venous PO2 of the uterine circulation.25 In ad-
dition, three other factors might contribute to the inefficiency
of the exchange process:

1. Shunting: the diversion of blood away from the exchange
surface to perfuse the myometrium and endometrium

2. Uneven perfusion: differences in the ratio of maternal–
fetal blood flow in portions of the placenta

3. Oxygen-diffusing capacity: defined as the product of the
quantity of oxygen transferred from maternal to fetal cir-
culation divided by the mean PO2 difference between ma-
ternal and fetal erythrocytes; this is the result of the per-
meability of the placental membrane to oxygen transport
and the reaction rate of oxygen with hemoglobin.26

Uterine venous PO2, a primary factor that determines umbil-
ical venous PO2, is in turn influenced by a number of other
factors (Box 1.1). Chief among these are the oxygen satura-
tion and the oxyhemoglobin dissociated curve of venous
blood. The oxyhemoglobin dissociation curve is shifted by
pH so that PO2 is inversely related to pH (Bohr effect). As a
result, maternal alkalosis will shift the curve to the left, de-

creasing oxygen delivery to the fetus. Other factors that can
shift the curve are temperature, hemoglobinopathies, and the
2,3-diphosphoglycerate (2,3-DPG) content of erythrocytes.
Oxygen saturation of uterine venous blood (Sv) is a function
of four variables: maternal arterial oxygen saturation (Sa),
oxygen capacity of maternal blood (O2Cap), uterine blood
flow (F), and the oxygen consumption rate (VO2) of the gravid
uterus (including placental and fetal oxygen consumption; this
can be formulated as follows:

Sv � Sa � VO2(O2Cap)

which is an application of the Fick principle. Anemic, circu-
latory, or hypoxic hypoxia will decrease uterine venous sat-
uration, leading to a decrease in fetal oxygenation.

Although umbilical vein PO2 is less than that in the maternal
circulation, there are compensatory mechanisms to ensure ade-
quate fetal oxygenation. Fetal erythrocyte hemoglobin has a high
affinity for oxygen. The rate of perfusion of fetal organs, com-
pared with adult organs, is high in relation to their oxygen re-
quirements. Physiologically, the low level of PO2 in fetal arte-
rial blood is a part of the mechanism that keeps the ductus
arteriosus open and the pulmonary vascular bed constricted.

Supplemental oxygen increases the PO2 of maternal arte-
rial blood, but causes only a small increase in fetal arterial
PO2, because of the differences in the oxyhemoglobin disso-
ciation curves between mother and fetus (Figure 1.3). In-
creasing the fractional inspired oxygen (FiO2) to 100% causes
a rise in maternal PO2 from 90 to 500 Torr, or an increase of
1 mmol for the arterial oxygen content.27 Because there is no
change in uterine blood flow and presumably in uterine oxy-
gen consumption rate, uterine venous oxygen content also in-
creases 1 mmol. The resulting increase in uterine venous PO2

is 11.5 Torr, which is not to say that supplemental oxygen for
the mother has no effect; it probably is more important when
the fetus is hypoxic.

As in the mother, carbon dioxide is one end product of fe-
tal metabolism. Carbon dioxide from the fetus diffuses across
the placenta from the umbilical circulation to the maternal
side for transport to the lungs and excretion. The diffusion
process requires that the PCO2 of fetal blood be higher than
that on the maternal side. In sheep, the umbilical venous blood
is approximately 5 Torr higher than that in the maternal vein.
As a result, perturbations in the maternal acid–base balance
are quickly reflected in the fetus. Therefore, fetal respiratory
alkalosis (low fetal PCO2) is secondary to a low maternal PCO2.
Although fetal respiratory acidosis can be caused by a high
level of maternal PCO2, decreased placental perfusion result-
ing in an adequate gas exchange can also play a role.

Fetal Heart Rate

The average FHR decreases from 155 beats/min at 20 weeks
gestation to 144 beats/min at 30 weeks gestation and is 140
beats/min at term. The variability is 20 beats/min in a normal

Box 1.1. Factors that determine uterine venous PO2.

Oxyhemoglobin dissociation of maternal blood
Hemoglobin structure
Temperature
Erythrocyte pH [2,3-diphosphoglycerate, (2,3-DPG)]

Oxygen saturation in uterine venous blood
Arterial O2 saturation
Uteroplacental blood flow
O2 capacity
Placental and fetal O2 consumption
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1. Prepartum and Intrapartum Fetal Monitoring 5

fetus. The sinoatrial (SA) and the atrioventricular (AV) nodes
serve as intrinsic pacemakers, with the SA node setting the
rate in the normal heart. Variability of the FHR is followed
either beat to beat or over a longer period and is an impor-
tant prognostic variable. Control of the FHR is the result of
a number of factors, both intrinsic and extrinsic.

The parasympathetic nervous system contributes to cardiac
regulation through the vagus nerve. It has endings in both the
SA and AV nodes. Stimulation of the vagus nerve results in
bradycardia through a direct effect on the SA node. Blocking
the vagus nerve results in an increase in heart rate of ap-
proximately 20 beats/min,28 so the vagus nerve exerts a con-
stant influence to decrease a higher intrinsic rate. In addition,
the vagus nerve transmits impulses that result in beat-to-beat
variability of the FHR.29

The sympathetic nervous system has nerve endings
throughout the myocardium at term. Stimulation of the sym-
pathetic nerves causes release of norepinephrine and an in-
crease in heart rate and contractility and therefore cardiac out-
put. If the sympathetic nerves are blocked, there is an average
decrease of 10 beats/min in the FHR.

The sympathetic and parasympathetic nervous systems are
modulated by other factors. Chemoreceptors located in both
the peripheral nervous system and the CNS exert their pri-
mary effect on the control of respiration, but they also have
an effect on the circulation. With a decrease in arterial per-
fusion pressure or an increase in carbon dioxide content, a re-
flex tachycardia develops leading to an increase in blood pres-
sure. Baroreceptors are located in the arch of the aorta and at
the junction of the internal and external carotid arteries and
are sensitive to increases in blood pressure. When pressure
rises, impulses are sent via the vagus nerve to decrease the
heart rate and cardiac output.

Of the possible hormones that can contribute to heart rate
control, three have an effect during periods of stress. Epi-
nephrine and norepinephrine are secreted by the adrenal
medulla during stress. Their effects are similar to those caused

by sympathetic stimulation: an increase in heart rate, con-
tractility, and blood pressure. The adrenal cortex produces al-
dosterone in reaction to hypotension; this increases blood vol-
ume by slowing renal sodium output, leading to water
retention.

Fetal Breathing and Body Movements

Fetal breathing and body movements are important functions
during fetal life. The development of skeletal and diaphrag-
matic muscle is dependent on these movements in utero. Fe-
tal lung development is also dependent on diaphragmatic mo-
tion. This movement does have its cost, consuming 15% to
30% of available fetal oxygen supplies.30 Therefore, absence
of either movement or breathing can be a sign of hypoxia.31,32

Fetal Breathing

Studies in lambs have demonstrated that breathing movements
occur about 40% of the time during observation; this directly
correlates with low-voltage electroencephalogram activity
and electro-ocular activity.33 Flow in and out of the trachea
to the lungs occurs in conjunction with diaphragmatic mo-
tion.34 In ewes, the frequency of fetal breathing movements
decreases from 39% to 7% when hypoxia is induced.31 Gasp-
ing movements occur with asphyxia in dying fetal animal
preparations.35 Two to 3 days before the onset of labor, fetal
breathing movements decrease36,37; this is thought to be sec-
ondary to the rising concentration of PGE2, which probably
plays a role in the onset of labor.38 Infusing PGE2

39 or in-
ducing labor with adrenocorticotropic hormone (ACTH),37

with a subsequent rise in PGE2, is associated with a drop in
fetal breathing movements from 40% to 15% of the time.

A number of other factors can alter breathing activity
(Table 1.2). The time of day is very important, particularly
during the last trimester. In addition to circadian rhythms, 2

FIGURE 1.3. Relationship between oxygen content and
PO2 in maternal and fetal blood before and after mater-
nal inhalation of 100% oxygen.
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6 R. Martin

to 3 h postprandial, fetal breathing movements increase sig-
nificantly,40–45 probably secondary to the increase in maternal
blood glucose.40–45 After either an oral46 or an intravenous glu-
cose47 load to the mother, fetal breathing movements in-
crease.48 During the last 10 weeks of pregnancy, administra-
tion of carbon dioxide (5%) to healthy pregnant women results
in increased breathing movements,49 which is thought to rep-
resent maturation in the sensitivity of the fetal respiratory cen-
ter. Maternal ingestion of drugs affects fetal breathing move-
ments. After administration of ethanol50 or methadone,51 there
is a marked decrease in breathing movements, whereas with
maternal cigarette smoking,52 there is a transient increase in the
frequency of a fetal breathing activity. During the 3 days be-
fore the onset of spontaneous labor, fetal breathing movements
decrease, and they are absent during active labor.53

Fetal Body Movements

Fetal body movements are considered significant when the
body rolls and the extremities stretch. Isolated limb move-
ment is not of any consequence. During the last trimester, fe-
tal body movements occur on average 3 to 16 min in each
hour during a 24-h period of observation.54 The actual or mean
number of fetal body movements ranges from 20 to 50 per
hour, but up to 75-min spans of no movement have been
recorded in healthy fetuses. Unlike fetal breathing move-
ments, body movements are not influenced by maternal
plasma glucose concentration55 and maternal alcohol inges-
tion,50 and they do not decrease during the last 3 days before
onset of spontaneous labor.56 Fetal body movements, how-
ever, are closely related to FHR accelerations. Reports show
that from 91% to 99.8% of fetal movements are associated
with FHR accelerations.57

Fetal Acid–Base Physiology

Fetal metabolism results in the production of carbonic and
noncarbonic acids that require buffering. Carbonic acid is the
hydration product of carbon dioxide, which in turn is the end
product of the oxidative metabolism of glucose. Hemoglobin
in the fetal erythrocyte buffers the carbonic acid and trans-
ports it to the placenta. Carbon dioxide is regenerated and dif-
fuses quickly across the placenta. If maternal respiration and

uteroplacental and umbilical blood flows are maintained, then
large amounts of carbon dioxide can be eliminated rapidly.
On a molar basis, the rate of fetal carbon dioxide production
is basically equivalent to the oxygen consumption rate of the
fetus.58 The noncarbonic acids in the fetus include uric acid
(from the metabolism of nonsulfur-containing amino acids),
lactate, and keto acid (from the metabolism of carbohydrates
and fatty acids). These noncarbonic acids are eliminated
through the maternal kidneys, after diffusing slowly across
the placenta. The maternal kidney regenerates bicarbonate
from the excretion of the noncarbonic acids.

A number of other factors that affect acid–base balance in
the fetus disrupt either the supply of oxygen or the removal
of the carbonic and noncarbonic acids through the placenta.
The maternal, fetal, and placental factors listed (Box 1.2) can
result in either respiratory or metabolic perturbations of fetal
acid–base balance. Fetal respiratory acidosis is secondary to
decreased carbon dioxide elimination, which is most com-
monly caused by either decreased minute ventilation or V/Q
mismatch that results in maternal respiratory acidosis which
is reflected in the fetus. As with primary fetal respiratory aci-
dosis, rapidly reversing the cause in the mother restores fetal
acid–base balance. Maternal respiratory alkalosis is caused by
hyperventilation, which decreases the PCO2, increases the pH,
and responds rapidly to reversal of the causes.

Fetal metabolic acidosis can result from either primary fe-
tal or secondary maternal metabolic acidosis. The decreased
pH is caused by loss of bicarbonate and is usually a result of
chronic metabolic disorders. With prolonged fetal respiratory
acidosis from cord compression or abruptio placentae, the 
accumulation of noncarbonic acids can result in a mixed 
respiratory-metabolic acidosis.

Fetal Temperature Regulation

Fetal temperature parallels that of the mother. Heat is pro-
duced as a by-product of metabolic processes that consume
oxygen. Just as fetal oxygen consumption (approximately
6.8–8 mL/kg/min) is twice that of the adult (3–4 mL/kg/min),
fetal heat production is also large compared to the adult. This

TABLE 1.2. Factors that alter fetal breathing.

Drug/condition Effect

Hypoglycemia Decrease
Glucose infusion Increase
Ethanol Decrease
Barbiturates Decrease
Diazepam Decrease
Catecholamines Increase
PGE2 Decrease
Indomethecin Increase

PGE, prostaglandin.

Box 1.2. Factors that affect fetal acid–base balance.

Mother
Hypoxia
Hypoventilation
Altered hemoglobin
Metabolic acidosis
Decreased blood supply to placenta

Placenta
Infarction or separation
Insufficiency

Fetus
Obstruction of umbilical blood flow
Fetal anemia
Increased fixed acid production

ak
us

he
r-li

b.r
u



1. Prepartum and Intrapartum Fetal Monitoring 7

heat can be dissipated through either the umbilical circulation
or the fetal skin; the former is the major source of heat loss.
A decrease in uterine blood flow, as occurs during uterine
contractions, might increase fetal temperature. Although this
has not been shown directly, indirectly, the maternal and fe-
tal temperature gradient does increase during labor.59 Epidural
anesthesia during labor has been associated with increased
maternal temperature, but the mechanism has not been delin-
eated, and there is no evidence so far of a detrimental effect
on the fetus.60

Fetal Reaction to Stress

During labor and delivery, the main causes of stress for the
fetus are hypoxia and asphyxia. Fetal hypoxia is caused by
the mother breathing a hypoxic mixture of gases, which re-
sults in decreased oxygen tension. Asphyxia is secondary to
a reduction of at least 50% in uterine blood flow. In addition
to decreased oxygen tension there is also increased carbon
dioxide tension, leading to both metabolic and respiratory aci-
dosis. With prolonged asphyxia, the fetus switches to anero-
bic metabolism and produces a buildup of lactate. Metabolic
acidosis subsequently develops. The fetal responses to hy-
poxia or asphyxia are as follows:

1. Bradycardia (due to increased vagal activity) with hyper-
tension

2. Slight decrease in ventricular output
3. Redistribution of blood from the splanchnic bed to the

heart, brain, placenta, and adrenals61

4. Decrease in fetal breathing movements (from 7% to 39%
of the time)

5. Terminal gasping movements with asphyxia
6. Increased circulating catecholamine levels in fetal sheep
7. Increased alpha-adrenergic activity

In chronically instrumented sheep, fetal oxygen consump-
tion drops by as much as 60% of control values with hy-
poxia62; this is accompanied, as already described, by fetal
bradycardia, an increase in blood pressure, and progressive
metabolic acidosis. The fetal sheep can tolerate this for ap-
proximately 1 h; these changes are rapidly reversed with
restoration of oxygenation.63 Fetal cerebral64 and myocar-
dial65 oxygen consumption has been shown to remain con-
stant. When hypoxia is prolonged or proceeds to asphyxia,
these compensatory mechanisms are lost.

Transition from Fetus to Neonate

With labor and birth, the fetus becomes a neonate and un-
dergoes a series of physiologic changes. Although these
changes affect every major organ system, this section con-
siders primarily the cardiovascular and respiratory systems.
With the separation of the placenta, the changes that occur
include the following:

1. Blood flow through the inferior vena cava decreases, with
a resultant decrease in right atrial blood flow and pressure.

2. Pulmonary blood flow increases as pulmonary vascular re-
sistance falls (secondary to lung expansion and vasodila-
tion of the pulmonary vascular bed).

3. Venous return to the left atrium increases, as well as left
atrial pressure.

These changes produce a “series” flow pattern from the fetal
“parallel” flow pattern.

Closure of Fetal Shunts

The ductus arteriosus closes in response to a rise in oxygen
tension and decreased levels of circulating prostaglandins.
The former effect is age dependent, so that premature infants
have a decreased response to a rise in PO2. Glucocorticoids,
which are used in premature infants to accelerate fetal lung
maturation, decrease this effect. The ductus venosus closes
with the fall in partial venous and sinus pressures. Unlike the
ductus arteriosus, the ductus venosus is not dependent on
changes in PO2 or endogenous levels of catecholamines. The
foramen ovale closes because the pressure in the left atrium
rises above that in the right atrium. Anatomic closure of all
three shunts, although begun at birth, is not completed until
24 h to 3 months after birth.

Cardiac Output

Neonatal cardiac output is 600 to 850 mL/kg/min, a small in-
crease over fetal cardiac output of 500 mL/kg/min. The left
ventricular output increases to 2 to 2.5 times that of the fetal
left ventricular output, whereas the output from the right ven-
tricle remains basically the same. Neonatal heart rate de-
creases from fetal levels but can vary from 140 beats/min in
the awake infant to 90 to 120 beats/min during sleep.

Respiratory Changes

The intermittent, rhythmic respiratory movements of the fe-
tus become continuous after birth and ensure gas exchange.
A number of factors exert an effect:

1. Changes in the physical environment (temperature, sound,
and tactile stimulation)

2. Preconditioning changes during labor (increase in PCO2 and
a decrease in pH)

3. Increase in PO2 secondary to the cardiovascular changes

With a vaginal delivery, the compression of the head and tho-
rax during the passage through the vaginal canal followed by
the sudden expansion with the delivery of the trunk results in
an elastic recoil of the thorax and active contraction of the
respiratory muscles. This change also stimulates two reflexes:

1. The Herring Breuer inflation reflex: lung inflation results
in inspiratory inhibition, which causes a higher respiratory
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8 R. Martin

rate in the neonate and may be important in maintaining a
higher functional residual capacity (FRC).

2. Head’s reflex: an increase in inspiratory effort with rapid
lung inflation.

Reabsorption of amniotic fluid from alveolar air spaces, along
with an increase in lung volume, results in a rise in lung com-
pliance with birth that gradually continues to rise in the hours
after birth. In premature infants, both lung volume and com-
pliance are decreased and are further decreased in infants with
respiratory distress syndrome (RDS). Airway and pulmonary
resistance, although initially high at birth, decreases with age
as the diameter of the airways becomes larger. FRC increases
quickly after birth as amniotic fluid is reabsorbed. The respi-
ratory rate, initially 60 to 80 breaths/min, gradually decreases
to 30 to 40 breaths/min. Tidal volume is 5 to 7 mL/kg body
weight. Minute ventilation ranges from 150 to 250 mL/kg/min.

During labor and delivery, uterine contractions decrease
uterine blood flow, which in turn can decrease fetal gas ex-
change. This effect can also be produced by cord compres-
sion or partial separation of the placenta, resulting in relative
hypoxia and hypercapnia at birth in neonates. These effects
are transient in most neonates because the start of regular
breathing improves oxygenation.

Perinatal Mortality

According to the National Center for Health Statistics,66 the
perinatal mortality rate (PMR) is defined as the number of late
fetal deaths (�28 weeks gestation) plus early neonatal deaths
(infants 0–6 days of age) divided by 1000 live births plus the
fetal and neonatal deaths. In the United States, the PMR has
declined by an average of 3% per year since 1965.67 Over the
past 6 years, fetal death rate alone has decreased 16%, and
neonatal mortality has fallen 21%. Of all fetal deaths, 22% oc-
cur between the 36th and 40th weeks of gestation and another
10% occur beyond the 41st week of gestation.

Congenital anomalies account for 25% of perinatal mor-
tality and are the leading cause.68 Premature labor and deliv-
ery was the most common event leading to death in this group.
Overall, prematurity with associated RDS was the next most
common cause of perinatal death. Intrauterine hypoxia and
birth asphyxia account for 3% of the PMR, and placenta or
cord complications accounted for 2% of the PMR. Several as-
sociated factors identified by Lammer et al.69 were race
(African-American), marital status (single), age (�34 or �20
years), parity (�5), and lack of prenatal care. Multiple ges-
tations were associated with 10% of all fetal deaths, giving a
PMR of 50/1000, which is seven times that of singleton preg-
nancies. More than half of all fetal deaths were associated
with asphyxia or maternal causes such as pregnancy-induced
hypertension (PIH) or placental abruption.

If the first step to reducing the PMR further is recognizing
the causes, then the next step is prevention. A study of peri-

natal mortality in the Mersey region of England showed that
of 309 perinatal deaths, 182 or 58.9% were due to avoidable
causes, primarily a delayed response to abnormalities of the
progress of labor or FHR tracing during labor and delivery,
maternal weight loss with a resulting growth-retarded fetus,
and reductions in fetal movement.70 Antepartum fetal moni-
toring is the means to decrease these fetal deaths; this is most
useful when targeting specific groups of parturients who are
at increased risk of perinatal mortality (Table 1.3).

Techniques of Fetal Assessment

Before 20 weeks gestation, tests are done to assess the fetus
for fetal anomalies.

Amniocentesis

Performed before 15 weeks gestation, early amniocentesis is
an alternative to chorionic villus sampling to obtain fetal cells
for diagnosis of genetic or morphologic abnormalities. The
indications for amniocentesis are listed in Box 1.3. Although
the success of obtaining cells is the same as for chorionic vil-
lus sampling, the disadvantages are primarily those of with-
drawal of amniotic fluid. The volume of fluid removed is a
much greater proportion of the total fluid volume, which could
increase fetal loss.

After 16 weeks gestation, midtrimester amniocentesis with
ultrasound guidance is safe with a rate of fetal loss of 0.5%
to 1.0%.71,72 The amniotic fluid is used to grow fetal cells,
which in turn are scanned for chromosomal aberrations. Dur-
ing the third trimester, amniocentesis is used to obtain fluid
to assess fetal lung maturity.

TABLE 1.3. Parturients at increased risk of perinatal mortality.

Maternal disease Fetal disease

Post-dates gestation Neonatal asphyxia
Diabetes Perinatal death
Previous stillbirth Perinatal death
Pregnancy-induced hypertension Fetal distress in labor
Maternal age �35 years Congenital anomalies
Maternal weight loss IUGR
Premature labor RDS

IUGR, intrauterine growth restriction; RDS, respiratory distress syndrome.

Box 1.3. Indications for amniocentesis.

Maternal age 35 years or older at delivery
History of any chromosomal abnormality in a family 

member
Birth of a previous child with Down syndrome or other 

chromosomal disorder
Parents at risk for being carriers of X-linked disorders or 

inborn errors of metabolism
History of recurrent spontaneous abortions
Family history of neural tube defects
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1. Prepartum and Intrapartum Fetal Monitoring 9

Chorionic Villus Sampling

Performed between 9 to 12 weeks of gestation, chorionic vil-
lus sampling allows early determination of chromosomal ab-
normalities. Under ultrasound guidance, this technique is sim-
ply the aspiration of villi through either the cervix or the
abdomen. Because actual tissue is obtained, results from cells
are available as early as 24 to 48 h and can also be analyzed
for abnormalities in DNA or specific enzymatic reactions. Fe-
tal loss was 2.3% to 2.5% in one randomized trial.73 Limb re-
duction defects and oromandibular hypogenesis have been re-
ported in a small number of infants after chorionic villus
sampling,74 but other studies75,76 have not demonstrated any
difference between the expected rates of appearance of these
developmental aberrations.

Percutaneous Umbilical Blood Sampling

Starting at 18 weeks gestation, fetal blood can be obtained
transabdominally under ultrasound guidance by needle punc-
ture of the umbilical cord, a method useful in diagnosing a
range of problems77:

1. Hematologic abnormalities, such as hemoglobinopathies,
isoimmunization, thrombocytopenia, and coagulation fac-
tor deficiencies

2. Inborn errors of metabolism
3. Infections by viruses, bacteria, or parasites
4. Chromosomal abnormalities, especially mosaicism

The risk to the fetus is greater than other tests, with an in-
crease in fetal loss of 2%.77 As a result, this test is usually
reserved for situations in which information cannot be ob-
tained by other means.

Ultrasonography

During the past three decades, ultrasound has become an im-
portant method of antepartum fetal assessment. Useful
throughout gestation, it gives an accurate measurement of ges-
tational age and provides an assessment of fetal growth as
well as developmental abnormalities. It is also an important
guide in the performance of amniocentesis, chorionic villus
sampling, and cordocentesis. Real-time ultrasound permits a
dynamic assessment of fetal well-being by following, over
time, fetal breathing activity, movements, and tone.

Despite its importance as a method of fetal assessment,
there is still controversy about the routine use of ultrasound
in pregnancy. In Helsinki, Finland, which like many other Eu-
ropean countries advocates routine ultrasound screening, a
randomized trial showed a significant decrease in perinatal
mortality in the screened group compared to the control
group,78 primarily due to early detection of fetal malforma-
tions. A number of other studies have not found a benefit from
routine ultrasound screening.79,80 A recent large-scale study
of 15,151 pregnant women demonstrated no difference in ad-

verse perinatal outcome. Subgroups of women with post-dates
gestation, multiple pregnancies, or infants who are small for
gestational age did not differ in perinatal outcome between
the control and study populations.81 This controversy is also
fueled by the desire to contain medical costs by decreasing
unnecessary testing.

During the first trimester, ultrasonography, particularly trans-
vaginal sonography, can help determine whether a fetus is vi-
able, when there is vaginal bleeding, or determine the presence
of other processes: ectopic pregnancy, uterine anomaly, or an
adnexal mass. In addition, it can provide the first measurement
of fetal crown-rump length as a measure of fetal age. During
the second trimester, ultrasound assessment of biparietal di-
ameter becomes an accurate measure of gestational age.82 From
12 to 28 weeks of gestation, the relation between biparietal di-
ameter and gestation is linear.83 Ultrasound assessment of fe-
tal growth, when continued into the third trimester, is impor-
tant in diagnosing deviations from normal growth such as
growth retardation, macrosomia, or developmental anomalies.
Diagnoses of oligohydramnios or polyhydramnios are made by
ultrasound. Real-time ultrasound measures variables that are
the components of the Biophysical Profile (amniotic fluid vol-
ume, fetal breathing, limb movement, and tone). All these
measurements can affect the course of labor and delivery.

Doppler Ultrasound Velocimetry

Blood flow in fetal and maternal vessels, particularly the um-
bilical artery, can be assessed by Doppler ultrasound ve-
locimetry. The Doppler principle is the use of focused sound
waves of a known frequency, directed at blood moving in a
vessel. The sound waves that are reflected back have a dif-
ferent frequency and are converted to a visual displacement
of blood velocity. This technique has been used since 1978
to measure fetal–placental circulation, particularly in high-
risk disease states that result in vascular changes.

In a normal pregnancy, blood flows through the umbilical
artery even during diastole because of decreased placental re-
sistance. Increased placental vascular resistance, as seen with
preeclampsia and resultant intrauterine growth restriction
(IUGR), might result in decreased umbilical artery blood flow
during diastole. Decreased diastolic flow results in an in-
creased ratio of systolic to diastolic flows (S/D). Absent or
reversed diastolic flow is considered potentially ominous and
might be associated with either a fetal anomaly or severe
IUGR. This finding usually indicates the need for further test-
ing and possible delivery of a fetus. Several other blood ves-
sels in the uterus and fetus have been studied but so far have
had few useful clinical correlates.

Analysis of Maternal Serum

Maternal serum is routinely sampled during the first trimester
to assess the possibility of neural tube defects and Rh sensi-
tization. Neural tube defects are one of the most frequent con-
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10 R. Martin

genital abnormalities, with an incidence of 1 to 2 per 1000
live births in the United States.

Alpha fetoprotein (AFP) is elevated in the fetal serum dur-
ing the first trimester when the neural tube fails to close, re-
sulting in anencephaly, meningomyelocele, or encephalocele.
Alpha fetoprotein passes through the placenta into the ma-
ternal serum and can be measured with a radioimmunoassay.
Alpha fetoprotein is also elevated in malformations of the gas-
trointestinal tract, as well as in fetal death, decreasing the
specificity of the test. Despite this, it is still used as a general
screening test; with any abnormal values, ultrasonography and
amniocentesis are performed for confirmation.

The Triple Screen blood test attempts to predict whether a
fetus is at higher risk of having Down syndrome, anencephaly,
or neural tube defects such as spina bifida. This test, how-
ever, may miss 15% to 40% of fetuses with Down syndrome
and has a false-positive rate as high as 8%. As a result, this
test is of decreasing interest to both clinicians and patients.
Other tests, such as fetal nucleated red cells and urinary hy-
perglycosalated human chorionic gonadotropin (HCG), are
being studied.

Maternal Assessment of Fetal Activity 
and Uterine Contractions

Asking a parturient to count fetal activity over a period of
time provides a simple and sensitive test of fetal well-being.
It is based on the fact that from 28 weeks of gestation on, the
fetus makes approximately 30 body movements each hour
(about 10% of the total time), and the parturient is able to ap-
preciate most of these.84 Although fetal movement is reas-
suring, lack of movement can indicate either a quiet period,
which can usually last 20 min (but can last as long as 75 min),
or fetal compromise secondary to asphyxia. Factors that can
decrease maternal appreciation of fetal activity are an ante-
rior placenta, polyhydramnios, and obesity.85 Several studies
have demonstrated that when patients reliably count fetal
movements according to a set protocol, there is a significant
reduction in fetal death.86–88

Because premature labor with resultant delivery of a pre-
mature infant is a leading cause of neonatal morbidity and mor-
tality, it was thought that monitoring uterine contractions might
predict women at increased risk of preterm labor. Several stud-
ies have demonstrated that ambulatory monitoring of uterine
contractions does not reduce the rate of preterm delivery.

Assessment of Fetal Lung Maturity

Because fetal chronologic age does not necessarily correlate
with functional maturity, particularly in respect to the pul-
monary system, methods of assessing fetal lung maturity are
important adjuncts in clinical decision making. The majority
of perinatal morbidity and mortality results from complica-
tions of premature delivery. The most frequently seen com-
plication is the RDS. This disorder is caused by a deficiency
of a surface-active agent (surfactant) that prevents alveolar col-

lapse during expiration. Phospholipids produced by fetal alve-
olar cells are the major component of lung surfactant and are
produced in sufficient amounts by 36 weeks gestation. The most
commonly used technique measures the lecithin–sphingomyelin
ratio (L/S). The concentration of lecithin, a component of sur-
factant, begins to rise in the amniotic fluid at 32 to 33 weeks
gestation and continues to rise until term. The concentration
of sphingomyelin remains relatively constant, so that the ratio
of the two provides an estimate of surfactant production that
is not affected by variations in the volume of amniotic fluid.
The risk of neonatal RDS when the L/S ratio is greater than 2
is less than 1%. If the ratio is less than 1.5, approximately 80%
of neonates will develop RDS.

Disaturated phosphatidylcholine (SPC) is the major com-
ponent of fetal pulmonary surfactant. The technique that sep-
arates SPC from lecithin in amniotic fluid is complicated, and
the results can be altered by abnormalities in amniotic fluid
production and excretion (i.e., oligohydramnios or polyhy-
dramnios). A value greater than 500 �g/dL for SPC concen-
tration in amniotic fluid is consistent with mature fetal lungs
and a small risk for RDS. However, in diabetic parturients,
the SPC value should be 1000.

The disadvantages in measuring the L/S ratio include a long
turnaround time, the use of toxic reagents, a lack of techni-
cal expertise, and the inability to standardize the test. As a re-
sult, few hospitals are able to perform the test. Another test,
the TDx fetal lung maturity test, is automated and avoids the
technical involvement of sample preparation and measure-
ment. The test relies on the fluorescence polarization of a dye
added to a solution of amniotic fluid that is then compared
with values on a standard curve to determine the relative con-
centration of surfactant and albumin. The determined values
are expressed in milligrams of surfactant per gram of albu-
min. With a cutoff of 50 mg/g for maturity, the TDx test was
equal in sensitivity (0.96) and more specific (0.88 versus 0.83)
when compared with the L/S ratio in one multicenter study.89

Biophysical Profile

The biophysical profile involves evaluation of immediate bio-
physical activities (fetal movement, tone, breathing move-
ments, and heart rate activity) as well as semiquantitative as-
sessment of amniotic fluid. The biophysical parameters reflect
acute CNS activity and when present correlate positively with
the lack of depression (secondary to asphyxia) of the CNS.
Amniotic fluid volume represents long-term or chronic fetal
compromise. Major indications for referral for biophysical
profile include suspected IUGR, hypertension, post-dates ges-
tation, and diabetes.

The biophysical evaluation of the fetus is done by ultra-
sound with the sole purpose of detecting changes in fetal ac-
tivity due to asphyxia. Changes in fetal breathing movements,
heart rate, and body movements are indicators of the state of
fetal oxygenation. Superimposed on these factors are the non-
random pattern of CNS output and the sleep state, with ef-
fects that might be mistaken for hypoxia. However, extend-
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1. Prepartum and Intrapartum Fetal Monitoring 11

ing the period of observation to find a period of normal re-
covery for the latter conditions helps to differentiate asphyxia
from normal variants.

The scoring of the fetal biophysical profile is an assessment
of five variables (Table 1.4), four of which are monitored si-
multaneously by ultrasound. The variables are said to be nor-
mal or abnormal and are assigned a score of 2 for normal and
0 for abnormal. The nonstress test (NST) is monitored after
the biophysical evaluation. When the test score is normal, con-
servative therapy is indicated, with some exceptions:

1. Post-date gestation with a favorable cervix
2. Growth-retarded fetus with mature pulmonary indices and

a favorable cervix
3. Insulin-dependent diabetic woman at 37 weeks gestation

or more with mature pulmonary indices
4. Class A diabetic woman at term with a favorable cervix
5. Women with medical disorders (e.g., asthma, preeclampsia,

PIH) that might pose a threat to maternal and fetal health

Table 1.5 lists recommendations for management of bio-
physical profile scores.

Several prospective studies (Table 1.6) have shown that the
majority of women studied (�97%) have normal test results
and delivery outcome. Perinatal mortality varies inversely
with the last score before delivery. In 1981 and 1985, in large
groups of patients, Manning et al.94,95 found that the gross
perinatal mortality rate decreased from 11.7 to 7.4 per 1000
and the corrected value decreased from 5 to 1.9 per 1000. In
Manitoba, since the use of this testing, the stillbirth rate has
decreased by 30%. A stillbirth occurring within a week of a
normal test result is defined as a false negative; this ranges
from 0.41 to 1.01 per 1000 with a mean of 0.64 per 1000.

The false-negative rate, although small, directly reflects the

negative predictive accuracy of the test. Manning et al.90 cal-
culated from a study of 19,221 pregnancies a negative pre-
dictive accuracy of 99.224%, or the probability of fetal death
after a normal test result as 0.726 per 1,000 patients.

Because the ideal testing method would result in no false-
negative deaths, the biophysical profile is not perfect. The
cause of the imperfection is the probability of change in the
fetal status from either a chronic condition or an acute vari-
able. Although more frequent testing of all patients would de-
crease the false-negative rate, this has not been attempted be-
cause of the increased workload. The proper selection of
patients requiring more vigilant monitoring (those judged to
be at risk, e.g., an immature fetus with growth retardation,
preeclampsia, diabetes) would render this more feasible.

Nonstress Testing

Nonstress testing is the external detection of FHR and fetal
movement in relation to uterine contractions, noting acceler-
ations of FHR with fetal movement. These parameters are pre-
dictors of fetal outcome.

With the parturient recumbent in the semi-Fowler’s posi-
tion and left lateral tilt (to displace the uterus from the infe-
rior vena cava and aorta), 20 min of consistent FHR tracing
is followed, and a tocodynamometer is used to measure uter-
ine contractions. Fetal movement is noted either in the mother
by external palpation of the maternal abdomen or by spikes
in the tocodynamometer tracing.

The test is usually interpreted as either reactive, nonreac-
tive, or of uncertain reactivity96,97:

1. Reactive: at least two fetal movements in 20 min with ac-
celeration of the FHR by at least 15 beats/min, with long-
term variability of at least 10 beats/min and a baseline rate
within the normal range (Figure 1.4)

TABLE 1.4. Biophysical profile scoring.

Variable Score � 2 Score � 0

Fetal breathing movements One episode, 30-s duration in 30 min Absent 
Gross body movement Three discrete body/limb movements More than two episodes in 30 min

in 30 min
Fetal tone One episode of extension/flexion of Absent or slow movement

hand, limb, or trunk
Fetal heart rate (FHR) Two episodes of acceleration with fetal More than two episodes

movement in 30 min
Amniotic fluid volume One pocket, 1 � 1 cm No amniotic fluid or a pocket 

�1 � 1 cm

TABLE 1.5. Interpretation and management of biophysical 
profile score.

Score Interpretation Recommended management

8–10 Normal infant Repeat test in 1 weeka

6 Suspect asphyxia Repeat test in 4–6 hb

4 Suspect asphyxia If �36 weeks, deliver
If �36 weeks, repeat in 24 h

0–2 Probable asphyxia Deliver

aRepeat test twice a week if diabetic or �42 weeks gestation.
bDeliver if oligohydramnios is present.

TABLE 1.6. Biophysical profile and perinatal mortality.

Perinatal
Study No. patients No. deaths mortality

Manning et al.90 19,221 141 1.92
Baskett et al.91 5,034 32 3.10
Platt et al.92 286 4 7.0
Schiffrin et al.93 158 7 12.6
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12 R. Martin

2. Nonreactive: no fetal movement or acceleration of the FHR
with movement, poor to no long-term variability, baseline
FHR may be within or outside the normal range (Figure 1.5)

3. Uncertain reactivity: fewer than two fetal movements in 20
minutes or acceleration of less than 15 beats/min, long-
term variability amplitude less than 10 beats/min, baseline
heart rate outside of normal limits

Fetuses have sleep or inactive cycles that can last as long as
80 min. The test administrator can either wait for a while or
manually stimulate the infant.

A reactive test is associated with survival of the fetus for
1 or more weeks in more than 99% of cases.96,98 A nonreac-
tive test is associated with poor fetal outcome in 20% of
cases.99 Although the false-positive rate of this technique is
high (80%), further evaluation is needed when a nonreactive
result is obtained. The next step is usually a contraction stress
test (CST). Similarly, an uncertain reactive pattern needs to
be followed up with either another NST or a CST.

Contraction Stress Test

As its name implies, the CST assesses the fetal response (heart
rate pattern) to regular uterine contractions. Using the same
technique as the NST, the CST requires three adequate con-
tractions within a 10-min period, each with a duration of 1
min. If there are not enough spontaneous contractions, aug-
mentation with intravenous oxytocin is indicated. Beginning
at a rate of 1.0 mU/min, the infusion is increased every 15
min until the requisite number of contractions is obtained. It
is rarely necessary to exceed 10 mU/min.

Certain clinical situations present contraindications to
CSTs: prior classical cesarean section, placenta previa, and
women at risk of premature labor (premature rupture of mem-

branes, multiple gestations, incompetent cervix, and women
undergoing treatment for preterm labor).

CSTs are interpreted as follows:

1. Negative: no late deceleration and normal baseline FHR

FIGURE 1.4. Reactive nonstress test, characterized by ac-
celerations in the fetal heart rate (FHR) (top chart) with
fetal movement (FM).

FIGURE 1.5. Nonreactive nonstress test, with no accelerations in fe-
tal heart rate with fetal movement (FM).
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1. Prepartum and Intrapartum Fetal Monitoring 13

2. Positive: persistent late decelerations (even when the con-
tractions are less frequent than three contractions within 10
min), possible absence of FHR variability.

3. Suspicious: intermittent late deceleration or variable de-
celerations, abnormal baseline FHR

4. Unsatisfactory: poor quality recording or inability to
achieve three contractions within 10 min

5. Hyperstimulation: excessive uterine activity (contractions
closer than every 2 min or lasting longer than 90 s), re-
sulting in late decelerations or bradycardia

A negative CST is associated with fetal survival for a week
or more in 99% of cases,96,97 whereas a positive CST is as-
sociated with poor fetal outcome in 50% of cases.99 As does
the NST, the CST also has a high false-positive rate (50%),
but the treatment, if delivery is indicated, can be a trial of in-
duction of labor.

Fetal Heart Rate Monitoring

In conjunction with fetal scalp sampling and possibly fetal pulse
oximetry to measure acid–base balance, FHR monitoring pro-
vides the main method of evaluating the fetus during the an-
tepartum period as a part of nonstress testing, contraction stress
testing, and biophysical profile and during labor and delivery.
A review by Fenton and Steer100 documented the historical use
of FHR auscultation. FHR auscultation was first described by
Marsac in 1650. A number of clinical studies have shown that
perinatal morbidity and mortality are increased when the FHR
is greater than 160 to 180 beats/min or less than 100 to 120
beats/min. Beginning in the 1940s, FHR was followed over a
period of time as a more sensitive indicator of fetal well-

being; this developed into continuous FHR monitoring, which
charted beat to beat changes in the FHR.

Intermittent auscultation of the FHR is still a widely used
means to monitor the fetus. In low-risk patients, this is done
every 30 min, listening for 30 s during and after a contraction,
when the parturient is in the first stage of labor, and every 15
min during the second stage of labor. In high-risk patients, the
frequency of listening is shortened to every 15 min during the
first stage of labor and every 5 min during the second stage.
Auscultation with a fetoscope or Doppler can detect changes in
basal heart rate, variability, and decelerations in relation to uter-
ine contractions. When abnormalities are noted, either fetal scalp
sampling or continuous FHR monitoring or both are indicated.

Continuous FHR monitoring entails measuring each fetal
heartbeat as well as the interval between two beats, calculating
the FHR, and then plotting each successive rate. This proce-
dure can be done externally on the mother’s abdomen with a
Doppler ultrasound, a phonocardiographic monitor, or an elec-
trocardiogram. An electrode attached to the fetal scalp after rup-
ture of the amniotic membranes provides an internal or direct
recording of FHR. Similarly, uterine contractions are measured
either externally with a tocodynamometer or internally with a
saline-filled catheter placed into the uterine cavity.

Fetal Heart Rate Patterns

The FHR pattern is characterized by its baseline between con-
tractions and periodic changes in association with uterine con-
tractions.101 The baseline and periodic changes are further
broken down into FHR and variability. This section consid-
ers the baseline FHR and its variants as well as variability.

Fetal heart rate from 120 to 160 beats/min between con-
tractions is normal (Figure 1.6). Rates greater than 160

FIGURE 1.6. Normal fetal heart rate (FHR) pattern. The
heart rate (140 beats/min) and short-term and long-term
variability are normal. There are no periodic changes.

ak
us

he
r-li

b.r
u



14 R. Martin

beats/min are described as tachycardia (Figure 1.7) and those
less than 120 beats/min as bradycardia (Figure 1.8). If the al-
teration in rate is less than 2 min in duration, it is called ei-
ther an acceleration or a deceleration.

The usual, initial response of the normal fetus to acute hy-
poxia or asphyxia is bradycardia. A heart rate between 100 and
120 beats/min might either signify a compensated, mild hy-
poxic stress or be idiopathic and benign. When the heart rate
falls below 60 beats/min, the fetus is in distress and requires
either reversal of the cause of the bradycardia or emergency
delivery. Other causes of bradycardia that are nonasphyxic in
origin are bradyarrhythmias, maternal drug ingestion (espe-
cially beta blockers), and hypothermia. Tachycardia is occa-

sionally seen with fetal asphyxia or with recovery from as-
phyxia, but is more likely seen secondary to these events:

1. Maternal or fetal infection, especially choriamnionitis
2. Maternal ingestion of beta mimetic or parasympathetic

blockers
3. Tachyarrhythmias
4. Prematurity
5. Thyrotoxicosis

Variability in the FHR tracing describes the irregularity or
the difference in interval from beat to beat. If the intervals
between heartbeats were identical, then the tracing would be
smooth (Figure 1.9). In most healthy fetuses, one notes an ir-
regular line, thought to be secondary to an intact nervous path-
way through the cerebral cortex, midbrain, vagus nerve, and
the cardiac conduction system. It is thought that when as-
phyxia affects the cerebrum there is decreased neural control
of the variability, made worse by the failure of fetal hemo-
dynamic compensatory mechanisms to maintain cerebral oxy-
genation. With normal variability, therefore, irrespective of
the FHR pattern, the fetus is not suffering cerebral anoxia.

Variability is described as being either short term or long
term. Short-term variability is the beat-to-beat difference, and
it requires accurate detection of the heart rate. Because this
can only be obtained with the fetal electrocardiogram, exter-
nal monitors cannot be used to describe short-term variabil-
ity, which is characterized as either present or absent. Long-
term variability looks at a wider window of the FHR, between
3 and 6 beats/min. It can be detected using either internal or
external methods of FHR monitoring and is described by the
approximate amplitude range in beats per minute as follows:

1. Normal: amplitude range 6 beats/min or greater
2. Decreased: amplitude range between 2 and 6 beats/min
3. Absent: amplitude range less than 2 beats/min
4. Saltatory: amplitude greater than 25 beats/min.

FIGURE 1.7. Tachycardia. In this case, there was a maternal
fever secondary to chorioamnionitis.

FIGURE 1.8. Bradycardia, accompanied by absence of FHR vari-
ability.
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1. Prepartum and Intrapartum Fetal Monitoring 15

In addition to asphyxia, other causes of altered variability in-
clude anencephaly, fetal drug effect (secondary to morphine,
meperidine, diazepam, and magnesium sulfate), vagal block-
ade (due to atropine or scopolamine), and interventricular
conduction delays (complete heart block).

Periodic changes in FHR occur in association with uterine
contractions. Early decelerations that occur concomitantly
with a uterine contraction have a smooth contour and are a
mirror image of the contraction (Figure 1.10). The descent of
the FHR is usually not more than 20 beats/min below the
baseline. The cause is presumed to be a vagal reflex caused
by a mild hypoxia but is not associated with fetal compro-
mise. Late decelerations are also smooth in contour and mir-

ror the contraction, but they begin 10 to 30 s after the onset
of the contraction (Figure 1.11). The depth of the decline is
inversely related to the intensity of the contraction.

Late decelerations have been classified as either reflex or
nonreflex. Reflex late decelerations are caused by maternal
hypotension, which acutely decreases uterine perfusion to an
otherwise healthy fetus. A uterine contraction added to this
insult further reduces oxygen flow, causing cerebral hypoxia,
which then leads to deceleration. Between contractions, the
FHR returns to baseline with good variability. The nonreflex
late deceleration is the result of prolonged hypoxia that leads
to myocardial depression. Cerebral function is also depressed,
as is seen with preeclampsia, IUGR, and prolonged repetitive

FIGURE 1.9. Decreased variability of
the fetal heart rate (FHR).

FIGURE 1.10. Early decelerations.
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16 R. Martin

late decelerations. Fetal heart rate variability is either de-
creased or absent.

Variable decelerations differ in duration, shape, and amount
of decrease in FHR from contraction to contraction. The
abrupt onset and cessation of deceleration is thought to result
from increased vagal firing in response to either compression
of the umbilical cord (during early labor) or dural stimulation
with head compression (during the second stage of labor). The
vagal activity causes bradycardia, which decreases cardiac
output as well as umbilical blood flow. Variable decelerations
are described as severe when they fall to 60 beats/min below
the baseline FHR or last longer than 60 s (Figure 1.12). Oth-

erwise, they are classified as mild to moderate (Figure 1.13).
The normal fetus is generally able to tolerate mild to moder-
ate variable decelerations for prolonged periods of time; how-
ever, severe variable decelerations eventually result in fetal
compromise unless reversed.

Accelerations with uterine contractions represent the
greater effect of sympathetic activity over the parasympathetic
nervous system (Figure 1.14); these indicate a reactive,
healthy fetus and have a good prognostic significance.

The components of FHR just described comprise a normal
pattern of a baseline rate of 120 to 160 beats/min, which has
a variability of greater than 6 beats/min. One can see either

FIGURE 1.11. Late decelerations, with decreased variability of the fetal heart rate (FHR) between contractions.

FIGURE 1.12. Severe, deep variable
decelerations, with decreased vari-
ability of the fetal heart rate (FHR)
between contractions.
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1. Prepartum and Intrapartum Fetal Monitoring 17

no decelerations, early decelerations, or accelerations with
contractions; this is associated with a good fetal outcome (i.e.,
Apgar score � 7 at 5 min).101,102 Depending on the severity
and duration of the stress, other FHR patterns are seen.

The acute stress pattern is a compensatory reaction in an oth-
erwise healthy fetus to a short-lived period of asphyxia or hy-
poxia. The FHR usually demonstrates bradycardia, although
tachycardia is also seen, but the most important fact noted is
that variability remains normal. There can be either late or vari-
able decelerations. The fetal outcome is generally good,103 be-

cause the impact of the asphyxia is brief, with possible depres-
sion from carbon dioxide narcosis, which is rapidly reversible.

When the stress persists, bradycardia is more profound and
is associated with decreased variability as well as late or deep
variable decelerations. This is a prolonged stress pattern that
indicates mounting hypoxic damage to the heart and brain,
resulting in the loss of compensatory mechanisms. Unless cor-
rected, fetal death in utero can occur.

For a growth-retarded fetus, already compromised by a pla-
centa with marginal function, persistent asphyxia results in a

FIGURE 1.13. Mild to moderate
variable decelerations with push-
ing during the second stage of la-
bor.

FIGURE 1.14. Accelerations with uterine contractions.
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sinister pattern that is characterized by absent variability. The
FHR displays severe variable or late decelerations with a smooth
rather than abrupt decrease and recovery in heart rate. Persis-
tent bradycardia without variability is also called sinister.

Nonreassuring Fetal Status

In an American College of Obstetrics and Gynecology (ACOG)
technical bulletin on Fetal Heart Rate Patterns in 1995, it was
pointed out that the term fetal distress is imprecise and inaccu-
rate.104 Instead of this general label, it was recommended that
the term nonreassuring fetal status be used initially, followed by
a description of the FHR pattern in terms of type and severity.
This recommendation was reaffirmed in February 1998 with an
ACOG Committee Opinion that fetal distress implies an ill fe-
tus but has a low predictive value even in high-risk popula-
tions.105 The preferred term, nonreassuring fetal status with a
further description (i.e., fetal bradycardia, persistent late decel-
erations, etc.), imparts more information to the pregnant woman
and other care providers. The implications of this are important
to anesthesiologists because the description will affect the de-
gree of urgency, mode of delivery, and type of anesthesia needed.

Treatment of Fetal Heart Rate Patterns

The first step in treatment is to recognize and describe an ab-
normal FHR pattern. The cause must then be identified, and
it should be corrected as quickly as possible. Causes and treat-
ment of FHR patterns are presented in Table 1.7. If the pat-
tern does not improve with these measures, then one needs to
acquire more direct evidence of the fetal status (i.e., fetal scalp
sampling) or to deliver the fetus immediately.

Summary of Electronic Fetal Heart 
Rate Monitoring

Electronic FHR monitoring is now an important part of fetal
assessment during the antepartum period. Its use to diagnose
nonreassuring fetal status, whether acute or chronic, has di-

rectly affected labor and delivery practice in an attempt to de-
crease fetal morbidity and mortality. An analysis of the liter-
ature by Parer and King, however, suggests that electronic
monitoring has poor sensitivity in identifying morbidity and
limited sensitivity in predicting its absence.106 To determine
if neonatal neurologic damage could be correlated with FHR
tracing, this review of 10 studies found the following:

1. There were several definitions of FHR patterns, making a
comparison of data from various centers difficult.

2. Fetal heart rate patterns had a poor predictive value on out-
come.

3. A significant number of neonates with poor outcome had
no monitoring abnormalities.

4. Monitoring FHR did not lead to effective treatment that
had a significant impact on neonatal morbidity.

Although electronic FHR monitoring has been used for
more than 30 years, there is no standard associating brain
damage with a specific FHR tracing. There has not yet been
a study to demonstrate that FHR monitoring either predicts
or prevents neurologic morbidity, but this does not deny that
electronic FHR monitoring has merit. Rather, it needs to be
further refined, standardized, and applied to particular clini-
cal situations where physiologic correlations are possible.

In a technical bulletin,104 ACOG reviewed the physiologic
basis for monitoring FHR patterns, provided guidelines for
performing the monitoring, and discussed interpretation and
management; this is an attempt to provide standards so that
FHR monitoring can be more useful. Despite the questions
about its utility, FHR monitoring is still the predominate tool
to monitor the fetus during labor and, as such, requires a ba-
sic understanding.

Effects of Epidural Anesthesia on Fetal 
Heart Rate

The definite effects of epidural anesthesia/analgesia on ma-
ternal blood pressure and uterine smooth muscle contractility
have also raised concerns about the potential effects on FHR.
In addition to local anesthetics (bupivicaine, lidocaine, and
chloroprocaine), narcotics are also injected into the epidural
space. A number of studies in humans107–110 have demon-
strated no deleterious effects on FHR. Studies111–114 using
Doppler velocimetry of umbilical and uterine arteries demon-
strated that epidural anesthesia causes no change in the mean
uterine and umbilical artery systolic–diastolic (S-D) ratios in
normal parturients at term. In women with preeclampsia,
epidural blockade caused a significant decrease in mean uter-
ine artery S-D ratios without a change in the umbilical artery
S-D ratio, indicating a decrease in uterine artery vasospasm.
There were no changes in FHR. Alahuhta et al.115 also used
M-mode echocardiography to assess fetal myocardial function.
Except for an increase in right ventricular end-diastolic di-
mensions, there was no effect on the fetal myocardial function.

TABLE 1.7. Treatment of fetal heart rate patterns.

Pattern Cause Treatment

Bradycardia, late Hypotension IV fluids, ephedrine,
decelerations change position

Uterine hyperstimulation Decrease oxytocin
Variable decelerations Umbilical cord Change position

compression
Head compression Continue pushing if

variability good
Late decelerations Decreased uterine Change position, O2

blood flow for mother
Decrease in variability Prolonged asphyxia Change position, O2

for mother
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Fetal Scalp Sampling

Since first introduced by Saling116 in 1967, fetal blood sam-
pling has become the final determinant in making a diagno-
sis of fetal hypoxia or asphyxia. The fetal blood sample is ob-
tained from the presenting part (scalp or buttock) during labor.
The instrumentation and technique of fetal blood collecting
are described in many standard textbooks. In this brief dis-
cussion, mention is made of the indications for sampling as
well as the prognostic significance of values obtained.

Although a full set of blood gas determinations (pH, PCO2,
and PO2) can be done on as little as 0.25 mL of blood, most
institutions obtain a minimal amount of blood for pH determi-
nation. The pH value alone does not allow differentiation be-
tween respiratory and metabolic acidosis. Treatments of the
causes of acidosis are theoretically different. Metabolic acido-
sis requires immediate delivery, whereas respiratory acidosis
should respond to standard resuscitation. In reality, the initial
resuscitation measures (oxygen for the mother, uterine dis-
placement, intravenous fluid bolus) are generally begun im-
mediately with any severe deceleration. If a deceleration does
not respond quickly to resuscitation, the clinical situation (stage
of labor, presence of meconium, estimated fetal weight, gesta-
tion age, parity, etc.) will determine whether fetal scalp sam-
pling is needed or if delivery is necessary immediately.

In human newborns, there is good correlation between the
pH of scalp blood taken shortly before delivery and that of um-
bilical cord samples. Beard et al.,117 correlating scalp blood pH
and 2-min Apgar scores, showed that a scalp pH above 7.25
was associated with an Apgar score greater than 7 in 92% of
infants. When the scalp pH was less than 7.15, the Apgar score
was less than 6 in 80% of cases. Fetal heart rate deceleration
has also been found to correlate with pH values (Table 1.8).
This correlation is not always close, so fetal scalp sampling is
used when there is any question about the FHR tracing.

Winkler et al.119 evaluated the degree of umbilical artery
acidemia with newborn morbidity. Comparing a group of 358
term infants with an umbilical artery pH below 7.20 to a
matched control group, they found that only when the pH de-
creased to less than 7.00 did the incidence of complications
increase. For 23 infants with umbilical artery pH less than
7.00, the average 1- and 5-min Apgar scores were signifi-
cantly lower than the rest of the study and control infants.
Only 2 of the 23 infants developed complications (seizures,

persistent hypotonia, renal and cardiac dysfunction) second-
ary to asphyxia. Although both fetal scalp and umbilical ar-
tery sampling serve to indicate asphyxia, only the former al-
lows one to alter the management of labor to either reverse
the asphyxia or deliver the infant emergently.

There are other FHR patterns that signal the need for fetal
scalp sampling in addition to persistent late decelerations:

1. Absent or decreased short-term variability, which might be
caused by CNS depressants given to the mother

2. Variable deceleration when combined with reduced or ab-
sent short-term variability

3. Severe, persistent, variable decelerations

The clinical situation provides indications for fetal scalp sam-
pling, especially if there is decreased variability or severe de-
celerations.

Pulse Oximetry

Fetal pulse oximetry is being used increasingly as an ancil-
lary test to FHR monitoring to measure fetal oxygen stores,
particularly when there might be concern for hypoxia/
asphyxia.

Reflectance pulse oximetry is a refinement of conventional
pulse oximetry that requires transmitted light and provides a
noninvasive method to assess fetal oxygenation. A study by
Johnson and McNamara120 demonstrated, in healthy parturi-
ents in labor, that when the sensor was placed between the
cervix and the fetal presenting part, there was a significant
correlation between fetal oxygen saturation and umbilical vein
saturation and pH as well as umbilical artery pH. The rela-
tionship of umbilical artery pH and saturation to fetal O2 sat-
uration was not significant. The range of the values was large:
for a fetal oximetry value of 60%, the umbilical vein satura-
tion ranged from 30% to 70% and the pH from 7.25 to 7.38.
Values for fetal pulse oximetry varied from 50% to 90%
when, with delivery, the umbilical vein pH was generally
greater than 7.24. Although there were statistical correlations,
the wide range of values suggests a low specificity of the
oximeter. Dildy et al. studied 73 healthy parturients in labor
and was unable to obtain a reliable signal 50% of the time.121

In an ACOG Committee Opinion,122 Federal Drug Admin-
istration (FDA) approval of a fetal pulse oximeter was noted,
but the issue of reliability of readings remains an issue. A mul-
ticenter trial of fetal pulse oximetry and its usefulness in the
management of nonreassuring FHR patterns resulted in an
overall reduction (�50%) in the incidence of cesarean births
due to nonreassuring fetal status.123 There was, however, no
overall difference in the rate of cesarean birth between the
study and control groups because there was an increase in ce-
sarean births secondary to dystocia in the study group.

These studies suggest that the use of the pulse oximeter
shows promise, but more prospective, randomized control
studies are needed.

TABLE 1.8. Correlation of fetal scalp pH and fetal heart 
rate pattern.

Deceleration pattern Scalp pH

Early, mild variable 7.30 � 0.04
Moderate variable 7.26 � 0.04
Mild, moderate late 7.22 � 0.06
Severe late, variable 7.14 � 0.07

Source: From Kubli FW, Hon EW, Khazin AF, et al. Observations on heart
rate and pH in the human fetus during labor. Am J Obstet Gynecol
1969;104:1190.
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Summary

The reduction of perinatal morbidity and mortality is the sole
purpose of fetal assessment, which spans the three trimesters
of gestation. Chromosomal and developmental abnormalities
are the focus of first and early second trimester studies. Dur-
ing the late second and third trimesters, the emphasis shifts
to detecting causes of asphyxia and hypoxia. These problems
tend to occur more frequently in parturients who have 
underlying diseases such as diabetes, pregnancy-induced 
hypertension, drug addiction, malnutrition, and obesity. Al-
though now no single technique can reliably detect asphyxia/
hypoxia in a fetus, the potential usefulness and limitations of
current monitoring techniques must be understood.
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2
Prenatal Diagnosis of Fetal Disorders
Sunil Eappen and Susan E. Ponkey

The medical science of genetics continues to advance at a
rapid pace with new techniques and discoveries being made
constantly. The U.S. genome project,1 begun in 1990 as a joint
effort between the National Institutes of Health and the U.S.
Department of Energy, has further accelerated the progress of
identifying more metabolic and genetic diseases at an even
earlier stage of development. After the working draft of the
entire human genome sequence was published recently,2 re-
searchers have become very excited about the potential to un-
cover the genetic basis of many diseases—this is particularly
interesting in the context of prenatal diagnosis of diseases. A
number of methods are currently being utilized to evaluate
the fetus, and the future will yield more reasons to exploit this
technology. In caring for these patients, we need to under-
stand this technology not only to better care for our patients
now but because we will soon be treating more and more fe-
tuses as a result of the prenatal diagnosis.

Approximately 3% to 5% of all neonates have a known
birth defect,3 and although most of these do not have known
causes (Table 2.1), many can be detected before birth. The
incidence of chromosomal abnormalities in live-born infants
is estimated to be approximately 1 of 170 births.4 Since the
discovery in the 1950s that Down syndrome is caused by an
extra chromosome 21, the field of cytogenetics has grown
enormously. Chromosomal abnormalities have been divided
into three groups: numerical, structural, and mosaic.

Types of Abnormalities

Numerical Chromosomal Abnormalities

In this group, the number of chromosomes is either more or
less than 46. Down syndrome is the most common numerical
chromosomal abnormality. Klinefelter syndrome (47, XXY)
and Turner syndrome (46, X) are other examples. Trisomy 13
and trisomy 18 also have recognizable patterns of malforma-
tions; other autosomal trisomies are rarely seen in live births.

Structural Chromosomal Abnormalities

Here, a specific region on a particular chromosome is altered
in some way. Structural chromosomal abnormalities can oc-
cur in a variety of ways when chromosomal material is
deleted, duplicated, or rearranged. For example, cri du chat
syndrome is caused by the deletion of genetic material on
chromosome 5. Translocations, rearrangements of material
between chromosomes, are probably the most clinically sig-
nificant type of chromosomal rearrangement that cause struc-
tural chromosomal changes.

Mosaic Chromosomal Abnormalities

Chromosome mosaicism is the presence of two (or more) cy-
togenetically distinct cell lines in the same individual caused by
an error during early mitosis of the zygote after conception. A
number of techniques, including ultrasound, amniocentesis,
chorionic villus sampling, fetal blood sampling, maternal blood
sampling, and magnetic resonance imaging (MRI), are currently
in use to make accurate prenatal diagnosis of fetal disorders.

Ultrasound

High-resolution ultrasonography has had a profound impact on
the practice of obstetrics in a variety of applications, including
the detection of fetal anomalies. Although most experts have
traditionally recommended employing ultrasound after 18
weeks of gestation because of better visualization of the major
organs, other authors have been utilizing ultrasound at even ear-
lier ages.5 Many authorities have reported successful imaging
of the major organ systems at 14 weeks or earlier.5,6 Continued
advances in technology and in our understanding of fetal anom-
alies, will allow earlier and earlier detection of fetal defects.

Ultrasound works by generating intermittent high-frequency
sound waves by applying an alternating electrical current to
a transducer made of piezoelectric material.7 The transducer
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sends a pulse of sound waves that passes through the skin and
soft tissues until it encounters an interface of different tissue
densities. When this happens, a portion of the sound energy,
proportional to the difference in densities at the interface, is
reflected back to the transducer. This reflection of sound at
the transducer creates an electrical voltage that is amplified
onto a screen. In current ultrasonography, multiple transduc-
ers generate many sound waves simultaneously or in sequence
to create real-time images to detect movement. This method
allows monitoring not only of static fetal defects but also of
fetal movements, breathing, or cardiac motions, and even
blood vessel pulsation deficits.

The number of fetal anomalies detectable by high-resolu-
tion ultrasonography continues to grow (Table 2.2).8 Ultra-
sound has become popular because of its utility as well as be-
cause this information can be gathered with no known side
effects to the mother or the fetus.7

Amniocentesis

Amniocentesis is the invasive prenatal diagnostic test most
commonly used for genetic disease. The technique is consid-
ered to be relatively simple and is performed transabdomi-
nally with the use of ultrasonography. A 20- or 22-gauge nee-
dle is inserted into the amnionic cavity, withdrawing 20 to 30
mL of fluid to garner cells to culture. The fluid can also be
used, for example, to assess fetal lung maturity. Amniocen-
tesis for culturing cells is most commonly performed at
midtrimester (16–18 weeks gestation). The most commonly
cited risks are as follows8,9:

• Preterm premature rupture of membranes (and possible re-
sultant fetal loss)

• Infection
• Fetal trauma

Another risk involves bleeding into the placenta and into the
amnionic sac. Any perforation of the placenta can lead to
transfer of fetal blood to the mother and cause maternal isoim-
munization. Ultrasonic localization of the placenta can reduce
the incidence of placental perforation, but anti-D globulin
must be administered prophylactically to Rh-negative women
at the time of amniocentesis.

Chorionic Villus Sampling

Chorionic villus biopsies involve a similar approach to that
of amniocentesis, except that a sample of the chorionic villus
is aspirated by placing a transabdominal needle or a trans-
vaginal catheter into the center of the chorion. The chorion is
of fetal origin, and biopsies thus can be evaluated as can those
obtained via amniocentesis. The advantage of chorionic vil-
lus biopsy is that fetal cells are obtained quickly and the nor-
mally long culture procedure is not needed because these
chorion cells divide rapidly. Chorionic villus sampling has
become the standard for either a first trimester alternative to
amniocentesis or when amniocentesis has failed to yield ad-
equate cells. There has been some controversy as to whether
chorionic villus sampling is as safe as amniocentesis and
whether the transcervical or transabdominal approach is bet-
ter. It appears that chorionic villus sampling places the mother
at slightly higher risk of fetal loss than amniocentesis.10,11

Another problem associated with chorionic villus sampling is

TABLE 2.1. Suspected etiologies of fetal congenital birth defects.

Cause Percentage (%) of all birth defectsa

Genetic 20–25
Fetal infections 3–5
Maternal diseases 3–5
Medications/drugs 1
Unknown 70–75

aGenetic causes include chromosomal anomalies and gene defects; common
fetal infections include cytomegalovirus, toxoplasmosis, rubella, zoster, and
syphilis; maternal diseases include diabetes and illicit drug or alcohol abuse.
Source: From Beckman DA, Brent RL. Mechanisms of known environmen-
tal teratogens: drugs and chemicals. Clin Perinatol 1986;13:649–687.

TABLE 2.2. Fetal anomalies detectable by high-resolution 
ultrasonography.

Cardiac (using echocardiography)
Atrial septal defect/ventriculus septal defect
Valvular lesions
Pulmonary artery stenosis
Transposition of the great vessels
Hypoplastic left heart
Pericardial and pleural effusion
Fetal arrhythmias
Combined lesions (e.g., tetralogy of Fallot)

Central nervous system
Hydrocephalus
Anencephaly
Encephalocele
Intracranial lesions
Meningocele
Meningomyelocele
Choroid plexus cysts

Gastrointestinal
Diaphragmatic hernia
Omphalocele
Gastroschisis
Transesophageal fistula
Esophageal atresia
Duodenal atresia

Urinary tract
Hydronephrosis/hydroureter
Renal agenesis/hypoplasia
Urethral valves
Polycystic/multicystic kidneys

Skeletal
Achondroplasia
Osteogenesis imperfecta
Agenesis/hypoplasia of bones

Other
Teratomas
Cleft lip
Fetal growth retardation
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an increased frequency of chromosomal mosaicism that ulti-
mately may not be found in the baby at birth.

Chorionic villus sampling has been used to diagnose a great
number of diseases12,13:

• Lysosomal storage diseases such as Tay-Sachs or Gaucher’s
disease

• Amino acid disorders
• Congenital adrenal hypoplasia
• Hemoglobinopathies
• Cystic fibrosis
• Hemophilia A and B
• Duchenne’s muscular dystrophy

Cordocentesis

Cordocentesis is also known as percutaneous umbilical blood
sampling (PUBS) or umbilical cord blood sampling. A nee-
dle is inserted through the abdominal wall and the uterine wall
into the umbilical vein to withdraw fetal blood directly with
the aid of ultrasound to localize the cord and placenta. The
fetal blood can then be evaluated for fetal hematologic dis-
eases as well as other disorders such as the following14:

• Many metabolic disorders
• Anemia
• Hemophilia A and B
• von Willebrand’s disease
• Sickle cell anemia
• Thalassemias
• Autoimmune thrombocytopenia
• Alloimmune thrombocytopenia
• CDE disease
• Fetal infections such as toxoplasmosis, rubella cytomega-

lovirus (CMV), varicella-zoster virus)

In addition, this procedure can be used to treat anemia and
thrombocytopenia by infusing blood or platelets.

The major drawback of this technique remains the slightly
increased incidence of fetal death.15 Other complications such
as bleeding and fetal bradycardia have also been reported.

Magnetic Resonance Imaging

Magnetic resonance imaging (MRI) has been used for diag-
nosing or confirming fetal anatomic and structural defects, es-
pecially brain abnormalities.16 With the continuous improve-
ment of ultrasonography and an earlier warning by the
National Institutes of Health Consensus Development Con-
ference that pregnant women should not undergo MRI unless
they have a clear medical need that cannot be resolved by
other means,17 MRI probably has not been utilized as much
as it could be. No documented adverse fetal effects have been
reported from the use of MRI. Currently, it appears to be used

mostly for identifying maternal anatomic pathology (e.g.,
pelvic mass) or in special circumstances such as verifying a
placenta accreta before delivery.

Maternal Blood Sampling

There are a number of screening programs that sample ma-
ternal blood to detect congenital fetal disorders. The most
common prenatal screening test for pregnant women is alpha
fetoprotein (AFP). Alpha fetoprotein is a glycoprotein syn-
thesized by the fetus that peaks in the fetus and the amniotic
fluid around the 13th week of gestation. Although the mater-
nal plasma concentration of AFP is 1/1000 that of the fetal
circulation, these levels can be accurately assessed. Routine
screening is usually carried out between 15 and 18 weeks of
gestation. Approximately 5% of these women have abnormal
values for which ultrasound and possibly amniocentesis are
recommended for a definitive diagnosis.18,19 Common rea-
sons for abnormal maternal AFP levels with “normal” fetuses
include multiple gestation, decreased/increased maternal
weight, or inaccurate gestational age. Although the major rea-
son for instituting generalized AFP screening was to detect
neural tube defects, there are a variety of causes for abnor-
mal maternal AFP values20–22:

Decreased maternal AFP
Down syndrome
Trisomy 18
Gestational trophoblastic disease
Fetal death

Increased maternal AFP
Neural tube defects
Gastrointestinal obstruction
Abdominal wall defects (e.g., omphalocele)
Renal anomalies or renal obstruction
Osteogenesis imperfecta
Oligohydramnios
Pilonidal cysts
Liver disease
Cystic hygroma

Maternal age and low AFP are used together to predict the risk
of Down syndrome. The addition of maternal estriol and hu-
man chorionic gonadotropin to AFP greatly increases the abil-
ity to predict the chances of fetal Down syndrome, and this
triple screen is currently the recommended screening device.

Summary

As technology continues to advance, we will be diagnosing
more and more abnormalities in utero. It behooves all of us 
to follow this progress so we can offer the optimal care to our
patients.
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3
Fetal Congenital Abnormalities
Ronald J. Hurley and Linda J. Heffner

Advances in perinatology during the past two decades have
resulted in dramatic changes in the diagnosis and manage-
ment of fetal abnormalities. Antenatal diagnosis of a variety
of congenital problems has resulted in the development of fe-
tal therapeutics that may improve neonatal outcome. Perina-
tologists and pediatric surgeons continue to identify those fe-
tal conditions that may benefit from intrauterine therapy and
those for which treatment after delivery is indicated. The iden-
tification of these fetal conditions may dictate timing and
mode of delivery; in utero treatment may affect maternal
physiology. This chapter briefly reviews the diagnostic and
therapeutic options available for prenatal diagnosis and then
addresses the anesthetic considerations when specific condi-
tions are identified.

Pathophysiology

Conditions affecting the fetus may be thought of broadly as
anatomic, physiologic, or both. Examples of anatomic abnor-
malities include neural tube defects (e.g., meningomyelocele,
spina bifida), congenital heart defects (transposition of the
great vessels, tetralogy of Fallot, hypoplastic left heart syn-
drome), large masses (teratomas, cystic hygromas), abdomi-
nal wall defects (gastroschisis, omphalocele), and conjoined
twins. Examples of physiologic conditions include cardiac ar-
rhythmias, immune and nonimmune hydrops, fetal Graves’
disease, and intrauterine growth restriction (IUGR). Com-
bined disorders include multiple congenital malformations
secondary to chromosomal defects and macrocrania second-
ary to severe hydrocephalus.

Diagnosis

Currently available techniques for the detection of abnormal-
ities include maternal serum screening, chorionic villus sam-
pling (CVS), amniocentesis, ultrasound, Doppler velocime-
try, percutaneous umbilical blood sampling, and antenatal

fetal heart rate monitoring. Maternal serum screening uses
concentrations of estriol, chorionic gonadotropin (�-hCG),
and alpha fetopotein (AFP) in maternal serum to predict risk
for Down syndrome, trisomy 18, and open neural tube de-
fects.1 Screening is currently offered at 16 to 18 weeks ges-
tation. Other disorders that may elevate maternal serum AFP
include gastroschisis, omphalocele, cystic hygroma, Finnish
nephrosis, and placenta accreta/percreta/increta.1–3

Chorionic villus sampling is a first trimester technique for
obtaining trophoblast for use in chromosomal, enzymatic,
and DNA-based assays.4–7 Midtrimester amniocentesis is 
the technique most widely used to obtain fetal cells for 
chromosomal, DNA, or chemical study; indications include
advanced maternal age, abnormal maternal serum screen,
previous trisomy, parental chromosomal translocation, sex-
linked genetic disorders, and an expanding number of iden-
tifiable single gene defects. The recent addition of fluores-
cent in situ hybridization (FISH) using DNA probes for
chromosomes 13, 18, 21, X, and Y provides rapid identifi-
cation of the most commonly occurring chromosomal aneu-
ploidies.8 FISH can be performed directly on amniocytes at
any gestational age, thereby serving as an alternative to the
more invasive procedure, percutaneous umbilical blood sam-
pling, in some cases. Amniocentesis also may be used in the
third trimester to assay fetal lung maturity before anticipated
delivery.

Ultrasound is used as a primary diagnostic method and as
a necessary adjunct to intrauterine techniques such as CVS,
amniocentesis, and percutaneous umbilical blood sampling.
Examples of indications for prenatal ultrasound currently in-
clude uncertain pregnancy dating, vaginal bleeding, abnormal
maternal serum screen, size–date discrepancies, suspected
polyhydramnios, suspected IUGR, and family history of con-
genital malformations. Many congenital malformations are di-
agnosed incidentally on scans obtained for another reason, but
the use of routine ultrasound as a prenatal screening tool re-
mains controversial. Ultrasound technology continues to im-
prove. The ability to perform Doppler velocimetry on the um-
bilical vasculature is now widely available; normative data
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Box 3.1. Fetal abnormalities potentially requiring 
cesarean delivery.

Anatomic
Macrocrania
Teratoma
Conjoined twins
Cystic hygroma
Arthrogryposis multiplex congenita
Ovarian cyst
Omphalocele
Gastroschisis
Osteogenesis imperfecta types I, III, IV
Spina bifida
Cephalocele
Diabetic macrosomia

Physiologic
Fetal distress
Thrombocytopenia
Congenital heart block
Ascites

Source: Main DM, Mennuti MT. Neural tube defects: issues in prenatal di-
agnosis and counseling. Obstet Gynecol 1986;67:1–16.
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have been established, and certain abnormalities, particularly
reversed end-diastolic flow, have been correlated with sig-
nificant risk for fetal death.9 Umbilical Doppler would appear
useful in the management of pregnancies suspected to 
have IUGR.

Currently less widely available than Doppler velocimetry,
percutaneous umbilical blood sampling (PUBS) is a highly
invasive but useful technique for directly accessing the fetal
blood stream.10,11 Percutaneous umbilical blood sampling can
be used in the midtrimester to establish risk of congenital toxo-
plasmosis when maternal infection is present, in the third
trimester to permit rapid lymphocytic karyotyping when a
lethal trisomy is suspected, and to manage isoimmunized
pregnancies including those complicated by potential fetal al-
loimmune thrombocytopenia. Percutaneous umbilical blood
installation has been suggested as a way of delivering med-
ications that cannot cross the placenta to the fetus; this ap-
plication remains largely theoretical.

Once congenital abnormalities are diagnosed, many options
are available to handle them. Early diagnosis maximizes the
range of available options to include termination of the preg-
nancy should that be the patient’s choice. For late diagnoses
and pregnancies continuing into viability, in utero treatment
may be indicated. Procedures currently under investigation in-
clude urinary tract drainage procedures for obstructive uropa-
thy, administration of cardioactive drugs for supraventricular
arrhythmias, percutaneous drainage of ascites or hydrothoraces
before delivery, and intrauterine transfusion. Infants may ben-
efit from premature or timed delivery, from delivery by ce-
sarean section, or by delivery using a specialized technique 
at cesarean called the ex utero intrapartum treatment (EXIT)
procedure. 

Obstetric Management

Cesarean Delivery

Cesarean delivery is sometimes indicated to prevent fetal so-
matic dystocia that might occur with the vaginal delivery of
conjoined twins or a very large body part (Box 3.1). Simi-
larly, it may be necessary to prevent traumatic injury to ex-
posed tissue, such as in neural tube defects or abdominal wall
defects containing liver. Cesarean delivery may also be rec-
ommended for similar reasons when fetal thrombocytopenia
is present, especially in cases of alloimmune thrombocytope-
nia, as discussed in detail in Chapter 17.

In instances in which the presence of a congenital anom-
aly may preclude vaginal delivery, the anesthesiologist must
attempt to optimize abdominal relaxation while minimizing
anesthetic risk for mother and fetus. The degree of abdomi-
nal muscle relaxation provided by a spinal anesthetic or by
the usual concentration of local anesthetics used for epidural
anesthesia for cesarean section is generally adequate.

It must be remembered, however, that the use of a major
regional anesthetic does not provide uterine relaxation.

Should extraction of the fetus prove difficult and complete
uterine relaxation be required, an anesthesiologist should be
prepared for rapid induction of general anesthesia with
thiopental, succinylcholine, endotracheal intubation, nitrous
oxide, and a volatile anesthetic such as sevoflurane, desflu-
rane, or isoflurane to provide maximal uterine relaxation.
Halothane has been traditionally used for this purpose. How-
ever, because of concerns regarding hepatotoxicity associated
with this agent,12 it is no longer used by many anesthesiolo-
gists. In vitro studies on human uterine muscle have shown
that equipotent concentrations of enflurane, isoflurane, and
halothane depress myometrial muscle equally.13 No studies
have been performed to date on the newer agents desflurane
and sevoflurane, although both have been used clinically. A
combination vapor and intravenous nitroglycerin in doses up
to 20 �g/kg/min has been proposed but without documented
additional benefit.14

Cesarean delivery of a fetus with some of the anomalies
listed in Box 3.1 may necessitate delivery through a larger
uterine incision than is usually used. Thus, the obstetrician
may choose a vertical, rather than a transverse, hysterotomy.
Also, the time from uterine incision to delivery may be ex-
tended as the fetal parts are extracted. For these reasons, the
anesthesiologist should be prepared for increased blood loss
by establishing adequate large-bore intravenous access before
the start of the procedure. Adequate preoperative volume
loading with 1500 to 2000 mL intravenous fluids is particu-
larly important.

Anesthetic Management

Several specific fetal conditions may be affected by drugs nor-
mally administered during the course of obstetric anesthesia.
This section specifically addresses these issues for cases of
fetal arrhythmias, maternal Graves’ disease, fetal IUGR, and

ak
us

he
r-li

b.r
u
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nonimmune hydrops. The issues of nonreassuring fetal status,
whether acute or manifested by peripartum evaluations such
as the fetal heart rate tracing or biophysical profile, are dis-
cussed in Chapters 1 and 29.

Fetal Arrhythmias

Most antenatally diagnosed arrhythmias are supraventricular
tachycardias, most commonly paroxysmal supraventricular
tachycardia and, less frequently, atrial flutter and fibrillation.
These rhythm abnormalities may be caused by anatomic ab-
normalities, defects in the conduction system, or viral infec-
tion. If rhythm abnormalities remain untreated, congestive
heart failure and fetal hydrops may occur. To prevent or treat
congestive heart failure, antiarrhythmic agents are adminis-
tered maternally15 because survival is improved if hydrops is
not present. Prognosis is poor once hydrops has developed.16

Successful in utero conversion of fetal supraventricular
tachycardia has been accomplished by administration of car-
dioactive drugs, usually digoxin or verapamil, and occasion-
ally quinidine, procainamide, or propranolol, to the mother.17

Conversion presumably occurs when therapeutic concentra-
tions of drug are obtained in the fetal circulation; this may re-
quire administration of very large doses of these drugs to the
mother. Premature delivery is effected only if transplacental
therapy is unsuccessful in the face of persistent or worsening
hydrops fetalis.

The use of these cardiogenic medications in the presence
of fetal arrhythmias has several implications for the anesthe-
siologist. Therapeutic levels for the fetus often would be con-
sidered high therapeutic plasma concentrations for an adult.
Maternal plasma levels need to be monitored to ensure that
toxic levels of digoxin are not reached. During the period in
which the parturient receives nothing by mouth, digoxin is
administered intravenously. Maternal plasma potassium lev-
els should also be followed, because low potassium levels
may exacerbate digoxin toxicity.

Regional anesthesia is frequently used for labor and deliv-
ery in these patients. If a parturient has been treated with beta
blockers such as propranolol for fetal supraventricular tachy-
cardia, maternal heart rate may not increase if local anesthetic
containing epinephrine is accidentally injected into an epidural
vessel. Subjective symptoms should be carefully assessed to
avoid inadvertent intravascular injection.

The effects of vasopressors such as ephedrine and phenyl-
ephrine, which are commonly used to treat the hypotension
accompanying the induction of regional anesthesia, must also
be considered. Maternal treatment with propranolol may make
ephedrine therapy less effective because the contribution of
heart rate to increasing maternal blood pressure may be di-
minished. In these cases, larger doses of ephedrine may be
required to restore maternal blood pressure. The use of a pure
alpha agonist such as phenylephrine may be more effective.

Fetal supraventricular arrhythmias may be associated with
ventricular response rates well above 200 beats/min. Mater-
nal ephedrine administration is associated with significant in-

creases in fetal heart rate.18 Therefore, large doses of
ephedrine may exacerbate these abnormally fast ventricular
rates and cause fetal decompensation. Although stroke vol-
ume can recharge in response to hemodynamic needs, fetal
cardiac output is normally dependent on heart rate.19 How-
ever, at the exacerbated fast heart rates seen with tachy-
arrhythmias, time provided for ventricular filling may be in-
adequate, and further deterioration may result.

Chronic fetal bradyarrhythmias are most often secondary to
complete heart block, a condition with implications for both
mother and fetus. Neonatal consequences vary from minimal to
lethal complex structural heart disease; mothers of these infants
have an increased risk of collagen vascular disease.20 Most cases
reported delivery at term without intrauterine treatment. Intra-
partum monitoring in these fetuses is difficult and dependent on
fetal capillary blood gas measurement rather than the usual heart
rate monitoring. For this reason, cesarean delivery may be un-
avoidable. Fetal echocardiography and umbilical Doppler as-
sessment may be useful to avoid cesarean delivery.21

In these cases, maternal hypotension encountered during
regional anesthesia should be treated in the standard manner
with ephedrine, because the ephedrine that passively crosses
the placenta would not be expected to adversely affect these
fetuses. Maternal administration of phenylephrine causes a re-
flex maternal bradycardia. Although this effect on fetal heart
rate has not been reported, one may postulate that this drug
could worsen the degree of fetal bradycardia and should be
avoided. There is no advantage in these cases to increasing
the fetal heart rate with atropine because the fetus has chron-
ically compensated for the persistent bradycardia. Atropine is
used only for specific maternal indications, such as maternal
bradycardia. Cases in which the heart block is accompanied
by hydrops fetalis have not benefited from an increase in fe-
tal heart rate up to 50% associated with maternal administra-
tion of beta agonists.22

Graves’ Disease

When maternal Graves’ disease is present, even when well
controlled after ablative therapy, there is a risk of fetal Graves’
disease and the possibility of thyroid storm induced by de-
livery of the neonate. Fetuses affected by Graves’ disease in
utero can usually be identified by a mild fetal tachycardia
(180–200 beats/min) and by IUGR. Parturients with active
maternal Graves’ disease may be treated with beta blockers
such as propranolol. Regional anesthesia is generally pre-
ferred for labor and delivery because the sympathetic block
attenuates adrenal release of catecholamines and minimizes
the hypertension and tachycardia that may be produced by the
stress of delivery.23,24 Vasopressors such as ephedrine, which
may increase both fetal and maternal heart rate, should be
carefully titrated; an alpha agonist such as phenylephrine may
be a better choice. The fetus may be born with a large goiter
in these cases, and the anesthesiologist should ensure that per-
sonnel responsible for delivery room care of the neonate are
prepared to manage neonatal respiratory obstruction.
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Intrauterine Growth Restriction

Intrauterine growth restriction is an abnormality of fetal
growth affecting approximately 3% of pregnancies. Causes
are diverse and include chronic uteroplacental insufficiency,
congenital infection, and genetic and anatomic abnormalities.
Uteroplacental insufficiency accounts for at least 50% of con-
firmed cases. Once uteroplacental insufficiency is diagnosed
as the probable cause, aggressive obstetric management is in-
dicated, because these cases benefit from optimization of the
intrauterine environment and timed delivery. Aggressive use
of ultrasound, including Doppler velocimetry, and antepartum
fetal heart rate testing are helpful. Delivery should be con-
sidered when fetal lung maturity is obtained.

No literature exists specifically addressing the anesthetic con-
siderations for the IUGR fetus. In these cases, as in all cases of
suspected uteroplacental insufficiency, maintenance of optimal
placental perfusion is paramount. Abrupt changes in maternal
blood pressure should be avoided. Adequate volume loading be-
fore the induction of anesthesia and prompt administration of
vasopressors to treat maternal hypotension are essential. The
presence of an IUGR fetus should alert the anesthesiologist to
search for associated maternal conditions such as chronic hy-
pertension, toxemia, cigarette smoking, or alcoholism.25

Fetal Hydrops

Nonimmune fetal hydrops, a condition of generalized edema
of fetal soft tissues in utero, with or without effusions in serous
cavities, and with no hematologic evidence of isoimmuniza-
tion, may be caused by numerous maternal, fetal, and pla-
cental disorders.26 Ultrasound identification of the condition
and extensive antenatal evaluation can correctly identify the
cause in about 85% of cases, and in some, specific therapy
can be directed to the problem. Overall survival is less than
25%. In those cases in which the fetus is potentially salvage-
able but the hydrops is still present, care must be taken at de-
livery to prevent generalized depression in the neonate.

As in the IUGR fetus, maintenance of optimal placental per-
fusion is extremely important. Maternal narcotic administration
should be avoided if possible, because the respiratory status of
the fetus with nonimmune hydrops may be extremely precarious,
and further depression could result. Regional anesthesia is pre-
ferred for labor and delivery because this will minimize the ad-
ministration of systemic agents that transfer across the placenta.
Aggressive resuscitation may be needed in the delivery room.

Fetal Conditions Incompatible 
with Extrauterine Life

Some fetal abnormalities are incompatible with extrauterine
life. Anesthetic implications for the patient with intrauterine
fetal death are discussed in Chapter 32. The following is a list
of lethal malformations for which no therapeutic interventions
currently exist.27

Extreme sensitivity to the emotional state of the parents is
essential, because some families will choose aggressive thera-

pies even if the prognosis for long-term survival is extremely
poor. In these situations, appropriate consultations with the
neonatologist are needed to ensure that the family is fully aware
of the condition of the fetus and able to decide appropriately
about the use of aggressive resuscitation after delivery. After
all the information regarding the fetal condition and the options
for management have been presented, a course of nonaggres-
sive management may be chosen. Obstetric ethicists support
nonaggressive management as a reasonable alternative.28

If a plan of nonaggressive management is selected, the anes-
thesiologist should make the parturient aware that her emo-
tional and physical comfort are of paramount importance. Re-
gional analgesic can be used for labor and delivery. Intravenous
supplementation with narcotics, diazepam, or midazolam can
be added as required to maintain the patient’s comfort. Because
some of these agents have an amnestic effect, it is important
to discuss with the parturient the amount of recall that she may
have of the event and to select agents on the basis of the pa-
tient’s wishes and emotional state. Similar guidelines apply
concerning anesthetic choices for patients undergoing destruc-
tive fetal procedures such as cephalocentesis in the case of se-
vere hydrocephalus. General anesthesia may be desired by the
patient in some of these cases, and the risks and benefits should
be discussed. Respect for the families’ choices and concerns is
essential when dealing with these sensitive issues.

Summary

Anesthetic management in these cases may be challenging as
expectant mothers might be on different medications in high
doses for fetal well-being.
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4
Intrauterine Fetal Manipulation
Linda A. Bulich and Russell W. Jennings

Successful fetal intervention was first described by Dr. Liley
in 1963 for the treatment of infants with erythroblastosis fe-
talis.1 In the early 1960s, the treatment for neonates with se-
vere hydrops fetalis secondary to maternal Rh sensitization
was so dismal that Liley attempted to transfuse the fetus while
in the uterus. He wrote that “for a variety of disorders, the
physician and the parents are no longer helplessly dependent
on what time, luck and intrauterine life present with birth . . .
some day, for a wider range of fetal illness, we may be able
to offer a brighter prospect than the present dismal alterna-
tive of neonatal death, abnormality or abortion.”2 However,
it was not until 1982 that Harrison and colleagues performed
the first open fetal operative procedure.3 Today, with major
advances in prenatal imaging and tocolytic therapy and re-
finements in surgical and anesthetic techniques, many once
life-threatening fetal anomalies are now correctable.

It must be remembered, however, that in all selected cases
for fetal intervention, there are two patients—the mother and
her fetus. In every case, certain risks and benefits must be thor-
oughly assessed. For the fetus, any prenatal therapy should ul-
timately be judged by its ability to improve upon the natural
history of the disease, and the benefit to the fetus should greatly
outweigh the risk. The mother, although usually healthy, must
understand and accept the inherent risks of anesthesia, surgery,
and the complications related to the control of preterm labor.
She will undergo certain physical risks for the psychologic ben-
efit of a potentially more healthy fetus. Furthermore, because
many open fetal procedures are performed with a low uterine
hysterotomy, a cesarean delivery is usually required in all fu-
ture pregnancies to avoid the possibility of uterine rupture. For-
tunately, retrospective data suggest that prior open fetal sur-
gery has a negligible impact on future maternal fertility.4

Surgical Management

The key to the successful management of many fetal anom-
alies is early and accurate diagnosis. With marked improve-
ments in prenatal sonographic imaging, Doppler sonography,

and ultrafast fetal magnetic resonance imaging, the fetus is
no longer a hidden mystery in the mother’s womb.

It is true that, with most fetal anomalies, the appropriate
medical and surgical treatment involves near-term or term de-
livery of the affected fetus at an experienced tertiary care cen-
ter. Other congenital malformations, if not terminated, may
be incompatible with extrauterine life and may benefit from
prenatal surgical intervention.

Fetal Obstructive Uropathy

Most fetal urinary tract obstructions do not require prenatal
intervention. It is usually the fetus with bilateral hydronephro-
sis caused by an urethral obstruction who may develop se-
verely impaired renal function (i.e., posterior urethral valves).
Decreases in fetal urine output lead to oligohydramnios with
potentially life-threatening pulmonary hypoplasia. Decom-
pression of bilateral hydronephrosis may improve lung de-
velopment and preserve renal function.5–7

The diagnosis of a significant urinary tract obstruction is usu-
ally made early in the second trimester on the basis of sono-
graphic measurements. Decreasing amniotic fluid volume on
serial ultrasound examinations in the setting of bilateral hy-
dronephrosis is usually a late indicator of deteriorating renal
function. Eligibility for fetal intervention is based on indices of
renal function as assessed by the sonographic appearance of
the renal parenchyma and by the analysis of the fetal urine.8

The presence of cortical cysts or increased echogenicity is
highly predictive of renal dysplasia, yet the absence of these
findings does not preclude renal damage.9 Poor renal function
can reliably be predicted with elevations in fetal urinary elec-
trolytes (sodium and chloride) and �2-microglobulin.10

If the lungs are mature in the setting of oligohydramnios,
and there is preserved renal function, early delivery should
be considered for postnatal decompression (Figure 4.1). If the
lungs are immature, fetal intervention to decompress the blad-
der can be considered. Percutaneous vesicoamniotic shunt-
ing,11,12 fetoscopic vesicostomy,13,14 and endoscopic ablation
of posterior urethral valves15,16 have had favorable outcomes.

33

ak
us

he
r-li

b.r
u



34 L.A. Bulich and R.W. Jennings

Despite advances in prenatal intervention for obstructive
uropathy, there is still a considerable risk to the fetus. Long-
term outcomes indicate that fetal intervention may not reverse
the renal dysplastic changes or be a predictor for possible uri-
nary diversion.17

Fetal Lung Masses

In many cases, a fetal lung mass that is diagnosed in utero
may either be a bronchopulmonary sequestration (BPS) or a
congenital cystic adenomatoid malformation (CCAM). Serial
ultrasound examinations of fetuses with lung masses has
helped define the natural history of these lesions, identify the
pathophysiology that will affect clinical outcome, and for-
mulate the management on the basis of prognosis.18 Experi-
ence suggests that the overall prognosis depends on the size
of the lung mass and the secondary pathophysiologic effects.
A large lung mass can cause a mediastinal shift with subse-
quent hypoplasia of normal lung tissue, polyhydramnios, and
vena caval and cardiac compression, leading to fetal hydrops
and death.

Hydrops fetalis is a condition characterized by an abnor-
mal accumulation of fluid and edema in the fetus.19 Placen-
tomegaly and polyhydramnios may be additional findings. 

Fetal hydrops or progressive placentomegaly are highly pre-
dictive of imminent in utero demise.20 Large fetal lung masses
with hydrops can also have life-threatening consequences for
the mother. A maternal hyperdynamic state referred to as the
“mirror syndrome” may develop.21 The mother develops
worsening symptoms of preeclampsia (i.e., hypertension, pro-
teinuria, and peripheral and pulmonary edema). Unfortu-
nately, the treatment of the underlying fetal condition does
not reverse the mother’s compromised state.19

Bronchopulmonary sequestration is a cystic mass of non-
functional lung tissue that lacks an obvious communication
with the tracheobronchial tree and receives all or most of its
blood supply from anomalous systemic vessels.22 Color flow
Doppler ultrasound demonstrating an echodense pulmonary
mass with a systemic blood supply usually confirms the di-
agnosis.23 Adzick and colleagues reported that 75% of cases
of prenatally diagnosed BPS resolve spontaneously.18,24 Fe-
tal hydrops can result either from compression by the mass
or from a tension hydrothorax caused by fluid or lymph se-
cretion from the BPS.25

Congenital cystic adenomatoid malformation of the lung is
a multicystic pulmonary mass with a proliferation of bronchial
structures.26,27 Unlike BPS, most CCAMs derive their arte-
rial blood supply and venous drainage from the normal pul-

FIGURE 4.1. Management of the fetus with bilateral hydronephrosis. AF, amniotic fluid; Osm, osmolality. (From Quinn TM, Adzick NS.
Fetal surgery. Obstet Gynecol Clin N Am 1997;24:152, with permission.)
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monary circulation.28 Prenatally diagnosed CCAMs have a
broad spectrum of clinical severity ranging from benign to
life threatening. Some very large CCAMs can decrease in size
and even disappear before birth.29 Others may remain stable,
increase without adverse consequences, or increase to the size
at which mediastinal shift, vena caval compression, and fetal
hydrops develop.

The treatment for each fetus with a lung mass must be indi-
vidualized (Figure 4.2). Because the outcome for fetuses with
developing hydrops is so dismal, fetal intervention may be war-
ranted. If the fetus develops hydrops before 32 weeks gesta-
tion, several options exist. Fetal surgical resection (lobectomy)
was performed in 13 cases at 21 to 29 weeks gestation with 8
survivors.30 Hydrops reversed over 1 to 2 weeks, and further
lung growth allowed for normal postnatal development. Tho-
racoamniotic shunting may be effective in cases of a single
large cyst.31,32 More recently, using a fetal sheep model, ra-
diofrequency thermal ablation was used to create a controlled
area of lung tissue ablation. In the future, this may offer a po-
tential treatment for hydropic fetuses with a large chest mass.33

For hydropic fetuses greater than 32 weeks gestation, early
delivery should be encouraged for extracorporeal membrane
oxygenation (ECMO) placement33,34 while on placental sup-
port, using the EXIT (ex utero intrapartum treatment) proce-
dure followed by delivery and resection or, if stable, for re-
section following delivery.

If the fetus is not hydropic, the growth of the lesion and
the fetus’s condition are monitored by serial ultrasounds.

Congenital Diaphragmatic Hernia

Congenital diaphragmatic hernia (CDH) is an anatomically
simple defect in which the abdominal viscera herniate into

the hemithorax. Herniated bowel, stomach, and liver com-
press the growing ipsilateral fetal lung and shift the medi-
astinum, compromising development of the contralateral lung.
As a result, these infants are born with variable degrees of
pulmonary hypoplasia and respiratory failure. Despite con-
tinuing advances in prenatal care, delivery at experienced ter-
tiary care centers, improved neonatal resuscitation, and the
ready use of ECMO, postnatal mortality from the resultant
pulmonary hypoplasia and pulmonary hypertension is still dis-
turbingly high.35

Prenatally diagnosed CDH is associated with a much higher
mortality than postnatally diagnosed CDH.36–41 In those fe-
tuses who are diagnosed in utero, the clinical severity of CDH
varies from those with a relatively “good” prognosis who will
usually do well with aggressive postnatal care to those with
a “grim” prognosis who may benefit from prenatal interven-
tion. The prognosis is primarily related to the position of the
liver; those fetuses with liver herniation into the hemithorax
have about a 50% survival, whereas those with the liver in
the normal anatomic position have a greater than 90% chance
of survival.42

A second prognostic indicator for fetal patients with CDH
is the lung-to-head ratio (LHR), which measures the cross-
sectional area of the contralateral lung and indexes it to head
circumference to adjust for gestational age.43 Fetuses with an
LHR greater than 1.4 and liver located below the diaphragm
have a good prognosis with experienced postnatal medical
and surgical treatment at a tertiary neonatal care center and
thus are not candidates for fetal intervention. Fetuses with an
LHR less than 1.4 and liver herniation into the chest have a
grimmer prognosis and may benefit from fetal intervention. 

A third prognostic indicator is simply the time of diagno-
sis. The outcome for patients with an early (less than 24 weeks

FIGURE 4.2. Management of the fetus
with a fetal lung mass. PUBS, percuta-
neous umbilical cord sampling; EXIT-
ECMO, ex utero intrapartum treatment-
extracorporeal membrane oxygenation.
(From Quinn TM, Adzick NS. Fetal sur-
gery. Obstet Gynecol Clin N Am 1997;
24:148, with permission.)
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gestation) diagnosis of an isolated CDH is generally worse
than the outcome of patients detected later by population-
based studies or by studies of patients who present in the post-
natal period.44

Fetal surgery for CDH is ideally performed at 24 to 26
weeks gestation, which allows the decompressed lungs suffi-
cient time to develop and avoids the increased uterine irri-
tability and hence preterm labor that occurs later in gestation.
Initial attempts to save severely affected fetuses were made
with open fetal surgery and repair of the diaphragmatic de-
fects.45,46 However, early experience proved that complete
surgical repair of the diaphragmatic defect in fetuses without
liver herniation into the chest did not improve the survival
rate over standard postnatal care.47

The problem of “liver up” CDH into the chest still remains
challenging. Open surgical attempts to reduce the incarcer-
ated liver kinked the umbilical vein, resulting in fetal
deaths.45,46 Animal studies with CDH have shown that im-
peding the normal egress of fetal lung fluid by controlled tra-
cheal occlusion enlarges the hypoplastic lungs and pushes the

abdominal viscera back into the abdomen.48–50 Temporary
tracheal occlusion, either by fetoscopy or by open dissection
in humans, accelerates fetal lung growth and ameliorates the
often fatal pulmonary hypoplasia that affects this high-risk
group of fetuses.51,52 These fetuses are then delivered by the
EXIT procedure to remove the tracheal clips and obtain a
patent airway. 

The fetal care program at Children’s Hospital Boston, has
also treated the “liver up” CDH with a low LHR using the
EXIT-ECMO procedure with favorable results. This procedure
allows a “smooth” transition from intrauterine to extrauterine
life with essentially no barotrauma or prolonged resuscitation.

In summary, at the Advanced Fetal Care Center at Children’s
Hospital Boston, when a CDH is diagnosed early in gestation
with poor prognostic indicators, the family has four choices:
(1) terminate the pregnancy, (2) carry to term and deliver in a
tertiary neonatal center for postnatal intensive care, (3) undergo
the EXIT-ECMO procedure at or near term; or (4) have in utero
tracheal occlusion at 24 to 26 weeks gestation followed by the
EXIT procedure at delivery (Figure 4.3).

FIGURE 4.3. Management of the fetus with congenital diaphragmatic hernia. HFV, high-frequency ventilation; EXIT, ex utero intrapartum
treatment; ECMO, extracorporeal membrane oxygenation; PUBS, percutaneous umbilical cord sampling. (From Quinn TM, Adzick NS.
Fetal surgery. Obstet Gynecol Clin N Am 1997;24:150, with permission.)
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Sacrococcygeal Teratoma

Sacrococcygeal teratoma (SCT), although a rare diagnosis, is
the most common neonatal tumor. Although malignant spread
is unusual, the outcome for prenatally diagnosed SCT is of-
ten not favorable. Because this is a highly vascular lesion, a
vascular steal syndrome may develop, in which the tumor
“steals” blood flow from the fetus and placenta. There may
also be spontaneous internal or external hemorrhage from the
SCT, resulting in fetal anemia.53 High-output cardiac failure
and hydrops rapidly progress to fetal death.20,54,55 The ane-
mic, hydropic fetus with SCT secondary to hemorrhage may
be treated by an in utero blood transfusion, whereas the only
hope for a hydropic fetus with vascular steal from the tumor
may be either early delivery or fetal intervention.

Most fetuses with a diagnosis of SCT can be managed by
a planned delivery followed by postnatal resection of the tu-
mor (Figure 4.4). Any indication of fetal hydrops should trig-
ger prompt delivery or fetal intervention. If placentomegaly
and hydrops develop after pulmonary maturity is established,
the fetus should be delivered by emergent cesarean section
and treated ex utero. If high-output cardiac failure and pla-
centomegaly develop in cases with immature lungs, in utero
tumor resection has been successful.56,57 Radiofrequency ab-
lation to interrupt blood flow to an SCT was recently at-
tempted in four fetuses, with survival in two fetuses.58 The
other two cases experienced hemorrhage into the tumor, lead-
ing to unfavorable outcomes.

Airway Obstruction

The causes of fetal airway obstruction may be either extrin-
sic to the airway or intrinsic to the larynx or trachea. Extrin-
sic causes of fetal airway obstruction are usually the mass ef-
fect of a large cervical teratoma or lymphangioma. Less
common causes include fetal goiter, hemangioma, epignathus,
neuroblastoma, choristoma, mucocele, laryngocele, or a

bronchial cleft cyst.59–63 Intrinsic causes of fetal airway ob-
struction usually fall under the category of congenital high
airway obstruction syndrome (CHAOS).64 The airway ob-
struction in CHAOS may be caused by tracheal or laryngeal
atresia or a laryngeal cyst.

Detection of a giant neck mass is usually discovered at a
prenatal ultrasound. Magnetic resonance imaging using fast
scanning techniques may help identify the diagnosis. Poly-
hydramnios may be present if the mass is large enough to
cause esophageal obstruction and inhibit fetal swallow-
ing.65,66 Complete obstruction of the larynx or trachea in
CHAOS results in elevated intratracheal pressures and dila-
tion of the tracheobronchial tree because of the accumulation
of fetal lung fluid. The results are large hyperechogenic lungs,
a flattened or inverted diaphragm, ascites, and hydrops.64

There has never been a fetus diagnosed with CHAOS and hy-
drops who has survived without intervention.67 Furthermore,
up to 30% of neonates with cervical and 21% with oropha-
ryngeal teratomas died of airway obstruction shortly follow-
ing birth.68 Because many of these lesions are incompatible
with extrauterine life, the EXIT procedure has proved to be
lifesaving.61,62,69–71 While the fetus is partially delivered and
is on placental support, the airway is secured by other means
such as direct laryngoscopy, bronchoscopy, tracheostomy,72

or the initiation of ECMO.

Twin–Twin Transfusion Syndrome

Twin–twin transfusion syndrome (TTTS) is a relatively com-
mon complication of monochorionic twin pregnancies.73 The
condition usually presents in the second trimester with an ob-
vious discordance in amniotic fluid volume. Blood is shunted
by placental vascular anastomosis from one twin (the “donor”)
to the cotwin (the “recipient”), resulting in a net imbalance
of blood flow. The “recipient” twin develops polyhydramnios
as a result of atrial natriuretic peptide (ANP)-mediated
polyuria74–76 while the “donor” twin develops oligohydramnios/

FIGURE 4.4. Algorithm for management of the fetus
with sacrococcygeal teratoma. (From Flake AW. The
fetus with sacrococcygeal teratoma. In: Harrison MR,
Evans MI, Adzick NS, Holzgreve W, eds. The Un-
born Patient. The Art and Science of Fetal Therapy.
Philadelphia: Saunders, 2001:321, with permission.)
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anhydramnios from hypovolemic oliguria.77,78 Furthermore,
the “recipient” may go on to develop hypertrophic car-
diomyopathy and hydrops, followed by death.79,80 Besides a
high morality of 17% in these twins overall,80,81 there is also
a risk of long-term neurologic sequelae.82 Treatment options
in cases with cardiac failure include serial amniocenteses of
the polyhydramniotic sac, 83 percutaneous umbilical cord oc-
clusion, and fetoscopic laser ablation of the abnormal vascu-
lar anastomosis.84–86

Myelomeningocele

Myelomeningocele (MMC) is the congenital failure of the
neural tube to close, which most commonly occurs in the mid-
dle or caudal groove of the spinal canal, resulting in a tho-
racic or lumbosacral defect. Most children with MMC also
have an associated Arnold–Chiari type II malformation (hind-
brain compression) that may contribute to the development
of ventriculomegaly and hydrocephalus.87–89 Although se-
verely disabling, MMC is not a lethal congenital defect. Pa-
tients with MMC, depending on the level of the defect, may
develop paraplegia, urinary and fetal incontinence, sexual
dysfunction, and skeletal deformities and thus require multi-
ple surgical and medical interventions in their lifetime.

A “two-hit” hypothesis has been described to explain the
etiology of neural tissue damage in cases of MMC.90 The first
“hit” may be the result of an embryologic defect in spinal
cord development. The second “hit” may result from pro-
longed exposure of the open spinal cord to in utero trauma or
to the composition of the amniotic fluid.91 This secondary
event may be prevented if early coverage or closure of the
cord defect could be provided. The hope of fetal intervention
is to correct the defect before significant neural damage oc-
curs or to reverse the damage that may have already occurred.

Animal studies have indeed shown that in utero repair of
surgically created MMC did prevent certain neurologic de-
fects.92–95 The data in humans is less convincing. The 
fetal surgical group from the Children’s Hospital of Penn-
sylvania reported on a single case of a T11–S1 myelo-
meningocele who had an open repair at 23 weeks gestation.
The child’s neurologic level at birth was better than pre-
dicted, and a postnatal MRI revealed no evidence of the
Chiari malformation and no hydrocephalus.96 Follow-up
studies in patients having in utero MMC repair have not
shown dramatic improvements in sensorimotor function, yet
unexpectantly have shown a substantial reduction in hind-
brain herniation97–99 and also a modestly reduced incidence
of shunt-dependent hydrocephalus.99–101

It is unknown at this time whether fetal surgery for
myelomeningocele is truly beneficial, considering maternal
and fetal morbidity, as compared to term delivery and stan-
dard postnatal care.102 A large, multicenter prospective ran-
domized clinical trial comparing open fetal repair at a certain
range of gestational ages (�27 weeks) with routine postnatal
care is now underway to answer this complex question.102

Future Therapy

The accomplishments achieved during the past two decades
in the surgical management of previously lethal congenital
defects are truly amazing. Other areas of ongoing research
such as valvuloplasty for fetuses with severe aortic valve ob-
struction,103 scarless wound healing in fetuses with cleft
lips/palates,104–107 and in utero stem cell therapy for hemo-
globinopathies, immunodeficiency diseases, and metabolic
disorders108,109 are just beginning to be discovered and un-
derstood for future fetal intervention.

Anesthetic Management

Many of the anesthetic considerations for fetal intervention are
similar to those for nonobstetric surgery during pregnancy. An
understanding of the many physiologic changes that occur dur-
ing pregnancy is necessary to ensure maternal safety. Because
the fetus is also a patient, fetal well-being must be considered,
and potential teratogenic agents should be avoided. Finally, be-
cause the fetus may remain in the womb following a surgical
intervention, preterm labor should be controlled to lessen the
morbidity and mortality associated with prematurity.

Unlike other nonobstetric surgery during pregnancy, the fe-
tus must also be anesthetized and appropriately monitored. In
addition, because of inadvertent uterine manipulation, there
is an increased likelihood of inducing intraoperative or post-
operative preterm labor, and the uterus must be adequately
relaxed for surgical exposure.

The Mother

Pregnancy is associated with major physiologic changes that
involve essentially every organ system, most of which are in-
duced by placental hormones or by the mechanical effects of
the gravid uterus. With these physiologic changes in mind, it
is important to remember that fetal well-being is directly de-
pendent on maternal well-being. Any compromise in mater-
nal oxygenation or hemodynamics can have disastrous con-
sequences on the developing fetus.

Fetal oxygenation depends on maternal arterial oxygen con-
tent, the maternal hemoglobin concentration, the fetal hemo-
globin concentration, and uteroplacental perfusion. Although
the anesthetic technique in itself has no effect on the mater-
nal or fetal hemoglobin concentration, the delivered anesthetic
should optimize maternal arterial oxygen content and main-
tain adequate uteroplacental blood flow.

The causes of maternal hypoxia during general anesthesia
are similar to those of any ventilated patient. However, be-
cause acute maternal hyperventilation can result in fetal hy-
poxemia and acidosis,110 a normal PaCO2 for pregnancy
(30–33 Torr) should be maintained. Maternal alkalosis re-
duces uterine and umbilical blood flow by direct vasocon-
striction111 and also increases the affinity of maternal hemo-
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4. Intrauterine Fetal Manipulation 39

globin for oxygen, which results in less transfer of oxygen
across the placenta.112 Although the uterine vasculature is
maximally dilated under normal conditions, the vessels are
capable of significant vasoconstriction that can impair fetal
oxygenation.

Uterine blood flow may be decreased by several factors re-
lating to anesthetic management, which include those listed
in Box 4.1.113

Normal fetal growth and development can be compromised
by the inadvertent use of teratogenic agents. All human stud-
ies to date indicate that surgery and anesthesia during preg-
nancy are not associated with an increased incidence of con-
genital anomalies yet may cause a greater chance of miscarriage
and preterm delivery.114–118

The most significant challenge to the success of invasive fe-
tal therapy today is preterm labor. Any uterine stimulation or
manipulation will initiate uterine contractions. Besides directly
reducing uteroplacental blood flow, strong uterine contractions
may cause placental separation, which obviously compromises
fetal well-being.

Various drugs are available to achieve tocolysis. Preoper-
atively, an indomethacin suppository is administered to the
mother for procedures involving most fetal surgical interven-
tions. While the mother is anesthetized under general anes-
thesia, high concentrations of an inhaled agent are delivered
intraoperatively to optimize uterine relaxation as well as to
inhibit uterine contractions. The profound uterine relaxation
provided by these agents can contribute to significant uterine
bleeding with surgical incision.119–121 Following the fetal in-
tervention, intravenous magnesium sulfate is administered as
the inhalation agent is tapered with uterine closure. Occa-
sionally, bolus doses of intravenous nitroglycerin may be
needed to further inhibit uterine contractions intraoperatively
or upon emergence of the mother from anesthesia.

Pulmonary edema has been reported in obstetric patients
who received nitroglycerin for tocolysis after open fetal sur-
gery.122,123 Magnesium sulfate and low-dose beta-adrenergic
agonists can also cause pulmonary edema in pregnant pa-
tients.124–126 Because of these concerns, intraoperative intra-

venous fluids to the mother should be limited. Postopera-
tively, an intravenous magnesium infusion is continued for
several days. Afterwards, subcutaneous or oral terbutaline or
calcium channel blockers are given to the mother for the re-
mainder of the pregnancy.

For surgeries involving a major fetal intervention, general
anesthesia is most commonly preferred. Following a rapid se-
quence induction, anesthesia is maintained with oxygen, an
inhaled agent, and a neuromuscular blocker. Before uterine
incision and the inhaled agent is increased to at least 2 (MAC)
minimal alveolar concentrations titrated to satisfactory uter-
ine relaxation. Ephedrine or phenylephrine is given as needed
to maintain a maternal systolic blood pressure of greater than
100 mm Hg.127 Again, intravenous fluids are restricted to min-
imize the risk of postoperative pulmonary edema.

For most invasive fetal procedures other than the EXIT pro-
cedure, intravenous magnesium sulfate is bolused with clo-
sure of the hysterotomy and the inhaled agent is reduced. If
the mother remains hemodynamically stable, narcotics may
be given, or an epidural, if placed preoperatively, may be
dosed. Upon skin closure, the inhalation agent is discontin-
ued, the neuromuscular blockade is reversed, and the mother
is extubated when fully awake and responsive.

For less invasive fetal procedures that do not involve a hys-
terotomy, the choice of a regional anesthetic accompanied by
intravenous sedation for the mother may be acceptable. How-
ever, it must be remembered that although the placental trans-
fer of drugs administered to the mother may sedate the fetus,
an anesthetized or immobile fetus is not guaranteed. Exces-
sive fetal movement, besides making the procedure techni-
cally more difficult, can also result in displacement of a nee-
dle or catheter, leading to significant trauma to the fetus or
to the placenta. If a regional anesthetic is chosen, it may be
wise to deliver an intramuscular or intravascular injection of
pancuronium128 and fentanyl to the moving fetus.

For the EXIT procedure, the fetus is partially delivered
and the necessary operation is performed on placental sup-
port. As in other open fetal procedures, anesthesia for the fe-
tus and satisfactory uterine relaxation are extremely impor-
tant for the pediatric surgeon to perform the often lifesaving
procedure. After delivery of the infant, uterine tone must re-
turn quickly to avoid the risk of significant maternal hemor-
rhage and uterine atony. With clamping of the umbilical cord,
oxytocin is administered intravenously and the inhaled agent
is decreased. For postoperative pain relief, narcotics are given
or the epidural is dosed. If uterine atony persists, intra-
venous/intrauterine methergine or intrauterine prostaglandin
F2� must be administered immediately, or rapid blood loss
will follow.

The Fetus

The combination of underdeveloped organ function and the
usually life-threatening congenital malformation places the
fetus at a considerable anesthetic risk. Unlike that of adults

Box 4.1. Anesthetic management and uterine blood flow

1. Maternal hypotension caused by vasodilation from high
concentrations of inhalation agents, sympathectomy from
regional blockade, aortocaval compression, or hypo-
volemia

2. Vasoconstriction from maternal hypoxia, hypocarbia, hy-
pertension, toxemia, or increased catecholamines

3. Elevated venous pressure from caval compression or
uterine contractions

4. Excessive positive pressure ventilation that impedes ma-
ternal venous return and cardiac output

Source: Adapted with permission from Rosen MA. Anesthesia and moni-
toring for fetal intervention. In: Harrison MR, Globus MS, Filly RA (eds)
The Unborn Patient: Prenatal Diagnosis and Treatment, 2nd edn. Philadel-
phia: Saunders, 1991:174.
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and older children, fetal cardiac output is more dependent on
heart rate than on stroke volume.129 Because fetal myocardial
contractility is probably maximally stimulated, the fetus has
a limited ability to increase stroke volume. Furthermore, in
the fetal lamb, increases in preload had little effect on cardiac
output130 as volume loading increased cardiac output by only
15% to 20%.131 Anesthetic-induced decreases in contractility
combined with surgical fetal manipulation can result in fetal
hypotension, bradycardia, and eventual cardiac collapse.

It is generally accepted that neonates manifest a greater de-
gree of hypotension in response to isoflurane and halothane
at equipotent anesthetic concentrations as compared with
older children.132,133 Rao and others found the isolated neona-
tal rat atria to be more sensitive to the myocardial depressant
effects of halothane, enflurane, and isoflurane than the adult
rat atria.134 The authors concluded that the greater degree of
hypotension seen in younger animals was caused by a more
pronounced direct depression on myocardial contractility in
the younger as compared with the older rat.

All inhaled anesthetics rapidly cross the placenta.135 How-
ever, the uptake of inhaled anesthetics occurs more slowly in
the fetus than in the mother. When pregnant ewes were anes-
thetized with 1.5% halothane in oxygen, halothane appeared
in the fetal blood by 2 minutes, but equilibrium with the ma-
ternal blood was not reached until 24 minutes later.136 Fetal
blood pressure decreased by 27%, yet there were no changes

in fetal heart rate or acid–base status.136 Isoflurane was also
present in the fetal circulation within 2 minutes.137 However,
even after 96 minutes of anesthesia, fetal levels were signif-
icantly less than maternal levels.137 Although there were no
significant changes in fetal blood pressure or heart rate, the
pH, base excess, and cardiac output were decreased.137

During light or moderately deep (1.0–1.5 MAC) isoflurane
or halothane anesthesia, maternal arterial pressure was low-
ered and uterine vasodilation occurred, however, utero-
placental perfusion was maintained. Fetal oxygenation and
acid–base status were also maintained.138 However, at higher
concentrations of the inhaled anesthetic (2.0 MAC), maternal
hypotension resulted in decreased uteroplacental perfusion
despite uterine vasodilation, leading to fetal hypoxia and 
acidosis.138

The effects of halothane anesthesia on fetal physiology dur-
ing fetal surgery have also been studied. Pregnant ewes re-
ceived either halothane or intravenous ketamine anesthesia,
and the fetuses were then instrumented for cardiovascular
evaluation. In the stressed fetus undergoing fetal surgery,
halothane anesthesia significantly reduced fetal cardiac out-
put and placental blood flow, while fetal vascular resistance
increased.139 Placental vascular resistance increased out of
proportion to systemic vascular resistance, which led to a
shunting of blood away from the placenta, resulting in a detri-
mental effect on fetal respiratory gas exchange.139

FIGURE 4.5. Fetal surgery emergency sheet. (From Graf JL, Paek BW, Albanese CT, et al. Successful resuscitation during fetal surgery. 
J Pediatr Surg 2000;35:1389, with pemission.)
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Preterm neonates feel pain. Cutaneous sensory receptors
are present in the human fetus by the 20th week of gesta-
tion.140 By the 30th week of gestation, the brainstem and thal-
amus are completely myelinated,140 and EEG patterns show
a distinction between wakefulness and sleep.141 Obviously,
the second trimester fetus needs anesthesia to eliminate pain
and to induce unconsciousness. However MAC, at least in fe-
tal lambs, is significantly less than that of neonatal lambs or
the mother.142 This lower MAC may be secondary to incom-
plete myelination of nerve fibers and immature neurotrans-
mission pathways in the developing fetus. MAC may also be
decreased by high levels of progesterone in the fetus, as pro-
gesterone has anesthetic properties when administered in
pharmacologic doses.143

Anand and others have demonstrated that preterm neonates
undergoing surgery had substantial hormonal responses in-
dicative of stress when given minimal anesthesia.144 These
responses resulted in a catabolic response characterized by
glycogenolysis, gluconeogenesis, and lipolysis in the postop-
erative period, which caused circulatory and metabolic com-
plications in the neonate.145 The prevention of this exagger-
ated stress response with fentanyl anesthesia improved
postoperative outcome following surgery.145

The fetus has little subcutaneous tissue or fat and is therefore
prone to significant hypothermia. To avoid this problem during
open fetal procedures, the fetus must be minimally exposed, the
operating room should be kept as warm as possible, and the uterus
should be continually irrigated with warmed saline solution. 

Fetal distress can most effectively be avoided by having
reliable and continuous fetal monitoring. Pulse oximetry is
probably the most useful monitor currently available to eval-
uate fetal well-being as it measures both fetal heart rate and
oxygenation.146 It provides a rapid response time (less than 5
seconds) and has a high sensitivity and a high negative pre-
dictive value.146 If the fetal saturation is less than 50%, ma-
ternal hemodynamics should be optimized, uterine tone as-
sessed, and the umbilical cord checked for kinks, spasm, or
obstruction. Fetal saturations of less than 30% suggest profound
hypoxia with impending cardiovascular collapse.

Fetal echocardiogram (ECG), using either surface or per-
cutaneously placed electrodes, has often proven to be unreli-
able and difficult to interpret. Implantable subcutaneous ra-
diotelemeters that continuously monitor the fetal ECG as well
as the amniotic pressure may prove useful in the future.147

Whenever technically feasible, fetal echocardiography should
be readily available to access fetal myocardial contractility,
heart rate, and volume status.

Access to the fetal circulation may be needed during fetal
surgery for blood sampling, drug administration, or transfu-
sion. Puncture of the umbilical vessels can lead to cord spasm,
hematoma, embolism, and fetal death and is therefore usually
avoided. Central line placement prolongs open fetal exposure
and is, in itself, another surgical intervention. Dorsal or saphe-
nous vein cannulation may be the preferred and most reliable
technique at the present time for vascular access in the fetus.

A resuscitation protocol has recently been developed for
fetal surgery patients.148 Cases of intraoperative fetal cardiac
arrest usually arise from three scenarios (Figure 4.5).148

1. The compromised fetus is not able to sustain the stress of
the surgical procedure.

2. There is significant intraoperative blood loss.
3. Metabolic or electrolyte abnormalities are present.

Calculated resuscitation drug dosages and packed red blood cell
volumes treated with tromethamine (THAM) must be readily
available for all procedures involving a major fetal intervention. 

Summary

Little is known about fetal anesthesia, and much is still to be
learned. However, it is known that although inhaled anes-
thetics rapidly cross the placenta, fetal levels remain below
maternal levels for a prolonged period of time.136,137 Fentanyl
(10–20 �g/kg) and a muscle relaxant such as vecuronium (0.1
mg/kg)149 or pancuronium (0.1 mg/kg)128 can be given to pro-
vide additional anesthesia to the fetus. 

Fetal surgery is a young and exciting field of medicine that
involves many subspecialties. Although many hurdles are be-
ing conquered in terms of maternal and fetal obstetric, surgi-
cal, and anesthetic management, diagnostics, and monitoring,
many hurdles still remain to allow these once-doomed fetuses
another chance.
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5
The Pregnant Teenager
Linda S. Polley and Cosmas J.M. van de Ven

Approximately 500,000 births result from the 1,000,000 ado-
lescent pregnancies that occur each year in the United States.
Although the overall birthrates for adolescents are declining,
teenage pregnancy remains widespread, with 12.2% of all
births in the United States to mothers less than 20 years old.1

Historically, most societies have condoned marriages and
childbirth during the later teenage years. The salient issue is
that most of today’s pregnant adolescents become pregnant
without a stable relationship and face a multitude of social
complications and potential medical complications. Adoles-
cent mothers are significantly less likely to receive a high
school diploma and are more likely to receive public assis-
tance with long periods of welfare dependency. The children
born to adolescents are at higher risk for health problems and
cognitive impairment as well as abuse and neglect. Studies
estimate that the elimination of adolescent pregnancy in the
United States would result in a net gain to society of $4 bil-
lion annually, after consideration of medical expenses, pub-
lic assistance, and social service costs.2

Epidemiology

The problem of adolescent pregnancy gained widespread me-
dia attention during the late 1980s and early 1990s and was
commonly referred to as an epidemic. In 1986, the birthrate
was 50.2 live births per 1000 women aged 15 to 19, which
increased to a recent high point of 62.1 in 1991. Reports for
1999 reveal a teenage birthrate of 49.6 per 1000 births for
women aged 15 to 19 years, which represents a 3% decline
compared with the 1998 rate and a 20% decline from 1991.
The 1999 rate is an all-time low, but it is important to real-
ize that this improvement is not the same for all subgroups
of the adolescent population.1

Rates vary with age, race and Hispanic origin, marital sta-
tus, socioeconomic status, and geographic location. The age-
specific birthrate for the youngest teenage group, those 10 to
14 years, was 1.0 per 1000 women, which has changed very
little from 1998 when it was 0.9 per 1000 women. More im-

provement was seen in older teens: the 1999 rate for teenagers
15 to 17 years has declined 6% compared to 1998, and the
rate for teenagers 18 to 19 years declined 2% during the same
period. Between 1991 and 1999, there was a 26% decrease in
the birthrate for teenagers 15 to 17 years and a 15% decrease
for teenagers 18 to 19 years (Figure 5.1).1

Examination of adolescent birthrates by race and Hispanic
origin revealed that all groups showed decreases in 1999. The
largest decrease was seen in American Indian teenagers (6%,
with a rate of 67.7 per 1000 in 1999). There was a 5% de-
crease in African-American teenagers (1999 rate, 81.1 per
1000) and a 3% decrease for non-Hispanic white teenagers
(34.1 per 1000). The birthrate for Hispanic teenagers is sub-
stantially higher than that of other racial and ethnic groups
and declined by less than 1% compared to 1998 (93.1 per
1000). Between the years of 1991 and 1998, birthrates
dropped most sharply for African-American women (30%)
and least for Hispanic women (13%) (Table 5.1).1

Seventy-eight percent of all teenage births occurred to un-
married teenagers, which is unchanged from 1998. The per-
centage of births to unmarried teenagers is also age specific
and varies from 73.9% of 18- to 19-year-olds to 96.4% of
women under 15 years of age. Birthrates for unmarried
teenagers are not yet available for 1999. Births to adolescents
also vary a great deal by geographic location, from a high of
19.7% of total births in Mississippi to 6.9% of all births in
Massachusetts.1 Last, socioeconomic status is also a deter-
minant of teenage birthrates. In 1988 the Rand Study reported
a teenage parenthood rate of 1 in 1000 for Caucasian teenagers
with high socioeconomic status and intact family structure as
opposed to 1 in 4 for African-American teenagers with low
socioeconomic status and single-parent households.3

Compared to other developed countries, the adolescent
birthrate in the United States is four times higher than in Ger-
many, six times higher than in France, and eight times higher
than in the Netherlands.4 Abortion rates are also higher in the
United States. Researchers cite poor contraceptive use as the
primary reason for the higher adolescent pregnancy rates in
the United States because sexual activity rates are similar.5

45

ak
us

he
r-li

b.r
u



46 L.S. Polley and C.J.M. van de Ven

Reasons for Adolescent Pregnancy

The explanation for pregnancy during the teenage years ap-
pears obvious: early sexual activity and low rates of contra-
ceptive use. Between ages 15 and 19, at least 50% of both fe-
males and males report having had sexual intercourse.6,7 One
study found that adolescents at highest risk for early sexual in-
tercourse are those who live in rural areas, have parents who
receive public assistance, are African-American, or are from
the southern part of the United States.8 In addition, when there
is a large age difference between the female adolescent and her
partner, she is more likely to have early first intercourse with
a lower likelihood of contraceptive use, higher likelihood of
adolescent birth, higher likelihood of unforced but unwanted
sexual intercourse, and a higher number of sexual partners dur-
ing the teenage years.9 Teenagers younger than age 15 at first
intercourse are more likely to report that it was nonvoluntary.6

Many adolescents do not use contraception consistently. How-
ever, an increase in the use of contraceptives was identified in
a 1997 survey, mostly due to greater use of condoms. Reported
use of condoms in sexually active adolescents has increased from
46.2% in 1991 to 56.8% in 1997.10 Both early sexual activity

and poor contraception have been linked to lack of a supportive
family and social environment, poor educational experience,
high-risk lifestyle behaviors, peer pressure, and depression.11 A
final consideration is the earlier onset of menarche, which ex-
poses girls to pregnancy at increasingly younger ages.

Prenatal Care

At least in part because of denial of pregnancy, adolescents
do not seek prenatal care as early in their pregnancies as older
women do. In 1996, only 67% of adolescents received any
prenatal care during the first trimester compared with 77% of
women 20 to 24 years old and 89% of women 30 to 34 years
old. Less than 26% of teenagers began prenatal care during
their second trimester, and 7% received late or no prenatal
care during their pregnancy.12 Late presentation minimizes
opportunities for interventions including nutritional counsel-
ing, detection and treatment of sexually transmitted diseases,
ultrasound diagnosis of fetal anomalies, and preparation for
childbirth and addition to the family.

Low Birth Weight

The proportion of low birth weight (LBW) births, that is,
neonates who weigh less than 2500 g at birth, was 7.6% for
1999.1 The LBW rate is higher among adolescents. In 1996,
12.8% of neonates born to mothers less than 15 years old had
LBW compared to 9.3% of neonates born to mothers 15 to
19 years old.12 LBW babies may be preterm and/or small for
gestational age, a distinction that may be difficult to make in
the absence of early and adequate prenatal care. It has been
difficult to determine if age is an independent risk factor for
LBW because many risk factors associated with adolescent
pregnancy are also associated with LBW, including tobacco
use, substance abuse, poor nutrition, and low prepregnancy
maternal body weight. Adolescents are more likely to smoke
during pregnancy than are older women. The rate of smok-
ing during pregnancy increased from 16.7% to 17.2% from
1994 to 1996. During the same time period, the rate of smok-
ing during pregnancy fell in all other maternal age groups.13

Studies of the incidence of substance abuse during pregnancy
are difficult to interpret because of the problems with testing,
self-reporting, and polysubstance abuse. Alcohol consump-
tion is a serious health problem among adolescents. In the
United States, the average age of initial alcohol use outside
the family is 12.7 years for girls.14 One study found that 40%
of teenagers aged 14 to 19 drank during pregnancy.15 Other
commonly used substances that may adversely effect birth
weight include marijuana, cocaine, and amphetamines.

Sexually Transmitted Diseases

Adolescent sexual activity commonly leads to sexually trans-
mitted disease (STD) as well as pregnancy. Of the 15 million
new cases of STD each year, 25% or 4 million cases are di-

FIGURE 5.1. Birth rates for teenagers by age in the United States,
1970 to 1999. (From Curtin SC, Martin JA. Births: preliminary data
for 1999. Natl Vital Stat Rep 2000:48:1–20.)
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agnosed in teenagers. Both LBW and premature delivery have
been associated with STD. Chlamydia is the most common,
with more than 500,000 cases reported in 1997. Female ado-
lescents aged 15 to 19 years had the highest infection rates
and accounted for 43.6% of all case reports. The Centers for
Disease Control and Prevention has estimated that of the sex-
ually active female adolescents tested for chlamydia, 1 in 10
are infected. Rates of gonorrhea infection have steadily de-
clined since 1975, but females aged 15 to 19 years have the
highest age-specific rates.16,17 Of greater concern are the 586
new cases of human immunodeficiency virus (HIV) infection
reported among adolescents 13 to 19 years old in 1997.
African-American teenagers are at highest risk and account
for 65% of these cases. In the 20- to 24-year-old age group,
1,855 new cases of acquired immunodeficiency syndrome
(AIDS) were reported in 1997.18 Because AIDS has a latency
period of up to 10 years, most of these young people were in-
fected with HIV as adolescents or even preadolescents.

Preeclampsia

The rate of preeclampsia appears to be higher in adolescent
pregnancy when controlled for race and parity. The incidence
of preeclampsia in parturients less than 15 years old has been
reported to be as high as 35%.19,20 Risk factors for preeclamp-
sia, including primigravidity, primipaternity (first pregnancy
with male partner), and African-American race, are more
common in pregnant adolescents.

Obstetric Management

When the pregnant teenager is admitted to the labor and de-
livery unit, a relatively poor preparation for childbirth should
be anticipated. Adolescents frequently have a poor under-
standing of the birth process and a poor psychosocial support
structure. A multidisciplinary team of obstetricians, anes-
thesiologists, nurses, and social workers provides optimal
management.

Is the outcome of labor and delivery different for the
teenager than for the older mother? There has been contro-
versy regarding poor outcomes that have been observed in
teenage deliveries. The central question is whether the ob-
served outcomes are the result of young maternal age alone
or the consequence of sociodemographic factors generally as-
sociated with adolescent pregnancy. Is young age alone an in-
dependent risk factor? It is important to make a distinction
between younger and older teenagers. In multiple studies,
adolescent parturients over 15 years of age have improved ob-
stetric outcomes when compared to women in their twenties
including decreased cesarean section rates, decreased oxy-
tocin requirements, decreased duration of the active phase of
labor, and decreased rates of prematurity.21,22

It is not surprising that these older adolescents would not
suffer reproductive disadvantages during pregnancy solely
based on age because, in general, they are at the peak of life-
time health. However, the situation differs for the younger
adolescent (less than 15 years of age) who is generally no

TABLE 5.1. Birth rates for women aged 15–19 years, by age, race, and Hispanic origin: United States, final 1990–1998 and preliminary
1999, and percent change in rates, 1991–1999.

Age, race, and Hispanic Percent change,
origin of mother 1999 1998 1997 1996 1995 1994 1993 1992 1991 1990 1991–1999

15–19 years
All racesa 49.6 51.1 52.3 54.4 56.8 58.9 59.6 60.7 62.1 59.9 �20.1
White, totalb 44.5 45.4 46.3 48.1 50.1 51.1 51.1 51.8 52.8 50.8 �15.7

White, non-Hispanic 34.1 35.2 36.0 37.6 39.3 40.4 40.7 41.7 43.4 42.5 �21.4
Black, totala 81.1 85.4 88.2 91.4 96.1 104.5 108.6 112.4 115.5 112.8 �29.8
Hispanicc 93.1 93.6 97.4 101.8 106.7 107.7 106.8 107.1 106.7 100.3 �12.7

15–17 years
All racesa 28.7 30.4 32.1 33.8 36.0 37.6 37.8 37.8 38.7 37.5 �25.8
White, totalb 24.8 25.9 27.1 28.4 30.0 30.7 30.3 30.1 30.7 29.5 �19.2

White, non-Hispanic 17.1 18.4 19.4 20.6 22.0 22.8 22.7 22.7 23.6 23.2 �27.5
Black, totalb 52.1 56.8 60.8 64.7 69.7 76.3 79.8 81.3 84.1 82.3 �38.0
Hispanicc 61.2 62.3 66.3 69.0 72.9 74.0 71.7 71.4 70.6 65.9 �13.3

18–19 years
All racesa 80.2 82.0 83.6 86.0 89.1 91.5 92.1 94.5 94.4 88.6 �15.0
White, totalb 73.4 74.6 75.9 78.4 81.2 82.1 82.1 83.8 83.5 78.0 �12.1

White, non-Hispanic 59.0 60.6 61.9 63.7 66.1 67.4 67.7 69.8 70.5 66.6 �16.3
Black, totalb 122.9 126.9 130.1 132.5 137.1 148.3 151.9 157.9 158.6 152.9 �22.5
Hispanicc 139.0 140.1 144.3 151.1 157.9 158.0 159.1 159.7 158.5 147.7 �11.6

Data are rates per 1000 women in specified group.
aIncludes races other than white and black.
bRace and Hispanic origin are reported separately on the birth certificate. Data for persons of Hispanic origin are included in the data for each race group
according to the mother’s reported race.
cIncludes all persons of Hispanic origin of any race.
Source: From Curtain SC, Martin JA. Births: preliminary data for 1999. Natl Vital Stat Rep 2000;48:1–20.
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more than 2 years post menarche and likely has not completed
her own growth at the time of pregnancy. Adverse outcomes
that have been reported in this age group include prematurity,
LBW, and small-for-gestational-age neonates.21–23 It has been
hypothesized that the metabolic demands of the young mother
still in her growth phase take precedence over the nutritional
needs of the fetus. Maternal growth may interfere with the
normal physiology of pregnancy, possibly by decreased uter-
ine blood flow and nutrient transfer. The presence of mater-
nal growth during pregnancy has been associated with re-
duced levels of micronutrients in umbilical cord blood
samples.24

In summary, it appears that adolescents generally have nor-
mal labor and deliveries but their babies may be premature,
small for gestational age, or have low birth weights. The
neonatal consequences may be the result of ongoing mater-
nal growth with competition for nutrients.

Anesthetic Considerations

The Minor Patient and Informed Consent

Many obstetric centers obtain separate, written consent be-
fore administration of analgesia for labor and planned vagi-
nal delivery. The traditional legal view is that a minor can-
not give legal consent for medical or surgical treatment and
that consent must be obtained from a parent or guardian.25

However, most states consider the parturient who has not
reached the age of majority, an “emancipated minor” for pur-
poses of giving consent; emancipation confers the full legal
capacity of an adult for medical decisions. Laws vary from
state to state and may consider issues such as the patient’s
marital status, whether she resides separately from her par-
ents, and whether she manages her own legal and financial
affairs.26

Psychosocial Support for the 
Pregnant Teenager

Psychosocial support is crucial for all parturients, but this is-
sue is particularly important for the teenager who must pre-
pare for impending motherhood while also meeting the de-
velopmental challenges of adolescence. The importance of
emotional support to a positive childbirth experience cannot
be overstated, and this support is typically provided by the
father of the baby, family members, or friends. At least one
study of women of all ages has found that husband partici-
pation during labor was associated with decreased maternal
anxiety and medication requirements.27 The very young fa-
ther may be less well equipped for this task or may not have
ongoing involvement with the pregnancy. Of interest, a re-
cent study of 46,500 births to school-age mothers in Califor-
nia revealed that two-thirds of the fathers are adult men who
averaged 4.2 years older than high school age mothers and

6.7 years older than junior high school age mothers.28 Other
studies have demonstrated beneficial effects of emotional sup-
port. Decreases in the length of labor, analgesic requirements,
oxytocin use, and the incidence of operative delivery have
been shown.29–32 Regardless of the degree of family support,
the pregnant adolescent requires extra time and attention from
the labor and delivery staff with consideration of her level of
maturity and anxiety at the time of parturition. Labor may be
a very frightening experience for the young parturient. Anes-
thetic interventions must be considered an adjunct to ongo-
ing encouragement, support, and reassurance.

Sexual Abuse

A recent questionnaire-based study highlighted the impor-
tance of a history of sexual abuse in adolescent pregnancy.
In a cohort of 200 sexually active women aged 13 to 18 years,
20% reported a prior history of sexual abuse.33 Sexually
abused teenagers may present late in pregnancy and be
markedly fearful of vaginal examination. Social work refer-
ral for psychologic support during pregnancy and the transi-
tion to motherhood can be helpful. During labor, the sensory
blockade provided by epidural analgesia can make it possi-
ble for the abused adolescent to tolerate vaginal examina-
tions and is the optimal method of pain management. The
adolescent parturient should be asked in a private setting
whom she wishes to be present during her labor. She may
choose someone other than a family member as a labor sup-
port person if the pregnancy is the result of sexual abuse or
incest.

Anesthetic Management

Many adolescent parturients are fearful of epidural catheter
placement and may initially decline this form of analgesia.
Parenteral opioids may be used during early labor to provide
analgesia and mild sedation. As labor progresses, many pa-
tients reconsider their analgesic options and may request
epidural analgesia. Epidural and spinal analgesia are clearly
the most effective methods of pain relief in current practice
for both the first and second stages of labor.34–37 To obtain
the cooperation of the young mother, careful explanation of
the procedure to both the patient and support person is nec-
essary. At the University of Michigan Health System, the sup-
port person is allowed to remain in the room during epidural
placement to assist with positioning and coaching. Young fa-
thers may be relatively more “needle phobic” and are in-
structed to notify the anesthesiologist of any lightheadedness
or other presyncopal symptoms. With patience and encour-
agement, most young parturients do very well with the pro-
cedure. It is important that the young mother has realistic ex-
pectations regarding the target level of analgesia. The
anesthetic goal is not to provide total sensory loss, and the
parturient must expect to feel pressure sensations that will in-
crease with the progress of labor.
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The principles of obstetric anesthesia for cesarean section
are the same for the teenage parturient as for older women.
The anesthesiologist must provide safe and effective anes-
thesia for the mother without compromising the fetus.

Preanesthetic Medication

Most women do not require sedative or anxiolytic medications
before cesarean delivery. Sedatives, which undergo placental
transfer, are typically avoided until the infant is delivered and
the umbilical cord clamped. However, pregnant adolescents
may occasionally require premedication. In instances of panic
disorder or prior sexual abuse, judicious doses of an anxiolytic
in combination with verbal reassurance may allow the anxious
teenager to tolerate the positioning and draping required for
the procedure. Small doses of a benzodiazepine (e.g., mida-
zolam 1–2 mg) and/or an opioid (e.g., fentanyl 25–50 �g)
given intravenously are unlikely to result in neonatal depres-
sion.38,39 At the University of Michigan, a pediatrician attends
cesarean deliveries in which the mother received intravenous
sedatives or narcotics before clamping of the umbilical cord.
A disadvantage of benzodiazepine administration is the po-
tential for anterograde amnesia.40 Because most women want
to remember the childbirth experience, opioids may be a bet-
ter first choice for preoperative sedation.

The anesthesiologist plays a pivotal role in helping allay
the fears of the adolescent mother. This role is especially im-
portant in the scenario of urgent or emergent cesarean section
when other members of the health care team are focused on
preparation of equipment and personnel for the surgical pro-
cedure. Calm explanations and reassurance by the anesthesi-
ologist can be very helpful to a frightened teenager. The pres-
ence of a family member or support person in the operating
room can also provide emotional comfort.

Choice of Anesthetic Technique

Anesthetic-related deaths during obstetric delivery have de-
clined significantly in recent years. In the first analysis of U.S.
data, the anesthesia-related maternal mortality rate decreased
from 4.3 per million live births in the period 1979 to 1981 to
1.7 per million during 1988 to 1990. Anesthesia-related deaths
primarily occur during cesarean section. The mortality de-
crease appears to be due to a decrease in complications of re-
gional anesthesia. The number of deaths involving general
anesthesia has remained stable.41 In general, most obstetric
anesthesiologists prefer regional techniques for cesarean sec-
tion. For any individual parturient, the choice of anesthetic
technique is influenced by the indication for cesarean deliv-
ery, the urgency of the procedure, maternal and fetal status,
and the desires of the mother. The adolescent may request
general anesthesia because of fear of pain associated with both
placement of the regional block and the surgical procedure.
The anesthesiologist should give a clear age-appropriate ex-
planation of the risks and benefits of regional versus general
anesthesia to the parturient and her family.

Anesthetic Administration

Regional anesthesia, either epidural or subarachnoid block, is
the most commonly used method of anesthesia for cesarean
delivery. The teenage parturient requires emotional support
and careful explanations for a positive experience. Specifi-
cally, the adolescent should be counseled to expect pressure
and pulling sensations during abdominal delivery and that a
subjective sensation of dyspnea may occur with cephalad pro-
gression of regional blockade.

There is a theoretical concern that the adolescent parturient
may require smaller doses of local anesthetics for spinal and
epidural anesthesia because of her short stature.42 In our ex-
perience, pregnant adolescents often appear markedly mature
for their age and are not shorter than older parturients. Re-
gardless of patient stature, epidural dosing is not a problem
with an incrementally dosed catheter technique. For spinal
anesthesia, patient variables such as spinal column length and
height may influence dose requirement for isobaric solu-
tions43,44 but not for the hyperbaric solutions45–47 typically
used for cesarean section. Norris and coworkers have investi-
gated the effect of height on cephalad sensory levels with spinal
anesthesia for cesarean section and reported no differences in
level obtained in women ranging between 4 feet 10 in. and 5
feet 8 in. in height using 15 mg hyperbaric bupivacaine.45

In the event that general anesthesia is required for cesarean
delivery, the same anesthetic principles apply to teenage par-
turients as to older women; these include premedication with
a nonparticulate antacid, left uterine displacement, careful
preoxygenation, and rapid sequence induction. The patient
should be told to expect pressure on her anterior neck as she
loses consciousness. It is reasonable to have smaller-sized en-
dotracheal tubes available for younger parturients.

Postpartum and Postoperative Care

Adolescents recovering from cesarean delivery should not
have to experience significant discomfort. Effective methods
of pain management include neuraxial opioids, intravenous
patient-controlled analgesia (PCA), and continuous epidural
analgesia. Subarachnoid morphine is a particularly attractive
choice for the young mother, as there is no effect on patient
mobility and minimal sedation during the mother–infant
bonding period. Potential side effects include pruritus, nau-
sea and vomiting, and respiratory depression, which are ef-
fectively treated with �-opioid antagonists.48 This method of
pain management requires vigilant nursing observation of res-
piratory status, appropriate nursing staff education, and stan-
dardized protocols. An anesthesia care provider should be
readily available to manage any complications that may oc-
cur. Postoperative epidural analgesia for the immediate post-
partum period is also safe and effective in institutions that are
equipped to provide this service. Last, intravenous PCA has
the advantage of providing control to the patient although it
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also requires her participation. PCA is the technique of choice
for parturients who received general anesthesia without an
epidural in place and for parturients who received epidural
chloroprocaine because epidural opioids are antagonized by
previous administration of chloroprocaine.49,50

Summary

The teenager deserves extra attention in the postpartum pe-
riod to promote early interaction and bonding with her infant.
The young mother will benefit from instruction in infant care
and breast-feeding. In the current era of rapid hospital dis-
charge after delivery, the available time for teaching and sup-
port is short. Ideally, the adolescent mother will receive home
visits by nursing and/or social workers after hospital discharge
to assist with infant care, adjustment to motherhood, and con-
traception. Arguably, the most important postpartum goal is
to assist the young mother in building her self-esteem and
continuing her education.

References

1. Curtin SC, Martin JA. Births: preliminary data for 1999. Natl Vital Stat
Rep 2000;48:1–20.

2. Maynard RA. Kids having kids: economic costs and social consequences
of teen pregnancy. Washington, DC: Urban Institute Press, 1997.

3. Abrahamse AF, Morrison PA, Waite LJ. Beyond stereotypes: who be-
comes a single teenage mother? Santa Monica, CA: Rand Corp., 1988.

4. Berne L, Huberman B. European approaches to adolescent sexual be-
havior and responsibility. Washington, DC: Advocates for Youth, 1999.

5. Jones EF, Forrest JD, Goldman N, et al. Teenage pregnancy in devel-
oped countries: determinants and policy implications. Fam Plann Per-
spect 1985;17:53–63.

6. Abma JC, Chandra A, Mosher WD, et al. Fertility, family planning, and
women’s health: new data from the 1995 National Survey of Family
Growth. Vital Health Stat 1997;27:1–114.

7. Sonenstein F, Ku L, Lindberg L, et al. New data on sexual behaviors of
teenage males: sexual activity declines, contraceptive use increases from
1988–1995. Washington, DC: Urban Institute, 1997.

8. Resnick MD, Bearman PS, Blum RW, et al. Protecting adolescents from
harm: findings from the national longitudinal study on adolescent health:
JAMA 1997;278(10):823–832.

9. Moore K, Driscol A. Partners, predators, peers, protectors: males and
teen pregnancy. Washington, DC: Child Trends Inc., 1997.

10. Center for Disease Control and Prevention. Trends in sexual risk behav-
iors among high school students—United States, 1991–1997. MMWR
1998;47:749–752.

11. Jaskiewicz JA, McAnarney ER. Pregnancy during adolescence. Pediatr
Rev 1994;15:32–38.

12. Ventura SJ, Martin JA, Curtin SC, Mathews TJ. Report of final natality
statistics, 1996. Mon Vital Stat Rep 1998;46:1–99.

13. Mathews TJ. Smoking during pregnancy, 1990–96. Natl Vital Stat Rep
1998;47:1–12.

14. Alexander B. Alcohol abuse in adolescents. Am Fam Physician 1991;
43:527–532.

15. Streissguth AP, Grant TM, Barr HM, et al. Cocaine and the use of alco-
hol and other drugs during pregnancy. Am J Obstet Gynecol 1991;164:
1239–1243.

16. Center for Disease Control and Prevention. Tracking the hidden epi-
demics. Trends in STDs in the United States 1998. Atlanta, GA: CDC,
1998.

17. Center for Disease Control and Prevention. Sexually transmitted disease
surveillance 1997. Atlanta, GA: CDC, 1998.

18. Center for Disease Control and Prevention. HIV/AIDS surveillance re-
port, vol 9. Atlanta, GA: CDC, 1997:1–37.

19. Battaglia FC, Frazier TM, Hellegers AE. Obstetric and pediatric com-
plications of juvenile pregnancy. Pediatrics 1963;32:902.

20. Duenhoelter JH, Jimenez JM, Baumann G. Pregnancy performance of
patients under fifteen years of age. Obstet Gynecol 1975;46:49–52.

21. Satin AJ, Leveno KJ, Sherman ML, et al. Maternal youth and pregnancy
outcomes: middle school versus high school age groups compared with
women beyond the teen years. Am J Obstet Gynecol 1994;171:184–187.

22. Amini SB, Catalano PM, Dierker LJ, Mann LI. Births to teenagers: trends
and obstetric outcomes. Obstet Gynecol 1996;87:668–674.

23. Fraser AM, Brockert JE, Ward RH. Association of young maternal age
with adverse reproductive outcomes. N Engl J Med 1995;332:1113–1117.

24. Scholl TO, Hediger ML, Schall JI, et al. Maternal growth during ado-
lescent pregnancy [letter]. JAMA 1995;274:26–27.

25. In re Hudson, 126 P. 2d 765, 781 (Wash. 1942).
26. Holder AR. Minors’ rights to consent to medical care. JAMA 1987;

257:3400–3402.
27. Henneborn WJ, Cogan R. The effect of husband participation on reported

pain and probability of medication during labor and birth. J Psychosom
Res 1975;19:215–222.

28. Males M, Chew KS. The ages of fathers in California adolescent births,
1993. Am J Public Health 1996;86(4):565–568.

29. Sosa R, Kennell J, Klaus M, et al. The effect of a supportive companion
on perinatal problems, length of labor, and mother-infant interaction. 
N Engl J Med 1980;303:597–600.

30. Kennell J, Klaus M, McGrath S, et al. Continuous emotional support dur-
ing labor in a US hospital. A randomized controlled trial. JAMA 1991;
265:2197–2201.

31. Skibsted L, Lange AP. The need for pain relief in uncomplicated deliv-
eries in an alternative birth center compared to an obstetric delivery ward.
Pain 1992;48:183–186.

32. Hofmeyr GJ, Nikodem VC, Wolman WL, et al. Companionship to mod-
ify the clinical birth environment: effects on progress and perceptions of
labour, and breastfeeding. Br J Obstet Gynaecol 1991;98:756–764.

33. Rainey DY, Stevens-Simon C, Kaplan DW. Are adolescents who report
prior sexual abuse at higher risk for pregnancy? Child Abuse Neglect
1995;19:1283–1288.

34. Howell CJ, Chalmers I. A review of prospectively controlled compar-
isons of epidural with non-epidural forms of pain relief during labour.
Int J Obstet Anesth 1992;1:93–110.

35. Morgan B, Bulpitt CJ, Clifton P, Lewis PJ. Effectiveness of pain relief
in labour: survey of 100 mothers. Br Med J (Clin Res Ed) 1982;285:
689–690.

36. Robinson JO, Rosen M, Evans JM, et al. Maternal opinion about anal-
gesia for labour. A controlled trial between epidural block and intra-
muscular pethidine combined with inhalation. Anaesthesia 1980;35:
1173–1181.

37. Paech MJ. The King Edward Memorial Hospital 1,000 mother survey of
methods of pain relief in labour. Anaesth Intensive Care 1991;19:
393–399.

38. Kanto J, Sjovall S, Erkkola R, et al. Placental transfer and maternal mi-
dazolam kinetics. Clin Pharmacol Ther 1983;33:786–791.

39. Eisele JH, Wright R, Rogge P. Newborn and maternal fentanyl levels at
cesarean section. Anesth Analg 1982;61(2):179.

40. Camann W, Cohen MB, Ostheimer GW. Is midazolam desireable for se-
dation in parturients? [letter]. Anesthesiology 1986;65:441.

41. Hawkins JL, Koonin LJ, Palmer SK, Gibbs CP. Anesthesia-related deaths
during obstetric delivery in the United States, 1979–1990. Anesthesiol-
ogy 1997;86:277–284.

ak
us

he
r-li

b.r
u



5. Pregnant Teenager 51

42. Jones MM, Taslimi MM. The pregnant teenager. In: Datta S (ed) Anes-
thetic and Obstetric Management of High-Risk Pregnancy. St. Louis:
Mosby, 1996:48–51.

43. Pitkänen MT. Body mass and spread of spinal anesthesia with bupiva-
caine. Anesth Analg 1987;66:127–131.

44. Schnider TW, Minto CF, Bruckert H, Mandema JW. Population phar-
macodynamic modeling and covariate detection for central neural block-
ade. Anesthesiology 1996;85:502–512.

45. Norris MC. Patient variables and the subarachnoid spread of hyper-
baric bupivacaine in the term parturient. Anesthesiology 1990;72:478–482.

46. Norris MC. Height, weight and the spread of spinal anesthesia for ce-
sarean section. Anesth Analg 1988;67:555–558.

47. Hartwell BL, Aglio LS, Hauch MA, Datta S. Vertebral column length
and spread of hyperbaric subarachnoid bupivacaine in the term parturi-
ent. Reg Anesth 1991;16:17–19.

48. Rawal N, Schott U, Dahlstrom B, et al. Influence of naloxone infusion
on analgesia and respiratory depression following epidural morphine.
Anesthesiology 1986;64(2):194–201.

49. Eisenach JC, Schlairet TJ, Dobson CE, Hood DH. Effect of prior anes-
thetic solution on epidural morphine analgesia. Anesth Analg 1991;73(2):
119–123.

50. Camann WR, Hartigan PM, Gilbertson LI, et al. Chloroprocaine antag-
onism of epidural opioid analgesia: a receptor-specific phenomenon?
Anesthesiology 1990;73(5):806–863.

ak
us

he
r-li

b.r
u



This page intentionally left blank 

ak
us

he
r-li

b.r
u



6
The Morbidly Obese Pregnant Woman
Bhavani Shankar Kodali and Aviva Lee-Parritz

Obesity in women of childbearing years is increasing expo-
nentially. Obstetric and anesthesia management of morbidly
obese pregnant women poses a great challenge to both ob-
stetricians and anesthesiologists alike, because obesity is a
significant risk factor for adverse perinatal outcome mediated
through increased risk of hypertension, diabetes, coronary dis-
ease, respiratory dysfunction, and thromboembolic complica-
tions.1,2 Equally important is the effect of maternal over-
weight on the pregnancy outcome. Obesity increases
antepartum stillbirths, especially at term.2,3 It is estimated that
34 million adults in the United States are overweight to a sig-
nificant degree.4 These patients require communication and
cooperation of the entire health care team to prevent cata-
strophic complication and improve outcome.

The purpose of this chapter is to define and quantify obe-
sity, describe the pathologic alterations in obesity, outline the
influence of physiologic changes of pregnancy on the patho-
logic alterations of obesity, and elucidate obstetric and anes-
thetic management of morbidly obese parturient.

Definition and Prevalence of Obesity

There is disagreement about a precise definition of obesity,
but in general terms a person must be considered obese when
the amount of fat tissue is increased beyond the point com-
patible with physical and mental health and normal life ex-
pectancy.5 The most important health risks of obesity are dis-
tinctly related to excessive weight, with a progressive and
disproportionate increase as the patient’s weight rises. A 10%
overweight carries an excess mortality of 33% and a 20% or
more overweight a 50% excess mortality.6 At a weight of 60%
above standard insurance tables, disease risk is doubled as
compared with the general population.7 However, this excess
mortality risk appears to be more pronounced in men com-
pared to women.8,9 Given that there is a positive relationship
between excess weight and morbidity, it becomes important
to quantify obesity and its gradations. Some define morbid
obesity as a doubling of the person’s predicted ideal weight.10

Ideally, an index of obesity should be independent of height,
muscularity, and skeletal mass; it should reflect fatness only.11

Body mass index (BMI) is defined as weight (kg)/height2(m).
Normal values range between 22 and 28 in the United States.12

A BMI greater than 28 for women is considered obese and
greater than 35 to 40 as morbidly obese. Weight greater than
300 pounds in a gravida at term is also considered to be mor-
bidly obese.13 There are other ways of defining morbid obe-
sity. Bendexin stated that a morbidly obese individual is one
who weighs twice the predicted weight for sex, age, and height
as prescribed in the Metropolitan Life Insurance Company
table. Garbaciak et al. thought that the definition should be
reserved for parturients who were 150% above ideal body
weight.14 A simple method of identifying this group of women
is to state every pregnant patient who is 100 pounds over-
weight is morbidly obese. Mason et al. described obese preg-
nant women who exceed 225% of ideal body weight (�123
kg, BMI � 46) as super obese.15

The prevalence of obesity varies depending on the defini-
tion, the criteria used, and the cultural and economic area stud-
ied. In the United States, a National Institute of Health con-
sensus defined obesity as 20% above relative weight5; by this
criterion, 30% to 40% of women are obese.16

Pathophysiology

Cardiovascular Changes

Nonpregnant, morbidly obese, normotensive persons have in-
creased pre- and afterload, increased mean pulmonary artery
pressure, and elevated right and left ventricular stroke work.
The total peripheral resistance is slightly decreased in nor-
motensive obese persons.17,18 The cardiac diameter is usually
increased by 20% to 55%, and the ventricles are hypertro-
phied with increased cardiac weight.19,20 Cardiac output is in-
creased due to larger stroke volume.19,21 Increments in car-
diac output are well correlated to weight and proportional to
the increasing oxygen consumption that is associated with
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obesity.12,17,21,22 Left ventricular function, as measured by the
left ventricular systolic work/pulmonary artery wedge pres-
sure (LVSW/PAWP) ratio, is about 57% of normal in asymp-
tomatic obese persons.23 In response to exercise, cardiac out-
put (CO) rises faster in the morbidly obese than in normal
persons and is often associated with a rise in left ventricular
end-diastolic pressure and pulmonary capillary wedge pres-
sure.12 Hypertension is significantly correlated with obesity,
and an increased systolic pressure of 3 mm Hg and a rise in
diastolic pressure of 2 mm Hg is associated with every 10-kg
increase in body weight.17,24,25

A body mass index greater than 30 is associated with a
threefold increase in the incidence of hypertension.26 The to-
tal blood volume is increased in obese persons, but on a vol-
ume/weight basis it is decreased, compared to lean persons
(50 versus 75 mL/kg body weight).27 Most of the expanded
volume is distributed in the adipose tissue.28 Splanchnic blood
flow is about 20% higher, whereas cerebral and renal blood
flow is found to be normal.12 A 30-fold increase in prema-
ture ventricular contractions is seen in obese patients with ec-
centric left ventricular contractions when compared with lean
subjects.29 Left ventricular hypertrophy (LVH) occurs in re-
sponse to increased workload. However, there is an associa-
tion between increased left ventricular mass and increased
weight, even after controlling for age and blood pressure, in
patients with BMI greater than 30.30 Excess pericardial fat is
not a prominent feature in obese patients with cardiac en-
largement.31 Fatty infiltration of the heart can occur, espe-
cially in the right ventricle and perhaps in the conduction sys-
tem. Eccentric LVH is the major cause of increased heart size
in obesity. Inadequate hypertrophy and chamber size may pre-
dispose patients to myocardial decompensation.32 The hemo-
dynamic and respiratory changes seen in morbidly obese per-
sons upon change of posture has been examined in 11 patients
before upper abdominal surgery.33 Change of posture from sit-
ting to supine position was accompanied by a significant in-
crease in CO, cardiac index (CI), PAWP, and mean pulmonary
artery pressure, and a significant decrease in heart rate and pe-
ripheral resistance. There were no differences in pulmonary
vascular resistance (PVR) or mean arterial pressure (MAP).

Hypoxemia, if present, causes increased pulmonary vascu-
lar resistance. Airway obstruction may also increase pul-
monary artery pressure. It was observed that a decline in
PAWP occurred from 38 to 5 mm Hg on relieving airway ob-
struction in an obese patient.34

Respiratory Changes

Respiratory changes in morbid obese persons can be differ-
entiated into mechanical, pulmonary, and airway changes.

Mechanical Changes

Total respiratory compliance is decreased mainly due to de-
creased chest wall compliance and, to lesser extent, decreased
lung compliance. The reduction in chest wall compliance is

caused by fat accumulation around the ribs, under the di-
aphragm, and intraabdominally. The increase in pulmonary
blood volume is responsible for the decrease in lung compli-
ance.35

Pulmonary Changes

Reduced respiratory compliance and mass loading of the
lungs result in reduction of functional residual capacity (FRC)
caused by a decreased expiratory reserve volume (ERV).12,36

A progressive reduction in ERV is seen when the person is
brought from a standing position via the seated position to the
supine and, further, to the Trendelenburg position. This move-
ment causes a FRC reduction, which may fall within the clos-
ing volume and lead to airway closure (gas trapping), espe-
cially in dependent lung regions. A ventilation/perfusion
mismatch thereby develops, which gives rise to the low PaO2

values seen in many morbidly obese persons.12,35–37

Bodell differentiated simple gross obesity and the Pick-
wickian (obesity-hypoventilation) syndrome by classifying
obese individuals into three relatively distinct groups accord-
ing to pulmonary function38:

1. Patients with normal arterial saturation but with reduced
expiratory capacities

2. Patients with no lung disease who have arterial hypoxemia
3. Patients with intrinsic lung disease with hypoxemia and hy-

percarbia as a result of alveolar hypoventilation

Relatively young morbidly obese patients can adjust to their
hypoxemia with an increase in CO and by the development
of polycythemia. With the passage of time, carbon dioxide
may be retained and somnolence may ensue. Pulmonary hy-
pertension may occur from the increased blood volume and
hypoxic vasoconstriction, and thus cor pulmonale develops.
This “Pickwickian” syndrome, as described by Burnwell et
al., represents the end stage of cardiopulmonary disease for
the morbidly obese individual39, this occurs in about 7% to
10% of massively obese patients.

Airway Changes

Obese patients are likely to develop airway obstruction and
apnea during sleep, resulting hypercapnia and hypoxia. Some
individuals require a continuous airway positive pressure de-
vice to overcome airway obstruction.40,41

Gastrointestinal Changes

It is generally believed that the morbidly obese patient is at
increased risk for pulmonary aspiration of gastric contents. Hi-
atal hernia is more common in obese patients than in nonobese
patients. Obese patients have delayed gastric emptying, and
often the combination of a low gastric pH (�2.5) and a large
volume (�2.5 mL) of gastric juice.42,43 In a study that com-
pared gastric contents in obese and nonobese subjects,44 BMI
was 46 � 8 in the obese subjects and 22 � 2 in the lean sub-
jects. The groups were similar for age (35 � 12 years and 40 �
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6. Morbidly Obese Pregnant Woman 55

16 years in the obese and lean subjects, respectively), gender
(5/25 obese men and 7/23 lean men), and smoking status (6
smokers in each group). ASA grade was I or II in all subjects.
Gastric content volume was identical in the obese and lean
subjects (26 � 13 mL and 26 � 8 mL, respectively). The pH
values were 2.3 (1.3–7.1) and 2.8 (1.6–7.1) in obese and lean
patients, respectively. Therefore in this study, gastric content
volumes in fasting obese and lean subjects were similar. How-
ever, pH was lower in obese individuals.

Endocrine Changes

Diabetes mellitus occurs more frequently among obese pa-
tients, and there may be decreased insulin sensitivity with up-
per body obesity.45

Coagulation Changes

Obese patients are at increased risk for deep vein thrombosis
and pulmonary thromboembolism.

Implications of Obesity in Pregnancy

Pregnancy in obese parturients may have four important im-
plications. First, some of the physiologic changes associated
with pregnancy (such as increases in blood volume and CO,
reduction in FRC) may further exacerbate deleterious effects
produced by pathophysiologic alterations of obesity (Box
6.1). Second, obese pregnant women are susceptible to 
pregnancy-related diseases and complications (preeclampsia,
gestational diabetes). Third, there is an association between
increased incidence of obstetric and perinatal complications
and morbid obesity. Finally, a combination of these three fac-
tors may lead to the fourth implication: an unfavorable out-
come of pregnancy for the morbidly obese.

Cardiovascular

Maternal plasma volume increases starting in the first
trimester and peaks between 32 and 36 weeks gestation, re-
sulting in an overall increase of 45% above nonpregnant val-
ues. Red cell mass also increases by approximately 25%. To-
gether, these factors cause a 45% increase in circulating blood
volume. Mabie et al. studied cardiovascular function in obese
hypertensive pregnant women and found increased left ven-
tricular mass and abnormal diastolic function but preserved
systolic function.46 The authors postulated that this might re-
flect volume overload in the presence of inadequate left ven-
tricular relaxation. Primary therapy for this type of patient
would be directed toward volume reduction using diuretic
therapy.46

Respiratory

Pregnancy causes further decline in the abnormal posture as-
sociated with obesity, resulting in the frequent finding of tho-

racolumbar lordosis and modified thoracic curve. The large
and protuberant abdomen diminishes rib movement, and the
patient’s ability to raise the lower end of the sternum is jeop-
ardized. The excess layers of fat on the chest wall and ab-
domen limit respiratory excursion. This mechanical deficit
leads to increased work of breathing.

Pregnancy is normally associated with a 30% to 40% in-
crease in minute ventilation, with only a 15% to 30% increase
in oxygen consumption. Eng et al. measured lung volumes in
obese pregnant women during the third trimester and again
postpartum.47 Lung volumes were comparable to nonobese
pregnant women except for the FRC, which was decreased
less than expected compared to the normal controls. This
preservation of FRC may offer some protection from prema-
ture airway closure frequently found in obese patients.

The PaO2 in obese pregnant women is increased from the
nonpregnant state at 80 to 85 mm Hg; however, this is lower

Box 6.1. Pathophysiologic changes in morbidly obese 
pregnant women.

Cardiovascular system
Enlarged heart
Eccentric hypertrophy
Fatty infiltration
Diastolic dysfunction
Usually preserved systolic function
Increased cardiac output
Hypertension
Increase in MPAP
Increase in PAWP
Increased blood volume
Increased plasma and RBC volume
Increased splanchnic blood flow
Increases in CO, CI, PAWP, MPAP in assumption of 

supine position

Respiratory system
Decreased respiratory compliance
Increased minute volume
Decreased FRC
Hypoventilation
Pickwickian syndrome

Airway changes
Prone to develop airway obstruction and apnea during 

sleep

Blood gases
Arterial hypoxemia
Normo or hypercarbia

Gastrointestinal
Low gastric pH
Hiatus hernia

Pregnancy-related diseases and complications
Increased incidence of chronic hypertension
Increased incidence of preeclampsia and diabetes
Susceptible to increased thrombosis and embolism
Increased cesarean delivery rate
Increased incidence of postpartum hemorrhage, genital 

tract infection, urinary infection, fetal macrosomia,
and late intrauterine fetal death

Increased risk of maternal death during pregnancy
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than the 104 to 108 mm Hg found in pregnant women of nor-
mal weight.47,48 This modest increase in PaO2 in obese preg-
nant women can be attributed to increased minute ventilation
and CO.

Pregnancy also produces changes in the oropharynx. Pilk-
ington et al. demonstrated a progression in the Mallampati air-
way classification with advancing gestation.49 Therefore, preg-
nancy can be expected to exacerbate airway obstruction already
present in obese women. Pulmonary hypertension resulting
from sleep apnea has been described during pregnancy.50

Gastrointestinal

It is unclear whether obesity worsens pregnancy-associated
changes in lower esophageal sphincter tone.51,52 However, it
seems likely that the morbidly obese patient is at increased
risk for pulmonary aspiration of gastric contents.

Pregnancy-Related Diseases and Complications

Obesity is associated with an increased incidence of chronic
hypertension, pregnancy-induced hypertension (PIH), and di-
abetes mellitus during pregnancy.53–57 Hood and Dewan ob-
served a 14-fold increase in the incidence of chronic hyper-
tension (28% versus 2%) among parturients whose weight
exceeded 300 pounds at the time of delivery when compared
with a control group of nonobese pregnant women.13 Simi-
larly, the incidence of preeclampsia was 16% in obese versus
10% among a control group of nonobese pregnant women.13

Obesity results in a 2- to 8-fold increase in the incidence of 
insulin-dependent diabetes mellitus during pregnancy.53,55,58

The distribution of the patient’s fat may play a role in the
risks of obesity. Krotkiewski et al. showed that in those pa-
tients whose fat was more centrally located and not equally
distributed (the more usual situation for women), abnormal
glucose tolerance tests and hypertension were more com-
mon.59 In the final analysis, it is important to know that obe-
sity increases the risk of death during pregnancy. Several fac-
tors that contribute to this adverse outcome include advanced
age, diabetes, hypertension, thromboembolic diseases, and in-
fection.60–65 Studies have also shown that obesity increases
the likelihood of maternal death during anesthesia.63–66

Obstetric and Fetal Complications 
in the Morbidly Obese Gravida

An obstetric problem in the morbidly obese parturient is the
difficulty with sonographic diagnosis of the fetus. Maternal
weight has been found to be a good predictor for sonographic
visualization of the fetus, with increasing weight making the
ultrasound examination more difficult. This lack of visuali-
zation is inversely related to maternal weight and does not
change with increasing gestational age or prolongation of 
examination.67

Increased BMI, increased prepregnancy weight, and ex-
cessive maternal weight gain increase the risk of cesarean sec-
tion.1 Abnormal presentations, fetal macrosomia, and pro-
longed labor are predisposing factors associated with
increased incidence of cesarean delivery among obese
women. There is evidence that obese parturients are at in-
creased risk for abnormal labor.68,69 The incidence of cesarean
delivery for failure to progress was much higher in the mor-
bidly obese group than in the control group, although the dif-
ference was not statistically significant.13 Hypertension and
diabetes often prompt elective induction of labor, which in-
creases the risk of cesarean delivery.55 There is evidence that
weight gain during pregnancy also may affect the risk of fe-
tal macrosomia, and this is likely to increase the incidence of
cesarean delivery.70 Ratner et al. determined that the inci-
dence of primary cesarean delivery was statistically greater
in those obese women gaining more than 24 pounds as com-
pared to obese women gaining less than 24 pounds.70 How-
ever, there is a considerable debate on this subject; some au-
thors state that prepregnancy weight has a more important
bearing on the incidence of cesarean delivery than the weight
gain during pregnancy in morbidly obese gravid women.70–72

Some studies have noted an increased incidence of meconium-
stained amniotic fluid, umbilical cord accidents, and late fe-
tal heart rate decelerations during labor in obese patients.58,68

However, the incidence of fetal distress as an indication for
cesarean delivery was remarkably similar for both normal
weight and morbidly obese patients.13 The success rate of
vaginal delivery after prior cesarean delivery in parturients
who weighed at least 300 pounds at the first prenatal visit is
about 13% as compared to 60% to 80% in nonobese pregnant
subjects,73 which may be an additional factor contributing to
an overall increased cesarean delivery rate in obese pregnant
subjects.

Some studies suggest that abnormal presentations and mul-
tiple gestations are more common in obese parturients than in
nonobese pregnant women.53,69 Furthermore, compared to
women with normal BMI, the following outcomes (induction
of labor, postpartum hemorrhage, genital tract infection, uri-
nary tract infection, wound infection, birth weight above 90th

percentile, and intrauterine late fetal death) were significantly
more common in obese pregnant women, and morbid obesity
appeared to be an independent risk factor for adverse perina-
tal outcome.1,74,75 The increased risk of fetal macrosomia pre-
disposes obese women to trauma at delivery.53 Fetal macro-
somia also increases the likelihood of shoulder dystocia during
vaginal delivery.57 Johnson et al. noted an association between
fetal macrosomia and an increased incidence of shoulder dys-
tocia in pregnant women weighing more than 250 pounds.68

There is high incidence of umbilical arterial pH less than
7.10 among obese women, regardless of whether they had a
trial of labor or elective cesarean delivery.73 There is signif-
icantly higher incidence of neonates with Apgar score at 1
min less than 5, Apgar score at 5 min less than 7, birth weight
greater than 4500 g, birth weight less than 2500 g, intrauter-
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6. Morbidly Obese Pregnant Woman 57

ine growth retardation, and neonatal intensive care unit ad-
missions among babies born to obese parturients as compared
to those born to nonobese parturients.57 There seem to be an
association between gravid obesity and congenital anomalies
in infants born to gravid obese parturients. Waller and asso-
ciates found these infants are at a greater risk for developing
neural tube defects and other congenital malformations.76

Weight Reduction Surgery

Fertility and pregnancy rates improve following weight re-
duction operations in obese women.77 Successful pregnancies
have been reported even in the initial period of rapid, post-
operative weight loss.78 Moreover, there is a reduction in ob-
stetric complications in individuals who conceived after
weight reduction surgery as compared to the presurgical
gravid obese state.79

Obstetric and Anesthetic Management

The obese parturient is classified as a high-risk patient. Coun-
seling must start during the preconception period to fully ex-
plain the potential maternal and fetal risks of obesity. This is
a good opportunity to screen for medical conditions that may
complicate ensuing gestation. Weight reduction should be en-
couraged before conception to reduce the complications of
gestation.

A complete physical examination should be performed with
special attention to the patient’s cardiovascular and pul-
monary status to determine if coronary artery disease or in-
trinsic pulmonary disease exists. A 12-lead ECG to evaluate
ischemic heart disease and rhythm abnormalities and a chest
X-ray to determine heart size should be obtained. During preg-
nancy, an elevated diaphragm may cause a QRS shift to the
left. In addition, other minor alterations produced by gesta-
tion may be seen on the ECG that should not be construed as
evidence of heart disease. However, the ECG may reflect ev-
idence of long-standing hypertension (left ventricular hyper-
trophy), ischemia, and changes suggesting the presence of
pulmonary hypertension.

A history of excessive snoring and sleep apnea should be
sought. If obesity-hypoventilation syndrome is suspected, a
cardiologist consultation is necessary that may further evalu-
ate cardiac function using echocardiography. The timing of
this consultation at this stage offers an opportunity to opti-
mize cardiovascular function before labor and delivery.

Pulmonary status must be investigated by means of pul-
monary function testing and an arterial blood gas test, if in-
dicated. Pulmonary function testing may be repeated during
the third trimester to determine the effect of pregnancy. Test-
ing should also be performed with the patient in the supine
position to determine the effect of decreasing FRC. Hypoxia,
if previously present, will become worse; if not present, it will
develop. This concern is important if the obese woman must
subsequently undergo a cesarean delivery because this pro-

cedure would be done in the supine position with left uterine
displacement. Pulse oximetry is a useful device to assess the
effect of changing posture on oxygenation. Initial assessment
of airway as well as periodic assessment of airway is manda-
tory to determine the implications of airway changes produced
by advancing pregnancy.

In addition to routine laboratory tests, liver function tests
and blood glucose levels should be determined. Slight eleva-
tions of the transaminases may be observed in the pregnant
women. If the rise in transaminases is greater than 30 IU, or
if there are abnormalities in coagulation tests, a more thor-
ough investigation into the possibility of hepatic disease is
warranted. Diabetes should be tightly controlled during preg-
nancy. Nutrition therapy is an essential element of prenatal
care for these patients.

An important consideration during the predelivery care is
proper understanding of her psychologic makeup.80 Depres-
sion and low self-esteem are clearly associated with obesity.
This lack of understanding may lead to the loss of the par-
turient’s cooperation in both prenatal care and the intrapartum
period. Obese pregnant women frequently have a distorted
view of their weight and body image. It is not unusual for
women to significantly understate their weight and at the same
time acknowledge that they are indeed overweight. The un-
derstanding of this psychological makeup and sensitive com-
munication will build a cooperative relationship between
pregnant women and care providers.

Because of significant comorbid associations and increased
risk of preterm labor, consultation with the anesthesiologists
should take place at the beginning of the third trimester. Four
important issues should be addressed at this stage. First, this
is the period during which cardiovascular changes of preg-
nancy will have maximum impact on the pathophysiologic
changes of obesity. A detailed history and physical examina-
tion is performed, focusing on the systems most likely to be
compromised by obesity. All laboratory values are reviewed.
If further cardiac consultation is deemed necessary, then it
should be obtained at this stage to allow enough time for op-
timizing cardiorespiratory functional status before delivery.
Second, the anesthesiologist should assess the status of the
airway and look for factors that could complicate intubation,
remembering that the airway can worsen as the pregnancy ad-
vances to term.

Third, review options of labor and delivery analgesia and
anesthesia techniques with the parturient. She should be in-
formed that epidural/spinal techniques could take longer than
usual to perform and that the anesthesiologist will work with
the women to achieve a satisfactory placement of the epidural/
spinal. This review will psychologically prepare the parturient
to face up to the reality of performing spinal/epidural techniques
that could be difficult in obese parturients. Fourth, one should
communicate a provisional plan of anesthesia for labor and de-
livery with the obstetrician and other relevant care providers.
For example, for the pregnant women with a difficult airway, a
plan emphasizing early epidural placement may be considered.

ak
us

he
r-li

b.r
u



58 B.S. Kodali and A. Lee-Parritz

Management of Labor and Delivery

For reasons of the high incidence of comorbidities in obese
pregnant women and the increased risks of operative delivery
for either cephalopelvic disproportion or a nonreassuring fetal
state, continuous maternal and fetal monitoring is essential.

Noninvasive blood pressures should be recorded with a
blood pressure cuff large enough to obtain accurate readings.
If a blood pressure cuff large enough for the woman’s upper
arm cannot be obtained, one should place a cuff in the region
of the radial artery; this will allow trends to be followed dur-
ing labor. If an adequate blood pressure reading cannot be ob-
tained, one should consider placement of an arterial line,
which will also provide periodic monitoring of arterial blood
gases. If a parturient is known to have hypoxia or hypercar-
bia, an arterial line is necessary. Despite morbid obesity, ra-
dial artery cannulation is rarely difficult.

Pulse oximetry should be used in all obese women. Pulse
oximetry will also guide the use of supplemental oxygen dur-
ing labor. Further monitoring will depend on the cardiorespi-
ratory status of the pregnant woman, and the risk of any mon-
itoring procedure should be weighed against the extra benefit
obtained in an individual pregnant woman.

Obstetric Management

The indications for labor induction are the same for the obese
parturient as for nonobese parturients. Maximize pulmonary
function by avoiding the lithotomy position for a vaginal de-
livery; the woman can labor and deliver in the semierect po-
sition. Operative vaginal delivery should also be performed
in this position. The upright positioning helps prevent a fur-
ther decrease in the FRC and the consequent hypoxia associ-
ated with the supine or lithotomy position.

The incidence of cesarean delivery for failure to progress
is higher in morbidly obese than in nonobese parturients.13 If
the pregnant woman cannot safely fit on the operating room
table, one should consider performing the cesarean delivery
in a labor bed (in an operating suite) or on a special operat-
ing room table capable of bearing heavier weights. In addi-
tion to left uterine displacement, a 10° reverse Trendelenburg
position will help facilitate better oxygenation.

The type of incision normally selected is the high trans-
verse incision. It is generally believed that with this incision
the pregnant woman appears better able to cough and deep
breathe postoperatively, thus helping to prevent atelectasis,
pneumonia, and hypoxia. Vertical midline and paramedian in-
cisions have also been used. A case-control retrospective
study to determine the differences in postoperative morbidity
in obese women who had a supraumbilical or a Pfannenstiel
incision at cesarean delivery showed no difference in post-
operative morbidity.81 However, it is generally believed that
the Pfannenstiel incision has the advantage of reduced thick-
ness of adipose tissue above the pubis and decreased wound
dehiscence, as these women will require increased coughing
and deep breathing to prevent atelectasis postoperatively.

There are several methods by which a panniculus can be
retracted to facilitate incision. All of them are associated with
varying degrees of adverse effects on cardiovascular (com-
pression of inferior vena cava) and respiratory function.82

Caudal retraction permits a vertical incision. The Pfannenstiel
incision can be performed following cephalad retraction. A
Pfannenstiel incision has been associated with a longer oper-
ating time, greater blood loss, and poorer exposure.83 Whether
the panniculus is retracted by a surgical assistant or by use 
of tape, caution should be exercised to minimize vena caval
compression.

After either vaginal delivery or cesarean delivery, it is im-
portant that the pregnant woman ambulate as quickly as fea-
sible, preferably during the first 24 h postpartum; this will de-
crease the incidence of thromboembolic phenomena.

Anesthetic Management

Principles of anesthetic management that apply to labor and
delivery in nonobese parturients are also valid in obese par-
turients. However, special considerations in the anesthetic
management of obese parturients should be addressed.

Management of obese parturients for labor delivery de-
pends upon several factors such as the degree of obesity, air-
way problems, and the cardiorespiratory status (Box 6.2). The
usual antacid prophylaxis precautions should be applied be-
fore administration of analgesia/anesthesia. It is advisable to
administer oxygen via nasal cannula or face mask because of
the common occurrence of hypoxia. Regional anesthesia is
probably the best method of providing analgesia for labor and
delivery. Regional analgesia reduces oxygen consumption and
attenuates the increase in cardiac output that occurs during la-
bor and delivery. Moreover, successful use of regional anes-
thesia has been described in morbidly obese parturients with
significant systemic derangements such as dilated cardiomy-
opathy, angina, and asthma.84–86 Furthermore, regional anes-
thesia does not affect the likelihood of vaginal delivery in pa-
tients who weighed more than 300 pounds when compared
with similar parturients who did not receive epidural analge-
sia during labor.13 Among regional techniques, which include
epidural, continuous spinal, and combined epidural spinal
techniques, epidural analgesia seems to be the best technique
for providing not only a well-controlled analgesia for labor
delivery but also good anesthesia for unexpected or expected
cesarean delivery.

If an obese mother chooses natural childbirth, the anesthesi-
ologist and obstetrician should ensure that a quick regional
anesthesia or safe general anesthesia could be provided in the
event of fetal distress. However, if there is reason to believe
that anesthesia cannot be provided expeditiously due to the
body habitus, then the obstetrician in conjunction with the anes-
thesiologist should encourage the patient to receive an early
epidural placement. The location of the epidural catheter can
be tested with lidocaine 1.5% to 2% or a local anesthetic reg-
imen to which the individual anesthesiologist is accustomed.
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Thereafter, the mother could proceed with her intended desire
of natural childbirth while the epidural catheter remains as a
backup to provide epidural anesthesia for unforeseen fetal
emergencies. For women desiring analgesia for labor and de-

livery, early epidural placement should be encouraged; this will
provide ample time for attempting a difficult placement and
also saves time because the parturient is more cooperative in
the initial stages of labor as compared to the painful later stages.

Discussing their experience with regional anesthesia, Hood
and Dewan stated that morbidly obese parturients required
more repeat epidural catheters to achieve success.13 They also
reported a much greater failure rate with the initial insertion
as compared with attempts on normal-sized individuals. Al-
though Buckley et al. reported a failure rate of about 20% for
epidural anesthesia in morbidly obese patients, Hood and De-
wan had a much higher success rate (94%) for providing sat-
isfactory epidural anesthesia in parturients weighing more
than 300 pounds.13,87 Poor localization of landmarks, in-
creased depth of the epidural space, and failure to identify the
epidural space are a few of the factors contributing to a high
failure rate for epidural anesthesia as well as a higher inci-
dence of unilateral blockade. Increased depth of epidural
space exaggerates minor directional errors and increases the
likelihood of identifying a lateral portion of the epidural
space.88 The application of ultrasonic guidance to facilitate
localization of epidural space is an option, but its applicabil-
ity to a busy obstetric unit is questionable.89

A few important precautions may improve the success rate
of epidural technique. A sitting position is preferred in the
morbidly obese for placing regional anesthesia. This position
allows the body fat of the back and upper buttocks to fall
away from the midline, not overlapping the access site for
needle placement. Our practice is to have the patient sit up
and hug a pillow or two to achieve as much flexion as pos-
sible. Occasionally, fat pads have to strapped away from the
midline using tape.86 If bony landmarks cannot be delineated
on palpation, a 25-gauge infiltration needle can be used to lo-
calize spinous processes. Occasionally, the epidural needle it-
self must be used to feel the deeper bone landmarks to locate
the intervertebral space. Conversation with the patient during
placement can also help in localizing the probable midline.
Once the probable midline is demarcated, the epidural needle
is directed to locate the epidural space. If a bone is encoun-
tered, the angulations of the direction of the needle can be
changed in the usual manner. However, in persistent difficult
circumstances, I often succeed by moving the point of inser-
tion of the epidural needle in 1-cm increments up or down
the probable midline to facilitate the location of the inter-
laminar space between the two vertebrae. When the feel of
the epidural needle movement is not like the usual firm liga-
mentous feel (but feels mushy), a 25-gauge Whittaker spinal
needle can be introduced through the epidural needle [as in
the combined spinal epidural technique, (CSE)], to determine
what is ahead of the epidural needle. If no cerebrospinal fluid
(CSF) is obtained, the epidural needle can be advanced fur-
ther until the epidural space is localized; this will allow a cau-
tious approach to the epidural space and avoid an accidental
wet tap with the 17-gauge needle. This approach can also be
used to confirm the epidural space when a false loss of re-

Box 6.2. Anesthetic management of labor and delivery.

Anesthesiology consultation at 28 weeks gestation
Evaluation of cardiorespiratory status and airway
Multidisciplinary team approach

Labor analgesia
Labor and delivery in semierect position
Monitor oxygenation via pulse oximetry
Supplemental oxygen may be required
Additional monitoring as required

Early placement and confirmation of optimal epidural 
analgesia

Midline approach in sitting position
Strapping excess fat away from the midline
Greater failure rate of initial insertion of epidural 

catheters may be anticipated
A CSE needle can be used as a guide in the localization 

of epidural space
Longer epidural needle may be required
To minimize catheter displacement, catheters should be 

secured on assumption of upright or lateral position
from the initial flexed position

Restrain from using opioids until confirmation of the 
proper location of epidural catheter

Diligent periodic monitoring of labor and delivery 
analgesia is mandatory

Continuous spinal analgesia is an option when epidural 
space cannot be localized successfully

CSE is an option with few caveats

Cesarean delivery
Diligent positioning of patient’s head and neck in optimal 

position for intubation even in patients undergoing 
cesarean delivery under regional anesthesia

Precautions against inadvertent high block
Meticulous left uterine displacement
Exercise caution with retraction of panniculus to avoid 

cardiovascular compromise
Duration of cesarean delivery may be longer

General anesthesia
Examination of airway and anticipation of difficult 

intubation
Diligent positioning of head and neck
An extra pair of hands is a boon
An additional airway should be readily available, 

particularly an LMA
Adequate preoxygenation
Rapid sequence anesthesia
Hypoxemia may ensue quickly during apnea in obese 

gravida.
Large tidal volume ventilation with or without PEEP

Postoperative
Adequate pain control to assure postoperative deep 

breathing
Thromboprophylaxis

CSE, combined spinal epidural technique

ak
us

he
r-li

b.r
u



60 B.S. Kodali and A. Lee-Parritz

sistance is encountered in fat pockets during epidural space
location. A longer spinal needle to facilitate the “needle
through needle” technique is being developed for clinical use.
Occasionally, a longer epidural needle (16 cm) is required
when the traditional length of 10 cm cannot reach the epidural
space.

Once the epidural space is localized, the epidural catheter
is inserted approximately 4 to 5 cm into the space. Caution
must be exercised while securing the catheter to the skin. It
has been demonstrated that epidural catheters frequently ap-
pear to be drawn inward with position change from the sit-
ting flexed to lateral decubitus position, with greatest change
seen in patients with a BMI greater than 30.90 To minimize
the catheter displacement, Hamilton et al. recommended that
the epidural catheters be inserted at least 4 cm into the epidural
space and that patients assume the upright or lateral position
before the catheter is secured to the skin.90

Once the epidural catheter is introduced, the test dose and
local anesthetic regimen to which an individual anesthesiol-
ogist is accustomed can be followed with the caveat that it is
prudent to avoid narcotic in the initial loading dose of the lo-
cal anesthetic. Because the administration of opioid by any
route provides some pain relief, the anesthesiologist may be
misled to believe that the catheter is positioned correctly in
the epidural space. However, large doses of local anesthetics
subsequently administered for cesarean delivery will not re-
sult in a satisfactory anesthesia.

If the epidural space cannot be localized to facilitate
epidural analgesia, an intentional spinal is attempted, and a
catheter is introduced into the subarachnoid space. In cases
of unintentional wet dural puncture, continuous spinal anes-
thesia can be provided. Our practice is to provide initial anal-
gesia with a usual spinal dose of 0.25% bupivacaine 1 mL
and fentanyl 25 �g; this is followed by an infusion of bupi-
vacaine 0.125% with 2 �g/mL fentanyl at 1 ml/h to maintain
analgesia. “Spinal catheter” should be prominently displayed
at the port of injection to avoid accidental injection of large
epidural quantities of medications by anesthesia care
providers. The author’s observations concur with the reported
findings that the incidence of postdural puncture headache
following dural puncture is lower in the morbidly obese than
in the nonobese group.13,91

Traditionally, the standard area for epidural placement is
L2–L3 or L3–L4. These sites are chosen ostensibly to avoid
damage to the spinal cord, which in most people ends at L1.
Occasionally, a lower thoracic approach for epidural place-
ment can be considered when lumbar access is difficult.
Lower thoracic vertebrae may be palpable because of a fre-
quently occurring convexity in the parturient’s back. More-
over, with the more cephalad approach to the woman’s back,
the midline may be identified more easily. For more effective
labor analgesia, the epidural catheter should be threaded in a
caudad direction approximately 2 to 3 cm.92

Combined spinal epidural is an option that can be consid-
ered for labor analgesia. However, two caveats should be

taken into consideration. First, intrathecal narcotics are asso-
ciated with depressed ventilation in normal-weight parturi-
ents; morbid parturients can also be susceptible to this ef-
fect.93 Second, although there is no difference in the success
rate between the epidural analgesia that follows the spinal part
of the CSE and the regular epidural (epidural) technique in
nonobese parturients, it should not be assumed that this could
be true in morbidly obese parturients, who are likely to have
a higher incidence of failed epidural catheters.13,94 Moreover,
in the Norris study, approximately 5% of catheters that pro-
duced effective labor analgesia failed to produce adequate sur-
gical anesthesia, independent of insertion technique (epidural
or CSE group).94 These patients could have a difficult airway
that preclude safe administration of general anesthesia for an
immediate cesarean section in the event of an unsatisfactory
epidural anesthesia. Therefore, it is the author’s practice not
to perform CSE as a universal technique in all parturients re-
quiring labor and delivery analgesia, particularly in the pres-
ence of morbid obesity, preferring early confirmation of the
efficacy of epidural analgesia. Occasionally, an intentional
dural puncture is performed with a 25-gauge spinal needle
(without introducing subarachonoid medications) to confirm
the location of the epidural needle in the epidural space. Fur-
thermore, our beliefs concur with findings that a dural hole
enhances the efficacy of epidural analgesia and anesthesia.95

A single injection of subarachonoid blockade for vaginal
delivery in morbidly obese parturients should be restricted to
operative obstetrics (massive repair of perineal tear, etc.). It is
probably unnecessary and unwise, however, for normal vagi-
nal deliveries, unless the patient is toward the end of impend-
ing vaginal delivery or forceps/vacuum application. A diligent
periodic monitoring of labor and delivery analgesia is manda-
tory in morbidly obese parturients. The cause of inadequate
and suboptimal analgesia should be investigated as there is a
possibility that catheters can be dislodged from the epidural
space. Early detection of such events provides ample time to
replace nonfunctional and suboptimal epidural catheters.

Anesthesia for Cesarean Delivery

Careful attention should be paid to positioning the parturient
for cesarean section. The protuberant abdomen may shift re-
markably when the woman is tilted toward the left for facil-
itating left uterine displacement. Therefore, the woman should
be well secured. There should be enough padding over the
arm boards (blankets) to keep the arms at the same level as
the body; this will further help to stabilize the parturient on
the operating table, also improving her general comfort level.
Irrespective of the type of anesthesia (regional or general), it
is the author’s practice to diligently position the woman’s
head and neck as optimally as possible for probable intuba-
tion, achieved by gradually elevating the upper back and neck
with blankets arranged in a stepwise fashion (8–10 blankets
may be required). This method will facilitate a clear demar-
cation of head and neck from the chest and result in a gentle
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flexion of the cervical spine. After achieving this position, an
extension at the atlanto-occipital joint will provide the opti-
mum condition for intubation. Diligent body positioning will
also help to ensure the patient’s comfort and secure her con-
fidence and cooperation; moreover, this will help to facilitate
breathing when the panniculus is retracted and secured to the
operating table to make way for a surgical incision.

It is important to initiate left uterine displacement as soon
as the parturient is in the supine position. Cardiovascular col-
lapse after placement in a supine position has been reported
in two cases in obese patients.96 Careful attention must be paid
during cephalad retraction of the large panniculus. The teth-
ered retractors are secured to the ether screen or to a stable
object. Cephalad retraction of the panniculus in morbidly obese
parturients can result in hypotension and fetal compromise. In-
traoperative fetal death has been reported in one parturient who
received epidural anesthesia for cesarean delivery, apparently
as a result of a prolonged episode of hypotension associated
with cephalad retraction of a large panniculus.82

Cesarean delivery in the morbidly obese can be performed
under spinal, epidural, continuous spinal, or combined spinal/
epidural anesthesia. General anesthesia is at best reserved for
emergency circumstances and when regional techniques fail
or are contraindicated. The basic principles guiding the choice
of anesthesia for cesarean delivery in morbidly obese par-
turients depend on the circumstances of presentation and are
similar to those in nonobese parturients: namely, elective or
emergency, presence of prior epidural/continuous spinal
catheters, airway issues, length of anticipated procedure, and
the ease of conversion from regional to general anesthesia if
a need arises. It is important to know that the duration of ce-
sarean delivery can exceed 2 h in 55% of women who weigh
more than 250 pounds.54 Another factor that assumes an im-
portant place in decision making is the cardiopulmonary sta-
tus of the morbidly obese parturient.

Spinal Anesthesia

If spinal anesthesia is chosen, we use a hyperbaric bupiva-
caine and fentanyl combination. Epinephrine can be added
(200 �g) to enhance the density, effectiveness, and duration
of the block.97 There is a controversy over the relationship
between obesity and the height of the spinal anesthetic
block.98–101 The preponderance of evidence suggests little
correlation between patient weight and the spread of anes-
thesia; however, the consequences of extensive blockade dic-
tate caution when selecting single-shot spinal anesthesia.
Green has suggested that although obesity per se does not al-
ter local anesthetic dose requirement during the administra-
tion of spinal anesthesia, large buttocks, often present in obese
patients, place the vertebral column in a Trendelenburg posi-
tion, resulting in an exaggerated spread of anesthesia.99 There-
fore, it is our practice to maintain head and back elevation as
previously described with or without a 10° to 15° reverse
Trendelenburg position. Venous return can be maintained by

a slight elevation of the lower limbs. The height of the block
is closely monitored until a desired level is achieved by ad-
justing the degree of the reverse Trendelenburg position.

Spinal anesthesia produces more profound loss of thoracic
motor function and may pose a problem in morbidly obese
parturients. Although the peak expiratory flow rate decreases,
the reduction in PaO2 is small.48,100 Due to loss of sensation
in the lower chest and thoracic motor function, morbid par-
turients may panic from a subjective sensation of shortness
of breath. Reassurance plays a dominant role in these cir-
cumstances. Although 25-gauge spinal needles are usually
used for spinal placement, in difficult circumstances a 22-
gauge spinal needle can be used, as the incidence of postdural
puncture headache is small in obese parturients.

Epidural Anesthesia

Studies have shown that obesity results in a more extensive
spread of epidurally administered 20 mL bolus bupivacaine,
but bolus administration of anesthetic agents into the epidural
space is unacceptable in current clinical practice settings. On
the other hand, neither woman position nor obesity affects the
height of the sensory block when 12 mL 0.25% bupivacaine
is administered for epidural analgesia during labor.102 Incre-
mental doses of anesthetic agent (2% lidocaine with epi-
nephrine) are administered until a desired level (T4) of anes-
thesia is obtained.

Continuous Spinal Anesthesia

Continuous spinal anesthesia can be used if epidural place-
ment is difficult. Incremental doses of hyperbaric bupivacaine
(0.75%) up to a total 1.6 mL are sufficient to achieve the de-
sired level of anesthesia.

Infiltration Anesthesia

Successful use of infiltration block for cesarean delivery in a
morbidly obese parturient (150 kg) with severe preeclampsia,
generalized edema, and acute respiratory failure has been de-
scribed.103 The incision line was infiltrated with 8 mL lido-
caine 1% with epinephrine (1:200,000). The rectus sheath and
peritoneum were infiltrated with 0.5% lidocaine with epi-
nephrine with a total dose of 300 mg. Anesthesia was sup-
plemented with nitrous oxide in oxygen (50:50).

General Anesthesia for Cesarean Delivery

Airway considerations play a dominant role when consider-
ing general anesthesia for cesarean delivery. There is the po-
tential for difficult intubation, difficult mask ventilation, and
susceptibility for aspiration. Endotracheal intubation may be
difficult or impossible with standard techniques. There is an
association between obesity, short neck, and Mallampati class
and intubation.104 Lee et al. reported a incidence of difficult
intubation of 2.4% among patients whose weight was 1.5 to
1.75 times the ideal; this incidence was tripled to 7.3% when
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the weight of the patients increased to 1.75 to 2 times the ideal
body weight.105 Buckley et al. reported 9 difficult intubations
among 65 morbidly obese nonpregnant subjects (13%).87 The
incidence of difficult intubation is even higher in pregnant
morbidly obese subjects. Hood and Dewan reported 33% in-
cidence of difficult intubation in their series in which patients
received general anesthesia for cesarean delivery.13 Further-
more, the history of previous successful intubation does not
guarantee the same result during a subsequent procedure.13

In elective cesarean delivery, there is ample time for care-
ful airway analysis and planning. However, cesarean delivery
for urgent indications may impose considerable pressure on
the anesthesiologists to proceed in haste. Despite urgency,
careful anesthetic planning based on the airway assessment
probably should take precedence over the fetal indication of
urgency. A hasty move under these circumstances can cul-
minate in both fetal and maternal disaster. An additional pair
of experienced hands is a boon in the management of a dif-
ficult airway in morbidly obese subjects. Two hands may be
required for either jaw thrusting or holding the face mask
while the second person can assist in ventilation. Additional
equipment to assist difficult intubation is required, including
a short handled Datta–Briwa laryngoscope,106 assorted laryn-
goscope blades, a variety of endotracheal tubes, and equip-
ment to facilitate transtracheal jet ventilation and percuta-
neous cricothyroidotomy. A laryngeal mask airway (LMA)
should always be available in all obstetric suites for situations
when a patient cannot be ventilated or intubated.107

If the preanesthetic assessment does not suggest a difficult
intubation, rapid sequence induction can be performed after
adequate denitrogenation of lungs. Parturients can become hy-
poxemic rapidly during apnea.108 Obese parturients can also
become hypoxemic during apnea.109 The combination of obe-
sity and pregnancy can further increase the susceptibility of
an obese parturient to become hypoxemic rapidly during ap-
nea. Hence, it is prudent to grasp every opportunity before in-
duction to preoxygenate the obese parturient while the woman
is being positioned and monitors applied. Parturients should
be encouraged to take a few deep breaths during this process
of preoxygenation. Under emergency circumstances, a four-
breath method of denitrogenation can be used. However, it
should be noted that a study showed that nonobese parturi-
ents with the four-breath method developed hypoxemia more
rapidly than parturients who received 3-min tidal preoxy-
genation.110

For an unforeseen difficult intubation, management follows
the usual difficult airway algorithm. In our institution, a code-
airway is called in the event of a difficult intubation; this sum-
mons, among others, a surgical senior who can expeditiously
perform a tracheotomy/tracheostomy, if required. The Amer-
ican Society of Anesthesiologists (ASA) and the ASA task
force on obstetric anesthesia have developed guidelines to
deal with unexpected airway difficulty.111 If initial attempts
at intubation are unsuccessful after inducing anesthesia, a few
additional attempts at intubation are appropriate using differ-

ent laryngoscope blades, anesthesiologists, and head positions
before considering the case to be difficult. If the trachea can-
not be intubated, one should not persist with intubation but
begin mask ventilation, because parturients die of hypoxemia
not of failure to intubate. If the mask ventilation is not suc-
cessful despite an oral airway, a LMA or Combitube is in-
serted to facilitate ventilation. An LMA is our first choice be-
cause anesthesiologists have considerable experience with the
LMA in routine anesthetic practice. If ventilation cannot 
be accomplished with an LMA/Combitube (cannot intubate,
cannot ventilate), transtracheal jet ventilation, cricothyrot-
omy, or tracheostomy must be considered. On the other hand,
if ventilation is successful with an LMA (cannot intubate, can
ventilate), the decision to continue anesthesia depends on the
indication for the cesarean delivery.112 If the cesarean deliv-
ery is being performed for elective indications, there is no jus-
tification for jeopardizing the mother’s life by continuing with
general anesthesia without a tracheal tube. On the other hand,
general anesthesia with LMA can be continued when the
mother’s life depends on the completion of cesarean delivery
(as in massive antepartum hemorrhage). A fiberoptic intuba-
tion through an LMA can help secure the airway under these
circumstances. It is prudent to acquire difficult airway equip-
ment and surgical help as a backup until the termination of
anesthesia has culminated in the safe recovery of the preg-
nant woman.

If a difficult intubation is anticipated preoperatively, a
fiberoptic intubation should be performed before induction of
general anesthesia. Godley et al. described the use of LMA for
awake fiberoptic intubation under topical anesthesia in a mor-
bidly obese parturient considered to be a difficult intubation.113

Cohn et al. achieved successful awake intubation in a 240-kg
morbidly obese parturient using Bullard’s laryngoscope.114

There is a relative dearth of scientific work regarding po-
tential problems with thiopentone sodium for induction of
general anesthesia in the morbidly obese parturient. The dose
of induction agent should be increased in morbidly obese pa-
tients because blood volume, muscle mass, and cardiac out-
put show linear increase with the degree of obesity.10 How-
ever, in clinical practice, thiopentone 4 mg/kg lean body mass
to a maximum 500 mg provides satisfactory induction for ce-
sarean delivery. Etomidate in a dose of 0.1 to 0.3 mg/kg may
be used for obese patients with cardiac problems. Propofol 2
mg/kg is another alternative for induction. Although propo-
fol is highly lipophilic with a distribution volume of about 40
L, it does not appear to accumulate in the body. However, it
has marked hemodynamic effects, and an excessive dosage
for induction may lead to cardiovascular depression. When
hemodynamics are unstable, ketamine 1 mg/kg of lean body
mass is a suitable option. If a patient has history of bronchial
asthma, ketamine is frequently used because of its bron-
chodilatory effects. Hypertension is a relative contraindica-
tion to the choice of ketamine, as is a history of mental aber-
rations and hypertonicity of uterus. Midazolam is generally
not used for induction; it may be used after delivery of the
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baby. It should be remembered that elimination half-life 
is prolonged significantly from a mean 2.7 h in controls to
8.4 h in the obese.115

Succinylcholine, in a dose of 1 to 1.5 mg/kg, is the drug
of choice for the facilitation of intubation. In regard to the
nondepolarizing muscle relaxants, the recovery time from
atracurium is not prolonged in obese patients, but there is pro-
longation of recovery time from vecuronium (0.1 mg/kg).116

This difference is a result of impaired hepatic clearance in the
grossly overweight. A peripheral nerve stimulator should be
used no matter which muscle relaxant is used. Regardless of
the relaxant used, it is probably wiser to reverse its effects
with neostigmine in the usual fashion.

Morbidly obese patients are known to metabolize inhala-
tional agents such as halothane and enflurane more rapidly
than nonobese patients.117,118 However, these agents are no
longer used in obstetric practice. Serum inorganic fluoride
concentrations in obese patients increase more rapidly and re-
main higher than in nonobese patients following similar ex-
posure of sevoflurane during general anesthesia.119 As the flu-
oride level after isoflurane anesthesia is not significantly
increased, isoflurane is the drug of choice because of lesser
organ toxicity.120 A study comparing the postoperative re-
covery after propofol, isoflurane, and desflurane in morbidly
obese patients receiving general anesthesia showed that se-
dation was significantly less pronounced with desflurane at
30 and 120 min postoperatively.121 Postoperative immediate
and intermediate recoveries were more rapid after desflurane
than after propofol or isoflurane anesthesia. This advantage
of desflurane persisted at least for 2 h after surgery and is as-
sociated with both an improvement in patient mobility and a
reduced incidence of postoperative desaturation.121 Thus, des-
flurane seems to be an ideal inhalational agent for obese sub-
jects. The theory that lipid solubility of volatile anesthetics
prolongs the recovery period in morbidly obese patients has
been challenged.122 Because of its low fat solubility and lack
of metabolism, nitrous oxide would appear to be a logical
choice, but because of the high demands of oxygen in many
morbidly obese patients its usefulness is limited.

All obese patients should receive high tidal volume venti-
lation. Large tidal volume coupled with low chest wall com-
pliance and elevation of the diaphragm means that high peak
inspiratory pressures are often necessary. Ventilation with
large tidal volumes aims at moving tidal ventilation above the
closing volume and consequently increasing arterial oxygen
tension.36

Ventilation adjustments can be guided by capnography.
End-tidal carbon dioxide reflects arterial carbon dioxide in
nonobese parturients undergoing cesarean delivery.123 There
are no such data in morbid parturients undergoing cesarean
delivery, but the arterial to end-tidal carbon dioxide differ-
ence may be expected to increase due to an increase in alve-
olar dead space.124 Maintaining an end-tidal carbon dioxide
around 32 mm Hg should at least avoid hypocarbia, which
may reduce uterine blood flow.

Application of moderate positive end-expiratory pressure
(PEEP) can improve oxygenation, although this may not al-
ways be the case.125 Even if PEEP does increase PaO2, it may
do so at the expense of CO, resulting in a net fall in oxygen
delivery. Although it is probably preferable to extubate the
obese parturient in the operating room, if there is any doubt
as to the patient’s ability to maintain adequate ventilation and
oxygenation, one should continue mechanical ventilation in
the postanesthesia care unit. Extubation depends on the usual
criteria for termination of endotracheal intubation.

Postoperative Care

Morbidly obese patients are greatly at risk from postopera-
tive respiratory insufficiency, and supplemental oxygen must
be given throughout the recovery period. The head and upper
body should be elevated 30° to 45° to facilitate better oxy-
genation. Shivering must be prevented because this will cause
a marked increase in oxygen demand. After abdominal sur-
gery, a 45% incidence of atelectasis has been reported,126 and
continuous positive airway pressure (CPAP) treatment should
be initiated in the recovery room. Recently, bilevel CPAP has
been shown to significantly reduce pulmonary dysfunction af-
ter upper abdominal surgery in obese patients.127 Restoration
of normal pulmonary function following intraabdominal sur-
gery may take 4 to 5 days.128

Thromboembolic complications contribute greatly to the
increased morbidity and mortality in postoperative obese pa-
tients. Prolonged immobilization should be avoided as it can
lead to phlebothrombosis. Pregnancy can further increase the
risk of thrombosis in the morbidly obese patient. Pulmonary
emboli, often fatal, occur in 5% to 12% of obese patients un-
dergoing surgery.36,129 The increased risk of phlebothrombo-
sis can be prevented by miniheparinization (Heparin 5000
units*2), elastic stockings or frequent leg lifts, and pneumo-
boots (sequential compression devices). Regional anesthesia
offers some protection as well, facilitating early mobilization.
The method of providing postoperative analgesia for these pa-
tients can have a major effect on their early ambulation and
recovery.

Extreme caution is necessary when parenteral opioids are
administered postoperatively to morbidly obese patients be-
cause respiratory insufficiency and circulatory collapse may
result. Patient-controlled analgesia (PCA) may also cause se-
rious respiratory depression.130 Epidural or intrathecal ad-
ministration of opioids is far superior to parenteral analgesic
regimes. Epidural morphine ensures longer duration of pain
relief, earlier mobilization, earlier normalization of intestinal
motility, improved pulmonary function, and shorter hospital
stay.131 Our practice is to administer 3 mg morphine via the
epidural route or 0.2 mg via the intrathecal route. It would be
prudent to utilize pulse oximetry in the postsurgical period
for at least 24 h to monitor oxygenation for obese women re-
ceiving neuroaxial opioids. Additionally, apnea monitors can
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be used to monitor respiration. When epidural opioids are
given, most authors argue against the concomitant use of in-
travenous opioids, but supplementary administration of a pe-
ripherally acting analgesic can be useful to augment postop-
erative pain relief.

Summary

Obese women should be strongly encouraged to lose weight
before conceiving to decrease obstetric and perinatal mor-
bidity and mortality. Careful systemic evaluation should be
performed at the first opportunity during pregnancy in mor-
bidly obese women to determine the systemic pathophysio-
logic alterations of obesity. It is strongly recommended that
the pregnant woman should be seen by an anesthesiologist 
at around 28 weeks gestation to determine the effect of 
pregnancy on various systems. A multidisciplinary approach
should be instituted depending on the systemic findings. Care-
ful evaluation of the airway should be performed, and an anes-
thetic plan formulated and communicated to the patient as
well as the obstetrician. Regional anesthesia is most appro-
priate for labor and delivery. An early administration of
epidural anesthesia is recommended, which will provide am-
ple time to negate difficulties encountered during epidural
placements. Continuous spinal anesthesia is a reasonable al-
ternative. If general anesthesia is contemplated, a second pair
of hands is a boon, and necessary airway backup equipment
should be at hand. A multidisciplinary approach is the key to
a successful outcome of pregnancy in morbidly obese women.
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7
Breech Presentation, Malpresentation, 
and Multiple Gestation
Rakesh B. Vadhera and Gregory J. Locksmith

Malpresentation

Before labor, the fetus normally assumes a vertex presenta-
tion characterized by vertical orientation in the maternal ab-
domen with a flexed head leading the rest of the body through
the maternal pelvis (Figure 7.1). A malpresentation refers to
any deviation in fetal orientation or cephalic flexion. Mal-
presentation is estimated to occur in 5% of all deliveries1 and
is associated with increased maternal and perinatal morbidity
and mortality (Table 7.1).

Numerous factors are associated with malpresentation, the
most common being prematurity. Of all deliveries performed
before 32 weeks gestation, approximately 10% are nonver-
tex, and of all those performed before 28 weeks, up to 33%
are malpresentations. At term, this figure decreases to 3%.2,3

Other predisposing conditions include intrauterine factors
such as multiple gestation, grandmultiparity, polyhydramnios,
oligohydramnios, Mullerian anomalies, tumors, and high or
low placental implantation. Malpresentation also is associated
with fetal congenital anomalies such as myotonic dystrophy,
aneuploidy, or other disorders that impair motor function or
muscle tone. Cephalopelvic disproportion, either from an en-
larged fetal head or a contracted maternal pelvis, is also re-
lated to nonvertex presentations.

Most of the increase in perinatal morbidity and mortality can
be explained by prematurity, but congenital anomalies also play
a role. Other untoward outcomes include birth trauma and as-
phyxia secondary to umbilical cord prolapse. The major mater-
nal complications associated with malpresentation are related to
cesarean delivery. Trauma to the maternal pelvis with instru-
mental vaginal delivery is also probably more likely.

Noncephalic Presentations

Breech Presentation

In the breech presentation, the fetal axis is longitudinal with
its caudal pole in the lower uterine segment and the head in
the fundus. The breech-presenting fetus is categorized as one

of three types (Figure 7.2). The frank breech has the hips
flexed and the knees extended. The feet typically are located
high in the uterine fundus near the head. The complete breech
has the hips and knees flexed with the feet in the lower por-
tion of the uterus. The incomplete (footling) breech has one
or both hips extended, with one or both feet presenting in the
lowest portion of the uterus.

The diagnosis of breech may be made by abdominal pal-
pation or by digital vaginal examination. During labor, the as-
tute labor and delivery nurse may become suspicious after
noting unusually copious amounts of thick meconium pass-
ing from the vagina. Location of the fetal heart rate high in
the maternal abdomen may also prompt wariness in the at-
tendant. Physical examination, however, has been found to be
inaccurate for detection of malpresentation.4 Ultrasound is
recommended for confirmation when any malpresentation is
even slightly suspected.

Intrapartum Management

In the United States, the vaginal delivery rate for breech pre-
sentation has decreased dramatically, from 88% in 1970 to 21%
in 1985.5 Since 1985, the rate probably has fallen even further.
Similar trends have been reported in Canada6 and in Europe.7

The decline in opportunities for vaginal breech delivery has
created concern about whether young physicians today can ac-
quire the experience and skill to perform the procedure safely.
In a 1993 survey of faculty physicians from the National In-
stitute of Child Health and Human Development-sponsored
Maternal-Fetal Medicine Units Network, 55% responded that
residency training for vaginal breech delivery was inadequate,
and 39% believed that residents were adequately trained.8 Be-
cause of concerns about its relative safety, the erosion in skill
for performing this technique among obstetricians-in-training,
and the relative safety and convenience of cesarean delivery,
the vaginal breech delivery is fast becoming a dying art.

The reported perinatal mortality rate for breech-presenting
fetuses varies from 9% to 25%,9–11 three to five times that of
nonbreech, term infants. The excess deaths associated with
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breech presentation may be completely explained by lethal
anomalies or prematurity, both of which are strongly corre-
lated with breech presentation. Whether route of delivery in-
dependently influences the outcome of the term breech infant
is a matter of great interest and debate.

Large systematic reviews, mostly of retrospective cohort
studies, have concluded that planned vaginal delivery, com-
pared with planned cesarean delivery, is associated with small
but statistically significant increases in neonatal morbidity and
mortality.12,13 A retrospective analysis of the Swedish Med-
ical Birth Registry demonstrated increased rates of mortality,
low 5-min Apgar scores, and birth injury in breech infants
born vaginally compared to those born by elective cesarean.14

Two randomized, controlled studies of reasonable method-
ologic quality were published in the early 1980s that com-
pared planned vaginal delivery with planned cesarean in
women with breech presentation at term.15 In a study of
women with frank breech presentation,16 maternal morbidity
was increased in the elective cesarean group, and no differ-
ence was noted in neonatal outcomes. In another study of
women with nonfrank breech presentation,17 maternal out-
comes were not clearly documented, and no difference was
noted in neonatal outcomes. Both these studies were restricted
to fetuses with an estimated weight between 2500 and 3800
g and mothers with adequate X-ray pelvimetry. Although 
these studies were prospective, and the subjects were randomly
allocated to treatment and control groups, the results need to

FIGURE 7.1. Fetus in the vertex presentation. The head is the lead-
ing body part, and the neck is flexed. (From Cunningham FG, Mac-
Donald PC, Gant NF, Leveno KJ, Gilstrap LC III, Hankins GDV,
Clark SL, eds. Williams Obstetrics, 20th edn. Norwalk, CT: Apple-
ton & Lange, 1997, p. 256. Used by permission.)

TABLE 7.1. Risks associated with malpresentation.

Maternal Fetal

Cesarean delivery Preterm delivery
Genital tract trauma Congenital anomalies

Birth trauma
Umbilical cord prolapse

FIGURE 7.2. Types of breech presentation. (From Gabbe SG, Niebyl JR, Simpson JL, eds. Obstetrics: Normal and Problem Pregnancies,
3rd edn. New York: Churchill Livingstone, 1996, p. 479. Used by permission.)
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be reviewed with some skepticism. The method of random-
ization was not specified in either study, and more than half
the subjects who were allocated to the vaginal delivery groups
were delivered ultimately by cesarean. Furthermore, the sam-
ple sizes in both studies were insufficient to detect small but
perhaps clinically important differences in neonatal outcomes.

A recent study that drew 2088 subjects from 121 centers and
26 countries compared maternal and neonatal outcomes in those
who had planned vaginal versus planned cesarean delivery.18 In
this study, adverse neonatal outcome was significantly less fre-
quent in the planned cesarean group, and no difference was
found in the incidence of adverse maternal outcome. This study
can be questioned primarily with regard to the generalizability
of its results because more than half its subjects delivered in
countries with high perinatal mortality rates. Nevertheless, at
the present time, the preponderance of the evidence supports a
policy of planned cesarean for breech presentation at term.

Vaginal Breech Delivery

In some circumstances, a woman will give informed consent
for vaginal delivery or may present to the hospital with the
breech already partly delivered. Detailed descriptions of tech-
niques for vaginal breech delivery are presented in obstetri-
cal textbooks.1,19,20 Several elements are essential if vaginal

breech delivery is planned (Box 7.1). Well-trained and expe-
rienced operators should be in attendance and should have
continuous capability to perform immediate cesarean. Anes-
thesiologists should be promptly available at all times during
labor with the operating room readied. Although controver-
sial in the past, epidural anesthesia is likely to improve par-
turient comfort and cooperation, particularly in the second
stage if Piper forceps are required to assist with delivery of
the aftercoming head. Attendants skilled in neonatal assess-
ment and resuscitation should be present at the birth.

Piper forceps (Figure 7.3) can be an invaluable tool for fa-
cilitating delivery of the aftercoming head. A reduction of 50%
in the morbidity of breech delivery has been ascribed to for-
ceps use.21 The risk of hyperextension injury is reduced be-
cause the forceps maintain flexion of the fetal head during de-
scent through the pelvis, thus obviating traction force on the
trunk and spine. Furthermore, delivery may be completed ear-
lier after proper application of forceps. By reducing the amount
of time from delivery of the trunk to delivery of the head, the
risk of hypoxia may be lowered. Some obstetricians advocate
the routine use of Piper forceps for vaginal breech to ensure
controlled delivery of the head and to maintain optimal opera-
tor skill for deliveries that will actually require their use.

Perinatal morbidity can be minimized if certain criteria are
met before deciding to proceed with vaginal breech delivery
(Box 7.2). The type of breech greatly influences the potential
complications. The frank breech is associated with the most
favorable outcome rates. Because the feet occupy less space
in the maternal pelvis than the buttocks, the risk of umbilical
cord prolapse or entanglement is higher with the footling
breech.22 Additionally, the feet are not as effective for cervi-
cal dilation as the wedge created by the frank breech. The risk
of head entrapment within an incompletely dilated cervix,
therefore, is higher in the footling breech. The complete
breech typically converts spontaneously to footling or frank

Box 7.1. Essential requirements for planned vaginal 
breech delivery.

At least two operators experienced in vaginal breech 
delivery

Continuous fetal monitoring
Continuous capability to perform cesarean delivery
Anesthesia staff available at all times
Neonatal resuscitation team present at birth

FIGURE 7.3. Extraction of the aftercoming
head of a breech-presenting fetus using Piper
forceps. (From Gabbe SG, Niebyl JR, Simp-
son JL, eds. Obstetrics: Normal and Problem
Pregnancies, 3rd edn. New York: Churchill
Livingstone, 1996, p. 484. Used by permis-
sion.)

ak
us

he
r-li

b.r
u



70 R.B. Vadhera and G.J. Locksmith

presentation. Consequently, the complete breech is at lower
risk for complications than the footling breech but is at higher
risk than the frank breech.

The weight of the fetus is also an important consideration.
Most of the data and the studies of highest methodological
quality are analyses of term breech infants of normal birth
weight. Improved survival has been demonstrated with ce-
sarean delivery for breech infants weighing between 1000 and
1500 g.23–27 Retrospective evidence suggests that vaginal
breech delivery before 32 weeks is associated with a higher
risk of neonatal intraventricular hemorrhage.28 Although data
regarding vaginal breech delivery of macrosomic infants are
scarce, a fetal weight greater than 4000 g presents concerns
about the potential for dystocia, head entrapment, and neonatal
injury. The generally preferred route of delivery for breech in-
fants estimated to weigh less than 1500 g or more than 4000 g,
therefore, is cesarean section. To compensate for potential er-
rors in fetal weight estimation, many obstetricians raise the
lower limit to 2000 g and decrease the upper limit to 3500 g.

An assessment of adequacy of the maternal pelvis should
be made either clinically or with radiographic studies. The ra-
diographic studies provide the advantage of objective and eas-
ily reproducible measurements but are costly and expose the
mother and fetus to radiation. Computed tomography is pre-
ferred over X-ray pelvimetry because of its lower dose of ra-
diation (250 mrad versus 1–5 rad)29 and its capability to mea-
sure diameters in the axial plane. No studies have ever
demonstrated that outcome with vaginal breech delivery is
improved when radiographic pelvimetry is used as an alter-
native to simple clinical pelvimetry.

Finally, before proceeding with vaginal delivery, the ob-
stetrician should ascertain that the fetal neck is not hyperex-
tended and that hydrocephalus is not present. Hyperextension
of the neck is associated with high risk of fetal spinal cord
injury during vaginal breech delivery.30–32 Excessive en-
largement of the fetal head presents theoretical concerns about
an increased risk of head entrapment in the maternal pelvis.

With planned vaginal breech delivery, cesarean should be per-
formed for arrest of dilation in the active phase of labor, arrest
of descent in the second stage, fetal compromise as demonstrated
by fetal heart rate monitoring, or any other condition that would
prompt section of a vertex-presenting infant. Presumably be-
cause of the higher rates of adverse perinatal outcome, obste-
tricians tend to have a lower threshold for performing intra-
partum cesarean in the breech that was originally intended to be
delivered vaginally. Some authors recommend cesarean deliv-

ery rather than oxytocin for augmentation of labor when an ar-
rest is attributed to inadequate uterine contractions.20

Fetal Head Entrapment

Entrapment of the fetal head is a true obstetric emergency.
Head entrapment occurs when the fetal legs and torso deliver
through an incompletely dilated cervix, and the head becomes
stuck. Encountered most often in preterm and incomplete
(footling) breech presentations, it can result in birth trauma,
asphyxia, and perinatal death. The anesthesiologist is a valu-
able ally in managing fetal head entrapment. Administration
of nitroglycerine or a halogenated anesthetic agent often pro-
vides a sufficient amount of uterine relaxation to allow the
head to pass through the cervix. If the cervix cannot be re-
duced over the fetal head after attempts at uterine relaxation,
Dührssen’s incisions in the cervix may be required. This tech-
nique requires the operator to make two to three incisions in
the cervix at 2, 6, or 10 o’clock (Figure 7.4). Excellent ex-
posure is critical, and general or dense regional anesthesia is
necessary for the patient to be able to tolerate the procedure.

Transverse and Oblique Presentation

Abnormalities in axial lie are rare, occurring in approximately
1 in 300 deliveries.3,33 Perinatal mortality is increased with
transverse and oblique presentation, primarily from complica-
tions of prematurity, but also because of congenital anomalies,
umbilical cord prolapse, and traumatic delivery. Maternal mor-
tality and morbidity are also increased and are usually related

Box 7.2. Contraindications to planned vaginal breech delivery
of a viable fetus.

Estimated fetal weight less than 1500 g
Incomplete (footling) breech presentation
Contracted maternal pelvis
Hyperextension of the fetal neck
Fetal hydrocephalus

FIGURE 7.4. Proper location for Dührssen’s incisions. (From Gabbe
SG, Niebyl JR, Simpson JL, eds. Obstetrics: Normal and Problem
Pregnancies, 3rd edn. New York: Churchill Livingstone, 1996, 
p. 633. Used by permission.)
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to postcesarean infection, hemorrhage, or traumatic delivery. A
transverse-presenting fetus is shown in Figure 7.5.

Vaginal delivery from a transverse or oblique presentation
is a high-risk venture and should not be undertaken. Attempts
of internal podalic version and breech extraction are unlikely
to be successful and are associated with high perinatal mor-
tality.3,34 External cephalic version (ECV) at term, before on-
set of labor, and before rupture of membranes is a reasonable
alternative to planned cesarean delivery for transverse-
presenting fetuses. One group35 found that 86 of 96 women
with transverse presentations that were converted to cephalic
and who subsequently had labor induced were able to deliver
vaginally. The woman with transverse or oblique presentation
of a viable fetus who is in active labor or with ruptured mem-
branes should be delivered by cesarean section.

External Cephalic Version

External cephalic version can be performed on breech,
oblique, and transverse-presenting fetuses. It offers the po-
tential for vaginal delivery while minimizing the risks of cord
prolapse, head entrapment, and other complications that are

often attributed to vaginal breech delivery. The Cochrane Li-
brary review of six prospective, randomized studies found that
ECV was associated with a 58% reduction in noncephalic
births and a 48% reduction in cesarean delivery.36 The in-
vestigators also concluded, however, that not enough evidence
existed to assess the risks of the procedure.

During ECV, the operator applies gentle constant pressure
over the fetal head and breech to rotate the fetus into a cephalic
presentation (Figure 7.6). The procedure should be performed
at 36 to 38 weeks. Before 36 weeks fetuses often convert to
cephalic presentation spontaneously, obviating the need for
the procedure. After 38 weeks the fetus continues to grow,
but the amniotic fluid volume begins to decline, reducing the
likelihood for success. Reported success rates vary between
40% and 75%.37

Complications associated with external version include 
umbilical cord compression, placental abruption, fetal-to-
maternal hemorrhage, and uterine rupture. On rare occasions,
prolonged fetal bradycardia develops during the procedure,
requiring emergency cesarean. Possibilities for failure or

FIGURE 7.5. Transverse presentation. (From Cunningham FG, Mac-
Donald PC, Gant NF, Leveno KJ, Gilstrap LC III, Hankins GDV,
Clark SL, eds. Williams Obstetrics, 20th edn. Norwalk, CT: Apple-
ton & Lange, 1997, p. 257. Used by permission.)

FIGURE 7.6. Technique for external cephalic version (ECV). Fetal
presentation before (A) and after (B) successful external version.
(From Gabbe SG, Niebyl JR, Simpson JL, eds. Obstetrics: Normal
and Problem Pregnancies, 3rd edn. New York: Churchill Living-
stone, 1996, p. 489. Used by permission.)
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spontaneous reversion to a noncephalic presentation also ex-
ist. Factors associated with reduced likelihood of success in-
clude oligohydramnios, anterior placental location, maternal
obesity, deep pelvic engagement of the breech, and posterior
positioning of the fetal back.38

Various adjunctive techniques such as tocolytic drugs, fe-
tal acoustic stimulation, and epidural anesthesia have been
used to facilitate ECV. Of these techniques, tocolysis is the
best studied. The rationale for using tocolytic medications be-
fore attempting external version is to maintain relative uter-
ine relaxation during external manipulation of the uterus. The
largest randomized trials initiated to evaluate tocolysis as an
adjunct to external version have demonstrated a modest im-
provement in successful version but no ultimate lowering of
the cesarean rate.39–41 In one study of fetal acoustic stimula-
tion, exposed women had six times the successful version rate
compared to those who were not exposed.42

Anesthesia Considerations for a 
Breech Delivery

Although the latest data suggest a better fetal outcome with
a planned cesarean delivery,18 the different options possible

when a parturient presents with a breech at or near term are
the following:

• ECV
• Proceed with vaginal delivery, mostly assisted to avoid or

limit fetal hypoxia
• Planned cesarean section
• Emergency cesarean section if there is any danger to ma-

ternal or fetal well-being during vaginal delivery

The ideal time to discuss anesthetic and analgesic manage-
ment of a breech delivery with the parturient is when the ob-
stetrician discusses the various options of breech delivery with
the parturient. Preoperative evaluation in such high-risk pa-
tients can minimize maternal and fetal risks. A good and early
communication between the obstetric and anesthesia teams is
paramount in counseling and providing a care plan catered to
the specific needs of a particular woman and also in formu-
lating a secondary plan if the obstetric management changes
because of the safety of mother or the fetus.

Anesthetic services may be required for ECV, normal or
assisted vaginal breech delivery, complete breech extraction,
delivery of entrapped fetal head, or elective or emergency ce-
sarean section (Figure 7.7). Acute fetal distress, sudden cord

FIGURE 7.7. Breech delivery algorithm.
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prolapse, or entrapment of fetal head can lead to emergency
fetal delivery by cesarean section, which makes it absolutely
necessary that adequate time is spent for the patient, equip-
ment, and drug preparation, which should include airway as-
sessment, keeping woman NPO but hydrated with a large-bore
IV placement, and giving aspiration prophylaxis (Table 7.2).

External Cephalic Version

Successful ECV helps reduce the perinatal mortality and mor-
bidity associated with breech delivery or cesarean section. Most
obstetric unit protocols now demand that an anesthesiologist be
present during the procedure, ready for emergency cesarean sec-
tion. The role of anesthesiologists has changed in the last decade
from being just a standby monitoring service to actively pro-
viding analgesia and assuring the safety of the mother during
the procedure. The widespread use of tocolytic agents, �-sym-
pathomimetics or nitroglycerine, and immediate confirmation
of successful version and fetal well-being with Doppler ultra-
sonography have increased the success rate of vaginal deliv-
ery.43,44 Depending on the gestational age and fetal maturity,
the outcomes for ECV are: successful version with expectant
delivery immediately or at a later date; unsuccessful version with
expectant vaginal breech delivery or cesarean section, the latter
being a more likely option; or emergency cesarean section for
fetal distress. The anesthetic involvement during ECV is chal-
lenging, as the analgesic technique needs to offer the flexibility
to cover most of these outcomes, if possible.

Parturient comfort can be provided with either an intra-
venous opiate, with or without inhalational analgesia with ni-
trous oxide in oxygen, or with epidural analgesia. The limi-
tation of using the former technique is the amount of opiates
that can be given safely, which must be monitored closely in
case the fetus is to be delivered urgently and to ensure that
the patient remains awake and conscious. However, there is
some controversy regarding whether regional anesthesia,
whether epidural or combined spinal epidural, substantially
increases the success rate of ECV. Anesthesia care providers
are reluctant to offer an invasive procedure with associated
complications and risks for such a procedure, whereas some
obstetricians fear that administration of regional anesthesia
may encourage them to use excessive force, which may in-
crease the risk of perinatal morbidity and mortality.

Epidural anesthesia is still infrequently used for ECV, even
after several recent studies that have demonstrated that epidural
or combined spinal epidural anesthesia during ECV signifi-
cantly increases the success rate. Three of these studies, one
retrospective and two prospective, compared the success rate
of ECV with or without epidural anesthesia.45–47 The success
rate significantly increased, by 26% to 37% when ECV was
performed with epidural anesthesia as compared to ECV per-
formed without epidural anesthesia. Two other studies evalu-
ated ECV performed under epidural anesthesia after a previous
failed attempt when epidural anesthesia was not used. Neiger
et al.48 and Rozenberg et al.49 were successful in turning 9 of
16 and 27 of 68 patients, respectively, where ECV had failed
previously performed under no anesthesia. In a recent study,
Birnbach et al.50 reported a success rate of 80% when ECV
was performed under combined spinal epidural block, com-
pared to a 33% success rate in patients who did not receive any
analgesia. Opponents of the use of regional anesthesia for ECV
find the success rates in control groups in these studies un-
characteristically low. A review by Zhang et al.37 of United
States literature, which included 15 articles, showed an aver-
age success rate of 65% when ECV was performed without any
regional anesthesia. In a prospective trial of ECV performed
with or without spinal anesthesia, spinal anesthesia demon-
strated no increase in the ECV success rate (44% in the spinal
group versus 42% in controls).51 With the amount of informa-
tion available so far, The American College of Obstetricians
and Gynecologists concluded, “there is not enough information
available to make a recommendation supporting or opposing
use of epidural anesthesia.”52 Complications during ECV (i.e.,
changes in the fetal heart rate patterns in as many as 10% of
cases, fetal–maternal transfusion in 18% of cases, and placen-
tal separation in 0.2%–2% of cases) might necessitate emer-
gency cesarean delivery.

Labor Analgesia

Labor analgesia for an expectant vaginal breech delivery ide-
ally should be discussed with the parturient and obstetrician
as soon as such a decision is made. Epidural analgesia for
breech labor and delivery has been controversial in the past.

TABLE 7.2. Preanesthetic preparation for breech and 
multiple gestation.

Discussion
With obstetrician to formulate a detailed plan
With patient of all the options available for different delivery plans

Preanesthetic evaluation
Must include airway assessment
Symptoms and signs of supine hypotension and hydration status

Preparation
Large-bore intravenous line
Aspiration prophylaxis
Blood for emergency transfusion (at least typed and screened, 

autologous, or crossmatched if uterine atony or hemorrhage 
expected)

Equipment and drugs for the following:
Additional IV line, fluid and blood warmer, and rapid infusion pumps
Subarachnoid block
Rapid sequence induction of general anesthesia
Treatment of hypotension (vasopressors, left uterine displacement)
Possible uterine relaxation (nitroglycerine, terbutaline, halogenated 

anesthetic agents)
Uterine contraction (pitocin, methergine, prostaglandin F2�)
Neonatal resuscitation
Extension of epidural analgesia for cesarean section

Execution
Good functioning labor epidural, especially if airway assessment 

points to difficult airway management
When delivery is imminent, extend the block with higher concentra-

tion local anesthetics, and be ready for assisted breech delivery, de-
livery of aftercoming head including forceps application, or ce-
sarean section for any fetal compromise
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This controversy arose from the fear of some obstetricians
that epidural analgesia prolongs the second stage of labor, in-
hibits the woman’s ability to push effectively, increases the
incidence of complete breech extraction with increased peri-
natal morbidity and mortality, and may cause fetal and neona-
tal depression. This belief has changed so much in the last
decade that, in most of the modern high-risk obstetric units,
epidural analgesia is the preferred technique if a vaginal de-
livery, either spontaneous or assisted, is expected. The belief
changed over time because of the observations that epidural
analgesia offers the advantage of superior and optimal pain
relief, inhibition of early pushing (especially in a premature
breech), an alert and cooperative patient who can push ade-
quately with proper coaching, perineal relaxation that helps
breech extraction and application of forceps to extract the af-
tercoming head, improved neonatal status, and the option to
extend anesthesia for emergency cesarean section and there-
fore avoid the need for general anesthesia.

Boyson and Simpson53 in 1960 noted a decrease in neona-
tal morbidity when breech births were managed with caudal
anesthesia. Crawford54 reported a slightly prolonged second
stage of labor (10 min), a decreased incidence of low Apgar
scores at 5 min, and no increase in the incidence of fetal ex-
traction in parturients who received epidural analgesia. A num-
ber of studies in the 1970s confirmed that epidural analgesia
is the analgesic method of choice in breech labor and vaginal
delivery.55–58 Although the second stage of labor is lengthened
slightly (10–30 min),54,59 most of these studies found that the
incidence of breech extraction or cesarean section is not in-
creased by the use of epidural analgesia.56,59 In fact, the inci-
dence of breech extraction or cesarean section may be de-
creased because of effective controlled pushing efforts by an
alert, cooperative patient.54 In most of these studies, epidural
analgesia did not influence the Apgar scores, umbilical cord
acid–base values, or neonatal outcome.54,55,57,59 Breeson et
al.58 found improved neonatal condition when the breech was
delivered with epidural analgesia, whereas Confino et al.59 re-
ported lower 1-min Apgar scores in fetuses weighing more
than 2500 g (however, 5-min Apgar scores, perinatal morbid-
ity, and maternal complications were the same in both groups).
Darby and Hunter57 reported that epidural analgesia, compared
to either narcotics or N2O inhalation analgesia, was associated
with a higher 5-min Apgar scores. Van Zundert et al.60 re-
ported a retrospective review of the expulsion time, the inter-
val between the first expulsive effort by the mother, and the
delivery of the baby as indicators of fetal risk. In their study,
patients received an intermittent bolus injection of 0.125%
bupivacaine with 1:800,000 epinephrine. The expulsion time
was remarkably short (mean time, only 8.7 min). In contrast,
Chadha et al.,61 in a retrospective review, observed that
epidural analgesia was associated with an increased need for
oxytocin augmentation of labor, longer first (approximately 3
h) and second stages (approximately 18–30 min) of labor, and
a greater cesarean section rate if cesarean section was per-
formed during the second stage of labor.

Establishment of a good functioning epidural block, in early
stages of labor, is desirable and mostly rewarding. An epidural
block should be initiated and titrated to desired dermatome,
with a low concentration of local anesthetic. Either bupivacaine
less than 0.25% or ropivacaine less than 0.2% produces the de-
sired analgesic effect without much motor block. Addition of
an opioid can reduce the concentration of local anesthetic. In
the parturient who is at high risk of operative or assisted de-
liveries or who is expected to present with a difficult airway
management, it is advisable to initiate the block with only a lo-
cal anesthetic to achieve a desired sensory level to confirm the
placement of the epidural catheter before starting the infusion.
If there is any doubt regarding the efficacy of the block, the
catheter should be replaced. For continued labor analgesia, most
anesthesiologists administer the lower concentrations of local
anesthetics (bupivacaine 0.0625%–0.125% or ropivacaine
0.1%), with an opioid (fentanyl 2.5 �g/mL) by continuous in-
fusion to avoid extensive motor block. For parturients with ear-
lier complaints of rectal pressure and wanting to push prema-
turely during the late first stage of labor, or for intrauterine
manipulation, breech extraction, or applications of forceps to
aftercoming head during the second stage of labor, the epidural
block can be rapidly augmented with 1.5% to 2% lidocaine
with 1:200,000 epinephrine, 2% to 3% 2-chloroprocaine, 0.5%
ropivacaine, or 0.25% to 0.5% bupivacaine to provide sacral
analgesia. Augmenting the block with higher concentrations is
justifiable if the parturient is more likely to deliver by a ce-
sarean section. It is important that parturients with breech pre-
sentation deliver in an operating room in case an emergency
abdominal delivery must be performed.

Occasionally, a subarachnoid block can be administered dur-
ing the late first stage or second stage of labor for breech ex-
traction or to prevent precipitous delivery, especially of a pre-
mature fetus. Although the subarachnoid route provides rapid
onset of excellent analgesia and perineal relaxation without any
fetal depression, it can also cause excessive motor block with
higher concentrations of local anesthetics and can limit the pa-
tient’s ability to push effectively. For pregnant women in ad-
vanced labor with no epidural, a combined spinal anesthesia
technique with 2.5 mg bupivacaine with or without an opiate
provides a rapid analgesia without any motor block.62

Fetal Head Entrapment

Fetal head entrapment of the aftercoming head is the greatest
fear involved with a vaginal breech delivery. A parturient with
a low birth weight breech may experience a premature urge
to push. Premature babies, breeches less than 32 weeks, and
incomplete breeches are more likely to suffer from fetal head
entrapment because of a smaller body (compared to size of
the head) that may deliver before the cervix is fully dilated.
The presence of an anesthesia care provider for all deliveries,
even if the epidural analgesia does not exist, is important.
Once the fetal head is entrapped, the time to accomplish fe-
tal head delivery is extremely limited; otherwise, fetal well-
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being is severely compromised. The choices, under such lim-
iting circumstances, are to either relax the cervical muscles,
uterine smooth muscle, and pelvic floor muscles or to pro-
ceed with an operative delivery—the former choice being
more commonly practiced before the obstetricians proceed
with the operative delivery.

In the past, general anesthesia was more commonly used
in these situations. Succinylcholine provided the perineal 
relaxation, while the high concentration of a volatile halo-
genated agent (e.g., halothane, enflurane, isoflurane) pro-
vided uterine and cervical relaxation.63 However, adminis-
tration of high concentrations of volatile agents without
airway protection or rapid sequence induction of anesthesia
in a lithotomy position is unsafe and hazardous. Delivery of
the entrapped head can also be achieved safely by providing
a dense and adequate T10 level of analgesia with epidural
analgesia and uterine relaxation with a tocolytic. A well-
functioning lumbar epidural not only provides sacral anal-
gesia—it inhibits early pushing during the first state of labor
before the cervix is completely dilated and allows intrauter-
ine manipulations—but also causes adequate pelvic floor and
perineal relaxation for the aftercoming head and probably re-
duces the incidence of fetal head entrapment. If diluted so-
lutions of bupivacaine, either 0.0625% with an opioid or
0.125% with or without an opioid, are inadequate to prevent
pushing during the first stage of labor, or if the delivery is
imminent, the epidural analgesia can be augmented with
higher concentrations (0.25%) of bupivacaine, with or with-
out an opioid. For breech extraction, head entrapment, ap-
plications of forceps for the aftercoming head, or cesarean
sections, 2% lidocaine with epinephrine 1:200,000, with or
without sodium bicarbonate, or 3% 2-chloroprocaine may be
administered to rapidly augment the block to a desired ap-
propriate level. If uterine and cervical relaxation becomes
necessary, a rapid and transient effect can be produced by
amyl nitrate or nitroglycerine.64–66 Either 50 to 100 �g in-
travenous nitroglycerine or 400 to 800 �g sublingual aerosol
spray of nitroglycerine will mostly produce a reliable re-
sult.67,68 In the absence of hypovolemia, neither of the routes
or doses cause a clinically significant hypotension.

Cesarean Section

For a breech-presenting fetus, many obstetricians consider an
elective cesarean section to be the safest route of delivery18;
this is particularly true in North America today as the technique
of vaginal breech delivery becomes less and less frequently
practiced and taught. If the breech is to be delivered by elec-
tive cesarean section, regional anesthesia, either a subarachnoid
or lumbar epidural block, has become the preferred technique
over general anesthesia. Breech cesarean delivery performed
under general anesthesia not only carries a 17-fold greater risk
of morbidity when compared to the regional anesthesia tech-
niques,69 it has also been shown to result in lower Apgar scores
in 41% of parturients, when compared to only 7% of parturi-

ents who received regional anesthesia.70 Crawford and
Davies70 in this study also observed that epidural anesthesia
protected the neonate when uterine incision to delivery time
exceeds 90 s. A fetal compromise, either because of severe fe-
tal distress, a prolapsed cord, or fetal head entrapment, might
necessitate induction of general anesthesia to expedite the de-
livery. Many anesthesiologists now believe that a subarachnoid
block may be administered just as rapidly. General anesthesia
is still preferred by many obstetricians. The reluctance of ob-
stetricians to deliver the fetus under regional anesthesia comes
not only from the possibility of a delay in delivering an already
compromised fetus, but also from the notion that general anes-
thesia might provide the uterine relaxation, if needed, for con-
trolled assisted delivery of the aftercoming head with or with-
out the application of forceps. Darby and Hunter,57 however,
noted no difference in the neonatal outcome after epidural or
general anesthesia. An adequately dense epidural block near
delivery can be safely extended rapidly to perform a cesarean
section if the need arises from any fetal compromise. 2-Chloro-
procaine (3%) or lidocaine (2%) with epinephrine, 1:200000,
and sodium bicarbonate can augment the block, from an exist-
ing T10 to the T4–T5 level, for a rapid operative delivery. Re-
laxation of uterus with a tocolytic might be required for the af-
tercoming head.

Abnormal Cephalic Presentations

Face Presentation

Normal vertex presentation requires the neck to be fully flexed
during active labor. Full flexion permits the smallest diame-
ter of the fetal skull, the suboccipitobregmatic diameter (Fig-
ure 7.8), to pass through the maternal pelvis. Full flexion also

FIGURE 7.8. Diameters of the typical fetal skull. The shortest diam-
eter passed through the head with the fetal neck either full flexed
(vertex presentation) or extended (face presentation). (From Gabbe
SG, Niebyl JR, Simpson JL, eds. Obstetrics: Normal and Problem
Pregnancies, 3rd edn. New York: Churchill Livingstone, 1996, 
p. 372. Used by permission.)
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allows the neck to extend during expulsion of the head. The
face presentation is characterized by full extension of the fe-
tal neck as the head descends through the pelvis (Figure 7.9).
The incidence of face presentation is approximately 1 in 500
live births.1 Risk factors for face presentation are similar to
those for other malpresentations. One review found that 60%
of infants who presented with face presentation were mal-
formed,71 whereas another study found that either a fetal
anomaly or a contracted maternal pelvis was associated with
90% of face presentations.72

Normally, the face presentation is diagnosed during ac-
tive labor, after the cervix has dilated appreciably. The face-
presenting fetus can deliver vaginally, but cesarean delivery
is ultimately required in up to 60% of cases.72 The mecha-
nism of labor is critical for success. In contrast to the 
vertex-presenting infant, who can deliver vaginally from an 
occiput-anterior or -posterior position, the face-presenting
infant can deliver safely only from a mentum-anterior posi-
tion (Figure 7.10). Additionally, the incidence of fetal heart
rate47 and labor33 abnormalities is probably higher among
face presentations.

Pitocin may be used with face presentation for labor ab-
normalities that are secondary to inadequate uterine con-
tractions. The progress of labor and fetal condition, how-
ever, require intensive monitoring. Attendants must be able

to recognize problems promptly and make quick and deci-
sive actions to correct disorders. Prolonged labor has been
associated with markedly increased perinatal mortality for
face-presenting infants.73 Cesarean delivery should be per-
formed for labor abnormalities, nonreassuring fetal heart
rate patterns, and persistent mentum-posterior position.
Some infants in the mentum-posterior position rotate spon-
taneously to the mentum-anterior position. Attempts to man-
ually rotate the position to mentum-anterior or to flex the
head into a vertex presentation increase both maternal and
perinatal risks needlessly.74

Brow Presentation

The fetal neck in the brow presentation is deflexed but not as
fully extended as in the face presentation (Figure 7.11). The
reported incidence varies widely, probably because it is not
easily detected early in labor and because it typically converts
spontaneously to vertex or face presentation. Risk factors for
brow presentation are cephalopelvic disproportion, prematu-
rity, and multiparity.33,75

As with face presentation, brow presentation is usually de-
tected during digital vaginal examination, relatively late in la-
bor. Usually the brow presentation converts to vertex or, less
often, to face presentation. Persistent brow presentation gen-
erally requires cesarean delivery for arrest of labor: the di-
ameter of the fetal skull traversing the pelvis (the vertico-
mental diameter; see Figure 7.8) is typically too wide to
permit passage if the infant is near term. Attempting to flex
the head into a vertex presentation, either manually or with
forceps, is discouraged. Pitocin may be used with brow pre-

FIGURE 7.9. Face presentation. (From Gabbe SG, Niebyl JR, Simp-
son JL, eds. Obstetrics: Normal and Problem Pregnancies, 3rd edn.
New York: Churchill Livingstone, 1996, p. 473. Used by permis-
sion.)

FIGURE 7.10. Mentum-anterior position of the face presentation. The
face-presenting infant can deliver safely only from this position.
(From Gabbe SG, Niebyl JR, Simpson JL, eds. Obstetrics: Normal
and Problem Pregnancies, 3rd edn. New York: Churchill Living-
stone, 1996, p. 473. Used by permission.)
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sentation for labor abnormalities that are secondary to inade-
quate uterine contractions.

Compound Presentation

Compound presentation refers to the situation in which an ex-
tremity presents simultaneously with the head or breech. Most
commonly, an arm presents along with the vertex (Figure
7.12). The incidence of compound presentation is approxi-
mately 1 in 1000 live births.33,76 Risk factors include prema-
turity, multiparity, and large maternal pelvic size. Prematu-
rity is the most consistently associated factor. Perinatal
mortality associated with compound presentation is approxi-
mately 10%.33 This rate is mostly related to prematurity, but
asphyxia resulting from umbilical cord prolapse is also prob-
ably a contributing factor. Less commonly, neurologic or
musculoskeletal injury of the presenting extremity can result.
Protracted labor also has been reported.77

Compound presentation is often occult, with the diagnosis
made at delivery. In other instances, it is recognized during
active labor during digital vaginal examination. During labor,
the accompanying extremity usually retracts spontaneously as
the major pole descends through the pelvis. Even without
spontaneous retraction, safe vaginal delivery can be accom-
plished. Practitioners should not attempt to manually replace
the extremity higher in the pelvis because of the potential for
maternal and perinatal morbidity.76 Indications for cesarean
delivery include cord prolapse, fetal heart rate abnormalities,
and arrests of labor.

Multifetal Gestation

Twins

Twinning can occur by one of two mechanisms. Monozy-
gotic twins result from a single fertilized ovum dividing
into two distinct individuals after a variable number of cel-
lular divisions. As a rule, such twins are genetically iden-
tical. Dizygotic twins result from two separate sperm fer-
tilizing two distinct ova. These twins are typically as
genetically similar as other true siblings. The incidence of
monozygotic twinning is approximately 4 per 1000 live
births.19,78 This rate is virtually constant throughout the
world and is not affected by maternal age, race, parity, or
genetics. In the United States, the frequency of dizygotic
twinning is approximately twice the rate of monozygotic
twinning.

Dizygotic twinning is affected by many factors, particu-
larly maternal use of ovulation-inducing drugs and assisted
reproductive technologies such as in vitro fertilization. The
frequency of dizygotic twinning is low in Asians, interme-
diate in Caucasians, and high in Africans.78 The incidence
of dizygotic twinning also increases with maternal age and
parity.

Monozygotic twinning was once thought to be unaffected
by infertility therapy; however, evidence now suggests that

FIGURE 7.11. Brow presentation. The neck is extended but not as
fully extended as with a face presentation. (From Gabbe SG, Niebyl
JR, Simpson JL, eds. Obstetrics: Normal and Problem Pregnancies,
3rd edn. New York: Churchill Livingstone, 1996, p. 475. Used by
permission.)

FIGURE 7.12. Compound presentation. The left arm is presenting
along with the vertex. (From Gabbe SG, Niebyl JR, Simpson JL,
eds. Obstetrics: Normal and Problem Pregnancies, 3rd edn. New
York: Churchill Livingstone, 1996, p. 477. Used by permission.)
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monozygotic twinning is doubled in association with use of
ovulation-inducing agents.79 From the mid-1970s through
1990, the use of ovulation-inducing agents and assisted re-
productive technologies has actually led to a growth in the
number of multiple births, which is rising faster than the num-
ber of singleton births associated with fertility therapy.80 This
increase in multiple births is seen primarily in older, typically
white, highly educated women.81

Placentation

Twins can be described in terms of the degree of fusion be-
tween the placentas and membranes (Figure 7.13). These dis-
tinctions are important determinants of risk for the pregnancy.
The membranes of every pregnancy consist of an outer
chorion and an inner amnion. In dizygotic twin pregnancies,
each twin is surrounded by its own separate amniochorionic
shell. This membrane pattern is known as dichorionic-
diamniotic placentation. The placentas may be fused or sep-
arate. In monozygotic twins, depending on the amount of time

that has elapsed from fertilization until division into distinct
individuals, placentation could be dichorionic diamniotic,
monochorionic diamniotic, or monochorionic monoamniotic
(Table 7.3).

Perinatal risk rises substantially with greater sharing of am-
niochorionic compartments. In general, dichorionic twins
have the lowest risk and monoamniotic twins have the high-
est. Regardless of the placental type, perinatal morbidity and
mortality are far greater in twins than in singletons (Table
7.4). The principal factor responsible for the increase in ad-

FIGURE 7.13. Placental types of twin pregnancies. (From Gabbe SG, Niebyl JR, Simpson JL, eds. Obstetrics: Normal and Problem Preg-
nancies, 3rd edn. New York: Churchill Livingstone, 1996, p. 822. Used by permission.)

TABLE 7.3. Relationship between the time of embryonic cleavage
and placentation of monozygotic twins.

Placentation Days from fertilization to cleavage

Dichorionic, diamniotic 2–3
Monochorionic, diamniotic 3–8
Monochorionic, monoamniotic 8–13
Conjoined twins 13–15
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verse outcomes is preterm delivery. Twins are also at in-
creased risk for intrauterine growth restriction, birth defects,
placenta previa and abruption, umbilical cord accidents, and
malpresentation. Because of the increased placental mass as-
sociated with multiple gestation, mothers are at increased risk
for preeclampsia and gestational diabetes. Anemia is also
much more common, because blood volume is increased in
mothers with twins compared to those with singletons. Post-
partum hemorrhage secondary to uterine atony is also more
common, presumably because the overdistended uterus may
not involute properly after delivery.

Monochorionic twins, as a rule, have numerous vascular
communications between them. Because of this phenome-
non, growth disparity is much greater between monochori-
onic versus dichorionic twins. The growth disparity in
monochorionic twins varies continuously from a few grams
to the extreme discordance noted in the twin–twin transfu-
sion syndrome (TTS). This condition is found only in
monochorionic-diamniotic twins. The pathologic findings
underlying TTS are anastomoses between high-pressure ar-
terial systems of one twin and low-pressure venous systems
of the other. The twin on the arterial side becomes a donor
that transfuses the cotwin. The donor twin is typically 
anemic, growth restricted, and has oligohydramnios. The 
recipient often has polycythemia and polyhydramnios. In-
creased morbidity and mortality in monochorionic-diamniotic
twins are related primarily to higher rates of stillbirths 
and preterm delivery, usually as a consequence of TTS.
Preterm delivery in TTS results from spontaneous preterm
labor, premature rupture of membranes, and induced de-
livery for fetal indications. Mortality rates range from 60%
to 100%.82,83

Various procedures have been devised to improve out-
come in twin pregnancies affected by TTS, such as serial
amnioreduction, septostomy,84 and laser occlusion of the
communicating vessels. Serial amnioreduction has the ad-
vantages of being the most widely studied of these proce-
dures and the easiest to perform. This procedure involves
performing amniocentesis at selected intervals to remove
large proportions of fluid surrounding the twin with poly-
hydramnios. A compilation of four descriptive studies pub-
lished in the early 1990s has demonstrated a neonatal sur-
vival rate of 68% for 72 women with TTS treated with

repeated amnioreduction.85–88 The exact reason why this
procedure is effective is unclear but probably involves re-
duced intraamniotic pressure resulting in better perfusion of
one or both twins. The pathophysiology of polyhydramnios
in TTS is not well understood.

Fetoscopically directed laser occlusion of the communi-
cating vessels holds promise as a therapeutic option because
it attempts to correct the underlying problem. Descriptive
studies of TTS-affected pregnancies treated by fetoscopic
laser have shown that neonatal outcome is similar to that
achieved with therapeutic amniocentesis.89–91 Disadvan-
tages of this procedure are expense, complexity, and limited
availability. Furthermore, because the fetoscope must be in-
troduced through the anterior uterine wall and the vessels
must be visualized and contacted directly by the laser source,
patients with anteriorly oriented placentas are not good can-
didates for the procedure. Currently, the procedure is con-
sidered experimental.

Monoamniotic twins have the highest mortality rates. Most
recent studies report the survival rate in monoamniotic twin
pregnancies to be 40%.92 Fortunately, monoamniotic twin-
ning occurs very rarely, with an estimated incidence of less
than 1% of all monozygotic twins. The high mortality occurs
primarily because of umbilical cord occlusion, usually as a
result of entanglement. Cord entanglement has been reported
to occur in 70% of all monoamniotic twin pregnancies.93

Cords can be intertwined, or one twin’s cord can be wrapped
around itself or around the cotwin.

Optimal management for monoamniotic twins has not been
determined. Controversy surrounds the issues of monitoring
for fetal well-being and timing of delivery. Some advocate
continuous fetal monitoring starting at 24 weeks gestation and
ending at 32 weeks with cesarean delivery. Others believe
monitoring can be less intensive and that delivery can be de-
layed, at least until fetal lung maturity is confirmed. Cesarean
section is generally agreed upon as the delivery mode of
choice because the risk of cord entanglement between the
twins is so high.

Diagnosis

Ideally, the diagnosis of twin gestation will have been made
before the patient reports to the hospital for delivery. The de-
gree to which twins are diagnosed antenatally varies between
practices and is probably most strongly dependent on the fre-
quency of a particular practice’s use of antenatal ultrasound.
A strong argument made in support of universal ultrasound
screening for all pregnant women is that multiple gestation
could be diagnosed early in pregnancy with near-100% ac-
curacy. Patients could then receive specialized prenatal care,
and planning for intrapartum management could be instituted
well before delivery.

Multiple gestation is often suspected when the uterus meas-
ures large relative to the patient’s menstrual dates. It may also

TABLE 7.4. Risks associated with multiple gestation.

Maternal Fetal

Preeclampsia Preterm delivery
Gestational diabetes Growth restriction
Anemia Birth defects
Postpartum hemorrhage Placenta previa

Placental abruption
Cord accidents
Malpresentation
Twin–twin transfusion syndromea

aSeen only in monochorionic, diamniotic twins.
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be suspected in a pregnant woman with an abnormally ele-
vated serum alpha fetoprotein level during her second
trimester. Ultrasound has the greatest sensitivity and speci-
ficity for diagnosing multiple gestation and should be per-
formed to confirm the diagnosis in all cases where the suspi-
cion is aroused.

Intrapartum Management

The plan for delivery of twins should take into consideration
gestational age, estimated fetal weights, each twin’s presen-
tation, and the availability of adequate monitoring through-
out labor. Vaginal delivery may be planned if the heart rates
of both twins can be monitored continuously throughout la-
bor. Additionally, real-time ultrasound should be available in
the delivery room to assess the second twin’s presentation im-
mediately after the delivery of the first twin.

The presentation of each twin at the start of labor is an im-
portant consideration. Twin presentation combinations are
generally classified into one of three groups: twin A vertex
and twin B vertex (42%), twin A vertex and twin B nonver-
tex (38%), and twin A nonvertex (19%) (Figure 7.14).94 If
the criteria for monitoring during labor can be met, vaginal
delivery should be planned if both twins present vertex. When
the first twin presents nonvertex, most authorities agree that
cesarean delivery should be planned regardless of the second
twin’s presentation. Intrapartum management for vertex–
nonvertex twins is problematic because of the difficulties in-
herent in delivering the second twin.

After vaginal delivery of the first twin, three options exist
for management of the second, nonvertex twin: cesarean de-
livery, ECV with anticipated vaginal delivery, and breech ex-
traction. The first of these options is a poor choice because it
subjects the parturient to the disadvantages of a full course of
labor with vaginal delivery and to the morbidity of cesarean
sections. Breech extraction of the second twin is probably the
best choice if a skilled and experienced operator is on hand
for the delivery. External cephalic version of the second twin

would seem to be a prudent plan but is successful only 50%
to 75% percent of the time, and the time spent attempting this
maneuver diminishes the amount of time the operator has to
perform breech extraction. One study has demonstrated that
attempted external version of the second twin is associated
with a higher rate of fetal distress, umbilical cord prolapse,
and compound presentation compared to breech extraction of
the second twin or cesarean delivery of both twins.7,95 An-
other study comparing the same three management plans
found that vaginal delivery of the first twin and breech ex-
traction of the second twin was associated with the lowest
hospital costs, the shortest durations of maternal and neona-
tal hospital stay, and the lowest rates of neonatal pulmonary
and infectious disease.96 In the absence of an obstetrician who
is skilled at external version and vaginal breech delivery, any
twin gestation in which one or more is presenting nonvertex
should be delivered by cesarean section.

Of all the complications associated with multifetal preg-
nancy, postpartum hemorrhage is among the most likely to
result in maternal death. It is also one that is likely to take
the physicians by surprise if they are not prepared. Regard-
less of the mode of delivery, uterotonic agents should be on
hand. Oxytocin (20–40 units in 1000 mL crystalloid solution,
rapidly) should be given prophylactically after all fetuses have
been delivered. Second-line therapies include methyler-
gonovine (0.2 mg intramuscularly), 15-methyl-prostaglandin
F2� (0.2 mg intramuscularly), or misoprostol (1000 mg rec-
tally) (Table 7.5).

Vaginal Breech Delivery of the Second Twin

The controversy surrounding vaginal breech delivery of the
second twin is similar to that concerning breech delivery of
singletons. Several retrospective analyses suggest that out-
come of the second twin is no different when breech extrac-
tion and planned vaginal delivery are compared.97–101 One
small prospective trial has been performed in women with
twins at 35 weeks or greater.100 No difference was noted in
neonatal outcome, but a three- to fourfold increase in the rate
of maternal infection was noted in mothers delivered by ce-
sarean section.

The same criteria for vaginal breech delivery of a single-
ton can be applied for vaginal delivery of a nonvertex second
twin. Estimated fetal weight should be between 1500 and 4000
g, maternal pelvimetry should be judged adequate, the neck
of the breech-presenting fetus should not be extended, and
two operators who are experienced in vaginal breech deliv-
ery should be present. Adequate regional or general anesthe-
sia is essential for the extraction.

The initial step in the breech extraction of a second twin is
known as internal podalic version. This step requires the op-
erator to insert a hand into the uterus, identify and grasp the
feet, and gently pull the feet to the introitus. Ideally, the mem-
branes should remain intact. Real-time ultrasound may be use-

FIGURE 7.14. Potential combinations for twin presentation during la-
bor and their relative frequencies of occurrence. (Data from Redick
LF, Livington E. A new preparation of nitroglycerin for uterine re-
laxation. Int J Obstet Anesth 1995;4:14.)
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ful in cases where identification of the feet is difficult. A sys-
temic agent to effect uterine relaxation can also greatly facil-
itate the procedure. Once the feet have reached the introitus,
the membranes can be ruptured, and maternal expulsive ef-
forts should be the primary force to achieve further descent.
The technique for the remainder of the delivery is the same
as with a singleton vaginal breech.

Time Interval Between First and 
Vertex-Presenting Second Twin

After vaginal delivery of the first twin, the second usually de-
livers spontaneously within 15 min. In an observational study
of 115 second twins at 34 or more weeks who were delivered
vaginally, 70 delivered within 15 min of the first twin, 28 de-
livered between 16 and 30 min later, and 17 delivered more
than 30 min after delivery of the first twin (Figure 7.15).101

In this study, intravenous oxytocin was given to mothers
whose uterine contractions became inadequate within 10 min-
utes after delivery of the first twin.

Theoretical concerns about prolonged delay between the
first and second twin include the development of uterine in-
ertia, rapid closing of the cervix, umbilical cord prolapse, and
placental abruption. Before continuous fetal monitoring was
widely available, these concerns prompted several authorities
to recommend expediting delivery of the second twin so that
the time interval between the first and second twins was no

more than 30 min. Subsequent studies have demonstrated that
with continuous fetal heart rate surveillance, safe vaginal de-
livery of the second twin can take place after an indefinite pe-
riod of time.101,102 If necessary, expeditious delivery can be
achieved either by internal podalic version with breech ex-
traction or by cesarean section. Caution should be exercised,
however, with breech extraction of a second twin that was
originally being managed expectantly. Over time, the cervix
will begin to close even if a fetus remains in utero. Head en-
trapment may be encountered if breech extraction is per-
formed when the cervix is incompletely dilated.

Higher-Order Multiple Gestations

Multifetal gestations with three or more fetuses face the same
risks as twins but on a much larger scale. As with twins, the
most common source of morbidity and mortality among
higher-order multiples is prematurity. The average gestational
age at spontaneous delivery for singletons is 40 weeks, for
twins it is 37 weeks, and for triplets it is 33 to 35 weeks. Ac-
cordingly, the infant mortality rate has been calculated as 9
per 1000 for singletons, 57 per 1000 for twins, and 168 per
1000 for triplets (Figure 7.16A). Among survivors, the inci-
dence of severe handicaps was 20, 34, and 58 per 1000 for
singletons, twins, and triplets, respectively (Figure 7.16B).103

Retrospective analyses of 14104 and 33105 patients in addi-
tion to a prospective study of 8 patients 106 with triplet preg-
nancies concluded that vaginal delivery is safe in selected
cases, but the collective experience is limited. Theoretically,
the risks of cord accident, malpresentation, and interlocking
fetuses are increased with a greater number of fetuses in the
uterus. Most authorities believe that cesarean section is the
safest route of delivery for all pregnancies with three or more
fetuses. If vaginal delivery is planned, the delivering obste-
trician should possess great skill and experience with ECV
and with vaginal breech delivery.

Anesthesia Considerations for 
Multiple Gestations

Depending upon the number of fetuses and their presentation,
obstetric indications, or the preference of obstetrician and
mother, delivery may be either by vaginal route or by cesarean

TABLE 7.5. Standard uterotonic agents for treatment of postpartum hemorrhage caused by uterine atony.

Agent Dose Route

Oxytocin 40 units in 1000 mL crystalloid solution Rapid intravenous infusion
Methylergonovine (Methergine®) 0.2 mg Intramuscularly
15(s)-Methyl prostaglandin F2� (Hemabate®) 250 mg Intramuscularly
Prostaglandin E1 (misoprostol) 1000 mg Rectally

FIGURE 7.15. Average amount of time from vaginal delivery of the
first twin to spontaneous vaginal delivery of the second twin. (Data
from Skalley TW, Kramer TF. Brow presentation. Obstet Gynecol
1960;15:616–620.)
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section. Major considerations in regard to choice of anesthe-
sia for multiple gestations are the frequent occurrence of pre-
maturity, pregnancy-induced hypertension, breech presenta-
tion, aortocaval compression and hypotension during regional
anesthesia, and uterine atony immediately postpartum. Even
if the mother and obstetrician opt for a vaginal delivery, the
anesthesiologist may have to rapidly provide anesthesia for
internal podalic version or ECV of breech or transverse pres-
entation, assisted breech delivery or breech extraction, mid-
cavity forceps delivery, or cesarean section, especially for the
fetal compromise of twin B. Therefore, early preoperative
evaluation, preparation, and formulation of an extended plan
with the parturient and obstetrician are essential (see Table
7.2). The anesthetic management of multiple births is similar
to that of breech delivery in many ways, and the number of
fetuses largely determines the mode of delivery. Most women
with three or more fetuses are delivered by cesarean sec-
tion.107 Other factors that affect the route of delivery include
complications of pregnancy (particularly pregnancy-induced
hypertension), noncephalic presentations, fetal distress, and
complications of labor.

Labor and Vaginal Delivery

During the past 25 years, the analgesic requirement for the
parturients with multiple gestations has changed. During the
1950s and 1960s, safety of regional anesthesia was contro-
versial. Twins delivered under caudal anesthesia—a popular
form of regional anesthesia at that time—were reported to
have a higher mortality rate.108,109 Little and Friedman108 re-
ported a higher mortality in twin B, and Guttmacher and
Kohl109 reported a higher perinatal death rate in either twin
when the mother received caudal anesthesia. On the other
hand, Aaron and Halperin110 reported a much lower mortal-
ity rate (5.4% versus 14%) in twins whose mothers received
caudal anesthesia. Large doses of local anesthetics used and
hypotension, combined with the inability to monitor fetal
heart rate continuously, might have been the contributing fac-
tors for increased mortality. Fear of prolongation of labor, in-
creased risk of aortocaval compression and subsequent ma-

ternal hypotension, reduced placental perfusion, increased
need for forceps, and breech delivery were the reasons for
avoiding regional analgesic techniques. Hypotension, associ-
ated with increased risk of aortocaval compression and sym-
pathectomy, is easily prevented with adequate hydration, left
uterine displacement, and the aggressive use of ephedrine.
Many obstetricians preferred local infiltration or pudendal
nerve block during the second stage of labor. Although these
techniques safeguard somewhat against neonatal depression,
they obviously do not provide analgesia during the first stage
of labor.

In 1975, Crawford111 noted in a retrospective review of
outcome of 102 multiple pregnancies with or without epidural
anesthesia that the mean interval between full dilatation of
the cervix and delivery of the first twin was 10 to 15 min
greater in the epidural series, but the mean interval between
delivery of the first and second infant was shorter by 2 to 4
min in the epidural series. One-minute Apgar scores were
lower in twin B, but Apgar scores for twin A did not differ.
There were only 2 deaths in the group who received epidural
analgesia, compared with 5 deaths in the group who did not.
Crawford concluded that the provision of an epidural block
for labor and delivery to patients with a multiple pregnancy
is beneficial to the infants. Crawford and Weaver112 reported
the safety and benefit of epidural analgesia during vaginal de-
livery of twins when the bearing-down reflex was totally abol-
ished and the perineum relaxed. They also noted its effect on
the maintenance of the acid–base status, especially of the sec-
ond twin. The safety of this technique has been confirmed by
others.113–116 Weekes et al.114compared the labor course of
parturients with or without epidural analgesia (50 patients ver-
sus 92 patients) and found that the duration of the first and
second stages of labor, the incidence of assisted deliveries
when the head presented, the proportion of breech extractions
when either the first or second twin presented by the breech,
the incidence of low Apgar scores, and perinatal mortality
were not significantly different in the two groups. They con-
cluded that not only did these findings suggest that lumbar
epidural analgesia is safe for providing pain relief in labor for
patients with a twin pregnancy, but also that it is preferable

FIGURE 7.16. (A) Mortality rates for singletons, twins, and triplets. (B) Rates of severe handicaps in surviving singletons, twins, and triplets.
(Data from Breen JL, Wiesmeier E. Compound presentation: a survey of 131 patients. Obstet Gynecol 1968;32:419–422.)
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to conventional analgesia in these cases, as it allows prompt
intervention to effect delivery of the second twin.

Because of increased risk of hypotension, emergency op-
erative delivery, and uterine atony and postpartum hemor-
rhage, placement of a large-bore intravenous catheter, giving
patient aspiration prophylaxis, and sending blood for type and
screen are essential prerequisites for establishing an epidural
block (see Table 7.2). The sitting position might be prefer-
able, as pronounced lumbar lordosis makes the epidural nee-
dle placement technically more difficult in a lateral position.
Hypotension associated with increased risk of aortocaval
compression and sympathectomy should be avoided with ad-
equate left uterine displacement and prehydration and should
be treated aggressively with vasopressors. One should try to
establish a good functioning epidural analgesia in early stages
of labor with a low concentrations of local anesthetic, 0.125%
to 0.25% bupivacaine or 0.2% ropivacaine, to provide ade-
quate analgesia with minimal motor block. After establishing
the efficacy of the block, continuous infusion of lower con-
centrations of bupivacaine (0.0625%–0.125%) or ropivacaine
(0.1%) with an opioid usually provides adequate first-stage
analgesia. The delivery should always take place in an oper-
ating room with facilities for cesarean section. Twin A with
cephalic presentation and expected vaginal delivery might not
require additional analgesia. For twin B, a noncephalic pre-
sentation with a higher chance of intrauterine manipulation,
assisted delivery or operative delivery will require augmen-
tation of the epidural block with higher concentrations of lo-
cal anesthetics. Some anesthesiologists might augment the
block when the delivery of first twin is imminent, whereas
some might wait until after the delivery of twin A. Chloro-
procaine (2%–3%) or lidocaine (1.5%–2.0%) augments the
block rapidly for assisted delivery, especially of twin B. If
operative delivery is expected, higher concentrations of these
local anesthetics with a block of bilateral T4 will be adequate.

Cesarean Section

For a scheduled, nonurgent cesarean section, any of the anes-
thesia techniques, from spinal to epidural to general anesthe-
sia, can be safely administered. Over the past 20 years re-
gional anesthesia has become a preferred technique over
general anesthesia. Although no prospective study has com-
pared the maternal safety and neonatal outcome of the dif-
ferent techniques, the safety of regional anesthesia in these
cases has been reported by Crawford.116 Crawford observed
similar neonatal outcome, Apgar scores, umbilical artery pH,
and acid–base status in twins delivered by epidural on gen-
eral anesthesia. General anesthesia is usually reserved for
some patients requiring emergency cesarean section for sud-
den fetal distress, cord prolapse, or maternal hemorrhage, or
where regional anesthesia is contradicted. Large uterine mass
associated with multiple gestation may further decrease func-
tional residual capacity, increase oxygen consumption, delay
gastric emptying, and worsen aortocaval compression, thus

making these parturients more prone to aspiration, risk of hy-
poxemia during periods of apnea, failed intubation, and hy-
potension. The administration of depressant drugs, such as
narcotics and other general anesthetic agents, can have a dele-
terious effect on premature infants and should be carefully
titrated. As a result, adequate denitrogenation, left uterine dis-
placement, and protection against aspiration are essential.
General anesthesia is also associated with increased morbid-
ity and mortality in parturients.69

Among regional anesthesia techniques, some anesthesiol-
ogists prefer epidural to spinal anesthesia. Spinal anesthesia
and a rapid onset of sympathectomy can cause severe hy-
potension in a patient with a massive enlarged uterus and ag-
gravated aortocaval compression. Increasing the left uterine
tilt, aggressive use of ephedrine, and fluids usually resolve
the hypotension. Jawan et al117 observed that spinal anesthe-
sia in patients with multiple gestations has a more rapid on-
set and a higher cephalad spread (T3 versus T5) than in pa-
tients with a singleton fetus. A slow, incremental, careful
titration of local anesthetics, a gradual onset of sympatheco-
tomy, and a better maintained blood pressure and uteropla-
cental perfusion are the distinct advantages of an epidural, es-
pecially when the uterine incision-to-delivery interval (of all
infants) might be prolonged and placental blood flow might
be placed in jeopardy. Overall, regional anesthesia is less
likely to cause neonatal depression and also offers the distinct
advantages of early maternal–infant bonding and superior
pain control.112 Sometimes, obstetricians may request an ad-
equate uterine relaxation to avoid early placental separation
until all the fetuses are delivered. Nitroglycerine (50–100 �g
IV) is preferred because of its quick onset and a short dura-
tion of action. Fetal jeopardy of twin B or arrest of labor fol-
lowing successful vaginal delivery of the first infant, pro-
lapsed cord, and unfavorable presentation of twin B might
necessitate an urgent or emergent delivery. Yarnell et al.118

compared maternal and neonatal outcomes of 55 triplets de-
livered under spinal, epidural, or general anesthesia. Except
for an easily treatable hypotension in the spinal group, no dif-
ferences were noted in neonatal outcome.

Summary

Increased risk of operative or assisted deliveries, with an in-
creased incidence of preterm labor and perinatal morbidity and
mortality, places both malpresentation and multiple gestation
in a high-risk category. An early and close interaction between
the obstetrician, the anesthesiologist, and the neonatologist is
essential for ideal planning and management of these cases.
These patients should always deliver in a room with facilities
for a cesarean section, and an anesthesiologist should always
be present and prepared to handle sudden changes in fetal well-
being, including the need for uterine relaxation and emergent
assisted or operative delivery. Epidural anesthesia offers sev-
eral advantages and is flexible enough to cover most of the
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changing needs at the time of delivery, including an emergent
operative delivery, and thus avoids the need for rapid induc-
tion of general anesthesia with its associated morbidity.
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8
Antepartum Hemorrhage
Ashutosh Wali, Maya S. Suresh, and Anthony R. Gregg

Hemorrhage of Pregnancy

Defining antepartum hemorrhage carries with it conceptual
problems. First, hemorrhage is defined simply as the escape
of blood from vessels. The term hemorrhage is not meant to
be quantitative, yet the image of an excessive amount of blood
loss comes to mind. There is also a unique problem in ap-
plying a temporal qualifier to the term hemorrhage in clini-
cal obstetrics. Intrapartum hemorrhage is the bleeding that
takes place as a normal consequence of labor. Antepartum
and postpartum hemorrhage can be further subdivided.
Twenty-two weeks gestation divides the early and late an-
tepartum period, whereas the postpartum can be further sub-
divided into immediate (first 24 h) and late (beyond 24 h) pe-
riods. Discussing hemorrhage within these time frames is
problematic because the risks of a serious bleeding episode
in the late antepartum, intrapartum, or immediate postpartum
period are often related (e.g., placenta previa). Furthermore,
the antepartum period is addressed without ignoring the con-
tributions made by specific clinical entities to bleeding dur-
ing labor and immediately after delivery.

Classification of Hemorrhage 
in the Parturient

Hemorrhage in the pregnant patient is categorized into one of
four classes, depending on the degree of blood loss.1 The av-
erage 70-kg pregnant woman’s blood volume is 6000 mL at
30 weeks gestation. Patients with class I hemorrhage (900
mL/15% blood loss) rarely have an acute volume deficit. Class
II hemorrhage (1200–1500 mL/20%–25% blood loss) leads
to orthostatic blood pressure changes, positive tilt test, nar-
rowing of pulse pressure, decreased peripheral perfusion, and
prolonged capillary refill time. Pulse pressure of 30 mm Hg
or less in a patient with a class II hemorrhage indicates a di-
astolic pressure increase (a sign of peripheral vasoconstric-
tion) and should prompt a search for other signs of acute vol-
ume loss. Class III hemorrhage (1800–2000 mL/30%–35%

blood loss) causes overt hypotension with tachycardia,
tachypnea, and cold, clammy skin. Class IV hemorrhage
(2400 mL/40% blood loss) results in profound shock and a
nonpalpable blood pressure. This condition leads to circula-
tory arrest and death if untreated.

A key point to remember is that hematocrit alone is not a
good indicator of blood loss. Significant changes in hemat-
ocrit after an acute blood loss may take 4 h; complete com-
pensation may not occur until 48 h after. Urine output is a su-
perior indicator, and adequate urine production reflects
adequate renal perfusion after hemorrhage.

Incidence and Etiology of 
Obstetric Hemorrhage

The most common causes of third trimester hemorrhage are
abruptio placentae (31%) and placenta previa (22%). Thus,
53% of patients with antepartum hemorrhage are at risk for
severe, and often life-threatening, blood loss.2 In the remain-
ing 47% of cases, local genital tract lesions, marginal pla-
cental sinus bleeding, and uterine rupture may be responsi-
ble. However, in a significant number of women, no obvious
source is ever determined.

Impact on Mother, Fetus, and Neonate

Late antepartum hemorrhage is a complication observed in
2% to 5% of pregnancies. Its clinical significance results
from blood loss in sufficient quantity to threaten the con-
tinuation of the pregnancy or the health of the mother or fe-
tus. During the period 1974 to 1978, hemorrhage from
causes other than abortion, ectopic pregnancy, and molar
pregnancies (early antepartum) accounted for a maternal
mortality rate of 2.1 per 100,000 live births.3 A similar cal-
culation for the period 1979 to 1992 revealed a death rate
secondary to hemorrhage of 1.3/100,000 live births.4 It is
theorized that this nearly 50% reduction in maternal mor-
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tality rates can be attributed to improved prenatal care, im-
proved blood banking techniques, better appreciation for the
risks of hemorrhage, and improved anesthetic and obstetric
management approaches to excessive blood loss during
pregnancy. Although overall maternal death rates attributa-
ble to hemorrhage continue to decline, hemorrhage moved
from the third leading cause of maternal death (13.4%) be-
tween 1974 and 1978 to the leading cause (30.2%) between
1979 and 1986.5 It was a leading cause, again, between 1987
and 1990 (28.7%).6 These data serve as a reminder that there
remains no room for complacency when considering the
problem of obstetric hemorrhage. Fetal well-being is also
threatened by obstetric hemorrhage. Although 56% of preg-
nancies that culminate in maternal death due to hemorrhage
result in a live-born fetus, stillbirths were observed in nearly
16%, and the fetus was never delivered in 6.3% of cases.4

The neonatal consequences from antepartum maternal hem-
orrhage are largely a result of early delivery.

Physiology of Pregnancy 
and Hemorrhage

Keeping in mind the ABCs of resuscitation—airway, breath-
ing, and circulation—as these relate to the management of
hemorrhage, we are reminded of the important changes in air-
way anatomy, respiratory physiology, and circulatory physi-
ology that occur in response to pregnancy.

Airway

Anatomic and physiologic factors alter the airway during
pregnancy, placing the parturient at risk for difficult laryn-
goscopy and difficult tracheal intubation. Estrogen increases
the interstitial water in the ground substance of the con-
nective tissues, resulting in edema of the upper and lower res-
piratory tract. Increased nasal congestion predisposes to epis-
taxis during nasotracheal or nasogastric intubation. Pharyn-
golaryngeal and vocal cord edema may hinder passage of a
tracheal tube size that would easily pass in a nonpregnant fe-
male. Tongue enlargement and immobility of the floor of the
mouth may cause difficult laryngoscopy.7 Preeclamptic
women are at greater risk for pharyngolaryngeal edema, re-
sulting in difficult and complicated tracheal intubation.8–12 In
this population, the difficulty is attributed to reduced plasma
proteins and marked fluid retention, especially in the head and
neck region.13

A correlation between weight gain and an increase in the
Mallampati score suggests that fluid retention causing pharyn-
golaryngeal edema is responsible for difficult tracheal intu-
bation.14 Furthermore, the course of labor and bearing down
in labor may worsen the Mallampati score, thus requiring
reevaluation of the airway before induction of general anes-
thesia.15 Peripartum airway changes that were detected dur-

ing cesarean hysterectomy with massive fluid resuscitation
gradually returned to normal within 48 h after surgery.16

Pregnancy also results in breast engorgement. In the re-
cumbent position, the enlarged breasts tend to fall against the
neck, hindering laryngoscope insertion. Solutions to minimize
difficulty in laryngoscopy include taping of breasts laterally
and caudally, proper sniff position with a shoulder roll, use
of a short laryngoscope handle, or insertion of the laryngo-
scope blade alone followed by attachment of the handle
later.17

Breathing

Respiratory parameters are altered during pregnancy by two
principal factors. One is an endocrinologic effect resulting
from progesterone-mediated increased sensitivity to carbon
dioxide by chemoreceptors; the latter results in an increased
tidal volume (at the expense of the expiratory reserve vol-
ume) with no change in respiratory rate and, subsequently, an
increase in minute ventilation. Increased minute ventilation is
teleologic in view of the oxygen demands of the developing
fetus; however, minute ventilation exceeds oxygen consump-
tion (48% versus 21%) during pregnancy. When viewed us-
ing blood gas parameters, the increase in minute ventilation
is seen as a compensated respiratory alkalosis (pH 7.40–7.47,
PCO2 25–32 mm Hg). This fact needs to be considered when
interpreting blood gas values during attempts to resuscitate
patients in shock.18–22

The second factor is the mechanical effect imposed by an
enlarging fetal–placental unit that results in an enlarging
uterus, and cephalic displacement of the diaphragm as preg-
nancy progresses until just before delivery when lightening
(engagement of the fetal head) occurs. These mechanical
changes translate into a near-18% reduction in functional
residual capacity. This change, in combination with the in-
crease in tidal volume and reduced expiratory reserve volume,
requires consideration in the adjustment of mechanical ven-
tilation settings.23 The increased oxygen consumption and de-
creased functional residual capacity predispose parturients to
rapid arterial oxygen desaturation during periods of apnea.
Apnea may occur during rapid sequence induction of anes-
thesia and during seizures associated with eclampsia or local
anesthetic toxicity.

Circulation

Many parameters are used to assist the evaluation of cardio-
vascular function during pregnancy. The heart is often de-
scribed as being hyperdynamic, which refers to the mechan-
ics behind the observed increase in cardiac output (30%–45%)
during normal pregnancy.24 Early in pregnancy, this increase
results from an increase in stroke volume, and later from a
more rapid heart rate.25 By the second trimester, the stroke
volume increases from about 65 mL to 85 mL, where it stays
until near term, at which time there is a slight decline. The
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maternal pulse increases gradually to a mean value in the high
80s by 32 weeks.25 Together, these changes result in an in-
crease in cardiac output from 4.5 to about 6 L/min.26 Signif-
icantly, the kidneys and uterus experience the greatest gains
in blood flow as a result of the increase in cardiac output.27,28

There is little change in blood flow to the brain or liver.
Blood pressure during pregnancy, as in the nonpregnant

women, is dependent on a number of factors such as mater-
nal age, body mass index, and perhaps ethnicity. There is no
clearer example than to consider that the 90th percentile blood
pressure in females 13–18 years old is about 120/80 mm Hg;
this would not be an alarming blood pressure in a 40-year-
old gravida. For this reason, it is important to keep the afore-
mentioned variables in mind during resuscitative efforts when
baseline blood pressure information is not available. A gen-
eral dictum holds that pregnancy imparts a biphasic change
in blood pressure. The first change that occurs is a decline,
which begins by about 7 weeks gestation and becomes max-
imal during the second trimester such that a nadir is achieved
between 24 and 32 weeks; this is followed by a gradual re-
turn to baseline from 32 weeks to term.29 The fall in diastolic
blood pressure is greater than that recorded for systolic blood
pressure. Thus, the calculated pulse pressure is widened in
the late second and early third trimester.

It has been speculated that the physiologic changes that 
result in the increased cardiac output and biphasic blood pres-
sure changes during pregnancy are caused by reduced sys-
temic vascular resistance (800–1200 dynes/s/cm5 nonpreg-
nant).30 A number of vasoactive autacoids and hormonal
changes are thought to account for this reduction. The re-
duction in systemic vascular resistance reaches a nadir be-
tween 14 and 24 weeks (25%). Pulmonary vascular resistance
undergoes a similar change in direction and magnitude
(20–120 dynes/s/cm5 nonpregnant).24 There is no measurable
change in central venous pressure (1–7 mm Hg), pulmonary
capillary wedge pressure (6–12 mm Hg), or mean pulmonary
artery pressure (9–16 mm Hg) as a result of pregnancy.24

Blood Components

Blood components are altered as a result of pregnancy. The
circulating blood volume increases 46% (approximately 1500
mL) over the nonpregnant baseline.31 Plasma volume and red
cell mass increase disproportionately, creating a physiologic
hemodilution effect; this may decrease the thromboembolism
tendency that accompanies the coagulation system changes of
pregnancy. Changes occur within the blood-clotting cascade
as a consequence of pregnancy. Fibrinogen increases through-
out pregnancy by about 50% (300–600mg/dL). Factors VII
through X are also appreciably increased. Factors II and XI
are decreased during pregnancy. Overall, these changes result
in a slight decrease in prothrombin and partial thromboplas-
tin times during pregnancy. The platelet count and size can
each undergo a moderate reduction during pregnancy. These
changes in platelet parameters result in no change in the bleed-

ing time. Among the inhibitors of coagulation (i.e., an-
tithrombin III, protein C, and protein S), only protein S ap-
pears to have a reduced activity despite normal antigen lev-
els. The reduction in activity is in the neighborhood of 50%
(26–0.14 U/mL).32 Antithrombin III and protein C activity re-
main unchanged throughout normal pregnancy. Antithrombin
III is, however, reduced in severe preeclampsia. Plasminogen
levels are increased considerably during pregnancy; however,
fibrinolytic activity is prolonged. It has been suggested that
the placenta is responsible for the reduced fibrinolysis.33

The thromboelastogram (TEG) is a quick, whole blood vis-
coelastic test and provides global assessment of functional he-
mostasis. The principle and its interpretation have been well
described.34 Using celite activation, most results are available
within 15 to 20 min. TEG has shown that pregnancy is a hy-
percoagulable state and remains so for 24 h after delivery.35

Various parameters include r (reaction time; range, 5–7 min),
which measures clotting factor activity; K (clot formation
time; range, 1–3 min), and � angle (speed of clot formation;
range, 53°–67°), which primarily indicate fibrinogen activity
and secondarily some platelet function; MA (maximum am-
plitude; range, 59–68 mm), which primarily measures platelet
function and secondarily fibrinogen activity; G (elastic shear
modulus; range, 7,195–10,625 dynes/cm2; and LY 60 (reduc-
tion in MA after 60 min), which indicates fibrinolytic activ-
ity. TEG coagulation index (CI), which is a composite value
derived from a simple linear equation that combines r, K, �
angle, and MA, helps to measure overall blood coagulability.
Figure 8.1 shows a typical, hypercoagulable TEG pattern dur-
ing pregnancy along with measured variables.

This chapter describes different causes of antepartum hem-
orrhage and their obstetric and anesthetic management.

Abruptio Placentae

Abruptio placentae is defined as the premature separation of
a normally situated placenta from its attachment to the de-
cidua basalis before the birth of the fetus. It is also called pla-
cental abruption, accidental hemorrhage, or placental separa-
tion. The placental separation may be complete, partial, or
may involve only the placental margin. A number of differ-
ent classification schemes for placental abruption have been
suggested. Some were based on sonographic features, some
on clinical findings, and others on the pathologic review of
placental specimens. None have gained widespread use, as
their clinical utility is limited. One type of abruption that de-
serves special mention is the “marginal sinus abruption”; this
results from tears in marginal placental veins and is regarded
as a “low-pressure” abruption.36–38 The bleeding seen in this
type of abruption is usually associated with dissection of the
placental membranes from the myometrial wall and not from
a separation of the placenta from the myometrium.39 The re-
sult is a collection of blood separate from the placenta. The
clinical symptoms are usually mild and thus may result in fail-
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ure to make an early diagnosis.38 Retroplacental abruption is
thought to result from rupture of spiral arteries producing a
“high pressure” bleed. Complete detachment of the placenta
with either concealed or torrential hemorrhage can be fatal to
the mother and fetus (Figure 8.2).

Placental abruption occurs in 0.5% to 1.8% of all preg-
nancies.40,41 When cases of abruptio placentae were reviewed,
it appeared that about 40% occurred after 37 weeks and an-
other 40% between 34 and 37 weeks; less than 20% of abrup-
tions occurred before 32 weeks gestation.42 The observation
that nearly 60% of the cases of placental abruption occur at
preterm gestational ages and an understanding of the theo-
rized etiologies of abruption explains why birth weights of
neonates delivered from mothers diagnosed with placental
abruption are lower compared to mothers without placental
abruption. Adjusted relative risk for a low birth weight infant
(�2500 g) was 4.6 (4.0–5.3). There was a 4.1 (3.4–4.8) risk
for a birth weight between 1500 and 2499 g. At weight less
than 1500 g, this figure increased 11.4 (8.6–15.0) fold.41

Risk Factors

The exact etiology of placental separation before delivery of-
ten cannot be pinpointed in individual cases. Circumstances
that lead to placental abruption and their associated increased
risks are listed in Table 8.1.

Recently, interest in genetic risk has been reviewed with
regard to pregnancy outcome. Several genes are thought to
be important in the process of placental implantation. The rel-
ative risk for placental abruption has been shown to increase
when genetic polymorphisms or mutations are identified
(Table 8.2).

Factors stated in Tables 8.1 and 8.2 have been well sub-
stantiated by epidemiologic and association studies, although
other factors have been identified. Independent of the etiol-
ogy, the resultant placental separation may result in antepar-
tum hemorrhage, fetal distress, preterm labor, or postpartum
uterine atony.

Diagnosis

The classic signs and symptoms of abruptio placentae include
abdominal pain, uterine tenderness, uterine irritability/tetany,
vaginal bleeding, coagulopathy, and fetal distress/death. Of
note, 65% to 80% of the time, vaginal bleeding is not pres-
ent, and placental site bleeding remains concealed.43 When
bleeding is excessive, whether it is concealed or evident, pa-
tients may present with hypotension.44

Ultrasound examination has been reported to be of little use
in the diagnosis of clinically suspected abruption, due to the ab-
sence of identifiable blood within the uterus, because of free
passage through the cervix.38 Others believe that ultrasonogra-
phy is useful to exclude placenta previa45 and to assess the age
of the blood clot.39 Acute hemorrhage is hyperechoic or isoe-
choic relative to the placenta, whereas an older clot (more than
2 weeks) is almost sonolucent. An acute abruption may occa-
sionally be seen as a discrete collection of blood between the
placenta and myomterium, but more often than not, the blood
dissects into the placenta or myometrium and is difficult to rec-
ognize sonographically. In these cases, the placenta may appear
to be heterogeneously thickened.39,44,46,47 The normal placenta
should not measure more than 5 cm in thickness, so that a pla-
centa with a thickness of 8 to 9 cm should raise suspicion of an
abruption, especially in an appropriate clinical scenario.46

FIGURE 8.1. Typical thromboelastogram (TEG)
changes during pregnancy (hypercoagulable).
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The differential diagnosis of placental abruption includes
all clinical entities in which vaginal bleeding alone or in com-
bination with uterine contractions or fetal compromise/death
occurs. In cases in which there is obvious vaginal bleeding,
the differential diagnosis must include genital tract trauma/
lesions, hematuria, marginal sinus rupture, placenta previa,
preterm labor, vaginal or vulvar varicosities, and vasa previa.
In patients who have no visible bleeding, the differential di-
agnosis should include acute appendicitis, chorioamnionitis,
fibroid degeneration, hematoma of the rectus sheath, ovarian

cyst complications (hemorrhage, rupture, and torsion),
pyelonephritis, retroplacental hemorrhage, uterine rupture,
medical causes of acute abdominal pain, (diabetes, herpes
zoster, myocardial infarction, pneumonia, porphyria, and
sickle cell disease), and orthopedic causes such as lumbar or
sacral strain.

Obstetric Management

Major factors in the obstetric management of abruptio pla-
centae are the severity of the abruption as determined by the
presence or absence of hypotension and coagulopathy, the
gestational age, and the condition of the fetus. Making the de-
cision to allow vaginal delivery or to proceed with cesarean
section, in cases in which the fetus is still alive, has been fa-
cilitated by the advent of electronic fetal monitoring. In most
situations, consideration of maternal hemodynamic and co-
agulation status, coupled with fetal well-being and expected
time to delivery, should guide clinical decision making.

Cesarean section is reserved for the usual obstetric indica-
tions as well as for severe hemorrhage or worsening coagu-
lopathy remote from expected delivery. In the absence of fe-
tal distress and maternal decompensation, vaginal delivery
may be pursued. Judicious use of abdominal delivery may
well increase the chances of a viable fetus and reduce the de-
gree of coagulopathy. The literature suggests that nearly 75%
of fetal deaths occur more than 90 min after admission.48 Con-
tinuous electronic fetal monitoring is essential. Blood prod-
ucts should be available on short notice. Oxytocin augmen-
tation is not contraindicated, although when indicated, it
should be used judiciously. Labor frequently progresses more
rapidly among patients with placental abruption, mitigating
the need for oxytocin.49 Vaginal delivery should be attempted
in cases of severe abruption associated with fetal demise and
coagulopathy. Under such circumstances, appropriate com-
ponent replacement therapy with blood products and oxytocin
augmentation is required.

Special Anesthetic Considerations

Anesthetic management, in abruptio placentae, is influenced
by the hemodynamics and volume status of the mother. Ini-
tial evaluation and treatment emphasize eliminating hypov-
olemia and assessing the magnitude of blood loss from hema-

Partial separation Marginal separation

Complete separation
with heavy vaginal bleeding

Complete separation
with concealed hemorrhage

FIGURE 8.2. Degrees of separation of normally implanted placenta.
(Drawn by Medical Illustration Unit, Baylor College of Medicine,
Houston, TX.)

TABLE 8.1. Risk factors for abruptio placentae.

Category Example Risk (%)

Physical forces Traumaa 1–50160–162

Membrane rupture 4163

Exposures Cocaine 17164

Methadone 1164

Tobacco 378

Medical disease Hypertension with superimposed 1040,49,78

preeclampsia
Severe preeclampsia 340,49,78

Fibroid uterus 3–57165

aHighly dependent on specific nature of the trauma.

TABLE 8.2. Genetic risk factors for abruptio placentae.

Example Relative risk (%)a

Hypofibrinolysis 16166

MTHFR deficiency 2–2.5167,168

Factor V Leiden 4.9167

Prothrombin mutation 8.9167

MTHFR, 5,10-methylenetetrahydrofolate reductase.
aAll values are significantly different than baseline.
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tologic studies and coagulation profile. Patient preparation in-
cludes large-bore intravenous catheters, aspiration prophy-
laxis, left uterine displacement, and supplementary oxygen.
Urinary output monitoring, via an indwelling catheter, serves
as a valuable indicator of renal perfusion.

Evaluation

Overt hypotension and tachycardia are signs of dangerous hy-
povolemia that cannot be ignored. In a parturient, normal vi-
tal signs can be misleading because of the enormous reserve
of additional blood volume acquired during pregnancy. Hy-
pertension, either pregnancy induced or chronic, is associated
with abruption of the placenta. Normal or even hypertensive
blood pressure does not preclude imminently dangerous hy-
povolemia. Serious hemorrhage and hypovolemia result in
blood pressure drop to normotensive levels. This normoten-
sive reading in hypertensive parturients creates false security
and delays identification of compromised vital organs. The
pulse rate may be equally misleading.50 Some parturients who
have bled appreciably may be able to maintain normal blood
pressure and pulse rate, when recumbent. If sitting, they are
hypotensive or develop tachycardia. There are several reasons
to maintain caution when applying and interpreting the tilt
test in a parturient. The tilt test is needless and potentially
dangerous for parturients who are hypotensive when recum-
bent. In parturients with an epidural who subsequently de-
velop abruption, sympathetic blockade exaggerates the hy-
potension in the sitting position. The hypervolemic parturient
may lose excessive blood before demonstrating orthostatic 
hypotension.

Monitoring and Fluid Management

Maternal hypotension and hypovolemia are assessed and cor-
rected by guidance from invasive arterial blood pressure, cen-
tral venous pressure (CVP), and urine output monitoring.
Urine output below 0.5 mL/kg/h, despite adequate volume re-
placement, merits placing a CVP catheter. A review of 36 pa-
tients with severe abruptio placentae51 showed CVP moni-
toring resulted in better volume resuscitation. Average
hemoglobin concentration 24 h postpartum was 11 g/dL, com-
pared to 8 g/dL in the unmonitored group. Further, the mon-
itored group had greater urine output. Significant coagulopa-
thy or disseminated intravascular coagulopathy (DIC)
precludes the cannulation of subclavian or internal jugular ve-
nous sites, and an antecubital venous site is preferable. Ab-
solute CVP level is less important than the CVP response to
volume infusion and monitoring trends of CVP serially. The
fluid challenge test helps in the diagnostic assessment of vol-
ume replacement. The hemodynamic pressures are measured
before and after an intravenous fluid challenge of 10 to 20
ml/min is administered over 10 to 15 min. An increase greater
than 5 cm H2O in CVP or an increase greater than 7 mm Hg
in pulmonary capillary wedge pressure is significant and in-
dicates cardiac failure or excessive volume replacement.52

Serious hemorrhage demands prompt, adequate refilling of
the intravascular compartment. Two general guidelines deter-
mine the amount and kind of fluids needed to combat hypov-
olemia: lactated Ringer’s solution and blood or blood compo-
nent replacement should be adequate to maintain the urine
output at 0.5 to 1 mL/kg/h and the hematocrit above 30%.53

Anesthesia for Vaginal or Cesarean Delivery

Avoiding anesthetic drugs or techniques that exaggerate hy-
potension protects maternal and fetal safety. The use of re-
gional anesthesia is contraindicated in parturients with abrup-
tio placentae and associated acute fetal distress, coagulopathy,
or hypovolemia. In the absence of these complications, a con-
tinuous epidural analgesia technique may be used for labor,
vaginal delivery, or cesarean section.

Most cases of severe abruption with acute fetal distress re-
quire abdominal delivery. General anesthesia, with rapid se-
quence induction and intubation under cricoid pressure, is rec-
ommended. Ketamine (0.75–1 mg/kg) is the optimum
induction agent if uterine tone is normal or decreased. Theo-
retically, larger doses of ketamine, in abruption, increase uter-
ine tone and further compromise a stressed fetus. However,
a study proved ketamine at 2 mg/kg increased uterine tone
only in the first trimester; there were no effects on uterine
tone at term.54 Etomidate (0.3 mg/kg) is recommended if uter-
ine tone is increased, or if hemodynamic instability exists.55

Uterine relaxation with inhalation anesthetics helps increase
placental perfusion. Low doses of inhalational anesthetics also
maintain circulatory hemostasis and allow for administration
of high-inspired oxygen concentration (FiO2). Cesarean sec-
tion with general anesthesia, supplemented by a halogenated
agent, increases the risk for blood loss.56 Although under nor-
mal clinical circumstances it is not significant, hemorrhage
may be substantial in parturients with severe abruption.

Complications of Placental Abruption

The most important sequelae of severe abruption in the post-
partum period are acute renal failure, anemia, coagulopathy
with DIC, postpartum hemorrhage, pituitary necrosis or Shee-
han’s syndrome, and uterine atony.

Acute Renal Failure

The overall incidence of renal failure in abruptio placentae is
1.2% to 8.9%. Acute renal failure occurs in severe abruption
with or without DIC. It is believed to be secondary to hy-
potension and hemorrhagic shock (prerenal), microvascular
clotting, fibrin deposition in periglomerular arterioles, and
myoglobinuria alone or in combination. Some degree of re-
nal ischemia occurs in 10% of patients with severe hemor-
rhage. Renal failure may manifest as transient oliguria or
anuria accompanied by renal tubular or cortical necrosis. Re-
nal cortical necrosis associated with placental abruption is
caused by severe intrarenal vasospasm from massive hemor-
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rhage. The key to preventing acute renal failure is aggressive
blood, fluid, and volume resuscitation to prevent hypovolemic
shock and renal ischemia. With acute blood loss, renal blood
flow is reduced, glomerular filtration rate (GFR) is decreased,
sodium and water absorption is increased, urine sodium con-
tent is decreased, and urine osmolality is increased. Urine
sodium concentration of 20 mEq/L, urine/serum osmolar ra-
tio greater than 2, and urine osmolality greater than 500
mOsm/kg indicate reduced renal perfusion and prerenal fail-
ure. Monitoring of volume status is important in these patients
to ensure adequate circulating volume without precipitating
pulmonary edema.

Persistent oliguria, in the past, had mandated invasive he-
modynamic monitoring. If oliguria persisted despite a CVP
reading of 7 cm H2O, a pulmonary artery (PA) catheter was
usually placed, especially in a patient with severe preeclamp-
sia and placental abruption. The PA catheter allowed assess-
ment of preload, afterload, cardiac output, and other variables.
More recently, noninvasive cardiac monitoring with echocar-
diography has been used and is extremely useful in situations
such as coagulopathy. Myocardial performance and ventric-
ular filling pressures can be determined.57 Fluid management
decisions may also be based on echocardiography, in lieu of
PA catheter data.57 Diuretics should be used only under ex-
ceptional circumstances and with caution. These patients may
require inotropic support or the administration of low-dose
(2.5 �g/kg/min) dopamine. Use of renal-dose dopamine has
been questioned recently.

Fenoldopam mesylate, a benzazepine derivative, is the first
selective dopamine D1 receptor agonist that has been ap-
proved for clinical use.58 It acts on the cerebral, coronary, re-
nal, and splanchnic vasculature and offers better renal pro-
tection. It is a rapidly acting peripheral vasodilator that acts
primarily on the postsynaptic dopaminergic D1 receptors, has
moderate affinity for the �2 adrenergic receptors, and lowers
mean arterial pressure. Fenoldopam has no significant activ-
ity at the dopaminergic D2 receptor, �1 and �-adrenorecep-
tors, 5HT1 and 5HT2 receptors, or muscarinic receptors. It
also acts as a diuretic in the kidneys.58 Fenoldopam is a
racemic mixture with the R isomer having 250-fold-higher ac-
tivity as compared to the S isomer. It was found to preserve
renal perfusion, GFR, and natriuresis without causing hy-
potension in dogs at an infusion rate of 0.1 �g/kg/min.59

Fenoldopam also ablates the tubular prerenal response to pro-
found hypovolemia, suggesting that it may have a renopro-
tective effect during acute ischemic injury in dogs.59 The hu-
man studies were performed in both normotensive and
hypertensive patients. The recommended infusion rates for
treating malignant hypertension are 0.01 to 1.6 �g/kg/min.
Elimination half-life in mild to moderate hypertensives was
about 5 min. Clearance of fenoldopam is not affected by end-
stage renal disease, continuous ambulatory peritoneal dialy-
sis, or severe hepatic failure. In a study of 12 patients with
hypoxemia due to multiple trauma or bowel surgery requir-
ing ventilatory support, intravenous fenoldopam (0.2 �g/kg/

min) increased renal perfusion, urine flow, and urinary ex-
cretion of potassium and sodium.60 Beneficial renal effects
have been shown at infusion rates as low as 0.03 �g/kg/min,
which are well below the rates required to lower systemic ar-
terial blood pressure.61

Consumptive Coagulopathy

One special concern surrounding the management of placen-
tal abruption relates to the comorbidity from DIC, which com-
plicates approximately 20% of cases of placental abruption.62

Multiple theories exist to explain the etiology of DIC in cases
of abruptio placentae, and many of these hinge on the fluc-
tuations of fibrin split products (FSP). Placental separation is
associated with significant elevations in maternal serum FSP,
independent of whether this occurs as a consequence of nor-
mal labor and delivery or after abruptio placentae. In vitro
studies suggest that FSP inhibit myometrial contractility.63 In
vivo local concentrations of FSP are greater than those meas-
ured systemically, and FSP in lochia, after abruptio placen-
tae, are much higher than those found after normal vaginal
delivery.63 Antifibrinolytic agents have been shown to im-
prove myometrial contractility in cases of abruptio placen-
tae.64 In summary, excessive hemorrhage resulting from pla-
cental abruption appears to be in part due to uterine atony.
The latter occurs as a result of elevated FSP. These specula-
tions aside, the principles that guide management of associ-
ated DIC and hemorrhage are not different from DIC and hem-
orrhage observed in other clinical settings.

Disseminated intravascular coagulation, which produces a
dramatic decline in coagulation factors and platelets, occurs
because of retroplacental consumption of fibrinogen or from
the release of an unidentified thrombogenic substance into the
circulation. The thrombogenic substance, thought to be throm-
boplastin, triggers extrinsic coagulation pathway activation.
Thrombin converts fibrinogen to fibrin and initiates intravas-
cular clotting. DIC ends in consumption of factors I, II, V,
and VIII and platelets. Thrombi and fibrin are reportedly de-
posited in the microcirculation thus interrupting blood flow
to vital organs. The fibrinolytic system activates to lyse the
excessive fibrin almost simultaneously; this is termed sec-
ondary fibrinolysis.

Retroplacental consumption of clotting factors also causes
DIC by deposition of substantial fibrin in the uterine cavity.
This process stimulates the secondary activation of circulat-
ing plasminogen to plasmin, which enzymatically destroys
circulating fibrinogen. Thromboplastin release into the ma-
ternal circulation from a retroplacental clot is a possible cause
of consumption of coagulation factors and platelets. DIC de-
velops rapidly in the obstetric population and is accentuated
with placental abruption or amniotic fluid embolism. Labo-
ratory evidence of prolonged prothrombin time (PT) and par-
tial prothrombin time (PTT), hypofibrinogenemia, thrombo-
cytopenia, elevated fibrin degradation products (FDPs), and
TEG pattern confirms DIC.
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Differentiating a consumptive from a dilutional coagu-
lopathy is difficult. DIC complicates approximately 10% of
all placental abruptions, but is more common in those where
fetal death has occurred.50 Overt hypofibrinogenemia (�150
mg/dL of plasma), elevated levels of FDPs, and variable de-
creases in other coagulation factors occur in 30% of women
with placental abruption that is severe enough to kill the fe-
tus. Such coagulation defects may not occur in cases with fe-
tal survival.

Fibrinogen seems to be the commonest procoagulant needed
in obstetric hemorrhage with DIC. Serial determination of fi-
brinogen level is a sensitive indicator of DIC.64 Approxi-
mately 4 g of fibrinogen are required to increase the fibrino-
gen concentration by 100 mg/dL in a healthy 70-kg adult. Fi-
brinogen may be administered in the form of cryoprecipitate
or fresh-frozen plasma (FFP). Cryoprecipitate contains 3- to
10-fold more fibrinogen per unit volume as compared to FFP.65

Each bag of cryoprecipitate contains fibrinogen (250–300 mg),
factor VIII, von Willebrand factor, and factor XIII in 15 to 25
mL plasma. Thus, 13 to 16 bags of cryoprecipitate are needed
to increase the fibrinogen concentration by 100 mg/dL.65 The
fibrinogen level of 100 mg/dL safely produces hemostasis in
the nonpregnant individual. A fibrinogen level of 150 to 200
mg/dL is probably necessary to prevent hemorrhage in the ob-
stetric population. Cryoprecipitate, frozen and stored at 19°C,
must be thawed for 30 to 40 min at 37°C before use.

Fresh-frozen plasma contains all the clotting factors except
platelets. Most of the factors are stable in stored blood with
two exceptions: factors V and VIII. Factors V and VIII are
not stable in stored blood and decrease to 15% and 50% of
normal, respectively, after 21 days storage. Packed RBCs
have even fewer coagulation factors; consequently, FFP is
recommended if (1) generalized bleeding cannot be controlled
with surgical hemostasis or cautery; (2) PTT is at least 1.5
times control or more; or (3) factors V and VIII are deficient,
based on laboratory evidence. However, factors V and VIII
rarely decrease below those levels required for hemostasis.

Dilutional Coagulopathy

Massive transfusion can be defined as the transfusion of 10
or more units of blood or an amount greater than one blood
volume. During storage, the pH of blood drops, potassium in-
creases, 2,3-diphosphoglycerate decreases, factor V and VIII
degrade, platelets are lost, and red cells lyse, resulting in com-
plications associated with massive transfusion.

Dilutional coagulopathy causes hemorrhagic diathesis in
patients receiving multiple units of blood. Platelets are dam-
aged by storage at 4°C and are trapped before being absorbed
by the reticuloendothelial system. Total platelet activity
lessens to 50% to 70% of original in vivo activity after 6 h.
After 24 or 48 h, platelet activity reduces to 5% to 10% of
normal. Transfusion of multiple units of stored blood (�24
h) dilutes the patient’s available platelet pool.

Platelet count rarely decreases to predicted lows from di-

lution alone.66 Prophylactic platelet administration during
massive transfusion has no benefit. The practice of giving
platelets to treat laboratory evidence should be discouraged.
Platelet concentrates contain a few erythrocytes and may
cause sensitization even though the blood banks ensure blood
group and Rh compatibility. Platelet transfusion should be ad-
ministered only to prevent or correct hemorrhage associated
with thrombocytopenia or platelet dysfunction.67 However,
preoperatively, platelet therapy is needed when the platelet
count is below 50,000/mm3.2 According to others, the thresh-
old for platelet transfusion may be safely lowered to
30,000/mm3 if the patient is not hemorrhaging.65 Patients with
acutely induced thrombocytopenia develop a hemorrhagic
diathesis at a much higher platelet count than patients with
chronically induced thrombocytopenia. Adequate hemostasis
from a surgical incision or trauma requires a higher platelet
count to plug the holes in damaged capillaries. Each platelet
concentrate, in a 70-kg patient, increases platelet count by
10,000 to 12,000/mm3.2 However, others believe that each
platelet concentrate increases the platelet count by only 8,000
to 10,000/mm3 in the average adult woman.65 In any event,
average platelet storage period is 72 h because platelets are
difficult to store. Most blood banks have an inadequate sup-
ply of platelets.

Intraoperative Monitoring of Coagulopathy

If a coagulopathy is suspected, the diagnosis should be con-
firmed with laboratory data including PT, activated PTT,
platelet count, FSP, and TEG, if available. TEG has been used
for detection of coagulation defects associated with intraop-
erative blood loss in parturients.68 TEG has been shown to
reduce use of blood and blood components during liver trans-
plantation.69 TEG is an extremely useful tool and, if readily
available, may help in monitoring coagulation parameters and
in reducing usage of blood and blood components in hemor-
rhaging parturients. Examples of some abnormal TEG trac-
ings are shown in Figure 8.3. Bleeding time is no longer used
and does not correlate with adequacy of either platelet count
or function.

Placenta Previa

Placenta previa is defined as implantation of the placenta in the
lower uterine segment in advance of the fetal presenting part.
The placenta is normally placed in the body of the uterus and
away from the cervical internal os. If the placenta obstructs the
descent of the fetus, there is potential for maternal hemorrhage.
There are a number of different classifications for placenta pre-
via, most of which depend on a description of the placenta in
relation to the internal os. This description may, however, be
confusing because there is a potentially changing relationship
between the location of the placenta and the uterus during the
third trimester and particularly during labor. Thus, most grad-
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ing systems pertain to the antepartum period. The incidence of
placenta previa varies from 0.1% to 1.0% of third trimester
pregnancies. Maternal mortality may reach 0.9%.70

The placenta may occupy one of at least four different po-
sitions within the lower portion of the womb (Figure 8.4). The
low-lying placenta does not encroach upon the internal os but
is implanted in the lower uterine segment. The marginal pla-
centa previa encroaches without covering it. The placental
edge may be as much as 2 cm from the internal os for the

term marginal placenta previa to apply. A partial placenta pre-
via exists when the placenta is partially covering the internal
os. The latter accounts for about 30% of cases of placenta
previa. Complete placenta previa comprises 40% of cases and
signifies complete covering of the internal os with the pla-
centa concentrically placed.70

There are two potential patterns of placental growth after
central placental implantation, centripetal (resulting in com-
plete placenta previa) and unidirectional (toward the more vas-
cularized fundal region). The unidirectional growth may be the
cause of the resolution as the placenta favors the more vascu-
larized fundal region of the uterus rather than the more fibrous
lower segment. Evidence for this mode of growth is provided
by the eccentric placement of the cord insertion on the placental
plate (eccentric, marginal, or in some cases velamentous). The
insertion point of the cord in the membranes marks the origi-
nal placental location. A fundal placenta in the second trimester
is evidence that there will not be placenta previa at term.

Risk Factors

The association of increasing parity with placenta previa sug-
gests that damage to the endometrium during a prior pregnancy
may be an etiologic factor. Furthermore, a poorly developed
decidua in the lower segment results in an abnormally firm at-
tachment of the placenta and an increased risk of placenta ac-
creta (24% with one previous cesarean section and up to 67%
with four or more prior cesarean sections).71 Table 8.3 lists
well-established risk factors for placenta previa.

Diagnosis

Clinically, the diagnosis of placenta previa is supported by
palpation of a relaxed uterus. The presenting part is usually

FIGURE 8.3. Abnormal typical thromboelastogram (TEG) tracings.
(With permission from Eli Cohen, Ph.D., Haemoscope Corporation,
Niles, IL.)

FIGURE 8.4. Grading of placenta previa. (Drawn by Medical Illustration Unit, Baylor College of Medicine, Houston, TX.)
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in the upper uterine segment because of the presence of the
placenta in the lower uterine segment. An abnormal presen-
tation is very common, with the fetus being in the breech or
transverse position in 33% of cases.72,73 In fetuses with a
cephalic presentation, the presenting part is frequently high
above the pelvic brim and difficult to palpate, especially when
there is an anterior placenta previa.

Although clinical findings are important, the definitive di-
agnosis is made by ultrasound examination. With transab-
dominal ultrasound and a full maternal urinary bladder, the
accuracy of diagnosis approaches 93% to 97%.74,75 Trans-
vaginal ultrasound has been shown to be safe in the diagno-
sis and management of patients with placenta previa, despite
the risk of probe-induced trauma. This approach allows su-
perior definition of the lower segment and has been reported
to be 100% sensitive.76 Most agree that either sonographic
approach can result in false-positive and false-negative re-
sults. Therefore, these modalities are complementary. One ap-
proach to the diagnosis of placenta previa is to first perform
transabdominal ultrasound and proceed to the transvaginal
route for imaging only if uncertainty remains.

Magnetic resonance imaging (MRI) has been used to di-
agnose placenta previa because it provides excellent resolu-
tion of the cervical–placental interface.77 Cost and ready
availability of this modality have limited the usefulness of this
technique. A “double-setup” examination refers to the use of
a digital examination of the vaginal fornices in an actively
bleeding patient. This examination is performed in an oper-
ating room setting, and all those involved in the patient’s care
(including nursing and blood bank personnel) are prepared for
emergency intervention in the event that the examination re-
sults in excessive bleeding and the need for cesarean section.
The utility of this approach is limited to those actively bleed-
ing patients in whom fetal well-being is established but ul-
trasound remains equivocal or is unavailable. If the fetal pre-
senting part can be felt in all four quadrants, vaginal delivery
is usually feasible and the membranes can be ruptured. If there
is bogginess suggestive of placenta previa, the procedure
should be abandoned and abdominal delivery performed. Dig-
ital exploration of the cervical canal is not advised because
of the danger of precipitating severe hemorrhage.

When one considers only the patient’s presentation—vagi-
nal bleeding with or without labor—before performing an ul-
trasound, the differential diagnosis is similar as for abruptio

placentae. After abruptio placentae, lesions of the cervix,
vagina, or vulva including ectropion, lacerations, and neo-
plasms must be considered. Molar pregnancy and labor (nor-
mal or preterm) must also be considered. Given the definitive
role of ultrasonography in establishing the diagnosis of pla-
centa previa, one must consider reasons for erroneous ultra-
sound diagnosis of this condition. Nearly 3% to 7% of in-
correct ultrasound diagnoses are a result of either failure to
search the lateral aspects of the uterus (false negative) or uri-
nary bladder overdistension, which causes apposition of 
the anterior and posterior walls of the lower segment (false
positive).78

Obstetric Management

In general, the diagnosis of placenta previa mandates ce-
sarean section. Rare cases of marginal placenta previa, with
compression of the lateral edges of the placenta by the de-
scending fetal head (thus minimizing bleeding), can result 
in vaginal delivery. Elective cesarean section is preferred.
Nearly one-third of neonates born after emergency cesarean
section are anemic compared with only 3% born after elec-
tive surgery.73

Previously taught dogma with respect to the management
of placenta previa remote from term is being reevaluated. The
efficacy of expectant management is highly dependent on the
gestational age at the time of presentation. A 2-week prolon-
gation of pregnancy is much more likely at early (�32 weeks)
compared to later gestational ages (�35 weeks).79 However,
about one-quarter of those expectantly managed can antici-
pate blood transfusion therapy to attain such gains. Expectant
therapy starts with hospitalized bedrest for a minimum of 72
h. During this period of time, continuous monitoring for con-
tractions and fetal well-being often results in the observations
of sufficient contraction activity, causing one to consider the
use of tocolytic agents. The controversy exists primarily due
to the cardiovascular effects caused by these agents. A rule
of thumb has been to aggressively tocolyze before 32 weeks
gestation in cases where the patient and her fetus are hemo-
dynamically stable.

After this gestational age, care has to be individualized af-
ter a discussion with the patient. Rules for home management
of placenta previa have been suggested.80–82 These rules in-
clude the following: (1) the patient must be able to reach a
hospital in 15 min or less at all hours of the day; (2) an adult
capable of driving must be with the patient at all times; (3)
the patient’s blood can be typed and crossmatched without
difficulty; and (4) the patient agrees to minimize activity and
to abstain from intercourse. In cases where any of these cri-
teria cannot be met, the patient must remain hospitalized un-
til after delivery. The decision to move from expectant man-
agement to delivery in an actively bleeding patient remote
from term is not easy. The risk of pregnancy prolongation
with possible maternal and neonatal morbidity must be
weighed against potential neonatal benefits derived from

TABLE 8.3. Risk factors for placenta previa.

Category Example Increased risk (%)

Parity 0 �0.01169

Grand multiparity 5169

Maternal age 35 years 2.35170

40 years 4.5171

Prior placenta previa 4–8172

Prior cesarean sectiona 0 0.2671

4 1071

aMultiparous.
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transfusion therapy. Among the factors to consider are mo-
bility of the surgical and anesthesia teams, blood banking ca-
pability, and availability of neonatology services.

Obstetric management can be considered within the con-
text of gestational age at presentation: remote from term, near
term, or postpartum (Table 8.4). With regard to the immedi-
ate postpartum period, special attention needs to be paid to
the increased risk of placenta accreta/increta/percreta (de-
scribed in a subsequent section of this chapter).

Anesthetic Management

Anesthetic management of placenta previa should take into
consideration three different scenarios: (1) double setup for
vaginal delivery/cesarean section, (2) cesarean section in he-
modynamically stable patients, or (3) cesarean section in ac-
tively bleeding and hemodynamically unstable patients.

Double Setup

Ultrasonography and MRI have made the use of “double
setup” examination for diagnosing placenta previa obsolete.
However, if necessary, anesthetic preparation for double setup
entails (1) simultaneously preparing for emergency cesarean
section in a patient with placenta previa and ongoing hemor-
rhage and (2) having crossmatched blood immediately avail-
able. This procedure may result in torrential hemorrhage,
mandating immediate delivery. Consequently, the examina-
tion is safer when performed in the operating room, under
continuous fetal and maternal monitoring.

Hemodynamically Stable Patient

Anesthetic management for cesarean section in confirmed pla-
centa previa depends on the presence or absence of active
bleeding. Either regional or general anesthesia is acceptable

in the parturient who bled several weeks before delivery and
is normovolemic. With large-bore intravenous catheters in
place and crossmatched blood present in the operating room,
one can proceed with anesthesia and surgery.

General anesthesia for women with placenta previa under-
going cesarean section is favored. These parturients are at risk
for intraoperative excessive blood loss for three reasons. First,
the placenta may be located anteriorly so that the obstetrician
incises through the placenta. Second, after delivery, the dis-
tended lower uterine segment does not contract as well as the
fundus. Third, placenta previa parturients with previous ce-
sarean sections have added risk for placenta accreta. All fac-
tors precipitate extensive postpartum bleeding. However, re-
gional anesthesia for cesarean section in placenta previa
patients is shown to decrease blood loss, lower the incidence
of hysterectomy, and result in better neonatal outcome.83

However, hypotension induced by regional anesthesia in the
parturient results in decreased placental perfusion. As stated
previously, patients with placenta previa on MgSO4 tocolytic
therapy may have exaggerated hypotension.84 In hypermag-
nesemic gravid ewes, ephedrine and phenylephrine provided
similar restoration of maternal mean arterial pressure,
ephedrine being superior to phenylephrine in restoring uter-
ine blood flow during anesthesia-induced hypotension.85

In hemodynamically stable parturient, regional anesthesia
such as epidural and combined spinal epidural can be used.

Actively Bleeding/Hemodynamically 
Unstable Parturients

Copious bleeding and hemorrhagic shock make resuscitating
the mother extremely difficult. Completely correcting blood
loss before surgery is not always possible because bleeding
continues until the placenta is removed. Evaluation of the

TABLE 8.4. Obstetric management of placenta previa.

Presentation Controversy Approach to patient

Remote from term Aggressive transfusion therapy Individualize with patient input.
Tocolytic therapy Gestational age rules (keep in mind cardio-

vascular effects):
Aggressive tocolysis if �32 weeks.
Consideration between 32 and 35 weeks

Single versus repeated courses
of antenatal steroids

According to recognized guidelines
Individualize with patient input

Home versus hospitalized bedrest Assess patient’s ability to comply with guidelines
(see text)

Near term Timing of delivery Consider dating criteria, neonatal services
Type of skin and uterine incision Vertical skin, individualize uterine

Postpartum Routine use of uterotonic agents If lower segment bogginess, use PGF2�, 0.25 mg
intramuscularly or intrauterine (minimal 
cardiovascular effects); methylergonovine 
(methergine), 0.2 mg intramuscularly (remember
cardiovascular effects); and/or misoprostol 
(cytotec), 0.4–1.0 mg per rectum (less experience)
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woman, surgical preparation, aspiration prophylaxis, moni-
toring, and volume resuscitation should proceed as previously
outlined. Preparations for volume resuscitation and induction
of anesthesia should proceed simultaneously.

Left uterine displacement and preoxygenation (denitro-
genation) precede induction of general anesthesia. Using a
rapid sequence induction and utilizing cricoid pressures, anes-
thesia is induced with either 0.5 to 1.0mg/kg ketamine or 0.3
mg/kg etomidate. Ketamine produces sympathetic nervous
system stimulation and maintains blood pressure. Etomidate
causes minimal cardiac depression and is safe in obstetrics.55

Sodium pentothal or propofol are not the induction agents of
choice in a hypovolemic patient because of the potential for
exaggerated hypotension. General anesthetic administration
may further reduce fetal oxygen and placental blood flow.
Rapid infusion of crystalloid, hetastarch, colloid, and RBCs
helps restore circulatory volume status.

Some patients on arrival to the operating room are hy-
potensive and moribund. In such cases, the airway should be
secured before anesthesia induction. Patients in severe hem-
orrhagic shock with a maximally stimulated sympathetic sys-
tem will have a direct myocardial depressant effect from ke-
tamine. Ketamine, under such circumstances, exacerbates the
hypotension and should be avoided. Immediate surgical in-
tervention should stop the blood loss. Etomidate can be an
ideal induction agent.

Selection of maintenance agents depends on the degree of
cardiovascular compromise. Halogenated agents administered
during balanced general anesthesia for cesarean section cause
uterine muscle relaxation and increased blood loss.56 In a
bleeding woman, it is prudent to eliminate halogenated agents
and uterine relaxants. Anesthesia maintenance is achieved
with oxygen, benzodiazipines, small doses of short-acting nar-
cotics, and nitrous oxide as tolerated.

Delivery of the fetus and removal of the placenta minimize
the threat to the mother. If bleeding continues from the atonic
lower uterine segment, oxytocin, methylergonovine, and/or
15-methyl prostaglandin F2� may be necessary to establish
uterine tone. As assessed by blood pressure, CVP measure-
ments, and urine output, adequate resuscitation normalizes the
blood volume. The neonate also requires intensive resuscita-
tion at birth if asphyxiated, acidotic, or hypovolemic.

Disseminated intravascular coagulopathy, characteristic of
consumptive coagulopathy, is common with severe abruptio
placentae but rare with placenta previa. Dilutional thrombocy-
topenia and coagulopathy may also follow massive transfusion
in placenta previa parturients; these conditions are discussed
earlier in this chapter, in the section on abruptio placentae.

Alternatives to Allogeneic Blood Transfusion
in Parturients Predisposed to Hemorrhage

Although fatal obstetric hemorrhage is rare, obstetric cases
receive 4% of blood components used annually in the United

States. The incidence of multiunit (defined as more than two
units) transfusion during a primary and repeat cesarean sec-
tion is 0.37% and 1.47%, respectively.86 Improvements in ob-
stetric surgical techniques and practice have decreased the use
of homologous blood transfusions at the time of cesarean sec-
tion; however, in high-risk cases (i.e., placenta previa, large
fibroids, preoperative anemia, repeat cesarean section, and
premature delivery by cesarean section), the risk of requiring
a transfusion is still significant. Studies show that 33% to 80%
of parturients with placenta previa receive predonated auto-
logous blood, and 27% are given homologous blood.87

One may choose one or more of the following alternatives
to allogeneic transfusion depending on the time available be-
fore delivery, because most placenta previa women are diag-
nosed antepartum: (1) lowering the acceptable hematocrit for
transfusion; (2) erythropoietin; (3) acute normovolemic he-
modilution (ANH); and (4) erythrocyte salvage.

Lowering the Acceptable Hematocrit for Transfusion

A Consensus Development Conference on Perioperative Red
Cell Transfusion was sponsored by the National Institutes of
Health in 1988. They suggested that the usual transfusion trig-
ger for hematocrit of 30% was too high and stated that healthy,
nonpregnant women may not need transfusion until the hema-
tocrit is 21%, or even less.88 These findings really apply only
when euvolemia (normovolemia) is present. The American
Society of Anesthesiologists has also published guidelines for
conservation of blood and blood products.89 Based on these
guidelines, most anesthesia care providers have abandoned a
single transfusion trigger in favor of an individual patient as-
sessment and now accept much lower hematocrit levels. Pre-
operatively, in a pregnant woman, we recommend a starting
hematocrit of at least 30%. However, postoperatively, it may
be reasonable not to transfuse blood if the woman is euvol-
emic, hemodynamically stable, and maintaining adequate men-
tation and urine output, and there is no ongoing or anticipated
hemorrhage, even though the hematocrit is less than 20%.

Erythropoietin

Erythropoietin is an endogenous hematopoietic factor that be-
haves like a hormone. It is a glycoprotein elaborated by the
kidney in adults, and minimally by the liver. In response to
tissue hypoxia, erythropoietin production and, subsequently,
plasma erythropoietin levels are increased, stimulating bone
marrow erythropoiesis almost 100- to 1000 fold.90 Currently,
erythropoietin is manufactured commercially by using re-
combinant genetic technology and has similar biological ef-
fects as endogenous erythropoietin.91 Recombinant human
erythropoietin (rh-EPO), in a study, was administered as 50
to 300 units/kg, intravenously or subcutaneously, thrice
weekly, in anemic patients and produced a dose-dependent
increase in reticulocyte count within 10 days, followed by in-
creases in red cell count, hemoglobin, and hematocrit within
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2 to 6 weeks.92,93 Body iron stores are sufficient for a maxi-
mal response to rh-EPO if the baseline serum ferritin level is
greater than 100 ng/ml.94 This contention has been confirmed
in a number of clinical trials.95–97 A greater biologic response
is not observed at doses exceeding 300 units/kg.93 Peak ef-
fects, that is, a clinically significant increase in hematocrit,
may take 2 to 6 weeks because of the time required for eryth-
roid progenitors to mature and be released into the circula-
tion. As a result, rh-EPO has a limited role during acute hem-
orrhage but can be used effectively in an anemic parturient
with placenta previa who is remote from delivery. A con-
venient dosing schedule for surgical patients is 600 units/kg,
subcutaneously, once weekly (21 days, 14 days, and 7 days)
before surgery and a fourth dose on the day of surgery.98 rh-
EPO has been used to treat chronically anemic conditions such
as autoimmunodeficiency syndrome (AIDS), chronic renal in-
sufficiency, malignancy, prematurity, and rheumatoid arthri-
tis. Side effects include hypertension, seizures, and throm-
botic crises.

Acute Normovolemic Hemodilution

Dodril and colleagues first described ANH in 1957.99 ANH
is associated with a reduced loss of red cells during surgical
hemorrhage.100 The available fresh, whole blood containing
coagulation factors, platelets, and red blood cells is spared for
transfusion, later, during surgery.101 Cost savings with ANH
have been questioned recently,102 even though ANH has been
shown to decrease intraoperative blood transfusion require-
ments.100–103 ANH usage has been mostly restricted to
healthy, nonpregnant adults because the physiologic anemia
of pregnancy and the peripartum fluid shifts have precluded
its use in obstetrics in the past. However, the technique, which
has been used extensively in children and in the elderly, has
only recently been reported in obstetrics.104–106

During ANH, the volume of blood to be withdrawn is
adapted from the formula described by Gross.107

V � EBV �

where V � volume to be removed, EBV � estimated blood
volume (average, �85 mL/kg in pregnant adults; range,
76–94 mL/kg)31; Hi � initial hematocrit, Hf � final hemat-
ocrit, and Hav � average hematocrit (average of Hi and Hf).
In a 75-kg adult with EBV � 6375 mL, Hi � 35%, and Hf �
25%, the allowable blood for withdrawal is

6375 � � 2125 mL

Blood is withdrawn through a catheter inserted into an artery,
central vein, or a large peripheral vein and simultaneously re-
placed with a precalculated volume of crystalloid or col-
loid.108 The ensuing increase in cardiac output and decrease
in afterload, arterial oxygen content, and blood viscosity is

0.35 � 0.25
��

0.30

Hi � Hf�
Hav

identical to the normal pregnancy-related hemodynamic and
hematologic changes. Reduction in coagulation factors is also
observed.109 Coagulation parameters return to baseline by the
end of the 24 h. However, operative blood loss remains sim-
ilar to that seen without ANH.

Acute normovolemic hemodilution is undertaken in the op-
erating room under continuous monitoring because of the ma-
jor fluid shifts involved and decreases seen in afterload and
arterial oxygen content. ANH is started immediately before
or after induction of anesthesia. Blood is collected in stan-
dard blood receptacles containing an anticoagulant, usually
citrate phosphate dextrose adenine (CPDA), over a 10- to 15-
min period.105 Serum hematocrit is determined after each re-
ceptacle collection; we aim for a target hematocrit of 25%.
The volume of blood removed may be measured using a sy-
ringe for withdrawal or by weighing each unit. The blood may
be kept in the operating room at room temperature for up to
6 h. Hemodilution kits are available commercially.110 Fetal
heart rate monitoring is done before the surgery.

Crystalloid solutions, three times the volume of the blood
withdrawn, must be simultaneously infused during blood
withdrawal and are removed by administration of diuretics
before transfusion. Colloid solutions such as albumin, dex-
tran, and hydroxyethyl starch are retained longer in the 
intravascular compartment and help to reduce the volume re-
placement requirements equal to the blood volume re-
moved.111 The blood collected in the receptacles is transfused
back in reverse order from withdrawal. Consequently, the last
unit withdrawn that has the lowest hematocrit, contains the
least platelets, and has the lowest concentration of clotting
factors is administered first. Also, the first unit withdrawn that
has the highest hematocrit, contains the most platelets, and
has the highest concentration of clotting factors is adminis-
tered last.

Advantages of ANH include reducing blood loss and ho-
mologous blood transfusion requirements; improving tissue
perfusion and oxygen delivery at a hematocrit of 25%; al-
lowing administration of fresh, whole blood with normal lev-
els of ATP, 2,3-DPG, p50, and normal platelet function; and
enabling acceptance of closed-circuit ANH by Jehovah’s Wit-
nesses patients. It also avoids disease transmission, transfu-
sion reactions, blood bank compatibility problems, clerical er-
rors, and logistic problems of intraoperative blood salvage.110

Informed consent for ANH may not be required, but is ad-
visable, especially in patients whose religious beliefs preclude
the use of blood transfusion.

Indications for ANH include adults with a hematocrit of
35% or higher who are expected to lose more than 2 L of
blood during surgery, patients with rare antibodies or unusual
blood types, poor blood banking facilities, and Jehovah’s Wit-
nesses (who accept closed-circuit ANH). Hematocrit de-
creases by approximately 3% per unit of blood removed. Con-
traindications to ANH include anemia, cardiac dysfunction,
impaired coagulation profile, and renal dysfunction. ANH
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may not be very effective, if used alone. Blood conservation
programs designed to reduce the use of homologous blood
transfusion are most successful when two or more compo-
nents are used in a multimodality technique.110

Erythrocyte Salvage

The use of intraoperative erythrocyte salvage has increased
substantially during the past decade. Its popularity is likely
propelled by a perception of its effectiveness and safety and
the desire to avoid potential complications following transfu-
sion of allogeneic blood.112 However, with nucleic acid test-
ing, the risks attendant with the transfusion of allogeneic
blood are decreasing.113

The literature contains four reports of 174 patients, in-
cluding a woman with placenta previa, who underwent trans-
fusion with washed erythrocytes after salvage during cesarean
section.114–117 With the exception of one case of heparin
overdose, no other adverse events were reported. In 1994, the
National Institute of Health, National Heart, Lung, and Blood
Institute (Bethesda, MD) convened a panel to evaluate autol-
ogous transfusion and provided their recommendations. This
panel endorsed the expanded use of intraoperative erythro-
cyte salvage,118 but did not recommend this practice during
cesarean section. This view was prompted by both a concern
that an amniotic fluid embolism might occur and a lack of
data from prospective randomized studies documenting the
safety of this practice.

As with any therapy, the use of intraoperative erythrocyte
salvage during cesarean section should be based on consider-
ations of effectiveness and safety compared with the available
alternatives. Investigations examining the product of erythro-
cyte salvage and processing during cesarean section generally
have produced results consistent with these expectations. Tis-
sue factor,119 free fetal hemoglobin,114,120 and �-fetopro-
tein120,121 have been reduced or eliminated from the final eryth-
rocyte suspension, whereas substantial concentrations of fetal
erythrocytes,114,121–123 fetal squamous cells,121,122 and lamel-
lar bodies (composed of phospholipids122) still remain. Re-
cently, Waters and colleagues were able to almost completely
eliminate fetal squamous cells from a filtered erythrocyte sal-
vaged suspension by using a leukocyte reduction filter.122

The reports published during the past several years have
begun the process of evaluating the safety of erythrocyte sal-
vage and processing during cesarean section. However, larger
prospective randomized studies are necessary to document the
safety of this technique for the occasional bleeding obstetric
case for whom erythrocyte salvage technique may be effica-
cious and needed. Until then, the use of this technique dur-
ing cesarean section should be limited to those times when it
is the only way to augment the parturient’s oxygen-carrying
capacity or when it is necessary to preserve function or life.124

The need may become more frequent if the predicted short-
age of blood in the United States125 becomes a reality.

In recent years, transcatheter arterial embolization has
emerged as a highly effective technique for controlling ob-
stetric hemorrhage.

Vasa Previa

Vasa previa occurs when the fetal vessels present over or near
the internal os and are presenting before the fetal parts. In this
condition, the fetal vessels course through the fetal mem-
branes as they leave the discoid, placental, velamentous in-
sertion of the umbilical cord. The frequency of velamentous
insertion of the umbilical cord is near 1% for singleton preg-
nancies,126 making the frequency of vasa previa considerably
less than 1%.

Risk Factors

Factors that increase the risk for vasa previa are directly re-
lated to those that increase the risk for velamentous insertion
of the umbilical cord. The only known factors for this are
multiple gestation. With increasing fetal number, the risk for
velamentous insertion of the umbilical cord increases pro-
portionately. Nevertheless, vasa previa remains uncommon.

Diagnosis

The diagnosis of vasa previa, when made before hemorrhagic
complications, is by palpation or ultrasound. During digital
examination, a pulsation in the fetal membranes offers a clue
to the diagnosis that can later be confirmed using ultrasound.
Color Doppler ultrasound is particularly useful in confirming
the diagnosis. Once the membranes have ruptured and bleed-
ing has been identified, clues to the diagnosis may be ob-
served in the fetal heart rate tracing (e.g., bradycardia, sinu-
soidal pattern, and/or late decelerations) or through the use of
chemical tests for fetal blood. The chemical tests most often
mentioned are a Wright stain or the Apt test. In the former,
blood per vagina is smeared onto a slide, and a Wright stain
is performed in an effort to detect nucleated RBCs (fetal
blood). The Apt test takes advantage of the resistance to de-
naturation of fetal hemoglobin under alkaline conditions. Us-
ing either a filter paper or test tube, a few drops of blood are
collected (it is a good idea to use adult blood as a control). A
few drops of alkaline solution (either 10% NaOH or 10%
KOH) are applied to the filter paper or to the test tubes. Adult
hemoglobin is rapidly denatured, and the color of the filter
paper of the tube containing blood turns brown. Fetal hemo-
globin maintains its cherry-red color under the same condi-
tions. Despite the available chemical approaches for confir-
mation, it may be impossible to wait for reagents needed to
definitively establish this diagnosis. When vaginal bleeding
occurs after ruptured fetal membranes, preparation for ce-
sarean section should begin and be resisted only if fetal heart

ak
us

he
r-li

b.r
u



8. Antepartum Hemorrhage 101

rate tracings remain reassured and observed blood is deter-
mined to be maternal in origin.

Obstetric Management

A high index of suspicion is required for optimizing the fe-
tal outcomes in cases of bleeding vasa previa. Cesarean sec-
tion is the only accepted mode of delivery for patients with a
known vasa previa. It is preferential to perform cesarean de-
livery electively, perhaps even before term. When this diag-
nosis is suspected or confirmed in the presence of hemorrhage
during labor or at the time of membrane rupture, emergency
cesarean section should be implemented. Despite these ef-
forts, outcomes are often dismal127 even when delivery oc-
curs minutes after the onset of bleeding128; because of the in-
sufficient fetal blood volume, compensation for what appears
to be a fairly small amount of hemorrhage, compared to pla-
cental abruption or placenta previa, is not possible.

Special Anesthetic Considerations

Anesthetic management is similar to patients with placenta
previa, which is discussed earlier in the chapter.

Uterine Atony

Uterine atony is the condition wherein the uterine smooth
muscle fails to contract sufficiently after delivery of the fe-
tus, resulting in hemorrhage from dilated venous and arterial
bleeders within the placental bed. Most important to the ob-
stetrician and the anesthesia teams are factors that place the
gravida at risk for this life-threatening condition.

Risk Factors

Many risk factors for uterine atony are well appreciated and
can be thought of as those occurring as a consequence of rou-
tine management of labor gone awry or those that present with
antecedent fetal or maternal risk factors. These risks are listed
in Table 8.5.

Diagnosis

Of all the conditions that cause obstetric hemorrhage, uterine
atony can be the most straightforward to diagnose. However,
because this condition can coexist with others that result in
excessive bleeding, each must be meticulously sought before
concluding that the bleeding is the result of uterine atony
alone. Uterine atony requires inspection of the placenta (for
fragmentation), uterus (for retained placental fragments),
cervix (for lacerations), and vagina (for lacerations). Phar-
macologic therapy is initiated once bleeding from such
sources is excluded. The diagnosis of placenta accreta is en-

tertained if the uterine cavity feels “gritty” to palpation on
manual exploration of the uterus. A gentle curettage of the
uterus in search of accessory lobes of the placenta or missed
retained fragments is performed when an adequate manual 
exploration cannot be completed. Although performing a
curettage may be helpful for removing a minimally adherent 
placental fragment, care should be taken to avoid too vigor-
ous a curettage, as bleeding from placenta accreta may be 
exacerbated.

Obstetric Management

Obstetric management can be thought of as fitting into one
of three general categories: pharmacologic, uterine manipu-
lation, or surgical (Table 8.6).

Although pharmacologic and uterine manipulations are ad-
ministered simultaneously, when to proceed to surgical meth-
ods may not be readily apparent. The anesthesia and obstet-
ric team must maintain careful communication regarding the
patient’s response to noninvasive treatments. Failure to re-
spond to pharmacologic therapy, persistent uterine atony, on-
going hemorrhage, and hemodynamic compromise may re-
quire surgical intervention with more invasive procedures,
including hysterectomy.

The B-Lynch procedure was described as a method of su-
turing the uterus with a single long suture in an effort to avoid

TABLE 8.5. Risk factors for uterine atony.

Association Risk factor

Labor Protracted or arrested active phase of
labor requiring oxytocin augmentation

Chorioamnionitis
Obstructed labor 

Fetal complication Fetal macrosomia
Polyhydramnios
Abruptio placentae (Couvelaire uterus)
Placenta previa (lower segment atony)

Maternal Family history
Grand multiparity
Laceration at cesarean section (hypoxic

uterine muscle)
Tocolytic therapy

TABLE 8.6. Pharmacologic interventions for uterine atony.

Pharmacologic
Oxytocin (Pitocin)
Methylergonovine (Methergine)
15-Methyl PGF2� (Hemabate)
Misoprostol (Cytotec)

Uterine manipulation
Superior displacement of uterus
Uterine muscle massage

Surgical
B-Lynch procedure129,130

Hysterectomy
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hysterectomy in cases of uterine atony.129 It has had moder-
ate success.130 The suture used is absorbable and it causes the
uterus to compress or fold over onto itself, while compress-
ing blood vessels coursing from the cornual region of the
uterus. More widespread use and acceptance of this method
will establish its utility.

Anesthetic Management

Anesthetic management of uterine atony involves pharmaco-
logic therapy for improving uterine tone (see Table 8.6) and
volume replacement with crystalloids, colloids, and blood
components, as mentioned earlier.

Placenta Accreta, Placenta 
Increta, and Placenta Percreta

Placenta accreta is defined as an abnormal adherence of the pla-
centa to the uterine wall after the birth of the newborn. The un-
derlying pathology in this condition is absent decidua, allowing
the placental villi to attach directly to the myometrium. The
terms placenta increta and placenta percreta specify the degree
of invasion into the myometrium or through the myo-metrium,
respectively. Independent of the degree of invasion, the placental
involvement may be focal or more widespread. The amount of
hemorrhage may correlate to some extent with the degree of
placental involvement. The uteroplacental relationships found
in these conditions are diagrammed in Figure 8.5.

Risk Factors

The reported frequency of this condition varies from 1 in
1,667 to 1 in 70,000. Clearly, risk factors (Table 8.7) that en-
hance risk for this condition are known and, in some cases,
more precise figures are available to the delivery team and
the patient.

Although some have suggested a positive association be-
tween maternal age and parity with subsequent placenta ac-
creta, others do not agree.131,132 There is no dispute that the
presence of a placenta previa and the presence of a uterine
scar (most frequently from cesarean section) are the most im-
portant risk factors for placenta accreta.

Diagnosis

The diagnoses of placenta accreta, placenta increta, and pla-
centa percreta require histologic confirmation for maximal
precision. However, clinical suspicion and diagnosis are of-
ten stated even before the pathologic diagnosis and are rarely
proven wrong. Clinical clues to the diagnosis of placenta acc-
reta include a retained placenta, a uterine cavity that is rough
to palpation after manual removal of the placenta (indicating
eroded myometrium and possible small pieces of retained pla-
cental fragments), uterine inversion, hematuria, and massive
hemorrhage after manual removal of the placenta.

Several radiologic modalities (gray-scale ultrasound, color
Doppler imaging, and MRI) have each been described in the
antepartum diagnosis of placenta accreta, increta, and per-
creta.133–139 In our experience, MRI readings have been in-
consistent in establishing the diagnosis of placenta accreta.
Although antepartum diagnosis is always preferred, the real-
ity is that quite often this abnormality of placental implanta-
tion occurs without the opportunity for antepartum prepara-
tion. Thus, a review of risk factors and a general plan of action
are warranted.

FIGURE 8.5. Uteroplacental relationships in placenta accreta. (Drawn by Medical Illustration Unit, Baylor College of Medicine, Houston, TX.)

TABLE 8.7. Risk factors for placenta accreta.

Risk factor Placenta accreta (%)

No placenta previa and no uterine scar �1173

Placenta previa and no prior cesarean section 4174

Placenta previa and one prior cesarean section 10–25174

Placenta previa and multiple prior cesarean sections 67174
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Obstetric Management

The antepartum diagnosis of placenta accreta has the capac-
ity to alter the intrapartum management plan. Antepartum
preparation starts by providing educational information to the
parturient and the family. Providing information and the con-
sent process are helpful in establishing a rapport with family
members that assists in future efforts to manage the woman
both intraoperatively and postoperatively. A parturient with a
known or suspected placenta accreta is delivered by sched-
uled cesarean hysterectomy. Cesarean delivery of the new-
born takes place through a midline vertical skin incision. The
type of hysterotomy is dictated by the placental location; in
cases of a low-lying placenta or placenta previa, a classical
(high vertical) hysterotomy is performed to avoid going
through the placenta and to prevent torrential hemorrhage. Af-
ter delivery, the placenta should not be manipulated. Instead,
the hysterotomy edges are oversewn with running locking su-
ture while the placenta remains in situ. Disturbing the pla-
centa can result in unnecessary and excessive blood loss. A
vascular surgeon can expose the aorta and pass an umbilical
tape beneath the aorta that may be used to temporarily oc-
clude the aorta in the event of massive and uncontrolled hem-
orrhage during hysterectomy. Transient occlusion of the aorta
may help in maintaining cerebral and coronary perfusion dur-
ing episodes of hemorrhagic hypotension. The hypogastric ar-
tery catheters are inflated only if there is uncontrolled hem-
orrhage, deep in the pelvis. A supracervical hysterectomy is
preferred, although this may not be always possible in cases
where the placenta is low lying or in cases of placenta previa
with placenta accreta.

Other Nonsurgical and Surgical Interventions

Time-tested measures used to treat uncontrolled hemorrhage
in obstetrics include dilation and curettage, repair of lacera-
tions, administration of various uterotonic agents, placement
of Oleary stitches, uterine isolation, hypogastric artery liga-
tion, and hysterectomy. The methods presented in the fol-
lowing section have unproven efficacy, but each has been ex-
tensively reported and we believe that all or some may have
a place in the management of obstetric hemorrhage.

Nonsurgical Interventions

Case reports demonstrate the utility of hypogastric artery
catheterization using balloon-tipped catheters as a means of
reducing blood loss at the time of hysterectomy. In the pre-
viously described cases, the balloons were inflated when ex-
cessive, uncontrollable hemorrhage occurred (estimated blood
loss, 1100–4000.140,141 In select cases in which massive hem-
orrhage is anticipated, we have utilized interventional radiol-
ogy services to introduce the balloon-tipped catheters into the
hypogastric arteries. The catheters should not be inflated un-
less uncontrollable hemorrhage is apparent. Inflation of the
balloon-tipped catheter, when bleeding is not of concern, may

result in the completion of the hysterectomy with a false sense
of security. Subsequent deflation of the balloon tips may re-
sult in immediate or delayed hemorrhage from pedicles whose
vessels previously supplied blood to the uterus. In our expe-
rience of 10 cases, we have not had to inflate the catheters to
control bleeding (unpublished data). We have also had no
complications from their placement, and total fluoroscopy
time has been approximately 1 min.

Misoprostol administered as a therapeutic intervention dur-
ing the third stage of labor has been recommended (1000 �g
per rectum) as a means to control excessive blood loss.142

However, most studies that explored the use of misoprostol
during the third stage of labor have been studied largely un-
der the setting of hemorrhage prophylaxis. Recommended
doses, 400 to 600 �g (oral or per rectum), have met with some
success when compared to placebo.143–145 A World Health
Organization study concluded oxytocin (10 IU, intramuscu-
larly or intravenously) was most appropriate to use for pro-
phylaxis against postpartum hemorrhage. Blood loss was
greater in the misoprostol group, and more subjects enrolled
in the misoprostol group required additional uterotonic
agents.146

Special Anesthetic Considerations

Cesarean hysterectomy is more difficult than hysterectomy in
a nonpregnant woman because of the adhesions from previ-
ous surgery, difficult exposure, edematous tissues, engorged
vasculature, enlarged uterus, and slipped ligatures.147 Conse-
quently, surgery is prolonged and may lead to massive hem-
orrhage. Preoperatively, the risks and benefits of various anes-
thetic options are discussed with the patient.

Anesthetic Management

The choice of anesthetic technique between regional or gen-
eral anesthesia for cesarean hysterectomy in placenta accreta
must consider the potential for uncontrollable hemorrhage and
the ABCs of hemodynamic resuscitation. Some other impor-
tant factors includes evaluation of the parturient’s airway,
preferences of the pregnant woman and the anesthesiologist,
skills and experience of the obstetrician, and availability of
manpower. The hypotensive woman may not be able to main-
tain and protect her airway. Securing an airway and simultan-
eously being involved in massive volume resuscitation can be
a tenuous situation, if manpower is inadequate.

The option, therefore, is limited to either general anesthesia
or continuous epidural anesthesia. Spinal anesthesia, due to its
limited duration, is not a viable option unless it is delivered by
continuous spinal anesthesia technique or a combined spinal
epidural technique. General anesthesia offers the advantage of
evaluating the parturient’s airway, securing the airway, and es-
tablishing ventilation. Peripheral large-bore catheters should be
used for vascular access for large-volume resuscitation. Cen-
tral venous access and radial arterial cannulation is also estab-
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lished before surgery. Blood is typed, crossmatched, and made
immediately available. Securing the airway and having central
venous access, peripheral venous access, and arterial pressure
monitoring established electively allows the anesthesia care
team to concentrate on volume resuscitation, blood component
replacement, and hemodynamic stability.

Alternatively, continuous epidural, continuous spinal, or
combined spinal epidural techniques of anesthesia may be
used in these women. The use of regional anesthesia avoids
the risks of general anesthesia in pregnancy, allows titrata-
bility of the epidural anesthetic during surgery, and enables
postoperative analgesia. In select cases undergoing interven-
tional radiology procedures, the catheter is sited and activated
before scheduled surgery. The patient is then taken to the ra-
diology suite where balloon-tipped catheters are placed into
the hypogastric arteries under fluoroscopic guidance. The
mother and the fetus are continuously monitored during the
procedure. The patient is then transferred to the operating
room. Ureteral stents are placed by the urologists, under di-
rect visualization, in patients with suspected placenta percreta.

The decision to administer continuous epidural anesthesia
is based on a multiinstitutional study of elective or emergency
cesarean hysterectomy involving 12 patients. For none of the
patients was it necessary that their anesthetic be converted to
general anesthesia with maintenance of a T4 sensory level.
The authors noted that many parturients wish to be awake
during cesarean delivery. Prophylaxis against nausea and
vomiting and judicious sedation reduce the need for intraop-
erative induction of general anesthesia.148 However, if un-
controllable, massive hemorrhage leads to hypotension, one
must proceed with securing the patient’s airway using pre-
oxygenation and rapid sequence induction/intubation with
cricoid pressure. The hypotensive patient may not be able to
maintain and protect her airway.

The development of intraoperative bleeding diathesis can
worsen complications markedly. The anesthesiologist may be
faced with a dilemma when to remove an epidural catheter in
a parturient with DIC. Sprung et al.149 made the following
recommendations. (1) If there is no evidence of intraspinal
bleeding, the catheter must be removed as early as possible
because of the potential for intravascular catheter migration
and initiation of bleeding. (2) If bleeding is present around
the catheter insertion site and possibly in the epidural or sub-
arachnoid space, the catheter must be left in place. (3) Fre-
quent assessment of neurologic status is important until the
underlying cause of the coagulopathy is treated and the bleed-
ing is resolved. (4) In case of intraspinal hematoma, leading
to neurologic deficit, immediate neurologic consultation and
decompression surgery are needed.

The anesthesiologist and obstetrician must constantly com-
municate to determine anticipated risks and extent of bleed-
ing. Special obstetric skills coupled with expert anesthetic
management are needed to secure hemostasis. Patients with
placenta percreta are not only at high risk for extensive hem-
orrhage but also for sepsis and DIC. Postoperative manage-

ment after cesarean hysterectomy involves close monitoring
in an intensive care unit. Monitoring should include assess-
ment of analgesia, coagulation profile, core temperature,
hematocrit, hemodynamics, sedation, urine output, ventilatory
status, and volume status.

Uterine Rupture

Uterine rupture, separation of the unscarred uterine muscle or
a previous cesarean section scar, can occur before or during
labor resulting in massive hemorrhage.150 Furthermore, iso-
lated case reports document the occurrence of this condition
with and without a prior uterine scar.151–153

Risk Factors

Although spontaneous uterine rupture (with no prior uterine
scar) has been reported, it is rare.154 Clearly, the most com-
mon antecedent to uterine rupture is a previous cesarean sec-
tion. Although a complete discussion of a trial of labor (TOL)
is beyond the scope of this chapter, the basic approach we use
in thinking about uterine rupture is presented.

We dichotomize the thought process and, as a result, our
approach to these patients. We first consider the chances for
a successful vaginal birth after cesarean section (VBAC).
Without further stratification, success rates have varied, 
with a range of 60% to 80% reported.155 To provide more 
parturient-specific information, we consider the reason for the
initial cesarean section. A prior cesarean section for a true
second stage of labor arrest disorder probably bodes more
poorly than a cesarean section for severe preeclampsia or
breech presentation.156,157 After refining the risk toward ei-
ther end of the reported range of success, we next consider
the risk of uterine rupture. In considering this risk, recent ev-
idence suggests that when patients present in spontaneous la-
bor, the risk of uterine rupture is less than when prostaglandins
are used for cervical ripening and induction.158 The relative
risk of rupture after spontaneous labor compared to non-
laboring patients was 3.3 (95% CI, 1.8–6.0), and when
prostaglandins were used for labor induction, the relative risk
was 15.6 (95% CI, 8.1–30). The effect of oxytocin on rupture
rates remains unclear.159 Thus, if parturients are willing to fur-
ther consider a TOL after learning where they fall on the spec-
trum of likelihood for success (some request a cesarean sec-
tion after the initial discussion focusing on chances of success),
we ask the woman to reconsider depending on whether she
presents in labor or if labor induction is indicated.

Diagnosis

The diagnosis of uterine rupture is confirmed visually or by
palpation during cesarean section or after a vaginal birth, re-
spectively. It is controversial as to whether manual palpation
should be performed in all cases of successful vaginal deliv-
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ery after cesarean section.155 Opponents argue that manual
palpation carries with it the possibility of extending an asymp-
tomatic (stable mother and no evidence of active bleeding)
dehiscence. Proponents argue that failure to recognize dehis-
cence early can put the mother at greater risk for morbidity
from hypotension.

Clues to the diagnosis may be evident before its confirma-
tion. These clues are highly dependent on the degree to which
uterine bleeding or fetal distress occurs as a consequence of the
bleeding that follows uterine rupture. Rupture without evidence
of maternal hypovolemia and no abnormality on the fetal heart
rate tracing during labor is on the mild end of the spectrum.
Under these circumstances, the diagnosis of uterine rupture may
never be made (no reason to perform palpation of a prior uter-
ine scar after vaginal birth or rupture may be a coincidental
finding at the time of cesarean section). The clinically signifi-
cant end of the spectrum includes abnormalities on the fetal
heart rate tracing that necessitate cesarean section, evidence of
maternal hypovolemia, or heavy vaginal bleeding after vaginal
birth. Certainly, the presence of any of these last three clues
mandates anticipation of ongoing heavy bleeding and the po-
tential for serious maternal or fetal morbidity and mortality.

Obstetric Management

There are two possible approaches to the management of uter-
ine rupture. When the rupture is found as an incidental find-
ing after vaginal delivery, we advocate a watchful, waiting
approach for signs and symptoms of concealed bleeding (ab-
dominal pain or hypotension). When evidence suggesting
uterine rupture occurs during labor, exploratory laparotomy
with delivery of the fetus and repair of the uterine rent is war-
ranted. In some cases, hysterectomy is required to manage
bleeding complications.

Treatment of uterine rupture should be individualized. Ab-
dominal hysterectomy is no longer advocated in all cases. If
the fetus is still undelivered, or if uterine bleeding is believed
to be secondary to a uterine or cervical defect, immediate lap-
arotomy is indicated. If a defect is found at the time of post-
partum examination after a VBAC, but no bleeding is noted,
and the patient is hemodynamically stable, close observation
is warranted. Laparotomy is indicated only if the patient shows
signs of hematologic or hemodynamic decompensation.

Special Anesthetic Considerations

Anesthetic management considerations are similar to those
described in an earlier section on placental abruption.

Summary

Hemorrhage in the obstetric cases occurs unexpectedly and
potentially causes serious maternal and fetal morbidity and
mortality. Various aspects of antepartum hemorrhage, current

obstetric guidelines including nonsurgical and surgical inter-
ventions during obstetric hemorrhage, and special anesthetic
considerations have been reviewed. Excellent critical care
management minimizes postoperative morbidity and mortal-
ity after obstetric hemorrhage. A well-equipped labor and de-
livery operative suite staffed by expert obstetric, anesthesia,
neonatal, and nursing teams leads to successful outcome for
the mother and baby in obstetric hemorrhagic emergencies.
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Postpartum Hemorrhage
Mukesh C. Sarna, Philip Hess, Tamara C. Takoudes, and Anjan K. Chaudhury

The tremendous reduction in maternal mortality in developed
countries has been one of the great achievements in obstet-
rics this century. In the United Kingdom, for example, be-
tween 1952 and 1954 there were approximately 70 deaths per
100,000 deliveries; in 1994 to 1996, maternal deaths fell to
11 per 100,000 deliveries.1 In the United States, the past 50
years have seen a similar reduction in maternal deaths
achieved by improvements in antenatal and intrapartum ob-
stetric care, the establishment of blood banks, and improved
treatment of peripartum hemorrhage.2 Although maternal
mortality rates have plummeted in the developed world,
global mortality for mothers in childbirth remains between
500,000 and 600,000 annually, with postpartum hemorrhage
accounting for an estimated 125,000 deaths worldwide each
year.3 The improvements that have saved thousands of lives
in the developed world have not been adequately translated
for many reasons. The cost of some services, inability to main-
tain a safe blood supply, and lack of resources have contin-
ued to cost the lives of thousands of women worldwide.

Postpartum hemorrhage remains one of the greatest risks fac-
ing the parturient, representing a large proportion of maternal
mortality and peripartum complications. In the most recent
evaluation from the United Kingdom, hemorrhage was the third
leading cause of death at term and accounted for 50% of ma-
ternal deaths after childbirth.1 In the United States, one inves-
tigation found that postpartum hemorrhage was one of the lead-
ing indications for admission to intensive care units, and that
obstetric shock was one of the largest risk factors for mortal-
ity.4 A recent evaluation of the causes of maternal mortality in
the state of Maryland found that postpartum hemorrhage rep-
resented the third leading cause of pregnancy-related deaths
and was equal to preeclampsia as the leading cause of in-hos-
pital mortality among parturients between 1984 and 1997.5

The Postpartum Period

Maternal Physiology

In normal pregnancy, maternal blood volume is increased by
30% to 40% over the nonpregnant baseline. This change is

accomplished by an expansion of 50% in the plasma volume
but an increase of only 30% in red blood cell mass.6,7 This
expansion of blood volume and physiologic anemia buffers
the blood loss that occurs during parturition, protecting ma-
ternal hemodynamics and oxygen-carrying capacity, respec-
tively.8 The average loss of blood in a normal vaginal deliv-
ery appears to be in the range of 500 mL.9 Similarly, the acute
loss of blood that occurs with cesarean delivery is reported to
be 1000 mL.8,10 Regardless of the exact amount, the blood
lost during delivery is approximately equal to the pregnancy-
induced expansion; central blood volume after delivery re-
mains at or above prepregnancy levels.8 This change has lit-
tle effect on maternal hemodynamics and well-being. Robson
et al.11 studied the hemodynamics of 10 women who had post-
partum hemorrhage and compared them to 30 controls who
did not. Among women with significant hemorrhage, cardiac
stroke volume decreased and heart rate increased in the im-
mediate postpartum period, and these changes lasted for ap-
proximately 48 h. However, maternal blood pressure and car-
diac output were similar to the control group. The physiologic
anemia of pregnancy acts to protect the vital cells of oxygen
transport from blood lost during hemorrhage. In the early post-
partum period, circulating plasma volume contracts, produc-
ing a hemoconcentration. As a result, the maternal hematocrit
decreases by only 2% to 4% after vaginal or cesarean deliv-
eries, respectively.12

The gravid uterus receives approximately 600 to 700 mL
blood per minute at term pregnancy.13 After delivery, the in-
tense contraction of the myometrium causes the large amount
of blood flowing through the uterus to be returned to the ma-
ternal circulation, a process termed autotransfusion. This au-
totransfusion can deliver 500 mL blood to the central circu-
lation, which helps balance maternal losses. Failure of the
myometrium to contract prevents this autotransfusion, which
could potentially affect maternal hemodynamics. In addition,
some investigators have noted that the arteries supplying the
uterus taken from parturients who suffered a significant post-
partum hemorrhage may be less reactive to vasoconstrictors
than those found in the normal population.14 Uterine artery
vasoconstriction would limit blood flow to the site of 
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hemorrhage, and loss of vascular reactivity could worsen the
rate of blood loss. Whether the loss of normal reactivity in
the vasculature is a cause of maternal hemorrhage or a con-
sequence of prolonged sympathetic stimulation and receptor
downregulation is not known.

Uterine Retraction and Hemostasis

The primary mechanism for hemostasis in the postpartum pe-
riod is the retraction of the uterine musculature. At term preg-
nancy, the individual smooth muscle cells of the uterine mus-
culature develop gap junctions between cell walls, creating a
network of communication that coordinates uterine activity.
The smooth muscle cells of the myometrium are organized
differently than either skeletal or cardiac striated muscles; the
formations of actin and myosin fibrils are not linear, but
arranged at random.15 The force of uterine contraction is vec-
tored in all directions, facilitating simultaneous uterine con-
traction and increase in intramyometrial pressure. During la-
bor, this organization produces an effective force to properly
expel the fetus.15 It is likely that the same structure aids in
producing uterine retraction in the immediate postpartum pe-
riod. The intense intramyometrial pressure generated by the
hypertrophied uterus causes a physical constriction of the
small uterine arterioles, cutting off blood flow.

The classical hemostatic mechanisms, such as the intrinsic
and extrinsic pathways, platelet aggregation, and fibrin forma-
tion, play a secondary but important role for maintaining he-
mostatic control of uterine bleeding. During pregnancy, there is
a significant increase in the amount and activity of most coag-
ulation factors, with the result that most parturients have a pro-
thrombotic state. Dysfunction of the coagulation system does
not affect the ability of the uterus to constrict the blood vessels
during retraction but can lead to poor clot formation, early break-
down, and rebleeding. Parturients with coagulation disorders are
at considerably higher risk of delayed hemorrhage.

The Third Stage of Labor

The third stage of labor extends from delivery of the neonate
to passage of the placenta. In most cases, the third stage of
labor proceeds without complication; in some women, how-
ever, placental separation is delayed or fails, and subsequent
uterine atony may result in significant hemorrhage. Studies
of the natural history of the third stage of labor suggest that
delayed placental delivery of more than 30 min is associated
with a greater incidence of maternal complications, including
blood transfusions and curettage.16,17 Because the active con-
traction of the uterus and delivery of the placenta are essen-
tial components in limiting maternal hemorrhage, a signifi-
cant amount of research has focused on the management of
the third stage of labor. Two methods of management have
been described: conservative and active management. Con-
servative management is an expectant process, allowing the

normal physiologic separation and delivery of the placenta.
Active management of the third stage of labor is designed to
promote placental delivery and to decrease the duration of the
third stage of labor. Active management of the third stage of
labor has been shown to decrease the severity of maternal
blood loss, the duration of the third stage, and the incidence
of postpartum hemorrhage; whether this prevents maternal
transfusion and hysterectomy is unclear.18,19

The Fourth Stage of Labor

The fourth stage of labor extends from placental delivery to ap-
proximately 1 to 2 h postpartum and represents a period of in-
creased risk of uterine atony and maternal hemorrhage. Care-
ful observation of all parturients in the immediate postpartum
period should be encouraged, as bleeding in the fourth stage
can occur in otherwise low-risk patients, despite successful ini-
tial contraction. The parturient should remain in a supervised
location during the fourth stage of labor and should receive fre-
quent evaluation and massage of the uterus to prevent accu-
mulation of blood clots and relaxation of the uterus. Continu-
ation of uterotonic agents, such as oxytocin, will ensure that
the uterus remains firm and contracted. Compression of the fun-
dus helps in evacuating clots and debris. Maternal hemody-
namics should be periodically monitored to help identify par-
turients with an occult blood loss. The causes of bleeding in
the fourth stage of labor are similar to those in the third stage.

Postpartum Hemorrhage

Definition and Incidence

Postpartum hemorrhage is a clinical event occurring in the
parturient. Although definitions vary, postpartum hemorrhage
may occur in as many as 5% of all deliveries.3 Historically,
postpartum hemorrhage was defined as a blood loss of greater
than 500 mL in the first 24 h after birth. It is now recognized
that this definition is inadequate and clinically irrelevant. Vi-
sual estimates of bleeding become more inaccurate with
greater amounts of blood loss and are approximately twice
what experienced clinicians would report.9 Some authors have
suggested the definition of greater than 1000 mL blood loss
during delivery. This definition is more relevant for investi-
gations, as approximately 1% to 3% of women lose more than
1000 mL of blood after a vaginal delivery.20,21 Because the
amount of blood loss is difficult to measure accurately while
administering care, other authors have suggested a clinical
definition for hemorrhage as that which has or would produce
hemodynamic instability.22 The American College of Obstet-
rics and Gynecology has proposed a definition of a decrease
in hematocrit of at least 10%, or the need for blood transfu-
sion in the postpartum setting.23 This definition identifies
more than 97% of women experiencing more than 1000 mL
blood loss but can only do so in hindsight.
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Etiology

The etiology of postpartum hemorrhage can be separated into
uterine and nonuterine causes, with the former accounting for
most cases.20 Uterine atony is the foremost cause of uterine
bleeding (Table 9.1). Atony may be the primary cause of
bleeding or may be associated with other causes such as re-
tained placenta or endometrial uterine inversion. Other
sources of uterine bleeding include lacerations that can result
from vaginal deliveries but more commonly arise during ce-
sarean delivery. Bleeding that originates from a nonuterine
source is most commonly found in the genital tract and as-
sociated structures. Traumatic lacerations and hematomas are
not uncommon and are usually identifiable and easily re-
paired. Uterine atony is the most common cause of hemor-
rhage; however, because genital tract trauma is often a de-
layed diagnosis, its prognosis may be worse.24

Prompt and accurate identification of the cause of post-
partum hemorrhage is essential for treatment. Slow and per-
sistent bleeding is a serious complication, as the recogni-
tion of excessive blood loss may remain obscured and
treatment delayed until the onset of hypovolemic shock.
Additionally, some parturients may have intraperitoneal
bleeding or may accumulate a large amount of blood in the
uterus before the diagnosis of hemorrhage is made. Unex-
plained hypotensive episodes or poor urine output in the
postpartum woman should raise a high degree of suspicion
for occult hemorrhage.

Classification

Primary Postpartum Hemorrhage

Primary postpartum hemorrhage, which is also referred to as
early hemorrhage, describes a significant blood loss in the

first 24 h after delivery. Primary postpartum hemorrhage most
often results from uterine atony. The etiology of uterine atony
can be an intrinsic failure of the uterine musculature to con-
tract, as may be found with overdistension, infection, or af-
ter dysfunctional labor; or the etiology may be extrinsic fac-
tors that prevent the uterus from completely contracting, such
as retention of placental fragments, uterine clots, or an en-
larged bladder (Table 9.2). Some cases of postpartum hem-
orrhage are uncontrollable by any means, requiring a hys-
terectomy to save the mother’s life. With the dramatic overall
increase in cesarean deliveries, abnormal placentation, such
as placenta accreta, has become the most common cause of
hemorrhage of great enough severity to necessitate hysterec-
tomy.25,26 A minority of cases of severe postpartum hemor-
rhage (approximately 20%) are caused by genital tract trauma;
however, maintaining clinical suspicion of nonuterine etiol-
ogy is of utmost importance.

TABLE 9.1. Etiology of uterine atony.

Disorder Examples Possible mechanism Treatment options

Uterine over distension Multiple gestation Excessive stretch of actin–myosin Uterine massage
Macrosomia complexes Uterotonics
Polyhydramnios

Intrinsic uterine dysfunction Prolonged labor Poor contractility Uterotonics
Prolonged second stage Poor coordination Second-line agents often required

Extrinsic uterine dysfunction Retained placenta Physical barrier to contraction Evacuate the cavity
Placental fragments Uterine massage
Blood and clots Fundal pressure
Bladder distension Bladder catheterization

Prolong exposure to oxytocin Induction of labor Receptor down regulation Uterotonics
Labor augmentation Second-line agents often required

Uterine or placental abnormalities Surgical scars Noncontractile tissue Invasive therapy often required
Placenta accreta Devascularization
Endometritis Hysterectomy
Chorioamnionitis

Iatrogenic Magnesium sulfate Direct antagonism Discontinue agents
Terbutaline Uterotonics
Volatile anesthetics Calcium gluconate

TABLE 9.2. Causes of postpartum hemorrhage.

Uterine
Antepartum hemorrhage
Atony
Placenta accreta
Retained placenta
Placenta fragments
Uterine laceration
Uterine rupture

Nonuterine
Genital tract trauma

Vaginal laceration
Cervical laceration

Genital tract hematomas
Intraabdominal or pelvic laceration

(after cesarean delivery)
Coagulation disorders
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Secondary Postpartum Hemorrhage

Secondary postpartum hemorrhage describes a significant
blood loss occurring more than 24 h after delivery and up to
6 weeks postpartum. For many patients, secondary postpar-
tum hemorrhage can be life threatening because identification
and treatment can be delayed. The parturient with secondary
postpartum hemorrhage is likely to require intensive medical
care for hypovolemic shock, including vasopressors, transfu-
sion, and intubation, and is very likely to have an associated
coagulopathy.27 Causes of secondary postpartum hemorrhage
are similar to the causes of primary hemorrhage; however,
there is a greater likelihood that invasive or surgical proce-
dures will be required for treatment.28

Treatment

The goals in the treatment of postpartum hemorrhage are as
follows:

1. Identify and correct the cause of hemorrhage.
2. Resuscitate the patient.
3. Prevent further complications including rebleeding and in-

fection.

Three components are essential for a successful outcome in the
treatment of any uncommon life-threatening emergency: plan-
ning, communication, and teamwork. No obstetric center
should wait for a life-threatening hemorrhage to develop a treat-
ment plan or to determine the availability of resources. Primary
planning, available resources, and alternative plans must be cre-
ated, identified, and practiced before any emergency situation
arises. The tremendous effectiveness of modern pharmacologic
agents has made intractable postpartum hemorrhage a rare
event; the ubiquitous good outcomes in obstetrics have become
the norm, with the result that clinicians may become compla-
cent. Developing a step-by-step treatment plan for these rare
events is essential to ensure the highest level of success. All
members of the team should be well versed in the steps in-
volved and aware of the next phase of the plan if the current
treatment should fail. It is also incumbent on the clinicians to
communicate effectively with the other members of the team
to ensure that the entire plan is being implemented appropri-
ately. A plan for obstetric, medical, and anesthetic management
of postpartum hemorrhage is shown in Table 9.3.

Several components of the care of the parturient must be
assessed, and if these are not immediately available, alterna-
tives should be prepared. Although it is unlikely that small
centers can have immediate availability to all the necessary
components, patient transport to a tertiary facility can be
arranged; however, these plans should be made well in ad-
vance of an emergency event. Vital components of care in-
clude the following:

1. Prompt access to resuscitative equipment
2. Availability of blood products

3. Availability of an operating room and surgical personnel
4. Rapid return of laboratory results
5. Availability of intensive care facilities
6. Availability of an angiography suite and trained personnel

Most cases of postpartum hemorrhage respond to medical
and obstetric management, including manual extraction, dila-
tion, and curettage. Cases that remain unresponsive to these
treatments may require interruption of the vascular supply to
the uterus by either surgical arterial ligation or arterial em-
bolization under angiography, and these steps can often sal-
vage fertility in the mother. The final, lifesaving step in the
treatment of postpartum hemorrhage is hysterectomy, which
should be performed when other treatments fail or are un-
available.

Pharmacology

Oxytocin

Oxytocin is a nanopeptide hormone released by the posterior
pituitary after being produced in the hypothalamus. Currently
commercial preparations of oxytocin are produced syntheti-
cally, resulting in a highly purified molecule with minimal
amounts of vasopressor and antidiuretic effects (Table 9.4).
Historically, preparations of oxytocin were derived from an-
imal extracts and naturally included a small amount of the
other hormone produced in the posterior pituitary, vasopressin
or antidiuretic hormone. Thus, old case reports of complica-
tions due to oxytocin administration included occasional hy-
pertension. However, the two hormone molecules are similar
enough that some cross-activity does exist.

Oxytocin injectate should be stored in a room temperature
or cooler environment and is stable, depending on the manu-
facturer, for up to 3 months or 5 years. Oxytocin is distrib-
uted throughout the extracellular fluid and is metabolized by
chymotrypsin in the gastrointestinal tract and oxytocinase, an
enzyme produced in early pregnancy. The plasma half-life is
approximately 3 to 5 min; the duration of action of oxytocin
is 1 to 2 h after intramuscular injection. Response by the myo-
metrium following intravenous injection or oxytocin is almost
immediate. Adverse effects of oxytocin include maternal 
hypotension, tachycardia, and arrhythmias. With very high
doses, the minor activation of vasopressor and antidiuretic
hormone that can be found even in synthetic solutions may
produce hypertension, pulmonary hypertension, and water in-
toxication. Oxytocin can be given intramuscularly, intra-
venously, or intranasally but not orally because it is metabo-
lized in the gastrointestinal tract. It is strongly recommended
to dilute the injection before intravenous use to avoid exces-
sive dosages.

In the final trimester of pregnancy, the number of oxytocin
receptors increases dramatically, peaking around term. Oxy-
tocin acts to increase the frequency and duration of myome-
trial contraction, which is likely mediated through increased
intracellular calcium concentrations. Oxytocin also has effects
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on vascular smooth muscle, where in low concentrations the
hormone acts as a vasodilator. Weis et al.29 studied the effect
of a bolus injection of 0.1 IU/kg of oxytocin in healthy first
trimester parturients under general anesthesia; they demon-
strated a decrease in maternal blood pressure of 30%, decrease
in peripheral vascular resistance of 50%, and a subsequent in-
crease in heart rate and cardiac output. The duration of these
changes was short (5–10 min). Continuous intravenous infu-
sion of a small dose of oxytocin does not elicit the same de-
gree of vasodilation and hypotension.

Ergot Alkaloids

Several ergot derivatives are commercially available, but
these agents are similar in their action and profiles (Table 9.4).
Methylergonovine is an amine ergot alkaloid that differs
structurally from the natural ergonovine by the addition of a
methylene group. Ergot alkaloids should be protected from
light and stored at cool temperature (8°C) for longer shelf life.

Ergot alkaloids stored at room temperature have a shelf life
of 60 to 90 days. Ergot alkaloids are rapidly absorbed after
intramuscular administration, with distribution throughout the
extracellular fluid; however, very low levels are detected in
the milk of lactating women, and ergot alkaloids appear to be
safe for use with breast-feeding. The half-life of ergot alka-
loids is 1 to 5 min, although the total body elimination may
take 1 to 2 h because of the wide distribution.

Within 2 to 5 min of intramuscular injection, the uterus be-
gins sustained contractions that can last from 2 to 3 h. Ad-
verse effects include a high incidence of nausea and vomit-
ing, dizziness, headache, and hallucinations in some patients.
However, the most worrisome side effects of ergot alkaloids
are on the cardiovascular system. Systemic hypertension 
can occur as a result of the intense vasoconstriction caused
by these agents. Parturients who have pregnancy-induced hy-
pertension or pregnant women with previous chronic hyper-
tension may have unusually severe reactions to ergot alkaloids
including myocardial infarctions, arrhythmias, and cerebrovas-

TABLE 9.3. Treatment of postpartum hemorrhage.

Obstetric management Medical management Anesthetic management

Evacuate the uterine cavity Administer uterotonics Obtain adequate venous access
Deliver the placenta Oxytocin (IM or IV) as first-line agent Two large-bore peripheral IV catheters
Manual extraction if unresolved 5–10 U IM

at 30 min Continuous infusion of oxytocin Volume resuscitation
Manual extraction at any time if 10–40 U in 1000 mL IV infusion Crystalloid solution 10–15 mL/kg bolus

actively bleeding Second-line agents if uterus remains atonic Repeat bolus infusion per assessment of 
Evacuate placental fragments 15-Methyl-prostaglandin F2� requirements
Curettage 250 �g IM Transfusion for physiologic requirement

Consider ultrasound Misoprostol
Massage the uterus 400–1000 �g PR or PO Monitor resuscitation

Methylergonovine Maternal vital statistics
Inspect genital tract 200 �g IM Blood pressure

Repair lacerations Pulse
Consider vaginal packing Maternal blood analysis Oxygen saturation

Type and crossmatch Urine output
Insert Foley catheter Hemoglobin or hematocrit Maternal oxygen delivery

Reduce bladder size Platelet count Pulse oxymetry
Monitor urine output Coagulation studies Hemoglobin or hematocrit concentrations

Arterial blood gas Arterial blood gas analysis
Obtain assistance Oxygen tension (PO2)

Anesthesia Prevent complications Acid–base status
Additional personnel Coagulation disorders Central hemodynamic monitoring

Dilution coagulopathy Central venous access
Additional support Disseminated intravascular coagulopathy Pressure monitoring

Blood bank availability Hypothermia Central administration of vasopressor 
Operating room Infection agents
Surgical personnel Large-bore venous access
Ultrasonography Disposition Pulmonary artery measurements
Angiographic suite and personnel Maintain observation for  resumption of Diagnosis of intractable hypotension, 

hemorrhage hypoxia, low urine output
Intractable hemorrhage Transfer to intensive care unit Measure adequacy of resuscitaton via 

Consider bimanual compression mixed venous saturation
Consider uterine packing
Interrupt arterial supply

Embolization
Surgical ligation

Hysterectomy
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cular accidents. Ergot alkaloids are known to induce pulmonary
artery vasoconstriction and pulmonary hypertension. Ergot al-
kaloids should not be administered intravenously, especially
in undiluted form. Also, the simultaneous administration of
an ergot derivative and a vasoconstrictor drug should be used
only with extreme caution. Coronary artery spasm has been
reported in patients with atypical or variant angina.

Prostaglandin Agonists

At term pregnancy, prostaglandin activity increases until the
placenta is delivered. Administration of exogenous prosta-
glandin agonists produces intense, sustained contraction of
the myometrium and can be very effective for the treatment
of postpartum hemorrhage. Two classes of agents are avail-
able: parenteral agents, which must be administered via in-
jection, and oral agents (Table 9.4).

Parenteral Agents. A large number of parenteral prosta-
glandin agonists are commercially available; the particular
choice often depends on the local standard. The most studied
agent is 15-methyl prostaglandin F2�, hemabate or carboprost,
which is a synthetic analogue of the endogenous prostaglandin
F2� (dinoprost), having a methyl group added to the C-15 po-
sition, a change that results in a significantly longer duration
of action. Carboprost must be stored in refrigerated conditions;
otherwise, the agent undergoes spontaneous degradation. In-
travenous administration should be avoided; carboprost can be
given intramuscularly or via intrauterine injection. After in-
tramuscular injection, the plasma peak is reached in approxi-
mately 30 min and is maintained for 1 to 2 h. A single 250-
�g dose has been found to be effective in the treatment and
prevention of postpartum hemorrhage, and this dose can be re-
peated in 15 to 90 min to a maximum dose of 2 mg. In-
traumbilical injection has also been described for the treatment
of retained placenta.30 Early experience in the treatment of
hemorrhage with carboprost suggested failures that occurred
more commonly in women with chorioamnionitis.31 The 
onset of action is very rapid, with sustained contractions oc-
curring 3 to 5 min after administration. Side effects include
bronchoconstriction, hypertension, vomiting, diarrhea, and in-
creases in body temperature. Carboprost should be used with

extreme caution in women with reactive airway diseases. Hy-
pertension is more common when high doses are used because
of the activity on the vascular smooth muscle.

Oral Agents. Misoprostol is a synthetic analogue of prosta-
glandin E1 that differs only slightly from endogenous
prostaglandin, resulting in an increased duration of action
compared to its natural analogue. After oral administration,
misoprostol undergoes significant first-pass effect, with min-
imal plasma concentrations occurring after a single oral dose.
In the United States, the only approved use of misoprostol is
for peptic ulcer disease, especially in ulcers caused by dam-
age caused by nonsteroidal antiinflammatory agents, where
its effect of decreasing gastric acid secretion protects the mu-
cosa. Of note, most oral antacids are known to delay the on-
set of action and decrease the plasma concentrations of this
agent. Misoprostol for postpartum hemorrhage has been ad-
ministered orally, rectally, or vaginally, and is rapidly ab-
sorbed from the mucous membranes. Misoprostol is a very
effective uterotonic agent, increasing both the frequency and
amplitude of contractions. Small doses have been used with
great success for the purpose of cervical ripening and induc-
tion of labor. More recently, misoprostol has been described
for the prevention and treatment of postpartum hemorrhage.
In the setting of postpartum hemorrhage, O’Brien et al.32 re-
ported the use of 1000 �g rectally administered misoprostol.
All 14 women in their series were successfully treated, with
sustained uterine contraction occurring within minutes of ad-
ministration. Some authors have found that misoprostol is not
as effective as a primary uterotonic agent as oxytocin but has
similar potency to methylergonovine.33,34

Obstetric Management

Identification and Treatment

The initial management of primary postpartum hemorrhage
consists of identifying and treating the cause of bleeding. A
rapid differential diagnosis of the cause of hemorrhage can
be obtained by a careful palpation of the fundus. Although
not a perfect test, a soft, large, and boggy uterus indicates a
primarily uterine origin of bleeding, whereas a firm fundus

TABLE 9.4. Uterotonic agents.

Agent Dosage Route of administration Side effects Warnings

Oxytocin 10–40 IU in 1000 mL IV infusion Hypotension Avoid rapid IV bolus
5–10 IU IM injection Tachycardia

Nausea
Ergonovine 200 �g IM injection Hypertension Avoid in hypertension,
Methylergonovine Vasoconstriction pulmonary

Nausea and vomiting hypertension
15-Methyl 250 �g IM injection Hypotension Avoid in reactive

prostaglandin F2� IU injection Hypertension airway disease
Bronchoconstriction

Misoprostol 400–1000 �g PO Shivering
PR Hyperthermia
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suggests a laceration or tear in the genital tract. The cavity of
the uterus must be meticulously emptied of all products of
conception, either manually or via curettage. To this end, ul-
trasonography has become an invaluable tool for identifying
placental fragments and directing their extraction. Thorough
and complete inspection of the lower genital tract and cervix
with adequate lighting is mandatory. Parturients who suffer
uterine atony may have coexistent genital tract trauma.

To ensure that the uterus is able to contract appropriately,
it must be emptied of all contents, not only placenta or frag-
ments but also blood clots. If the placenta remains trapped in
the uterus, manual extraction of the placenta is required. The
placenta should be examined to ensure that it has been re-
moved intact; however, this may not be possible during man-
ual extraction as it may be necessary to remove it in pieces.
Placental fragments can be difficult to detect or identify dur-
ing external and internal digital exam. Continued bleeding or
recurrent failure of the uterus to contract should raise suspi-
cion of retained products. Exploration of the uterine cavity
should be performed. If one is unable to manually identify
and extract any remaining fragments, then curettage is indi-
cated under ultrasound guidance. Once the uterus has been
completely emptied, manual extraction and massage are of-
ten enough to produce adequate contractility of the uterus.
Oxytocin is given at this time to maintain uterine contractil-
ity. Oxytocin can be given intramuscularly or intravenously
and should be maintained until the uterus has contracted
firmly and active bleeding has ceased. If this technique fails
to produce adequate contraction and control of bleeding, 
second-line agents should be administered. Prostaglandin ag-
onists, either 15-methyl prostaglandin F2�, 250 �g intramus-
cular, or misoprostol, 1000 �g given rectally, are excellent
agents for refractory uterine atony. Oleen and Mariano35

found that 15-methyl prostaglandin F2� was successful in al-
most 90% of women in whom oxytocin did not produce the
desired effect. Ergot alkaloids (ergonovine, methyler-
gonovine), 200 �g given by intramuscular injection, can be
used in patients for whom prostaglandins are contraindicated
(e.g., asthmatics). Ergot alkaloids are known to have a pow-
erful vasoconstrictor effect and should be used with extreme
caution in parturients with hypertension.

Medical management is effective in many cases. Oleen and
Mariano35 found that medical management failed in only 5%
of their 237 cases of postpartum hemorrhage. Among the 12
women who required surgical intervention, identifiable risk
factors included peripheral coagulopathy, retained products of
conception, lacerations, chorioamnionitis, oxytocin-induced
or augmented labor, increased fetal weight, magnesium-
treated preeclampsia, and cesarean delivery. Maternal hem-
orrhage that is unresponsive to conservative therapy, includ-
ing oxytocics, uterine massage, and placental extraction,
should be considered a life-threatening situation. Immediate
request for help should be made. As a temporary measure, bi-
manual uterine compression can be used to tamponade the
bleeding. Generally, this technique is adequate to stop the im-

mediate bleeding and temporize until further, definitive ther-
apies can be initiated.

In the past, uterine packing was used in an effort to tam-
ponade maternal hemorrhage. However, packing was associ-
ated with a high incidence of infection; moreover, significant
hemorrhage can be concealed in the distensible uterus. The
issue of packing remained controversial.20 The current era of
obstetrics has seen several advances that make the historical
reports of packing difficult to interpret. On the one hand, an-
tibiotics are extremely effective in treating intrauterine infec-
tion. If packing is maintained for short periods of time, there
should be a low risk of infection. On the other hand, the phar-
macologic spectrum of oxytocic agents has led to a signifi-
cant reduction in the incidence of intractable uterine atony,
with the result that most of the cases that would have re-
sponded to uterine packing are now treated more conserva-
tively. Recent reports of success with the use of uterine pack-
ing may suggest that there remains, albeit small, a place for
this modality in the management of intractable postpartum
hemorrhage.20

Arterial Embolization

Arterial embolization is an effective but less often used treat-
ment for postpartum hemorrhage. Selective arterial em-
bolization under angiographic guidance was first described
for the treatment of postpartum hemorrhage in 1979 by Brown
et al.36 (Figure 9.1). Angiographic arterial embolization has
comparable success to surgical ligation but may have some
significant advantages. The procedure can be performed un-
der local anesthesia, obviating the need for general anesthe-
sia, which can be challenging in hemodynamically compro-
mised patients.37 However, angiography can be performed
only in centers that have the available resources and person-
nel. It has been suggested that low blood flow states may in-
crease the failure of embolization because of inability to iden-
tify extravasation of dye during the procedure.38 Arterial
embolization is useful for both uterine and genital tract
sources of bleeding and has been reported to be successful
when hysterectomy failed.27,39–41

The success rate for arterial embolization is very high. In
a review of case reports and series, Vedantham et al.37 found
no failures among the 49 postpartum vaginal deliveries noted,
with an overall success rate of 97%. The majority of reported
cases had associated coagulopathies, most often disseminated
intravascular coagulopathy, which was corrected on success-
ful embolization. Pelage et al.27 reported the results of 14
women who presented with secondary postpartum hemor-
rhage after both vaginal and cesarean deliveries. The sources
of hemorrhage in these women were both uterine and genital
tract, with several cases of endometrial infection likely caused
by retained products of conception. Three of the 14 subjects
were noted to have rare and unpredicted causes for hemor-
rhage, including two pseudoaneurysms and one arteriovenous
fistula; these arteries were selectively embolized, resulting in
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a cure. In most cases, the source of bleeding was identified
by extravasation of dye; however, the operators were not able
to identify the distal arterial extravasations in all cases and
resorted to bilateral uterine artery embolization in these
women. The authors reported complete success in all their pa-
tients, and all women had resumption of normal menstruation
after therapy. Despite maximal medical and obstetric man-
agement, half the women in their cohort were suffering hy-
povolemic shock, and five had a significant coagulopathy;
these complications resolved after successful embolization and
replacement of blood loss. Deux et al.39 reported the results
of 25 women treated for intractable postpartum hemorrhage.
Due to the severity of their conditions, two-thirds of these
women were transferred from other centers for angiographic
treatment. Associated disorders included multiple unit trans-
fusion, intubation, vasopressor infusions, and coagulopathy.
Embolization was successful in 24 women, resulting in ces-
sation of blood loss, improvement in hemodynamics, and cor-
rection of coagulopathy. Of the 10 women who were followed,
all resumed normal menstruation and 1 became pregnant.

Embolization is a very successful alternate therapy for in-
tractable hemorrhage and may avoid the need for further sur-
gical management in most cases. Failures are associated with
unilateral embolization, proximal embolization, and cesarean
delivery.39 Several complications of arterial embolization
should be considered. In parturients with poor blood flow or
those in whom the vascular anatomy is poorly identified, re-
flux of the embolization material is a distinct and severe pos-
sibility. These materials could inadvertently lodge in alternate
sites, leading to ischemic complications.42 Other injuries and
complications associated with pelvic arterial embolization in-
clude bladder necrosis, neurologic injury, and pelvic and ar-
terial hematomas.37,43,44

Surgery

Surgical ligation of the arterial blood supply to the uterus is
an effective and important treatment for intractable postpar-
tum hemorrhage. The myometrium survives devascularization
for several reasons. First, the uterine and ovarian arteries are

FIGURE 9.1. The vascular supply to the uterus and surrounding structures.
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a dual, bilateral system of blood supply. Therefore, ligation
of one artery will diminish the blood flow and perfusion of
the uterus but usually does not place the myometrium at risk
for infarction. Second, the uterus enjoys extensive collateral-
ization of blood flow. Thus, even when extensive devascu-
larization is required to control bleeding, the uterus can re-
main viable. The final advantage is that after a brief time the
arterial supply to the uterus is renewed, allowing normal func-
tion to return, including fertility and pregnancy.

Ligation of the hypogastric arteries results in a diminution
of blood flow to the uterus. Burchell45 found that ligation of
the hypogastric arteries decreased blood flow by 50% and, more
important, reduced perfusion pressure by 85%. This partial in-
terruption of perfusion can significantly decrease the rate of
blood loss and allow medical and obstetric management to be
successful. Ledee et al.24 reported the results of their experi-
ence with bilateral hypogastric artery ligation in 49 women over
15 years of age. However, the value of hypogastric ligation
may not be as high as these authors suggest; the rate of achiev-
ing a cure, as defined by not requiring a hysterectomy, is infe-
rior to that of uterine artery ligation.46,47 Clark et al.46 reported
a 42% success rate with 58% of their subjects requiring a hys-
terectomy to control bleeding. Blood loss, operating time, and
morbidity were all greater than a cohort of patients who pro-
ceeded to hysterectomy on an emergent basis. Chattopadhyay
et al.47 reported a 65% success rate in 29 women, with the re-

maining 35% requiring an emergency hysterectomy. Failures
in this cohort were more common among women with uterine
atony. Vedantham et al.37 recently reviewed the literature on
hypogastric artery ligation, noting only a 65% success rate, with
a 13% incidence of complications and two deaths (2%). Un-
like the uterine and ovarian vessels, which are immediately
available, the anatomy of the hypogastric arteries may be un-
familiar to the obstetrician. Hence, extensive dissection and ad-
ditional time may be required, which may not be acceptable in
the unstable patient. Because of the added difficulty of the tech-
nique and the significant failure rate and high complication rate,
hypogastric artery ligation is not a preferred strategy for avoid-
ing hysterectomy.

Ligation of the uterine arteries can be an effective and safe
method of controlling obstetric hemorrhage (Figure 9.2). Li-
gation of the uterine artery is superior to the hypogastric ar-
tery because of the need for minimal dissection, familiarity
of the anatomy to the surgeon, and lower rates of complica-
tions.37 Although unilateral ligation may be successful in a
minority of cases, such as those with an isolated trauma, bi-
lateral uterine artery ligation is usually required for control of
hemorrhage and generally successful. O’Leary48 reported a
series of 241 cases for the treatment of postpartum hemor-
rhage. They found a 96% success rate with only two compli-
cations (hematomas of the broad ligament). Fahmy49 reported
an 80% success rate of bilateral uterine artery ligation in 25

FIGURE 9.2. Ligation of the right uterine artery.
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women. Failure of this technique was associated with coex-
istent coagulopathy in three women and a placenta previa in
the remaining two patients. AbdRabbo38 developed a sys-
tematic technique for surgical control of postpartum hemor-
rhage. In a stepwise fashion, the vessels supplying the uterus
are ligated until bleeding is observed to stop. The author re-
ported 100% success in treating parturients with postpartum
hemorrhage, preventing hysterectomy in all 103 cases. Of the
45 patients with whom the authors could follow up, all re-
sumed menstruation, and many became pregnant. The steps
of arterial ligations are as follows:

1. Unilateral uterine vessel
2. Bilateral uterine vessels
3. Low uterine vessels
4. Unilateral ovarian vessel
5. Bilateral ovarian vessels
6. B-Lynch surgical technique

The initial steps are aimed at the uterine vessels, as these rep-
resent the majority of the blood supply to the myometrium.
Failure of unilateral artery ligation to prevent further hemor-
rhage has often been noted, and the authors also found that
the unilateral first step was successful in only 9% of their
cases. Progressing to the second step, ligation of bilateral ar-
teries raised the success to almost 75%. Patients with placenta
previa were more likely to require further surgical ligation of
the low uterine vessels, presumably preventing blood flow
from the supply of the low uterine segment and collateral ves-
sels. Of note, patients with abnormal uterine structure, pla-
centa previa with accreta, or those with documented coagu-
lopathies were less responsive to bilateral uterine artery
ligation and required complete devascularization of the uterus
via additional ovarian artery ligation. B-Lynch surgical suture
may be helpful in this group of patients. Inherent to this sys-
tematic technique was an advance planning that allowed ef-
fective and timely treatment of emergency situations. Train-
ing for uncommon situations, such as intractable postpartum
hemorrhage, certainly improves the success of management.

Hysterectomy

Obstetric hemorrhage that remains unresponsive to medical
and obstetric management may require treatment via hys-
terectomy. The decision to proceed with a hysterectomy
should take into account several factors. Obviously, the
mother’s life is of paramount concern. The option to proceed
immediately with hysterectomy rather than attempting alter-
natives should be judged, taking into account maternal safety,
the urgency of the situation, the likelihood of success with
other options, and the desires of the patient to have additional
children. This risk–benefit assessment is rarely easy.

Postpartum hysterectomy for uncontrolled hemorrhage is
rarely a simple operation. The myometrium and its vessels are
thickly engorged during pregnancy, making exposure and visu-
alization difficult. The incidence of complications can be high,

with reports of urinary tract injuries occurring in up to 5% of
cases. Studies have demonstrated that the risk of complications
associated with postpartum hysterectomy, including blood loss,
is increased when the procedure is performed on an emergent
rather than a planned basis. In their series of 42 patients, Chest-
nut et al.50 found that patients undergoing emergency hysterec-
tomy lost considerably more blood and were more likely to re-
quire transfusions in the perioperative period than those whose
hysterectomy was planned. Emergency procedures were asso-
ciated with about 2500 mL blood loss; approximately 86% of
patients required transfusions with an average of 6.6 units per
patient, compared with less than half the planned cases (48%)
receiving blood products for an average of 1.6 units per patient.
Castaneda et al.51 reviewed 217 hysterectomies over an 18-year
period. Although most of the planned procedures occurred at
the beginning of the observed period and the emergency cases
toward the end, the results were similar to those previously re-
ported. Overall, 58% of the surgeries were planned and 42%
were conducted on an emergent basis. Among the 126 planned
surgeries, only 43% of the women required transfusion, whereas
84% of emergent hysterectomies did. Similarly, the estimated
blood loss during surgery was approximately 3000 mL among
the emergencies but only 1300 mL for the planned cases. Ad-
ditionally, morbidity including infection, wound dehiscence, 
and bleeding was significantly more common in the emergent
cases (23% versus 17%). It should also be mentioned that un-
less a careful inspection of the lower genital tract has been per-
formed, hysterectomy may not be the correct solution to ma-
ternal hemorrhage.

Specific Causes

Atony

Uterine atony is the most common cause of postpartum hem-
orrhage and has been estimated to occur in approximately 2%
to 5% of all deliveries. The cardinal feature of uterine atony
is the presence of a flaccid or boggy uterus due to the failure
of the myometrium to contract. The flow of blood through
the gravid uterus can only be stopped by active muscular con-
traction. However, the uterus may hide up to 1000 mL blood,
obscuring the degree of maternal hemorrhage. Manual palpa-
tion of the size and character of the uterus is mandatory af-
ter all deliveries. Although uterine atony is not common dur-
ing elective term cesarean deliveries, it is a frequent feature
of cesarean delivery after prolonged dysfunctional labor.
Many causes of uterine atony have been identified, including
overdistension of the uterus, dysfunctional labor, grand mul-
tiparity, and iatrogenic factors. In two different studies, atony
was the most common indication for postpartum hysterectomy
and for peripartum blood transfusion.52,53

Obstetric Management

Careful attention to the size and character of the uterus in the
immediate postpartum period is mandatory.54 The advances
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in medical therapy, specifically uterotonic agents, have led to
a significant decrease in the incidence and severity of uterine
atony. Oxytocin should be administered as the first-line agent,
and the contractility of the uterus continually assessed by pal-
pation. If there is no response to this initial therapy, further
uterotonic agents should be administered. Prostaglandin ago-
nists (carboprost, misoprostol) can be used as the second-line
agent and are effective in 90% of cases.35 Prostaglandin
agents are well tolerated but should be used with great cau-
tion in patients with asthma or pulmonary hypertension. Er-
got alkaloids should be used in women for whom
prostaglandins are contraindicated. In the rare cases that re-
main refractory to medical management, bimanual compres-
sion is often able to control the bleeding until invasive ther-
apies can be initiated.54

During cesarean delivery, uterine atony can occur, but it is
easily detectable. In low-risk patients, the uterus responds
well to massage after elective cesarean delivery and may re-
quire a minimum of oxytocin infusion for contraction.55 On
the other hand, cesarean delivery performed after labor, es-
pecially after prolonged dysfunctional labor augmented with
oxytocin infusion, may not completely respond to oxytocin
and can require additional oxytocic drugs. Tocolytics admin-
istered before or during labor have been implicated as
causative agents of uterine atony. Magnesium sulfate, beta-
adrenergic agents (terbutaline, ritrodrine), and calcium chan-
nel antagonists cause significant uterine muscular relaxation.
A careful review of the medications that the patient has re-
ceived should be made, and all offending agents stopped im-
mediately. Administration of calcium gluconate can be used
to reverse the effects of magnesium on the myometrium.

Retained Placenta

After birth of the neonate, the placenta is spontaneously re-
leased from the surface of the uterine wall and delivered
through the vaginal passage. Failure of the placenta to deliver
promptly after childbirth may be a result of abnormal uterine
function or abnormal placental attachment. During pregnancy,
the uteroplacental surfaces are in contact and maintain a sim-
ilar surface area. With the delivery of the neonate, the uterus
is able to contract and reduce the size of its placental surface.
The placenta, on the other hand, is unable to reduce its size,
and it buckles and separates. Herman et al.56 used ultrasono-
graphic examinations to reveal four phases of the normal sep-
aration of the placenta: (1) the latent phase, with a thin pla-
centa site wall; (2) the contraction phase, with thickening of
the placenta site wall; (3) the detachment phase when the pla-
centa separates; and (4) the expulsion phase, when the pla-
centa slides free. In four of five women with a retained pla-
centa, the failure appeared to be in the detachment phase, and
the placenta was easily released with cord traction. The fifth
case required manual extraction and demonstrated a failure of
the contraction phase. Partial separation, in the face of uter-
ine atony, may lead to extensive bleeding through open uter-

ine arterioles that are not adequately constricted. If the sepa-
ration of the placenta is incomplete, the placenta may tear dur-
ing extraction, and fragments may be retained. Retained prod-
ucts of conception can lead to secondary postpartum
hemorrhage; in some of these cases, a patient may return days
or even weeks later with significant uterine bleeding, infec-
tion, and atony. Ultrasound examination is a valuable asset
for identification of placental fragments and can aid in guid-
ance during curettage.

Abnormal placental attachment occurs most commonly
when the uterine cavity has been previously scarred, as with
previous surgery, cesarean delivery, or curettage; however, a
significant number of cases can occur without previous sur-
gery, most often in multiparous patients.57 There is a signif-
icant relationship between placenta previa and accreta, with
at least 10% of women with placenta previa having an ac-
creta and one-third of women with accreta having an associ-
ate placenta previa.57,58 The lack of the normal uterine pla-
cental barrier leads to pathologic attachment of the placenta.
The three grades of this disorder are placenta accreta, pla-
centa increta, and placenta percreta. The definition of these
three disorders is made by the depth to which the pathologic
placenta invades the myometrium. Placenta accreta is a thin-
ning or lack of separation between the placenta and uterine
musculature. Placenta increta describes a placenta that has
grown into the muscular wall of the myometrium. In placenta
percreta, the placenta has invaded through the serosa of the
uterus and may invade adjacent pelvic structures. Although a
majority of cases of abnormal placental attachment can be
identified via ultrasound, some cases remain unknown until
after delivery and may lead to serious complications. Trans-
vaginal ultrasound appears to be more effective in evaluation
of accreta in the lower uterine segment, whereas magnetic res-
onance imaging depicts posterior placenta accreta.59

Obstetric Management

Postpartum hemorrhage is significantly more common when
the placenta is retained for an inordinate period of time.60 In
some cases, the placenta fails to be delivered in a prompt and
normal fashion. The definition of when a placenta is consid-
ered retained is disputed. Eighty-five percent of normal, term
gestation deliveries complete the third stage of labor (placen-
tal delivery) within 15 min of delivery of the neonate, with the
majority occurring in 5 to 10 min.17 The normal placenta fails
to separate by 30 min in less than 2% of term pregnancies and
half of these fail at 60 min. In the absence of significant blood
loss before the delivery of the placenta, the reasonable option
is to allow 30 min before beginning manual removal of the
placenta.16 As the retained placenta prevents complete uterine
contraction, the longer the placenta remains attached, the
greater the risk of hemorrhage, with the frequency of hemor-
rhage increasing after approximately 10 min postpartum.17

When there is significant blood loss, the decision to man-
ually extract the placenta should not be based on time but
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rather on the assumption that removal of the placenta will al-
low the uterine muscles to contract. The incidence of hemor-
rhage from a retained placenta is approximately 3% to 4%
and increases in premature deliveries.17 Neither premature
rupture of membranes nor chorioamnionitis appears to alter
this risk.61 Under adequate anesthesia, one hand maintains a
firm, transabdominal hold of the fundus of the uterus for con-
trol, while the other hand is placed in the uterine cavity with
extended fingers. Once the plane between the placenta and
uterus is located, the placenta is manually removed from the
uterine wall. Removal of any remaining membranes can be
accomplished by grasping these with the hand, a sponge
draped over fingers, or ring forceps.

Active Management of the Third Stage

Active management include several procedures: (1) the fundus
of the uterus is held, but not actively massaged; (2) the cord is
clamped, preventing the placenta from draining; (3) gentle trac-
tion is applied to the cord; and (4) an oxytocic agent is given,
usually immediately on delivery of the anterior shoulder. Con-
cern that an early administration of oxytocin results in trapping
of the placenta does not appear to be validated by clinical tri-
als. A number of early studies suggested that active manage-
ment of the third stage of labor could shorten the duration for
delivery of the placenta and decrease the incidence of mater-
nal hemorrhage. Prendiville et al.62 performed a meta-analysis
of these studies and found a 40% reduction in the incidence of
hemorrhage with active management of labor. Nordstrom et
al.63 randomized 1000 parturients to oxytocin 10 IU versus
saline via bolus injection immediately after the birth of the
neonate. Although the time to delivery of the placenta was not
shortened, the amount of blood loss was significantly less in
the group that received oxytocin. Gentle cord traction may re-
duce the incidence of retained placenta. Khan et al.64 studied
1648 parturients randomized to either 10 IU of intramuscular
oxytocin plus controlled cord traction versus a conservative
control group. Women who receive oxytocin and traction had
less estimated blood loss during the third stage, a smaller
change in postpartum hematocrit, and a lower incidence of re-
tained placenta at 30 min. In a trial by Rogers et al.,65 parturi-
ents who were randomized to active or conservative manage-
ment were additionally randomized to upright or supine
maternal postures during the third stage. The authors reported
a significant benefit to active management, but found no rela-
tionship between maternal posture and blood loss.

Oxytocin has been well established as the agent of choice
for active management of the third stage of labor. Ergot al-
kaloids, do not appear to be better agents for use during ac-
tive management of the third stage, as the incidence of re-
tained placenta, nausea, and hypertension may be increased
when compared with oxytocin.66 The combination of oxy-
tocin and ergonovine (Syntometrine), which is commonly
used in the U.K., produces significantly greater side effects
with no apparent advantage over the synthetic hormone

alone.67,68 Several prostaglandins have proven to be useful in
the treatment of postpartum hemorrhage, but at the present
time there is less evidence supporting their routine use as part
of a third-stage active management protocol.69 Prostaglandins
are attractive, as they increase throughout labor and peak im-
mediately before the separation of the placenta.70 This ob-
servation suggests that prostaglandins play an important role
during the third stage of labor. Unfortunately, because these
agents are considerably more expensive than oxytocin, their
ideal use may be as second-line agents when the uterus is re-
fractory to oxytocin.

Misoprostol, a prostaglandin E1 analogue, is an effective
uterotonic agent, causing tonic contractions of the pregnant
myometrium. Misoprostol is cheap, stable, and can be ad-
ministered orally; therefore this agent could potentially be an
effective agent in the areas where a lack of resources, in-
cluding storage and refrigeration, may prohibit the use of
some agents.32,71 Hofmeyr et al.72 compared oral misopros-
tol, 400 �g, versus placebo in the management of the third
stage of labor. Fewer women who received misoprostol had
significant hemorrhages, defined as greater than 1000 mL;
however, this did not reach statistical significance because of
the small number in the study. The World Health Organiza-
tion conducted a multicenter, multination randomized trial
comparing 600 �g oral misoprostol versus 10 IU intramus-
cular or intravenous oxytocin, with more than 18,000 women
successfully randomized for treatment.73 The misoprostol-
treated women were significantly, although slightly, more
likely to hemorrhage more than 1000 mL (4% in the miso-
prostol group versus 3% in the oxytocin group) and to require
additional oxytocics (15% versus 11%). Additionally, the
women in the misoprostol group were significantly more
likely to shiver and have an elevated body temperature, above
38°C. Interestingly, this study did not find a difference in the
need for either blood transfusions or for manual removal of
the placenta. Prostaglandin F2� (Prostin) and 15-methyl
prostaglandin F2� (Hemabate) have also been used. These
agents are used intramuscularly or intramyometrially.

Genital Tract Trauma

Trauma to the genital tract, usually in the form of lacerations
or hematomas of the perineum, vagina, or cervix, is the most
common maternal injury during childbirth. Lacerations are al-
most always identifiable during inspection of the vagina and
cervix after vaginal delivery. Depending on the size, depth,
and amount of bleeding, a surgical repair with resorbable su-
tures may be necessary. Lower genital tract hematomas are
common, usually quite painful, and can often be identified on
inspection. Usually these cause only a small amount of bleed-
ing, but they can occasionally result in a significant amount
of blood loss. Early detection and prompt repair of genital
tract trauma will prevent the need for transfusion. Unfortu-
nately, diagnosis is often delayed, resulting in avoidable hem-
orrhage, delayed treatment, and potentially poor outcome.24
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Vaginal and vulvar hematomas are not common, with a re-
ported incidence between 1 in 310 and 1 in 7500 deliveries.74

Soft tissue injury during delivery and inadequate repair result
in a slowly expanding hematoma that produces pain and can
lead to excessive blood loss. Associated risk factors include
forceps delivery, episiotomy, and nulliparity. Because the
bleeding may blend into the surrounding soft tissue, the di-
agnosis may be delayed until after significant blood has been
lost. Vulvar hematomas arise from the branches of the pu-
dendal artery, usually appearing immediately after delivery;
however, some cases can be delayed for 3 days. Vaginal
hematomas arise above the pelvic diaphragm and may be eas-
ily obscured by surrounding soft tissues. The most common
presenting sign is pain.74 Often, the presence of these
hematomas is missed due to the presumption that perineal
pain after delivery is normal.

Rare but life threatening, retroperitoneal hematomas arise
from a laceration of one of the branches of the hypogastric
artery during cesarean delivery or with uterine rupture. Be-
cause there is no external bleeding, identification of a
retroperitoneal hematoma is often made after the onset of hy-
potension or hypovolemic shock. Diagnosis requires a high
index of suspicion in parturients who have unexplained tachy-
cardia, hypotension, low urine output, or falling hematocrit
with no observable source of bleeding. Other signs and symp-
toms may include a tender mass in the inguinal area that may
displace the uterus, lower abdominal tenderness, unilateral leg
edema, and hematuria. Vaginal bleeding, if any, is usually
small, and associated hypotension far out of proportion to the
blood loss.

Lacerations and tears of the cervix, perineum, and vagina
are common and can occur during normal and operative vagi-
nal deliveries. Cervical lacerations are associated with oper-
ative deliveries (cesarean or forceps), but may also occur dur-
ing spontaneous deliveries, especially during a rapid descent
of the fetus before full cervical dilation. Brisk bleeding found
despite a firmly contracted uterus should raise suspicion of
an injury to the cervix. Inspection of the lower genital tract
for the source of bleeding should be performed. It is es-
sential to have adequate lighting and exposure during this 
exploration, as the soft tissue of the vagina may obscure a 
laceration.

Uterine Inversion

Uterine inversion is a rare but potentially devastating com-
plication of the third stage of labor, with an incidence in the
order of 1 in 2000 to 1 in 6400 vaginal deliveries.75,76 Early
reports described a mortality of up to 40%; however, it ap-
pears that prompt identification and aggressive resuscitation
can be very successful.76 The exact cause is not known but
is probably a fundal implantation of the placenta. Most stud-
ies have identified a greater propensity among primigravidas.
Several authors have implicated excessive fundal force dur-
ing delivery or, more commonly, excessive cord traction dur-

ing the third stage as the immediate cause of uterine inver-
sion. Recent evidence suggests, however, that a structural ab-
normality may predispose some women to uterine inversion,
with inversions occurring spontaneously during the third stage
of labor. Additionally, some patients suffer repeated uterine
inversion during subsequent deliveries, suggesting an abnor-
mality in the uterine structure as the immediate cause.76

The presenting features of uterine inversion are acute hem-
orrhage and pain. The brisk bleeding after detachment of the
placenta cannot be controlled by uterine contraction and re-
quires prompt correction or hypovolemic shock will ensue.
Despite aggressive treatment, shock may occur in 30% to 40%
of patients.77 In many cases, the amount of blood lost during
inversion is greatly underestimated.78 Abdominal palpation
reveals a downward displacement of the fundus, if at all pres-
ent, and a bimanual exam generally provides the diagnosis.
The cervix may constrict shortly after inversion, preventing
both venous drainage from the uterus and easy manual re-
placement.

Obstetric Management

After the diagnosis of uterine inversion, an immediate attempt
to replace the uterus should be made before constriction of the
cervical ring makes restoration more difficult. If done promptly,
this may be successful in the majority of cases.75 After failing
the initial attempt, further attempts may delay treatment and
risk significant morbidity. One should immediately call for as-
sistance. If the placenta has not already been removed it should
remain in place until further therapy has begun, because the
continued attachment of the placenta may prevent further
bleeding from the exposed uterine surface. Replacement of
the uterus requires uterine and cervical relaxation, which can
be accomplished with tocolytics such as nitroglycerine and
terbutaline.79–81 Disadvantages of the adrenergic agents in-
clude tachycardia, which may be undesirable in a hypoten-
sive parturient.54 In some cases the uterus remains trapped, and
general anesthesia may be required for relaxation.

The palm of the hand should be placed on the internal fun-
dus, and firm pressure should be applied to revert the uterus
into this correct position. The placenta can be manually re-
moved once the uterus has been repositioned, with care taken
that a pathologic attachment may be present. After completing
the procedure, the uterus must contract vigorously to prevent
further atony and blood loss. Prostaglandins, in addition to oxy-
tocin, have been found to be an excellent choice with a high
success rate.82 Bimanual compression should be performed to
prevent further hemorrhage until the uterus is firm and fixed in
position. In rare cases, if the uterus cannot be replaced manu-
ally, laparotomy may be performed for surgical repair.

Anesthetic Management

The ideal anesthetic should be individualized for each case,
with evaluation of the hemodynamic status of the parturient
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and ongoing blood loss, input from the obstetrician concern-
ing the requirements for care, and consideration of backup
plans in case of failure. In the parturient population, general
anesthesia has been associated with higher mortality than re-
gional anesthesia.83 This idea must be tempered, however, by
the observation that the parturient condition often determines
the choice of anesthesia. Many of the comorbidities of preg-
nancy are relative contraindications to regional anesthesia, for
example, coagulation disorders, uncorrected hypovolemia,
and ongoing blood loss.

The choice of anesthetic technique depends on a number
of factors, including the procedure being performed, the ur-
gency of the case, the likelihood that further therapy may be
required, and the condition of the parturient. The requirements
for anesthesia differ among obstetric procedures. Manual ex-
traction and curettage can be performed under general or re-
gional anesthesia or under sedation. If the cervix has not yet
constricted, minimal anesthesia may be required. If uterine
relaxation is needed, nitroglycerine may be used as it pro-
duces rapid tocolysis of short duration.84 Invasive surgical
procedures including hysterectomy can be safety performed
under regional or general anesthesia.50 A single-shot spinal
may not be adequate if the surgical procedure becomes pro-
tracted and complicated, or the anatomy is difficult. Thus,
continuous epidural anesthesia would be a better option. Be-
fore performing regional anesthesia, intravascular volume
must be adequately replaced. The sympathectomy associated
with neuraxial local anesthetics may lead to severe decom-
pensation in the hypovolemic patient. Significant postpartum
hemorrhage is associated with the development of a coagu-
lopathy. Adequate parameters of hemostasis must be evalu-
ated in any patient who has lost a considerable amount of
blood.

Airway

General anesthesia is frequently required during the man-
agement of postpartum hemorrhage. Advantages of general
anesthesia include the ability to provide rapid surgical con-
ditions for any operative procedure and definitive control of
the airway in cases of severe illness where prolonged in-
tensive care may be required. Clinical assessment of the air-
way, although not a reliable indicator, may aid in the pre-
diction of difficult intubation.85,86 Additional consideration
should be given to changes in the airway during parturition.
Prolonged labor and delivery have been noted to dramati-
cally increase the amount of pharyngeal edema.87,88 More-
over, with the loss of colloid oncotic pressure that occurs
during large volume replacement, soft tissues tend to be-
come edematous and friable. These changes may consider-
ably increase the risk of failed intubation, which is already
increased in the pregnant population. If control of the air-
way may be required for either general anesthesia or pro-
longed intensive care, then early intubation under elective
conditions should be considered. A full range of airway tools

should be available, including, if possible, a laryngeal mask
airway and fiberoptic airway equipment.

Circulation

The maternal physiologic response to untreated hemorrhage
can provide a guide to the assessment of blood loss and is an
essential component in determining the requirement for and
effectiveness of any therapy. A decrease in venous return
caused by hemorrhage will elicit a reflex tachycardia designed
to maintain an adequate cardiac output. These changes can
occur with a 10% to 15% decrease in blood volume. After a
20% to 30% loss of volume, the parturient will develop a sig-
nificant tachycardia, narrowing of pulse pressure, and pe-
ripheral vasoconstriction.89 Further loss of blood, however,
will overwhelm the physiologic reserve and lead to hypo-
volemic shock, characterized by hypotension, tachycardia,
and poor perfusion. In contrast, if blood volume is replen-
ished via an infusion of intravenous fluids, maternal perfu-
sion and organ function can be maintained despite very low
levels of hemoglobin.90 Although blood pressure may be de-
creased by arteriolar vasodilation and decreased blood vis-
cosity associated with acute hemodilution, maternal cardiac
output and end-organ oxygen delivery are preserved. There-
fore, the key to the treatment of acute obstetric hemorrhage
is maintenance of isovolemia through aggressive infusion of
crystalloid or colloid solutions.

Temporizing measures, including the administration of
vasopressor agents, should be used for the treatment of hy-
potension until a definitive diagnosis can be made. Phenyl-
ephrine, a direct-acting alpha agent, is a good choice for
the initial treatment of postpartum hemorrhage, as concerns
over uterine artery vasoconstriction reducing blood flow to
the placenta are no longer relevant. Phenylephrine can be
given as an infusion or via bolus administration. In both
cases, dilution of the high-concentration vial is required. If
maternal hypotension continues despite aggressive volume
replacement and vasopressor therapy, assessment of cen-
tral hemodynamics may be required. A central venous
catheter can give a rapid estimate of central venous pres-
sure (CVP), which may help to assess cardiac preload, and
allows the reliable central administration of vasopressor
medications. 

Differential Diagnosis of Hypotension

Most cases of hypotension during hemorrhage are caused
by hypovolemia and inadequate resuscitation. Although
tachycardia, narrowing of pulse pressure, and poor periph-
eral perfusion and capillary refill are common signs of early
but significant blood loss, healthy parturients may not
demonstrate overt symptoms of hypovolemia until 1 to 2 L
of blood have been lost. Intractable hypotension or evidence
of poor perfusion despite aggressive volume replacement is
worrisome and may require a broadening of the differential
diagnosis.
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Hypotension may be caused by a derangement in preload,
afterload, or cardiac dysfunction. Decreased preload may be
due to misdiagnosis of the extent of hemorrhage. As was
stated previously, visual estimate of bleeding is notoriously
unreliable, especially in cases of severe bleeding.9 If the clin-
ical situation suggests severe hypovolemia, crystalloid, col-
loid, or blood should be given as guided by clinical signs and
laboratory results. A decrease in maternal afterload should be
considered if the severity of maternal hypotension is consid-
erably greater than the degree of blood loss and remains re-
fractory to volume administration. Consideration should be
given to iatrogenic sources of vasodilation, including epidural
local anesthetics and rapid administration of vasodilators such
as oxytocin. Cardiac dysfunction can occur in the parturient
with acute postpartum hemorrhage. Although inherent cardiac
dysfunction is rare in the obstetric population, acute cardiac
dysfunction can result from prolonged hypotension and hypo-
perfusion. Acute cardiac dysfunction can be caused by em-
bolic disorders, including amniotic fluid or air. Decreases in
central blood volume with open venous sinuses of an atonic
uterus can result in aspiration of air, leading to an air em-
bolism and cardiovascular collapse. Manipulation of the
uterus can produce intense vagal stimulation resulting in
bradycardia and hypotension, which may heavily impact the
normal physiologic response to hypovolemia. Finally, peri-
cardial tamponade is a rare, but devastating, complication that
can occur during massive volume replacement in pregnancy.
Placement of a pulmonary artery catheter may help differen-
tiate among the less common causes of hypotension.

Massive Hemorrhage and Hypovolemic Shock

Massive hemorrhage is the loss of greater than one blood vol-
ume in a 24-h period. Patients who suffer a massive hemor-
rhage have several considerations that must be addressed. In
addition to replacing red cell mass, the other components of
blood must be administered. Loss of circulating plasma pro-
teins and platelets can produce a coagulopathy that further
complicates the maternal hemorrhage. The loss of plasma pro-
teins decreases the oncotic pressure, causing third-space
edema. The normal physiologic compensation for blood loss,
which results in peripheral vasoconstriction and shunting of
circulating blood volume to the major organs, can cause sig-
nificant organ injury if left untreated for a prolonged period
of time.

Hypothermia is dangerous for the critically ill parturient in
hypovolemic shock. Core body temperatures of 34°C are as-
sociated with atrial arrhythmias, including atrial fibrillation,
which may lead to further hemodynamic compromise. At a
core temperature of 32°C, ventricular arrhythmias become
more likely and life threatening. Additionally, hypothermia
may be associated with the development of a coagulopathy
resulting from platelet dysfunction. In cases in which large
volumes of fluid are administered in a short period, intra-
venous fluids should be warmed to avoid hypothermia. If body

temperature declines, active warming of the patient, using pas-
sive blankets or active forced-air warmers, should be insti-
tuted to avoid excessive heat loss.

Transfusion Medicine

The decision to transfuse blood products to the parturient is
a complex one. The clinician must balance a desire to im-
prove oxygen delivery and maintain hemodynamic stability
with the concern that a devastating complication could result
from blood transfusion. Most parturients are in a good state
of health and can tolerate acute isovolemic anemia well. For-
tunately, in the general obstetric population the need for blood
transfusion is small, less than 1%, but the need for blood trans-
fusion may be more common after cesarean than vaginal de-
livery.89,91 Ransom et al.92 reviewed more than 16,000 par-
turients admitted to their hospital over a 3-year period. Blood
transfusions were given to only 76 women, with all but 4 hav-
ing an identifiable risk. Cousins et al.91 evaluated 1,111 par-
turients undergoing cesarean delivery for any reason and
found an incidence of transfusion of 1.7% overall. Camann
and Datta93 reported a higher incidence of 3.5%, but noted
that the incidence of transfusion decreased during the 3 years
studied as clinicians became concerned with infectious dis-
ease transmission. Again, identifiable risk factors accounted
for the majority of cases. Klapholz94 reviewed more than
30,000 deliveries and found that approximately 2% of women
require blood transfusion during the peripartum period, with
only 0.09% requiring more than eight units. Thus, the re-
quirement for blood products in parturition is quite low.

Most centers have modified or abandoned the previously
used transfusion trigger of 10 g/dL hemoglobin concentration
in favor of either symptomatic treatment or lower hemoglo-
bin triggers. Published and disseminated transfusion guide-
lines can have a significant impact on the use of blood prod-
ucts with little or no impact on quality of care.95,96 In the past,
blood transfusions were given for hemoglobin concentration
of 10 g/dL, which likely resulted in many unnecessary trans-
fusions. In 1988, the Consensus Development Conference on
perioperative red cell transfusion identified a hemoglobin con-
centration of 7 g/dL as tolerable in otherwise healthy patients,
including parturients.97 When blood volume is maintained
with adequate intravenous fluid replacement, allowing for ad-
equate oxygen delivery to vital organs, most investigations
assessing well-being, morbidity, and mortality have found that
even very low levels of hemoglobin concentration are toler-
ated.12,98,99 The resistance to blood flow in the peripheral vas-
culature decreases in part because of decreases in blood vis-
cosity and also by arterial vasodilation. This decreased
resistance results in an increase in cardiac output and main-
tenance of tissue blood perfusion and oxygenation. Although
the oxygen content in the blood is decreased in parturients
with a lowered hematocrit, the increased blood flow to the
tissues results in a maintenance of oxygen delivery. The min-
imum hemoglobin concentration that an otherwise healthy
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parturient must maintain has not been determined; parturients
with chronic anemia tolerate significant surgery without com-
plications.89 On the other hand, parturients who are unable to
increase cardiac output in response to anemia will not be able
to maintain oxygen delivery and may develop end-organ hy-
poxia. Pregnant women who demonstrate poor compensation
or tissue hypoxia should be transfused despite a hemoglobin
concentration greater than 7 g/dL.100 In the parturient popu-
lation, women who suffer postpartum hemorrhage tend to be
significantly hypovolemic and are unable to increase cardiac
output due to inadequate central volume. Hydration with crys-
talloid solution allows the physiologic compensation to oc-
cur. However, if active bleeding persists, transfusion of blood
and blood products should be given, which can be guided by
the clinical status and laboratory results. Hence, the decision
to transfuse the parturient who has sustained a significant
hemorrhage must take into consideration the amount of blood
loss, the decrease in hematocrit that would result after hy-
dration, and the continuation of blood loss.

No procedure or practice is totally without risk, and this
realization must be balanced against the risk of inaction. Al-
though the most feared risk associated with blood transfu-
sion is the transmission of infectious diseases, these are not
the most common or immediately dangerous risks. In the
United States, the current risk of transmission of infectious
disease is very low. Recent estimates report 1 in 677,000
units for human immunodeficiency virus and 1 in 60,000 to
1 in 100,000 for infectious hepatitis (B and C).101 In addi-
tion to the high degree of laboratory testing, blood donor
screening based on risk factors and a general decline in the
prevalence of these diseases may account for the low
rates.102 Transfusion reactions, including mild reactions
such as fever, rash, and urticaria and more severe reactions
such as hemolysis and cardiovascular collapse, are more
common. Mild reactions occur in 1% to 4% of transfusions,
and severe reactions are, fortunately, rare with an incidence
of 1 in 10,000 units.103

Autotransfusion in the Postpartum Period

The term autotransfusion defines the process of administer-
ing blood collected from the patient at some time before the
administration. This description can refer to preoperative do-
nation of blood, intraoperative collection with isovolemic he-
modilution, or intraoperative collection via suction catheter
and autotransfusion cell processor.

Autologous Donation

The spread of bloodborne infectious disease has been re-
sponsible for creating a tremendous interest in autologous
blood banking and transfusion. Autologous blood, collected
from a parturient well in advance of the need for transfusion,
is safe and may prevent the need for homologous blood trans-
fusion.89 A small risk of clerical and other human error is
impossible to abolish.104 Autologous donation in the setting

of the parturient is a procedure infrequently used for several
reasons. Preoperative blood donation in obstetric population
may not be feasible because of pregnancy-related anemia; a
cutoff hematocrit of greater than 33% has been advo-
cated.105,106 In general, donations consist of only 1 unit of
whole blood. Additionally, autologous donation requires suf-
ficient lead time, which is often not available in most cases
of obstetric hemorrhage. Early reports suggested that au-
tologous donation was relatively contraindicated during preg-
nancy, as complications such as fetal distress and preterm la-
bor were frequent. More recent investigations have demon-
strated that this procedure can be conducted safely.107 For
example, O’Dwyer et al.108 collected 105 units of autologous
blood from 56 women undergoing elective cesarean delivery
and transfused 65% of these units. Unfortunately, the need
to transfuse blood in the obstetric population is very difficult
to predict, making routine use of autologous donation 
impractical; however, there may be some situations where
this procedure can be considered. For example, women with
known placenta previa, or documented accreta, as well as
women with known antibodies or rare blood types, may ben-
efit from autologous blood collection well in advance of any
surgical procedure; inclusion of less restrictive risk factors
would be prohibitively expensive.109 The absolute value of
autologous donation can be argued, as most women do not
need to receive their donation, and those who do require
transfusion rarely receive only 1 unit. Without a doubt, rou-
tine use in advance of an expected vaginal delivery would
seem prohibitively expensive, as the requirement for trans-
fusion is so infrequent.105,109

Isovolemic Hemodilution

Intraoperative collection of whole blood with simultaneous
reinfusion of a crystalline solution has been used in high-risk
surgery. This technique requires adequate preprocedure he-
moglobin concentrations, which are unusual to find in the par-
turient. Grange et al.110 collected one or two units of whole
blood during high-risk cesarean delivery in 38 patients. They
found parturients can tolerate the procedure well, and, in com-
bination with autologous donation, they were able to avoid
transfusion in all but one parturient. It appears unlikely that
this technique would be useful in the general armamentarium
for treatment of postpartum hemorrhage.

Intraoperative Blood Salvage

Intraoperative blood salvage involves suction scavenging of
blood loss during an operation and its centrifugation and
washing, followed by reinfusion of the concentrated blood
cells. During operative procedures where significant amount
of blood can be lost, intraoperative blood salvage is a valu-
able technique to decrease the need for allogenic red cell trans-
fusion therapy.

The use of blood-scavenging suction in the obstetric pop-
ulation has been controversial, with significant concern being
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raised over the potential that amniotic fluid and other fetal
debris that may be suctioned along with maternal blood would
be reinfused to the parturient. Using reasonable guidelines to
avoid fluid that would contain excessive amounts of amniotic
fluid and fetal squamous cells, Rainaldi et al.111 found that
women randomized to intraoperative blood salvage had sig-
nificantly higher hemoglobin concentrations postoperatively
and were discharged from the hospital earlier. Rebarber et
al.112 reviewed the records of 139 women in whom intraop-
erative blood salvage was performed during cesarean deliv-
ery and compared them to a cohort of 89 subjects. The au-
thors did not find a significant increase in postoperative
complications among the women who received autotransfu-
sions. One consequence of massive volumes of intraoperative
blood salvage is the development of a coagulopathy, either
dilutional as evidenced by increased prothrombin time (PT)
and partial prothrombin time (PTT) and decreased fibrinogen
and platelet count, or iatrogenic due to the heparin solution
used to prevent clotting of the circuit. These problems are
generally easily treated when diagnosed. Until more evidence
on the safety of intraoperative blood salvage in the obstetric
population is produced, strong consideration should be given
to this technique in cases where massive hemorrhage and ce-
sarean hysterectomy are likely. Some characteristics that
would point to the use of this technique include women with
positive antibodies in their blood screening and parturients
who are Jehovah’s Witnesses (a continuous circuit can be 
produced).

Homologous Transfusion

Donated blood is currently stored as individual components
to maximize the ability to treat several parturients with indi-
vidualized therapy. Red blood cells are maintained in a cit-
rate phosphate dextrose adenine solution (CPDA), which acts
as a preservative, allowing almost 2 months of storage. Each
unit of packed red blood cells will raise the hemoglobin con-
centration by approximately 1.5 g/dL. Care must be taken in
the case of massive and rapid transfusion as the citrate com-
ponent of the preservative will decrease intravascular calcium.
Hypocalcemia can have a significant detrimental effect on the
ability of the myometrium to contract and may significantly
worsen postpartum hemorrhage. Citric-induced hypocalcemia
can be treated with calcium salts, such as 1 g intravenous cal-
cium chloride.

Fresh-frozen plasma (FFP) consists of the plasma compo-
nent of whole blood after extraction of red blood cells and
platelets. Most clotting factors remain stable during storage
of FFP; however, there is a decrease in factor V and factor
VIII. Administration of FFP is recommended for parturients
with known deficiency of clotting factors and evidence of
bleeding. Prophylactic administration of FFP should be used
only for those parturients who have documentation of severe
shortage of factors (�20%). Normal hemostasis is believed
to be adequate when clotting factors are at least 30% of nor-

mal; however, measurement of the levels of clotting factors
is not a practical test for parturients with active bleeding.
Available laboratory tests include PT, PTT, fibrinogen levels,
fibrinogen degradation products levels, and D-dimer levels.

Donor platelets have a short shelf life during storage and
are pooled immediately before usage. Each unit of platelets
will raise the platelet count 5,000 to 10,000/mm3. The use of
platelets in a massive transfusion should only be done after
documentation of thrombocytopenia and not based on a stan-
dard protocol. Platelet counts can be maintained due to their
storage in the spleen until approximately one blood volume
has been lost. Platelet transfusion should be given with evi-
dence of nonsurgical bleeding or platelet counts less than
50,000/mm3.

Dilutional coagulopathy can occur after the replacement
of one blood volume with crystalline and packed red blood
cells (PRBC). Because of the elimination of most coagula-
tion factors during separation of red blood cells from whole
blood, a patient may have a decrease in clotting factors with
adequate blood volume. Clinical evidence of a dilutional
coagulopathy consists of microvascular or nonsurgical
bleeding; laboratory evidence will demonstrate an increased
(�1.5 times normal) PT or PTT. Dilutional coagulopathies
respond well to the administration of FFP, and further 
administration should be aimed at normalizing laboratory
values. 

Coagulopathy

Any evidence of excessive bleeding in the peripartum period
should raise concerns regarding the development of a coagu-
lopathy. Significant postpartum hemorrhage can result from,
or be exacerbated by, a coagulopathy.3 Parturients with pre-
existing coagulopathies, whether inherited or acquired, should
be evaluated and treated before labor and delivery, whereas
those with acute onset of coagulopathy, which are often re-
lated to pregnancy and labor, must be rapidly assessed and
corrected. In the past, the high likelihood that parturients with
significant hemorrhage would develop a coagulopathy was
not appreciated.

Preexisting coagulopathies are ideally known ahead of
time to allow adequate time for planning their management.
These parturients often suffer from inherited disorders re-
sulting in deficiencies of factors involved in the coagula-
tion systems. Examples include von Willebrand’s disease,
hemophilia, or factor XI deficiency. A hematologist should
be consulted early in the pregnancy in order to develop a
plan for delivery, as careful monitoring of coagulation fac-
tor levels and activity, is essential to assess the risk of bleed-
ing and the need for prophylaxis. For instance, the inci-
dence of primary postpartum hemorrhage is significantly
increased in women with von Willebrand’s factor defi-
ciency, with a reported incidence of 20%.113 Equally im-
portant is the high incidence of secondary (�24 h) post-
partum hemorrhage, as the pregnancy-induced increase in
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factor levels fall rapidly after delivery.114,115 Complete dis-
cussion of these inherited disorders can be found in Chap-
ter 22, hematologic disease.

The parturient suffering a postpartum hemorrhage is at
high risk for the development of a coagulopathy. As the level
of blood loss approaches one blood volume, the loss of
plasma proteins causes a depletion of the coagulation fac-
tors, resulting in a dilutional coagulopathy; this will produce
a rise in the laboratory assessments of coagulation, PT, PTT,
fibrinogen, and platelets.89 Alternatively, the parturient
whose vascular volume is inadequately corrected can de-
velop a consumptive coagulopathy. Disseminated intravas-
cular coagulopathy (DIC) is a consumptive coagulopathy
that can occur in parturients. Because the pregnancy-induced
changes of the hemostatic system result in a hypercoagula-
ble state, subsequent disorders that fuel this active process
can trigger a cascade of inappropriate intravascular coagu-
lation. DIC has been associated with many disorders, in-
cluding preeclampsia/eclampsia, amniotic fluid embolism,
and massive blood transfusion.116 DIC can result in a cata-
strophic loss of hemostatic components, including clotting
factors, fibrinogen, and platelets.

Identification of a coagulopathy can be based in part on
clinical evidence, such as bleeding at venous puncture sites
or microvascular bleeding around the surgical wound. Labo-
ratory confirmation is essential to allow the prompt and effi-
cacious treatment of a coagulopathy. If the clinical suspicion
of a coagulopathy is raised, the platelet count, PT, and PTT
should be sent for evaluation. Abnormal elevations of the 
coagulation tests (�1.5 times normal) in the setting of sig-
nificant hemorrhage should be considered confirmatory of 
coagulopathy.

Laboratory Assessment

Rapid and reliable laboratory assessment of certain parameters
is an important component in the evaluation of the parturient
with postpartum hemorrhage. Initial laboratory assessments
should include hemoglobin or hematocrit concentrations,
platelet count, coagulation studies, including PT, PTT, and
fibrinogen level, and when appropriate, arterial blood gas
analysis for the assessment of metabolic parameters. In the
initial stage of acute hemorrhage, hematocrit does not change
and therefore will not reflect the degree of blood loss. Vol-
ume replacement with crystalloid or colloid solution results
in hemodilution of the red cell mass lowering the hematocrit.
As noted previously, there is no reliable “trigger” at which
transfusion of homologous red cells should be done; thus, as-
sessment of physiologic parameters serves an important con-
sideration. Parturients who are unable to maintain their blood
pressure or urine output without continual boluses of intra-
venous fluid, or those who develop a metabolic acidosis with
elevated lactate levels, should be considered for blood trans-
fusion.

Cause-Specific Issues

Atony

In cases of severe, refractory atony, a surgical procedure is
likely to be required; therefore, the major concern is replace-
ment of the maternal blood volume to allow a safe anesthetic.
Adequate intravenous access (two large-bore cannulas) and
appropriate monitoring should be secured. Most women un-
dergoing angiographic embolization of blood vessels can have
the procedure done under sedation; general anesthesia is rarely
required. However, the process of transporting and monitor-
ing the parturient to the angiography suite can be a logistical
nightmare and, therefore, should be undertaken by experi-
enced personnel. Surgical procedures, on the other hand, re-
quire adequate anesthesia. Regional anesthesia can be used
for exploration, arterial ligation, or hysterectomy but should
be avoided in the hypovolemic patient. Uterine atony can be
caused by, or worsened by, medications commonly adminis-
tered to the parturient. It is well recognized that inhaled gen-
eral anesthetics have a deleterious effect on uterine tone when
used in high concentrations.117–120 However, even low con-
centrations worsen an already flaccid uterus. Supplementa-
tion with short-acting narcotics and hypnotics reduces the re-
quired inhaled concentrations and limits the deleterious
effects on uterine tone.

Retained Placenta

The choice of anesthetic technique should be based upon
the clinical situation. When the parturient’s cervix has not
yet contracted, extraction or curettage under sedation and
paracervical block is well tolerated. Volatile anesthetics are
excellent agents for uterine relaxation, which may be re-
quired to allow extraction of the placenta; however, high
concentrations are often required that may not be well tol-
erated by a hypovolemic patient and may significantly
worsen maternal blood loss.117,118 Regional anesthesia may
be the best option to minimize maternal risk. The parturi-
ent must be hemodynamically stable, without evidence of
a coagulopathy, and able to tolerate the associated sympa-
thectomy. Spinal anesthesia using a short-acting local anes-
thetic with the parturient in a seated position can produce
a dense saddle block that will allow a painless procedure.
In the parturient who received epidural analgesia for labor,
careful extension of the blockade can produce effective
sacral anesthesia in most women. Uterine relaxation may
be required to allow placental extraction, and can be ac-
complished with the use of intravenous nitroglycerine at 50
to 100 �g.84

Genital Tract Trauma

In most cases, repair of the genital tract can be performed af-
ter adequate resuscitation. In parturients who received
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epidural analgesia for labor, blockade may be extended and
will in most cases provide excellent sacral anesthesia for re-
pair. Spinal anesthesia using a hyperbaric local anesthetic so-
lution combined with narcotics can provide excellent anes-
thesia, especially when the parturient is placed in a seated
position. Some parturients are unable to tolerate regional anes-
thesia because of excessive bleeding; in such cases, general
anesthesia may be the best option. Muscle relaxation is al-
most never required, and most pregnant women can be main-
tained on a 66% nitrous oxide and oxygen mixture with low
concentrations of agents such as Sevoflurane or Isoflurane.
The inhaled concentration of volatile anesthetics should be
carefully monitored, as their effect on uterine relaxation may
induce further bleeding because of their relaxant effects on
the uterus. Short-acting narcotics such as fentanyl are ex-
tremely useful to decrease the required concentration of in-
haled anesthetics. In the majority of cases, low concentrations
of inhaled anesthetics are very well tolerated.

Uterine Inversion

Most descriptions of uterine inversion have documented rapid
blood loss that leads to hypovolemic shock in a very short pe-
riod of time.54 Although some of the shock associated with
uterine inversion may be caused by the intense vagal stimu-
lation that occurs with uterine manipulation, most cases could
be better explained by a gross underestimation of blood loss.78

In this emergency situation, the anesthesiologist may not have
sufficient time available to perform a regional anesthetic, in
which case general anesthesia is required. Under general anes-
thesia, uterine relaxation can be achieved with the use of
volatile anesthetics. The combined use of low-concentration
inhaled anesthetics with a parenteral tocolytic agent provides
adequate relaxation to allow uterine replacement. Nitroglyc-
erine at 50 to 100 �g has been found to be useful for uterine
relaxation during removal of retained placenta and has been
used for acute inversions.81,84 The combination of nitroglyc-
erine with other tocolytic agents, such as magnesium sulfate
or terbutaline, is generally enough to allow reinsertion of the
uterus; however, a significant degree of maternal hypotension
should be anticipated. Aggressive volume replacement and
vasopressor agents should be administered to allow the use
of uterine relaxants.

Summary

Although hemorrhage remains one of the two major compli-
cations in the field of obstetrics, new approaches to its con-
trol are continuously being developed and explored. This
chapter summarizes the current management approach for the
in-house obstetrician and anesthesiologist who are the first
line of the management team.
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10
Neurologic and Muscular Disease
Angela M. Bader and David Acker

Obstetricians and anesthesiologists are frequently asked to
care for parturients with a variety of neurologic or neuro-
muscular syndromes. Many of these disorders are chronically
debilitating and may progress over time; frequently therapies
are merely palliative and not curative. Because of the chronic
and degenerative nature of these diseases, the anesthesiolo-
gist is concerned about the effects of various anesthetic reg-
imens on disease progression. It is difficult to base clinical
decisions on the existing literature because information in this
area is limited and frequently anecdotal. An understanding of
the pathophysiology of the particular disorder is therefore es-
sential as a basis for making anesthetic choices.

This chapter reviews the neurologic disorders more com-
monly seen in the parturient. The pathophysiology and ob-
stetric issues are discussed, as well as the available literature
regarding implications for anesthetic care.

Headache

Pathophysiology

Headache is one of the most common neurologic symptoms
during pregnancy and may arise from a variety of etiologies.
Treatment of headaches in the antepartum period requires con-
sideration of effects of therapies on uterine physiology as well
as fetal effects. The more common diagnoses include tension
headache and migraine headache. Headache is also associated
with subarachnoid or intracranial hemorrhage, brain tumor,
and cortical vein thrombosis, which are discussed later in this
chapter. Headaches associated with hypertensive disorders of
pregnancy are not discussed in this section. Headaches can
be placed in one of several categories; first-time severe
headaches are the highest risk category. There may be a change
in the quality of a chronic headache, or a chronic headache
may require adjustments in pain control. The physical exam-
ination should include vital signs, particularly temperature, 
palpation over the head and sinuses, evaluation for meningis-
mus, and a careful neurologic exam with fundoscopic evalu-

ation. One should remember that severe headaches with rapid
onset, change of consciousness, or focal findings may be a
sign of life-threatening problems such as stroke, infarct, or
meningitis.

Migraine headaches are generally considered to be the re-
sult of neurovascular vasospasm followed by cerebral va-
sodilation. Serotonin (5-hydroxytryptamine) is released from
platelets at the onset of the attack and acts on a variety of re-
ceptors to cause vasodilation or vasospasm. Hormonal influ-
ences are significant; about 79% of women experience im-
provement in headache recurrence during pregnancy.1

Postpartum migraine may be precipitated by the sharp decline
in estrogen levels after delivery. Two-thirds of migraines are
unilateral, but the side may vary.

Tension headache, the most commonly occurring headache
in the parturient, is often associated with anxiety and may be
a marker for postpartum depression.2 Tension headaches com-
monly recur over years.

Obstetric Management

If medications must be used to treat migraine during preg-
nancy, potential fetal toxicity needs to be considered. Simple
analgesics such as acetaminophen and low-dose caffeine are
considered probably safe and are often effective; aspirin is
usually avoided because higher doses may result in in-
trauterine growth retardation and increased risk of bleeding.3

Nonsteroidal antiinflammatory agents are not used in the third
trimester because they may inhibit labor and increase the risk
of bleeding.3 For more severe headaches, narcotics may be
used.

Ergot alkaloids and sumatriptan, which are standard thera-
pies in the nonpregnant patient, are contraindicated during
pregnancy because of concern about increased risks of pre-
mature labor and fetal malformations.3,4 In severe cases, low-
dose prophylactic therapy with beta blockers may be consid-
ered. Data on sumatriptan, a newer selective serotonin agonist,
are not yet available from parturients. In animal studies, how-
ever, an increased incidence of congenital defects has been
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seen when high doses are used.5 At this time, sumatriptan use
is not recommended in pregnancy. One study has reported
cerebral ischemia after terbutaline use in parturients with a
history of migraine.6

Severe tension headaches during pregnancy may be treated
with opioids, which have a long track record of safety in the
parturient.

Anesthetic Management

There is no published evidence that choice of anesthetic dur-
ing labor and delivery increases the relapse rate of migraine
in the postpartum period. There is also no known relation-
ship between the diagnosis of migraine headaches and an in-
creased incidence of postdural puncture headache after re-
gional anesthesia.

Multiple Sclerosis

Pathophysiology

Multiple sclerosis is a chronic demyelinating disease of the
central nervous system that is characterized by relapses and
remissions of neurologic deficits. The disease is most com-
monly acquired in young adults, with a 3:2 ratio of females
to males.7 The prevalence is lowest in populations closest to
the equator and increases to about 3 per 1000 in the northern
United States and Canada.8

The etiology remains unknown; it is believed that in sus-
ceptible hosts with specific histocompatibility antigens an in-
fectious agent may trigger an autoimmune process that results
in inflammatory demyelination.9 Although no laboratory test
yields a conclusive diagnosis, characteristic abnormalities in-
clude increased IgG and oligoclonal banding in the cere-
brospinal fluid (CSF), multifocal abnormalities on magnetic
resonance imaging (MRI) of the brain and spinal cord, and
abnormalities in evoked potentials.10

The patterns of disability and prognosis are extremely vari-
able. Remissions and exacerbations occur over time and, in a
minority of cases, are rapidly progressive. Symptoms can in-
volve all areas of the central nervous system, with motor
weakness, impaired vision, bladder and bowel dysfunction,
and emotional lability being among the most common.

Treatment is aimed at suppressing the immunologic re-
sponse. High-dose pulses of intravenous methyl-prednisolone
are usually associated with good outcome in the short term.11

Recent work suggests that interferon-�1b may decrease the re-
lapse rate and number of active lesions.12

Obstetric Management

There is no documented effect of multiple sclerosis on fertil-
ity, pregnancy, or management of labor and delivery. Patients
with the exacerbating, remitting type of multiple sclerosis

have been reported to have a slightly decreased relapse rate
during pregnancy and an increase in relapse rate during the
first 3 to 6 months postpartum.13–15 Stress, exhaustion, in-
fection, and hyperpyrexia exacerbate this disorder, and these
factors as well as the loss of antenatal immunosuppression
may contribute to the increased relapse rate in the first 3 post-
partum months. Some studies report that administration of in-
travenous immunoglobulin during the postpartum period may
prevent acute childbirth-associated exacerbations in patients
with a previous history of postpartum exacerbation.15 Preg-
nancy does not appear to negatively affect the long-term out-
come of multiple sclerosis. In fact, one study suggests that
parturition may have a slightly favorable effect on long-term
disease activity.16

Anesthetic Management

There has been great controversy regarding the appropriate
anesthetic choice for the patient with multiple sclerosis. The
concern has been that performing epidural or spinal anesthe-
sia in these patients exposes demyelinated areas of the spinal
cord to any potential neurotoxic effects of local anesthetics
and may result in exacerbations of the disease. Diagnostic
lumbar puncture itself has not been associated with an in-
crease in relapse rate.17 The two series that did report relapses
after spinal anesthesia included very small numbers; in one
report, one relapse after 9 spinal anesthetics, and in the sec-
ond, two after 19 spinal anesthetics.18,19 The relationship of
these risk factors to other postoperative risk factors was not
explored. Although most anesthesiologists consider general
anesthesia safe to administer to patients with this disorder,
there are scant data in the literature supporting this belief.

There have been several case reports of the safe use of
epidural and spinal anesthesia in parturients with multiple
sclerosis.20,21 One study retrospectively reviewed 32 preg-
nancies in patients with multiple sclerosis and reported no
greater incidence of relapse in women who received epidural
anesthesia for vaginal delivery than in women who received
only local infiltration.22 One patient of the five who under-
went cesarean delivery with epidural anesthesia had a relapse,
which may have been associated with the higher concentra-
tions of local anesthetic in the CSF during prolonged admin-
istration of epidural anesthesia. Because the addition of opi-
oid reduces the concentration of local anesthetic required for
labor analgesia, it may be prudent to use dilute solutions of
local anesthetic in combination with opioid for labor analge-
sia in these parturients.

Confavreux et al. recently reported a study of 269 preg-
nancies in patients with multiple sclerosis, of whom 42 re-
ceived epidural analgesia.23 There was no adverse effect of
epidural analgesia on the rate of relapse or on the progresion
of disability in these parturients.

At our institution, anesthesia for cesarean delivery for these
patients is usually performed with either spinal or epidural
anesthesia because the limited duration of surgery does not
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necessitate repeated dosing of local anesthetic. In conclusion,
the use of regional anesthesia is not contraindicated in these
parturients. The parturients should be aware of the increased
relapse rate in the immediate postpartum period and that, de-
spite this fact, pregnancy does not seem to adversely influ-
ence the overall progression of the disease.

Epilepsy

Pathophysiology

Epilepsy is one of the more common neurologic illnesses en-
countered in the parturient, with a reported incidence of about
1 in 200 women attending antenatal clinics.24 A variety of
seizure types exist, including both generalized and partial
seizures. Generalized seizures may be either tonic-clonic
(grand mal) or absence (petit mal). Partial seizures have a fo-
cal origin and may include motor, sensory, autonomic, or psy-
chic components. Complex seizures, which include temporal
lobe epilepsy, can be associated with impaired consciousness.
These disorders are treated with a variety of medications, and
the prognosis for medical control is dependent on seizure type.

Obstetric Management

Seizure frequency may increase in one-third to one-half of
women during pregnancy.25 Several mechanisms have been
postulated. Antiepileptic drug levels decrease during preg-
nancy because of the increased volume of distribution, 
decreased plasma protein binding, decreased albumin con-
centration, and increased drug clearance.26 Although proges-
terone has a mild antiepileptic effect, estrogen is known to
decrease the seizure threshold.26 Other mechanisms by which
pregnancy may increase the seizure threshold include respi-
ratory alkalosis, sleep deprivation, and stress and anxiety.

Although epilepsy is associated with an increased risk of
certain obstetric complications, more recent studies have
shown an overall decline in the complication rate. Women
with epilepsy are reported to have about a twofold risk of
preeclampsia, premature labor, and placental complications
such as previa and abruption as compared to women without
a seizure disorder.27 Should a seizure occur, hypoxia and
acidemia can have devastating fetal consequences. Although
antiepileptic therapy is not without risk, maternal seizures can
result in depression of the fetal heart rate and can be haz-
ardous to both fetal and maternal health.

A number of retrospective studies show that infants of
mothers with epilepsy are approximately twice as likely to
have adverse pregnancy outcomes, including stillbirth, neona-
tal and perinatal death, low birth weight, and maldevelop-
ment. Induction of labor and cesarean delivery is also about
twice as common.26 Congenital malformation rates are the
most extensively studied complication; overall, the risk of
malformations in a woman with epilepsy on a single

antiepileptic agent at therapeutic levels is 4% to 6%, which
is about twice that in the general population.26 These mal-
formations include cleft lip and palate as well as cardiac, neu-
ral tube, and urogenital defects.

Almost all currently used antiepileptic agents cross the pla-
centa and have been associated with an increased risk of con-
genital malformations. The decreased teratogenic effect in an-
imal studies of newer agents such as felbamate and gabapentin
looks more promising, but adequate data in the human par-
turient are lacking.28

Anesthetic Management

Serum levels of antiepileptic agents should be monitored dur-
ing labor to ensure the maintenance of therapeutic levels.
There is no contraindication to regional anesthesia; some have
suggested that epidural anesthesia may have an anticonvul-
sant effect.29 Drugs known to be associated with a decrease
in seizure threshold should probably be avoided; these include
ketamine, enflurane, and meperidine.30 Sevoflurane has also
recently been associated with seizures in patients with
epilepsy.31 Low doses of propofol have also been shown to
cause activation of the electrocorticogram in epileptic pa-
tients, but at higher doses burst suppression was induced.32

Myasthenia Gravis

Pathophysiology

Myasthenia gravis is an autoimmune disorder resulting in
muscle weakness. Classically, patients suffer from fatigable
weakness following repetitive activity. Abnormal T-cell reg-
ulation results in the production of antibodies against the nico-
tinic acetylcholine receptor on the neuromuscular endplate of
skeletal muscle. The receptor on the endplate is destroyed
through complement fixation and recruitment of inflamma-
tory cells. The presence of antibody also causes blockade of
the function of the remaining acetylcholine receptor mole-
cules.33 Smooth muscle and cardiac muscle are not affected.
Thymomas are present in about 15% of patients. Thymec-
tomy results in a decrease in symptoms in two-thirds of 
patients.34

Treatment is based on the administration of anticho-
linesterases, which inhibit the breakdown of acetylcholine and
therefore alleviate the symptoms. Pyridostigmine (Mestinon)
is commonly used because it is relatively long acting and has
fewer muscarinic side effects. In more severe cases, im-
munosuppressive therapies such as corticosteroids, plasma-
pheresis, or intravenous human immunoglobulin may be used.

Two types of crises can be seen in these patients. Worsen-
ing of the disease results in myasthenic crises, whereas over-
dose of anticholinesterase agents can precipitate a choliner-
gic crisis resulting from an excess of muscarinic effects. The
two crises can be distinguished by the administration of edro-
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phonium, a short-acting anticholinesterase used for diagnos-
tic purposes. Edrophonium will improve symptoms if a myas-
thenic crisis is present.

Obstetric Management

During pregnancy, 31% of patients experience no change in
the status of the myasthenia and 28% show improvement.
About 40% of patients experience worsening of symptoms
during the pregnancy or immediate postpartum period.35 An-
ticholinesterase drugs are continued during pregnancy, and
intravenous formulations are continued during labor and de-
livery. These agents are quaternary ammonium compounds
and have minimal placental transfer.

Pregnant myasthenics have an increased incidence of
preterm labor, although overall length of labor is not affected.36

Although uterine smooth muscle would not be affected, weak-
ness of the voluntary muscles may result in some difficulties
during the second stage of labor. Antibody to the acetylcholine
receptor does cross the placenta, resulting in increased neona-
tal morbidity and mortality secondary to antenatal and neona-
tal myasthenia gravis. Neonatal symptoms may require treat-
ment with anticholinesterases after birth and can persist for
weeks until the antibody titers decrease.37

Anesthetic Management

A variety of drugs that may be used during labor and deliv-
ery can cause worsening of myasthenia gravis; these include
aminoglycoside antibiotics, clindamycin, neuromuscular
blocking agents, beta blockers, calcium channel blockers,
quinidine, procainamide, trimethaphan, phenytoin, and to-
colytic agents such as terbutaline and ritodrine.38,39 Magne-
sium sulfate use may be detrimental in the myasthenic with
preeclampsia, because it produces significant diminution of
neuromuscular transmission.40 Worsening of maternal symp-
toms after administration of betamethasone has also been 
reported.38

Regional anesthesia provides optimal pain relief for labor
and delivery and avoids any potential respiratory depressant
effects of opioids in myasthenics who may have some evi-
dence of respiratory compromise.41 Amide local anesthetics
should be used, as esters may have a prolonged half-life in
the presence of anticholinesterase agents. Regional anesthe-
sia can also be used for cesarean delivery, unless the patient
has severe bulbar involvement or respiratory compromise, and
a high level of anesthesia may impair respiratory function.

Sodium thiopental, ketamine, and propofol have all been
safely used in these patients.41–43 Myasthenic patients are 
extremely sensitive to nondepolarizing muscle relaxants.41

Close neuromuscular monitoring is essential regardless of
which nondepolarizing agent is chosen. Response to suc-
cinylcholine is unpredictable; its action may be prolonged by
the anticholinesterase. Muscles affected by the myasthenia

have been reported to be more sensitive to depolarizing agents
and unaffected muscles more resistant.44

The myasthenic parturient who requires general anesthe-
sia may be at increased risk for requiring postoperative ven-
tilation. A combination of determinants has been identified
that predicts the need for postoperative ventilation: female
sex; forced expiratory volume (FEF)25%–75% less than 3.3
L/s and less than 85% predicted; forced vital capacity (FVC)
less than 2.6 L/s and less than 78% predicted; and maximum
expiratory flow (MEF)50% less than 3.9 L/s and less than
80% predicted.45

Myotonic Disorders

Pathophysiology

Myotonic disorders are a group of muscle diseases that are
characterized by the symptom of myotonia, or prolonged con-
traction of certain groups of muscles after stimulation. There
are two distinct disorders in this group, the first being my-
otonic dystrophy and the second myotonia congenita.

Myotonic Dystrophy

Also known as dystrophica myotonica, myotonia atrophica,
or Steinert’s disease, myotonic dystrophy is an autosomal
dominant, slowly progressive disorder that usually becomes
apparent during the second or third decade.39 There is a wide
range in severity of the disorder. Patients exhibit skeletal mus-
cle weakness, smooth muscle weakness, and cardiac conduc-
tion abnormalities. Progressive deterioration occurs, and pa-
tients generally succumb to respiratory failure or cardiac
arrhythmias. There is no curative treatment; however, quinine
or procainamide may be used to relieve myotonic spasms.
When myotonic dystrophy is present in utero or at birth, the
symptoms are much more severe, and the disease is called
congenital myotonic dystrophy.

Myotonia Congenita

Myotonia congenita can be inherited as either an autosomal
recessive or autosomal dominant disorder. This disorder is
more benign and is much less common than myotonic dys-
trophy. Skeletal muscles can experience myotonic spasms, but
no other organ systems are involved.

Obstetric Management

Myotonic dystrophy has been reported to worsen during preg-
nancy.46 Parturients with this disorder are also at increased
risk for obstetric complications, including postpartum hem-
orrhage from failure of uterine contraction after delivery. In-
creased risk of prolonged labor, premature labor, placenta pre-
via, retained placenta, and spontaneous abortion have also
been reported.39
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In contrast, obstetric problems in the parturient with my-
otonia congenita have not been described, probably because
this disorder involves skeletal muscle only, and uterine
smooth muscle would not be affected. Patients with myoto-
nia congenita may also experience a worsening of symptoms
during pregnancy.39

Anesthetic Management

Sedatives should be used cautiously in this group of parturi-
ents, particularly if significant muscle weakness is present.
Depolarizing muscle relaxants have been reported to cause
myotonic spasms in patients with both myotonic dystrophy
and myotonia congenita47; this can result in extreme difficulty
with ventilation. Nondepolarizing muscle relaxants do not
cause spasms and can be used. Patients with significant mus-
cle weakness should have careful dosage and neuromuscular
monitoring. Although myotonic dystrophy has not been as-
sociated with increased risk for malignant hyperthermia, some
cases of malignant hyperthermia in patients with myotonia
congenita have been reported.48

Regional anesthesia is preferred for labor and delivery. How-
ever, because myotonia is an intrinsic muscle disorder, regional
anesthesia will not relieve myotonic spasms; only local infil-
tration with a local anesthetic agent can directly relieve the my-
otonia. Both spinal and epidural anesthesia have been success-
fully used in these patients.49,50 Parturients with severe muscle
wasting may be at risk for hyperkalemic cardiac arrhythmias if
depolarizing muscle relaxants are administered.51

Muscular Dystrophy

Pathophysiology

Disorders in the group of muscular dystrophies are usually
inherited and are characterized by progressive degeneration
of skeletal muscle with intact innervation.39 The discovery of
the subsarcolemmal muscle fiber protein dystrophin has led
to a reclassification of these disorders as inherited dys-
trophinopathies.52 Analysis of dystrophin quality and quan-
tity can be used diagnostically both prenatally and antenatally
and in some cases can predict carriers.

Duchenne’s and Becker’s muscular dystrophy are trans-
mitted as allelic X-linked recessive disorders, and hence are
seen almost exclusively in males. The more common dystro-
phies seen in females are discussed next.

Facioscapulohumeral dystrophy is an autosomal dominant
disorder that results in progressive degeneration of the muscles
of the shoulders and face. Pelvic muscles may be involved later
in the course of the disease. This disorder is infrequently as-
sociated with ventricular and supraventricular arrhythmias.

Limb girdle dystrophy has a variable inheritance pattern
and involves slow degeneration of the shoulder and pelvic
muscles. Cardiac abnormalities are infrequent.

Obstetric Management

Because the variety of the dystrophinopathies is large, and the
classification of these disorders continues to be defined by
DNA and dystrophin analysis, management should focus on
the individual parturient’s symptoms and severity of disease.53

If significant weakness is present, pulmonary function testing
should be obtained to assess the extent of restrictive disease.
An antepartum cardiogram should be considered. Severe
pelvic muscle wasting may necessitate instrumental delivery.

Anesthetic Management

Regional anesthesia can be successfully administered for both
vaginal and cesarean delivery. Severe disease may result in
both airway abnormalities and spinal deformities, making ad-
ministration of anesthesia more difficult.53 Patients with these
disorders are at increased risk for malignant hyperthermia,
and triggering agents should be avoided if general anesthesia
is required.54 Patients with severe muscle wasting may also
be at risk for hyperkalemic cardiac arrhythmias after the ad-
ministration of depolarizing muscle relaxants.

Spinal Cord Injury

Pathophysiology

Improved handling and stabilization techniques at the site of
an accident as well as advances in rehabilitation techniques
have led to an increasing number of women who present for
obstetric care after spinal cord injuries. The scope of prob-
lems encountered depends upon the relative timing of the in-
jury and the level of spinal cord involved.55

Immediately following the injury, a loss of reflex function
within the isolated spinal cord results in flaccid paralysis,
which is accompanied by loss of vasomotor tone, resulting in
hemodynamic instability and abnormal temperature regula-
tion. After a period of weeks to months, reflex activity is re-
gained and a chronic picture appears. These patients experi-
ence disuse atrophy, flexor spasms, and the mass motor reflex.
The mass motor reflex consists of widespread contraction of
entire muscle groups occurring after a stimulus that would nor-
mally result in the contraction of only a small area of muscle.

Patients with spinal cord transections at the level of the
fifth to seventh thoracic vertebrae or higher will be at risk for
the syndrome of autonomic hyperreflexia. The absence of cen-
tral inhibition of the sympathetic neurons in the spinal cord
below the level of the injury results in unopposed afferent
transmission via the dorsal spinal root, which causes massive
unopposed release of catecholamines from the sympathetic
chain. Noxious stimuli such as bladder or bowel distension
or uterine contractions can precipitate this response. Symp-
toms include headache, flushing above and vasoconstriction
below the level of the lesion, cardiac arrhythmias, and hy-
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pertension.55 When severe, fatal cerebral hemorrhage from
severe hypertension or cardiac arrhythmias can occur.

Patients with spinal cord lesions are also at increased risk
for urinary infections, decubiti, anemia, and deep venous
thrombosis. Restrictive pulmonary dysfunction is seen in a
number of patients.56

Obstetric Management

Parturients with spinal cord lesions above the level of T10
will not experience labor pain. Patients with lesions at or
above this level also have been reported to have an increased
risk of preterm labor.57 These parturients require careful ob-
stetric monitoring during the last weeks of pregnancy so that a
precipitous delivery can be avoided. Inability to push during
the second stage of labor may necessitate the use of forceps.58

Anesthetic Management

Although patients with a lesion above T10 generally will not
experience labor pain, unopposed sympathetic release of cat-
echolamines caused by stimulation by uterine contractions
must be treated. Because uterine contractions can therefore
precipitate autonomic hyperreflexia during labor, administra-
tion of regional anesthesia is frequently used to prevent or
treat this syndrome. Although single-dose spinal anesthesia
has been successfully used to prevent this syndrome in pa-
tients undergoing surgical procedures, the use of a continu-
ous technique may be more prudent in the parturient.59 Cau-
tion should be taken with the administration of epidural
anesthesia in these parturients, as the usual test dose may not
identify accidental intrathecal injection. The cephalad sensory
level can be evaluated only if it is higher than the level of the
spinal cord transection. Evaluation of segmental reflexes such
as the abdominal and knee-jerk reflexes can help to provide
at least a partial assessment, as they will be absent below the
level of the block.

Epidural anesthesia has been the most commonly used tech-
nique for the prevention of autonomic hyperreflexia during
labor and delivery. The successful epidural use of 0.25% bupi-
vacaine with or without fentanyl or morphine, 0.5% bupiva-
caine, and meperidine have all been reported, whereas
epidural fentanyl alone failed to control symptoms.60–64 If re-
gional anesthesia fails to control symptoms, alternative meth-
ods such as the administration of intravenous antihyperten-
sive agents must be used.65

Regional anesthesia can also be used for cesarean delivery.
If general anesthesia is required, succinylcholine and other
depolarizing muscle relaxants should be avoided during the
period of denervation injury, which is conservatively esti-
mated as beginning 24 h after the injury and lasting for 1
year.66 Use of depolarizing relaxants during this period can
result in severe hyperkalemia. Nondepolarizing agents can be
safely used instead.

Brain Neoplasms

Pathophysiology

Although the incidence of brain tumor does not increase dur-
ing pregnancy, pathophysiologic changes during pregnancy
can have a significant effect on tumor growth and sympto-
matology.67 The types of tumors seen are similar to those in
nonpregnant patients of the same age, with low- and high-
grade gliomas and meningiomas each representing about a
third of the total. The remaining third includes tumors such
as acoustic neuroma, cerebellar astrocytoma, pituitary tumors,
and tumors metastatic to the brain. No particular systemic
neoplasm with brain metastases is associated with pregnancy
with the exception of choriocarcinoma, in which approxi-
mately 3% to 20% of patients have metastatic brain disease
at the time of diagnosis.67

The treatment and prognosis of brain neoplasms seen dur-
ing pregnancy is obviously dependent upon the particular cell
type involved. Magnetic resonance scans, which do not in-
volve radiation, have been safely used in the pregnant patient.
Computed tomography (CT) scans require the use of con-
ventional radiation.

Obstetric Management

Physiologic changes during pregnancy can exacerbate tumor
symptomatology. Fluid retention and increases in blood vol-
ume can increase tumor edema and enlarge tumors. This ef-
fect will be more marked in vascular tumors such as menin-
giomas.68 Tumors such as meningiomas and acoustic
neuromas have been shown to demonstrate sex hormone re-
ceptors, which may result in accelerated growth of these tu-
mors during gestation.67 Previously asymptomatic pituitary
tumors may first present during pregnancy, when the pituitary
gland normally enlarges. Tumor symptomatology may ne-
cessitate the use of anticonvulsants or corticosteroids, and the
implications of these treatments in the parturient need to be
considered. Malignant tumors or tumors with resultant severe
symptomatology (such as optic nerve compression) may re-
quire surgery during pregnancy; management of the parturi-
ent undergoing intracranial surgery is an extensive topic and
is not discussed here.

In the normal parturient, CSF pressure has been reported
to increase significantly with painful uterine contractions.69

During the second stage of labor, CSF pressure increased an
average of 7 to 10 mm H2O above normal. In parturients with
an intracranial mass lesion and decreased compliance, this can
lead to concerns regarding brain herniation. Although some
parturients with intracranial mass lesions have been reported
to have successful vaginal deliveries, the location and size of
the tumor needs to be assessed in each individual case so that
an appropriate plan can be designed.70,71 In general, either ce-
sarean delivery or a painfree second stage with forceps de-
livery to avoid pushing is performed.
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Anesthetic Management

The choice of anesthesia for labor and delivery in the par-
turient with an intracranial neoplasm is controversial and
should be made in consultation with the parturient’s neurol-
ogist based on the size and location of the particular tumor
involved. There have been reports of the successful use of
epidural anesthesia for labor and delivery in patients with in-
tracranial tumors.72,73 Spinal anesthesia for emergency ce-
sarean delivery in a parturient with glioblastoma has also been
reported.74 If general anesthesia is chosen for cesarean deliv-
ery, the risks of increased intracranial pressure and the full
stomach considerations in the parturient need to be consid-
ered. For induction, sodium thiopental and a short acting non-
depolarizing agent may be administered if there is concern
about succinylcholine increasing intracranial pressure. A
combination of isoflurane, nitrous oxide, and low-dose nar-
cotic may be used for maintenance of anesthesia.

Cerebral Hemorrhage

Pathophysiology

Cerebral hemorrhage has been reported to occur with an inci-
dence between 1 and 5 per 10,000 pregnancies and has an as-
sociated mortality of 30% to 40%, making it responsible for
nearly 1 in every 10 maternal deaths.75 Cerebral hemorrhage
can be divided into the categories of subarachnoid hemorrhage
and intracerebral hemorrhage. Most intracerebral hemorrhages
in the parturient are associated with pregnancy-related hyper-
tensive disorders and are not discussed here. Intracerebral hem-
orrhages have also been associated with cocaine and alcohol
abuse. Most subarachnoid hemorrhages are caused by either
cerebral aneurysms or arteriovenous malformations. Misdiag-
nosis can occur from failure to appreciate the spectrum of signs
and symptoms, failure to understand the limitations of com-
puter-assisted tomography (CAT) scanning, or failure to per-
form and correctly interpret lumbar puncture results. Although
a large number of parturients with subarachnoid hemorrhage
have severe, abrupt headache or neck pain, a number of par-
turients may have episodes of minor bleeding, and symptoms
may be misdiagnosed. The timing of CAT scanning is impor-
tant; sensitivity decreases after the first day.

Obstetric Management

There is a definite association between aneurysmal bleeding
and hypertension, and the incidence of aneurysmal bleeding
increases throughout gestation in parallel with physiologic in-
creases in blood volume. Fifty-five percent of initial aneurys-
mal bleeds occur during the third trimester, with surprisingly
rare initial bleeding occurring during labor and delivery.76 Re-
hemorrhage during the same pregnancy occurs in about half
of patients with aneurysmal hemorrhages. Because of the risk
of rehemorrhage, a parturient with a ruptured cerebral

aneurysm is generally referred for surgical clipping. Once this
procedure has been performed, there is no reason to treat this
parturient any differently during labor and delivery. If an
aneurysm is found incidentally during pregnancy and has not
bled, management should be based on the specific clinical sit-
uation involved. The risks and benefits based on aneurysm
size and location need to be considered.

In contrast, arteriovenous malformations are less often asso-
ciated with hypertension and tend to bleed with equal frequency
throughout pregnancy and the postpartum period.77 Unlike
aneurysms, arteriovenous malformations are associated with a
high risk of bleeding during labor and delivery. Arteriovenous
malformations have a 25% risk of rehemorrhage within the same
pregnancy. The data regarding appropriate treatment of arteri-
ovenous malformations during pregnancy vary, despite the high
risk of rebleeding during the same pregnancy,75 which may be
due to the lower incidence of surgically curable lesions com-
pared with aneurysms. The operability of these lesions is de-
pendent upon their location, and therefore not all lesions pre-
senting during pregnancy are surgically repaired before delivery.
More data are required before the optimal surgical timing of rup-
tured arteriovenous malformations in pregnancy is determined.75

For both untreated arteriovenous malformations and
aneurysms, hemodynamic stress during labor and delivery
must be minimized. Some have advocated elective cesarean
delivery at 38 weeks,77,78 although retrospective studies sug-
gest that vaginal delivery with epidural anesthesia and low
forceps delivery does not have a higher complication rate than
cesarean delivery in these parturients.79 Current data do not
demonstrate a definite advantage of cesarean delivery over
modified vaginal delivery in the obstetrically stable parturi-
ents.75 The decision as to type of delivery in the parturient
with an untreated lesion needs to be based on the individual
parturient and her previous pregnancy history.

Anesthetic Management

If the parturient has previously undergone surgical repair of
either an aneurysm or arteriovenous malformation, anesthetic
management need not differ from that of other parturients.
The parturient with either an untreated aneurysm or arterio-
venous malformation should be treated to maintain hemody-
namic stability and avoid hypertension. If vaginal delivery is
contemplated, epidural anesthesia and the use of low forceps
will avoid increased intracranial pressure seen with pain or
with straining during pushing. For cesarean delivery, epidural
or spinal anesthesia can be used to avoid the hypertensive re-
sponse to laryngoscopy.78,80,81

Cortical Vein Thrombosis

Pathophysiology

The incidence of cerebral venous thrombosis in parturients
has been estimated to be between 1 in 2,500 to 1 in 10,000
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deliveries.82 Primary thrombosis of a cortical vein or throm-
bosis of the sagittal sinus with extension into the cortical veins
is the most commonly seen site. The majority of cases (75%)
are reported to occur between the second and third postpar-
tum weeks.83 Parturients may present with symptoms of pro-
gressive headache, nausea and vomiting, and blurred vision.
In severe cases, lateralizing neurologic signs and seizures can
occur. Diagnosis is generally made by MRI or CT with con-
trast. Anticoagulation therapy is used to prevent extension of
the thrombus.84

Obstetric Management

The parturient may be particularly susceptible to this throm-
botic disorder because of the hypercoagulable state of preg-
nancy and the loss of blood and fluid that accompanies de-
livery and the immediate postpartum period.83

Anesthetic Management

As most of these cases present in the postpartum period, it is
important to take care to differentiate cortical vein thrombo-
sis from postdural puncture headache.85 In general, the
headache with cortical vein thrombosis is more diffuse in lo-
cation, and its intensity does not vary with position. Parturi-
ents may be lethargic. Associated symptoms of cranial nerve
traction are usually not present.

Maternal Hydrocephalus with Shunt

Pathophysiology

The improved outcome of parturients with hydrocephalus who
have shunting procedures has led to an increasing frequency
of parturients presenting with this condition. Currently, most
shunts seen in the parturient are ventriculoperitoneal because
these have the lowest incidence of infection.67

Obstetric Management

Obstetric complications are not more common in this group
of parturients.86 Parturients with shunts that were previously
functioning well may become symptomatic, particularly dur-
ing the third trimester of pregnancy, because increases in
blood volume and cardiac output can lead to an increase in
intracranial pressure. If infection or shunt discontinuity is not
present, daily pumping of the shunt may help to relieve this
problem until delivery, after which most symptoms will 
resolve.87

Anesthetic Management

Theoretically, if regional anesthesia is performed, some of the
local anesthetic entering the CSF may escape into the peri-

toneum, leading to inadequate analgesia. However, there are
case reports of parturients with shunts successfully receiving
regional anesthesia for labor and delivery.88 Prophylactic an-
tibiotics should be used to prevent shunt infection.

Common Mononeuropathies 
in the Parturient: Bell’s Palsy

Pathophysiology

Bell’s palsy is defined as paralysis of the facial nerve. When
it is seen in the parturient, symptoms generally involve all
three peripheral motor branches of the nerve and result in
asymmetric facial expression and inability to close the eye.89

Presumably, the increased interstitial edema that can be seen
in the parturient causes compression of the nerve within the
facial canal.

Obstetric Management

There are no reports of increased obstetric complications in
parturients with this lesion, and symptoms generally resolve
after delivery. A careful neurologic exam is important to ex-
clude other causes of the facial nerve lesion.

Anesthetic Management

There are no contraindications to regional anesthesia in par-
turients with Bell’s palsy if there are no other complicating
neurologic or medical disease.90

Common Mononeuropathies in the 
Parturient: Carpal Tunnel Syndrome

Pathophysiology

Carpal tunnel syndrome results from compression of the me-
dian nerve in the carpal tunnel. Symptoms include paresthe-
sias and weakness of the thumb and index and middle fingers
and may be bilateral.

Obstetric Management

Carpal tunnel syndrome is the most frequently seen neuropa-
thy during pregnancy, with some studies reporting an inci-
dence as high as 35%.91 Generalized edema during pregnancy
can result in nerve compression in the carpal tunnel; symp-
toms generally resolve after delivery.

Anesthetic Management

No specific anesthetic issues exist in patients with carpal tun-
nel syndrome.
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Common Mononeuropathies in the 
Parturient: Meralgia Paresthetica

Pathophysiology

Meralgia paresthetica is a sensory neuropathy that occurs
when the lateral femoral cutaneous nerve is compressed un-
der the inguinal ligament. Symptoms include dysesthesias in
the upper and middle part of the lateral thigh.89

Obstetric Management

This mononeuropathy is more commonly seen in the parturi-
ent because of compression and nerve stretch caused by 
increased interstitial edema, weight gain, and exaggerated lor-
dosis. Symptoms generally resolve within the first 3 postpar-
tum months.92

Anesthetic Management

Careful positioning of the patient with meralgia paresthetica
is essential after epidural analgesia is in place so that addi-
tional nerve stretch does not exaggerate symptoms.

Summary

An understanding of the basic pathophysiology of these neu-
rologic conditions is essential for appropriate anesthetic care.
Often, planned elective anesthetic consultation well in ad-
vance of delivery will ensure that all members of the team
are knowledgeable and all issues regarding the particular con-
dition are addressed.
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11
Respiratory Disease
Michael Frölich and Rodney K. Edwards

Changes of the Respiratory 
System During Pregnancy

Physiologic Changes

During pregnancy, hyperemia of the mucous membranes oc-
curs and causes gravidas to have an increased likelihood of
experiencing epistaxis. The effect is caused primarily by the
increased blood volume during pregnancy. This mucosal hy-
peremia also leads to increased mucous production and can
cause symptomatic nasal congestion that can be confused with
infection of the upper respiratory tract. Nasal steroids or de-
congestants may offer some relief. However, the condition
will resolve postpartum.

Physiologic changes in both oxygenation and ventilation
allow the pregnant woman to better take in oxygen and ex-
pel carbon dioxide. Minute ventilation progressively increases
during gestation by 30% to 40% over baseline, whereas the
increase in oxygen consumption is only 15% to 29%.1 Be-
cause the respiratory rate changes very little, the tidal volume
increases by 30% to 40%, from about 500 to 700 mL to
achieve this increase in minute ventilation. Despite the in-
creased tidal volume, the vital capacity is unchanged from the
nonpregnant state. The increase in tidal volume is achieved
at the expense of the expiratory reserve volume, which is de-
creased during pregnancy.

Forced vital capacity and forced expiratory volume reflect
large airway function. These values are unchanged by preg-
nancy.2 Similarly, despite the lowered expiratory reserve vol-
ume and residual volume, small airway function does not
seem to be significantly impaired.3

Anatomic Changes

As pregnancy progresses, the diaphragm is elevated because
of the expanding uterus. By the third trimester, the level of
the diaphragm is 4 cm superior to its position in the non-
pregnant state. In addition, the chest circumference in-
creases 5 to 7 cm, and the subcostal angle increases from

about 68° to approximately 103°.4 Although the elevation
of the diaphragm does not compromise its excursion, there
is greater use of the accessory muscles of respiration. This
change is one of the factors contributing to the dyspnea of
pregnancy.

Changes in Blood Gas Values

As a result of the hyperventilation brought about by these
changes in respiration, normal arterial blood gas values in
pregnant women differ from those in the nonpregnant state
(Table 11.1). The reduced maternal PCO2 and the increased
maternal PO2 widen the gradients of these gases between the
gravida and her fetus and enhance exchange.

Progesterone causes this partially compensated respiratory
alkalosis by both increasing the sensitivity to PCO2 and di-
rectly stimulating the respiratory center.5,6 This decreased
PCO2 and the increased tidal volume account for the dyspnea
reported by two thirds of pregnant women. The kidneys com-
pensate for the reduced PCO2 by excreting bicarbonate and re-
ducing serum bicarbonate levels.

Asthma

Epidemiology

Asthma is among the most common respiratory illnesses en-
countered in pregnancy, complicating about 4% of pregnan-
cies.7 This estimate is conservative, and the true prevalence
of asthma in pregnant women may well be higher.

Effects of Asthma on Pregnancy and the Fetus

Pregnant women with asthma are at substantially increased
risk for several adverse outcomes for infant and mother, sug-
gesting the need for extra attention to mothers with asthma.8

Chronically poor control has been associated with pregnancy-
induced hypertension, preeclampsia, and uterine hemorrhage,
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as well as greater rates of cesarean section and preterm de-
livery.9 Preterm labor is more common, perhaps markedly so,
in corticosteroid-dependent patients.10 The difference in out-
comes may also be related to the severity of asthma and the
need for steroid therapy rather than to the maternal effects of
asthma.11 In fact, there is little evidence of an association be-
tween asthma in pregnancy and maternal mortality.12

In a recent study, maternal asthma was associated with low
birth weight, small size for gestational age, and congenital
anomalies.13 However, an increased incidence of congenital
anomalies has not been shown to occur in most previous stud-
ies.14–16 Fetal well-being may be related to the compliance
with asthma treatment, and more consistent therapy during
pregnancy has been associated with greater fetal weight and
length at birth.17

Effects of Pregnancy on Asthma

The literature addressing the effect of pregnancy on asthma
is conflicting, with no consistent trend toward improvement
or worsening of disease severity. Two of the largest prospec-
tive studies, using diaries or medication requirements to as-
sess severity, found similar proportions of women who dete-
riorated, remained the same, or improved.18 Although the
course of asthma in an individual pregnant woman is largely
unpredictable,19 women with mild disease are unlikely to ex-
perience problems.20 More patients with severe asthma dete-
riorate during the course of their pregnancy, with a peak
around the sixth month.21 Symptoms decrease significantly
during the last 4 weeks of pregnancy to a level below that
seen at any other time during pregnancy, returning to the
prepregnancy course within 3 months postpartum.18

Assessment and Diagnosis

Key indicators for the diagnosis of asthma are wheezing and a
history of cough, chest tightness, or difficulty breathing. The re-
versible nature of the airflow limitation and its diurnal variation
can be established by spirometry and peak flow monitoring.
Spirometry is an objective assessment of pulmonary function
and is recommended for the initial assessment of patients. Peak
expiratory flow (PEF) measurement provides a simple measure
of the existence and severity of airflow obstruction; it is prima-
rily used for monitoring, not for the diagnosis of asthma. A clas-
sification of asthma severity is provided in Table 11.2.

Spirometry typically measures the maximal volume of air
forcibly exhaled from the point of maximal inhalation (forced
vital capacity, FVC) and the volume of air exhaled during the
first second of the FVC (forced expiratory volume in 1 s,
FEV1). Airflow obstruction is indicated by reduced FEV1 and
FEV1/FVC values relative to reference or predicted values.
Significant reversibility is indicated by an increase of greater
than 12% and 200 mL in FEV1 after inhaling a short-acting
bronchodilator22 (Figure 11.1).

Therapy

Changes in maternal physiology occur during pregnancy that
have the potential to alter the absorption, distribution, and
elimination of drugs used therapeutically in pregnant women.
These physiologic changes include plasma volume expansion
and increases in extracellular fluid space and total body wa-
ter; decreased plasma albumin concentration; a compensated
respiratory alkalosis; increased cardiac output with regional
blood flow changes; increased renal blood flow associated
with increased glomerular filtration; changes in hepatic drug-
metabolizing enzymes; and changes in gastrointestinal func-
tion.23 A reduction in plasma proteins is largely caused by a
decrease in serum albumin concentration.24 This change in
protein binding implies that, for certain drugs, plasma con-
centrations should be reduced or kept at the lower end of the
therapeutic range during pregnancy.25 For example, the pro-
tein binding of theophylline decreases by 10% to 15% dur-
ing pregnancy; therefore, the therapeutic range for theoph-
ylline needs to be modified to account for the corresponding

TABLE 11.1. Normal blood gas parameters in nonpregnant and
pregnant women.

Parameter Nonpregnant Pregnant

Arterial pH 7.35–7.45 7.40–7.47
Arterial pO2 (mm Hg) 90–105 104–108
Arterial pCO2 (mm Hg) 35–45 25–32
Serum HCO3 (mEq/L) 24–31 18–21

mm Hg, millimeters of mercury; mEq/L, milliequivalents per liter.

TABLE 11.2. Classification of asthma severity.

Classification Symptoms Lung function

Mild intermittent � two exacerbations per week FEV1 or PEF �80% predicted
PEF variability �20%

Mild persistent More than two exacerbations per week but � once a day FEV1 or PEF �80% predicted
PEF variability 20%–30%

Moderate � two exacerbations per week, daily symptoms, daily use of inhalers FEV1 or PEF �60% predicted and �80% predicted
PEF variability �30%

Severe Continuous symptoms, limited physical activity, frequent exacerbations FEV1 or PEF �60% predicted
PEF variability �30%

FEV1, forced expiratory volume in 1 s; PEF, peak expiratory flow.
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increase in the free fraction of theophylline. During preg-
nancy, theophylline plasma concentrations between 8 and 12
g/mL are therapeutically equivalent to concentrations of 10
to 15 g/mL in the nonpregnant patient.

Asthma Drugs During Pregnancy

Antiinflammatory Agents

Corticosteroids. The risks associated with the gestational use
of oral corticosteroids are probably still less than the poten-
tial risks to the mother and the fetus of severe uncontrolled
asthma.26,27 Chronic maternal administration of oral or par-
enteral (systemic) corticosteroids has been associated with de-
creased birth weight.28–30 Animal studies show palatal cleft-
ing in species very sensitive to this anomaly, but no increase
in birth defects has appeared in humans.31 Because of exten-
sive clinical experience with its use, beclomethasone is the
preferred inhaled corticosteroid during pregnancy. Although
systemic absorption of inhaled corticosteroids can occur, the
low plasma levels achieved by inhalation make it unlikely that
fetal effects will be seen.

Cromolyn Sodium. This drug is a nonsteroidal antiinflam-
matory agent for the chronic management of asthma. Ac-
ceptable animal studies and human experience suggest little
potential for fetal harm from cromolyn sodium.32

Bronchodilators

�2-Adrenergic Agonists (�2-Agonists). �2-Agonists relax
airway smooth muscle and may modulate mediator release
from mast cells and basophils. Inhaled �2-agonists are the
medications of choice for initial treatment of acute exacerba-
tions of asthma and for the prevention of exercise-induced
asthma. Metaproterenol (orciprenaline), albuterol (salbuta-
mol), pirbuterol, bitolterol, and terbutaline are commonly
used selective �2-agonists.

Animal studies with �2-agonists generally show no evi-
dence of teratogenicity, although some of these agents pro-
duce anomalies at high doses.33 Human experience is exten-
sive but generally restricted to the latter part of pregnancy.
There is no evidence of fetal injury from the use of these drugs
systemically or by inhalation, and there is no contraindication
to the use of these agents during lactation.34 Nonselective �-
agonists include epinephrine (adrenaline) and its isopropyl
analogue, isoproterenol. Epinephrine given subcutaneously in
severe acute exacerbations may be considered, although other
therapies should be initiated first. Concern has been raised
about uterine vasoconstriction caused by the �-adrenergic ef-
fects of epinephrine.35,36

Theophylline. Theophylline is the principal methylxanthine
used in asthma therapy. Theophylline use during pregnancy
has been extensive and without evidence of adverse effects
to the neonate when doses are guided by appropriate serum
levels (not exceeding 12 g/mL).37 Approximately 1% or less
of the maternal theophylline dose reaches the nursing infant;
this level is usually not clinically significant.

Anticholinergics

Inhaled anticholinergic agents produce bronchodilation by re-
ducing intrinsic vagal tone to the airways. Such agents also block
reflex bronchoconstriction caused by inhaled irritants. Anti-
cholinergic agents have been used during pregnancy without ad-
verse effects.38,39 Ipratropium produces less systemic effect than
atropine and is not contraindicated in pregnancy, although it is
generally not used except for patients with severe asthma.

Antihistamines

Antihistamines are used to block the action of histamine re-
leased during mast cell activation in response to an allergen
or other stimulus. Antihistamines have been shown to be

FIGURE 11.1. Result of a spirometry volume–time and flow–volume curve in a patient with bronchial asthma. The graphs illustrate re-
versible airflow limitation with a significant improvement after bronchodilator therapy.
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safe during early pregnancy, and animal and human experi-
ence suggest little, if any, potential for human teratogenic-
ity.40 It seems reasonable to choose older antihistamines for
which reassuring human data exist for use during pregnancy.
Although concerns have been raised about antihistamine ef-
fects in young children, there are no data establishing ad-
verse effects from use of these drugs in late pregnancy or
during lactation.41

Decongestants

Decongestants are �-adrenergic drugs used to constrict blood
vessels in the nasal mucosa. Agents in this class include oxy-
metazoline, phenylephrine, phenylpropanolamine, ephedrine,
and pseudoephedrine. Because these drugs have �-adrenergic
activity, there is concern about their potential to constrict the
vascular supply involved in maternal–fetal gas and nutrient
exchange.42 However, pseudoephedrine appears not to pro-
duce this effect at therapeutic doses. Human experience with
decongestants has not produced a consistent picture of birth
defects.

General Asthma Treatment Recommendations

A stepwise approach to pharmacologic therapy is recom-
mended, with the type and amount of medication dictated
by asthma severity. To clarify this concept, medications are
categorized into two general classes: long-term control med-
ications to achieve and maintain control of persistent asthma
and quick-relief medications to treat symptoms and exacer-
bations (Table 11.3). It should be emphasized that persist-
ent asthma requires daily long-term therapy in addition to
appropriate medications to manage asthma exacerbations
(Table 11.4).

Obstetric Management

Fetal Surveillance and Asthma

The goal of managing pregnant women with asthma is to op-
timize maternal pulmonary function and to identify those fe-
tuses at risk for intrauterine growth restriction and adverse
outcome. Monitoring of pregnant patients with asthma starts
with an evaluation of progressive fetal growth. Growth dur-

ing the second and third trimesters should be determined by
careful serial measurements of fundal height. Confirmation
with sequential sonographic evaluations of fetal growth is in-
dicated if the parturient’s asthma is uncontrolled or if growth
restriction is suspected by lagging fundal height. In the third
trimester, antenatal surveillance with nonstress tests, contrac-
tion stress tests, or biophysical profiles may be used to en-
sure fetal well-being. Indications for antepartum fetal assess-
ment include growth restriction, moderate to severe asthma,
and decreased fetal movements.

Labor and Delivery

It is recommended that the patient’s regularly scheduled
asthma medications (inhaled cromolyn, beclomethasone,
and/or oral theophylline) be continued during labor and de-
livery. The patient’s peak expiratory flow rate (PEFR) should
be measured upon admission to labor and delivery and sub-
sequently every 12 h. If asthma symptoms develop, PEFR
should be measured after asthma treatments. To limit the risk
of bronchospasm, the patient should be kept well hydrated
and be given adequate analgesia. 

When women with asthma are admitted in labor, careful
fetal monitoring is essential. During the course of labor, con-
tinuous fetal heart rate monitoring may be considered to guide
appropriate obstetric and asthma management decisions. For
labor induction, oxytocin is the drug of choice. Use of
prostaglandin E2 has been reported to cause bronchospasm.43

However, it has been demonstrated that it can safely be used
in the parturient with asthma for therapeutic abortion or la-
bor induction with a dead fetus.44 Use of intravaginal
prostaglandin E1 or intracervical E2 gel for cervical ripening
before labor induction has not been reported to cause bron-
chospasm.45,46 The use of 15-methyl prostaglandin F2�, an
agent used to treat postpartum uterine atony, should be
avoided, because it is a synthetic analogue of prostaglandin
F2� that has been reported to cause bronchospasm in patients
with asthma.47

Anesthetic Management

When choosing a narcotic analgesic for the patient with
asthma, consideration must be given to the propensity of that

TABLE 11.3. Stepwise approach to managing asthma in the parturient.

Severity Long-term control Short-term control

Severe persistent Inhaled corticosteroids (high dose) and long-acting bronchodilators Inhaled �2-agonist; the use of a short-acting
(�2-agonists) and corticosteroids by mouth �2-agonist on a daily basis or increasing use

Moderate persistent Inhaled corticosteroids (medium dose) or long-acting inhaled (versus indicates the need for additional long-term-
sustained-release), long-acting bronchodilators (�2-agonists) or control therapy.
sustained-release theophylline

Mild persistent Inhaled corticosteroid or cromolyn or nedocromil, slow-release 
theophylline to serum concentration � 5–15 �g/mL; consider
zafirlukast or zileuton

Mild intermittent No daily medication recommended
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agent to cause histamine release that may precipitate bron-
chospasm. Morphine and meperidine should therefore be
avoided, and a preferred agent may be fentanyl. Narcotic anal-
gesics do cause respiratory depression and should not be used
if there is an acute asthma exacerbation.

Lumbar epidural analgesia reduces oxygen consumption
and minute ventilation during the first and second stages of
labor, which offers parturients with asthma considerable ben-
efit.48–50 Dilute concentrations of local anesthetics and nar-
cotics administered by continuous epidural infusion technique
offer consistent analgesia and minimize motor blockade for
labor and delivery.51 Even high thoracic epidural anesthesia
appears to be safe in the asthmatic patient.52 In the parturient
with an asthma exacerbation, epidural analgesia has been re-
ported to enhance the response to bronchodilator therapy.50,53

However, bronchospasm has been reported in approximately
2% of patients with asthma receiving regional anesthesia.54,55

If a general anesthetic is necessary, preanesthetic use of at-
ropine and glycopyrrolate may provide a bronchodilatory ef-
fect.56,57 The preoperative inhalation of albuterol reduces the
incidence of brochospasm.58 For induction of anesthesia, keta-
mine is the agent of choice because it decreases airway re-
sistance59 and can prevent bronchospasm.53,60 Propofol has
also been used successfully.61 Thiopental may cause hista-
mine release and is therefore not the induction agent of choice
in the asthmatic patient.62 Muscle relaxants that can cause his-
tamine release, such as atracurium or mivacurium, should be
avoided.63 Low concentrations of halogenated anesthetics can
provide the patient with asthma with bronchodilation,64,65 al-
lowing high inspired concentrations of oxygen and avoiding
maternal awareness of the surgery. Low concentrations do not
appear to contribute to postpartum hemorrhage. However,
high inspired concentrations of volatile agents may contribute
to uterine hypotonia and should be avoided.

Adult Respiratory Distress Syndrome

Epidemiology and Definition

The adult respiratory distress syndrome (ARDS) is caused by
increased microvascular permeability resulting in accumula-
tion of excess lung water. ARDS can be defined as the acute
onset of impaired oxygenation (widened arterial-to-alveolar

oxygen gradient). Bilateral pulmonary infiltration is detected
on chest radiograph without clinical evidence of elevated left
atrial pressure (i.e., the pulmonary artery wedge pressure must
be less than 18 mm Hg). Most frequently, patients with ARDS
have evidence of multiorgan dysfunction. In fact, enormous
overlap exists between ARDS, systemic inflammatory re-
sponse syndrome (SIRS), and multiorgan system failure
(MOF). Overall mortality for ARDS has recently been re-
ported to range from 30% to 40%.66–69 Factors such as the
specific predisposing condition, comorbid diseases, and co-
existence of MOF influence the expected outcome for a given
patient. MOF is the most common cause of death in pregnant
women with ARDS.70

Obstetric Management

The leading obstetric causes for ARDS in the parturient are
infection (amnionitis and endometritis), preeclampsia and
hemorrhage. The most common nonobstetric causes of ARDS
are infection, aspiration, and trauma.71 The development of
pulmonary injury (with maternal infection) may be gestational
age dependent and correlate with the known physiologic
changes of pregnancy, which include increased blood volume,
decreased colloid osmotic pressure, and unchanged critical
lung-closing volume despite diminished functional residual
capacity (FRC).72 The pregnant state, per se, does predispose
to pulmonary injury and ARDS in systemic sepsis of any
cause.73

The obstetrician plays an important role in the diagnosis
and differential diagnosis of ARDS and in management of
pregnancy and fetal surveillance in the critically ill parturient
patient. The type of fetal monitoring depends on the gesta-
tional age. Before fetal viability, the best available short-term
assessment of fetal status is by means of monitoring of ma-
ternal cardiac output, mixed venous oxygenation, and inter-
mittent fetal heart rate. Once the fetus is at a potentially vi-
able gestational age, fetal heart rate monitoring is appropriate.
The fetal heart rate may show diminished variability due to
maternal drug therapy. Repetitive late decelerations that can-
not be corrected are an indication for delivery. The therapy
for ARDS is mostly supportive and consists of maternal sta-
bilization, fetal monitoring, investigation and treatment of un-
derlying causes, and evaluation for delivery.74 The benefits
of delivery on the course of ARDS have not been documented,

TABLE 11.4. Management of asthma exacerbations in the parturient.

Mild exacerbation Severe exacerbation Respiratory arrest
(FEV1 or PEF �50% predicted) (FEV1 or PEF �50% predicted) (severe dyspnea)

Inhaled �2-agonist by metered- dose inhaler Inhaled high-dose �2-agonist and anticholinergic by Intubation and mechanical ventilation 
or nebulizer, up to three doses in first hour nebulization every 20 min or continuously for 1 h with 100% O2

Oxygen to achieve O2 saturation 90% Oxygen to achieve O2 saturation 90% Nebulized �2-agonist and anticholinergic
Oral systemic corticosteroids if no immediate Systemic corticosteroids Intravenous corticosteroid

response or if patient recently took oral 
systemic corticosteroid

FEV1, forced expiratory volume in 1 s; PEF, peak expiratory flow; O2, oxygen.
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and indications for induction of labor or cesarean delivery in
this setting are not well defined. Vaginal delivery during me-
chanical ventilation has been described, but most such pa-
tients undergo cesarean delivery.75,76

Anesthetic Management

The anesthesiologist/intensivist often participates in the
care of parturients with ARDS, as mechanical ventilation
is often required. Ventilatory management for parturients
with ARDS presents a particular challenge. Although there
are no studies of utilization of low tidal volumes in treat-
ment of parturients with acute lung injury, the proven ef-
ficacy of this mode of ventilation in parturients with ARDS
provides strong support for its universal use. In the ARDS
Network study,77 the delivered tidal volume was based on
ideal body weight calculated from patient height. This ideal
body weight may not be the same as the ideal body weight
of a parturient, but it can be argued that it still should be
used to calculate the delivered tidal volume. The goal of
low tidal volume therapy is to avoid overdistension of the
lung, and because total lung capacity varies little between
the pregnant and nonpregnant state, it is reasonable to use
this method of determining tidal volume. The ARDS Net-
work study also limited maximum plateau pressures to 30
cm H2O. It could be argued that the decreased chest wall
compliance in the parturient would allow greater plateau
pressures without exceeding a reasonable transpulmonary
distending pressure. However, as lung compliance falls dra-
matically in acute lung injury, it becomes the overwhelm-
ing determinant of total respiratory compliance. For these
reasons, there appears to be little reason to alter the alve-
olar plateau pressure guideline of the ARDS Network
study.

The increased ventilation accompanying pregnancy pro-
duces respiratory alkalosis and a compensatory metabolic re-
sponse. It is important to maintain maternal arterial PCO2 in
its usual range of 25 to 32 mm Hg. Permissive hypercapnia
is not an attractive option for ventilating the parturient be-
cause maternal hypercapnia quickly results in fetal respira-
tory acidosis.78 Acidosis also shifts the fetal oxygen dissoci-
ation curve to the right, limiting the ability to bind oxygen to
fetal hemoglobin.

The type of maternal monitoring depends on the severity
of symptoms. Invasive blood pressure monitoring is usually
performed in ventilated patients to adjust ventilatory param-
eters according to arterial blood gas data. The need for pul-
monary artery catheterization is controversial. Continuous
mixed venous oxygen tension monitoring is considered a use-
ful diagnostic tool by many intensivists in the hemodynami-
cally unstable patient with ARDS. Nitric oxide (NO) has been
utilized in the treatment of ARDS in nonpregnant patients,
but there is still no consensus on whether inhaled NO im-
proves clinical outcome as defined by oxygen requirements,
ventilator days, or mortality.

Respiratory Infections

Bronchitis

Inflammation or infection of the large airways characterizes
bronchitis. In parturients without chronic lung disease, sup-
pressed immune systems, or malignancies, the etiology of
acute bronchitis is viral in at least 90% of cases.79 Therefore,
there is no evidence that antibiotic therapy of acute bronchi-
tis in healthy adults is beneficial. Furthermore, purulent spu-
tum is not necessarily evidence of bacterial bronchitis and
should not prompt antibiotic therapy.80,81

The foregoing recommendations apply only to parturients
who demonstrate no evidence of pneumonia. The presence of
fever, tachypnea, tachycardia, or evidence of focal consoli-
dation on physical examination should heighten the clinician’s
suspicion for pneumonia. Furthermore, a cough lasting 3
weeks or longer may warrant chest radiography.79 This test,
with shielding of the pregnant uterus, may be performed with
little exposure of the fetus to ionizing radiation. If antibiotic
therapy were prescribed for chronic bronchitis or suspected
bacterial bronchitis, reasonable choices would include eryth-
romycin or amoxicillin-clavulanic acid.

Pneumonia

Pneumonia is an infection or inflammation of the alveoli
and small airways. This condition complicates 0.15% to
0.25% of pregnancies and can result in serious sequelae.
Despite the fact that mortality rates have decreased dra-
matically since the advent of antibiotics, pneumonia is the
most frequent non-obstetric infection causing maternal mor-
tality.82 Both the incidence and mortality rates from pneu-
monia in pregnancy are similar to rates in nonpregnant
adults.83 Figure 11.2 shows a subtle example of right lower
lobe pneumonia.

Despite an appropriate diagnostic evaluation, the offending
pathogen may not be identified in at least a third of cases,84

and empiric therapy is often necessary. A �-lactam antibiotic
with a �-lactamase inhibitor with or without a macrolide an-
tibiotic such as erythromycin or azithromycin is suitable em-
piric therapy for most cases. However, resistant pneumococ-
cal strains and atypical organisms are not well covered by
such a regimen.

Medical complications associated with pneumonia during
pregnancy include bacteremia, empyema, cardiac arrhyth-
mias, and respiratory failure. During the latter half of preg-
nancy, coincident preterm labor and delivery occur fre-
quently.85 Furthermore, maternal hypoxia may lead to a
nonreassuring fetal heart rate tracing. Treatment should in-
clude supplemental oxygen, and fetal heart rate monitoring
should be considered.

Most cases of pneumonia during pregnancy are bacterial in
etiology.86 The most common pathogen in community-
acquired pneumonias in pregnant women is Streptococcus
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pneumoniae,86–88 which is also the most common cause of
bacterial pneumonia in the general population. Other common
bacterial causes of pneumonia include Haemophilus influen-
zae, Mycoplasma pneumoniae, and Legionella pneumophila.
Less common pathogens are Klebsiella pneumoniae, Staphy-
lococcus aureus, and Chlamydia species.89 Viral causes of
pneumonia during pregnancy include influenza and varicella.
The incidence of tuberculosis has also increased in recent
years.

Anesthetic Management

There is general concern about the risk of bacterial contami-
nation of the subarachnoid or epidural space during the place-
ment of a neuraxial block in parturients with systemic bac-
teremia. Antibiotic treatment before the puncture appears to
eliminate this risk.90 Immunocompromised patients or pa-
tients receiving systemic corticosteroids appear to be at ele-
vated risk for the development of an epidural abscess.91

Cigarette Smoking

Epidemiology

More than 20 million women in the United States smoke cig-
arettes.92 Furthermore, approximately 80% of women who
smoke continue to do so during pregnancy.93 Smoking is a
completely preventable cause of morbidity and has an adverse

effect on virtually every other condition discussed in this
chapter.

Pathophysiology

Smoking is associated with a variety of effects on other or-
gan systems of the body. It is causally related to lung, oral,
and esophageal cancer, coronary heart disease, atherosclerotic
peripheral vascular disease, and chronic obstructive pul-
monary disease.94 The principal effects of smoking on the 
respiratory tract are caused by impairment of ciliary function,
increased mucous production, and increased nonspecific 
airway reactivity.95,96 The exact mechanism(s) causing these
effects is not well understood.

Medical Management

Cessation of smoking should be encouraged throughout the
prenatal course. A reduction in perioperative complications
for nonobstetric surgical patients has been demonstrated with
short-term abstinence from cigarettes.96 Although there is 
no evidence that such an intervention in obstetrics is benefi-
cial, extrapolation of these data to pregnant women seems 
reasonable.

Obstetric Management

In addition to the untoward effects already mentioned, ciga-
rette smoking has been linked to an increased likelihood of

FIGURE 11.2. (A) Posteroanterior chest radiograph from a patient
with right lower lobe pneumonia. Note that the inferior portion of
the right heart border is obscured. (B) CT scan image at the level of
the lung base taken from the same patient shows a consolidation in

A B

the right lung base consistent with pneumonia. (Courtesy of Chris
Sistrom, M.D., Department of Radiology, University of Florida Col-
lege of Medicine, Gainesville, FL.)
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several conditions specific to pregnancy. Rates of sponta-
neous abortion, fetal death, and infant mortality are higher
among women who smoke.94,97,98 Obstetric complications
such as abruptio placentae and placenta previa are more com-
mon in smokers than nonsmokers.99

Apart from effects in utero and in the immediate neonatal
period, maternal smoking can have more long-lasting effects.
Rates of certain childhood malignancies, asthma, strabismus,
and attention deficit disorder have been linked with maternal
smoking during pregnancy.100–103

Anesthetic Management

As mentioned, airway hyperreactivity is a concern when car-
ing for a smoker. Smokers show increased mucous produc-
tion, decreased mucociliary transport, and narrowing of the
small airways.104 Approximately 4 to 6 weeks of abstinence
from cigarette smoking is required to allow a decrease in the
risk of postoperative respiratory morbidity to that of a non-
smoker. After 48 h of abstinence, carboxyhemoglobin con-
centrations fall toward those of nonsmokers, and a few days
of abstinence may improve mucociliary function. For labor
and delivery, intravenous analgesia or regional anesthesia is
preferable to general anesthesia because the latter involves in-
strumentation of the airway. If general anesthesia is required,
the anesthesiologist should be prepared to encounter problems
related to the increased airway reactivity seen in smokers.

Cystic Fibrosis

Epidemiology

Cystic fibrosis (CF) affects about 1 in 1800 Caucasians of Eu-
ropean ancestry and is the most common recessively inher-
ited disorder among these individuals.105 The first description
of pregnancy in a woman with CF occurred more than 40
years ago.106 Since then, there have been many other reports
of pregnancy in women with this condition as more of these
patients survive into adulthood.

Pathophysiology

More than 600 mutations in the CF gene have been de-
scribed.107 These mutations result in defects in a chloride
channel, causing abnormalities in epithelial electrolyte trans-
port and in exocrine gland secretions. The disease results in
both endocrine and exocrine pancreatic insufficiency and may
be associated with impaired fertility.

The abnormally viscous secretions in the pulmonary tree
result in airway inflammation, plugging, bronchiectasis, and
obstructive lung disease. Recurrent and chronic pulmonary
infections occur frequently in these patients. In particular,
chronic infection with Pseudomonas aeruginosa is common
and has been implicated as being responsible for a major por-
tion of the morbidity and excess mortality in these patients.108

Obstetric Management

A multidisciplinary health care team should treat pregnant
women with CF. This team should consist of a pulmonolo-
gist, respiratory therapist, dietician, maternal–fetal medicine
specialist, and obstetrician.109 The patient should understand
that she might require multiple hospital admissions during
pregnancy.

In addition to pancreatic enzyme substitution, pregnant
women with CF need an additional 300 kcal/day to meet their
energy needs.110 Nutritional counseling and caloric supple-
mentation are both important components of treatment be-
cause poor maternal weight gain has been reported to occur
in more than 40% of patients.111

The cardiovascular and pulmonary status of patients with
CF must be monitored with vigilance. As stated, lower res-
piratory infections may be frequent and chronic, and these pa-
tients may require multiple courses of antibiotics during ges-
tation. Although the data are somewhat dated, congestive
heart failure has been reported to occur in more than 10% of
pregnancies in women with CF.112

In general, the course of CF does not seem to be affected by
pregnancy.111,112 However, prognosis seems to be related to
prepregnancy status, and pregnancy is inadvisable in those
women with significant airway obstruction, pancreatic insuffi-
ciency, or cor pulmonale at baseline. Genetic testing is avail-
able, and these patients should be offered genetic counseling and
prenatal diagnosis. Ideally, care begins before conception, the
woman receives optimal therapy, and she has ample time to con-
sider carrier testing for her partner and prenatal diagnosis.

Preterm delivery and perhaps perinatal mortality occur with
increased frequency during pregnancies complicated by
CF.111,112 Serial ultrasound surveillance for fetal growth re-
striction and antenatal testing are advisable. As stated previ-
ously, diabetes mellitus occurs commonly in women with CF.
Those women with CF entering pregnancy without a diagno-
sis of diabetes should undergo early screening for gestational
diabetes.

Anesthetic Management

Because pulmonary function is tenuous in parturients with
CF, and oxygen requirements increase during painful labor,
supplemental oxygen therapy should be used liberally in man-
aging the labor and delivery of a pregnant women with CF.
A lumbar epidural anesthetic can minimize the increased oxy-
gen requirement during labor and can be used safely in women
with CF.113 Care must be taken to limit the level of the block
so as to minimize chest wall motor weakness and respiratory
compromise. If cesarean delivery becomes necessary, epi-
dural anesthesia is the preferred method. General endotracheal
anesthesia in women with CF may be associated with delayed
uptake and prolonged elimination of inhalational agents as a
result of ventilation/perfusion mismatch, endotracheal tube
obstruction from profuse secretions, and pneumothoraces.113
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Summary

Most parturients with mild to moderate respiratory disease are
expected to do well during pregnancy, labor, and delivery.
Both obstetrician and anesthesiologist should carefully eval-
uate parturients with advanced or severe respiratory problems
in the antepartum period. These parturients are best served by
a multidisciplinary team approach to patient care.
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12
Cardiovascular Disease in Pregnancy
Phillip S. Mushlin and Karen M. Davidson

The prevalence of cardiac disease in pregnancy has remained
relatively constant over the past several decades, ranging from
0.4% to 4.1%,1–3 but the demographics have changed con-
siderably. Rheumatic heart disease (RHD) has been declining
steadily in the developed world,4 while an increasing number
of patients with congenital heart disease (CHD) have been
surviving to adulthood.5 CHD has recently supplanted RHD
as the major cause of cardiac disease in pregnancy. With cer-
tain lesions (e.g., pulmonary hypertension and cyanotic dis-
ease), the risk of maternal mortality may be as high as 50%.5

Other than trauma, cardiovascular disease is the most com-
mon nonobstetric cause of maternal death.6 Although healthy
women will occasionally develop myocardial dysfunction dur-
ing pregnancy (e.g., peripartum cardiomyopathy), most car-
diovascular complications arise from interaction between a pre-
existing heart condition and the physiologic stresses of
pregnancy. Adaptations of the circulatory system to pregnancy
will exacerbate some cardiac disorders but not others. An un-
derstanding of interactions between gestation and pathophysi-
ology is useful for predicting the risk of pregnancy for women
with various cardiac diseases, and the stages of gestation in
which cardiac decompensation is most likely to occur.

This chapter focuses on mechanisms by which pregnancy-
related changes in physiology affect women with a spectrum
of cardiovascular disorders (Table 12.1).7,8 We discuss the
preconceptual care of women with moderate-to-severe car-
diovascular disease as well as the strategies for the obstetric
and anesthetic management of such women during pregnancy
(Table 12.2). The chapter also addresses the dilemmas and
challenges that confront a woman, her family, and the health
care team when her desire for motherhood conflicts with a
cardiovascular condition that portends high rates of maternal
or perinatal morbidity and mortality.

Cardiovascular Changes of Pregnancy

Discerning Normal Changes from
Cardiovascular Disease

An uncomplicated pregnancy causes major cardiovascular
changes, which may be misinterpreted as cardiovascular dis-

ease on physical examination (Table 12.3), electrocardiog-
raphy (Table 12.4), echocardiography (Table 12.5), and
chest radiography (Table 12.6).9 Healthy parturients often
develop cardiopulmonary symptoms such as fatigue, or-
thopnea, and presyncope, which are usually benign. These
findings must be distinguished from clinical abnormalities
such as paroxysmal nocturnal dyspnea, syncope, and dias-
tolic murmurs, which usually signal the development or ex-
acerbation of cardiovascular disease. Diagnostic dilemmas
that occur during pregnancy may be difficult to resolve, ow-
ing to an understandable reluctance to use techniques that
might adversely affect the fetus, especially during the pe-
riod of fetal organogenesis (Table 12.7).10 However, the
mother’s life may be endangered if an essential procedure,
such as cardiac catheterization, is delayed in order to pre-
vent fetal exposure to ionizing radiation. In some instances,
echocardiographic guidance rather than radiographic imag-
ing can provide satisfactory conditions for performing inva-
sive cardiologic procedures.11

Time-Related Cardiovascular Adaptations

Hemodynamics

The circulatory system undergoes dynamic changes through-
out pregnancy; by the 40th week of gestation, the values of
cardiovascular parameters differ markedly from those of the
nonpregnant state (Table 12.8). Blood pressure (BP) starts to
decline in the first trimester and descends until midpregnancy,
before returning to preconceptual values near term.12,13 Di-
astolic BP falls more than systolic BP, so the pulse pressure
widens. The decrease in blood pressure is primarily due to
less peripheral vascular resistance, which may be attributable
to (1) gestational hormones; (2) other hormones, such as
prostaglandins, atrial natruretic peptides, endothelial nitric ox-
ide; (3) heat generation by the fetus; and (4) the low resist-
ance circulation of the gravid uterus.

The total increase in cardiac output during gestation is be-
tween 40–50%. Cardiac output begins to rise in the 5th ges-
tational week in association with a slight elevation in heart
rate. Echocardiographic data indicate that nearly half of the
total increase in cardiac output has occurred by the 8th ges-
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tational week, owing primarily to an elevated stroke volume
(Figures 12.1, 12.2).14,12 Peripheral resistance falls by 30%
during the first trimester and approaches a nadir around the
16th gestational week (Table 12.9), the maximum increases
in cardiac output (2.2 L/min) and left ventricular volume by
the 24th week of gestation. These increases are greater in
parous than nulliparous women.12 Cardiac output remains
fairly stable from midpregnancy until term, with a possible
small decline in the final weeks of pregnancy.15 Beyond the
20th week of pregnancy, cardiac output is increasingly in-
fluenced by body position, being higher in the lateral decu-
bitus than in the supine position owing to aortocaval com-
pression (Figure 12.3). Heart rate plateaus around the 32nd
week of pregnancy, with an average increase of 10 to 20
beats per minute.12,15

Studies using invasive hemodynamic monitoring in healthy
women have shown cardiac output (43%) and heart rate (17%)
to be higher during late pregnancy than 3 months after de-
livery (Table 12.10).13 In addition, late pregnancy induced

TABLE 12.1. Risk stratification for pregnant women with 
cardiac disease.

Low risk
Mitral valve prolapse (isolated) without significant regurgitation
Valvular regurgitation with normal ventricular systolic function
Mitral valve stenosis (NYHA class I or II)
Pulmonic stenosis, mild to moderate
Bioprosthetic valve (e.g., porcine)
Small left-to-right shunt (e.g., ASD, VSD, PDA)
Tricuspid valve disease
Repaired lesions and no residual cardiac dysfunction

Intermediate risk
Left ventricular dysfunction, moderate to severe
History of peripartum cardiomyopathy with no residual ventricular 

dysfunction
Mitral or aortic stenosis, moderate to severe
Pulmonic stenosis, severe
Mechanical prosthetic valves
Large left-to-right shunt (unrepaired or palliated noncyanotic 

congenital heart disease)
Coarctation of the aorta, uncorrected

High risk
History of peripartum cardiomyopathy plus ventricular dysfunction
Aortic stenosis, severe
Eisenmenger’s syndrome; unrepaired or palliated cyanotic congenital 

heart disease
Primary pulmonary hypertension, severe
Marfan syndrome with aortic root or major valvular involvement
NYHA class III or IV symptoms

ASD, atrial septal defect; VSD, ventricular septal defect; PDA, patent duc-
tus arteriosus; NYHA, New York Heart Association
Source: Data from Siu SC, Colman JM. Congenital heart disease: heart dis-
ease and pregnancy. Heart 2001;85:710–715, with modification.

TABLE 12.2. Guiding principles: providing care to women with
cardiovascular disease.

Any type of cardiovascular (CV) disease may be present. The etiology and
the patient’s functional status should be determined as early as is practical.

Understanding the pathophysiologic impact of the underlying cardiac dis-
ease is critical for optimizing the outcome of the mother and fetus.

Complex issues (e.g., obstetric, cardiac, anesthetic, social, ethical) are in-
volved in the management of a high-risk pregnancy. A multidisciplinary
team approach is required to ensure the best outcome.

Understanding the CV adaptations of pregnancy, which vary predictably
with the stage of gestation, helps the health care team to anticipate and
prevent acute clinical deterioration.

Management decisions should focus on minimizing risks to the mother and
fetus. When a treatment for one may harm the other, the mother’s inter-
ests should receive the higher priority.

Prevention of a CV complication is much easier than the treatment of the
problem. Early planning and aggressive monitoring help to ensure that
the mother’s CV system is managed optimally.

Labor and delivery cause major physiologic stress. Effective sedation, anx-
iolysis, and analgesia are essential to minimize this stress.

Neuraxial techniques (e.g., continuous epidural), when not contraindicated
(e.g., coagulopathy, infection, neurologic deficit), can produce analgesia
and anesthesia without causing hemodynamic instabilty.

Postoperative pain is a major cardiovascular stress; the focus here should
be prevention (e.g., epidural or intrathecal morphine), and failing this,
aggressive treatment to ablate the pain.

CV decompensation often occurs postpartum; thus, monitoring in an inten-
sive care setting is often indicated for 24–72 h after delivery.

TABLE 12.3. Cardiac findings that may be present on history and
physical examination during normal pregnancy.

History
Symptoms Decreased exercise capacity, fatigue

Dyspnea, orthopnea
Palpitations, lightheadedness, syncope

Physical examination
Inspection and palpation Hyperventilation

Peripheral edema
Jugular venous pressures Neck vein distension

and pulses Prominent A and V waves; brisk
x and y descents

Auscultation
Lungs Basilar rales
First heart sound Increased, exaggerated splitting
Second heart sound Exaggerated splitting
Systolic murmur Mid-ejection, at left sternal border, over 

pulmonary area; radiates to
suprasternal notch

Continuous murmurs Cervical venous hum, mammary soufflé

TABLE 12.4. Electrocardiographic changes during normal 
pregnancies.

Heart rate Sinus tachycardia is common
Cardiac rhythm Frequent PACs and PVCs; occasional 

arrhythmias (paroxysmal supraventricular
tachycardia)

QRS axis Deviated to either the left or right
Lead III Inverted P-wave and small Q-wave, which 

disappears during inspiration
Leads V2 and V1 R/S ratio is increased
ST segments and T waves ST segment depression; flattened or inverted 

T waves often associated with cesarean
delivery and tocolytic therapy tocolysis
(especially ritodrine)

PAC, premature atrial contractions; PVC, premature ventricular contractions.
Source: From Ref. 427, with permission.
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relative reductions in systemic vascular resistance (21%), pul-
monary vascular resistance (34%) and colloid oncotic pres-
sure (14%), but it did not significantly affect pulmonary cap-
illary wedge pressure (PCWP), central venous pressure, left
ventricular stroke work index, or mean arterial pressure.13

Hankins and Clark16 studied oxygen transport in healthy
pregnant women to determine if the physiological increase in
cardiac output was associated with the greater oxygen deliv-
ery to tissues. They took blood samples from pulmonary and
radial artery catheters that were placed in late pregnancy
(36–38 weeks of gestation) and again three months after de-
livery. Their data show that pregnancy is associated with de-
creases in O2 contents of both arterial blood (16.0 vs 18.0 ml
per dl) and mixed venous blood (12.0 vs 13.5 ml per dl) and
that oxygen delivery is not significantly greater in late gesta-
tion than in the non-pregnant state (868 vs 806 ml per min;
not significant).

Intravascular Volume

Blood volume begins to increase around the 6th gestational
week and approaches a peak around midpregnancy. The max-
imal expansion of blood volume averages 50%, but varies
considerably from patient to patient (20% to 100%). Larger
increases occur in multigravida and women who have multi-
fetal gestations than in primiparous women with singleton
pregnancies.9,12

The mechanism of the plasma volume expansion during
pregnancy involves an estrogen-mediated stimulation of the
renin-aldosterone system,6 which promotes retention of
sodium and water. Other hormones that may contribute to the
changes of intravascular volume include deoxycorticosterone,
prostaglandins, progesterone, prolactin, placental lactogen,
growth hormone, adrenocortical hormone, and atrial na-
truretic peptides.9,17

The erythrocyte mass also increases, but less rapidly than

plasma volume. The result is a decrease in the hemoglobin
concentration until the 30th gestational week (i.e., “physio-
logic anemia of pregnancy”). The “normal” hematocrit can
be as low as 32%, and often increases with iron therapy.

Supine Hypotensive Syndrome

Supine hypotensive syndrome (SHS) may affect up to 11%
of pregnant women.9 It typically develops late in pregnancy,
and is uncommon after delivery or before the 20th gestational
week. The syndrome is characterized by a sudden onset of
symptoms when the mother becomes supine and her enlarged
uterus compresses the inferior vena cava (Figure 12.3)18 How-
ever, the syndrome can occur with a woman in the pelvic 
tilt or sitting position.19 Circulatory manifestations range 
from minimal to severe syncopal shock. Hypotensive episodes
are usually accompanied by an increase in maternal heart rate,
a decrease in pulse pressure,19 and symptoms such as 
weakness, lightheadedness, nausea, dizziness, and syncope.19

However, severe supine hypotension has been reported to oc-
cur without maternal symptoms.19

Cardiovascular Effects of Parturition

Anxiety, pain, and uterine contractions contribute to the large
hemodynamic effect of labor and delivery. Maternal hyper-

TABLE 12.5. Echocardiographic findings during 
normal pregnancies.

Systolic and diastolic left Minimal increase
ventricular dimensions

Left ventricular function Unchanged or slight increase
Right atrium, right ventricle, Moderate increase in size

and left atrium
Pulmonary, tricuspid, and Annuli dilatate progressively

mitral valve Mild regurgitation present (functional)
Pericardium Small effusion

TABLE 12.6. Chest radiographic findings during 
normal pregnancies.

Parameter imaged Finding

Left upper cardiac border Straightened
Position of the heart Horizontal
Lung fields Increased lung markings
Pleural space Small effusion

TABLE 12.7. Maternal exposure to ionizing radiation from 
diagnostic procedures.

Diagnostic procedure Radiation exposurea

Chest radiograph 20 millirad to the chest
Standard fluoroscopy 1–2 rad/min to the chest
High-level fluoroscopy or cineangiography 2–5 rad/min to the chest
Cardiac catheterization 2–5 rad/min to the chest

aThe goal is to limit total radiation exposure to less than 5 rads. If the dose
exceeds 5 rads, the risk–benefit analysis should be discussed with the pa-
tient, including the option of terminating the pregnancy.

TABLE 12.8. Cardiovascular changes in the nonpregnant state
compared with 40 weeks gestation.

Variable Direction of change Average change

Blood volume � �35%
Plasma volume � �45%
Red blood cell volume � �20%
Cardiac output � �40%
Stroke volume � �30%
Heart rate � �15%
Femoral venous pressure � �15 nm Hg
Total peripheral resistance � �15%
Mean arterial blood pressure � �15 mm Hg
Systolic blood pressure � �0 to 15 mm Hg
Diastolic blood pressure � �10 to 20 mm Hg
Central venous pressure No change

Source: From Cheek TG, Gutsche BB. Maternal physiologic alterations dur-
ing pregnancy. In: Shnider SM, Levinson GL (eds) Anesthesia for Obstet-
rics. Baltimore: Williams & Wilkins, 1987:6. Used by permission.
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ventilation is a ubiquitous response to labor pain, which may
reduce placental perfusion. Epidural analgesia blunts or elim-
inates this response.20,21

Approximately 200 to 400 mL of uteroplacental blood is
translocated into the systemic circulation during each con-
traction, which causes undulating increases of maternal ve-
nous return, stroke volume, cardiac output, and BP.22 Cardiac
output increases progressively from early labor through the
second stage of labor and reaches a peak immediately after
delivery (Figure 12.4); these increases can be associated with
as much as a threefold increase in oxygen consumption.23,24

Epidural anesthesia markedly attenuates the decreases in trans-
cutaneous PO2

25 (Figure 12.5) and hyperkinetic cardiovascular
responses to labor contractions.26 Hagerdal and coworkers27

compared contraction-related oxygen consumption (VO2) and
minute ventilation (VE) before and after induction of epidural
anesthesia (during the first stage of labor). Before epidural anes-
thesia, contractions led to a 63% increase in VO2 and a 74% in-
crease in VE; epidural anesthesia completely prevented these

increases. In the second stage of labor, epidural anesthesia (ver-
sus no epidural) lowered VO2 by 25% and VE by 31%.27

Cardiovascular Changes in the Puerperium

Blood loss averages approximately 500 mL for a vaginal de-
livery and 800 mL for a cesarean delivery. When the blood
loss is minimal, a large transient increase in venous return oc-
curs immediately after delivery, because caval compression
is relieved, and blood from the tonically contracted uterus is
redistributed to the systemic circulation (autotransfusion). Ef-
fective blood volume expands, and there are marked eleva-
tions of ventricular filling pressure, stroke volume, heart rate,
and cardiac output. The circulatory changes during delivery
occur rapidly and can lead to hemodynamic deterioration in
women with compensated cardiovascular disease.

Heart rate and cardiac output fall to prelabor values within
1 hr after delivery, and by 24 h, mean blood pressure and

FIGURE 12.2. Time-related effects of pregnancy on stroke volume
(closed circles) and heart rate (open circles); circles show values be-
fore conception and at the 8th, 16th, and 24th weeks of gestation,
with women in the left lateral position. Elevations of stroke volume
(rather than heart rate) are primarily responsible for the increases in
cardiac output shown in Figure 12.1. (From Capeless EL, Clapp JF.
Am J Obstet Gynecol 1989;161:1449, with permission.)

TABLE 12.9. Cardiovascular measurements.

Before Maximum
pregnancy 8th week 16th week 24th week % change

Cardiovascular parameter (baseline) pregnancy pregnancy pregnancy vs. baseline

Heart rate (beats/min) 65 � 3 68 � 4 72 � 3 73 � 3 �12%
End-diastolic volume (mL) 109 � 9 122 � 9 125 � 8 126 � 8 �16%
Stroke volume (mL) 65 � 5 79 � 5 83 � 6 81 � 5 �28%
Ejection fraction (%) 61 � 2 64 � 4 66 � 2 64 � 2 �8%
Cardiac output (L/min) 4.2 � 0.4 5.2 � 0.3 5.9 � 0.4 5.7 � 0.3 �40%
Mean arterial pressure (mm Hg) 69 � 3 62 � 4 69 � 2 67 � 4 �10%
Systemic vascular resistance (dynes sec cm�5) 1376 � 143 969 � 76 926 � 68 930 � 82 �33%

Source: From American Journal of Obstetrics & Gynecology 1989;161:1449 (with modification).

FIGURE 12.1. Time-related effects of pregnancy on cardiac output
(closed circles) and mean arterial pressure (open circles); circles
show values before conception and at the 8th, 16th, and 24th weeks
of gestation. Data were determined using echocardiography with
women in the left lateral position. (From Capeless EL, Clapp JF.
Am J Obstet Gynecol 1989;161:1449, with permission.)
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12. Cardiovascular Disease in Pregnancy 159

FIGURE 12.3. Compression of the aorta (A)
and vena cava (VC) when the mother is
supine (drawing on left). When she is in the
left lateral recumbent position (wedge under
her right hip), both vessels are patent (draw-
ing on right). R, right; L, left. (From Dripps
RD, Eckenhoff JE, Vandam LE. Introduction
to Anesthesia: The Principles of Safe Prac-
tice, 6th ed. Philadelphia: Saunders, 1982:
286, with permission.)

TABLE 12.10. Central hemodynamic changes.

Parameter Nonpregnant Pregnant

Cardiac output (L/min) 4.3 � 0.9 6.2 � 1.0
Heart rate (beats/min) 71 � 10.0 83 � 10.0
Systemic vascular resistance (dyne cm sec�5) 1,530 � 520 1,210 � 266
Pulmonary vascular resistance (dyne cm sec�5) 119 � 47.0 78 � 22
Colloid oncotic pressure (mm Hg) 20.8 � 1.0 18.0 � 1.5
Colloid oncotic pressure–pulmonary capillary wedge pressure (mm Hg) 14.5 � 2.5 10.5 � 2.7
Mean arterial pressure (mm Hg) 86.4 � 7.5 90.3 � 5.8
Pulmonary capillary wedge pressure (mm Hg) 6.3 � 2.1 7.5 � 1.8
Central venous pressure (mm Hg) 3.7 � 2.6 3.6 � 2.5
Left ventricular stroke work index (g m m�2) 41 � 8 48 � 8

Source: Clark SL, Cotton DB, Lee W, et al. Am J Obstet Gynecol 1989;161:1439. Used by permission.

paired before pregnancy to improve both maternal and fetal
prognosis. Similarly, a woman may benefit from an electro-
physiologic study, a radiofrequency ablation procedure, or the
insertion of a pacemaker or an automatic implantable car-
dioverter-defibrillator (AICD) before conception.

Special Considerations

Preventing a Crisis

Parturients with significant CV disease should be managed by
a multidisciplinary team at a high-risk medical center where
around-the-clock coverage is provided by specialists in peri-
natology, cardiology, cardiac surgery, nursing, and obstetric
anesthesiology.28 If a woman’s CV disorder is associated with
a high likelihood of maternal morbidity or mortality (see Table
12.1), she should undergo a thorough cardiac evaluation. The
cardiologist and obstetrician should discuss their findings with
the parturient, so that she can make an informed decision about
continuing or terminating the pregnancy.

Pregnancy depletes the CV reserve of such parturients, ren-
dering them vulnerable to stresses that might otherwise be in-
consequential. Thus, it may be particularly challenging to
manage obstetric complications and emergencies including
preeclampsia, placental previa, abruptio placentae, acute fe-
tal distress, uterine atony and postpartum hemorrhage. The

stroke volume have returned to their prelabor values.9 The
cardiovascular changes of pregnancy resolve gradually dur-
ing the first 3 to 6 months after delivery. However, residual
effects due to cardiovascular remodeling can persist for at
least a year postpartum and may lead to augmented circula-
tory changes during a subsequent pregnancy.13

Management of Women 
with Cardiovascular Disease: 
General Principles

General principles of management for women with cardio-
vascular disease (CV) are shown in Table 12.11.

Preconceptual Counseling

Women should receive preconceptual counseling about the
impact of pregnancy on their underlying disease (see Table
12.1) and their functional cardiac status (Table 12.12). The
process should include a thorough medical evaluation and a
discussion of cardiac procedures that would be best performed
in the nonpregnant state to avoid potential fetal risks. If a
woman has a major cardiac lesion that is correctable (e.g.,
critical aortic stenosis), she should be advised to have it re-
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obstetric team and parturient should discuss potential maternal–
fetal triage scenarios and develop contingency plans for un-
expected emergencies, so that life-and-death decisions do not
have to be made during a crisis.

Medical Management

Careful medical management is the key to a successful outcome
of pregnancy for a woman with severe CV disease. She should
be seen weekly, with special consideration given between the
28th and 36th weeks of gestation. The obstetrician should ad-
dress emotional problems and levels of physical activity. If dys-
pnea, palpitations, or fatigue occurs, then physical exertion
should be restricted. Attention to diet is important. A nutrition-

ally sound diet with supplemental vitamins and iron helps to pre-
vent both anemia and excessive weight gain (whether from
overeating or high salt intake). Women who are taking certain
diuretics may need potassium supplements. Prevention of infec-
tion is paramount and requires careful observation by the ob-
stetric team. Finally, vigilance for manifestations of congestive
heart failure is essential during the weekly visit; a woman with
CV disease who shows signs of decompensation may need to be
hospitalized a few weeks before delivery for closer monitoring.

Anticoagulant Therapy

Women with cardiac disease often require medication to pre-
vent or treat conditions associated with thrombosis and

MATERNAL
HEART RATE

THORACIC
IMPEDANCE

RESPIRATE

1 2 3 min

65

100before

–100

–50 bpm

tcPO2
AFTER COMPLETE ANALGESIA

100 mmHg

FIGURE 12.4. Cardiac output during the first stage of labor. Bar
heights show mean values of cardiac output (L/min) determined
echocardiographically before labor, as labor progressed (early �3
cm; middle 4–7 cm; late �8 cm; cervical dilation), and after deliv-
ery (at 1 h and 24 h). CTX, uterine contraction; PP, postpartum. Mea-
surements during labor were taken both in the basal state (between
CTX) and at the peak of a CTX. Basal cardiac output increased by
0.9 L/min in the first stage of labor, whereas cardiac output during
contractions increased progressively as labor advanced (i.e., from

FIGURE 12.5. Epidural analgesia blunts maternal car-
diopulmonary responses to labor (i.e., heart rate, venti-
lation, thoracic impedance, and transcutaneous oxygen
tension, [tcPO2] to labor. Painful uterine contractions
(left) cause maternal hyperventilation; this leads to hy-
poventilation between contractions; which causes tcPO2

to decrease from 100 to 65 mm Hg. Epidural analgesia
(right) stabilizes maternal heart rate, pattern of ventila-
tion, and [tcPO2] at 100 mm Hg. (From Huch R, Huch
A, Lubbers DW. Transcutaneous PO2, New York:
Thieme-Stratton, 1981:139, with permission.)

1.1 to 1.8 to 2.7 L/min in early, middle, and late labor, respectively).
Larger stroke volumes accounted for the increases of basal cardiac
output, whereas the CTX-related elevations resulted from increases
of both stroke volume and heart rate. Women studied (n � 15) re-
ceived labor analgesia with meperidine, nitrous oxide, and oxygen
and had uncomplicated vaginal deliveries. (Data from Robson SC,
Dunlop W, Boys RJ, Hunter S. Cardiac output during labour. Br
Med J 1987;295:1169.)
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thromboembolism. Anticoagulant medications must be used
with care to minimize risks of fetal malformation and injury
while optimally protecting the mother from devastating
thrombotic complications. Occasionally, a conflict will occur.
If a woman has a first-generation mitral valve prosthesis, then
continuous warfarin therapy throughout pregnancy may be
safer than discontinuing its use during the period of fetal
organogenesis. Such therapy, however, subjects the fetus to
increased risks of congenital malformation.

Because heparin does not cross the placenta, it has no di-
rect effects on the fetus. In contrast, warfarin readily traverses
the placenta and often causes severe fetal complications. Gins-
berg and Hirsch29 reported that the perinatal death rate was
2.5% when the mother received heparin versus 16.8% when
the mother received warfarin. They noted that warfarin was
associated with an embryopathy in 4.6% of pregnancies (45

of 970).29 Iturbe-Alessio et al.30 reviewed rates of congenital
malformations related to first trimester warfarin therapy in
women with cardiac valvular disease. Embryopathies oc-
curred in 10 of 35 (29%) infants exposed to warfarin between
the 6th and 12th weeks of gestation, but there was not a sin-
gle embryopathy when heparin was substituted for warfarin
during these gestational weeks (19 pregnancies studied). They
recommended that once pregnancy is recognized, women
should be switched from warfarin to heparin.

To achieve the desired benefits of heparin therapy, the
mother must also bear its risks. Unfractionated heparin in-
creases the risk of bleeding complications during pregnancy
and osteoporosis. Patients with ischemic heart disease who
receive subcutaneous heparin for longer than six months are
at increased risk for developing osteoporosis; this concern
may be of relevance for pregnant women who require anti-
coagulant therapy throughout pregnancy. Fortunately, heparin-
related bone abnormalities may resolve after the heparin is
discontinued.31

Infective Endocarditis

Infective endocarditis is a rare but debilitating condition. The
incidence has been estimated to be as high as 1 in 8000 de-

TABLE 12.11. General principles of management for women with cardiovascular disease.

Stage Goals of care

Before conception Identify CV conditions and functional class. Obtain cardiology evaluation.
Advise to undergo necessary surgical corrections.
Counsel about prognosis for successful pregnancy outcome, including risks to maternal health (long term) and of fetal anomalies

and fetal wastage.
Review issues related to future pregnancy (e.g., increased need for maternal and fetal surveillance).
Review medications and discuss the risk–benefit analysis for each medication with cardiologist and patient.
Provide birth control counseling to help prevent unwanted pregnancies.

First trimester Perform multidisciplinary evaluation by cardiology and perinatology.
Counsel about risks of maternal morbidity and mortality, as well as prognosis for successful pregnancy outcome.
Reevaluate medications with cardiologist, adjusting as needed to minimize fetal risks without compromising maternal CV status.
Avoid therapeutic interventions that can safely be postponed until the second trimester (e.g., fluoroscopy).
Review option of pregnancy termination if maternal morbidity and mortality are significant.
Discuss transfer of care to a tertiary referral center.

Second trimester Continue close multidisciplinary evaluation of patient.
Evaluate for fetal congenital heart disease by level II fetal ultrasound.
Evaluate fetal growth by serial fetal ultrasound.
Perform necessary cardiac diagnostic studies, procedures, and operations.
Adjust medication doses to maintain therapeutic levels.
Implement restriction of maternal activity as necessary to maintain CV stability.

Third trimester Continue close multidisciplinary evaluation of patient.
Institute fetal testing with weekly NSTs.
Evaluate growth by serial fetal ultrasound.
Obtain OB anesthesia consultation.
Have team meeting on labor and delivery to plan delivery management.
Review risk–benefit of induction, spontaneous labor, and elective cesearean section.
If anticoagulated, switch to unfractionated heparin.

Labor and delivery Close monitoring by multidisciplinary team.
Adequate pain relief.
Monitoring of maternal cardiovascular condition and fluid status in ICU setting as necessary.

Postpartum phase Take measures to prevent (and manage) postpartum clinical deterioration typically associated with specific maternal CV diseases.
Hemodynamic monitoring in ICU setting.

CV, cardiovascular; NST, nonstress test; ICU, intensive care unit.

TABLE 12.12. New York Heart Association (NYHA) 
functional classification.

Class I: Asymptomatic
Class II: Symptomatic with exertion
Class III: Symptomatic with normal activity
Class IV: Symptomatic at rest
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liveries.32 This incidence appears to be decreasing, which may
be a result of the extensive use of antibiotics, the decreased
prevalence of RHD, improved aseptic technique during ob-
stetric procedures, or aggressive treatment of obstetric infec-
tions. Risk factors for endocarditis in patients with preexist-
ing cardiac lesions include dental and urologic procedures,
intravenous injections of illicit drugs,33 and prolonged ther-
apy with intravenous medications. Mothers with infective en-
docarditis have an overall mortality rate of nearly 30%, and
the fetal mortality rate is about 23%.34 Seaworth and Durack34

reported that streptococci (usually Streptococcus viridans) is
the pathogen in 75% of cases; enterococci and group B strep-
tococci are uncommon causes (except after abortion).

Antibiotic Prophylaxis

Controversy still exists about the need for prophylactic an-
tibiotics for a woman who is expected to have an uncompli-
cated labor and vaginal delivery.35 There is general agree-
ment, however, that prophylactic antibiotics are indicated for
procedures that cause bacteremia when patients are at in-
creased risk for endocarditis due to surgically constructed sys-
temic-pulmonary shunts or conduits, prosthetic valves, RHD,
or previous infective endocarditis.35–37 Prophylactic antibi-
otics, intravenous ampicillin and gentamicin, are often typi-
cally given during labor and again 24 h after delivery. For a
penicillin-allergic patient, vancomycin may be substituted.35

The use of prophylactic antibiotics is not recommended for
an uncomplicated elective cesarean delivery in a woman who
is not in labor and has intact membranes. The current rec-
ommendations are shown in Table 12.13.

Obstetric Considerations

Preparing for Delivery

After establishing that the risk for perinatal morbidity or mor-
tality is increased, consultations with perinatologists and pe-
diatricians should be arranged as early as practical. A pedia-
trician should attend the delivery because the primary
responsibility of the obstetrician and anesthesiologist is to

provide maternal care, and they may be unavailable to assist
with neonatal resuscitation. Postpartum care of the mother
should occur in a setting that is equipped and staffed to mon-
itor and treat women whose CV condition may abruptly de-
teriorate following delivery.

Vaginal Versus Cesarean Delivery

Cesarean delivery has often been recommended for women
with CV disease to circumvent the hyperkinetic circulatory
effects of labor and vaginal delivery. However, a cesarean de-
livery does not eliminate the CV stresses of delivery. Cardiac
output may increase up to 50% during and after an elective
cesarean delivery, and oxygen consumption shortly after de-
livery may be 25% higher than the prepregnancy value.38 Fur-
thermore, a cesarean delivery, especially if emergent, in-
creases the likelihood of major circulatory instability, which
may result from the larger blood loss or the greater depth of
anesthesia that is required for cesarean delivery. General anes-
thesia, for example, is usually associated with transient tachy-
cardia, episodes of hypertension or hypotension, and myo-
cardial depression. Neuraxial anesthesia produces an
extensive sympathectomy, which lowers BP, alters heart rate,
and often requires immediate treatment with vasoactive
agents. Profound hypotension and tachycardia are likely to
occur when a woman with a sympathectomy hemorrhages or
receives a large dose of oxytocin to treat uterine atony. More-
over, a neuraxial anesthetic will occasionally fail to ade-
quately block nociceptive input; this can lead to a stress re-
sponse and necessitate an emergent general anesthetic, which
can further destabilize the circulation.

Anesthesia Considerations

Anesthesia Consultation

The anesthesia consultation should be scheduled far in ad-
vance of the anticipated time of delivery. The anesthesiolo-
gist gives special attention to the obstetric and cardiac his-
tory. The physical examination focuses on the CV and
pulmonary systems, as well as on the airway and lumbar spine.

TABLE 12.13. Prophylactic antibiotic regimens for genital urinary and gastrointestinal procedures.

Regimen Drug Dosage regimen

Standard regimen Ampicillin, gentamicin, Ampicillin 2.0 g, IV or IM, plus gentamicin 1.5 mg/kg (not to exceed 80 mg), 
amoxicillin IV or IM, 30 min before the procedure; followed by amoxicillin 1.5 g orally, 6 h 

after the initial dose.
Alternatively, the parenteral regimen may be repeated once, 8 h after the initial dose.

Alternative regimen for Amoxicillin 2.0 g orally 1 h before procedure; then 1.5 g 6 h after the initial dose.
low-risk patient

Regimen for patients Vancomycin and gentamicin Vancomycin 1.0 g, IV, over 1 h, plus gentamicin 1.5 mg/kg (not to exceed 80 mg), 
allergic to ampicillin, IV or IM, 1 h before the procedure; may be repeated once, 8 h after the initial dose.
amoxicillin, and penicillin

IV, intravenous; IM, intramuscular.
Source: Data from Djena AS, Taubert KA, Wilson W, et al. Prevention of bacterial endocarditis: recommendations of the American Heart Association.
JAMA 1997;277:1794–1801.
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Oxygen saturation (SpO2) is measured while the patient is
breathing room air. The electrocardiogram (ECG) with
rhythm strip and echocardiographic findings are reviewed.
The anesthesiologist, in consultation with the cardiologist,
may pursue additional cardiac testing to promote a better un-
derstanding of the patient’s cardiac disease. The anesthesia
team should be made aware of the obstetrician’s plan re-
garding the use of anticoagulant medications, so that neurax-
ial anesthesia, if desired, will not be withheld because the pa-
tient is anticoagulated around the time of delivery. The
anesthetic plan highlights the hemodynamic goals for man-
agement of the patient’s cardiac disease and addresses mon-
itoring requirements, anesthesia techniques, and medical ther-
apy for optimizing both maternal and perinatal outcome.

Monitoring for Labor and Delivery

A baseline 12-lead ECG and rhythm strip should be obtained
for all cardiac patients. It is prudent to monitor the ECG dur-
ing labor and delivery and to display two leads simultane-
ously (i.e., II and V5) to facilitate the detection of myocar-
dial ischemia and arrhythmias.

Blood Pressure

A standard sphygmomanometer and cuff should be used to
measure blood pressure (BP) in both arms to help detect ma-
jor pathology of the aorta or large arteries. Such measure-
ments are also useful for verifying the accuracy of an auto-
mated BP monitor or an arterial line. Continuous BP
monitoring should be considered for women with moderate
to severe valvular lesions, congenital heart disease, conges-
tive heart failure, ischemic heart disease, or aortic pathology
such as occurs with Marfan syndrome. An arterial catheter
provides beat-to-beat BP information, allows easy sampling
of arterial blood gases, and may be less traumatic to a patient
than prolonged use of an automated device that inflates and
deflates every 1 to 2 min. The morbidity of a radial artery
catheter is extremely low when proper precautions are taken.

Pulse Oximetry

Pulse oximetry is a valuable tool for evaluating the adequacy
of oxygenation of arterial blood. Continuous monitoring of
SpO2 is helpful for managing a congenital heart disease that
involves an intracardiac shunt. A decrease in SpO2 may in-
dicate a worsening of the shunt, a greater degree of V/Q mis-
matching, or a lower cardiac output. Elevations of SpO2 sug-
gest an improvement in cardiopulmonary function. Thus,
SpO2 may be useful for gauging a patient’s response to var-
ious therapeutic interventions.

Temperature

Maintaining normothermia helps to prevent undesirable in-
creases in oxygen consumption, deleterious changes in vas-
cular resistance, and cardiac arrhythmias. Several methods

provide accurate measurements of core temperature, includ-
ing the use of a compensated infrared thermometer in the ex-
ternal auditory canal or the thermistor of an indwelling pul-
monary artery (PA) catheter.

Central Pressure Monitoring

Decisions about invasively monitoring the central circulation
are based on a careful analysis of the potential risks involved
versus the anticipated benefits of such monitoring. Before a
central catheter is inserted, the patient should receive supple-
mental oxygen and anxiolytic doses of sedatives. During the
procedure, BP, ECG, SpO2, and fetal heart rate should be
monitored. Uterine displacement is important. It is generally
advisable to minimize the time that the patient is maintained
in the Trendelenburg position.

A central venous pressure (CVP) catheter is useful for par-
turients with severe CV disease because it provides continu-
ous information about intravascular volume status, as well as
a direct conduit for administering drugs into the central cir-
culation. Potential complications of a CVP catheter include
hemorrhage, infection, nerve injury, pneumothorax, and air
embolism.

Pulmonary Artery Catheter

A pulmonary artery (PA) catheter can provide a wealth of in-
formation: (1) direct measurements of CVP and PA pressure;
(2) indirect measurement of left atrial pressure via the pul-
monary capillary wedge pressure (PCWP); (3) measurement
of cardiac output by thermodilution (using the Fick princi-
ple); and (4) calculations of systemic vascular resistance
(SVR) and pulmonary vascular resistance (PVR). In addition,
CVP and PA waveforms can be monitored continuously,
which may facilitate early detection of, and proper interven-
tion for, tricuspid or mitral regurgitation. Furthermore, mixed
venous O2 saturation (SvO2) can be measured from blood
samples drawn from a PA catheter. An oximetric PA catheter
allows continuous monitoring of SvO2. Finally, a PA catheter
that is equipped with multiple electrodes or channels for in-
sertion of a pacer wire can be useful for electrically pacing
the heart.

Pulmonary Artery versus Central 
Venous Pressure Catheter

Although a PA catheter can clearly provide more information
than a CVP catheter, it is difficult to know in advance whether
the value of the additional information will justify the addi-
tional risks of a PA catheter. Because a PA catheter traverses
an actively moving valve in the beating heart, it can trauma-
tize both the valve and myocardium. The catheter provides a
nidus for clot formation which may occur more often in hy-
percoagulable states, such as pregnancy. Complications asso-
ciated with the use of a PA catheter include (1) venous or ar-
terial hemorrhage and hematoma; (2) arrhythmias; (3)
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pneumothorax; (4) infection; (5) myocardial or valve injury;
(6) pulmonary artery rupture; (7) pulmonary ischemia and in-
farction; (8) thromboembolism; (9) air embolism; (10) mi-
croshock; (11) cerebral ischemia and infarction; and (12) neu-
rovascular trauma. In addition, insertion of a PA catheter
occasionally induces a transient right bundle branch block
(RBBB), which can cause a complete heart block if the pa-
tient has a preexisting left bundle branch block (LBBB). De-
spite the many potential complications associated with a PA
catheter, major problems seldom arise. However, when they
do, the effects can be catastrophic, particularly in a patient
with minimal CV reserve function.

A pulmonary catheter may help in the management of a
pregnant woman who has (1) ischemic heart disease, (2) con-
gestive heart failure, (3) primary pulmonary hypertension, (4)
severe valvular disease, (5) hypotension associated with pul-
monary edema or renal insufficiency or (6) septic shock. In
the setting of acute myocardial infarction (MI), PCWP pro-
vides a more accurate reflection of left ventricular filling pres-
sure than does the CVP pressure. Prophylactic insertion of a
PA catheter may be warranted in women who are known to
have an ejection fraction below 0.4, a left ventricular end-
diastolic volume (LVEDV) exceeding 18 torr, or a cardiac in-
dex of less than 2.0 liter/min/meter2. The value of a PA catheter
generally increases as cardiovascular reserve function is be-
coming depleted; that is, when incorrect clinical decisions can
have lethal consequences. The benefits of a PA catheter are
often best appreciated in retrospect, perhaps after struggling
to manage severe hemodynamic instability in a parturient with
pulmonary hypertension and right ventricular failure.

The risk–benefit analysis will seldom favor using a PA
catheter for parturients who have critical aortic stenosis but
no other cardiovascular lesion. An arrhythmia triggered by in-
serting a PA catheter can cause a marked decrease in cardiac
output, resulting in CV collapse. A CVP catheter and an ar-
terial line usually provide the essential hemodynamic infor-
mation in a parturient with aortic stenosis. Reductions of BP
that result from a very carefully titrated neuraxial anesthetic
are usually straightforward to correct.

With Eisenmenger syndrome, the risk–benefit analysis will
rarely favor the use of a PA catheter; relatively common com-
plications associated with this monitoring device can produce
devastating consequences in these patients. In addition, the
catheter may pass through the defect between the right and
left circulation [e.g., atrial septal defect (ASD), ventricular
septal defect (VSD)] and cause cardiac trauma. Finally, car-
diac output data are difficult to interpret due to the intracar-
diac shunt.

Regional and General Anesthesia

The terms regional anesthesia (or analgesia) and neuraxial
anesthesia (or analgesia) are used interchangeably in this
chapter. Generally, analgesia refers to the desired result of a
neuraxial technique that blocks pain (e.g., parturition),

whereas anesthesia will refer either to the desired result of a
technique used for a woman undergoing a cesarean delivery
or be used synonymously with the term analgesia. The tech-
niques for providing analgesia and anesthesia are the same,
but anesthesia involves a denser block and a more extensive
sympathectomy (i.e., a higher dose of local anesthetic) than
analgesia. The preferred neuraxial technique for a woman
with CV disease is usually continuous epidural (i.e., standard
epidural) or continuous spinal-epidural (CSE), and occasion-
ally continuous spinal anesthesia.

Parturients whose CV reserve function is markedly de-
creased can benefit greatly from neuraxial anesthesia. The
anesthetic not only ablates their pain but also minimizes their
stress and hemodynamic responses to labor and delivery. Neur-
axial anesthesia is also preferred to general anesthesia for such
women who have a cesarean delivery. A very carefully titrated
neuraxial anesthetic is less likely than a general anesthetic to
cause a sudden or unexpected change in CV and pulmonary
parameters.

General anesthesia involves interventions that can cause
cardiovascular collapse in a patient whose circulatory status
is tenuous. These include (1) laryngoscopy and tracheal intu-
bation, which are very stimulating procedures; (2) positive
pressure ventilation, which may abruptly decrease venous re-
turn and cardiac output; and (3) use of pharmacologic agents,
which may adversely affect the cardiovascular system. A
rapid sequence induction with thiopental and succinylcholine
is a standard component of a general anesthetic for cesarean
delivery, and often causes acute hemodynamic perturbations.
Moreover, the standard anesthetic does not effectively block
stress responses to noxious stimuli, because the anesthetic
depth is intentionally limited to minimize fetal exposure to
anesthetic agents and to prevent uterine atony. Pretreatment
with a beta-blocker (e.g., labetalol) can reliably blunt the he-
modynamic response to laryngoscopy and tracheal intubation,
but it may also cause CV decompensation in a patient who
has an acutely failing left ventricle.

When general anesthesia is required, an opioid-based tech-
nique is preferred for women who cannot tolerate major he-
modynamic perturbations. A carefully conducted opioid-
based anesthetic typically provides remarkable CV stability
throughout anesthesia and surgery. However, the rate of anes-
thesia induction is slower than with the standard rapid se-
quence method; this prolongs the time until the airway is se-
cured and theoretically increases the risk of aspiration
pneumonitis. To minimize this risk, women should refrain
from eating or drinking for 8 h before an elective cesarean
delivery or be nourished with clear liquids only during labor.
Women may also benefit from medications, such as sodium
citrate (30 mL by mouth) and metoclopramide (10 mg IV, 30
min before induction) before anesthesia is induced. During
induction, cricoid pressure is applied and maintained until the
airway has been secured with a cuffed tracheal tube.

If the induction involves a high-dose of fentanyl, the fetus
may become narcotized. This is only a minor problem when
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the pediatric team is present for delivery; they can ventilate
the newborn and antagonize the fentanyl-induced respiratory
depression with naloxone. The mother will often require me-
chanical ventilation postoperatively, which can favorably af-
fect the dynamics of some cardiac disorders by reducing both
preload and afterload. However, for women with a highly pre-
load-dependent circulatory system, the elevated intrathoracic
pressures from ventilatory support may be deleterious. Posi-
tive pressure ventilation worsens cardiopulmonary dynamics
of some congenital heart diseases by altering V/Q matching,
venous return, cardiac output, size of the shunt, and even shunt
direction. In addition, the timing and techniques of extuba-
tion require careful attention to minimize “bucking on the
tube,” which can cause profound circulatory effects.

Remifentanil, an ultrashort-acting congener of fentanyl, is
a useful adjunct for a general anesthetic whose goals include
optimal hemodynamic stability and minimal respiratory de-
pression of the newborn and mother postoperatively.39–41

Remifentanil readily crosses the placenta, is rapidly cleared
by the fetus, and does not appear to affect the newborn.39

Scott et al.41 described a woman with mitral valve disease,
asthma, and preeclampsia who had an emergency caesarean
delivery performed under a general anesthetic that included
remifentanil; good hemodynamic stability was achieved with-
out neonatal respiratory distress. Infusions of remifentanil and
propofol have been reported to provide stable general anes-
thesia for successful cesarean delivery of women with multi-
valvular disease and severe pulmonary hypertension42 and
peripartum cardiomyopathy.40

Neuraxial anesthesia, unlike general anesthesia, can effec-
tively block afferent nerve transmission and minimize the re-
lease of endogenous catecholamines, antidiuretic hormone, and
other neuroendocrine transmitters associated with the stress re-
sponse.43 Because a “single-shot” spinal anesthetic often pro-
duces an abrupt sympathectomy and hypotension, it is con-
traindicated for women who cannot tolerate circulatory
instability. In contrast, continuous neuraxial techniques with
proper monitoring will typically provide both effective anes-
thesia and cardiovascular stability when neuraxial medications
are slowly titrated while intravenous agents are carefully ad-
ministered to prevent hypotension. This approach is usually pre-
ferred for a pregnant woman with CV disease, even for one with
tight aortic stenosis,43 hypertrophic obstructive cardiomyopathy
(HOCM),44 mitral stenosis,45 Eisenmenger’s syndrome,46 or
MI.47 At the end of the operation, the sympathectomy should
be allowed to resolve in a timely manner. Some women, such
as those with severe mitral stenosis, may develop pulmonary
edema when the resolution of the sympathectomy coincides with
the postpartum expansion of intravascular volume.

Continuous neuraxial anesthesia offers several potential ad-
vantages over general anesthesia. First, the parturient is usu-
ally awake, cooperative, and capable of reporting the onset of
cardiac symptoms. Second, regional anesthesia avoids the he-
modynamic lability associated with tracheal intubation and
the potentially adverse effects of positive pressure ventilation

on intrathoracic pressure. Third, neuraxial anesthesia provides
good CV stability and blunts the stress response. Fourth, a
sensory level of T4 or higher blocks sympathetic outflow and
may thereby reduce heart rate and prevent coronary artery
spasm. Fifth, the associated sympathectomy decreases sys-
temic vascular tone, which reduces cardiac work and may im-
prove forward cardiac output. Sixth, women with arrhythmic
disorders may benefit from an epidural infusion of 2% lido-
caine, which produces plasma lidocaine levels that have been
shown to suppress ventricular arrhythmias.48 Finally, epidural
or spinal morphine provides effective and long-lasting post-
operative analgesia.

Treatment of Anesthesia-Induced Sympathectomy

Ephedrine is usually the preferred vasoactive agent of choice
for treating hypotension associated with regional anesthesia
in parturients.49–51 Butterworth and coworkers52 studied the
CV effects of ephedrine in a dog model that involved car-
diopulmonary bypass and an indwelling spinal catheter. A
high level of spinal anesthesia decreases arterial resistance,
dilates venous capacitance beds, and lowers heart rate by
blocking cardiac sympathetics without altering parasympa-
thetic outflow. In this setting, intravenous ephedrine increases
arterial resistance, constricts venous capacitance vessels, and
exerts both positive inotropic and chronotropic effects.

Ephedrine and dopamine act on the CV system in a man-
ner almost exactly reciprocal to the effects of sympathectomy
associated with high spinal or epidural anesthesia.52,53

Phenylephrine also increases peripheral vascular resistance
and decreases venous capacitance, but unlike ephedrine or
dopamine, it has minimal effects on myocardial contractility
and heart rate.

The effects of several vasoactive agents on placental per-
fusion were studied in chronically instrumented pregnant
ewes.54 Each agent was titrated to produce a 25% elevation
of maternal BP. Ephedrine best maintained placental perfu-
sion. The relevance of this finding to regional anesthesia-in-
duced hypotension is questionable for two reasons: (1) preg-
nant women rarely receive intravenous vasopressors with the
intent of elevating their BP to a supernormal level; and (2)
pressure-flow autoregulation does not occur in placental ves-
sels. Placental vessels are usually maximally dilated, so pla-
cental perfusion is highly dependent on maternal BP.54 In this
context, an alpha-agonist may improve placental perfusion by
restoring a normal maternal BP. Although phenylephrine can
partially constrict placental vessels, this effect is probably not
clinically important because of the large vascular reserve in
a normal placenta. Clinical studies have confirmed that
phenylephrine is a safe and effective drug for treating mater-
nal hypotension associated with regional anesthesia.55,56

However, in the presence of severe uteroplacental insuffi-
ciency, an alpha-agonist could theoretically produce a detri-
mental effect. At present, there has not been a large random-
ized clinical study to address this issue.
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The proper selection of a vasoactive agent requires consid-
eration of a woman’s underlying cardiovascular disease.
Phenylephrine would be preferred over ephedrine for treating
patients with cardiac conditions exacerbated by (1) tachy-
arrhythmias, such as those with HOCM, aortic stenosis, or acute
MI; (2) increases in heart rate or contractility, including women
with ischemic heart disease; or (3) decreases in SVR, includ-
ing women with Eisenmenger syndrome. If concerns arise that
a vasoactive agent might be causing important reductions of
uteroplacental perfusion, the status of the fetus can be assessed
by continuously monitoring the fetal heart rate (FHR) and in-
termittently sampling fetal scalp capillary pH.

Termination of Pregnancy

Despite advances in medical technology, pregnancy with cer-
tain CV disorders still portends a poor maternal and perina-
tal outcome. A pregnant woman with Eisenmenger’s syn-
drome, Marfan syndrome with major aortic involvement, or
peripartum cardiomyopathy is at relatively high risk of death
or of becoming a postdelivery cardiac cripple if the gestation
is not terminated.57,58 In such situations, termination is often
offered to protect the mother’s life.

Although a termination procedure is usually brief, a com-
plete perioperative plan should still be developed, focusing
on the woman’s underlying cardiac disease. All patients
should receive supplemental oxygen and adequate sedation.
Monitoring requirements during and after the procedure are
determined by the acuity of the patient’s CV disorder. A neur-
axial anesthetic (using a low dose of local anesthetic and fen-
tanyl) that is titrated to a level of T9–T10 may be the tech-
nique of choice if not contraindicated. This approach provides
excellent anesthesia with minimal hemodynamic effects; typ-
ically, the patient is comfortable but less sedated than when
the procedure is performed using a paracervical block and in-
travenous sedation. The postoperative management team
should be vigilant for signs of bleeding and alterations in co-
agulation status.

Cardiac Surgery and Cardiopulmonary Bypass

Surgical treatment for acutely decompensated heart disease
may be the best, and sometimes the only, effective option
even if the patient is pregnant. In 1969, Zitnick et al.59 re-
ported on a series of 20 cases of cardiopulmonary bypass
(CPB) during pregnancy; there was one maternal death (5%
mortality rate) and a 33% fetal mortality. In 1983, Becker60

reviewed 68 open-heart procedures; 98.5% of mothers and
80% of the fetuses survived. Definitive cardiac surgery dur-
ing pregnancy has become remarkably safe for the mother.
The fetal survival rate is respectable, especially when one con-
siders what the fetal outcome would have been if the mother
were to die or to have a therapeutic abortion to prevent car-
diac decompensation.61,62 Congenital anomalies associated
with CPB have been minimal.

The optimal timing of cardiac surgery is probably during
the second trimester before the 30th week of gestation. This
approach avoids exposing the fetus to drugs and surgical stress
during organogenesis and minimizes the risk of preterm la-
bor that is unresponsive to tocolysis, which becomes in-
creasingly likely as the gestation approaches term.

Perioperative Management

The anesthetic should be tailored to the underlying cardiac
disease. General considerations include avoiding aortocaval
compression prior to, during, and after CPB and preventing
aspiration pneumonitis. Most anesthetic agents have a long
record of safety in pregnancy, including fentanyl, morphine,
thiopental, scopolamine, succinylcholine, pancuronium, and
isoflurane.

Placental perfusion is pressure dependent, so the mother
should remain normotensive. Hypotension should be treated
immediately, using IV fluids, ephedrine, or phenylephrine, in
accordance with the underlying cardiac lesion. Heparin and
protamine are well tolerated by the fetus. Pregnancy may in-
crease the likelihood of thrombosis, particularly in women
with prosthetic mechanical valves.30,63,64 Failure to achieve
adequate anticoagulation in women with a thrombosed mitral
valve prosthesis has necessitated immediate cesarean deliv-
ery before and during CPB.65,66

The optimal method for protecting the fetus on CPB is un-
clear. During CPB, it seems prudent to maintain perfusion
pressures in the high-normal range (preferably �60 mm Hg)
and the maternal PaO2 between 200 and 300 mm Hg. Mater-
nal blood volume and hematocrit are maintained with IV bal-
anced salt solution and blood, as needed. Surprisingly, the 
fetus tolerates nonpulsatile CPB well. Farmakides et al.67

studied uterine artery blood flow on CPB using uterine–
umbilical velocimetry and noted that uterine artery flow was
pulsatile, despite nonpulsatile pump flow. Hypothermia has
been associated with both good and poor fetal outcomes.68,69

Mild hypothermia (�32°C) appears to be well tolerated by
the fetus. The risk of a fetal arrhythmia or cardiac arrest is
increased at a low core temperature.

When possible, FHR monitoring and maternal tocody-
namometry should be used intraoperatively and postopera-
tively. During CPB, there is minimal beat-to-beat variability,
and baseline FHR is reduced67–72; occasionally, a sinusoidal
FHR pattern occurs.72 The effects on FHR may be caused by
anesthetics such as high-dose opioids, hypothermia, or non-
pulsatile blood flow. After rewarming, fetal tachycardia of-
ten occurs transiently, and FHR variability returns to normal.

Postpartum Concerns

The mother should be monitored for the onset of premature
labor for several days following surgery. If labor begins and
tocolysis is indicated, tocolytic agents such as magnesium sul-
fate or terbutaline should be selected on the basis of the
woman’s CV condition. Women with a mechanical prosthetic
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valve require anticoagulant therapy, whereas those with a bio-
prosthetic valve do not.

Cardiopulmonary Resuscitation 
During Pregnancy

Preparations to Manage Cardiac Arrest

Cardiac arrest during pregnancy is rare, occurring in about 1
case per 30,000 deliveries,73 but the incidence is higher among
women with CV disease. Resuscitators must recognize (1) the
need to relieve aortocaval compression; (2) the significant
physiologic adaptations associated with pregnancy; and (3)
the need to perform a cesarean delivery within minutes if the
resuscitation is not successful.

For a mother who is rapidly deteriorating hemodynami-
cally, the following simple and potentially lifesaving actions
should not be overlooked: (1) laterally displace the gravid
uterus; (2) give 100% oxygen; (3) give an IV fluid bolus; and
(4) evaluate the need for any medications that are being given.

Uterine Displacement during Resuscitation

When a woman beyond the 20th gestational week is supine,
her gravid uterus compresses the iliac and abdominal vessels
and can markedly reduce venous return, cardiac output, and
BP. The woman must be on a firm surface with uterine dis-
placement for cardiac compressions to be effective. Reliev-
ing aortocaval compression requires that the gravid uterus be
displaced manually, by placing a wedge under the patient’s
right hip, or by positioning the patient’s back on the rescuer’s
thighs. The Cardiff wedge, described by Rees and Willis,73

provides both relief of aortocaval compression and a hard sur-
face for chest compressions. The mother is tilted to an angle
of approximately 30°. If a Cardiff wedge is unavailable, a
hard surface and a “human wedge” can be used. The indi-
vidual who is designated as the wedge kneels on the floor,
sitting on his or her heels. This person uses one arm to sta-
bilize the woman’s shoulders and the other arm to stabilize
her pelvis.

Differential Diagnosis

The resuscitation team must be prepared to diagnose and treat
pregnancy-related causes of cardiopulmonary arrest. The dif-
ferential diagnosis includes (1) trauma; (2) drug toxicity; (3)
obstetric complications, such as amniotic fluid embolism,
peripartum hemorrhage, eclampsia, and peripartum car-
diomyopathy; and (4) complications from the spectrum of
congenital and acquired cardiac diseases that occur in preg-
nancy, including MI, valvular thrombosis, pulmonary throm-
boembolism, and aortic dissection.

Advanced Cardiac Life Support 

According to the American Heart Association, standard 
resuscitative measures and procedures should be followed

without modification.74 There are no changes to the standard
advanced cardiac life support (ACLS) algorithms for med-
ications, intubation,73,75 and defibrillation.76 The resuscitation
should proceed without concerns about the effects of resus-
citation medications on uteroplacental blood flow: the key to
resuscitation of the child is resuscitation of the mother.76

Energy required for defibrillation is not changed by preg-
nancy. Generally, defibrillatory shocks do not transfer sig-
nificant amounts of current to the fetus in utero if the elec-
trodes are carefully positioned;76 the left breast should be
displaced superiorly to position the anterior electrode and a
wide posterior (back) electrode used if available.77,78

If Advanced Cardiac Life Support Fails

If resuscitative measures fail to restore circulation within 5
min of the arrest and the fetus is still viable, an immediate
perimortem cesarean delivery should be performed. Even if
the fetus is nonviable, however, a cesarean delivery may be
needed to improve resuscitative conditions in order to lower
metabolic demands.79–83

The resuscitation team should realize that prolonged ma-
ternal cardiac arrest is not incompatible with infant survival.
In one instance, a newborn was delivered by a postmortem
cesarean performed 47 min after the mother suffered a fatal
gunshot wound (22 min of documented cardiac arrest); the
baby was evaluated at 18 months of age and exhibited no ev-
idence of neurologic injury.84,85

A neonate delivered by a perimortem cesarean is likely to
be hypoxic and acidotic, as well as preterm. A pediatrician
should attend the delivery to direct the resuscitation of the
newborn. Efforts to resuscitate the mother may be associated
with neonatal complications such as cardiac arrhythmias or
asystole (from maternal defibrillation and drug therapy), cen-
tral nervous system toxicity (from antiarrhythmic drugs), and
hypoxia because of low maternal cardiac output, uteropla-
cental vasoconstriction, or maternal hypoxemia acidosis.84–86

Thoracotomy and Cardiopulmonary Bypass

If delivery and continued closed-chest cardiopulmonary re-
suscitation (CPR) do not rapidly restore maternal circulation,
more invasive measures may be warranted, including thora-
cotomy and open-chest cardiac massage. Open-chest CPR
provides a higher cardiac output than closed-chest CPR.
Moreover, a failure of resuscitation may be caused by ma-
ternal complications that have resulted from closed-chest car-
diac massage, such as liver laceration,87 uterine rupture,
pneumothorax, and hemopericardium.88 The risk of cardiac
trauma during closed-chest cardiac massage is increased in a
patient with a prosthetic heart valve.

The use of CPB has been lifesaving following failed re-
suscitative measures in women with severe hypothermia,89

massive pulmonary embolism,90 and bupivacaine-induced
cardiotoxicity.91
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Diseases of the Cardiac 
Electrical System

Arrhythmias During Pregnancy

Most types of arrhythmias occur more often during preg-
nancy, independent of structural heart disease.92–96 A study
involving continuous ECG monitoring of 13 pregnant women
without cardiac disease showed all of them to have cardiac
arrhythmias during labor. The arrhythmias were usually
asymptomatic, including supraventricular tachycardia (SVT),
premature atrial contractions (PAC) and premature ventricu-
lar contractions (PVC), and sinus tachycardia (ST).97

Arrhythmias during pregnancy can produce maternal hy-
potension and secondary fetal hypoperfusion and bradycar-
dia. This condition must be corrected immediately using IV
antiarrhythmic agents or electrical cardioversion. Patients
who develop arrhythmias need a thorough medical evaluation
to identify precipitating factors that can be treated, such as
electrolyte imbalances and thyroid disease, or avoided, such
as drugs, cocoa, caffeine, or cigarettes. Because antiarrhyth-
mic drugs cross the placenta and can potentially produce ad-
verse fetal effects (especially during embryogenesis), medical
therapy is usually reserved for the treatment or suppression
of arrhythmias that cause intolerable symptoms or pose a
threat to the mother or fetus. Electrophysiologic evaluations
and catheter ablation procedures are usually postponed until
after delivery, to avoid exposing the fetus to ionizing radia-
tion (see Table 12.7). However, these procedures can be suc-
cessfully performed during pregnancy using short fluoroscopy
times (e.g., 70 s)98 or echocardiographic guidance instead of
fluoroscopy.99

Specific Arrhythmic Disorders

Atrial and Ventricular Premature Beats

Premature atrial and ventricular complexes occur often dur-
ing pregnancy without affecting the mother or fetus adversely.
Drug therapy is generally not required. All that is usually re-
quired is reassurance, patient education, and elimination of
exacerbating factors such as chemical stimulants, alcohol,
stress, and heavy physical activity. Occasionally, therapy with
a beta-blocker is needed.100

Atrial Fibrillation and Atrial Flutter

Atrial fibrillation and atrial flutter are characteristically asso-
ciated with rheumatic mitral valve disease or CHD and rarely
occur without structural heart disease. Atrial fibrillation has
been described in association with magnesium sulfate ther-
apy101 and preexcitation syndromes.102

Specific guidelines for the treatment of atrial fibrillation
have been developed by an international collaboration among
major cardiology societies.103 Propranolol or metoprolol and
digoxin are the preferred agents for controlling ventricular

rate in parturients with atrial fibrillation or flutter. Verapamil
is a second-tier agent. Quinidine is often chosen for chemi-
cal cardioversion because of its long record of safety in preg-
nant women. Procainamide is safe for short-term therapy but
produces untoward effects that limit its long-term use. Amio-
darone is effective for the treatment of atrial fibrillation but
is generally avoided during pregnancy owing to its toxicity
to the fetus. Urgent situations call for electrical cardioversion,
starting at 25 to 50 joules for atrial flutter and 50 to 100 joules
for atrial fibrillation.104

Atrial Tachycardia

Adenosine is sometimes effective for the treatment of primary
atrial tachycardia and should be tried first in a pregnant
woman with this condition. A beta-blocker, digoxin, or ver-
apamil may be administered to slow the heart rate. Quinidine
and procainamide will occasionally restore and maintain a si-
nus rhythm. Sotalol is reserved for arrhythmias that are re-
fractory to the commonly used agents (Table 12.14).

Wolff–Parkinson–White and 
Preexcitation Syndromes

Clinical Features

The Wolff–Parkinson–White (WPW) syndrome, which is the
most common of the preexcitation syndromes, has a preva-
lence of 1 to 3 per 1000 in the general population. This syn-
drome occurs most often in the absence of preexisting car-
diac disease, but it may be associated with disorders such as
hypertrophic cardiomyopathy, mitral valve prolapse, tricus-
pid atresia, transposition of the great arteries, or endocardial
fibroelastosis. The clinical hallmark of the preexcitation syn-
dromes is paroxysmal tachycardia at rates of 150 to 300
beats/min. The WPW syndrome, in its classic form, features
a triad of ECG findings: short PR interval, prolonged QRS
duration, and a delta wave.

Therapy

Determining which therapy is appropriate and which is dan-
gerous for a patient with WPW syndrome requires a rudi-
mentary understanding of impulse conduction through the ac-
cessory pathways. The accessory pathway can participate in
a reentry circuit that produces or sustains tachycardia. Gen-
erally, the atrioventricular (AV) node constitutes one limb of
the circuit: the AV node may be used for anterograde (or-
thodromic) or retrograde (antidromic) conduction to the ven-
tricles. Most WPW patients who are symptomatic have a reg-
ular orthodromic tachycardia (narrow QRS complex) and
respond to drugs that block AV nodal conduction. Adenosine,
for example, has been used successfully during pregnancy to
convert symptomatic SVT.105 However, symptomatic patients
with an antidromic (wide QRS complex) tachycardia or an ir-
regular tachycardia (e.g., atrial fibrillation) should not receive
drugs that block AV conduction (such as calcium channel
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blockers, beta-blockers, digoxin, adenosine). These drugs can
cause unopposed conduction through an accessory pathway,
leading to extremely rapid ventricular rates (e.g., 250–300
beats per minute); in this setting, there is a high risk of de-
generation into intractable ventricular fibrillation. For wide
complex tachycardia of uncertain mechanism that occurs in
hemodynamically stable women, procainamide is the drug of
choice. Synchronized cardioversion (with uterine displace-
ment) should be performed immediately for hemodynamically
unstable women.

Women with preexcitation syndromes are at increased risk
for developing high-grade arrhythmias during pregnancy.
Kounis et al.106 prospectively studied six women with WPW
syndrome who had minimal or no symptoms before concep-
tion; pregnancy was associated with symptomatic SVT for the
first time in three women and an increased frequency of SVT
in the other three.106 As a prophylactic measure, women with
preexcitation syndromes should consider radiofrequency ab-
lation procedures before becoming pregnant.

General measures to prevent SVT in women with a preex-
citation syndrome include avoiding (1) drugs that stimulate
beta-adrenergic receptors, including terbutaline, ephedrine,
and epinephrine; (2) situations associated with sympathetic

nervous system activation, such as labor and delivery with-
out adequate analgesia; and (3) interventions that produce a
sudden sympathectomy, such as single-shot spinal anesthesia
for cesarean delivery. Phenylephrine and intravascular vol-
ume expansion are preferred treatments for anesthesia-in-
duced decreases in BP. If general anesthesia is required, an
opioid-based technique may be preferred because fentanyl
congeners do not alter atrial conduction, but they do increase
refractoriness and suppress SVT.107

Atrioventricular Node-Dependent Tachycardias

The frequency of paroxysmal supraventricular tachycardia
(PSVT) is increased during pregnancy. After identifying and
eliminating precipitating factors of PSVT, it is appropriate to
initiate prophylactic antiarrhythmic therapy with digoxin or a
beta-blocker. A breakthrough arrhythmia may respond to a
vagal maneuver or to adenosine.108 Otherwise, treatment with
an intravenous beta-blocker or verapamil may be required.
Precautions must be taken with verapamil to avoid maternal
hypotension and secondary fetal hypoperfusion. If electrical
cardioversion is necessary, energies of 50 joules are often ad-
equate.108 Radiofrequency ablation procedures should be of-

TABLE 12.14. Effects of cardiac medications on the mother and fetus.

Drug Use in pregnancy Potential side effects

Aldomet HTN Widely used, well studied in pregnancy; no major adverse fetal or maternal effects reported.
Adenosine Maternal and fetal arrhythmias No major adverse fetal or maternal effects reported.
Amiodarone Maternal and fetal arrhythmias Used only if no safer alternatives exist; can cause IUGR, fetal hypothyroidism, developmental

delay.
ACE inhibitors Cardiomyopathy Rarely used in pregnancy; associated with IUGR, oligohydramnios, neonatal hypotension, 

hypothyroidism, renal failure, anemia, skull ossification defects, and fetal death.
Beta-adrenergic HTN, maternal arrhythmias, Widely used in pregnancy; associated with IUGR, fetal bradycardia, and fetal hypoglycemia.

blockers MI, mitral stenosis, 
hyperthyroidism, HOCM, 
Marfan’s syndrome

Cardioversion Maternal arrhythmias No adverse fetal effects reported.
Digoxin Maternal and fetal arrhythmias, Widely used in pregnancy; no adverse fetal effects noted.

heart failure
Diltiazem HTN Very limited data on use in pregnancy.
Esmolol Maternal arrhythmias, HTN Very limited data on use in pregnancy; rapid drops in maternal blood pressure may lead to 

decreased uteroplacental perfusion.
Hydralazine HTN Widely used in pregnancy; maternal hypotension may lead to decreased uteroplacental 

perfusion.
Lidocaine HTN Widely used in pregnancy; no adverse fetal effects reported.
Nifedipine HTN, tocolysis Maternal hypotension may lead to decreased uteroplacental perfusion.
Organic nitrates MI, HTN, pulmonary edema, Very limited data on use in pregnancy; limited reports of FHR decelerations and bradycardia.

tocolysis, uterine relaxation 
for D&E

Nitroprusside HTN, aortic dissection Limited data on use in pregnancy; prolonged use associated with maternal and fetal cyanide 
toxicity. No teratogenic effects reported.

Procainamide Maternal and fetal arrhythmias No adverse fetal or maternal effects reported.
Quinidine Maternal and fetal arrhythmias Avoid high doses because of potential oxytocic properties. No adverse fetal effects reported.
Sotalol Maternal arrhythmias, HTN, No teratogenic effects. Neonatal bradycardia has been reported with use in the third trimester.

fetal tachycardia
Verapamil Maternal and fetal arrhythmias, No teratogenic effects. Maternal hypotension may lead to decreased uteroplacental perfusion.

HTN, tocolysis

HTN, hypertension; IUGR, intrauterine growth restriction; MI, myocardial infarction; HOCM, hypertrophic obstructive cardiomyopathy; D&E, dilation and
evacuation; FHR, fetal heart rate.
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fered to selected women as definitive therapy preconceptu-
ally because of the potential for AV node-dependent tachy-
cardias to recur during pregnancy.

Second-Degree and Third-Degree 
Atrioventricular Block

Most cases of heart block during pregnancy are congenital. A
cardiology consultation can help to determine whether a tem-
porary or permanent pacemaker is indicated. A pacemaker is
usually indicated for a patient who is symptomatic or who has
either prolonged QT interval or left atrial enlargement. Some
women with a complete heart block remain asymptomatic dur-
ing pregnancy and have an uncomplicated labor and delivery
without treatment.109 Occasionally, pregnancy may enhance
AV nodal conduction, as suggested by a report of a woman
whose heart block improved during two successive uncom-
plicated pregnancies.110 On the other hand, a woman who de-
velops a high-grade AV nodal block during pregnancy may
require temporary pacing support for labor and delivery.109

A pacemaker can be inserted using electrocardiographic and
echocardiographic guidance to avoid fetal exposure to ionizing
radiation. Successful pregnancies and deliveries have been doc-
umented in women with permanent pacemakers placed for
symptomatic bradyarrhythmias.111,112 A maternal pacemaker
can produce a spurious fetal bradycardia. One report described
fetal scalp electrodes that sensed larger impulses from the
mother’s pacemaker instead of the fetal ECG.113 In such cases,
ultrasonography will reveal the true FHR.

Ventricular Tachycardia

Pregnancy increases the frequency and severity of ventricu-
lar tachycardia (VT), even in young women with structurally
normal hearts. VT may occur in association with drugs,114,115

electrolyte abnormalities,116 or eclampsia.117 Idiopathic VT
usually derives from abnormalities of the septum or right ven-
tricular outflow tract. The prognosis for women with acquired
or congenital cardiac disorders may be worse than for those
who have idiopathic VT. Rarely, women with prolonged QT
syndromes develop torsade de pointes or have a cardiac ar-
rest during pregnancy. Women with hereditary long QT syn-
drome are also at increased risk for having a postpartum car-
diac event, such as syncope, cardiac arrest, or death.

Clinically stable patients have received lidocaine as 
the initial therapeutic agent and procainamide as the alter-
native. When the mother is hemodynamically unstable or
the fetus is acutely compromised, immediate electrical 
cardioversion is required.108 For prophylactic therapy, a
beta-blocker is preferred for women with idiopathic VT.
Procainamide and sotalol are second tier medications.
Amiodarone is indicated only for emergency use because it
is toxic to the fetus. Women who have had episodes of syn-
copal VT, ventricular fibrillation, or aborted sudden death
should be considered candidates for an implantable car-
dioverter-defibrillator.108

Management of Cardiac Arrhythmias 
During Pregnancy

Pharmacologic Treatment of Maternal Arrhythmias

Use of Antiarrhythmic Drugs

The initial medication should be selected from the reservoir
of agents with the best records of safety and efficacy during
pregnancy (see Table 12.14). Clinical experience has been
greatest with digoxin, quinidine, propranolol, and pro-
cainamide; each is well tolerated during pregnancy, and none
is associated with adverse fetal effects.

When initiating drug therapy, attempts should be made to
find the lowest effective dosages. Monitoring plasma drug lev-
els can help, although they may underestimate the pharmaco-
logically active form of the drug during pregnancy. Clinical
responses, instead of drug levels, should be the primary guide
for optimizing drug dosages. Periodic reassessments should be
made of the indication for antiarrhythmic therapy and of the
plasma level of drug needed for a therapeutic response.

Adenosine

Adenosine is a purine nucleoside that modulates conduction
through the AV node. It is the drug of choice for PSVT, which
is the most common sustained arrhythmia in pregnancy.96,118

Several features of adenosine make it attractive for use dur-
ing pregnancy: (1) its onset of action is rapid; (2) its duration
of action is brief; and (3) its side effects, although common,
are minor and transient.119

The efficacy of adenosine to treat acute SVTs has been doc-
umented in pregnancy.105 Physicians should exercise caution
when using adenosine for SVT. Narrow complex tachy-
arrhythmias respond well to adenosine, but wide complex
tachycardias can lead to alarmingly high ventricular rates
when atrial fibrillation or flutter is present.

Amiodarone

Amiodarone is a class III antiarrhythmic agent that exerts non-
competitive alpha- and beta-adrenergic-blocking effects and
can cause marked vasodilation and hypotension which are dif-
ficult to correct. Although this agent (and its metabolite, des-
ethylamiodarone) does not readily cross the placenta,120 its
use has been associated with fetal bradycardia, prolongation
of the QT interval, preterm delivery, and spontaneous abor-
tion. The high iodine content of amiodarone and its long half-
life raise additional concerns about its safety.121 Iodine tra-
verses the placenta, has a high affinity for fetal thyroid tissue,
and may cause fetal goiter, neonatal hypothyroidism (9% in-
cidence), and fetal growth restriction.122,123 Thus, its use dur-
ing pregnancy is restricted to the treatment of acute, life-
threatening arrhythmias. In some instances, the risk–benefit
analysis may favor long-term use of amiodarone to prevent
high-grade ventricular arrhythmias or to treat a maternal or
fetal arrhythmia that is refractory to other antiarrhythmic
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agents.124–129 Cardiac arrhythmias in the fetus can cause in-
trauterine congestive heart failure and nonimmune hydrops
fetalis, leading to fetal death.

Beta-Blocker Therapy

Beta-blockers have been used extensively in pregnancy for a
variety of indications. Labetalol, a relatively nonselective al-
pha-, beta-1-blocker, preserves placental perfusion and is of-
ten the preferred treatment for maternal hypertensive disor-
ders, including preeclampsia.130 Beta-blockers readily cross
the placenta. Continuous FHR monitoring is important for IV
beta-blocker therapy, which can cause fetal bradycardia.

However, in gravid ewes, the prolonged administration of
the esmolol leads to fetal hypoxia.131,132 Clinical reports have
demonstrated that maternal therapy with esmolol can cause
sudden decreases in FHR.133–135 Based on such reports, it
would seem prudent to avoid using esmolol in parturients.
Propranolol therapy has been associated with fetal growth re-
striction.136 After critically reviewing the literature on this
subject, Rubin137 concluded that propranolol does not ad-
versely affect fetal outcome. Most probably, the observed
cases of fetal growth restriction resulted from the maternal
disease for which the beta-blocker was prescribed rather than
from the beta-blocker per se.

Calcium Antagonists

Calcium antagonists have not been rigorously evaluated in
pregnant women. The long-term use of nicardipine for the
treatment of severe preeclampsia has been reported to be ef-
fective and safe.138 Calcium channel blockers such as nifedi-
pine increase the risk of uterine atony and postpartum hem-
orrhage. Verapamil, when given IV, may cause maternal
hypotension and secondary fetal hypoperfusion. Although
verapamil produces dose-related fetal bradycardia, heart
block, and hypotension, it does not appear to be terato-
genic.120 Diltiazem at very high doses has been associated
with skeletal abnormalities in animals. A retrospective review
of 27 newborns exposed to diltiazem in the first trimester also
suggested that this agent might produce congenital anomalies.
If a calcium antagonist is needed for antiarrhythmic therapy
during the first trimester, verapamil is preferred over dilti-
azem. However, adenosine or a beta-blocker is generally
preferable to a calcium antagonist for the treatment of SVTs
during pregnancy.

Digoxin, Quinidine, and Procainamide

These medications have a long record of safe use during preg-
nancy. Procainamide, if given too rapidly, or at a high dose,
can produce hypotension and prolongation of the QT inter-
val. Chronic therapy with procainamide can cause a lupus-
like syndrome, which typically resolves after discontinuation
of therapy. Procainamide is indicated for women with wide-

complex SVT and for transplacental cardioversion of fetal
SVT.139

Lidocaine

Lidocaine is considered safe for use in pregnancy and is the
agent of choice in the emergency management of ventricular
arrhythmias.96 Early reports suggested that fetal exposure to
lidocaine during epidural anesthetics can produce subtle, tran-
sient neurobehavioral changes in the newborn,140 but subse-
quent investigators found no such abnormalities.141,142

Phenytoin

Phenytoin, a commonly used anticonvulsant, has unique an-
tiarrhythmic properties. It is used in the treatment of digitalis-
induced tachyarrhythmias.143 It is teratogenic in animals and
can cause a constellation of congenital malformations known
as fetal hydantoin syndrome.144 Phenytoin use should be re-
stricted to the acute management of digitalis-induced ar-
rhythmias unresponsive to alternate therapy.

Electrical Cardioversion

Synchronized electrical cardioversion has been performed dur-
ing all stages of pregnancy and is the treatment of choice for a
tachyarrhythmia that is refractory to drug therapy and causes cir-
culatory instability.145 This procedure is unlikely to harm the fe-
tus, because the current that penetrates the uterus is minimal and
the threshold current to induce fetal arrhythmias is high.76,146

Nonetheless, it is prudent to monitor FHR, because transient fe-
tal arrhythmias occasionally arise during cardioversion proce-
dures.147,148 The optimal placement of cutaneous electrodes is in
an axis that is anterior and posterior to the heart. This approach
maximizes current density in the maternal myocardium and re-
duces the stray current, which could affect the fetus adversely.

Implantable Cardioverter-Defibrillator

On rare occasions, an implantable cardioverter-defibrillator
(ICD) is required for a young woman with a conduction ab-
normality that triggers high-grade ventricular arrhythmias.
Such women should be advised to have the device placed pre-
conceptually because the insertion procedure may expose the
fetus to a high dose of ionizing radiation (even with proper
uterine shielding). When an ICD must be implanted during
the period of fetal organogenesis, a radiation safety officer
should compute the dose of radiation that the uterus would
receive during the procedure. If particularly high doses are
needed, it may be prudent to terminate the pregnancy. Fa-
vorable outcomes of pregnancy have been reported in women
who had devices implanted during the second or third
trimester of pregnancy or preconceptually.149 The ICD de-
livers a shock of very low energy that does not appear to af-
fect the fetus. If the device is placed through a subpectoral
instead of an abdominal route, there is little risk of lead dis-
lodgment as the abdomen expands during pregnancy.150
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Anesthetic Management of Cardioversion

Tracheal intubation is usually avoided because of its poten-
tial to cause severe hemodynamic instability and the short du-
ration of cardioversion procedures. The preferred techniques
are monitored anesthetic care (MAC) or a brief intravenous
general anesthetic (GA). To prevent aspiration pneumonitis,
the patient should not receive any solid food or particulate
liquids for 6 to 8 h before the procedure. Many anesthesiol-
ogists also administer an inhibitor of gastric acid secretion
such as ranitidine or a nonparticulate antacid 30 min before
the procedure. Metoclopramide could possibly exacerbate
SVT, so the risk–benefit analysis may favor avoiding this
agent in a patient with a tachyarrhythmic disorder.151 Moni-
toring should be commensurate with the patient’s clinical con-
dition. At a minimum, SpO2, blood pressure, ECG, and end-
tidal CO2 should be monitored. The woman should receive
high-flow O2 by face mask, and uterine displacement should
be maintained throughout the procedure. The anesthetic may
be accomplished with a low dose of fentanyl and midazolam
followed by careful titration of propofol until the patient fails
to respond to verbal command. At this point, cardioversion
can be performed. The patient usually regains consciousness
as soon as the procedure is over.

Diseases of the Myocardium: 
Cardiomyopathies

Hypertrophic Cardiomyopathy

In this chapter, the term hypertrophic cardiomyopathy
(HOCM) includes conditions that may also be called asym-
metric septal hypertrophy (ASH) or idiopathic hypertrophic
subaortic stenosis (IHSS). HOCM is a primary myocardial
disorder with an autosomal dominant pattern of inheritance.
Most cases are associated with mutations of genes that code
for beta-cardiac myosin heavy chain. HOCM is characterized
by asymmetric left ventricular hypertrophy and by myocytes
and myofibrils that are in disarray. About 3% of patients with
HOCM die each year of progressive heart failure or sudden
cardiac death.152 A minority of patients with HOCM develop
a severely hypertrophic left ventricle, diastolic dysfunction,
and progressively worsening systolic failure with left ven-
tricular dilation.153,154 The prognosis is grim, particularly for
those who develop atrial fibrillation.152 In contrast, neither
ventricular hypertrophy nor the presence of a pressure gradi-
ent is of prognostic significance for the young, asymptomatic,
or mildly symptomatic patients who die suddenly. A history
of nonsustained VT and syncopal episodes portends a poor
prognosis for these individuals.152

The clinical presentation of HOCM includes chest pain, pal-
pitations, dizzy spells, syncope, and arrhythmias. Decompen-
sated congestive heart failure may occur in up to 20% of pa-
tients. Symptomatic HOCM, unlike peripartum cardiomyopathy

(PPCM), rarely develops after delivery.155 The risk of a fatal
ventricular arrhythmia during pregnancy is low. In one instance,
a woman in the first trimester developed ventricular fibrillation
and was treated successfully with electrical countershock.156

However, in another case a woman suffered sudden death dur-
ing moderate exertion at 28 weeks gestation.157

Obstetric Management

Preconceptual planning is critical for women with HOCM
who have experienced symptoms such as syncope or life-
threatening arrhythmias. These women should be considered
candidates for insertion of a dual chamber pacemaker or an
automatic defibrillator before conception.158 If HOCM is
mild, pregnancy is usually well tolerated.6 A retrospective
study compared pregnancy outcomes of 41 women with
HOCM (150 total pregnancies) versus 39 unaffected women
from the same families (132 total pregnancies). In this study,
there were no maternal deaths, no hospital admissions for car-
diac causes, and no deterioration of functional status; 31% of
women with HOCM were symptomatic before pregnancy ver-
sus 27% during pregnancy. Fetal prematurity was increased
only in pregnancies of women who were symptomatic before
conception (18% versus 5%), but perinatal outcome was uni-
formly good.159 Although HOCM seldom leads to perinatal
compromise, 50% of the children of affected mothers have
this disorder.

If tocolytic therapy is needed, magnesium sulfate is pre-
ferred over a beta-2-agonist (e.g., terbutaline), which de-
creases systemic vascular tone and may exacerbate left ven-
tricular outflow tract obstruction. Vaginal delivery is the norm
for women with HOCM. Induction of labor may increase CV
risk, owing to vasodilatory effects of prostaglandins; low
doses of oxytocin are better tolerated. Parturients may bene-
fit hemodynamically from augmented ventricular filling dur-
ing uterine contractions, whereas adverse effects may result
from pain-induced stimulation of the sympathetic nervous
system. It is advisable to shorten the second stage of labor by
using forceps for symptomatic patients. Hypovolemia from
perioperative blood loss must be treated promptly. Vasodila-
tors including oxytocin and beta-adrenergic agonists should
be used with caution.

Anesthetic Management

Factors that can worsen dynamic outflow obstruction include
a low cardiac filling volume, tachycardia, arrhythmias, en-
hanced contractility, and low vascular tone. Therefore, the
major hemodynamic goals in a woman with HOCM are the
maintenance of (1) a relative bradycardia and sinus rhythm;
(2) a slightly reduced cardiac contractility; (3) a slightly ele-
vated systemic vascular resistance (SVR); and (4) a normal
or slight elevation of intravascular volume and venous return
(i.e., avoid aortocaval compression).160–166

Prevention or aggressive treatment of atrial fibrillation is
important, because atrial systole may be needed to maintain
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adequate left ventricular (LV) filling. A beta-blocker is first-
line therapy for symptomatic elevations of LV pressure, fol-
lowed by diuretics or calcium antagonists. Women with LV
outflow obstruction are at increased risk for infective endo-
carditis and should receive prophylactic antibiotics for labor
and delivery.

Historically, a neuraxial block has been considered dan-
gerous for women with HOCM, especially the obstructive
type.6 However, major hemodynamic perturbations during
neuraxial analgesia can be prevented by careful, deliberate
titration of analgesic medications and prompt treatment of any
associated decrease in BP.160 Epidural anesthesia and com-
bined spinal epidural anesthesia (CSE) have been used safely
for vaginal delivery in parturients with HOCM. Giving an opi-
oid (e.g., fentanyl) either intrathecally or epidurally lowers
the analgesic dose of local anesthetic and enforces CV sta-
bility. Complete analgesia with stable hemodynamics has
been described in a parturient using only intrathecal opioids;
she received an infusion of fentanyl and supplemental doses
of meperidine through an intrathecal catheter.167 Close mon-
itoring of blood loss and intravascular volume status and im-
mediate replacement of deficits help maintain CV stability in
parturients with HOCM.

An elective cesarean delivery may be managed safely and ef-
fectively with epidural anesthesia in women with HOCM.44,168

A standard spinal anesthetic is avoided because it produces a
rapid sympathectomy that often causes BP to decrease pre-
cipitously.164,166 Approximately 70% of women who receive
spinal anesthesia for an elective cesarean section develop hy-
potension unless they receive vasopressor therapy to support
their BP.169 By using a catheter technique (e.g., epidural, CSE,
or spinal), anesthesia can be established slowly and vasoac-
tive drugs and intravenous fluids can be carefully titrated to
prevent hypotension as the anesthetic-induced sympathec-
tomy is developing. For a woman who has symptomatic
HOCM, epinephrine should be excluded from the local anes-
thetic solution because an accidental intravascular injection
of epinephrine (e.g., into an epidural vein) can produce se-
vere, adverse CV effects in such individuals. Phenylephrine
is the vasopressor of choice because it increases BP and vas-
cular tone but not heart rate. Ephedrine is potentially riskier
because it can cause tachycardia, promote dysrhythmias, and
augment cardiac contractility. Intrathecal or epidural mor-
phine (hydrophilic opioid) provides effective analgesia for
almost a day after the operation.

When tailored to achieve the desired hemodynamic goals,
general anesthesia will usually be well tolerated in women
with HOCM. Thiopental and propofol are highly effective in-
duction agents that decrease myocardial contractility, which
is desirable in patients with HOCM. Agents for maintaining
anesthesia, such as inhaled vapors, opioids, benzodiazepines,
propofol, and neuromuscular blockers, can be used in com-
binations that attenuate neuroendocrine responses to surgery
without causing hemodynamic instability.

It is important to maintain useful euvolemia. Postpartum

bleeding requires prompt, aggressive treatment. When utero-
tonic therapy is needed, methylergonovine (Methergine) may
be the preferred agent because it increases vascular tone and
BP but not heart rate. Oxytocin causes systemic vasodilation,
which could exacerbate dynamic outflow obstruction in
women with HOCM.

Peripartum Cardiomyopathy

Incidence and Definition

Peripartum cardiomyopathy (PPCM) was first described as a
distinct pathological entity in the 1950s.171–172 It is a rare and
potentially fatal form of congestive heart failure,173 which oc-
curs in one of every 3000 to 4000 live births in the United
States.174,175 The incidence in certain parts of Africa ap-
proaches 1 per 1000 deliveries. At a workshop sponsored by
the National Heart, Lung, and Blood Institute, PPCM was de-
fined as an idiopathic, dilated cardiomyopathy that has its on-
set during the final month of pregnancy or within 5 months
after delivery.176 A modified definition that includes strict
echocardiographic criteria has recently been proposed (Table
12.15).177

Pathogenesis

The etiology of PPCM is still unclear. Viral, autoimmune,178

and toxic factors and other mechanisms179–181 have been im-
plicated in the pathogenesis of PPCM.182,183 Studies involv-
ing endocardial biopsies suggest that some women with
PPCM have myocarditis,178 and that its incidence in such
women is comparable to that found in an age- and sex-
matched nonpregnant control population with idiopathic di-
lated cardiomyopathy (IDCM). Cardiotropic viruses may play
a role in PPCM. Genomic material of such viruses has been
identified in 25% to 35% of endomyocardial biopsies from
patients with IDCM, suggesting that myocarditis may be a
precursor to IDCM.184 Pregnancy may predispose to injuries
from such viruses by exacerbating preexisting immunoregu-
latory abnormalities. Conceivably, peripartum fluid shifts,181

excessive salt intake, nutritional factors,172,181 or toxins could
be contributory in women with a pregnancy-related genetic
susceptibility to cardiomyopathic processes.179,185 Emboli in

TABLE 12.15. Modified criteria for the diagnosis of 
peripartum cardiomyopathy.

Traditional criteria176

Cardiac failure within the last month of pregnancy or initial 5 months 
postpartum

Absence of preexisting heart disease
No determinable etiology

Strict echocardiographic criteria of left ventricular dysfunction177

Left ventricular ejection fraction less than 45% or m-mode fractional 
shortening less than 30%, or both; and

Left ventricular end-diastolic dimension greater than 2.7 cm/m2 of 
body surface area
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the cerebral and systemic circulation occur in up to 25% of
these cases.186,187 Postmortem findings include biventricular
hypertrophy, a grossly enlarged heart, a pale myocardium
with endocardial thickening, and mural thrombi; the heart
valves and coronary arteries are normal.188

Clinical Course

The clinical manifestations of PPCM resemble those of other
types of dilated cardiomyopathies.189 Women usually present
with findings of LV failure such as fatigue, chest pain, dys-
pnea on exertion, paroxysmal nocturnal dyspnea, palpitations,
weight gain, pulmonary embolization, and arrhythmias. Phys-
ical examination may reveal peripheral edema, distended neck
veins, cardiomegaly, an S3 gallop, and murmurs of mitral and
tricuspid regurgitation. The ECG may show tachycardia, ST-
T wave changes, T-wave inversion, low voltage, LV hyper-
trophy (voltage criteria), conduction abnormalities, and ar-
rhythmias. Blood chemistry results are usually normal. The
chest radiograph often shows cardiomegaly, pulmonary ve-
nous congestion with interstitial or alveolar edema, and oc-
casionally pleural effusions. However, the symptoms, signs,
and ECG findings of a mild case of PPCM may be identical
to changes associated with a normal pregnancy. Early diag-
nosis is often difficult without an echocardiographic study.
With more advanced disease, echocardiography may reveal
four-chamber enlargement, with marked reduction of LV sys-
tolic function, pericardial effusions, and regurgitation of the
mitral, tricuspid, and pulmonic valves. Rarely will there be
high-output heart failure.

About half of those with PPCM experience complete or
nearly complete recovery of LV function. The remaining pa-
tients either have progressive clinical deterioration, leading to
cardiac transplantation or early death,190 or stabilization of
their condition with residual LV dysfunction and chronic heart
failure.

Morbidity and Mortality

Early studies indicated that mortality rates for PPCM ex-
ceeded 40%, but recent evidence suggests a better outcome,
with a mortality or cardiac transplantation rate ranging be-
tween 12% and 18%, and a 5-year survival rate of 94%.191

Clinical decompensation may be more likely to occur in a
woman who develops PPCM than in a woman who has a di-
lated cardiomyopathy (DCM) that antedates pregnancy.192

Bernstein and Magriples192 compared pregnancy-related car-
diac outcomes of women with a preconceptual DCM (n � 8)
versus a PPCM (n � 23). In the PPCM group there were three
maternal deaths and 4 women required cardiac transplanta-
tion. In contrast, 1 woman (prepregnancy EF � 16%) in the
DCM group needed cardiac transplantation, but none of the
others had a meaningful decline in their cardiac status. The
study suggests that the superimposition of pregnancy on pre-
existing cardiac dysfunction can be well tolerated, and that
PPCM may represent an acute, evolving injury in pregnant or
postpartum women.

Risk Factors and Subsequent Pregnancies

Peripartum cardiomyopathy (PPCM) occurs more often in
high-risk than low-risk pregnancies, including those involv-
ing preeclampsia-eclampsia, multiple gestations, and ad-
vanced maternal age (greater than 30 years). Familial PPCM
has been reported as a complication of molar pregnancy.193

The persistence of cardiac dysfunction 6 months after a di-
agnosis of PPCM places a woman at increased risk for car-
diac morbidity and mortality during a subsequent preg-
nancy.170 Women with a history of PPCM and normal systolic
function preconceptually have a relapse rate of about 20%,
whereas nearly 50% of those with residual LV dysfunction
before preconception will have a relapse. Mortality rates have
been reported to range from 0% to 2% in the former group
to 8% to 17% in the latter group.194 Thus, it seems reason-
able to discourage a patient with PPCM from having a future
pregnancy, especially if she has persistent cardiac dysfunc-
tion.192,194,195 Women with PPCM who undergo cardiac
transplantation may have a successful subsequent pregnancy
without evidence of cardiac dysfunction,196 but the risk of re-
current PPCM in such women is unknown.

Management of Peripartum Heart Failure

Symptomatic patients should receive standard therapy for
heart failure and be managed by a multidisciplinary team in
an intensive care setting.103,176 Salt restriction is recom-
mended, and diuretics are used to decrease pulmonary con-
gestion and volume overload. Systolic dysfunction is treated
with afterload-reducing medications. Hydralazine is the va-
sodilator of choice before delivery. Angiotensin-converting
enzyme (ACE) inhibitors are reserved for postpartum therapy
because these agents can cause fetal malformations and renal
injury. Other pharmacologic mainstays for heart failure dur-
ing pregnancy include inotropic agents such as digitalis gly-
cosides, catecholamines and phosphodiesterase inhibitors.
Amrinone has been effective for the short-term treatment of
refractory heart failure.197 Studies in the gravid baboon indi-
cate that positive inotropic effects of amrinone, in contrast to
dopamine, occur without any reduction of uterine blood flow.198

Nitroprusside has been widely used in pregnant women for the
short-term treatment of hypertension. However, nitroprusside
can cause fetal cyanide toxicity if used at high doses, or for
longer than one day. In such settings, maternal cyanide levels
must be closely monitored to avert fetal cyanide poisoning.

Anticoagulant therapy is commonly used because PPCM
markedly increases the risk of thromboembolic events.199,200 If
such therapy is needed before delivery, unfractionated heparin
may be administered with dose adjustments according to the par-
tial thromboplastin time (PTT). A safe and effective alternative
is low molecular weight heparin, which has been extensively
used in pregnancy for the prevention and treatment of venous
thrombosis. Data from a small retrospective study suggest that
an intravenous dose of immunoglobulin might improve left ven-
tricular function of women with PCCM.201 If cardiac failure is
severe and refractory to medical therapy, women may require
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mechanical support of the heart, using an intra-aortic balloon
pump or left ventricular assist device to stabilize their condition.
Some women will require cardiac transplantation.182,190,202

Obstetric Management

Expeditious delivery of the fetus (cesarean delivery or vagi-
nal delivery with outlet forceps to minimize pushing) may be
necessary both to protect the fetus and to limit the CV stress
imposed by pregnancy. Anticoagulation therapy with IV hep-
arin during pregnancy and warfarin after delivery of the fe-
tus is often needed because of the high risk of venous stasis
and associated thromboembolic events.

Six months after the diagnosis of PPCM, echocardiography
should be repeated to assess the recovery of systolic function.
The persistence of cardiac dysfunction 6 to 12 months after the
initial diagnosis usually indicates an irreversible problem and
contraindicates a subsequent pregnancy. Without persistent car-
diac dysfunction, however, it is difficult to predict whether a
woman will have recurrence of PPCM. If such women become
pregnant again, they should have serial echocardiographic eval-
uations. A finding of ventricular dysfunction would justify con-
sideration of terminating the pregnancy.194

Anesthetic Management

The initial management of PPCM should focus on improving
congestive heart failure. Invasive monitoring is warranted in
the acute phase, until the cardiac function has stabilized.
These patients should be maintained in an upright position
with uterine displacement. Shortly before delivery, anticoag-
ulants should be withheld and the coagulation status normal-
ized to permit the use of neuraxial anesthetics.

Anesthesia is managed in accordance with the principles
appropriate for a patient with severe cardiomyopathy. Both
neuraxial and general anesthetics have been used for parturi-
tion and cesarean delivery of women with PPCM.203 Contin-
uous neuraxial anesthesia is usually preferred,204 as it de-
creases preload and afterload but not contractility; this
improves myocardial performance and reduces myocardial
work. The administration of anesthetics, intravenous fluids,
and vasoactive medications should be guided by continuous
measurements of arterial pressure and central hemodynamic
parameters. Intrathecal or epidural morphine can provide ef-
fective postoperative analgesia following cesarean delivery.
When general anesthesia is needed, agents that depress the
myocardium should be used with caution, because they may
precipitate cardiac arrest and death.205 An opioid-based anes-
thetic (e.g., fentanyl or remifentanil) usually provides excel-
lent hemodynamic stability. Patients with PPCM require pro-
longed postoperative monitoring in an ICU setting.

Diseases of the Cardiac Valves

Cardiac valvular disease can be congenital or acquired. The
prevalence of valvular disease in women of childbearing age

has been declining steadily in industrialized nations because
of antibiotic therapy, but RHD is still common in many de-
veloping countries.

General Principles

National and international committees from major medical
societies have established guidelines for the care of patients
with cardiac valvular disease. These guidelines address diag-
nostic testing, physical activity, and therapy during preg-
nancy,206 as well as antibiotic prophylaxis207 and prevention
of thromboembolism208 in women with mechanical heart
valves (see later section on Prosthetic Heart Valves).

Rheumatic Fever and Heart Disease

Acute rheumatic fever and RHD are major causes of mor-
bidity and mortality in pregnant women from developing
countries. In South Africa, 0.65% of pregnant women have
cardiac disease, which is associated with a morbidity and mor-
tality rate of about 9.5%. Most of the deaths are a result of
rheumatic mitral stenosis.4

Immigrants and visitors from developing nations who seek
prenatal care may have rheumatic fever or RHD. Women with
acute rheumatic fever require bed rest and treatment of strep-
tococcal pharyngitis and comorbid conditions (such as ane-
mia or nutritional deficiencies). If heart failure develops, it is
usually a result of mitral or aortic valve incompetence. It is
typically mild and responds to diuretic or vasodilator therapy.
Surgical intervention (e.g., mitral valve repair) is rarely
needed. RHD is discussed in subsequent sections on cardiac
valvular disease.

Regurgitant Valvular Lesions

Mitral Valve Prolapse

Mitral valve prolapse (MVP) is the pathologic protrusion of
the mitral leaflets into the left atrium during systole. This is
the most common congenital heart lesion with a prevalence
of 2% to 6% in the general population and 12% to 17% in
women of childbearing age.209 MVP has been classified as
primary (idiopathic), which is often associated with charac-
teristic clinical findings (e.g., body habitus, blood pressure,
or labile hemodynamics), and secondary, in which the pro-
lapse is a result of a connective tissue disorder or cardiac dis-
ease. MVP is often associated with Marfan syndrome.

Pathophysiology

The pathophysiology of MVP involves congenitally over-
sized, redundant valve leaflets, especially the posterior leaflet,
and an increased length of the chordae tendineae. This defect
allows the leaflets to prolapse with resultant regurgitation dur-
ing systole.210 Chest pain and arrhythmias may be related to,
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or associated with coronary artery spasm or compression of
the circumflex artery by the posterior leaflet.211 A decrease
in LV end-diastolic volume (LVEDV) permits greater pro-
lapse and may exacerbate symptoms.

Clinical Presentation

The clinical spectrum of MVP ranges from clinically in-
significant and unrecognized disease to a condition that is de-
bilitating because of chest pain, dysrhythmia, and mitral re-
gurgitation. MVP is usually associated with nonspecific
symptoms (fatigue, dizziness, chest pain, palpitations, and
dyspnea), ECG abnormalities, and arrhythmias, and was
termed mitral valve prolapse syndrome in the 1960s.212 The
Framingham study revealed that individuals with and without
MVP had the same prevalence of symptoms such as atypical
chest pain, angina pectoris, dyspnea, and syncope.209 Thus, a
woman should not be assumed to have MVP merely because
she has symptoms consistent with this disorder.

Mitral valve prolapse (MVP) has a generally benign course
with a prognosis that depends on the absence or presence of
coexisting CV disease. Such disorders may include HOCM,
Marfan syndrome, an ASD, coronary artery disease, and peri-
arteritis nodosa. Rarely, MVP is complicated by progression
of mitral insufficiency, ruptured chordae tendineae, transient
ischemic attacks, infectious endocarditis, and sudden death
from dysrhythmias.213

Women who have MVP without mitral regurgitation do not
appear to be at increased risk for sudden death. However, the
2% to 4% with severe mitral regurgitation comprise a group
that has been reported to have a rate of sudden death that is
50- to 100-fold greater than the general population and an an-
nual mortality rate of 94 to 188 per 100,000.214,215 Many pa-
tients have a history of dyspnea on exertion, palpitations, chest
pain, dizziness, and fainting. Auscultation characteristically
reveals a systolic murmur (mitral regurgitation) and a mid-
to-late systolic click caused by abrupt deceleration of the pro-
lapsed leaflet.216 ECG abnormalities are present in up to 70%
of patients and may include dysrhythmias, ST-segment changes,
T-wave inversion, and QT-interval prolongation.217,218

Obstetric Management

Women with MVP generally tolerate pregnancy very
well.219–221 MVP is often discovered incidentally during a
routine physical examination; relatively few patients seek
medical attention because of chest pain or palpitations. This
condition can be difficult to diagnose correctly during preg-
nancy because the CV changes of a normal pregnancy re-
semble those of MVP (see Table 12.3). On the other hand,
pregnancy-related increases in LVEDV can obscure (i.e., de-
crease) characteristic auscultatory and echocardiographic ab-
normalities of MVP.

The initial step in the management of women with MVP is
to provide reassurance. Therapy with a beta-adrenergic-block-
ing agent is usually effective for those who are symptomatic.

Beta-blockers also decrease the frequency of arrhythmias asso-
ciated with MVP including SVT and VT. Older studies had sug-
gested that propranolol might cause intrauterine growth restric-
tion (IUGR) and neonatal depression. However, well-controlled
prospective studies have provided reassuring data about the
safety of beta-blockers during pregnancy.215 Thus, these agents
should be used as needed for the control of chest pain, palpita-
tions, or arrhythmias in pregnant women with MVP.

The prophylactic use of antibiotics is another important and
controversial issue. The committee on rheumatic fever and in-
fective endocarditis of the American Heart Association has
recommended use of prophylactic antibiotics only when MVP
is complicated by mitral insufficiency. Vaginal hysterectomy
is the only gynecologic operation specifically listed in which
prophylactic antibiotics are recommended. Uncomplicated
vaginal delivery rarely, if ever, precipitates endocarditis.215 If
no infection is suspected, then routine prophylaxis is consid-
ered unnecessary for cesarean delivery, uterine dilatation and
curettage, and therapeutic abortions.35 However, because a
patient with a thickened mitral valve or mitral regurgitation
is at increased risk for developing infective endocarditis, it
may be justifiable to give antibiotics routinely, because a
seemingly straightforward vaginal delivery may become com-
plicated, with little forewarning.

Anesthetic Management

Goals of anesthetic management include (1) maintaining nor-
mal intravascular volume, venous return, and SVR; and (2)
preventing arrhythmias, rapid heart rates, and increases in car-
diac contractility.

Supplemental oxygen, given by nasal prongs or face mask,
is advisable.222 Maternal antiarrhythmic medications should
be continued, and their effects on FHR monitoring should be
noted. Prophylactic antibiotics for bacterial endocarditis
should be given before anesthetic interventions or delivery.
A baseline 12-lead ECG should be obtained, and the ECG
should be monitored continuously during labor and delivery.

Effective analgesia or anesthesia is needed to minimize pain
and the release of endogenous catecholamines, which can in-
crease MVP and induce arrhythmias. Continuous epidural
analgesia is a good choice for labor and vaginal delivery, us-
ing a dilute solution of local anesthetic and fentanyl. Anes-
thetics should be titrated carefully via the catheter to prevent
sudden decreases in SVR, which can worsen MVP. Hy-
potension should be treated aggressively with phenylephrine
or IV fluids to restore intravascular volume. Caution should
be exercised with medications that exert positive inotropic or
chronotropic effects, such as epinephrine, ephedrine, keta-
mine, atropine, and pancuronium.

Cesarean delivery can be managed with continuous epidural
or continuous spinal anesthesia, with care to support the BP
and maintain systemic vascular tone. Cardiovascular stability
is usually better maintained with a carefully titrated regional
anesthetic than with a general anesthetic neuraxial technique.
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Thiopental often produces hypotension, which is followed by
a hyperdynamic circulatory response during tracheal intuba-
tion. This approach may predispose to arrhythmias. In addi-
tion, isoflurane, desflurane, and sevoflurane can increase heart
rate and decrease peripheral vascular resistance. If a patient
has severe MVP, an opioid-based anesthetic technique may
be preferred.

Mitral Regurgitation

Etiology

Acute mitral insufficiency or mitral regurgitation (MR) is usu-
ally a result of papillary muscle dysfunction or ruptured chor-
dae tendineae. It may arise in the setting of trauma, LV is-
chemia, infective endocarditis, Marfan syndrome, or a
defective prosthetic mitral valve. Chronic MR is rarely an iso-
lated lesion and is usually associated with mitral stenosis.

Common causes of mitral regurgitation include RHD, myx-
omatous degeneration of the mitral valve, left atrial myxoma,
endocarditis, rupture of chordae tendineae, or ischemia of LV
papillary muscles.

Pathophysiology

Acute MR can elevate left atrial and pulmonary artery 
pressures suddenly and cause flash pulmonary edema. In con-
trast, chronic MR causes volume overloading but not pres-
sure overloading of the left ventricle, because the incompe-
tent mitral valve vents ventricular blood into the more pliable
left atrium. Left atrial compliance increases over time, ac-
commodating larger blood volumes without major increases
of left atrial or PA pressures. Thus, hemodynamic stresses are
more likely to cause pulmonary edema in women with acute,
rather than chronic, MR. However, continued volume over-
loading of the left atrium eventually causes congestion of the
pulmonary circuit. When the regurgitant fraction exceeds 0.6,
MR is considered severe. Medications and interventions that
reduce systemic vascular tone can improve forward cardiac
flow.

As MR increases in severity, forward cardiac output de-
clines, and systemic hypotension may result, triggering neu-
roendocrine reflexes to restore blood pressure. By elevating
systemic vascular tone, these reflexes may worsen mitral re-
gurgitation and pulmonary edema.

Medical Management

Patients with acute MR often seek medical attention because
of acute dyspnea. Findings on physical examination may in-
clude a pansystolic murmur and an S3 gallop. ECG findings
vary with the cause of the MR and usually include left atrial
enlargement and LV hypertrophy in women with chronic MR.

Symptomatic women should receive supplemental oxygen.
Careful monitoring of fluid homeostasis and restriction of fluid
input may be needed, along with diuretics or digoxin when LV

dysfunction is present. Hydralazine decreases impedance to for-
ward LV ejection and may prevent the isometric exercise of la-
bor from causing hemodynamic deterioration.223 Arrhythmias
require prompt treatment. Women with hemodynamically im-
portant MR should receive prophylactic antibiotics because
they are at increased risk for endocarditis.

Thromboembolic events are another major concern and
may occur in up to 20% of pregnancies complicated by MR.
Anticoagulant therapy is indicated for any woman who has
had a prior thrombotic event, who is in atrial fibrillation, or
who is expected to undergo cardioversion.

Obstetric Management

Mitral valve repair is usually feasible for nonrheumatic pro-
lapsing mitral valves and should be carried out before preg-
nancy if regurgitation is severe.224

Women with MR benefit from the physiologic changes of
pregnancy because the decrease in systemic vascular tone
helps unload the left ventricle; this may explain the preg-
nancy-related decrease in the intensity of the murmur of MR.
In contrast, both labor and delivery are associated with in-
creases in vascular tone and venous return, which can elevate
left atrial pressure and precipitate pulmonary edema. This
problem is exacerbated by aggressive IV fluid administration.

Anesthetic Management

Hemodynamic goals include (1) maintaining a sinus rhythm
and a slight elevation of heart rate; (2) assuring normal in-
travascular volume and venous return; (3) maintaining a mild
decrease in SVR; (4) preventing an increase in PVR (e.g., by
averting pain, hypercarbia, hypoxemia, and acidosis) or a
large expansion of central vascular volume; and (5) prevent-
ing myocardial cardiac depression.

Invasive monitoring is rarely needed, except for the most
severe cases of mitral regurgitation. Then, an arterial catheter
is needed to provide continuous information on BP, and a pul-
monary artery catheter (PAC) is indicated to measure forward
cardiac output. If pulmonary edema and systemic hypoten-
sion develop, the information provided by a PAC provided a
rational basis for decisions about fluid management and
pharmacological therapy.

If the patient is not receiving anticoagulant therapy,
epidural anesthesia is an excellent choice for labor and de-
livery, because it decreases systemic vascular tone and favors
anterograde flow of LV blood. The judicious administration
of IV fluids is required to maintain cardiac filling pressures.
Ephedrine is a preferred vasoactive agent for supporting BP
because it produces a mild to moderate increase in heart rate
and less vasoconstriction than phenylephrine.

General anesthesia, if necessary, is usually well tolerated
in women with MR. Anesthetics should be selected and ad-
ministered to achieve a slightly elevated heart rate and a mild
decreased systemic vascular tone. To be successful in this re-
gard requires that the circulatory depressant effects of the
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anesthetic agents be properly timed to offset the CV stimula-
tion that results from anesthetic and surgical interventions.

Tricuspid Regurgitation

Tricuspid regurgitation is usually a functional anomaly caused
by right ventricular dilation, which is secondary to pulmonary
hypertension. It may also occur in association with rheumatic
tricuspid stenosis. Tricuspid regurgitation often causes only a
slight elevation of CVP because of the high capacitance of
the vena cava and the high compliance of the right atrium.

Management involves treatment of the underlying pul-
monary hypertension. Subacute bacterial endocarditis (SBE)
prophylaxis is appropriate. One should note that left-to-right
shunting is possible in women with a patent foramen ovale,
especially in the setting of right heart failure and a sudden de-
crease in systemic vascular tone.

Aortic Insufficiency

In women of childbearing age, aortic insufficiency (AI) oc-
curs more often than aortic stenosis.225 AI may be acute or
chronic. Acute AI causes rapid hemodynamic deterioration
and must be treated promptly with CPB and valve sur-
gery.225,226 Causes of acute AI include infective endocardi-
tis, retrograde dissection of the aorta, and traumatic rupture
of the aortic valve.

Causes of chronic AI include rheumatic disease, ankylos-
ing spondylitis, syphilis, cystic medial necrosis of the aorta,
and VSD; 15% of patients with a VSD have prolapse of aor-
tic cusps and chronic AI. The latency period between con-
tracting rheumatic fever until the onset of hemodynamically
detectable AI is about 7 years. Women often remain asymp-
tomatic for another 10 to 20 years as their condition insidi-
ously worsens. Most do not develop cardiac complications
until after reproductive age.

Pathophysiology

Long-standing AI is characterized by chronic volume over-
loading and progressive dilation of the left ventricle. Initial
compensatory mechanisms to maintain tissue perfusion in-
clude increases of heart rate and contractility. The ejection
fraction diminishes gradually, and the left ventricle eventu-
ally fails. Pulmonary edema develops. Elevations of LV di-
astolic pressure and wall stress both increases the myocardial
oxygen demand and decreases coronary blood flow, which
predisposes to cardiac ischemia.

Medical Management

Nifedipine may help to delay the onset of symptoms in women
with chronic AI. In the most severe cases of AI, women have
manifestations of LV failure: exertional dyspnea, orthopnea,
paroxysmal nocturnal dyspnea (PND), and diaphoresis. A
high-pitched decrescendo diastolic murmur can usually be

heard along the left sternal border in the third intercostal
space, and a diastolic thrill and third heart sound are often
present. The ECG may show left ventricular hypertrophy
(LVH). A symptomatic woman should undergo aortic valve
surgery after delivery, as soon as practical.

Congestive heart failure in women with chronic AI can usu-
ally be stabilized with treatments such as oxygen, diuretics,
digoxin, and hydralazine. ACE inhibitors, while efficacious,
are embryopathic and toxic to the fetus and are best avoided
during pregnancy (see Table 12.14). Because a major infec-
tion or arrhythmia can cause rapid clinical deterioration in par-
turients with AI, such conditions require immediate therapy.

Obstetric Management

Most women with chronic AI tolerate pregnancy without ma-
jor problems. The physiologic adaptations to pregnancy, such
as increases in intravascular volume and heart rate and de-
creases in SVR, favorably affect AI by improving cardiac fill-
ing and reducing regurgitant flow.

Anesthetic Management

Hemodynamic goals include (1) a slight elevation of heart
rate to minimize LV distension and lower oxygen demand;
(2) a slight decrease in peripheral vascular resistance, to lessen
the regurgitant fraction and improve cardiac output; and (3)
mild increases of intravascular volume and venous return. 

Monitoring for a patient with symptomatic AI should in-
clude arterial and central venous catheters. Continuous neur-
axial anesthesia is well suited for labor and delivery. During
labor, early administration of epidural anesthesia prevents
pain-associated increases in SVR, which can worsen LV vol-
ume overload in women with AI. Hypotension should be
treated with volume replacement and ephedrine. Bradycar-
dia is not well tolerated and requires immediate treatment.
When general anesthesia is indicated, the techniques and
agents used should be selected to avoid unopposed myocar-
dial depression or bradycardia. If either occurs, it should be
corrected immediately.

Stenotic Valve Lesions

Aortic Stenosis

Left ventricular outflow obstruction in women of childbear-
ing age is the result of valvular, subvalvular, or supravalvu-
lar aortic stenosis. Subvalvular and supravalvular stenoses are
typically congenital lesions, whereas valvular stenosis is usu-
ally rheumatic in origin. Rheumatic aortic stenosis rarely oc-
curs during pregnancy.

Pathophysiology

Patients become symptomatic when the AV area is reduced
by approximately 70% (i.e., from 2.6–3.5 cm2 to 0.75 cm2)
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or when the gradient between the LV and aortic valve ex-
ceeds 50 mm Hg. Because an increased ventricle pressure is
needed to eject the stroke volume through the stenotic valve,
the left ventricle becomes concentrically hypertrophied and
its compliance decreases. The valve area becomes the primary
factor that limits forward flow. Stroke volume becomes rela-
tively fixed. Such changes lead to a precarious balance be-
tween the oxygen supply and demand of the left ventricle. A
reduction in systemic arterial tone cannot increase cardiac out-
put by unloading the left ventricle, but it may reduce coro-
nary blood flow. In this setting, atrial systole is critical for
LV filling and cardiac output.

A slow heart rate will decrease cardiac output in women
with severe stenosis because the stroke volume is fixed. On
the other hand, a rapid rate will decrease diastolic time and
coronary perfusion while myocardial oxygen consumption in-
creases. An arrhythmia such as atrial fibrillation can disrupt
atrial systole and impair LV filling. An expanded intravascu-
lar volume and an ample venous return allow the physiologic
demands for an increased cardiac output to be met by opti-
mizing stroke volume instead of by elevating heart rate. A
systemic BP that is normal to mildly elevated helps to ensure
that the hypertrophied ventricle receives adequate perfusion.
An abrupt decrease in peripheral vascular resistance can cause
profound hypotension and tachycardia. The neuroendocrine
mechanisms that normally correct hypotension by increasing
cardiac output will be counterproductive. The stenotic valve
limits peak stroke volume, so cardiac output cannot increase
without a rise in heart rate; this is poorly tolerated in the pres-
ence of severe aortic stenosis.

Clinical Presentation

The clinical presentation usually reflects the severity of steno-
sis. Dyspnea, angina, or syncope are ominous symptoms and
are associated with a life expectancy of less than 5 years if
the stenotic lesion is not repaired.227 Sudden death may oc-
cur if an arrhythmia or hypotension develops.

Typical findings on physical examination include a coarse
systolic murmur, which reaches its peak intensity at midsystole
and characteristically radiates to the apex of the heart and the
left neck.227 The intensity of the murmur, which is related to
the outflow obstruction and blood flow across the stenotic valve,
begins to decrease when the stenosis is severe enough to reduce
cardiac output. The electrocardiogram shows LVH, conduction
defects, and diffuse abnormalities of ST segments and T waves.
The chest radiograph usually reveals a calcified aortic valve, di-
lated left ventricle, and poststenotic dilation of the ascending
aorta. Echocardiography is the best method for evaluating the
severity of aortic stenosis during pregnancy.228,229

Medical and Surgical Management

Pregnant women who have symptomatic aortic stenosis
should have a cardiology consultation as soon as is practical.
Because stroke volume is fixed, these women lack the ca-

pacity to meet pregnancy-associated demands for increased
cardiac output. When the gradient across the aortic valve ex-
ceeds 100 mm Hg, the risk of complications during pregnancy
becomes excessive. Management strategies for such women
include (1) early termination, valvular replacement, and an-
other attempt to pregnancy versus (2) continuation of preg-
nancy, formulation of a plan for managing hemodynamic de-
terioration that is refractory to medical therapy, including
provisions for an expeditious cardiac intervention, such as
percutaneous balloon valvuloplasty230 or valvular replace-
ment.231,232

Women who develop symptoms during pregnancy usually
do so in the second or third trimester. Their risk for major
complications and death is increased. A woman with clinical
findings suggestive of a life-threatening condition should be
considered a candidate for percutaneous balloon valvuloplasty
or aortic valve replacement.233,234 Several reports indicate that
good outcomes of pregnancy are achievable for gravid women
who undergo percutaneous balloon valvuloplasty to treat
symptomatic aortic stenosis.231,233 Replacement of the aortic
valve235 requires both general anesthesia and cardiopul-
monary bypass (CPB), which could adversely affect the out-
come of pregnancy. As a rule, invasive interventions are per-
formed only for severe valvular disease that is refractory to
medical therapy and are deferred until after the first trimester,
whenever possible.

Mild aortic stenosis (valve area �1.0 cm2) is typically well
tolerated during pregnancy.227 Women who reach 32 to 34
weeks gestation without cardiac symptoms or electrocardio-
graphic evidence of ischemia usually have an uneventful la-
bor and delivery. Women with aortic stenosis are at increased
risk for bacterial endocarditis and should receive prophylac-
tic antibiotics as indicated. Bacterial endocarditis, which may
be heralded by persistent fevers or sudden aortic insufficiency,
requires immediate therapy.

Obstetric Management

Clinically significant aortic stenosis is associated with a very
high risk for major complications; maternal and perinatal mor-
tality rates have been reported to be about 17% and 32%, re-
spectively.228,236 In addition, children of mothers with LV
outflow obstruction are at increased risk for cardiac defects.
Thus, women of childbearing age with severe aortic stenosis
should be counseled about the risks of pregnancy and advised
to have valve surgery before conception.

The mode of delivery is usually vaginal, and a cesarean de-
livery is performed for the usual obstetric indications. A “car-
diac delivery” (Table 12.16) is indicated to avert the hemo-
dynamic lability associated with pushing; vaginal delivery is
assisted with vacuum or forceps.

Anesthetic Management

The primary hemodynamic goal is to maintain circulatory pa-
rameters that are within normal limits.237–240 Ideally, heart
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rate and rhythm are normal; SVR is normal or elevated
slightly; intravascular volume and venous return are normal
or elevated slightly; and myocardial contractility is preserved.
It is also important to maintain normothermia and prevent
shivering to avoid the need for a higher cardiac output.

Invasive monitoring using arterial and central venous
catheters is indicated for early detection and prompt treatment
of adverse hemodynamic changes. A CVP is usually preferred
to a PA catheter, as the latter is more often associated with
severe complications including dysrhythmias and PA rupture.
It is advisable to have two large-bore IV catheters in place in
women at risk for peripartum hemorrhage. Keeping central
filling pressures above normal may help to prevent severe cir-
culatory depression if hemorrhage should occur.

Historically, neuraxial anesthesia for patients with severe
aortic stenosis was contraindicated. The major concern was that
the sympathectomy associated with the neuraxial block would
cause cardiovascular collapse. However, it is now clear that a
carefully conducted neuraxial anesthetic can be advantageous
for parturition or cesarean delivery.237–240 Incremental injec-
tions of local anesthetic solutions provide sufficient time to
counteract evolving circulatory changes by administering in-
travenous vasopressors such as phenylephrine and fluids.

Careful planning and effective communication with the ob-
stetric team is essential to ensure that an emergency cesarean
delivery will not be required when a woman lacks adequate
anesthesia for the operation. If there is a concern about fetal
well-being, the neuraxial anesthetic should be extended
slowly to about T6 to prepare for surgical delivery. It is ad-
visable to intensify the block using a local anesthetic solution
that does not contain epinephrine (e.g., 2% lidocaine). If
bradycardia occurs, it needs to be treated expeditiously yet
very cautiously. Agents such as glycopyrrolate, atropine, or
ephedrine should be dosed incrementally to avert tachycardia
or arrhythmias. Sedatives and anxiolytic medications can pre-
vent anxiety-related tachyarrhythmias.

The safe conduct of general anesthesia for women with se-
vere aortic stenosis requires an anesthetic plan that is well
conceived and carefully orchestrated. The anesthesiologist
must anticipate and counteract circulatory depressant effects
of anesthetics, decreases in venous return from positive pres-
sure ventilation, stress responses to anesthetic and surgical in-

terventions, and peripartum blood losses. The combined use
of etomidate and an opioid helps to ensure hemodynamic sta-
bility during induction, laryngoscopy, and tracheal intubation.
Redfern et al. 241 reported transient maternal hypotension and
severe neonatal respiratory depression following an induction
with etomidate and alfentanil in a pregnant woman with se-
vere aortic stenosis. Less neonatal depression would be ex-
pected with remifentanil, which crosses the placenta but ap-
pears to be cleared rapidly by the fetus. Several reports
indicate that the administration of a remifentanil-based anes-
thetic to women with severe cardiac disease can be associ-
ated with hemodynamic stability, with little or no ventilatory
depression in the newborn.39–41

Postoperative monitoring in an ICU setting is essential un-
til the parturient’s condition stabilizes (at least 24 h). Epidural
or intrathecal morphine without local anesthetics is an excel-
lent way to provide postoperative pain relief.

Mitral Stenosis

Mitral stenosis (MS) is the most common valve lesion in
women with RHD.4 Mitral regurgitation (MR) often accom-
panies rheumatic MS, but the more serious hemodynamic
problem is stenosis.

Pathophysiology

A normal mitral valve has an area of 4 to 6 cm2. Sympto-
matic disease occurs as the valve area drops below 2 cm2; the
disease is considered severe when the valve area is less than
1 cm2. The major hemodynamic impairment is a limitation of
LV filling, which results in a reduction in stroke volume and
cardiac output and an elevation of left atrial and pulmonary
pressures. As the stenosis increases over time, the left atrium
dilates (mitral P wave on EKG) and the pulmonary vascula-
ture becomes congested. The lymphatic system of the lungs
gradually becomes hypertrophied, which helps to minimize
pulmonary edema. Severe and persistent stenosis can cause
pulmonary hypertension, right ventricular hypertrophy, and
right heart failure.

Some patients develop a low-output state and congestive
heart failure. Left atrial dilation predisposes to mural thrombi
and atrial fibrillation, which further increase the risk of sys-
temic thromboembolism. Although the LV oxygen supply–
demand balance is usually favorable, the situation in the right
ventricle may be precarious. Heart rate should be kept slow
using interventions such as digitalis, effective analgesia and
sedation to maximize LV filling time. Diuretic therapy, which
is often indicated to prevent or treat pulmonary congestion,
must be used with caution to prevent large decreases of car-
diac filling pressures.

Pregnancy decreases plasma oncotic pressure and in women
with MS, increases hydrostatic pressure in pulmonary veins
and capillaries. These changes alter Starling forces to favor

TABLE 12.16. Cardiac delivery.

Early analgesia for maternal pain control
Close monitoring of fluid status with hemodynamic monitoring
SBE prophylaxis if indicated
Left lateral tilt of mother to improve venous return
Allow fetal vertex to labor through the pelvis in the second stage without 

maternal expulsive efforts
Operative vaginal delivery with low forceps or vacuum
Cesarean section for the usual obstetric indications
Close hemodynamic monitoring in the postpartum period

SBE, subacute bacterial endocarditis.
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the transudation of fluid from the pulmonary microvascula-
ture into alveoli.

Clinical Presentation

Mitral stenosis develops slowly during the first two or three
decades after an acute bout of rheumatic fever. In about 25%
of women, it remains asymptomatic until pregnancy. Some
women with undiagnosed MS may be visitors or immigrants
from developing countries and are at risk for pulmonary
edema during pregnancy. Their condition must be promptly
diagnosed and expeditiously treated to prevent major mor-
bidity from pulmonary edema.224

Women seek medical attention for concerns such as dys-
pnea, hemoptysis, chest pain, symptoms of right heart failure,
or thromboembolism. Physical examination reveals an ac-
centuated S1, opening snap, diastolic murmur, and presystolic
accentuation. The ECG may show left atrial enlargement,
atrial fibrillation, and right ventricular hypertrophy (RVH).
Echocardiography shows the severity of the stenosis; mea-
surements must be obtained carefully because calculation of
mitral valve area by Doppler may be inaccurate during preg-
nancy.242

Medical and Surgical Management

Reductions in heart rate and blood volume are therapeutic
mainstays for women with moderate to severe mitral steno-
sis. Restricting salt intake and administering diuretics will
lower blood volume. Excessive use of diuretics, however, may
cause hypovolemia and decrease uteroplacental perfusion.
Limitation of physical activity and beta-blocker therapy can
prevent tachycardia, afford symptomatic relief, and decrease
the incidence of pulmonary edema.243 Atrial fibrillation, if it
occurs, must be treated aggressively, using beta-blockers,
digoxin, or cardioversion as needed.

When severe MS is unresponsive to medical therapy or af-
flicts women who cannot be closely monitored during preg-
nancy, the valve should be repaired or replaced during the
second trimester, if practical.234 Percutaneous balloon mitral
valvuloplasty is preferred for women with a pliable valve and
no significant MR. The procedure usually improves symp-
toms and circulatory dynamics dramatically without affecting
the mother or fetus adversely.244–255 Valvuloplasty should be
performed with echocardiographic guidance254,256 or fluo-
roscopy, using abdominal and pelvic shielding to minimize
fetal exposure to ionizing radiation. Complications254 that
may arise include preterm labor, maternal arrhythmias that
produce fetal distress,257 cardiac tamponade that requires sur-
gical intervention, and systemic embolization.258 Open-heart
surgery is well tolerated by the mother but increases the risk
of fetal loss. Closed procedures are generally preferred at
medical centers that routinely perform them.234,246

Pulmonary edema may be inescapable in pregnant women
with tight MS. Left ventricular filling is severely limited by

the narrowed valve, so cardiac output can increase only if heart
rate increases. Higher heart rates, however, allow less time for
ventricular filling and cause progressive increases in left atrial
volume and pressure. Left atrial distension may lead to ar-
rhythmias such as, atrial flutter and fibrillation, which further
increase left atrial pressure. Atrial fibrillation is a major con-
cern; not only does it predispose to pulmonary edema, but it
is also associated with 80% of the thromboembolic events that
occur during pregnancy. Deaths from MS usually result from
pulmonary edema and occur in the postpartum period.

Obstetric Management

Severe MS is dangerous for both the mother and fetus. Thus,
a mitral valve repair or replacement is advisable before con-
ception. When valve replacement is needed, and a future preg-
nancy is desired, a bioprosthetic valve may be preferred to a
mechanical valve to avoid anticoagulant therapy.

Pregnancy rarely exacerbates mild MS. However, moder-
ate to severe stenosis (valve area 	1.5 cm2) is associated with
clinical worsening of one or two functional classes on the
New York Heart Association (NYHA) scale.9,236,259 The need
for hospitalization and cardiac medications increases, and
heart failure develops more often. Maternal mortality rate is
not increased, but the incidence of fetal growth restriction and
preterm births increases markedly.

Labor and vaginal delivery is standard in these women,
with cesarean delivery reserved for obstetric indications. Par-
turients should receive supplemental oxygen from the onset
of labor through the early postpartum period to help minimize
increases in PVR. Effective analgesia is important because it
attenuates the hemodynamic changes of labor and delivery.
A cardiac delivery is recommended to moderate the exces-
sive venous return that accompanies maternal expulsive ef-
forts (see Table 12.16).

Anesthetic Management

The general hemodynamic goals include (1) maintaining a si-
nus bradycardia, (2) maintaining a normal or slight elevation
of SVR, (3) maintaining normal or slight elevations of in-
travascular volume and venous return, (4) preventing large in-
creases in PVR by providing effective analgesia and averting
acidosis, hypercarbia, and hypoxemia, and (5) avoiding a de-
crease in myocardial contractility.45,260–262

Invasive Hemodynamic Monitoring

Pulmonary capillary wedge pressure is useful for monitoring
hemodynamic trends in parturients with severe MS, unless
tachycardia occurs. CVP provides a rough guide to right ven-
tricular function. Clark et al.261 studied the central circulatory
effects of labor and delivery in eight women with NYHA class
III or IV mitral stenosis; they used cautious diuresis to opti-
mize preload and propranolol to control heart rate. Immedi-
ately after delivery, PCWP was noted to increase by approx-
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imately 10 mm Hg, whereas cardiac output did not increase
in 75% of the women. The report demonstrates that in par-
turients with severe MS, the correlation between PCWP and
CVP is poor, and that strict hemodynamic control is associ-
ated with good maternal and perinatal outcomes.

Invasive monitoring with an arterial catheter, CVP, or PA
catheter is advisable for women with severe MS and for those
who have been symptomatic during the pregnancy. Monitor-
ing should begin at the onset of labor. Medications such as
diuretics, digoxin (for atrial fibrillation), nitroglycerin, and
beta-blockers are used as needed to prevent or minimize ele-
vations of left atrial pressure. After delivery and the relief of
aortocaval compression, venous return can rise sharply caus-
ing marked elevations of PCWP and pulmonary edema.261

Therefore, invasive monitoring should be continued for at
least several hours postpartum.

Anesthetic Techniques

The sympathectomy from an epidural or spinal anesthesia is
characterized by dilation of systemic arteries and veins and
an increase in venous capacitance. The latter effect, by de-
creasing the venous return and central filling pressures, may
benefit women in congestive heart failure. Thus, epidural
anesthesia is an excellent choice for either a vaginal or ce-
sarean delivery. Moreover, maintaining the epidural block
during the immediate postpartum period can help to prevent
pulmonary edema.

If general anesthesia is needed for a cesarean delivery, then
it should be planned to optimize the CV status of a woman
with severe MS. The plan must include provisions for main-
taining a sinus rhythm, preventing tachycardia, and averting
large vacillations in central filling pressures. Administering
an opioid such as remifentanil or fentanyl or a beta-blocker
before inducing anesthesia can prevent hyperdynamic circu-
latory responses to laryngoscopy and tracheal intubation. Cen-
tral pressure monitoring helps guide the timely, judicious re-
placement of fluids and may be especially valuable if
postpartum hemorrhage occurs. Uterotonic agents such as
oxytocin, methylergonovine, or prostaglandin F2� should be
used with caution, because they can produce adverse circula-
tory effects. Postoperative care should occur in an ICU set-
ting because the risk of major morbidity and mortality is
greatest in the postpartum period.

Pulmonic Stenosis

If pulmonic stenosis is severe, women are advised to undergo
a corrective procedure before becoming pregnant. Pregnancy
is usually well tolerated by asymptomatic women with iso-
lated pulmonic stenosis. In rare instances, percutaneous bal-
loon valvuloplasty263 merits consideration during pregnancy
in women who (1) develop symptoms as a direct result of the
stenotic valve; (2) have progressive right ventricular failure;
or (3) become cyanotic and have intracardiac (atrial or ven-
tricular) shunts.

Anticoagulants and Mechanical 
Valve Prostheses

Prosthetic Heart Valves

Pregnancy in women with a prosthetic valve is associated with
an increased risk of maternal and fetal complications.264 Com-
plications may arise from the pregnancy-related increase in
hemodynamic burden across a prosthetic valve or from the
hypercoagulable state of pregnancy, which predisposes to ma-
jor thromboembolic events. Complications may also result
from the mother’s cardiac disease, requiring pharmacologic
therapy (e.g., anticoagulants) that can cause fetal injury.232,264

The hemodynamic stresses of pregnancy seldom cause car-
diac decompensation in women who had been asymptomatic
or mildly symptomatic before conception. Occasionally,
their functional capacity will decrease during pregnancy, and
medical therapy will need to be started or intensified. How-
ever, the major threat by far for women with a mechanical
prosthetic valve is valve thrombosis and thromboembolic
events.265

Selecting a prosthetic valve for women of childbearing age
is not a simple matter.224 Bortolotti et al. suggested that a
porcine bioprosthetic valve is the best choice for a woman of
childbearing age who desires pregnancy.266 A bioprosthetic
valve obviates the need for anticoagulant therapy.265 How-
ever, these valves deteriorate over time, and pregnancy may
accelerate the process.224,232,264 Their hemodynamic profile
is inferior (especially small sizes in the aortic position) to me-
chanical valves,267 although this may be less problematic
when homograft or pericardial bioprosthetic valves are used.
New-generation mechanical valves offer a superior hemody-
namic profile, excellent stability, and seldom need replace-
ment.268 Anticoagulant therapy is still required, but the risk
of thromboembolism or hemorrhage appears to be low when
anticoagulant effects are carefully monitored and tightly reg-
ulated. These valves may be the best choice for women of
childbearing age who are amenable to close monitoring after
valve replacement.268

Use of Warfarin in Pregnancy

Salazar et al.265 compared effects of anticoagulant therapies
in a series of 223 pregnancies in women with prosthetic heart
valves. The rates of cerebral thromboembolism in women 
receiving first-trimester therapy with antiplatelet agents, sub-
cutaneous heparin, or warfarin were 25%, 8%, and 2%, re-
spectively. The unacceptably high incidence of major throm-
botic complications, including maternal deaths (4%) without
warfarin therapy during the first trimester, led to the recom-
mendation that such patients receive oral anticoagulants for
the first 35 weeks of pregnancy.224,265 However, many pa-
tients and physicians, especially in the United States, rejected
this approach because warfarin crosses the placenta and can
cause spontaneous abortion (up to 28%), intracranial bleed-
ing in the fetus (9% when warfarin is used 38th week gesta-
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tional), and congenital malformations (5%–30%).30,265 War-
farin-induced embryopathy includes choanal stenosis and
multiple skeletal anomalies including decreased nasal bridge,
nasal hypoplasia, small nasal bones, hypoplastic alae nasi,
telecanthus, punctate epiphyseal dysplasia of the long bones
and the cervical and lumbar vertebral plates. The teratogenic
effects of warfarin are limited to the first trimester, and war-
farin has been used safely during the second and third
trimesters.30,265 In such cases, heparin is typically substituted
for warfarin, usually around the 35th or 36th gestational week,
to avoid the onset of labor during warfarin therapy.265

Anticoagulant therapy should be most intense for women
with the greatest risk of thromboembolism, such as those with
a first-generation (e.g., a caged-ball valve) mitral valve, two
or more mechanical prostheses, atrial fibrillation, or a history
of systemic embolization. When the risk for valve throm-
bosis is exceedingly high, it may be reasonable to provide
thrombotic prophylaxis with warfarin for the first 35 weeks,
particularly if therapeutic anticoagulation [international nor-
malized ratio (INR) between 3.0–4.5] is achievable at a low
dosage of warfarin (	5 mg/day). Low-dose aspirin (80 mg)
is considered safe during pregnancy and may reduce the risk
of thrombosis in women receiving a low dose of an oral an-
ticoagulant. High-risk patients who wish to avoid warfarin in
early gestation can receive heparin (IV or SQ) during the first
trimester, but they require a high-intensity heparin effect [i.e.,
anti-factor Xa levels of 0.55–0.8 unit/mL or an activated par-
tial thromboplastin time (aPTT) 2.5–3.5 times the control
value].265 It now appears that most women with mechanical
valves can be adequately anticoagulated without the use of
warfarin during the first trimester.

Women at lower risk for thromboembolism, such as those
with a prosthetic aortic valve or second-generation prosthe-
sis in the mitral position, may receive subcutaneous heparin
throughout pregnancy maintaining an aPTT 2.0–3.0 times
the control. Some women may prefer taking warfarin 
between weeks 13 through 35 to avoid self-injection of hep-
arin or associated side effects. The intensity of anticoagula-
tion should be monitored frequently and corrected immedi-
ately if needed.

Low Molecular Weight Heparin

Although low molecular weight heparin (LMWH) has become
a popular anticoagulant for many conditions associated with
an increased risk of thromboembolism, LMWH appears to
lack the required efficacy as an anticoagulant for women who
have a mechanical heart valve. The product labeling includes
the warning for enoxaparin, a commonly used LMWH, that
this agent “ . . . is not recommended for thromboprophylaxis
in pregnant patients with prosthetic heart valves, due to re-
ports of valvular thromboses despite adequate anti-coagula-
tion.” At present, it seems inadvisable to select a LMWH to
provide thromboprophylaxis for pregnant women with a me-
chanical valve.

Congenital Heart Disease 
and Intracardiac Shunts

Congenital heart disease is now the predominant cause of car-
diac disease in pregnant women in the United States, ac-
counting for 60% to 80% of the cases. A congenital anomaly
of the heart or CV system is present in 0.7% to 1% of new-
borns. Three specific lesions—ventricular septal defect
(VSD), atrial septal defect (ASD), and patent ductus arterio-
sus (PDA)—account for over half of the cases (Table 12.17).

Predictors of Outcome

Factors that affect maternal outcome in women with CHD in-
clude (1) pathophysiology of the disease, (2) presence or ab-
sence of a surgical repair, (3) presence or severity of cyanosis,
(4) degree of pulmonary hypertension, (5) maternal functional
capacity, (6) degree of myocardial dysfunction, (7) degree of
LV outflow obstruction, and (8) history or presence of ar-
rhythmias or other prior cardiac events. A CHD that involves
only a small left-to-right shunt (e.g., ASD, VSD, or PDA) is
usually well tolerated during pregnancy if appropriate pre-
cautions are taken. Generally, women with noncyanotic CHD
who are asymptomatic can expect a good outcome, whereas
those with cyanosis or an impaired functional status are at in-
creased risk for major complications, including congestive
heart failure, arrhythmias, hypertension, myocardial ischemia,
infective endocarditis, and thromboembolic phenomena.

Shunt reversals and hypoxemia are more likely to occur in
women who have a large ventricular lesion than in those who
have a large atrial or a small ventricular defect. During the
first two trimesters of pregnancy, these women are at risk for
a shunt reversal or an increase in right-to-left shunting be-
cause of the physiologic elevation of right ventricular pres-
sure and the decrease in SVR. Cyanotic shunts are associated
with a high risk of a poor maternal and fetal outcome.

Congenital heart disease (CHD) affects perinatal outcome
adversely, particularly when the mother has an impaired func-
tional status or cyanotic disease. A study of pregnant women

TABLE 12.17. Incidences of congenital heart defects.

Lesions Incidence (%)

Acyanotic
Ventricular septal defect 35
Atrial septal defect 9
Patent ductus arteriosus 8
Pulmonary stenosis 8
Aortic stenosis 6
Coarctation of the aorta 6
Atrioventricular septal defect 3

Cyanotic
Tetralogy of Fallot 5
Transposition of the great arteries 4

Source: From Jordan SC, Scott O. Heart Disease in Paediatrics, 3rd ed. Ox-
ford: Butterworth Heineman, 1989.
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with CHD revealed a fetal loss of 45% when the mother was
cyanotic and of 20% when the mother was acyanotic. In ad-
dition, fetal growth restriction and preterm births occur more
often with pregnancies of cyanotic mothers; the frequency of
these problems correlates directly with maternal hematocrit
values. Furthermore, when the mother has CHD, the risk of
CHD in offspring is higher than in the general population.269

Children born to mothers with CHD are also at increased risk
for noncardiac congenital malformations, cognitive dysfunc-
tion, and physical impairments.

Good pregnancy outcomes are occasionally reported for
women with partially corrected and uncorrected cyanotic
heart disease such as pulmonary and tricuspid atresia, trans-
position of the great vessels, truncus arteriosus, single ven-
tricle, double-outlet right ventricle, and double-inlet left ven-
tricle. However, the risk of a poor outcome is very high. One
study described 96 pregnancies in 44 women with cyanotic
heart disease without Eisenmenger reaction: 32% of the
women developed CV complications, including heart failure,
thromboembolic events, SVT, and peripartum bacterial en-
docarditis resulting in one postpartum maternal death.270 The
presence of a cyanotic shunt was associated with high inci-
dences of fetal loss (57%), fetal growth restriction, preterm
deliveries, and both cardiac and noncardiac congenital mal-
formations in offspring.

Management of Intracardiac 
Shunts: General Principles

Several general principles of management pertain to all
women with intracardiac shunts (outlined in Table 12.18): (1)

administer prophylactic antibiotics as indicated for vaginal or
cesarean delivery; (2) prevent the introduction of air into the
venous circulation, which can lead to paradoxical air em-
bolism and severe injury; (3) maintain intravascular volume
and venous return; and (4) prevent increases in PVR and de-
creases in SVR, which can cause a shunt reversal and worsen
hypoxemia. Providing supplemental oxygen and monitoring
SpO2 will help optimize oxygen delivery to tissues and allow
a shunt reversal to be detected early and corrected promptly.
Epidural anesthesia attenuates the cardiovascular changes 
of labor and delivery. It is preferable to insert the epidural
catheter in early labor, before the onset of painful contrac-
tions, using incremental dosing of neuraxial medications to
achieve the desired clinical effect without inducing hemody-
namic instability.

Specific Congenital Heart Lesions

Atrial Septal Defect

The congenital heart defect that is most frequently overlooked
in childhood is an ASD of the secundum type (see Table
12.17). It accounts for 9% of the CHD in pregnant women.
The effects of pregnancy on a woman with an ASD depend
on accompanying lesions, functional status, and pulmonary
vascular resistance. Generally, pregnancy is well tolerated in
women with an ASD, even with a large left-to-right shunt.
Pulmonary hypertension or atrial arrhythmias seldom occur
in women of childbearing age. The risk of endocarditis is not
increased for a woman with an isolated secundum type of
ASD, or who is at least 6 months status post successful re-

TABLE 12.18. Risks related to intracardiac shunts and their management during pregnancy.

Risk factor Preventative measure

Endocarditis Give prophylactic antibiotics for delivery
(except for a secundum-type ASD)

Paradoxical air embolism Precautions with IV lines
Remove air from IV tubing and solutions
Use special air-extracting filters
Precautions during epidural catheter placement428

Use loss of resistance to saline (instead of loss of resistance to air)
Precautions during abdominal delivery
Maintain uterus in a dependent position (e.g., repair uterine incision in situ, elevate head of OR table)

Increased right-to-left Avoid large increases in pulmonary vascular resistance
shunting; shunt reversal Give O2 via face mask and monitor SpO2

Provide early and effective analgesia for labor
Prevent hypercarbia (respiratory acidosis) through cautious use (or avoidance) of parenteral opioids and sedatives
Prevent large decreases in systemic vascular resistance
Ensure that onset of neuraxial anesthesia is slow and controlled
Promptly treat hypotension induced by neuraxial anesthesia
Prevent a major decrease in effective blood volume (this decreases right ventricular volume and compromises 

systemic perfusion)
Rapidly replace postpartum blood losses with blood and IV fluids
Avoid large increases in right ventricular volume and pressure (can increase right-to-left-shunting)
Monitor CVP and give fluids judiciously to prevent overexpansion of blood volume

ASD, atrial septal defect; IV, intravenous; OR, operating room; CVP, central venous pressure; SpO2, O2 saturation via pulse oximetry.
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pair of a septal defect or surgical ligation and division of a
PDA.35

Ventricular Septal Defect

A VSD is the most common congenital heart (CH) defect,
and accounts for about 35% of the CH lesions that occur in
pregnant women. A woman who has had closure of an un-
complicated VSD is at no greater risk during pregnancy than
a woman without heart disease. An isolated VSD is usually
well tolerated during pregnancy, but it may occasionally be
associated with arrhythmias and congestive heart failure. The
presence of pulmonary hypertension can markedly increase
the risk of pregnancy in women with a VSD. A large reduc-
tion in BP, which may occur during or after delivery due to
blood loss or anesthesia, can reverse the direction of the shunt.
Prompt vasopressor therapy or volume replacement will usu-
ally restore BP and corrects the problem. The incidence of
VSD in offspring has been reported to be 4% to 11%.9

Patent Ductus Arteriosus

A PDA accounts for about 8% of the CH lesions in pregnant
women. Pregnancy is usually uncomplicated in women with
a PDA and a left-to-right shunt,9 although some women ex-
perience clinical deterioration and congestive heart failure.9

No maternal deaths occurred in a series of patients with PDA.
Surgical intervention is rarely needed during pregnancy.271

Women with pulmonary hypertension are at increased risk for
a shunt reversal from decreases in vascular tone during ges-
tation or early postpartum hypotension. Peripartum hypoten-
sion should be corrected promptly, using vasopressor therapy
and intravenous fluids.

Ebstein Anomaly

The Ebstein anomaly includes a malformed tricuspid valve,
wherein the cusps are displaced downward, the valve tissue
is wrinkled, and the chordae tendineae are poorly developed
or absent. Ebstein anomaly is less common as an isolated mal-
formation of the tricuspid valve, but this is better tolerated
than tricuspid atresia. Many women with this anomaly reach
adulthood without surgical intervention.

Pregnancy is well tolerated in women with a noncyanotic
Ebstein anomaly. In cyanotic cases, however, there is an in-
creased risk of maternal heart failure, premature births, and
fetal loss. The approach to labor and delivery in symptomatic
or cyanotic women with Ebstein anomaly includes prophy-
lactic antibiotics, oxygen administration, hemodynamic and
blood gas monitoring, and maintenance of systemic BP, in-
travascular volume, and venous return.

Tetralogy of Fallot

Tetralogy of Fallot (TOF) accounts for 5% of CH lesions in
pregnant women and is the most common cause of a cyanotic

shunt during pregnancy. TOF consists of a large VSD, an ob-
structed right ventricular outflow tract (infundibular or valvu-
lar, e.g., pulmonic stenosis), and a dilated aorta overriding the
interventricular septum. These three lesions, if not corrected
shortly after birth, conspire to cause a fourth—right ventric-
ular hypertrophy.

When TOF is mild, surgical closure of the VSD and cor-
rection of the outflow obstruction is usually deferred until
children are between 2 and 5 years of age. Symptomatic
neonates or infants, however, require immediate surgical in-
tervention.272

Medical and Surgical Management

The outcome of pregnancy is usually favorable for women with
corrected TOF. Occasionally, pregnancy will unmask residual
cardiac dysfunction (i.e., present before the surgical correction)
or an intracardial lesion in a woman with “corrected” TOF.

Women who have had a palliative procedure for TOF are
at high risk for a poor outcome of pregnancy. Those who had
a definitive repair of TOF in early childhood have a signifi-
cantly lower risk of pregnancy than women with residual post-
surgical pathology, such as a VSD, pulmonic stenosis or re-
gurgitation, or right ventricular dysfunction.273 Pulmonary
hypertension will often complicate the pregnancies of women
who had a shunt procedure to decrease cyanosis.

A poor pregnancy outcome should be anticipated if the
mother’s SpO2 is below 80%, her hematocrit exceeds 60%, or
she has right ventricular hypertension or syncopal episodes.9

Cyanotic heart disease portends high rates of spontaneous abor-
tion, preterm deliveries, and fetal growth restriction.270,271,273–275

It has been recommended that women with the following patho-
physiologic findings should undergo surgery before conception:
(1) a VSD and a pulmonic-to-systemic flow ratio that exceeds
1.5:1.0; (2) right ventricular outflow obstruction, with a right
ventricular systolic pressure exceeding 60 mm Hg; and (3) right
ventricular failure because of pulmonary regurgitation.9

Obstetric Management

Preconceptually, women with clinically important cardiac dis-
ease should have a thorough cardiology evaluation to iden-
tify and assess the severity of any cardiac lesions. They should
receive counseling about maternal and fetal risks of preg-
nancy, the effects of pregnancy on their long-term health, and
the risks of congenital malformations in their children.

Between the 18th and 20th week of gestation, pregnant
women with CHD should undergo a detailed fetal ultrasound
and fetal echocardiogram to determine if the fetus has CHD.
In addition, serial fetal testing should be performed in the third
trimester, especially in women with cyanotic disease. Vagi-
nal delivery is the preferred method for most women with
CHD, and cesarean delivery is reserved for obstetric reasons
or maternal cardiovascular instability. When an uncompli-
cated delivery is expected, prophylactic antibiotics are only
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required for woman with a prosthetic heart valve or a surgi-
cally constructed systemic-to-pulmonary shunt.35

Anesthetic Management

Generally, no special measures are required for healthy
women with corrected TOF. However, these women may be
at increased risk for a cardiac rhythm disturbance because the
surgical corrective procedure sometimes disrupts the normal
conduction pathways. Thus, they may benefit from continu-
ous ECG monitoring during labor and delivery.

A pregnant woman with uncorrected TOF should be man-
aged in accordance with the following hemodynamic goals: (1)
maintain mild elevations of intravascular volume, venous re-
turn, and right ventricular filling pressures, which drives pul-
monary blood flow; (2) prevent decreases in SVR and increases
in PVR, which worsen right-to-left shunting and cyanosis.

The ECG should be monitored continuously to facilitate
prompt diagnosis and treatment of cardiac arrhythmias. Women
with impaired functional capacity, pulmonary hypertension, or
cyanotic disease usually require invasive hemodynamic moni-
toring with arterial and CVP catheters, as well as periodic mea-
surements of blood gases from the onset of labor through the
early postpartum period. Changes in intravascular volume must
be anticipated and corrected promptly.

Effective analgesia from the onset of labor through deliv-
ery helps avert exacerbations of pulmonary hypertension,
right ventricular dysfunction, and cyanotic shunting. For a ce-
sarean delivery, a continuous neuraxial block that is carefully
administered generally provides safe and effective anesthesia
for a woman with uncorrected TOF. A single-shot spinal 
anesthetic is relatively contraindicated because it can cause
systemic vascular tone and BP to precipitously decrease, in-
ducing a shunt reversal and worsening hypoxemia. Hypo-
volemia from postpartum hemorrhage is similarly concerning
and needs to be treated immediately with a vasoconstrictor
and IV fluids. Measures should be taken to prevent an eleva-
tion in PVR, impede the ejection of blood into the pulmonary
circuit and favor the flow of blood through the cyanotic shunt.

Secondary Pulmonary Hypertension
(Eisenmenger’s Syndrome)

Victor Eisenmenger originally described the “Eisenmenger
complex” in 1897 in an article on congenital defects of the
ventricular system.276 In 1958, Wood redefined the syndrome
as “pulmonary hypertension due to high pulmonary vascular
resistance with reversed or bidirectional shunt at the aor-
topulmonary, ventricular, or atrial level.”277

Pathophysiology

Eisenmenger’s syndrome is a complex pathophysiologic state
that includes (1) clinical cyanosis; (2) a communication be-

tween the right and left circulatory systems (an ASD, a VSD,
or an aorticopulmonary anomaly) that allows bidirectional cir-
culatory shunting; and (3) pulmonary hypertension that is rel-
atively fixed at systemic levels, owing to an irreversible ele-
vation of pulmonary vascular resistance (PVR).

Eisenmenger’s syndrome is usually the result of an un-
treated or incompletely treated congenital heart lesion such as
ASD, VSD, PDA, TOF. The long-standing left-to-right shunt
causes chronic overloading of the right ventricle and exces-
sive pulmonary blood flow. Hypertrophic changes occur in
the pulmonary vasculature that lead to a marked elevation in
PVR and pulmonary hypertension that is unresponsive to
medical therapy or surgical correction.278 When PA pressure
exceeds systemic BP, the flow of blood through the shunt re-
verses direction (initially it is bidirectional, and later right to
left). Adaptive mechanisms that develop over time allow
Eisenmenger patients to function at a lower oxygen satura-
tion level than could be tolerated acutely by a healthy person.
The mortality rate, without an intervening pregnancy, is high-
est in the third and fourth decades of life.

In a woman with Eisenmenger’s syndrome, pregnancy will
not induce the usual reduction in PVR because PVR is patho-
logically fixed. Therefore, pregnancy-associated increases in
cardiac output and pulmonary blood flow cause pulmonary
hypertension to worsen. In addition, pregnancy can exacer-
bate hypoxemia by increasing oxygen consumption, decreas-
ing functional residual capacity, and causing a reduction in
SVR, which increases right-to-left shunting. Maternal hy-
poxemia and circulatory derangements are associated with in-
trauterine growth restriction and fetal demise.275,279

Medical Management

Eisenmenger’s syndrome markedly increases the risk for pul-
monary thromboembolism. Elkayam9 recommends prophy-
lactic anticoagulant therapy during the times that women are
at the greatest risk for sudden death, which extends from the
third trimester until the sixth postpartum week. On the other
hand, Kahn280 has expressed concern that such therapy may
lead to, or exacerbate, hemorrhage, which is poorly tolerated
in these patients. Hemorrhage can cause severe hypotension,
progressively worsening right-to-left shunting and hypox-
emia. In a study of seven consecutive women with Eisen-
menger’s syndrome, all five of the women who had received
prophylactic heparin died; three bled excessively during the
postoperative or postpartum period. Neither of the two sur-
viving women had received heparin therapy.281

Obstetric Management

Eisenmenger’s syndrome is associated with a very high ma-
ternal mortality rate, ranging from 30% to 50%.282–284 Be-
cause of the grim maternal prognosis and poor overall out-
come of pregnancy, women with Eisenmenger’s syndrome
are strongly advised against pregnancy. Pregnant women
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should be counseled regarding the high risks of maternal mor-
tality and offered termination of pregnancy.285

Women who choose to remain pregnant need to be very
closely monitored by a multidisciplinary team consisting of
obstetrician, cardiologist, anesthesiologist, nurses, and other
support personnel. Symptoms typically develop in the second
trimester286 and may include fatigue, exertional dyspnea, syn-
cope, chest pain, palpitations, nonproductive cough, hemop-
tysis, and leg edema. Preterm labor is the rule,283 so women
should be hospitalized, and their physical activity restricted
whenever uterine contractions occur.

The maternal mortality rates associated with vaginal deliv-
ery and cesarean delivery are 34% and 75%, respectively. An
assisted vaginal delivery, which is described as a cardiac de-
livery in Table 12.6, minimizes the hemodynamic changes as-
sociated with the second stage of labor. A planned cesarean de-
livery may be preferred because of maternal hemodynamic
instability, a high risk of fetal distress during vaginal delivery,
and the potential need for emergency cesarean delivery. Deaths
usually occur in the early postpartum period but may occur as
late as 4 to 6 weeks postpartum.284 The exact cause of death
is often unclear, but thromboembolic events appear to play a
major role. The mortality rate associated with therapeutic abor-
tion in the series reported by Gleicher et al. was about 7%.284

Anesthetic Management

Hemodynamic Goals

The following goals pertain to the anesthetic management of
pregnant women with Eisenmenger’s syndrome: (1) preven-
tion of increases in PVR by averting pain, anxiety, acidosis,
hypercarbia, and hypoxemia; (2) maintenance of mild eleva-
tions of intravascular volume, venous return, and cardiac fill-
ing pressures; (3) prevention of large or sudden decreases in
SVR or systemic BP; and (4) prevention of myocardial de-
pression during general anesthesia.46,287

Treatment of Pulmonary Hypertension

Inhaled nitric oxide (iNO) selectively dilates the pulmonary vas-
cular bed without producing systemic hemodynamic effects; this
directly improves right ventricular (RV) function and may in-
directly improve LV function. In patients with obstructive pul-
monary hypertension, iNO can rapidly lower total pulmonary
resistance (TPR) without changing systemic blood pressure. A
recent study of 23 patients who received graded doses of iNO
showed a positive response (TPR decreased �20%) in 18% of
patients at 20 ppm iNO and in 29% at 80 ppm. Patients with
predominantly right-to-left shunting, however, did not respond
to iNO. Moreover, a rebound increase in TPR (�10%) was
noted in 35% of patients after cessation of 80 ppm.288

Although iNO is easy to administer and may benefit par-
turients with pulmonary hypertension, the experience with iNO
in such women is limited. Goodwin et al.289 reported that iNO
administration to a woman with Eisenmenger’s syndrome dur-

ing the second stage of labor and postpartum was associated
with an improvement of progressively refractory hypoxemia
and a reduction in PA pressure. It was discontinued after 48 h,
but the woman died 2 days later, despite continued vasodilator
therapy with an infusion of prostacyclin directly into the pul-
monary artery.289 Another report describes an initial reduction
of hypoxemia and pulmonary arterial pressures following iNO
administration to a parturient with Eisenmenger’s syndrome
caused by an ASD. She delivered a live infant at 34 weeks ges-
tation but died of worsening pulmonary hypertension (HTN)
and heart failure 21 days later.290 Recently, some authors have
suggested that iNO may lead to good pregnancy outcomes in
women with severe primary pulmonary HTN.291

Monitoring

Supplemental oxygen should be administered with high-flow
masks, and women should receive adequate anxiolytic med-
ication before placing invasive monitors or performing ob-
stetric or anesthesia procedures. Pulse oximetry is an extremely
valuable monitor in patients with Eisenmenger’s syndrome and
can provide useful information about the shunt fraction and
direction.292,293 If the syndrome arises from an uncorrected
PDA, then simultaneous monitoring of SpO2 in preductal (right
hand) and postductal (left hand, feet) blood can be used to de-
termine changes in the shunt fraction.287 An arterial catheter
and a CVP catheter yield continuous hemodynamic informa-
tion, which usually shortens the response time for effectively
treating acute hypotension. When CVP decreases, efforts
should focus on augmenting venous return by expanding in-
travascular volume or decreasing venous capacitance.

Spinnato et al.46 have strongly recommended the use of a
PA catheter for patients with Eisenmenger’s syndrome, but
many clinicians disagree strongly with this advice for several
reasons: (1) attempts to insert the catheter may trigger ma-
lignant arrhythmias; (2) the catheter may be difficult to posi-
tion properly owing to RV failure and a large VSD; (3) the
catheter provides a nidus for thrombus formation and an en-
try route for infectious agents or air, which can traverse the
shunt and cause paradoxical embolism; (4) severe pulmonary
HTN increases the risk of the catheter rupturing a pulmonary
artery; (5) PVR is fixed, so the PA pressure is known to be at
the systemic level; (6) PCWP may be unreliable owing to the
hypertrophic changes in the pulmonary circulation; (7) the car-
diac output measurements are spurious and calculations of PVR
misleading due to the shunt; and (8) PVR is typically unre-
sponsive to therapy with pulmonary vasodilators.287,294–297

Thus, the value of data obtained from a PA catheter does not
seem to justify the risks of this technique in a patient with Eisen-
menger’s syndrome.295

Anesthetic Techniques

Optimal anesthetic management requires constant and effec-
tive communication among the members of the multidisci-
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plinary team. In this way, the need for an emergency cesarean
delivery under general anesthesia, with its inherent risks, is
minimized. Effective analgesia is essential to prevent adverse
hemodynamic responses to labor and delivery. Therefore, it
is important to manage anticoagulation therapy so that neur-
axial analgesia will not incur an excessive risk of an epidural-
spinal hematoma. For example, it is advisable to discontinue
LMWH at least 3 days before the planned delivery, substi-
tuting therapy with unfractionated heparin, which has a more
predictable duration of action and an effect that is easier to
monitor and reverse. If regional anesthesia is contraindicated,
then an intravenous infusion of a potent opioid such as
remifentanil, with or without298 patient-controlled analgesia
(PCA), may be the next best option for achieving acceptable
pain relief. However, the quality of analgesia typically pales
in comparison with that produced by a neuraxial block.299

An epidural technique with intrathecal opioids is preferred
for labor and delivery.46 Loss of resistance to saline (instead
of air) is the method used to locate the epidural space. A CSE
technique may be advantageous. Intrathecal fentanyl can be
used during the first stage of labor, supplementing with a di-
lute solution of local anesthetic, as needed. An epidural infu-
sion of bupivacaine and fentanyl into the epidural space
should provide excellent analgesia throughout labor and de-
livery without producing hemodynamic lability. If fetal dis-
tress develops, the epidural block can be intensified and
slowly extended to a level of T5 (e.g., 2% lidocaine without
epinephrine) to provide a surgical anesthesia within 5 to 10
min. During the second stage of labor, the anesthetic should
be dense enough to allow a forceps delivery without discom-
fort to the patient. When hypotension develops, the adequacy
of uterine displacement should be assessed and systemic vas-
cular tone restored with IV phenylephrine.

A neuraxial block using a catheter technique is also the pre-
ferred anesthetic for a cesarean delivery.46,297,300 A single-
shot spinal is contraindicated because it can cause a sudden
drop in SVR, which increases right-to-left shunting.284,301 The
key to safe use of spinal300 and epidural anesthesia is the slow,
incremental injection of local anesthetic dose while contem-
poraneously and cautiously correcting any potentially adverse
hemodynamic trends. The block can be extended slowly to a
level of around T5 using 2% lidocaine (without epinephrine).
Epidural or spinal morphine is most useful for postoperative
pain management.302 If this option is not technically feasible,
continuous PCA should be considered.

General anesthesia can exacerbate a right-to-left shunt and
worsen cyanosis by several mechanisms. First, many anes-
thetics decrease SVR and lower cardiac output by increasing
venous capacitance or causing myocardial depression. Sec-
ond, anesthetics that are given rapidly in high doses can pro-
foundly depress the circulation and overwhelm the reflex
mechanisms that restore circulatory homeostasis. Third, both
positive pressure ventilation and volatile anesthetics can de-
crease the venous return. Finally, volatile anesthetics decrease
uterine tone and predispose to uterine atony, which can lead

to hypovolemia and hypotension. Blood loss needs to be re-
placed rapidly while exercising caution to prevent excessive
expansion of the intravascular volume.

Lipophilic opioids, such as fentanyl, sufentanil, and
remifentanil, are useful components of a general anesthetic
because they suppress neuroendocrine stress responses to sur-
gery without causing cardiovascular depression. Except for
remifentanil, opioids that are given to the mother in high doses
should be expected to cause neonatal respiratory depression.
The neonatologist or pediatrician in attendance should be in-
formed that the mother has received a large amount of opi-
oid. Neonates will require ventilatory support until the opi-
oid is either metabolized or antagonized pharmacologically.
Additionally, opioids (unlike volatile anesthetics) do not re-
lax uterine smooth muscle or cause uterine atony.

Tay et al.303 documented a successful GA and pregnancy
outcome for a woman with Eisenmenger’s syndrome and
heart failure (NYHA class IV) in which they flagrantly vio-
lated the “don’ts” for managing such patients. An emergency
cesarean delivery was required when the woman’s functional
status deteriorated acutely in the 37th gestational week. He-
modynamic monitoring included a PA catheter. The anes-
thetic, which included a rapid sequence induction with etom-
idate, fentanyl and succinylcholine and maintenance with
isoflurane and nitrous oxide 50% in O2, was unremarkable.
She received parenteral morphine for analgesia and mechan-
ical ventilation for the first postoperative day. When she re-
turned home after an uneventful recovery, her cardiac func-
tional status was NYHA class II.

Women with Eisenmenger’s syndrome require careful
monitoring in the early postpartum period, when major com-
plications are most likely to occur.279 Because hypovolemia
will increase pulmonary-to-systemic shunting, it must be cor-
rected expeditiously. If the blood loss has been minimal, how-
ever, the rapid expansion of intravascular volume that follows
delivery can lead to congestive heart failure, or cause it to
worsen.

Primary Pulmonary Hypertension

Primary pulmonary hypertension (primary pulmonary HTN)
is associated with a maternal mortality of 30% to 40%304 and
a poor fetal outcome, with high incidences of fetal loss, pre-
maturity, and fetal growth restriction.304 Unfortunately,
women who are at highest risk for CV deterioration during
pregnancy are often difficult to identify on the basis of their
preconceptual clinical appearance.

Pulmonary Vasodilator Therapy

Primary pulmonary HTN often responds, at least partially, to
therapy with pulmonary vasodilators. Supplemental oxygen
is a superb pulmonary vasodilator and should be used rou-
tinely for these patients. Other agents that have been used to

ak
us

he
r-li

b.r
u



12. Cardiovascular Disease in Pregnancy 189

lower PVR include nitroglycerin, nitric oxide,291,305,306 cal-
cium antagonists,305,307 prostaglandins,307 and endothelin an-
tagonists.308,309

Successful short-term use of calcium antagonists has been
reported in patients with primary pulmonary HTN during
pregnancy307 and in the postpartum period.305 Nitric oxide
can improve pulmonary HTN that is refractory to other ther-
apy. Prostaglandins have also been documented to lower pul-
monary pressure for brief periods during pregnancy.307,310

Recently, Stewart et al. reported a successful maternal-fetal
outcome in a woman with primary pulmonary HTN who re-
ceived epoprostenol throughout pregnancy.311

Additional promising medications for severe pulmonary
HTN are on the horizon but have not yet been evaluated in
pregnant women. Simonneau et al.312 reported that trepros-
tinil (a stable prostacyclin analogue) increases exercise ca-
pacity and decreases dyspnea, and beraprost (an orally active
prostacyclin analogue) produces sustained clinical and hemo-
dynamic improvements. Similarly, bosentan, an endothelin-
receptor antagonist, was reported to increase exercise capacity
and improve hemodynamics.308,309 Because primary pulmonary
hypertension is associated with a poor outcome of pregnancy,
it is likely that pregnant women will be treated with some of
these new agents in the near future.

Obstetric Management

Women who have pulmonary HTN should be informed about
the high maternal mortality rates associated with this condi-
tion and be advised to avoid pregnancy. Estrogen-containing
oral contraceptives may exacerbate pulmonary HTN and are
not recommended for such women. If conception occurs,
women should be offered the option of terminating the preg-
nancy.313

Elevations of intravascular volume and cardiac output dur-
ing pregnancy increase the workload of the right ventricle and
can lead to RV failure and cyanosis. Symptoms typically de-
velop in the second trimester305 and include fatigue, exer-
tional dyspnea, dependent edema, chest pain, palpitations,
nonproductive cough, hemoptysis, and syncope. Maternal
deaths typically occur within hours of delivery or several days
postpartum.314 The exact cause of death may be elusive, al-
though the common mechanisms are RV ischemia and fail-
ure, arrhythmias, and pulmonary embolism.

During pregnancy, physical activity should be restricted to
reduce the circulatory burden. The incidence of preterm de-
livery is increased in these women. Because of the very high
incidence of thromboembolism during pregnancy and post-
partum, anticoagulant therapy is recommended throughout
gestation, or at least during the third trimester and early post-
partum period.315 The benefit of such therapy, however, re-
mains to be determined.

An assisted vaginal delivery is recommended using the
modifications described in Table 12.16.314 Women with pri-
mary pulmonary HTN should be managed in an intensive care

setting for several days following delivery because this is
when the risk of sudden death is highest.

Anesthetic Management

Conceptually, primary pulmonary HTN is more straightfor-
ward to manage than Eisenmenger’s syndrome because no
pulmonary-to-systemic shunt exists, and the pulmonary vas-
culature will more often respond to vasodilator therapy. How-
ever, severe pulmonary HTN, whether primary or secondary,
markedly limits the ability to compensate hemodynami-
cally for decreases in systemic BP. The goals for hemody-
namic management of women with primary pulmonary HTN
are similar to those for Eisenmenger’s syndrome listed ear-
lier.302,313,314,316–322

Monitoring typically includes arterial and CVP catheters.
A PA catheter can help guide therapy when PVR is not fixed
and is responsive to vasodilator therapy.310 There are no clear
guidelines about the use of a PA catheter in these women:
some clinicians avoid them,314 others embrace them.310

Continuous neuraxial analgesia is preferred for labor and
delivery, using a low dose of local anesthetic and fentanyl.314

Epidural anesthesia blunts the stress of labor, without hemo-
dynamic compromise.302,314,316,321,323 Alternatively, effective
analgesia can be achieved using intrathecal fentanyl for the
first stage of labor,302 and an early pudendal block for the
second stage.

General anesthesia is well tolerated in some cases,310 but
may lead to maternal death in others.314 Anesthetic agents
that elevate pulmonary vascular resistance or cause myocar-
dial depression should be used with caution. Such agents can
exacerbate pulmonary HTN and precipitate RV failure. Al-
though positive pressure ventilation reduces the venous return
and pulmonary blood flow, it has been used successfully both
intraoperatively and postoperatively.310

Myocardial Infarction

Katz324 first described the occurrence of myocardial infarc-
tion (MI) during pregnancy in 1922. Subsequently, many re-
ports and reviews on pregnancy-related MI have been pub-
lished.325–328 The incidence of MI during pregnancy has been
estimated at 1 in 10,000 deliveries and appears to be rising
because more women with multiple risk factors are becom-
ing pregnant.

Several risk factors for intrapartum MI have been identi-
fied (Table 12.19). Most infarctions during pregnancy affect
women over 30 years of age,329 and multigravidas are at
higher risk than primigravidas.330 Such findings parallel cur-
rent demographic trends. Average maternal age is increasing,
as more women are completing their education or establish-
ing careers before starting a family. More young women are
smoking cigarettes, experiencing stress in the workplace, and
using cocaine.331 Diabetes mellitus, recent use of oral con-
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traceptives (OCP),332 and hypertensive disorders333,334 in-
crease the risk of an intrapartum MI. However, the presence
of multiple concurrent risk factors dramatically increases this
risk dramatically: heavy smoking or HTN and concurrent use
of OCP (especially with high doses of estrogen) may increase
the risk 20-fold.334

The impact of a prior MI on a subsequent pregnancy is un-
clear. Frenkel et al.335 reviewed 24 pregnancies in women
who had a previous MI; none of these women had complica-
tions related to the prior infarction. The authors suggest that
a good pregnancy outcome can be expected in women who
conceive after an MI if they are managed carefully with strict
supervision.335

Pathophysiology

The etiology of MI in pregnancy is multifactorial. Coronary
artery morphology was studied in 54% of patients (n � 125)
who had an MI during pregnancy.330 Coronary atherosclero-
sis with or without intracoronary thrombus, was found in 43%
of patients, coronary thrombus without atherosclerotic disease
in 21%, coronary dissection in 16%, and normal coronary ar-
teries in 29%.330

An MI that is unrelated to atherosclerotic disease may re-
sult from coronary spasm or thrombosis, precipitated by fac-
tors such as pregnancy-induced HTN or the administration of
ergot alkaloids, bromocriptine, oxytocin, and prostaglandins
(Table 12.20). Peripartum infarctions are often caused by a
dissection of a coronary artery usually in the immediate post-

partum phase. About 80% of dissections involve the left 
anterior descending artery, and nearly 20% are in the right
coronary artery. Other potential causes of an intrapartum 
MI include pheochromocytoma, collagen vascular diseases,
Kawasaki disease, sickle cell anemia, hemostatic abnormali-
ties, and use of illicit drugs, especially cocaine. Cocaine can
precipitate an MI by inducing tachycardia, coronary artery
spasm, coronary thrombosis, HTN, or arrhythmias and by ac-
celerating atherosclerotic disease.336–340

Morbidity and Mortality from Myocardial 
Infarction During Pregnancy

A literature review of pregnancy-related myocardial infarc-
tions from 1922 to 1983 identified 68 occurrences, with an
overall mortality rate of 37%. The stage of the pregnancy in
which the MI occurred was noted to be a significant risk fac-
tor. Maternal mortality rate for an MI was 23% in the first or
second trimester, 45% in the third trimester, and 50% for an
MI that occurred within 2 weeks of delivery. Perinatal and
maternal mortality rates were highly correlated.325 In a more
recent study, Badui and Enciso329 reviewed 109 reports on
the subject, involving 136 patients. The average maternal age
was 32 years, and 43% of these women had no coronary risk
factors. In 47% of the cases studied, there was no significant
atherosclerotic disease. Nearly 75% of the infarctions in-
volved the anterior wall. In the series, 26 deaths occurred,
constituting an overall maternal mortality rate of 19%; the
mortality rate was higher during the third trimester, labor, and
puerperium. Eight (31%) had sudden death (5 had coronary
thrombosis). The perinatal mortality rate was 16.9%; 52% of
fetal deaths were coincidental with that of the mother.329

In brief, infarctions typically occur in the third trimester.
Most maternal deaths occur at the time of the infarction or
around delivery (especially if it occurs soon thereafter).330

The mortality rate is very high for women with severe
preeclampsia who have a postpartum MI.341 Presently, the
overall maternal mortality rate for women having a peripar-
tum MI is about 20%.329

Diagnostic Considerations

The diagnosis of ischemic heart disease in pregnant women
may be overlooked or delayed for several reasons: (1) MI
rarely occurs in pregnant women; (2) diagnostic procedures
may present a risk to the fetus; and (3) CV changes of nor-
mal pregnancy and ischemic heart disease (IHD) can be sim-
ilar, so manifestations of IHD may be dismissed as being nor-
mal (see Tables 12.3, 12.4). Furthermore, plasma creatinine
kinase and myoglobin can increase twofold 30 min after de-
livery without IHD. In contrast, the plasma level of troponin
I provides a useful test for peripartum MI, because it remains
within normal limits unless myocardial injury has occurred.

The history and physical examination should focus on risk
factors for an intrapartum MI and identify coexisting condi-

TABLE 12.19. Risk factors for coronary artery disease in 
pregnant women.

Advanced age (age greater than 35 years)
Multigravidas
Oral contraceptives (use during preceding decade)332

Cigarette smoking334

Hypercholesterolemia with decreased HDL (prepregnancy)a

Diabetes mellitus
Hypertensive disorders (including preeclampsia-eclampsia)333,334

Family history of coronary disease

HDL, high density lipoprotein.
aTotal cholesterol, low-density lipoprotein (LDL), cholesterol, and triglyc-
eride levels are significantly increased during normal pregnancy.

TABLE 12.20. Causes of myocardial ischemia (MI) 
during pregnancy.

Atherosclerotic coronary artery disease.
Coronary artery injury in the absence of atherosclerotic disease, from 

vasospasm, dissection, aneurysm, hematoma.
Severe hypertensive disorders, including pheochromocytoma, cocaine 

abuse.
Marked imbalance of myocardial oxygen supply to demand relationship, 

especially with coexisting cardiovascular disease, caused by severe 
tachycardia in association with LVH, hypotension, hypoxemia, or anemia.

Severe aortic stenosis or aortic regurgitation.

LVH, left ventricular hypertrophy.
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tions that unfavorably affect the O2 supply to demand rela-
tionship and prognosis (Figure 12.6). Such conditions include
hypertensive disorders, arrhythmias, congenital heart lesions,
anemia, medication, and use of illicit drugs. A toxicology
screening should be obtained. The diagnostic workup should
include serial 12-lead EKG, cardiac enzymes, coagulation
profile, electrolyte profile, hematocrit, routine liver enzymes,
blood urea nitrogen (BUN), creatinine, glucose, urinalysis,
and baseline arterial blood gases. Echocardiography should
be performed to evaluate myocardial function and the status
of the heart valves. If there is evidence of progressive is-
chemia or impending infarction, a cardiac catheterization
should be performed immediately, using lead shielding that
covers, but does not compress, the abdomen.

Medical Management

The key to optimizing the outcome of a pregnancy compli-
cated by an intrapartum MI is careful attention to the needs
of both the mother and fetus, using a multidisciplinary team
approach. Strict control of maternal hemodynamics will help
optimize the balance between myocardial oxygen supply and
demand (see Figure 12.6).342 In general, the medical man-
agement for IHD is similar for pregnant and nonpregnant
women. There needs to be a search for, and expeditious treat-
ment of, coexisting disorders that can exacerbate IHD (e.g.,
anemia, untreated hypertension, thyrotoxicosis, drug abuse,
infection). The cause of the ischemia needs to be determined
because it may affect management decisions.

The initial treatment must be aggressive. The cardiology
team should be consulted, and the woman should be evalu-
ated immediately because of the high risk for sudden death.
It is important not to overlook the need for uterine displace-
ment, supplemental oxygen (high flow via face mask), intra-
venous access, and continuous monitoring of the mother and
fetus. Women should be managed in a critical care setting un-

til the ischemia resolves and hemodynamically stability is 
assured. Heparin therapy (low-dose, SC) is usually needed to
reduce the risk of deep venous thrombosis secondary to ve-
nous stasis and bedrest. Women who have ventricular dys-
kinesis or hypokinesis, or a ventricular aneurysm, require a
higher degree of anticoagulation to prevent mural thrombosis
and thromboembolism (e.g., IV heparin, with PTT maintained
at twice normal level).343 Generally, IV heparin is discontin-
ued at least 6 h before surgery, allowing the PTT to return to
the normal range before delivery. In an emergency, protamine
or fresh-frozen plasma (FFP) may be needed to restore nor-
mal coagulation.

Invasive monitoring and strict control of all CV parame-
ters is essential when hemodynamic instability occurs or is
anticipated. Rao et al.344 reported that intensive postoperative
CV care, which included invasive hemodynamic measures,
lowers the perioperative mortality rate for individuals with a
history of a prior MI. Women who have an intrapartum MI
will almost certainly require an operative procedure delivery
and anesthesia during the ensuing 3 months, when the risk of
reinfarction and perioperative mortality is greatest.345 Ab-
dominal surgery might further increase this risk.346

Efforts should be made to minimize peripartum CV stress.
If left ventricular failure develops, it must be aggressively
treated. Initial therapy usually includes digitalis and diuret-
ics, proceeding to agents such as dopamine, dobutamine, or
norepinephrine if needed, despite their potentially adverse ef-
fects on placental perfusion. Tachycardia requires immediate
correction. An intraaortic balloon pump (IABP) might help
when myocardial deterioration continues unabated despite
medical therapy, although an IABP predisposes to throm-
boembolic risks, which may be especially high during preg-
nancy. In this setting, interventions such as percutaneous
transluminal coronary angioplasty and stent placement, or
coronary artery bypass grafting, merit strong consideration.

Refractory congestive heart failure has been reported to im-
prove dramatically shortly after cesarean delivery.347,348 Listo
and Bjorkenheim347 described a parturient who had an ante-
rior MI complicated by cardiogenic shock and fetal death. The
mother’s pulmonary edema began to resolve immediately af-
ter an abdominal delivery. In another instance, a woman hav-
ing an intrapartum MI went into preterm labor and subse-
quently developed heart failure, which required invasive
monitoring and inotropic support.348 Her condition improved
rapidly after a cesarean delivery, suggesting that immediate
delivery or termination of pregnancy may help protect a
stunned but viable myocardium.348

Interventional Cardiac Procedures

Percutaneous transluminal coronary angioplasty341,349,350

with stent placement351 and CPB surgery352–355 have been
performed successfully during pregnancy.349,351,353–355

Thrombolytic therapy has an important role in the man-
agement of acute MI; it reduces mortality rates and limits in-

FIGURE 12.6. Factors that affect the balance between myocardial
oxygen supply and demand. (From Reich DL, Brooks JL, Kaplan
JA. Uncommon cardiac diseases. In: Katz J, Benumof JF, Dadis LB
(eds) Anesthesia and Uncommon Diseases. Philadelphia: Saunders,
1990:347, with permission.)
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farct size.356,357 Tissue plasminogen activator (TPA) has a
short half-life and is unlikely to cross the placenta because of
its high molecular weight (65,000 daltons). Successful intra-
partum therapy with TPA in the second trimester has allowed
pregnancy to continue, with good maternal and perinatal out-
come.358 Thrombolytic agents are being used in an increas-
ing number of patients, yet, concerns remain about the safety
of TPA during pregnancy. Therapy with TPA may be asso-
ciated with an increased risk of placental abruption, in-
trauterine hemorrhage, and fetal demise, and its administra-
tion near delivery can increase blood loss from an operative
procedure.

Obstetric Management

Hankins et al.325 reviewed 68 cases of MI in pregnancy that
occurred between 1925 and 1985 and noted that the survival
rate was slightly higher among women who had vaginal de-
livery instead of a cesarean delivery. At present there is no
consensus regarding the optimal method of delivery for a
woman who has had an intrapartum MI. In each instance, the
pros and cons of a vaginal versus a cesarean delivery should
be compared.359 A scheduled cesarean allows the timing of
delivery to be controlled and avoids the stresses of a pro-
longed labor and maternal expulsive efforts. However, an as-
sisted vaginal delivery (Table 12.16) using continuous neur-
axial anesthesia can similarly circumvent the hemodynamic
stress of parturition. Disadvantages of a cesarean delivery may
include a greater blood loss, higher rate of infection, more
pulmonary morbidity, delayed ambulation, and more post-
partum pain. However, epidural or intrathecal morphine typ-
ically provides excellent postoperative analgesia, and should
minimize concerns about pain after a surgical delivery.

Determining the optimal timing of delivery requires a
risk–benefit analysis based on maternal CV stability and fe-
tal lung maturity. When possible, it is desirable to maintain
the fetus in utero until the lungs are determined to be mature.
Then, it seems prudent to deliver the fetus to limit the con-
tinued stress of pregnancy on the mother. However, if un-
controlled maternal decompensation precedes fetal maturity,
immediate delivery is warranted because maternal consider-
ations take precedence.

In summary, it seems reasonable to reserve cesarean sec-
tion for obstetric indications unless maternal hemodynamic
instability mandates delivery. Synthetic oxytocin is safe to use
for the induction of labor and for the treatment of postpartum
uterine atony in women with coronary artery disease. How-
ever, a large bolus or a rapid infusion of oxytocin may cause
hypotension and should be avoided.

Anesthetic Management

Providing anesthesia for women who have suffered an MI dur-
ing pregnancy requires careful control of CV parameters via

invasive monitoring, and the implementation of measures to
optimize the myocardial oxygen supply-to-demand relation-
ship (Table 12.21). Tachycardia not only decreases the supply
of oxygen to the myocardium, but also increases the oxygen
demand of the heart. Therefore, elevations of heart rate should
be prevented or treated by ensuring adequate analgesia and us-
ing beta-blockers. The oxygen demand also rises when car-
diac contractility or wall stress increases, and when metabolic
rate increases due to shivering or elevated temperature. Infor-
mation obtained from a central venous or PA catheter provides
a rational basis for administering fluids and CV medication to
optimally modulate cardiac filling pressures.

When a vaginal delivery is to be attempted, the parturient
needs to be in a highly monitored setting throughout labor
and delivery, with continuous anesthesia staffing. She should
receive supplemental oxygen and intravenous sedatives and
anxiolytics as needed to keep her relaxed and calm. Invasive
monitoring should be instituted. A continuous neuraxial tech-
nique is an excellent choice for labor and delivery331,360–362

and should be initiated before the onset of painful uterine con-
tractions. A dilute local anesthetic solution with fentanyl can
provide effective labor analgesia without hemodynamic com-
promise. Maintaining a high level of analgesia helps ensure
that neuraxial anesthesia can be provided if a cesarean deliv-
ery is urgently required because of fetal distress or maternal
decompensation. The analgesia should be sufficiently dense
during the second stage of labor so that (1) the parturient lacks
an urge to push, (2) a forceps delivery can be accomplished
painlessly, and (3) the anesthesia level can be rapidly and ef-
fectively extended for an emergency cesarean delivery. Post-
operatively, the parturient should be monitored intensively in
a critical care setting for several days. Postpartum analgesia
for an episiotomy or perineal tear may be provided with
epidural or intrathecal opioids or with PCA as necessary.

Anesthesia for an elective cesarean delivery is seemingly
less complex than for a vaginal delivery. A scheduled ce-

TABLE 12.21. Determinants of myocardial oxygen supply 
and demand.

Factor Effect of pregnancy

Determinants of oxygen supply
Diastolic time Decreased
Coronary perfusion pressure May be decreased
Arterial oxygen content
Arterial oxygen tension Increased
Hemoglobin concentration Decreased
Coronary vessel diameter Unchanged

Determinants of oxygen demand
Basal oxygen requirements Increased
Heart rate Increased
Wall tension
Preload (LV end-diastolic volume) May be increased
Afterload (LV wall stress) Decreased
Contractility Increased

LV, left ventricle.
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sarean allows necessary personnel and equipment to be pres-
ent at delivery; it also circumvents the risks of labor, includ-
ing obstetric emergencies associated with an attempted or
failed vaginal delivery. Epidural anesthesia is the preferred
technique for cesarean delivery.361,362 It is probably best to
use a local anesthetic solution that does not contain epineph-
rine (e.g., 2% lidocaine plain, ropivacaine, levo-bupivacaine).
An accidental intravascular injection of epinephrine can cause
marked tachycardia and HTN, whereas intravascular absorp-
tion of epinephrine from the epidural space may simultane-
ously increase heart rate and decrease BP. The block should
be established slowly, while phenylephrine and intravenous
fluids are administered to prevent or counteract any adverse
hemodynamic effects of the associated sympathetic block. A
block to the T3 dermatome interrupts the cardiac sympathetic
outflow, which may lower heart rate and prevent coronary
spasms that result from intense stimulation of the sympathetic
nervous system.363,364 Adjunctive administration of epidural
fentanyl improves the quality of the anesthetic, whereas
epidural morphine provides effective and long-lasting post-
operative analgesia. Similar benefits can be derived from a
CSE technique or a carefully conducted continuous spinal
anesthetic. However, a continuous spinal via a standard
epidural catheter causes a post dural puncture headache in
nearly 70% of women, which would impose an additional CV
stress. A single-shot spinal anesthetic is best avoided because
it produces a rapid sympathectomy, which can result in se-
vere hypotension.

If regional anesthesia is contraindicated due to coagulopa-
thy or infection, the general anesthetic technique used should
minimize the hemodynamic responses to laryngoscopy and
tracheal intubation and promote CV stability throughout the
perioperative period. Rapid sequence induction with thiopen-
tal and succinylcholine, the technique selected for most
healthy pregnant women, is usually associated with tachy-
cardia and labile hemodynamics. The preferred method for
women with ischemic heart disease is often referred to as a
“cardiac anesthetic.” This technique uses a high dose of a
lipophilic opioid (e.g., remifentanil or fentanyl) to optimize
hemodynamic stability in the presence or absence of noci-
ceptive stimulation.

Following delivery, these women remain at high risk for
major cardiac complications, including MI and congestive
heart failure. They may require monitoring in an intensive
care setting for several days after delivery. Keeping the
epidural catheter in place may be advantageous for two rea-
sons: (1) effective postoperative analgesia is paramount and
may be best achieved by epidural administration of medica-
tions; and (2) the epidural-associated sympathectomy may
help to prevent, or to treat, pulmonary edema, which occurs
in the postpartum period. However, for women who require
postpartum anticoagulant therapy, the epidural catheter should
be removed before the initiation of such therapy to minimize
the likelihood of a spinal-epidural hematoma.

Diseases of the Great Arteries (Aorta)

Marfan Syndrome

Marfan syndrome (MFS) is an autosomal dominant disorder
with a prevalence of 2 to 3 per 10,000 individuals. Women
with MFS have a 50% chance of having an offspring who in-
herits the condition. MFS is a result of mutations in the FBN1
gene (on chromosome 15q) that encodes fibrillin-1, an extra-
cellular matrix component of microfibrils.365 Prenatal diag-
nosis has been mainly performed in familial cases by linkage
analysis, but mutation detection is now available.366 Mani-
festations of MFS range from skeletal overgrowth and cuta-
neous striae to ectopia lentis and aortic dilatation leading to
dissection.367 MFS may also be responsible for cervical in-
competence, abnormal placentation, and postpartum hemor-
rhagic complications.368

The complications of greatest concern during pregnancy in-
clude (1) dilation of the ascending aorta, which causes aortic
regurgitation and congestive heart failure; and (2) dissection
of the proximal and distal aorta with involvement of the iliac
and coronary arteries.

Interaction with Pregnancy

The physiologic adaptations to pregnancy, including increases
in cardiac output, hormonal effects on connective tissue, and
stresses of labor and delivery can lead to CV complications
in women with MFS.369 If major CV abnormalities, such as
aortic regurgitation, aortic dilation, and prior aortic dissec-
tion, exist before conception, the risk for morbidity and mor-
tality during pregnancy will be very high.224,370 In contrast,
if MFS is not associated with significant CV involvement,
pregnancy will generally be well tolerated. In either case,
women still require monitoring for evidence of aortic dissec-
tion.369,371–373 Most complications develop in the late phase
of pregnancy.

Obstetric Management

Women with MFS should receive preconceptual counseling
to discuss potential maternal and fetal risks. Those who be-
come pregnant and have major CV involvement (e.g., aortic
dilation, a history of aortic dissection, or a progression of aor-
tic dilatation with cardiac dysfunction)374 should be made
aware of the high risks of maternal mortality and counseled
regarding the option of termination. In contrast, women with
minor involvement of the CV system and an aortic diameter
of less than 4 cm are unlikely to have major CV complica-
tions during pregnancy.371 However, aortic dissection may
still occur in women who have a normal size aorta precon-
ceptually.375

The aorta and heart (e.g., size of aortic root, status of aortic
and mitral valves) should be evaluated before conception and
monitored at regular intervals during pregnancy. Trans-
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esophageal echocardiography can detect aneurysms and dissec-
tions that involve the descending aorta, so this is preferable to
a transthoracic examination. Beta-blocker therapy and restric-
tion of vigorous physical activity are advisable to reduce the rate
of aortic dilatation and the risk of complications. If substantial
aortic dilation occurs during pregnancy, therapeutic abortion or
surgical intervention should be considered. A cesarean delivery
is generally preferred for women with aortic dilation, aortic dis-
section, or other cardiac complications, because it circumvents
hemodynamic stresses of labor and vaginal delivery.

Pain and anxiety must be controlled during parturition and
postpartum, even if this requires significant sedation. Delivery
of the fetus should be in accordance with the principles detailed
in Table 12.16. The Valsalva maneuver is to be avoided.

Anesthetic Management

Anesthetic management focuses on minimizing aortic root shear
forces and wall stress by using invasive monitoring, pharmaco-
logic therapy, and anesthetic techniques to prevent peripartum
pain.376 Uneventful epidural anesthesia377,378 or general anes-
thesia369,379 for cesarean delivery can be achieved even for fe-
tal distress, in the presence of recurrent aortic dissection,372 with
careful preoperative planning and perioperative monitoring.

The key to successful management is strict control of BP
and minimization of vascular shear stress. Sudden increases
in myocardial contractility BP will increase shear stress.
Tachycardia and HTN should be treated aggressively. Inva-
sive hemodynamic monitoring is warranted for women at high
risk for aortic dissection. An arterial catheter allows continu-
ous monitoring of BP, and a CVP catheter provides informa-
tion about the adequacy of intravascular volume status and
serves as a conduit for administering vasoactive medications
directly into the central circulation.

Some women require expansion of their intravascular vol-
ume and beta-blocker therapy before delivery. A continuous
neuraxial block is the anesthetic technique of choice. Anes-
thetic medications should be carefully titrated to effect, and
BP should be supported using intravascular volume expan-
sion and incremental doses of phenylephrine as dictated by
the clinical situation. Positive inotropic agents, such as
ephedrine, epinephrine, calcium, dopamine, or dobutamine,
should be used with extreme caution in women who have sig-
nificant aortic pathology. Methergine should also be used with
caution, because it can induce large increases in BP.

Continuous monitoring and control of heart rate and BP
should be maintained through the early postpartum period be-
cause cardiac output remains elevated during this time. Blood
loss should be replaced expeditiously with appropriate crys-
talloid solutions or blood products.

Coarctation of the Aorta

Coarctation of the aorta is rare, affecting 1 per 2000 to 3000
women.380 Patients with coarctation of the aorta may present

with HTN of unknown etiology.381–383 When HTN is a result
of aortic coarctation, blood pressure in the right upper ex-
tremity is usually higher than in the left-sided extremities.384

The electrocardiogram may show LVH.
Individuals with aortic coarctation have an increased likeli-

hood of having a bicuspid aortic valve, an aortic aneurysm, and
a cerebral aneurysm in the circle of Willis. Therefore, they may
be at increased risk for aortic rupture or dissection, or cerebral
hemorrhage from rupture of a cerebral aneurysm during preg-
nancy. If aortic coarctation is corrected, and no other congen-
ital anomalies exist, pregnancy is usually uneventful.384,385 An
arm-to-leg BP gradient of less than 20 mm Hg after coarcta-
tion repair is correlated with a favorable outcome of preg-
nancy.386 The incidence of preeclampsia is similar to that in
the general population, and the occurrence of congenital heart
disease in the offspring is approximately 3%.382,386 In contrast,
women who have an uncorrected lesion are at increased risk
for developing LV failure, aortic rupture or dissection, and en-
docarditis.382,384 Fetal mortality may approach 20% because of
low uterine arterial pressure.387 If women have cardiac dys-
function or cyanosis during pregnancy, their offspring have a
very high incidence of congenital heart disease. Thus, it is ad-
visable to correct aortic coarctation before pregnancy.273,386

Measures to reduce the risk of aortic dissection and rup-
ture of cerebral aneurysms during pregnancy consist of lim-
iting physical activity and controlling BP. However, if BP re-
duction is excessive, uteroplacental blood flow may be
compromised, with adverse consequences. Surgical correc-
tion of coarctation has been performed successfully during
pregnancy and may be indicated for severe, uncontrolled sys-
tolic HTN or heart failure.

Anesthetic Management

The anesthetic goals for uncorrected aortic coarctation include
maintaining slight elevations of intravascular volume, heart
rate, and arterial BP. Invasive BP monitoring may help dur-
ing labor and delivery. Postductal pressures (e.g., left radial
artery) provide a better indication of uterine perfusion pres-
sure than preductal pressures (e.g., right radial artery).

Neuraxial analgesia is a good choice for labor and deliv-
ery, although ephedrine or dopamine administration may be
needed to meet the aforementioned hemodynamic goals. The
hemodynamic goals for women undergoing cesarean delivery
can be achieved easily with general or regional anesthesia.
Nonetheless, neuraxial anesthesia is usually preferred to gen-
eral anesthesia because it produces less circulatory lability
and is associated with a lower overall risk (lower potential
for airway disasters to occur) of maternal morbidity and mor-
tality. However, an opioid-based general anesthetic is an ex-
cellent choice for an urgent cesarean delivery, or in a clini-
cally compromised patient. Remifentanil has been reported to
provide hemodynamic stability with minimal neonatal respi-
ratory depression, and it allows immediate postoperative tra-
cheal extubation of the mother.388
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Takayasu Arteritis

Takayasu arteritis (TA) is an occlusive thromboaortopathy.
This uncommon disorder primarily affects young women and
may be diagnosed initially during pregnancy.389,390 A study
of C-reactive protein scores and digital plethysmography
showed improvements rather than deterioration of TA with
pregnancy.9 Although recent publications have reported fa-
vorable maternal outcome, these women occasionally develop
large increases in BP,383,391 heart failure, and massive he-
moptysis during pregnancy.391 Perinatal outcome is usually
favorable despite the increased incidence of fetal growth re-
striction and preterm births associated with TA. The mode of
delivery is usually vaginal with forceps to expedite the sec-
ond stage of labor. Cesarean delivery is performed mainly for
obstetric indications or for maternal hypotension and vascu-
lar disorders.

Anesthetic Management

Patients with TA should be evaluated to determine the
anatomic pattern of the disease and for HTN and its compli-
cations. The anesthetic plan should be developed with the
recognition that the later stages of pregnancy may be associ-
ated with worsening HTN and ischemic symptoms, as well as
cardiac failure and cerebral hemorrhage. Noninvasive blood
pressure (NIBP) monitoring appears to provide simple and re-
liable BP measurements, even in patients with pulseless ex-
tremities. Blood pressure during anesthesia should be main-
tained at a level that approximates the preoperative value.
Beta-blocker therapy is indicated for HTN, even in women
who have severe aortic regurgitation.392 Neuraxial blockade is
preferred for the anesthetic management of labor and deliv-
ery. Satisfactory anesthesia for cesarean delivery can be pro-
vided using standard epidural393,394 and CSE techniques,395

without untoward effects on hemodynamic parameters.396 If
the disease involves the carotid arteries, regional anesthesia is
distinctly preferable to general anesthesia because monitoring
of consciousness allows neurologic dysfunction to be detected
promptly. In one report, a woman with severe bilateral carotid
artery stenoses adamantly refused regional anesthesia for a ce-
sarean delivery, so processed electroencephalography was
used to monitor for cerebral ischemia. The general anesthetic
and operation were conducted without incident.397

Hypertensive Disorders in Pregnancy

Hypertension (HTN) during pregnancy is present when sys-
tolic BP is 140 mm Hg or higher or diastolic BP is 90 mm
Hg or higher. Hypertensive disorders that occur during preg-
nancy can be divided into four broad categories: gestational
HTN, preeclampsia–eclampsia, pregnancy-aggravated HTN,
and coincidental HTN (Table 12.22). Such disorders compli-
cate 12% to 22% of pregnancies and are a major source of
maternal and perinatal morbidity and mortality; they account

for approximately 18% of maternal deaths. Maternal compli-
cations include abruptio placentae, pulmonary edema, respi-
ratory failure, disseminated intravascular coagulation, cere-
bral hemorrhage, hepatic failure, and acute renal failure.
Perinatal concerns include prematurity, IUGR, stillbirth, and
neonatal death.

Chronic Hypertension

Chronic hypertension exists if HTN is present before the 20th
gestational week and persists beyond the 6th postpartum
week. It occurs in 1% to 5% of pregnancies and is associated
with increases in complications (15%) including fetal growth
restriction, preterm delivery, abruptio placentae, and hyper-
tensive crisis. Risk factors for complications include mater-
nal age of at least 30 years, long-standing HTN, and super-
imposed preeclampsia. Medical therapy is recommended for
patients with high-risk characteristics (see Table 12.14).

Gestational Hypertension

Gestational hypertension is HTN without proteinuria that de-
velops in a normotensive woman after the 20th week of ges-
tation and resolves by the 6th postpartum week. Up to 25%
of women with gestational HTN eventually develop pre-
eclampsia or eclampsia. These two conditions can be diffi-
cult to differentiate from one another because proteinuria may
not occur until preeclampsia is well established. Antihyper-
tensive therapy is often initiated with labetalol or hydralazine.
Pregnancy outcome is usually favorable for women with ges-
tational HTN.

Pheochromocytoma

Although pheochromocytoma is a rare condition, it should be
considered in the differential diagnosis of HTN during preg-

TABLE 12.22. Classification of hypertensive disorders in 
pregnant women.

Classificationa Characteristics

Gestational hypertension Induced by pregnancy and regresses 
postpartum

No proteinuria
No pathological edema

Preeclampsia Induced by pregnancy and regresses 
(mild or severe) postpartum

Proteinuria
Eclampsia Preeclampsia and the occurrence of a 

convulsion
Pregnancy-aggravated Underlying hypertension that is worsened 

hypertension by superimposed preeclampsia or 
eclampsia

Coincidental hypertension Chronic hypertension that either precedes 
pregnancy or persists postpartum

aAmerican College of Obstetricians and Gynecologists. Hypertension in preg-
nancy. ACOG Tech Bull 1996;219:1.
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nancy. Failure to recognize pheochromocytoma may be lethal
to both the mother and the fetus. Early recognition, diagno-
sis, and management by a multidisciplinary team are essen-
tial for a successful outcome.398

Harper et al.399 reviewed 139 cases of pheochromocytoma
that occurred in pregnant women between 1980 and 1987.
Roughly half the cases were diagnosed before delivery. These
authors399 report that the maternal mortality rate is 17% over-
all but drops to 1% when the diagnosis is made antepartum.
Causes of maternal death in untreated cases have included
stroke, cardiac arrhythmia, and pulmonary edema.

Clinical Presentation

Hypertension, which may be paroxysmal or sustained, is the
most constant feature of pheochromocytoma. Other manifes-
tations include headaches, palpitations, sweating, blurred vi-
sion, anxiety, emesis, dyspnea, and convulsions. The diagno-
sis of pheochromocytoma is often delayed because of the
rarity of this condition and the extensive overlap between the
clinical findings in pheochromocytoma and those of
preeclampsia or a normal pregnancy. Unlike preeclampsia, a
pheochromocytoma will often (1) be present before the 20th
week of gestation, (2) produce labile HTN, and (3) produce
HTN without proteinuria. If a pheochromocytoma is sus-
pected, the definitive diagnosis is straightforward because ma-
ternal catecholamine levels are not normally increased by
pregnancy.400

Medical and Surgical Management

The immediate goal is pharmacologic control of HTN and
tachycardia. Preventing severe hypertensive episodes is prob-
ably the single most important factor affecting fetal outcome;
such episodes can cause uteroplacental insufficiency, placen-
tal abruption, and fetal death.

Initial therapy is with an alpha-adrenergic receptor blocker
(e.g., phenoxybenzamine, prazosin), starting at a low dose that
is gradually titrated upward until HTN is controlled and the
patient experiences mild orthostatic hypotension and nasal
congestion. Fluids should be administered liberally during 
alpha-receptor blockade to fill the expanded intravascular
space and to maintain a vigorous urine output. Beta-blocking
drugs should be reserved for patients with persistent tachy-
cardia or tachyarrhythmias and those with predominantly 
epinephrine-secreting tumors. Selective beta-blockade with
metoprolol or atenolol is usually preferred.

The timing of surgical resection of the pheochromocytoma
must be individualized according to the adequacy of medical
control of HTN, tumor size, likelihood of malignancy, and
stage of pregnancy. If the situation permits, it is preferable to
resect the tumor in the second trimester, when the uterus is
relatively quiescent, and the risk of spontaneous abortion dur-
ing surgery is low.400–402 If the diagnosis is made in the third
trimester, and symptoms and BP can be well controlled med-

ically, surgery should be delayed until after delivery. How-
ever, it is imperative to monitor both the mother and fetus 
because a hypertensive crisis can be triggered by labor con-
tractions, fetal movement, mechanical pressure from the
uterus, or hemorrhage into the tumor.

Obstetric Management

The best method of delivery is controversial. A vaginal de-
livery may be reasonable in multiparous women whose symp-
toms are well controlled medically. Alternatively, the plan
may be elective cesarean delivery after fetal lung maturity has
been documented, followed by adrenalectomy using the same
general anesthetic.400,402

Pregnancy After Maternal 
Cardiac Transplant

Cardiac transplantation has become standard therapy for many
types of end-stage heart disease. The 5-year survival rate ex-
ceeds 80%, and modifications of immunosuppressive regi-
mens have led to an improved quality of life for transplant
recipients.403 The most frequent reason for a cardiac allograft
in a woman of childbearing age is viral cardiomyopathy.404

Less common indications include ischemic cardiomyopathy,
congenital heart disease,405 and peripartum cardiomyopathy.
Morini et al.406 reviewed the outcomes of 23 such pregnan-
cies in women with cardiac allografts and noted that many re-
cipients have proceeded to term and delivered a normal
healthy infant, either vaginally or by cesarean delivery. Suc-
cessful pregnancies following heart-lung transplantation have
also been reported.407

Physiology and Pharmacology of 
the Transplanted Heart

Unless allograft rejection occurs, the transplanted heart usu-
ally maintains excellent ventricular function. It is devoid of
autonomic or somatic innervation,408–412 so individuals with
a transplanted heart lack the predominant autonomic tone (i.e.,
vagal) expressed in healthy young adults. Transplant recipi-
ents have a mild sinus tachycardia at rest and do not exhibit
bradycardiac reflex responses (e.g., carotid massage) to vagal
stimulation or variations of heart rate with respiration (i.e., no
sinus arrhythmia). A sympathectomy from a high spinal or
epidural anesthetic will not cause bradycardia by blocking
cardiac sympathetic fibers because these fibers have already
been ablated in transplant recipients. The chronotropic and ino-
tropic responses to stressful stimuli are delayed in these trans-
plant recipients. Interestingly, they regulate their cardiac out-
put in response to exercise, although the response time is
slower. This is probably through the Starling mechanism and
by modulation of preload and afterload. Thus, maintenance
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of adequate preload is particularly important for the mainte-
nance of adequate cardiac output in transplant recipients.

Generally, only medications that directly stimulate recep-
tors in the heart can produce chronotropic, inotropic, or dro-
motropic effects (e.g., isoproterenol does, atropine does not).
Chronic denervation of the heart leads to upregulation of beta-
adrenergic receptors and an increased sensitivity to cardiac
effects of beta agonists.196,412

Medical Management

Numerous successful pregnancies have occurred and apparently
normal infants have been delivered by immunosuppressed
mothers who had undergone renal,413–415 hepatic,416,417 bone
marrow,418 pancreas,419 and lung transplantation.420 Such data
suggest that immunosuppressive medications can be used dur-
ing pregnancy without producing teratogenic effects. Immuno-
suppressive therapy must be continued throughout pregnancy to
prevent organ rejection.421 Strict attention to sterile technique is
especially important. Prophylactic antibiotics and immunosup-
pressive “stress doses” of steroids are indicated before per-
forming anesthetic or surgical procedures.

Periodic transvenous right atrial endomyocardial biopsies
are performed in cardiac transplant patients to monitor for ev-
idence of allograft rejection. When carried out during preg-
nancy (as early as 20 weeks gestation), the patient should re-
ceive supplemental oxygen and uterine displacement to
prevent aortocaval compression. If fluoroscopy is required,
the mother should have a lead shield (not a lead apron) ap-
plied directly to her abdomen, to minimize fetal exposure to
ionizing radiation.

Obstetric Management

Branch et al.422 recently evaluated pregnancy outcomes of 47
pregnancies in 35 cardiac transplant recipients. Five preg-
nancies were terminated because of a short interval between
transplantation and conception, and there were 35 (74%) live
births. The authors reported that the physiologic changes of
gestation are well tolerated and that rejection episodes are
rare. However, pregnancy-related complications, such as
chronic HTN, preeclampsia, worsening renal failure, prema-
ture rupture of membranes, and infections, occur at higher
rates in transplant recipients than in women with normal
hearts. No maternal deaths occurred during pregnancy, but
the rate of late maternal deaths was increased in the recipi-
ents compared to age-matched healthy women. Despite higher
rates of fetal growth restriction, preterm delivery, and ce-
sarean delivery, fetal loss was not increased in transplant re-
cipients. None of the newborns had congenital malformations.

Most of these women have a vigorous heart and a healthy
body and handle the stress of labor and delivery without prob-
lems. The mode of delivery, either vaginal or abdominal,
should be decided on the basis of obstetric indications.

Anesthetic Management

The preoperative evaluation is important in a patient who has
had a cardiac transplant. Frequent cardiology evaluations
should be performed to monitor the status of the allograft.
These patients often develop accelerated atherosclerosis; but
because their heart is denervated, they rarely experience
angina during periods of myocardial ischemia. The earliest
manifestation of myocardial ischemia may be paroxysmal
dyspnea.

A baseline 12-lead EKG should be performed, and the EKG
should be continuously monitored throughout labor and de-
livery. If general anesthesia is required, agents that depress
myocardial function should be used with extreme caution or
avoided. It is important to maintain an adequate intravascu-
lar volume because these women are preload dependent.

Noninvasive monitoring is usually adequate. Invasive mon-
itoring poses a risk of infection and arrhythmias and must be
weighed against the value of data to be gained. Maintenance
of intravascular volume is important because the patient’s car-
diac output is preload dependent. Aortocaval compression
must be avoided so that venous return is not compromised.
The volume changes during labor and delivery are usually
well tolerated by women with normal ventricular function and
no evidence of rejection.404,423

Efforts should be made to minimize the neuroendocrine
response to labor. Cardiac transplant recipients have deliv-
ered vaginally with408,424,425 and without409,426 epidural
anesthesia. A continuous neuraxial technique is preferred for
women who desire analgesia for labor and delivery. The
anesthetic level should be extended slowly, using a dilute
solution of local anesthetic; this provides time for compen-
satory mechanisms to be activated and prevents severe hy-
potension. If hypotension should occur, it is important to
verify uterine displacement and to administer an IV fluid
bolus. The effect of ephedrine may be unpredictable because
the drug has both direct and indirect effects on the heart.
However, ephedrine would be expected to exert its usual
effect on the peripheral vasculature. Phenylephrine should
help restore BP, although the dose required may be larger
than usual because of alpha-1-adrenergic receptor down-
regulation caused by chronically elevated plasma cate-
cholamine levels. When a heart rate increase is needed,
agents that directly stimulate cardiac beta-1-adrenergic re-
ceptors such as epinephrine, norepinephrine, or isopro-
terenol should be selected. The preferred agent depends on
the patient’s peripheral vascular resistance at the time. At-
ropine should not be expected to increase heart rate in a car-
diac transplant recipient.

If general anesthesia is used, thiopental may have an ex-
aggerated depressant effect on cardiac output. Ketamine may
cause excessive tachycardia in these patients because of
changes in beta-receptor sensitivity. An opioid-based tech-
nique is typically associated with stable hemodynamics.
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Summary

As women with cardiac disease live longer and healthier lives,
it is increasingly more common to encounter pregnancies in
these patients. With proper preconceptual counseling, as well
as intensive monitoring during pregnancy, successful preg-
nancy outcomes are possible. Knowledge of the appropriate
obstetric and anesthetic management of each specific cardio-
vascular complication is essential.
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13
Renal Disease
Jaya Ramanathan and Jeffery Livingston

This chapter focuses on the obstetric and anesthetic manage-
ment of gravidas at high risk because of maternal renal dis-
ease. To better understand renal disease in pregnancy, one
must comprehend the normal changes that occur in the uri-
nary system during gestation. The first section addresses the
normal morphologic and physiologic changes in the renal sys-
tem during pregnancy. Information about acute and chronic
renal disease follows. Further discussion includes the essen-
tial diagnostic tests as well as antepartum, intrapartum, and
postpartum obstetric management recommendations and
prognosis. The anesthetic implications of the pathophysio-
logic changes in parturients with renal dysfunction and the
anesthetic management are then discussed.

Changes in the Urinary 
System During Pregnancy

Anatomic Changes

There is a moderate increase in size and weight as well as
change in the radiographic appearance of the kidney during
pregnancy. The renal length increases by approximately 1 cm
during pregnancy when measured radiographically.1 The in-
crease in renal mass primarily results from the dilation of the
renal pelvis. Other changes include an increase in the renal in-
terstitium.2 Although the exact cause of urinary system dila-
tion remains elusive, mechanical (the gravid uterus compresses
the ureters) and physiologic (relaxation effects of progesterone
and estrogen) changes have been speculated. Hormonal effects
may predominate in early pregnancy when the ureters appear
dilated before the uterus enlarges enough to cause compres-
sion. Later, as the uterus enlarges, mechanical effects may pre-
dominate.2 These changes seem to be universal, and up to 97%
of all gravidas have relative hydronephrosis.2

Physiologic Changes

Renal hemodynamics are altered during pregnancy. Both
glomerular filtration rate (GFR) and renal blood flow (RBF)

are dramatically increased in pregnancy. The rise in GRF oc-
curs around conception and peaks at 50% above nonpregnant
levels by the late second trimester, then decreases slightly by
term.3 The exact etiology of this increase remains unclear.
Serum creatinine decreases as clearance increases.4,5 In addi-
tion, there is an increase in proteinuria throughout gestation
that results in the relative hypoalbuminemia of pregnancy.6

Unlike the changes in GFR, most of the increase in protein-
uria occurs in the third trimester. Proteinuria increases from
103 � 49 mg/24 h in the first trimester to 180 � 50 mg/24 h
in late pregnancy.7,8 The upper limit of normal in pregnancy
is considered to be 300 mg protein in a 24-h urine collection.
Acid–base metabolism remains a function of renal bicarbon-
ate recovery and hydrogen secretion. There is a relative al-
kalosis in pregnancy, which appears to be respiratory in ori-
gin. Maternal hyperventilation results in a decrease in PCO2

from 36 to 29 mm Hg.8,9 Compensatory changes for preg-
nancy-induced respiratory alkalosis include a decrease in
serum bicarbonate by 20 mEq/L, base excess by 2 to 3 mEq/L,
and total buffer base by approximately 5 mEq/L.8,9 Thus, in
pregnancy a state of mild metabolic alkalosis exists.

In pregnant women, therefore, any further changes such as
acute metabolic acidosis induced by renal failure can cause a
precipitous decrease in pH due to their inability to compen-
sate.10 Tubular function is also affected by pregnancy. Glu-
cosuria is more common in gravidas.11–13 In fact, pregnancy
results in up to a 10-fold increase in glucose excretion.14 The
decrease in glucose tubular reabsorption accounts for the com-
mon finding of glucosuria in normoglycemic pregnancies.
This decrease in tubular reabsorption also results in increased
excretion of water-soluble amino acids and vitamins.15

Weight gain in pregnancy is largely attributed to increased
water retention. The average weight gain in pregnancy is 12
kg, although as much as 20 kg may be physiologic.16 In fact,
body water weight increases to approximately 7 to 8 L dur-
ing pregnancy.17 The majority of water retention occurs in
the extracellular space, as plasma volume increases by ap-
proximately 50% in pregnancy. With increased water reten-
tion, there is a decrease in effective osmolality; this decrease
in osmolality is primarily a result of altered vasopressin re-
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lease.18,19 The increase in plasma volume and extracellular
space represents hypervolemia sensed by the normal sodium
and water control mechanisms. Total body sodium increases
by 1000 mEq during pregnancy.20 Serum osmolality de-
creases by 10 mOsm/kg.21 The kidney retains its ability to
concentrate in the loop of Henle, although hypotonic urine
production predominates. Because volume status is regulated
by a resetting of the maternal antidiuretic hormone response
rather than by the direct effects of sodium on the kidney,
sodium restriction in pregnancy is not warranted.

Acute Renal Disease

Acute renal failure (ARF) is defined as a rapid decline in re-
nal function in which GFR approaches zero. Clinical features
include an almost linear increase in serum creatinine of at
least 0.5 mg/dL/day. Oliguria of less than 400 mL urine out-
put/day is a classic sign found in the majority of patients with
ARF. There may be a progressive increase in blood urea ni-
trogen. If ARF goes untreated, life-threatening metabolic aci-
dosis, uremia, and hyperkalemia soon follow.

Etiology

Etiology for ARF can be classified as prerenal, renal, or
postrenal (Table 13.1). Determining the cause of ARF is im-
perative so actions can be taken to correct it. The distribution
of ARF in pregnancy is bimodal. The first peak occurs in the
first trimester as a result of miscarriage or abortion compli-
cations; the larger peak occurs in the third trimester.

Prerenal Etiology

A common prerenal etiology for ARF implicates hypoperfu-
sion as the causal agent. Most commonly, oliguria results from
the normal response of promoting sodium retention and wa-
ter retention to preserve volume. Obstetric causes of prerenal
ARF are shown in Table 13.1. It is often difficult to distin-
guish prerenal azotemia (volume depletion) from acute tubu-
lar necrosis. Laboratory evaluation may include fractional ex-
cretion of sodium, urine osmolality, and evaluation of urinary
sediment. Fractional excretion of sodium is defined as urine
sodium/serum sodium divided by urine creatinine/serum cre-
atinine. Prerenal azotemia characteristics include fractional
excretion of sodium usually less than 1%, urine osmolality
greater than 500 mOsm/kg H2O, a bland urinary sediment as
opposed to greater than 2% fractional excretion of sodium,
urine osmolality of less than 350 mOsm/kg H2O, and urinary
casts or renal tubular epithelial cells seen in urinary sediment
in patients with acute tubular necrosis. As a general rule, man-
agement of ARF is similar in pregnant and nonpregnant pa-
tients. Aggressive management of prerenal ARF is impera-
tive to prevent significant perinatal morbidity or mortality. If
volume depletion is the cause, administration of crystalloids,

colloids, or blood products should be rapid. The type of in-
travenous fluid (IVF) that works best for correction of hypo-
volemia remains controversial. We recommend avoidance of
potassium containing IVF.

Renal Etiology

Renal causes of ARF are listed in Table 13.2. Renal causes
can be divided into those etiologies that cause acute tubular
necrosis (ATN) and those which cause acute interstitial necro-
sis (AIN). ATN results from a wide variety of renal insults
including ischemic insults, pigment-induced ATN from mas-
sive hemolysis, aminoglycoside toxicity, heavy metals, or nu-
merous chemotherapeutic agents. The most common cause of
ATN is a pharmacologic reaction. Commonly associated
drugs include medications often used by obstetricians and
anesthesiologists such as beta-lactam antibiotics, sulfa-based

TABLE 13.1. Prerenal causes of acute renal failure (ARF).

Prerenal azotemia (volume depletion)
Excessive vomiting during pregnancy
Hemorrhage: antepartum, intrapartum, or postpartum ectopic 

pregnancy, abortion
Preeclampsiaa

Infection
Pyelonephritis
Septic abortion

Decreased cardiac output
Cardiac failure

Hypotension
Amniotic fluid embolism 
Blood transfusion reaction
Drug reaction
Sepsis

Intrinsic renal disease
Acute glomerulonephritis
Acute interstitial nephritis
Acute tubular necrosis

Other
Hemolytic uremic syndrome

aExact pathology unclear.

TABLE 13.2. Renal causes of acute renal failure (ARF).

Primary
Minimal change disease
Focal segmental glomerulosclerosis
IgA nephropathy
Membranoproliferative glomerulonephropathy
Membranous nephropathy
Poststreptococcal glomerulonephropathy

Secondary
Systemic lupus erythematosus
Cryoglobulinemia
Polyarteritis nodosa
Wegener’s granulomatosis
Goodpasture’s syndrome
Henoch–Schonlein purpura
Infection related (endocarditis)
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drugs, H2-blockers, and nonsteroidal antiinflammatory agents.
Infectious etiologies such as streptococcus, cyto-megalovirus,
and infectious mononucleosis should be investigated. For those
who have traveled to endemic areas, malaria and leptospirosis
should be considered. The treatment for ATN is supportive and
necessitates optimization of electrolyte and fluid balance; oc-
casionally, dialysis is needed. Renal function returns within 7
to 14 days after correction of the causal insult.

Postrenal Etiology

A postrenal cause of ARF implicates an obstructive process.
An enlarged uterus from pregnancy may compress either
ureter from profound dextro- or levorotation. This problem is
more common in cases in which the uterus is enlarged (mul-
tifetal gestation, polyhydramnios). Other sources of ureteral
obstruction may result from leiomyomata or adnexal masses.
A unique pregnancy-related cause of postrenal failure comes
from an incarcerated uterus. At 15 weeks gestation, the uterus
leaves the true pelvis and rises into the abdomen. If the uterus
is extremely retroverted, it may get caught on the sacrum and
double back upon itself. The fundus is shifted inferiorly,
which causes the uterine cervix to move anteriorly and com-
press the urethra. Patients present with marked abdominal
pain and the inability to void. Treatment should consist of
manual decompression. General anesthesia with inhaled anes-
thestic may be needed to relax the uterus. The patient is then
fitted with a Smith–Hodge pessary to keep the uterus antev-
erted. Pessary use is rarely warranted for more than 2 weeks.
After that time, the pregnant uterine fundus will be elevated
out of the true pelvis.

Management of ARF from any of these causes requires at-
tention to both volume and metabolic status as well as nutri-
tional support. Volume status should optimize intravascular
volume and cardiac filling pressures. Invasive monitoring
with central venous pressure (CVP) or pulmonary artery (PA)
catheter may be indicated. Attempts should be made to es-
tablish a non-oliguric state. Loop diuretics (Furosemide 5–40
mg/kg IV) or Zaroxolyn (5 mg PO) can be used. Fluid intake
should be limited to insensible losses (500 mL/24 h) and urine
output. Any blood loss should be compensated with appro-
priate replacement products. Renal dose dopamine (2–3
mg/kg/min) can be used in early ARF but should not be con-
tinued if oliguria persists.

Metabolic status may be especially problematic in ARF, and
electrolytes should be monitored. If the serum potassium is el-
evated but less than 6 mEq/L, an exchange resin such as kayex-
alate in sorbitol can be used. For serum potassium greater than
6 mEq/kg or for those associated with EKG changes, inhaled
beta agonists, NaHCO3 1 mEq/kg, or glucose 50 g with reg-
ular insulin 10 units IV can be used. Under these circum-
stances, hemodialysis is the best therapeutic option. If ECG
changes do occur, 10 mL 10% calcium gluconate solution can
be administered slowly intravenously to stabilize the cardiac
membrane. If faced with hyperphosphatemia, calcium acetate

or calcium carbonate can be used three to four times per day.
The pH should be maintained at greater than 7.2. The HCO3

can be calculated as follows: (HCO3 desired � measured
HCO3) � (0.6 � weight in kg). The purpose of nutrition sup-
plementation in ARF is to facilitate the management of elec-
trolyte imbalance. Daily protein should be restricted to 0.8
g/kg/day � 10 g. Other restrictions should include potassium
1 mEq/kg/day, sodium 4 g/day, calcium intake 1200 mg/day,
and phosphate 1 g/day. Iron and folate should be supplemented
to balance the decrease in erythropoietin.

Indications for dialysis should include uremic en-
cephalopathy, pericarditis, platelet dysfunction, refractory
volume overload, refractory metabolic acidosis, marked hyper-
kalemia or other severe metabolic abnormalities, and uremic
symptoms such as nausea/vomiting or pruritus. Other indica-
tions for dialysis are a creatinine greater than 10 mg/dL or a
blood urea nitrogen (BUN) greater than 100 mg/dL. Dialysis
is indicated before any major anesthetic and surgical inter-
ventions to normalize the fluid and electrolyte status.

Chronic Renal Disease

Chronic renal disease patients often desire fertility. However,
these are high-risk pregnancies and often have significant ma-
ternal or fetal morbidity. Several studies have evaluated par-
turients with chronic renal insufficiency (serum creatinine
�1.4 mg/dL) throughout pregnancy. Hon reported a review
of 226 pregnancies in 196 women suggesting that renal dis-
ease progresses more rapidly in women who become preg-
nant than in those who do not.22 Classification of renal
parenchymal disease is shown in Table 13.3. As renal disease
progresses, fertility decreases. When pregnancies do occur,
miscarriage rates and adverse perinatal outcomes increase.
Women with mild renal insufficiency (serum creatinine �1.4
mg/dL) do well with pregnancy and do not progress rapidly

TABLE 13.3. Classification of renal parenchymal disease.

Glomerular
Primary disease

Epithelial disease
Focal glomerulosclerosis
Membranous nephropathy
Proliferative glomerulosclerosis
Chronic glomerulonephritis

Systemic disease
Diabetic glomerulosclerosis
Systemic lupus erythematosus
Systemic vasculitis
Amyloidosis

Interstitial
Acute interstitial nephritis
Chronic interstitial nephritis

Vascular
Arterionephrosclerosis
Arterial emboli
Vasculitis

ak
us

he
r-li

b.r
u



210 J. Ramanathan and J. Livingston

to end-stage renal disease (ESRD).23 Prognostic indicators for
those with mild renal insufficiency are the control of hyper-
tension and the type of glomerulonephritis. Women with se-
vere renal disease (serum creatinine �3 mg/dL) are often in-
fertile. Those who ovulate and conceive are at high risk for
spontaneous fetal loss. In a 1990 review of pregnancies with
severe renal disease, 7 of 11 patients were managed success-
fully (live birth at more than 26 weeks).24 In addition, pa-
tients with moderate or severe disease were likely to develop
ESRD more quickly after pregnancy. Prenatal care for pa-
tients with chronic renal disease should include baseline stud-
ies of a 24-h urine for creatinine clearance and total protein,
electrolyte concentrations, and serum albumin. Those with se-
vere renal disease should be educated about the option of elec-
tive termination of pregnancy. Parturients should be seen every
2 to 3 weeks until 30 weeks, then weekly. Antenatal fetal test-
ing, including heightened surveillance for growth restriction,
should begin at 28 to 32 weeks. Patients with nephrotic range
proteinuria should be watched carefully for superimposed
preeclampsia. Blood pressure should be controlled to a dias-
tolic blood pressure below 90 mm Hg. In diabetics, calcium
channel blockers are the antihypertensive medication of
choice. Protein-restricted diets should be stopped at concep-
tion because of concerns over abnormal fetal development.

Infectious Renal Disease

The incidence of asymptomatic bacteriuria in pregnancy ap-
proaches 10%, which is similar to the incidence of asympto-
matic bacteriuria in nonpregnant women of reproductive
age.25,26 Although the incidence of asymptomatic bacteriuria
is unchanged in pregnancy, the progression to clinical infec-
tion is higher in pregnancy. The progression of asymptomatic
bacteriuria to pyelonephritis approaches 25%.27 Screening in
early pregnancy for asymptomatic bacteriuria with midstream
urine culture is cost effective.28 The incidence of pyelonephri-
tis is less than 2% in patients without bacteria upon first
trimester screening.25 The most common cause of bacteriuria
is bacteria acquired from the gastrointestinal tract. Es-
cherichia coli accounts for approximately 80% of all com-
munity-acquired urinary tract infections (UTI) in preg-
nancy.25,29 Other organisms include Klebsiella sp., Proteus
sp., and group B streptococci as well as Enterobacter sp..
Treatment should be targeted to the specific bacterial sensi-
tivity on urine culture. If no sensitivity report is available,
cephalexin or nitrofurantoin are reasonable choices. Treat-
ment should be for 7 days, although the American College of
Obstetrics and Gynecology proposes that a 3-day treatment
may be sufficient.30

Follow-up cultures should be obtained every 4 to 8 weeks
for the remainder of gestation. A second positive culture
should be retreated, and daily prophylaxis should be instituted
with cephalexin 125 mg/day PO or nitrofurantoin 50 mg/day
PO. A repeat culture should be done postpartum and be treated

accordingly. Cystitis is diagnosed in 1.3% of pregnancies.31

The clinical syndrome includes dysuria, polyuria, or mal-
odorous urine in the absence of fever or costovertebral angle
tenderness confirmed by urinalysis or urine culture. Only
about half of patients with clinical cystitis have positive urine
cultures.32 Treatment of cystitis is similar to the foregoing
regimens for asymptomatic bacteriuria. Quinalones, although
effective, should not be used in pregnancy. Trimethoprim with
sulfa is not recommended because of potential fetal adverse
effects. After two episodes of urinary tract infection (bacteri-
uria or cystitis), consideration should be given to routine pro-
phylaxis or routine urine culture. Progression to pyelonephri-
tis is common from asymptomatic bacteriuria but uncommon
from cystitis because of early treatment.31 Pyelonephritis is
one of the most common medical complications in pregnancy,
with an incidence of about 2%. The diagnosis of pyelonephri-
tis is based on history of fever, flank pain, polyuria, dysuria,
or urgency. Physical findings include costovertebral angle
tenderness (usually right-sided or bilateral) and, almost uni-
formly, fever. Laboratory studies reveal leukocytosis, pyuria,
and bacteriuria.

Pyelonephritis represents one of the most serious maternal
infections and is one of the leading causes of septic shock.33

Bacteremia occurs in about 10% of parturients with pyelo-
nephritis. Twenty-five percent of parturients with pyelonephri-
tis have evidence of multisystem involvement, most commonly
respiratory insufficiency and adult respiratory distress syn-
drome. Treatment for pyelonephritis includes hospitalization
with aggressive hydration and intravenous antibiotics. An-
tibiotic choices include ampicillin and gentamycin or a first-
generation cephalosporin such as cefazolin. Ampicillin alone
is inadequate treatment as a result of the high incidence of
antimicrobial resistance. With appropriate antibiotic use, the
majority of patients become afebrile within 48 h. Parturients
who do not respond within 8 h should be evaluated for con-
comitant urolithiasis. Parturients are treated with parenteral
antibiotics until afebrile for 24 h, and then are switched to an
oral agent to complete 7 days of therapy. Culture results will
dictate the oral antibiotic of choice. When no culture is avail-
able, parturients are generally treated with a first-generation
cephalosporin or nitrofurantoin for a total of 7 to 10 days of
treatment. Readmission rates for recurrent pyelonephritis dur-
ing the same gestation have been reported to be as high as
60% in the absence of suppressive antibiotics.34 We recom-
mend suppressive therapy with nitrofurantoin 50 mg or
cephalexin 125 mg by mouth each day until 6 weeks postde-
livery. Alternatively, urine cultures can be obtained each
month to rule out asymptomatic bacteriuria, or parturients
may choose to take a daily suppressive dose of antibiotics.

Obstructive Renal Disease

Obstruction of the renal system is a common problem that
should be given special consideration during gestation.
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Nephrolithiasis is the most common cause of urinary tract ob-
struction in pregnancy. Although physiologic changes (such
as urinary stasis and hypercalciuria in pregnancy) seem to
predispose to the formation of stones, the incidence of symp-
tomatic nephrolithiasis is similar to the nonpregnant inci-
dence. The physiologic hydroureter of pregnancy may offer
a protective effect, allowing small stones to pass without
symptoms. Hendricks et al. reviewed 14 published series and
found the incidence to be 1 in 1240 pregnancies.35 Butler et
al. observed that symptoms of nephrolithiasis in 57 preg-
nancies included gross hematuria (23%), flank and/or ab-
dominal pain (84%), dysuria (20%), and nausea (32%).
Common laboratory findings were bacteriuria (81%) and mi-
croscopic hematuria (75%).36 Radiographic imaging is of-
ten used to confirm a clinical diagnosis of nephrolithiasis.
Renal ultrasonography is the mainstay for diagnosis confir-
mation. In Butler’s review of the Parkland Hospital experi-
ence, renal sonogram had a sensitivity of 60%.36 Renal
stones show up as an echodensity with appropriate shadow-
ing within the urinary system. Physiologic ureteral dilation
often complicates diagnosis if the stone does not appear hy-
perechoic. A single-shot or limited intravenous pyelogram
is a reasonable alternative when ultrasound or abdominal X-
ray studies are normal.

The majority of patients respond well to conservative man-
agement consisting of hydration, pain control, and antibiotics
if a concomitant infection is present. More severe cases may
response to nephrostomy tube, stent placement, or ure-
throscopy with stone retrieval. Lithotripsy use remains con-
troversial but is usually avoided secondary to fetal safety con-
cerns. Patients with obstructive pyelonephritis may deteriorate
quickly and should therefore be treated aggressively to re-
move the obstruction.

Renal Transplants

The kidney is the most common solid organ allograft trans-
planted in reproductive-age females. Because transplantation
often restores fertility, pretransplant counseling should in-
clude discussion of contraception. Pregnancy occurs in ap-
proximately 2% of reproductive-age renal transplant patients.
Lindheimer et al. have published recommendations for pre-
conceptual counseling.10 First, patients should wait 2 years
before attempting conception and should be in good health.
Some suggest a 12-month wait if a living donor transplant
was performed. Second, renal function should be stable (cre-
atinine �2 mg/dL and preferably �1.5 mg/dL). There should
be no evidence of rejection, minimal proteinuria, and an ab-
sence of pelvicaliceal distension on urogram. Third, if hy-
pertension is present, it should be easily managed. Fourth, drug
therapy should be reduced to maintenance doses of prednisone
(�15 mg/day) and azathioprine (�2 mg/kg/day). Fewer data
are available on cyclosporin or Prograf (FK506) doses.10 In
a review of more than 3000 renal transplant pregnancies, the

spontaneous abortion rate was 15%. Maternal complications
included hypertension, septicemia, allograft rejection, glucose
intolerance, and maternal death. Fetal complications included
an increased risk of congenital anomalies, iatrogenic prema-
turity, growth restriction, and sepsis.37 Pregnancy does not
seem to affect long-term allograft function. Sturgiss and Davi-
son conducted a case-controlled trial of 18 renal allograft
transplant patients who became pregnant compared to 18 who
did not. There was no difference in renal function at a 
follow-up of 15 years.21 The same authors recommend that
pregnancy be delayed for at least 18 months after transplant
surgery to avoid the possibility of higher rates of rejection,
infection, and permanent loss of graft function during the early
postoperative period. However, a similar study by Salmela et
al. (29 patients compared to 22 matched controls) found a
higher rate of rejection in patients who became pregnant.38 In
addition, because of increased renal and hepatic function,
dosages of immunosuppressant drugs may need to be altered
throughout pregnancy.

Pregnancy outcomes in renal transplant patients have been
documented in several retrospective studies. Pregnancy does
not seem to affect renal allograft function.39 Pregnancy in
dialysis patients is unusual but does occur. Hon reviewed 37
pregnancies in renal dialysis patients; 75% of pregnancies re-
sulted in spontaneous miscarriage, intrauterine fetal demise,
or neonatal death, and 42% of live-born neonates were below
the tenth percentile for weight.40 Major problems encountered
during pregnancy in dialysis patients are uncontrolled hyper-
tension, abruptio placentae, and anemia.41

Anesthetic Management

It is evident from the foregoing discussion that anesthetic
management of the parturient with severe renal dysfunction
can be a daunting task. To our knowledge, there have been
no large-scale prospective or retrospective studies that delin-
eate the effects of any given anesthetic technique in parturi-
ents with severe renal dysfunction. Therefore, when relying
on data from nonpregnant patients with renal dysfunction to
plan the anesthetic management in the parturient, a cautious
approach is necessary. Teamwork between the obstetrician,
anesthesiologist, and nephrologist is vital for successful man-
agement of the parturient with severe renal dysfunction dur-
ing the peripartum period.

General Considerations

Among the many systemic problems in patients with renal
dysfunction, the following are of special interest to the anes-
thesiologist.

1. In most patients with renal diseases, and especially in those
with chronic renal failure and uremia, delayed gastric emp-
tying, vomiting, and nausea are common. Therefore, the
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risk of aspiration of gastric contents during induction of
general anesthesia is increased.

2. Severe anemia with decreased erythropoietin and 2,3-DPG
levels and decreased red cell survival is quite common.42

Often, patients tolerate this situation well. However, severe
maternal anemia can interfere with fetal oxygenation.
Therefore, correction with packed red cell transfusion may
become necessary, especially before any major surgical in-
tervention. In addition, in some patients, the uremia-in-
duced platelet dysfunction, prolonged Ivy bleeding time,
decreased von Willebrand’s factor, and factor VIII may
preclude the use of regional anesthesia.

3. Severe hypertension and left ventricular hypertrophy are
commonly present. Rapid induction of general anesthesia
and tracheal intubation can lead to further rise in blood
pressure. Uremic pericarditis and pericardial effusion, al-
though rare, are not uncommon. The presence of arteri-
ovenous shunts and chronic anemia can lead to a hyper-
dynamic circulatory state with low systemic vascular
resistance (SVR) and high cardiac output.42 Hypotension
is poorly tolerated, as it can cause myocardial ischemia and
cardiac decompensation. On the other hand, with IVF ad-
ministration, the risk of pulmonary edema is increased in
patients with oliguria and anuria. Therefore, accurate mon-
itoring of the hemodynamic parameters with an indwelling
arterial line and central venous catheter may become nec-
essary in the peripartum period.42,43

4. As mentioned previously, hyperkalemia and metabolic aci-
dosis are commonly present, necessitating hemodialysis be-
fore any major anesthetic and surgical interventions. Other
electrolyte abnormalities include hypo- or hypermagne-
semia. Increased serum magnesium can cause muscle weak-
ness and a heightened sensitivity to all muscle relaxants.43–45

5. Albuminuria and low serum albumin levels can alter phar-
macokinetics of highly protein bound drugs.46 The colloid
osmotic pressures can be low, leading to pulmonary edema.

6. Pulmonary complications include increased susceptibility
to pneumonia, atelectasis, decreased ventilatory reserve,
and difficulty in weaning from ventilator.

7. The central nervous system (CNS) is also affected. The
symptoms include lethargy, myoclonus, seizures, and ure-
mic encephalopathy. The blood–brain barrier is disrupted,
and the CNS effects of sedatives, narcotics, and induction
agents such as pentothal are enhanced.47 In addition, pa-
tients with chronic renal failure are often debilitated and
are quite sensitive to the respiratory depressant effects of
opioids and sedatives. Both autonomic and peripheral neu-
ropathy may be present in these patients. Therefore, these
patients are more susceptible to hypotension from sympa-
thetic blockade associated with regional anesthesia. In ad-
dition, the presence of motor and sensory changes from pe-
ripheral neuropathy can be a problem with regional
anesthesia. The implications should be discussed with the
patient and documented in the chart.

8. Pharmacology and pharmacodynamics of most intravenous
agents are altered in patients with renal dysfunction, espe-
cially in those with chronic renal failure. The clearance of
drugs may be modified with decreased RBF. The free, un-
bound fraction of highly protein bound drugs may be in-
creased due to hypoalbuminemia or acidosis with enhanced
drug effects.46 The duration of action of drugs with pri-
mary renal elimination may be prolonged because of ac-
cumulation of the parent drug or its metabolic compounds.
Therefore, all drugs should be titrated to obtain the desired
effects. In general, the doses of most anesthetic agents and
opioids can be reduced by 25% to 50% in patients with re-
nal dysfunction.

9. Inhalation agents such as methoxyflurane, enflurane, and
sevoflurane undergo biotransformation.48,49 One of the
metabolic products is inorganic fluoride ion, which is
nephrotoxic. Thus, it would be prudent to avoid such agents
in the parturient with renal disease. Isoflurane and
halothane are safer, as the release of fluoride ion with these
agents is insignificant. Most general anesthetic agents in-
terfere with renal autoregulation.50,51 In addition, they
cause a dose-related reduction in RBF and GFR, renal
vasoconstriction, and increased renal vascular resist-
ance.50,51 Systemic hypotension worsens the situation fur-
ther. On the other hand, regional anesthesia extending to
the T5 level does not seem to interfere with either GFR or
RBF provided perfusion pressure is maintained.52

Preanesthetic Preparation

A thorough preanesthetic evaluation is necessary. The degree
of hemodynamic compromise should be evaluated. Hyper-
tension should be controlled. The presence of congestive fail-
ure and pulmonary edema signals the need to optimize the
patient’s cardiac status before anesthetic interventions.

Laboratory studies should include hemoglobin levels, serum
electrolytes, serum creatinine, creatinine clearance, BUN, and
uric acid. Coagulation studies should include platelet count,
prothrombin time (PT) and partial prothrombin time (PTT).
Other baseline investigations include a 12-lead electrocardio-
gram, chest X-ray, and arterial blood gas values. Blood and
blood products should be cross-matched and readily available.
Monitoring lines such as CVP and an indwelling arterial line
are essential in those with severe renal dysfunction and hy-
pertension. In those patients with pulmonary edema and car-
diac compromise, PA catheter placement should be consid-
ered for perioperative management.

Patients who are on chronic hemodialysis should undergo
dialysis the day before cesarean delivery. All laboratory stud-
ies should be repeated after dialysis. In those patients with se-
vere anemia, blood may be transfused during dialysis to avoid
pulmonary congestion. Among the blood products, the use of
cryoprecipitate is shown to improve renal function while cor-
recting the coagulation deficits.53
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Analgesia for Labor

For patients with coagulation deficits, intravenous opioids can
be used as patient-controlled intravenous analgesia. In the ab-
sence of coagulation deficits, a segmental lumbar epidural
analgesia should be considered. Optimization of volume sta-
tus is essential and normal saline can be used for hydration
before regional anesthesia. Both amide and ester local anes-
thetics may be safely used in parturients with renal dysfunc-
tion. To avoid the rapid onset of sympathetic block and hy-
potension, especially in those with autonomic dysfunction, a
slow induction of epidural analgesia with dilute local anes-
thetic solution, such as 0.125% bupivacaine mixed with fen-
tanyl, 1 to 2 �g, is recommended. If hypotension develops
despite all these precautions, ephedrine in doses of 2.5 to 5
mg can be given intravenously.

Anesthesia for Cesarean Section

In the absence of coagulation deficits, regional anesthesia is
preferred because GFR, RBF, clearance, and other renal
function tests are not affected even in the presence of high
sensory levels.52 Hydration before regional anesthesia should
be guided by CVP measurements. Normal saline or salt-
poor albumin can be used. Routine preanesthetic medica-
tions such as oral antacid, cimetidine, and metoclopramide
should be administered, as patients with renal diseases 
are more prone to pulmonary aspiration of gastric contents.
The arteriovenous (AV) fistula site should be padded and
protected.

Any reduction in renal perfusion pressure from hypoten-
sion is poorly tolerated. To minimize any major hemodynamic
perturbations, a slow induction of epidural anesthesia is
preferable. Uremia is associated with demyelination of nerve
fibers. In pregnancy, there is an increased sensitivity to local
anesthetics.54 Therefore, rapid onset and spread of local anes-
thetics and a higher level of block should be anticipated. In
fact, in a study comparing patients with and without chronic
renal failure, Orko et al. found that spinal anesthesia with
0.75% bupivacaine resulted in higher sensory and motor lev-
els in parturients with renal disease compared with normal
control group.55 Strangely enough, the duration of block is
shortened, presumably the result of hyperdynamic circulation
and rapid clearance of the drugs from the subarachnoid space.
In addition, autonomic neuropathy increases the risk of hy-
potension. The presence of metabolic acidosis decreases the
seizure threshold for local anesthetics.43 This factor should be
considered when using large doses of local anesthetics epidu-
rally for cesarean section. The dose of local anesthetics should
be carefully titrated to obtain the desired level of block. Epi-
nephrine can cause cardiac dysrrhythmias, especially in those
patients with hyperkalemia and acidosis. Therefore, when lo-
cal anesthetic solutions are necessary, those with epinephrine
should be avoided. 

Two recent case reports indicate that both epidural and
spinal anesthesia can be safely used in parturients with chronic
renal failure undergoing hemodialysis.56,57 In the report by
Tighe et al., the authors used an epidural anesthesia for ce-
sarean delivery.56 The parturient underwent hemodialysis on
the night before delivery with the input and output in balance.
For hydration before block, 1000 mL normal saline was given.
Bupivacaine 0.5%, 20 mL, was administered epidurally in in-
crements over 20 min to obtain a T4 block. The parturient
had one episode of hypotension after delivery that responded
well to intravenous ephedrine and fluids. Afterward, the par-
turient had a satisfactory recovery. These authors preferred
an epidural anesthetic rather than a subarachnoid block, as it
is easier to manage blood pressures, height of the block, and
fluid maintenance with a slower onset regional anesthetic. On
the other hand, Azuma and others describe the successful use
of spinal anesthesia with 8 mg tetracaine in a parturient with
chronic renal failure undergoing cesarean section.57 On the
morning of surgery, the parturient underwent hemodialysis
with elimination-only solute and not water, and received 500
mL of acetated Ringer’s solution for hydration before the
block. The fluid management was guided by CVP, and blood
pressure remained stable during the procedure with an excel-
lent maternal and fetal outcome. The authors concluded 
that, with careful fluid management, spinal anesthesia can be
safely used for cesarean section in parturients undergoing 
hemodialysis.57

For parturients receiving general anesthesia, pentothal may
be used for induction but in reduced doses because the
blood–brain barrier may be disturbed in patients with severe
renal disease.46 In addition, due to decreased protein bind-
ing, the free unbound fraction of the drug may be elevated.46

For tracheal intubation, the use of succinylcholine is contro-
versial. Serum potassium levels are usually elevated in pa-
tients with chronic renal failure. If serum potassium levels
are higher than 5.0 mEq/L, the use of succinylcholine is con-
traindicated. Succinylcholine increases serum potassium lev-
els by 0.5 to 0.7 mEq/L, and in a hyperkalemic patient its
use can precipitate severe cardiac dysrhythmias.45 If the pa-
tient has undergone hemodialysis immediately before sur-
gery, and if serum potassium levels are less than 5 mEq/L,
succinylcholine may be used cautiously. Tracheal intubation
under light general anesthesia can cause an exaggerated hy-
pertensive response. Pretreatment with labetelol or other an-
tihypertensive agents such as hydralazine is necessary. Hy-
dralazine undergoes renal elimination and therefore should
be titrated to effect. For muscle relaxation, atracurium is re-
commended. Low concentrations of halothane and isoflurane
can be used for anesthesia maintenance. Opioids such as fen-
tanyl may be safely used, although in reduced doses. Minute
ventilation should be increased to compensate for metabolic
acidosis. At the end of the procedure, muscle relaxant re-
versal agents may be used. Because the kidneys excrete these
agents, their duration of action may be prolonged. Another
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option is to omit the reversal agents altogether, and place the
parturient on mechanical ventilation until she fully recovers
from the effects of muscle relaxants. All surgical blood loss
should be replaced, and the crystalloid infusion should be
kept at the minimum maintenance volume. Post operatively,
fluid management should be guided by CVP measurement.
Intravenous opioids should be used in small incremental
doses for postoperative pain relief. Avoidance of opioids with
renally excreted metabolites such as morphine 6-glucoronide
and normeperidine may be warranted. For those with an
epidural catheter in situ, continuous infusion of epidural lo-
cal anesthetic/opioid mixtures should be considered.

Summary

The successful peripartum management of parturients with
severe renal dysfunction is a team effort involving the ob-
stetricians, anesthesiologist, and the urologist.
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14
Endocrine Disorders
John A. Thomas and Jon Rosnes

Human homeostasis is elaborately intertwined with the en-
docrine system. Every cell within the body requires a stable
supply of messages, fuel, and metabolites to perform at its op-
timum level.1 Pregnancy induces stress and changes on this
system, which will test the limits of its functionality. An un-
derlying endocrine organ dysfunction during pregnancy may
require very challenging obstetric and anesthetic management.

The aim of this chapter is to describe the various obstetric
and anesthetic implications of endocrine disorders during
pregnancy. Specific attention is given to thyroid, parathyroid,
and adrenal glands. Chapter 23 discusses diabetes mellitus,
the most common endocrine disorder encountered in preg-
nancy, in detail.

Basic Endocrine Physiology

Hormones and substances travel between cells and act as
chemical signals. In general these signals act at one of three
sites: (1) on the cell that released it (autocrine), (2) on the ad-
jacent cells (paracrine), or (3) by moving through the blood
to distant cells (hemocrine).1,2 Most hormones discussed here
are hemocrine in nature and can be classified chemically as
proteins (or polypeptides), steroids, amino acid derivatives, or
fatty acid derivatives. Protein or polypeptide hormones include
all the anterior pituitary hormones (e.g., follicle-stimulating
hormone) as well as glucagons and endorphins. Steroid hor-
mones include those secreted by the gonads and adrenal gland.
Examples of amino acid and fatty acid derivatives include cat-
echolamines and prostaglandins, respectively.1

Hormones can exert their effects by one of three different
actions: (1) direct cell membrane or receptor effects, (2) in-
tracellular second-messenger effects, or (3) intracellular ef-
fects on protein synthesis.1,3–5 Hormonal actions are organ-
ized into cascades of messengers, normally under an elaborate
and tightly controlled system. This structure includes impor-
tant feedback loops where a hormone can inhibit its produc-
tion either directly or indirectly (e.g., at the hypothalamus).
Other hormones can exert a positive feedback (under special

circumstances) and increase their production. Intracellular
function can also directly influence hormone release.1 Any of
these feedback mechanisms can malfunction and result in in-
appropriate levels of the primary hormone.

Thyroid Disease

Thyroid disease is 5 to 10 times more prevalent in women
than in men, affecting 0.2% of all females.6 Thyroid disor-
ders are the most common endocrinopathy found in women.6

Therefore, these disorders are not uncommon in the parturi-
ent, and several (e.g., gestational trophoblastic disease) are
unique to pregnancy. Autoimmune thyroid disease is com-
monly seen and may improve initially with the immunosup-
pression seen in pregnancy; however, postpartum flares are
not infrequent.6,7 Thyroid disorders are often first diagnosed
during pregnancy because it is frequently the first contact
these women have with the health care system. If untreated,
both hyper- and hypothyroidism can have profound effects on
both the mother and fetus.

Maternal Thyroid Physiology

Identifying thyroid disease during pregnancy can be difficult
because symptoms of heat intolerance, tachycardia, fatigue,
and appetite changes are relatively common in normal preg-
nancy.6–9 The thyroid gland is a vascular organ with two lobes
lying adjacent and anterior to the trachea. The recurrent la-
ryngeal and superior laryngeal nerves are closely associated.10

During pregnancy there is an increase in the volume of the
thyroid gland that can be visualized by ultrasonography.6

However, clinical thyromegaly does not occur and a goiter or
nodule is considered abnormal.6,8 Despite increased blood
volume and the dilutional effects during pregnancy, the level
of serum thyroxine-binding globulin (TBG) rises. Elevation
of TBG is secondary to an estrogen-mediated elevation in he-
patic synthesis and prolonged half-life.8,11,12 Increased TBG,
the major thyroid hormone carrier, results in greater amounts
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of protein-bound thyroxine (T4) and triiodothyroxine (T3).
However, the free levels of T3 (FT3) and T4 (FT4) remain
within normal nonpregnant ranges.6,8 FT3 and FT4 represent
the active form of the hormone. Serum levels of FT4 rise dur-
ing the first trimester secondary to a thyrotropin-like effect of
human chorionic gonadotropin (hCG), but remain within nor-
mal limits. FT4 levels decline during the second trimester con-
sistent with falling hCG levels.6,11 Thyroid-releasing hormone
(TRH) and thyroid-stimulating hormone (TSH) levels are sim-
ilar to nonpregnant values. There is a small transient decline
in TSH during the first trimester, reflecting the short-lived el-
evation in FT4 just discussed.6 Therefore, TSH levels, espe-
cially in the first trimester, may be less useful for diagnosing
clinically significant hyperthyroidism compared to nonpreg-
nant individuals.6 However, most regard the serum levels of
FT4 and TSH as the most useful indicators of thyroid metab-
olism during pregnancy (Table 14.1).12

Fetal Thyroid Physiology

The fetal thyroid gland is inactive for most of the first
trimester. At about 10 weeks gestation, FT4 synthesis and
TBG are measurable.6,12 The placenta is relatively imperme-
able to thyroid hormones; however, limited amounts of T3

and T4 do cross from mother to fetus, as demonstrated in
neonates with congenital hypothyroidism. It is thought that
thyroid hormones play a significant role in the early devel-
opment of the central nervous system. Most thyroid medica-
tions are transferred in varying degrees to the fetus.6 Iodine
is actively concentrated by the fetus; therefore, the use of ra-
dioactive iodine for either diagnosis or treatment during preg-
nancy is contraindicated (Figure 14.1).7,9

Hyperthyroidism

Thyrotoxicosis complicates approximately 0.2% of pregnan-
cies and is frequently diagnosed before conception.6 Newly
diagnosed cases occur in about 0.05% of pregnancies.12

Graves’ disease accounts for 95% of hyperthyroidism diag-
nosed during pregnancy. Thyroid-stimulating antibodies to
the TSH receptor produced in Graves’s disease cause over-
production of T3 and T4. The IgG autoantibodies produced
can cross the placenta, causing neonatal disease. These anti-
bodies can be either stimulating or inhibiting in nature. Some
authors suggest that the natural immunosuppressive effect of
pregnancy can improve autoimmune thyroiditis. However,
others question the actual clinical significance of this effect.
It does appear that exacerbations often occur postpartum. Other
causes of hyperthyroidism in pregnancy include toxic multi-
nodular goiter, other causes of thyroiditis (e.g., Hashimoto’s),
and trophoblastic disease (Table 14.2).6,7,12

Mothers with uncontrolled hyperthyroidism have increased
risks of preeclampsia, fetal demise, miscarriage, preterm la-
bor, and low birth weight infants. In addition, severe mater-
nal hyperthyroidism can lead to heart failure or thyroid storm
(Table 14.3). In one series, heart failure complicated 12% of
hyperthyroid pregnancies and 63% of untreated women pre-
senting in labor.13

Diagnosis of hyperthyroidism during pregnancy is difficult.
Many classic symptoms such as increased appetite, tachycar-
dia, difficulty sleeping, heat intolerance, and mood swings are
associated with normal pregnancy. Physicians have to be as-
tute to discern early symptoms and institute prompt laboratory
investigation. A diagnosis is strongly suggested when elevated
free T3 and T4 levels are accompanied by decreased TSH.7

TABLE 14.1. Changes in thyroid physiology that occur 
with pregnancy.

Increased serum thyroxine-binding globulin (TBG)
Increased total T4 and T3

Increased clearance of iodine by kidney
Best overall indicators of thyroid function: free T4 and thyroid-stimulating

hormone (TSH)

Source: Adapted from Drake WM, Wood DF. Thyroid disease in pregnancy.
Postgrad Med J 1998;63:583.12

FIGURE 14.1. Use of radioactive iodine during pregnancy. (From
Ecker JL, Musci TJ. Treatment of thyroid disease in pregnancy. Ob-
stet Gynecol Clin N Am 1997;24(3):578.)

TABLE 14.2. Causes of hyperthyroidism in pregnancy.

Graves’ disease
Multinodular goiter
Toxic adenoma
Subacute thyroiditis
Iatrogenic hyperthyroidism
TSH-producing pituitary tumor
Struma ovarii
Transient thyrotoxicosis of hyperemesis gravidarum
Hydatidiform mole

Source: Adapted from Mestman JH. Hyperthyroidism in pregnancy. Clin Ob-
stet Gynecol 1997;40(1):47.
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Obstetric Management

Treatment of hyperthyroidism during pregnancy is primarily
by thionamides, which inhibit the synthesis of T4 (by block-
ing organification of iodine) and iodination of tyrosine (Fig-
ure 14.2). Propylthiouracil (PTU) is frequently the agent cho-
sen to treat thyrotoxicosis in pregnancy. Methimazole is less
frequently used in pregnancy because it (1) appears not to in-
hibit peripheral conversion of T4 to T3 (the physiologically
active form), (2) is more likely to cross the placenta (see Fig-
ure 14.1), and (3) has been associated with a defect in the

neonatal scalp (aplasia cutis). More recent studies, however,
indicate that both PTU and methimazole are effective in treat-
ing hyperthyroid parturients with little difference in risk.
Some authors recommend methimazole because (1) it has a
longer half-life requiring less frequent dosing and increasing
compliance, (2) fewer drug reactions are associated with me-
thimazole, and (3) methimazole costs less than PTU.6,7

The typical starting dose of PTU is 100 to 150 mg tid in-
creasing up to 250 to 300 mg tid. Alternatively, methimazole
at 20 to 45 mg/day can be used. It takes from 2 to 4 weeks
for a clinical response to these drugs. Free thyroxin levels
should be monitored and kept in the high normal range. Drug
doses are then reduced as tolerated. This regimen carries a
relatively low incidence of fetal side effects (e.g., goiter or
hypothyroidism). �-Blockers are occasionally utilized to con-
trol tachycardia but are usually reserved for cases of thyroid
crisis. There is concern over the long-term use of �-blockers
because of a possible increased risk of fetal growth retarda-
tion and postnatal hypoglycemia. Patients receiving long-term
treatment with propranolol may have a higher risk of sponta-
neous miscarriage.14 Occasionally, if noncompliance or in-
tolerance to thiomides (agranulocytosis, leukopenia, and in-
creased liver enzymes) develops, a thyroidectomy (total or
subtotal) can be indicated. Radioactive iodine is contraindi-
cated in pregnancy, as has been discussed.6,7,12

Thyroid Storm

Thyrotoxic crisis is a severe hypermetabolic state that com-
plicates the medical course in 1% to 2% of parturients with
thyrotoxicosis. It can be precipitated by pain of labor,
preeclampsia, induction of anesthesia, infection, or surgery.
The symptoms of thyroid storm vary from fever and gas-
trointestinal distress to cardiac decompensation and coma
(Table 14.4). Maternal mortality secondary to thyroid storm
can be as high as 25%.6

Thyroid storm is a medical emergency. The goals are to
stop peripheral conversion of T4 to T3, decrease the further
release of thyroid hormones, and treat the hypermetabolic
symptoms. This syndrome should be treated by a multidisci-
plinary group of physicians (endocrinologist, intensivist, ob-
stetrician, and perinatologist) in an intensive care unit. PTU
and potassium iodine (SSKI) are first-line therapies to stop

TABLE 14.3. Potential complications of uncontrolled 
hyperthyroidism in pregnancy.

Maternal Fetal

Pregnancy-induced Hyperthyroidism
hypertension (PIH) Neonatal hyperthyroidism

Preterm delivery Intrauterine growth restriction (IUGR)
Congestive heart failure Small for gestational age (SGA)
Thyroid storm Prematurity
Miscarriage Stillbirth
Infection
Placental abruption

Source: Adapted from Mestman JH. Hyperthyroidism in pregnancy. Clin Ob-
stet Gynecol 1997;40(1):52.

FIGURE 14.2. Treatment of hyperthyroidism during pregnancy.
(From Stehling LC. Anesthetic management of the patient with hy-
perthyroidism. Anesthesiology 1974;41(6):589.)

TABLE 14.4. Clinical features of thyroid storm.

Exaggeration of thyrotoxicosis symptoms
Fever (�38°C)
Disproportionate tachycardia (�130 bpm)
New-onset arrythmia
Jaundice
Profuse diarrhea
Mental confusion (psychosis)
Hyperkinesis � Delirium � Somnolence � Coma

Source: From Gavin LA. The diagnostic dilemmas of hyperthyroxinemia and
hypothyroxinemia. Adv Intern Med 1988;33:190.
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T3 and T4 release as well as the peripheral conversion of T4

to T3. PTU may be given by nasogastric tube or rectally in a
dose of 400 to 600 mg followed by 150 to 300 mg every 6
h. Sodium iodine should be given intravenously, 0.25 to 0.5
g every 12 h, or as oral Lugol’s solution (5% potassium io-
dine and 10% potassium iodide), 30 to 60 drops/day. For pa-
tients unable to take iodine, lithium carbonate can be substi-
tuted in a dose of 300 mg by mouth every 6 h. Corticosteroids
(dexamethasone, prednisone, or hydrocortisone) can be added
to further inhibit peripheral conversion of T4 to T3 and pre-
vent development of acute adrenal insufficiency. Propranalol
(1 mg/min) intravenously can quickly control heart rate and
inhibit peripheral conversion of T4 to T3. �-Blockers should
be used cautiously, however, because of an increased risk of
heart failure in this patient population. Esmolol, a short-act-
ing and easily titratable intravenous �-blocker, is an alterna-
tive but has been associated with fetal acidemia. In addition
to drug management, it is important to monitor and lower
body temperature by active cooling, which can usually be ac-
complished with acetaminophen, cold crystalloid infusion, or
a cooling blanket.6,9

Anesthetic Management

The major concerns in the anesthetic management of thyro-
toxic patients are the potential for acute activation of adren-
ergic system and its cardiac effects. Other potential concerns
include tracheal compression by an enlarged thyroid gland or
goiter, skeletal (respiratory) muscle weakness, and electrolyte
abnormalities.15

Ideally, those presenting in labor will have been adequately
treated and euthyroid before delivery. However, the intense
pain of labor and the accompanying anxiety can precipitate
sympathetic outflow, which can adversely affect the disease.
Early epidural analgesia is the method of choice for pain re-
lief, because it decreases sympathetic outflow and adequately
controls labor pain. Epidural, subarachnoid, or general anes-
thesia may be used safely for cesarean section. Epidural anes-
thesia may be preferable if time allows, because the level of
the sympathetic block can be raised gradually. Concerns have
been raised about the use of sypathomimetics in patients with
hyperthyroidism because elevated levels of thyroid hormone
lead to increased numbers of �-adrenergic receptor sites.16

Therefore, adequate prehydration should be utilized before re-
gional anesthesia to potentially minimize hemodynamic
changes. Phenylephrine has been suggested by some authors
to be the drug of choice for managing hypotension in thyro-
toxic patients. Bolus doses of 20 to 40 �g phenylephrine ap-
pear safe for the fetus.17 Some authors also suggest omitting
epinephrine from local anesthetic solutions17; however, one
study indicated that the response to exogenous epinephrine in
hyperthyroid patients is unaltered.18 Even if regional anes-
thesia is successful, anxiety can arise in an awake patient and
may cause serious problems for the hyperthyroid parturient.
Sedation can be used cautiously to minimize maternal anxi-

ety. Caution must be taken to avoid maternal respiratory de-
pression and excessive neonatal sedation. Midazolam at 0.5
to 2 mg usually achieves this effect.17 Unfortunately, a fre-
quently unwanted side effect is maternal amnesia.

General anesthesia may be necessary for cesarean section
under certain circumstances and can be managed effectively.
Careful airway assessment is particularly important because
of the potential for tracheal deviation or obstruction in pa-
tients with an enlarged thyroid gland.19 Thiopental remains
the induction agent of choice because of its thiocarbamate
structure (N�C�S), which appears to have antithyroid ac-
tivity.20 Hypercarbia, hypoxia, and light anesthesia may stim-
ulate the sympathoadrenal axis and should be avoided. Sim-
ilarly, any drugs that precipitate sympathetic stimulation or
tachycardia are relatively contraindicated (e.g., atropine and
ketamine). Isoflurane is the inhalational agent of choice be-
cause of its relative cardiac stability and limited metabolism.
Monitoring of neuromuscular blockade is important because
subclinical thyroid myopathy may be present. Increased meta-
bolic destruction in hyperthyroid patients can cause relative
corticosteroid insufficiency. Perioperative glucocorticoid re-
placement therapy (hydrocortisone 100 mg IV) can be con-
sidered and has the added potential benefit of reducing pe-
ripheral T4 to T3 conversion.15,20

Thyroid storm can be precipitated during labor and deliv-
ery or during the induction of anesthesia itself. It is aggres-
sively treated as just described with PTU, iodine, corticos-
teroids, and temperature control. These patients should be
transferred, monitored, and treated in an intensive care unit
as soon as possible.

Hypothyroidism

The overall prevalence of hypothyroidism in the general pop-
ulation is similar to hyperthyroidism, ranging from 0.4% to
0.7%.21 Hypothyroidism is more common in women and the
elderly. Recommendations have been made for general
screening of women over the age of 50 by serum TSH.22 Clin-
ical hypothyroidism results in a high incidence of ovulatory
dysfunction and infertility. Cases among pregnant women are
therefore very rare, with an incidence less than 0.3%.23 Com-
plications associated with hypothyroidism in pregnancy in-

TABLE 14.5. Pregnancy complications associated 
with hypothyroidism.

Preeclampsia
Abruptio placentae
Anemia [hematocrit (Hct) �26%)]
Postpartum hemorrhage
Cardiac dysfunction
Low birth weight (�2000 g)
Stillbirths

Source: From Davis LE, Leveno KJ, Cunningham FG. Hypothyroidism com-
plicating pregnancy. Obstet Gynecol 1988;72:110.
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clude increased risk of spontaneous abortion and fetal loss,
gestational hypertension (preeclampsia), fetal distress, still-
birth, growth retardation, abruption, cardiac dysfunction, ane-
mia, and postpartum hemorrhage (Table 14.5).6,24

The etiology of hypothyroidism may be either primary (di-
rect production of thyroid hormone) or secondary (pituitary
or hypothalamic problem). Most newly diagnosed cases are
primary in nature (Table 14.6).25 The most common diagno-
sis encountered is inadequately treated preexisting hypothy-
roidism. Frequently these patients have undergone medical or
surgical treatment for hyperthyroidism (most commonly
Graves’ disease) that rendered them hypothyroid. These pa-
tients account for approximately 65% of the cases observed
in pregnancy.24 Rare causes of hypothyroidism presenting in
pregnancy include Hashimoto’s disease, idiopathic myxedema,
and iodine deficiency. If untreated, maternal hypothyroxemia
is associated with increased perinatal mortality and congeni-
tal malformations. Severe maternal and fetal hypothyroidism
can occur secondary to iodine deficiency, resulting in cre-
tinism (mental retardation, deafness, and spastic diplegia).12

Diagnosing hypothyroidism can be difficult in pregnancy
because symptoms of tiredness, brawny edema, irritability,
dry skin, hair loss, and poor concentration may be dismissed
as normal events secondary to pregnancy.23 Several possible
clues are a history of taking thyroid replacement medications,
neck irradiation or radioiodine treatment, use of a potentially
antithyroid drug (e.g., lithium or amiodarone), or a surgical
scar on the anterior neck. TSH level is a sensitive and reli-
able indicator of primary hypothyroidism in pregnancy. T4

levels in contrast can be normal secondary to the higher lev-
els of TBG in pregnancy. Therefore, a serum TSH is the rec-
ommended initial screening test.12

Obstetric Management

An early diagnosis and hormone replacement may improve
outcome. The treatment of maternal hypothyroidism typically

is thyroxin replacement (100 �g/day). TSH levels are moni-
tored every 3 to 4 weeks.6 Maternal thyroxine requirements
increase as pregnancy progresses, and an increased dosage
may be required.26 Intravenous replacement of thyroid hor-
mone is rarely necessary and is reserved for cases of
myxedema coma. There is, however, a significant risk of pre-
cipitating coronary ischemia with this method of replacement,
and thus it should be reserved for emergency situations.27

There do not appear to be any adverse fetal effects from
replacement therapy. The potential role of maternal hypothy-
roidism on fetal cognitive development is unclear. Although
the placenta prevents significant amounts of thyroid hormones
from being transferred to the fetus, small amounts of T4 will
be transferred, producing T3 in the fetal brain. It is clear that
most infants born to properly treated mothers develop 
normally.23

Anesthetic Management

Parturients should be treated and rendered euthyroid before
labor and delivery if possible. Clinical hypothyroidism can be
associated with multiple derangements that could contribute
to a difficult anesthetic management (Table 14.7). If ade-
quately treated, parturients may safely receive either regional
or general anesthesia.

Hypothyroidism can lead to abnormal ventilatory drive
with decreasing responses to hypoxia and hypercarbia.28 Ob-
structive sleep apnea also occurs more frequently in these 
parturients. Hypothyroid parturients may be very sensitive to
sedatives, particularly opioids, and the risk of significant res-
piratory depression is elevated.10 On the other hand, under-
lying myocardial dysfunction as a result of a cardiomyopathy
or coronary disease may become apparent under the stress in-
duced by a painful labor. There is an increased incidence of
glucocorticoid deficiency, and therefore a potentially inadequate
stress response. Early epidural analgesia effectively blocks the
stress response while providing the best labor analgesia and
least risk for respiratory depression. Thyroid deficiency is as-
sociated with both platelet dysfunction and von Willebrand’s

TABLE 14.6. Potential causes of hypothyroidism.

Primary hypothyroidism Secondary hypothyroidism

Chronic autoimmune thyroiditis Pituitary dysfunction
Hashimoto’s thyroiditis Irradiation
Atropic hypothyroidism Surgery

Iatrogenic Neoplastic
Iodine-131 Sheehan’s syndrome
Subtotal thyroidectomy Idiopathic

Drugs Hypothalamic dysfunction
Iodine deficiency or excess Irradiation
Lithium Granulomatous disease
Amiodarone Neoplastic
Antithyroid drugs

Congenital
Dyshormonogenesis
Thyroid gland dysgenesis or agenesis

Source: From Gavin LA. The Diagnostic dilemma of hyperthyroxiemia and
hypothyroxiemia. Adv Intern Med 1988;33:196.

TABLE 14.7. Potential anesthetic implications of hypothyroidism.

Sensitivity to depressant drugs
Decreased cardiac output and heart rate
Decreased drug metabolism
Lack of appropriate baroreceptor response
Alveolar hypoventilation
Impaired respiratory response to hypercarbia/hypoxia
Impaired gastric emptying
Hypothermia
Hypoglycemia
Hyponatremia
Adrenal insufficiency
Anemia

Source: Adapted from Stoelting RK, Dierdorf SF. Endocrine disease. In:
Stoelting RK, Dierdorf SF (eds) Anesthesia and Co-Existing Disease. New
York: Churchill Livingstone, 1993:353.
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disease.29,30 Therefore, a careful examination of the coagula-
tion status and the patient’s bleeding history should be done
before the placement of regional analgesia. Regional anes-
thesia can also be used for cesarean section.

If emergency general anesthesia becomes necessary, there
are several anesthetic considerations. In addition to signifi-
cant airway changes that occur with pregnancy, an enlarged
tongue in thyroid-deficient individuals may make direct vi-
sual laryngoscope very challenging. It should be appreciated
that minimum anesthetic requirements are reduced and that
sensitivity to volatile agents, benzodiazepines, and opioids is
increased.31 There is reduced skeletal muscle activity and ab-
normal response to peripheral nerve stimulation. Small-
titrated doses of nondepolarizing agents are recommended.
Close monitoring of peripheral nerve stimulation and end-
expiratory gas concentrations are crucial.31 Monitoring of
end-tidal CO2 is invaluable due to a potentially altered re-
sponse to hypercarbia.28 Impaired free water clearance can
result in hyponatremia; replacement should be with balanced
salt solutions. Central venous pressure (CVP) monitoring may
become necessary if fluid status is unclear clinically. Myo-
cardial dysfunction, coronary artery ischemia, and brady-
arrhythmias are potential cardiac complications of hypothy-
roidism. Low circulating levels of thyroid hormones are as-
sociated with a downregulation in the number of �-receptors,
and the responsiveness to agonists may be reduced.

Parathyroid Disease

Parathyroid gland derangements rarely present in women of
childbearing age. Diagnosis in pregnancy can be difficult be-
cause the physical examination, symptoms, and laboratory find-
ings are unpredictable. However, if unrecognized or improperly
managed, either hyperparathyroidism or hypoparathyroidism
can lead to both neonatal and maternal complications.32

Calcium (Ca2�) homeostasis is maintained by the interac-
tion of parathyroid hormone (PTH), calcitonin (CT), and vi-
tamin D. Normal total serum calcium is in the range of 9.5
to 10.5 mg/dL. Approximately 50% of serum calcium is
bound to albumin, 40% is ionized (free), and 10% is attached
to chelating agents. Serum calcium therefore fluctuates with
the albumin level (1 g albumin decrease � 0.8 mg/dL serum
calcium decrease).32

Parathyroid hormone (PTH) is secreted by the inferior and
superior parathyroid glands, which are usually located adjacent
to the upper and low poles of the thyroid gland. It acts directly
on the kidney and bone to increase extracellular calcium lev-
els. It also acts indirectly on Ca2� absorption through the gas-
trointestinal tract by increasing synthesis of 1,25(OH)2D3 in the
kidney. Calcitonin is released from parafollicular C cells in
the thyroid when serum Ca2� levels are high; it counteracts
the effects of PTH. Vitamin D is converted in the kidney to
its most active form, 1,25(OH)2D3, and plays a significant
role in both bone and intestinal reabsorption of Ca2�.33

Maternal Parathyroid Physiology

The goal of Ca2� regulation during pregnancy is to ensure
proper transfer to the fetus while protecting the mother from
depletion of bone calcium stores. Albumin levels decline, ex-
tracellular fluid volume increases, and renal calcium excre-
tion is elevated during pregnancy. The placenta actively con-
centrates fetal Ca2�.34 Despite these factors, total serum
calcium levels decrease slightly during gestation. The effect
of pregnancy on ionized calcium activity is controversial but
appears to be minimal.32 This relative stability is secondary
to several changes in homeostasis during pregnancy, includ-
ing a twofold increase in the intestinal absorption of calcium
caused by elevated 1,25(OH)2D3.32,34 The increased absorp-
tion is stimulated by estrogen and an elevated level of PTH-
related protein (PTHrP), which has PTH-like activity. Con-
troversy exists about what exactly happens to PTH levels
during pregnancy. Several studies have shown increased PTH
levels during pregnancy, while others reported decreased lev-
els.34 These discrepancies may be related to the assays used
to measure serum PTH levels. More recent studies indicate
that levels remain in a relatively normal range. However, the
level of PTHrP is elevated during pregnancy and is not rec-
ognized by standard radioimmunoassays for PTH.34 This pro-
tein plays a multifactorial role in pregnancy, including effects
on placental Ca transport, lactation, onset of labor, embryo-
genesis, and fetal growth.34

Fetal Parathyroid Physiology

Fetal calcium homeostasis depends on the active concentra-
tion of calcium by the placenta, resulting in a relative fetal
hypercalcemia.35 At birth, the continuous supply of calcium
stops, leading to a fall in the infant’s serum calcium level,
which reaches a nadir between 24 and 48 h of age. The lev-
els then slowly increase and stabilize at adult levels by 7 days
of life.35

Hyperparathyroidism

Hyperparathyroidism is either primary or secondary. Primary
causes are intrinsic to the parathyroid gland, whereas sec-
ondary hyperparathyroidism occurs after chronically low cal-
cium levels cause the parathyroid glands to release excessive
PTH. The majority of women presenting with hypercalcemia
have primary hyperparathyroid disease.32

Primary hyperparathyroidism has an overall incidence of
approximately 0.15%. Only 110 cases occurring during preg-
nancy have been reported in the literature.34 Some authors
suggest that normal placental shunting of calcium to the fe-
tus and increased urinary excretion during pregnancy may
cause underdiagnosis. In addition, hyperparathyroidism is as-
sociated with an increase in early fetal loss, which may also
contribute to its underdiagnosis.32,34 Regardless of the rea-
son, if it goes undiagnosed or untreated, serious maternal and
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fetal complications may result. Neonatal hypocalcemia and
tetany have led to the discovery of undiagnosed maternal hy-
perparathyroidism.32

Approximately 80% of the cases seen in pregnancy are the
result of a single parathyroid adenoma. Other etiologies include
15% primary hyperplasia, 3% multiple adenomas, and 2% car-
cinomas.32 The majority (50%–80%) of pregnant woman with
hyperparathyroidism are asymptomatic.34 However, a recent re-
view of 70 parturients with hyperparathyroidism, found that
36% had gastrointestinal symptoms, 34% weakness and fatigue,
and 26% vague neurologic complaints (headache, lethargy, con-
fusion, and emotional lability).36 In this series, 24% of the par-
turients were asymptomatic, and 36% had nephrolithiasis, 19%
had bone disease, 13% had acute pancreatitis, 10% had hyper-
tension, and 8% experienced hypercalcemic crisis.36 Acute pan-
creatitis, if it occurs during pregnancy, can have significant
neonatal and maternal morbidity.34 Hypercalcemic crisis is a
rare and serious complication, usually presenting in patients with
serum calcium levels greater than 13 mg/dL.32 Potential symp-
toms include vomiting, hypertension, generalized weakness, de-
hydration, and mental status changes. Associated complications
in pregnancy include preeclampsia and hyperemesis gravi-
darum.32 Eleven cases of hypercalcemic crisis have been re-
ported during pregnancy; three maternal and four neonatal
deaths resulted. Four of these cases occurred in the postpartum
period, indicating that the greatest risk may be after the prefer-
ential shunting of calcium to the fetus has stopped.32

Neonatal complications secondary to maternal hyper-
parathyroidism include fetal loss, preterm delivery, and
neonatal hypocalcemia with or without tetany.32 Maternal hy-
percalcemia leads to fetal hypercalcemia and decreased PTH,
which in turn can lead to impaired development of the
parathyroid glands and neonatal hypocalcemia.34

Obstetric Management

Surgical removal of the abnormal parathyroid gland remains
the most effective management of primary hyperparathy-
roidism in pregnancy.32 Pregnancy is a relative contraindica-
tion to treatment with mithramycin and bisphosphonates.
Other standard drug therapies such as diuretics, oral phos-
phates, and calcitonin have been used successfully.34 How-
ever, depending on the situation, studies indicate pharmaco-
logic management in pregnancy may carry a higher risk of
complications compared with early parathyroidectomy.34

Surgery is the treatment of choice when the diagnosis of pri-
mary hyperparathyroidism is made early (first or second
trimester) and serum calcium is less than 11 mg/dL.32 If a di-
agnosis is made in the third trimester, the incidence of surgi-
cal complications associated with parathyroidectomy rises
(58% in one series).32

Medical management is utilized for parturients with per-
sistent hypercalcemia (�11 mg/dL) for whom surgical treat-
ment is deemed unacceptable. Oral phosphate at 1.5 to 2.5
g/day lowers serum calcium levels, but side effects include

nausea, vomiting, and hypokalemia. Adequate hydration is
critical to avoid dehydration and urinary complications.32 The
goals are to lower serum calcium and prevent further hyper-
calcemia until delivery. Then, a postpartum parathyroidec-
tomy can be performed.34

Hypercalcemic crisis is a medical emergency and warrants
an aggressive approach. Immediate rehydration with intra-
venous normal saline is indicated to restore normal fluid bal-
ance and promote renal excretion of calcium.33 Then, loop di-
uretics, which depress proximal tubular reabsorption of
calcium and promote urinary excretion, are given to induce a
forced diuresis. Additional treatment with calcitonin, oral
phosphates, or bisphosphates may be indicated.32 Recently,
the calcium receptor has been cloned, and newer drug thera-
pies are targeting this receptor. NPS R-568 is an experimen-
tal modulator of this receptor which holds promise in the treat-
ment of hyperparathyroidism.32

Anesthetic Management

No evidence indicates one anesthetic technique is superior to
another. Lumbar epidural analgesia and anesthesia for either
labor or cesarean section is acceptable and has the advantage
of minimal side effects. Regardless of the anesthetic chosen,
there are several potential concerns. If hypercalcemia is pres-
ent, the severity and potential side effects of elevated calcium
levels should be considered. Levels above 14 mg/dL are con-
sidered medical emergencies and should be managed as al-
ready outlined. These patients are frequently dehydrated. A
key management principle is aggressive hydration with nor-
mal saline and ensuring adequate urinary output.32 Hyper-
tension and cardiac conduction disturbances (prolonged P-R
interval, wide QRS complex, or short Q-T interval) may oc-
cur, and monitoring an electrocardiogram is indicated. Mus-
cle weakness and mental status changes can be present, mak-
ing aspiration risks higher and complicating the use of muscle
relaxants. Unpredictable responses to succinylcholine, non-
depolarizers, and reversal agents should be anticipated. Long-
standing disease or lytic bone lesions increase the risk for
fractures; careful positioning is prudent.37,38

Hypoparathyroidism

Hypoparathyroidism is most commonly a result of thyroidec-
tomy because the parathyroid glands can easily be damaged or
removed during this procedure.32 Other potential causes are
surgical (parathyroidectomy), genetic, or autoimmune-related
dysfunction. Hypoparathyroidism is a rare disorder during preg-
nancy that presents with symptoms of hypocalcemia such as
numbness, tingling, or carpopedal spasm. More serious com-
plications include dyspnea, laryngeal stridor, larygospasm, and
seizures.34 A diagnosis is strongly suggested by the presence
of chronically lower serum calcium levels accompanied by high
serum phosphate levels.32 Physical findings may include
Chvostek’s sign (spasm of facial muscles when facial nerve is
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tapped) and Trousseau sign (carpopedal spasm when a blood
pressure cuff is inflated in the arm).32 Hypocalcemia during
gestation can result in serious maternal and neonatal compli-
cations. Fetal hyperparathyroidism, bony changes, and in-
trauterine growth retardation can result secondary to maternal
hypoparathyroidism.32

Obstetric Management

Maternal treatment does not differ from the nonpregnant treat-
ment, which includes a high-calcium, low-phosphate diet, vi-
tamin D supplementation (50,000–150,000 IU/day), and cal-
cium supplementation (2–5 g/day). More aggressive therapy
includes addition of thiazide diuretics and sodium restriction.
Serum calcium is monitored regularly with the goal of nor-
mocalcemia. Fetal development appears normal if maternal
calcium is maintained within normal limits.32

Anesthetic Management

Regional analgesia, by preventing hyperventilation or hypo-
ventilation, may provide the advantage of fewer respiratory-
related electrolyte shifts in case of labor and vaginal de-
livery. Both regional and general anesthesia can be used for
cesarean section. Electrolytes including calcium, phosphate,
and magnesium should be checked before any anesthetic.37

Symptomatic or severe hypocalcemia (�3.5 mEq/L) should
be corrected before anesthesia. In an emergency, intravenous
10% calcium gluconate (7.5 mg/kg) should be administered
slowly.38 Maintenance of adequate calcium levels may require
continuous infusion of 10% calcium gluconate (500 mL/6
h).37 The ECG should be monitored secondary to potential
prolongation of the QT/QTc interval, which may be present
in hypocalcemia and precede cardiac dysrhythmias (i.e., 2:1
heart block).37 Rapid decreases in ionized calcium may pre-
cipitate severe hypotension, elevated left ventricular pres-
sures, myocardial dysfunction, and occasionally congestive
heart-failure. Respiratory and metabolic alkalosis can abruptly
lower ionized calcium levels and should be avoided. Chron-
ically decreased calcium levels can produce muscle weakness
(decreased acetylcholine release) whereas rapid decreases
may produce muscle spasms (laryngospasm). Therefore, mon-
itoring nondepolarizing muscle relaxation is important and the
potential risk of laryngospasm must be appreciated. In symp-
tomatic patients, reviewing coagulation parameters is prudent
because an extremely low ionized calcium level can produce
abnormal clotting.38

Adrenal Gland Disease

The adrenal glands are divided into an adrenal cortex and
medulla. The adrenal glands, which lie at the upper pole on
the medial aspect of each kidney,39 mediate important phys-
iologic responses to stress, extracellular fluid and electrolyte

shifts, and postural changes.39,40 These glands produce glu-
cocorticoids, mineralcorticoids, and androgens in their cor-
tex; each is synthesized from cholesterol precursors. The ad-
renal cortex is subdivided into three zones: the zona
glomerulosa, fasciculate, and reticularis.39 Glucocorticoids
(cortisol) are mainly produced in the zona fasciculata. Al-
dosterone, a mineralcorticoid, is produced in the zona
glomerulosa. Cortisol, an essential hormone, is the most im-
portant glucocorticoid produced by the adrenal gland.39 It
controls blood pressure and stress responses through regula-
tion of epinephrine production. In addition, cortisol regulates
glucose metabolism (increasing glucose), electrolyte balance,
and has antiinflammation effects.39 Aldosterone, produced in
the adrenal cortex, also has significant systemic effects. Its
production is regulated by the renin-aldosterone system. The
main effect of aldosterone is absorption of sodium and se-
cretion of potassium in the kidney. Therefore, aldosterone is
important to extracellular fluid volume and electrolyte home-
ostasis.39,40

The adrenal medulla also plays an essential role in the
body’s physiologic response to stress. Its primary function is
production of norepinephrine and epinephrine. Cortisol stim-
ulates phenylethanolamine N-methyltransferase, the enzyme
responsible for the methylation of norepinephrine to epi-
nephrine.39 Approximately 75% of the catecholamine re-
leased from the adrenal medulla is epinephrine. Cate-
cholamines then have widespread systemic effects.39,40

Normal pregnancy is marked by significant changes in the
adrenal system, including increased production and decreased
breakdown of adrenal steroids.41 Less understood is the role
of fetal and placental steroidogenesis. Cortisol and aldos-
terone levels increase with pregnancy, as does cortisol bind-
ing.41 Adrenal gland dysfunction is another rare complication
of pregnancy; however, adrenal insufficiency, glucocorticoid
excess, and adrenal medullary tumors have all been reported
in pregnancy.

Addison Disease (Hypoadrenocorticism)

Primary adrenocortical insufficiency (Addison’s disease) is
rare during pregnancy.8 Historically, tuberculosis and histo-
plasmosis were primarily responsible for granulomatous de-
struction of the adrenal glands.42 Today, however, the ma-
jority of cases are related to autoimmune disease. An acute
crisis can occur in patients with chronic secondary adrenal in-
sufficiency, which may occur from any derangement of pitu-
itary or hypothalamic function.41 Most adequately treated par-
turients will not have problems with fetal development, labor,
or delivery. In fact, the fetus largely maintains its own steroid
production and might even help sustain the maternal system.
Occasionally, infertility may result from coexisting poly-
glandular autoimmune disease that involves the ovaries. Some
authors have made associations between fetal growth retar-
dation and Addison’s disease.41,43
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Diagnosis in pregnancy is typically made by clinical pre-
sentation or a corticotropin stimulation test in which baseline
plasma cortisol is measured, intravenous synthetic corti-
cotropin is administered, and the change in plasma cortisol
noted.8 A rise of less than 7 �g/dL indicates an insufficient
response and establishes a diagnosis.39

Obstetric Management

Pregnancy does not significantly alter the management of ad-
renal insufficiency. Routine treatment applies, with an em-
phasis on physiologic steroid replacement, which can be
achieved by administering 30 mg hydrocortisone daily.41

However, during stress (e.g., delivery or surgery), intravenous
supplementation with 50 to 100 mg hydrocortisone every 8 h
may be indicated.8,42

Anesthetic Management

Early application of epidural analgesia may be recommended to
decrease the stress response associated with painful labor. In-
travenous volume replacement with balanced salt solutions
should be instituted, and urine output monitored closely. The de-
cision to prophylactically treat steroid deficiency should be dis-
cussed with the obstetric team. For cesarean section, spinal,
epidural, or general anesthesia can be instituted without signif-
icant complications. The parturient’s hemodynamic and fluid
status should be closely monitored. If sudden hypotension or an
emergency arises, treatment with intravenous hydrocortisone at
100 mg should be instituted. Occasionally, in life-threatening
Addison’s disease, a continuous infusion of cortisol 10 mg/h
may be necessary.38 Severe cases can present similarly to hem-
orrhagic shock. Higher doses of intravenous or inhalational anes-
thetics may produce myocardial depression and hypotension. In-
vasive monitoring with an arterial line, pulmonary artery
catheter, and Foley catheter is very useful in this situation and
provides a guide for rapid intravascular volume replacement.39

Hyponatremia, hyperkalemia, hypoglycemia, hemoconcentra-
tion, and decreased renal flow are all potential complications of
severe adrenal insufficiency. Therefore, volume replacement
should consist of glucose-containing balanced salt solutions, and
glucose and electrolyte levels should be monitored closely.39

Skeletal muscle weakness can accompany severe cortisol defi-
ciency and reduce nondepolarizing muscle relaxant require-
ments. Monitoring a peripheral nerve stimulator is prudent in
these cases. Etomidate may be a poor choice for an induction
agent, because it has been associated with adrenal suppression.40

Cushing’s Disease 
(Hyperadrenocorticism)

Cushing’s syndrome, most frequently associated with long-
term corticosteroid use, leads to the characteristic findings of
truncal obesity, moon facies, and buffalo hump. Clinical pre-

sentation frequently includes hypertension, generalized fa-
tigue, muscle weakness, abnormal skin striae, and amenorrhea.41

Amenorrhea decreases the number of cases of Cushing’s dis-
ease presenting in pregnancy. Approximately 70 cases have
been reported, and more than half involved benign adrenal tu-
mors,44–46 in contrast with nonpregnant individuals, in whom
pituitary adenoma is the most frequent form of endogenous
Cushing’s disease.41 Clinical diagnosis in pregnancy is fre-
quently clear, because symptoms are more pronounced in the
parturient. Laboratory diagnosis may be complicated by the
fact that estrogen can create inaccuracy in the dexamethasone
suppression test, and normal pregnancy values for some tests
have not been established.41

Maternal complications of Cushing’s disease include hy-
pertension, diabetes, wound breakdown, and proximal my-
opathy. Approximately 10% suffer congestive heart failure
associated with severe hypertension.41 Buescher et al. re-
ported a maternal mortality of approximately 4.6% in 65 par-
turients.45 Fetal outcome is also adversely affected. Perinatal
mortality ranges from 15% to 25%. Preterm delivery is the
leading cause of morbidity, with two thirds of parturients de-
livering before 38 weeks.41 Low birth weight is also a fre-
quent complication. Neonatal cortisol withdrawal, also a po-
tential complication of maternal Cushing’s syndrome, can
occur shortly after birth.41

Obstetric Management

Management of Cushing’s disease in pregnancy depends on
the severity of symptoms and gestational age. If symptoms
are mild or occur late in pregnancy, palliatative measures (e.g.,
management of hypertension) until delivery are frequently the
best course.47 However, if symptoms are severe or diagnosis
is made early in pregnancy, surgical intervention remains the
definitive treatment. Adrenalectomy and transphenoidal pitu-
itary surgery have both been performed successfully during
pregnancy. Unilateral adrenalectomy is performed in the case
of an adrenal adenoma, whereas bilateral adrenalectomy is
frequently done for adrenal hyperplasia. One review of uni-
lateral adrenalectomy during pregnancy suggested a better
neonatal outcome if surgery was not delayed.46 If adrenalec-
tomy is planned, it should ideally be performed in the early
second trimester.

Anesthetic Management

Preanesthetic evaluation of parturients with Cushing’s disease
should concentrate on management of fluid retention, dia-
betes, or hypertension if present.39 Electrolytes and serum glu-
cose level should be reviewed before an anesthetic is used.
Bone metabolism is abnormal in hyperadrenocorticism and
can cause premature osteoporosis and vertebral body collapse.
Bone density may be significantly decreased, and patients
should be carefully positioned and manipulated to prevent
fractures.39 Regional analgesia is an acceptable option that
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carries the added benefit of blunting the stress response as-
sociated with labor.48 Decreased stress minimizes excess cor-
tisol secretion and can be used for emergency cesarean sec-
tion. For cesarean section, regional or general anesthesia can
be safely administered. The potential for associated skeletal
muscle weakness in patients with Cushing’s syndrome re-
quires careful monitoring of neuromuscular blockade with a
nerve stimulator.39 Requirement for nondepolarizing muscle
relaxants may be significantly reduced.

Pheochromocytoma

Pheochromocytoma, a rare catecholamine-secreting tumor of
neural crest origin, arises from chromaffin cells. The overall
annual incidence in the general population has been reported
as 1.6 to 2.1 per million.49 Most tumors (90%) are found 
in the adrenal medulla of one or both adrenal glands. How-
ever, they can also occur extraadrenally (paragangliomas)
along the sympathetic adrenal axis.49,50 The majority of ad-
renal tumors are benign (90%) adrenal adenomas.50 Overall,
approximately 10% are malignant, and it appears the risk is
higher when the tumor is extraadrenal in location.49 These tu-
mors may secrete both adrenaline and noradrenaline in vary-
ing amounts. Pheochromocytomas account for approximately
0.1% of hypertension in patients between 40 and 70 years of
age.51 They can occur in association with several multiple en-
docrine neoplasias and neuroectodermal dysplasias (Table
14.8).49 There are also associations with diabetes mellitus and
thyrotoxicosis.

Encountering pheochromocytoma during pregnancy is a
rare event. The incidence in pregnancy is probably less than
1 case per 50,000 term pregnancies.51 Although it is rare dur-
ing pregnancy, it can have catastrophic results if unrecog-
nized. Diagnosis can be complicated by the similarities with
preeclampsia, including hypertension and occasional protein-
uria.8,41,52 Severe episodes of hypertension and tachycardia
can result from labor and delivery, anesthesia, or even fetal
movements.51 Pregnancy does not drastically alter the clini-

cal presentation of pheochromocytoma. Hypertension, either
sporadic or sustained, is the most common symptom.41

Among nonpregnant women with a pheochromocytoma, 98%
have hypertension, 80% to 85% headache, 60% to 65% tachy-
cardia, and 65% to 70% experience sweating.53 A review of
parturients with pheochromocytoma reported that more than
80% had hypertension, 60% headaches, and 30% sweating.54

In nonpregnant patients episodic (paroxysmal) attacks of
headache, palpitations, and sweating in association with hy-
pertension have been reported to be 90% reliable for diagno-
sis.51 The lack of these symptoms was reported to virtually
rule out a diagnosis of pheochromocytoma.55 Orthostatic hy-
potension is present in 70% of pheochromocytoma patients
secondary to elevated systemic vascular resistance and in-
travascular volume depletion.56

Useful laboratory values used in diagnosis of pheochro-
mocytoma are not altered significantly during pregnancy.33

The first step is to identify elevated plasma or urine cate-
cholamines. Unfortunately, plasma catecholamines have a
serum half-life of 2 min and therefore are ideally measured
very near the time symptoms are occurring.51 Urinary analy-
sis carries less concern for timing, but controversy exists about
the best sampling techniques. Screening a 24-h urine for ei-
ther catecholamines (adrenaline, noradrenaline, and dopamine)
or metabolites (metanephrines and vanilmandelic acid) is a good
option.33,51 However, consultation with a clinical pathologist
concerning the specific situation is strongly recommended. Re-
cently, testing platelets for catecholamine levels and other tu-
mor markers has been reported to be predictive in diagnosis
of pheochromocytoma.51 Provocative testing with glucagon
or histamine is not recommended for fear of precipitating se-
vere symptoms.33,51 Suppression testing with clonidine or
pentolamine, although reported, is unlikely to be used or nec-
essary in pregnancy.8,33

Radiographic testing such as ultrasound, computer tomog-
raphy (CT), magnetic resonance imaging (MRI), and
metaiodobenzylguanidine (MIBG) is useful to confirm diag-
nosis and locate extraadrenal tumors.53 Ultrasound is fre-
quently the first-line study during pregnancy because of ease
and familiarity.51 It is, however, difficult to visualize many
tumors (particularly extraadrenal) with ultrasound. MRI scan-
ning is considered the safest and most definitive study for 
parturients.8,41

Undiagnosed pheochromocytoma during pregnancy results
in maternal and fetal mortality rates as high as 58% and 56%,
respectively.49,51,57 On the other hand, when the diagnosis is
established and treatment initiated during pregnancy, the ma-
ternal and fetal mortality rates decline to approximately 0 and
less than 15% respectively.41 Fetal complications include fe-
tal death, intrauterine growth retardation, and placental abrup-
tion.58 Diagnosis and treatment with �-blockade before de-
livery significantly reduce fetal mortality.49,51,59 Even in a
patient who has already been surgically treated (i.e., adrenal-
ectomy), a history of pheochromocytoma should raise con-
cern.41 Long-term follow-up is required because the latency

TABLE 14.8. Pheochromocytoma-associated endocrine syndromes.

MEN (multiple endocrine neoplasias)
Type IIa (Sipple’s syndrome)

Medullary carcinoma of the thyroid
Parathyroid hyperplasia or adenoma
Pheochromocytoma

Type IIb/type IIa plus
Mucosal neuromata
Marfanoid habitus

Neuroectodermal dysplasias
Neurofibromatosis
Tuberous sclerosis
Sturge–Weber syndrome
Von Hippel–Lindau syndrome

Source: Adapted from O’Riordan JA. Pheochromocytomas and anesthesia.
Int Anesthesiol Clin 1997;35(4):100.
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periods for recurrence or malignancy can range from 2 to 12
years. Maintaining a high level of suspicion is imperative for
the safe management of these patients.41,51

Obstetric Management

Gestational age at the time of presentation may influence the
management of pheochromocytoma in pregnancy; therefore,
a multidisciplinary approach is essential. However, the initial
management remains aimed at control of hypertension and
prevention of its adverse effects. A sudden surge in cate-
cholamine levels could be fatal. Therefore, �-adrenergic
blockade is the main treatment. Phenoxybenzamine, a non-
competitive irreversible �-blocker, is considered safe during
pregnancy and is the most frequently used drug.30 Phenoxy-
benzamine appears to decrease the level of catecholamines
secreted by tumors, most likely because of �1-negative feed-
back on catecholamine synthesis.30 Unlike pentolamine, phe-
noxybenzamine has greater �1-selectivity (100 fold compared
to �2), reducing the risk of rebound hypertension.53 It is ad-
ministered orally at 10 mg twice a day; this dose is increased
by 10 mg/day until symptoms resolve (50–250 mg/day).53

Prazocin, a postsynaptic �1-blocker, is an alternative treat-
ment option.41,53 Oral metyrosine (250–1000 mg), a drug that
interferes with catecholamine synthesis, may be effective, but
little is known about its use in pregnancy.41,60

�-Blockers are sometimes required to control tachycardia
and prevent arrhythmias, but are only instituted after �1-
blockade because their use could eliminate �2-mediated va-
sodilatation. This unopposed �1-stimulation can precipitate
profound vasoconstriction, hypertensive crisis, or pulmonary
edema.51,53 Labetalol, a �- and �-blocking agent, is consid-
ered safe during pregnancy and has been used successfully to
manage pheochromocytoma.49 However, it should be noted
that it has significantly more �-blocking than �-blocking ef-
fects. Most �-adrenergic blocking agents cross the placenta
but have been safely used throughout pregnancy.49 �-Block-
ade has been associated with fetal bradycardia, hypotension,
uterine irritability, and impaired fetal recovery from acidosis
and hypoxia.49 Adequate medical treatment of parturients can
take 10 to 14 days.

Surgical removal of the catecholamine-secreting tumor is
the only definitive therapy for pheochromocytoma.53 Once a
parturient stabilizes with medical management (�1-blockade),
surgical treatment becomes the goal. There is some contro-
versy about timing of surgery for pheochromocytoma in preg-
nancy.8,51,53 Management in early pregnancy is more contro-
versial, including pregnancy termination, tumor resection,
and, in some cases, medical management until delivery. Most
authors divide parturients into those diagnosed before 24
weeks and those diagnosed after.8,41,53 Before 24 weeks, sur-
gical tumor removal is feasible without significant interfer-
ence by the gravid uterus. In the second half of pregnancy,
the enlarging uterus can make laparotomy and exploration dif-
ficult. Cesarean section is the recommended mode of deliv-

ery.51 Therefore, surgery is often postponed until fetal matu-
rity is obtained, and a cesarean section followed by adrena-
lectomy is done under �-blockade. This course may be al-
tered depending on tumor location and patient stability.

Anesthetic Management

Adequate preanesthetic preparation with �1-blockade (and �-
blocker if necessary) is essential. Once �1-blockade is initi-
ated, optimal control may require up to 14 days of treatment.61

To determine if preoperative treatment is adequate, Roizen et
al. suggested several criteria (Table 14.9).61 If these criteria
are met, the authors believe the patient’s condition has been
medically optimized. Adequate �-blockade will help reex-
pand circulating volume, resulting in a drop in the hematocrit.
Once �-blockade is established, �-blockers may be added to
control and prevent tachyarrthymias. However, these patients
are at risk for catecholamine-induced cardiomyopathy; �-
blockade should be undertaken cautiously.49,61 Rapid intra-
operative control of hemodynamics is best undertaken with
short-acting agents.

Labor analgesia is not usually a concern because these par-
turients should not labor. However, it should be intuitive that
pain precipitates catecholamine release and should be treated,
if it arises, with the safest, most effective means available.
Davies and Navaratnarajah described a successful vaginal de-
livery utilizing epidural analgesia in a parturient with
pheochromocytoma.62 Epidural analgesia effectively blocks
the sympathetic response; however, it does not prevent the
systemic response to catecholamines produced by the tumor.49

Concern also exists about potential dangers of sympathetic
blockade in inadequately �-blocked and volume-contracted
patients.38

With regard to anesthetic management for cesarean section,
with or without a simultaneous adrenalectomy, there are no
prospective randomized studies available. There are reports
of successful surgery during pregnancy performed under gen-
eral, epidural, and combined (regional plus general) anesthe-
sia.63,64 Spinal and epidural anesthetics have been performed
without complications in nonpregnant patients with pheo-
chromocytoma.65,66 One small study comparing regional with
general anesthesia found no difference in outcome. Lumbar
epidural anesthesia was reported to provide a cardiovascularly
stable anesthetic for cesarean section without adrenalectomy

TABLE 14.9. Criteria for optimal preoperative condition 
in pheochromocytoma.

No blood pressure reading higher than 160/90 mm Hg should be evident 
for 24 h before surgery

Orthostatic hypotension, with readings above 80/45 mm Hg, should be 
present

EKG free of ST-T changes for at least 1 week
No more than one premature ventricular contraction every 5 min

Source: From Roizen MF, Schreide BD, Hassan SZ. Anesthesia for patient
with pheochromocytoma. Anesthesiol Clin N Am 1987;5(2):273.

ak
us

he
r-li

b.r
u



228 J.A. Thomas and J. Rosnes

for two parturients with pheochromocytoma.66 After an
adrenalectomy, patients are prone to develop hemodynamic
instability secondary to withdrawal of high circulating cate-
cholamine levels. Some authors express concern over the use
of regional anesthesia in this situation because of the sympa-
thectomy.53

General anesthesia has been used alone or in combination
with epidural anesthesia in the majority of cases.63,64,67 When
general anesthesia is used, the focus should be on preventing
serious swings in blood pressure and avoiding drugs that
might precipitate hemodynamic instability. Premedication is
recommended to prevent anxiety49 and can safely be achieved
with small doses of benzodiazepines (e.g., diazepam or mi-
dazolam). When considering induction agents, one must con-
sider and weigh the risks of precipitating a hypertensive cri-
sis versus the increased risk of aspiration in pregnancy.
Standard induction with sodium pentathol (4 mg/kg) or eto-
midate (0.3 mg/kg) followed by succinylcholine (1.5 mg/kg)
is acceptable in most situations. Intubation can result in a se-
vere hypertensive response, which might lead to intracranial
hemorrhage, pulmonary edema, or decreased placental flow.49

The response to laryngoscopy can be blunted with intravenous
lidocaine (1 mg/kg), labetalol (30 mg), or remifentanil (1
mg/kg). Maintenance of anesthesia is with a volatile agent
(isoflurane or sevoflurane) and nitrous oxide. Sevoflurane
may have the advantage of being more quickly titratable.
Halothane has traditionally been avoided because it may sen-
sitize the heart to catecholamine-induced arrhythmias.38 Peri-
operative management consists of optimal preanesthetic treat-
ment, hemodynamically stable induction, preparation for
treatment of intraoperative fluctuations in hemodynamics, and
careful communication between surgeons and anesthesiolo-
gists.

Two large-bore (14- or 16-gauge) intravenous lines should
be in place before induction for rapid infusion and volume
expansion as needed.50 A radial arterial line is essential for
these patients because of potentially rapid changes in hemo-
dynamics, and it should be placed preoperatively. Standard
monitors such as ECG, pulse oximetry, and Foley catheter
should be in place. A pulmonary arterial (PA) line or trans-
esophageal echo should be considered for monitoring the fluid
status and response to inotropes. Such monitoring may be-
come essential in a patient with catecholamine-induced car-
diomyopathy. These authors believe that at least a central ac-
cess sheath should be placed preoperatively, so that it can
provide information on right-sided pressures, and accommo-
date a PA line intraoperatively if it becomes necessary.

Regardless of the anesthetic chosen, a plan should be made
and several drugs prepared for blood pressure management.
Choices include nitroprusside, nitroglycerin, magnesium sul-
fate,68 trimethaphan, phentolamine, labetalol, and propra-
nolol. Nitroprusside is effective and can rapidly control blood
pressure. Doses in the range of 1 �g/kg/min are considered
safe for short-term use during pregnancy.69 Concerns over 
fetal cyanide toxicity are related more to higher doses and

prolonged use, particularly if tachyphylaxis develops. Nitro-
prusside has been shown to antagonize uterine artery vaso-
constriction secondary to norepinephrine.70 Magnesium 
sulfate (MgSO4) has been used effectively to manage hemo-
dynamic changes associated with pheochromocytoma.68,71 It
has been reported to be useful in controlling exaggerated
blood pressure changes secondary to induction of anesthesia,
intubation, and surgical incision. A review by James recom-
mended a loading dose of 40 to 60 mg/kg MgSO4, followed
by a 2 g/h infusion until tumor removal.71,72 Boluses of 20
mg/kg were used to control acute changes in blood pressure.
The author reported that, in 23 of 28 cases, MgSO4 was the
only agent needed to maintain stable hemodynamics. Total
doses in these cases ranged from 8 to 18 g. In another series,
James reported reductions in adrenaline and noradrenaline
levels during anesthesia and surgery with pheochromocy-
toma.71 MgSO4 has several properties that make it a poten-
tially useful agent for these cases, and most obstetric person-
nel are very familiar with its use. If MgSO4 is utilized, the
potential for impaired recovery from muscle relaxation should
be anticipated, and appropriate precautions taken.49 Short-
acting antihypertensive agents are preferred intraoperatively,
especially if adrenalectomy is performed, because a fall in
catecholamines after removal may make hypotension the ma-
jor problem. It has been suggested, although not studied, that
various medications that may cause histamine release or di-
rect release of catecholamines be avoided in patients with
pheochromocytoma.50

Pituitary Gland Disease

Diagnosis of pituitary gland disorders during pregnancy is not
common. Management of a parturient with impairment of the
pituitary gland can be complicated and requires involvement
of an endocrinologist. The anterior pituitary contains five dif-
ferent cell types: somatotrophs, lactotrophs, corticotrophs, go-
nadotrophs, and thyrotrophs.73 These cells are responsible for
release of growth hormone, prolactin, adrenocorticotrophic
hormone (ACTH), luteinizing and follicle-stimulating hor-
mones, and thyrotropin (TSH), respectively.8,73 The pituitary
gland may increase as much as 70% in size in normal preg-
nancy, mainly because of hyperplasia of lactotroph cells.8

Prolactinomas

Prolactin-secreting pituitary adenomas can result in amenor-
rhea, galactorrhea, and hyperprolactinemia. They are arbi-
trarily defined on the basis of size, with microadenomas be-
ing less than 10 mm in size and macroadenomas greater then
10 mm in size as measured by CT or MRI.42 The introduc-
tion of bromocriptine (a dopamine-receptor stimulator) has
increased the number of parturients presenting with micro-
adenomas.42 This drug appears to be safe during pregnancy
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and free of adverse fetal effects. The majority of cases in preg-
nancy involve microadenomas. Pregnancy itself can induce
enlargement of the pituitary gland and may precipitate symp-
toms in a previously asymptomatic patient.42 Symptoms such
as headache, visual disturbances, and diabetes insipidus are
much more common with macroadenomas, and definitive
treatment (surgery or irradiation) is recommended before at-
tempted pregnancy.74

Obstetric Management

Most microadenomas presenting during pregnancy are
asymptomatic. A review of 250 cases of microadenoma in
pregnancy showed symptomatic enlargement in 4 cases and
asymptomatic enlargement in the rest of the cases.74 The in-
cidence of symptoms during pregnancy has been reported to
be relatively rare. Parturients presenting with macroadenomas
develop symptoms in as many as 15% of the cases.74 If symp-
toms develop (visual disturbances or headaches) during preg-
nancy, the recommendation is to start treatment with
bromocriptine immediately. Elevated prolactin levels can con-
firm diagnosis; however, this is unreliable in pregnancy.42 Un-
der these circumstances, assessment with CT or MRI is rec-
ommended.42 Surgical interventions are utilized only when a
parturient is unresponsive to drug treatment.

Anesthetic Management

In asymptomatic parturients there are no significant anesthetic
implications, and these parturients may be managed with 
either general or regional anesthesia. Parturients should be as-
sessed, particularly those with macroadenomas, for visual dis-
turbances and headaches. In symptomatic cases of microade-
nomas or macroadenomas, imaging studies can be reviewed,
and an assessment of intracranial pressure made. There may
be advantages in controlling the pain of labor and pushing
that occurs during the second-stage of labor in an attempt to
minimize elevations in intracranial pressure. The risk–bene-
fit ratio of regional analgesia and anesthesia can be assessed
and, in most cases, these can be safely utilized.

Diabetes Insipidus

Diabetes insipidus rarely complicates pregnancy, and very few
cases have been reported. This disease is a result of either the
absence of antidiuretic hormone (ADH) secondary to destruc-
tion of the posterior pituitary (neurogenic) or lack of response
by the renal tubules to ADH (nephrogenic). The underlying
cause can be determined by a desmopressin (L-deamino-8-D-
arginine vasopressin) response test.38 Neurogenic diabetes in-
sipidus will result in concentration of the urine after a 5-unit
desmopressin (DDAVP) subcutaneous or 20 mg intranasal
challenge, whereas nephrogenic diabetes will not.75,76 This syn-
thetic analogue of vasopressin is also used for treatment of neu-

rogenic diabetes insipidus. Nephrogenic diabetes insipidus has
been treated with chloropropamide (an oral hypoglycemic),
which increases the responsiveness of renal tubules to ADH.38

Inadequate release of ADH may be caused by indirect head
trauma or direct injury during pituitary surgery. This effect may
be transient or partial in nature. Clinical findings include poly-
dypsia, large quantities of dilute urine output, and elevated
plasma osmolarity.38

Obstetric Management

Desmopressin can be administered intranasally (0.1–0.2 ml
once or twice per day), intravenously 5 units over 5 min, or
intramuscularly every 2 to 4 days. There is an increased dose
requirement in pregnancy secondary to breakdown by pla-
cental vasopressinase.77 Subclinical diabetes insipidus (neu-
rogenic and nephrogenic) can become symptomatic during
pregnancy because of this increased metabolism of vaso-
pressin by placental vasopressinase.78 There may be an asso-
ciation between abnormal labor and diabetes insipidus79; it is
suggested that insufficient levels of oxytocin are responsible
for this. Initial treatment also includes increasing fluid intake
either orally or intravenously. Intravenous replacement should
be with balanced salt solutions, and electrolytes should be
carefully monitored.

Anesthetic Management

The patient should be adequately treated medically (DDAVP)
and fluid resuscitated before anesthesia. Parturients with a
partial deficiency of ADH do not necessarily need vasopressin
replacement unless plasma osmolality rises above 290
mOsm/L.75 Plasma electrolytes and osmolality should be
evaluated and monitored.75 Monitoring of urine output with
a Foley catheter is recommended. For labor and delivery,
epidural analgesia can be used. For cesarean section, regional
and general anesthesia can be used safely, especially if the
parturient has been treated properly beforehand.

Panhypopituitarism

Panhypopituitarism is defined as a generalized deficiency of
anterior pituitary hormones. This syndrome may result from
autoimmune lymphoid hypophysitis or vascular necrosis.8

Sheehan suggested that hypotension would cause vasospasm,
decreased perfusion, and eventually infarction of the anterior
pituitary.80 Diabetics and vasculopathic patients are more vul-
nerable. Sheehan’s syndrome is often synonymous with the
development of anterior pituitary necrosis after massive peri-
partum hemorrhage. The precipitating event may be hemor-
rhage, infection, or trauma.8 Clinical presentation is diverse
and broad, reflecting the loss of various endocrine hormones
that are under the control of the pituitary gland. Acute neu-
rological sequelae including coma may result.8 Other clinical
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sequelae include hypotension, bradycardia, hypothermia, hy-
poglycemia, slow respiration, malaise, nausea, vomiting, and
hemodynamic collapse.8 The majority of serious symptoms
are the result of sudden hypoadrenalism. The diagnosis of
panhypopituitarism will depend on the clinical stability of the
parturient. If the parturient is stable, an endocrinologist should
be immediately involved because multiple tests may be re-
quired to confirm a diagnosis.8 However, if the parturient is
deteriorating, and a diagnosis of panhypopituitarism is sus-
pected, treatment is imperative.

Obstetric and Anesthetic Management

A multidisciplinary approach is required for adequate man-
agement in panhypopituitarism. Immediate replacement in the
unstable parturient consists of (1) hydrocortisone 100 mg in-
travenously every 4 to 6 h; (2) thyroxin 0.1 to 0.2 mg intra-
venously (changing to oral thyroxin); (3) fluid resuscitation
with balanced salt solutions; (4) careful monitoring of fluid
balance to avoid water intoxication; and (4) prevention of hy-
pothermia.8 Cases of successful pregnancies in parturients
with Sheehan’s syndrome have been described.81 If the par-
turient has had adequate hormone replacement, outcomes are
improved. Parturients must remain on thyroxin and corti-
costeroid replacement throughout pregnancy. Labor and deliv-
ery may require treatment with stress-dose steroids (100 mg hy-
drocortisone q 8 h). There are no specific anesthetic recom-
mendations other than those already discussed for the specific
endocrinopathies. The choice of anesthesia is determined by the
stability of the parturient at presentation and could range from
an epidural in a parturient with adequate hormonal replacement
to general anesthesia in acute hemorrhagic crisis. Careful at-
tention should be given to volume status, electrolytes, reduction
of stress response, and adequate hormonal replacement.

Summary

Pregnancy is associated with changes on the normal endocrine
system, and these changes may worsen thyroid, parathyroid,
adrenal gland, and pituitary gland pathologies. This chapter
summarizes obstetric and anesthetic implications of endocrine
pathologies during pregnancy.
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Orthopedic Problems and Maternal Trauma
John P.R. Loughrey and Mehmet R. Genç

Orthopedic Problems

Chronic back problems are common in the general popula-
tion, and the incidence is increased during pregnancy.1 Fur-
thermore, the trend toward increasing maternal age at deliv-
ery and the development of interventional techniques and
spinal surgery has resulted in a greater proportion of parturi-
ents with a prior history of lumbar spine problems presenting
for regional analgesia and anesthesia. One of the principal
concerns among these women is the feasibility of regional
analgesia and anesthesia and its effect on preexisting back
problems. Consequently, a significant number of parturients
referred for antenatal anesthesia assessment require assess-
ment of musculoskeletal problems2 that may affect the abil-
ity to provide reliable, high-quality regional blockade. This
section reviews spinal problems in this population and im-
plications for anesthetic and obstetric management.

Backache

Low back pain (LBP) is common, occurring in up to 80% of
pregnancies.1 A number of predisposing factors, including
poor socioeconomic status, increased body mass index, lack
of exercise, LBP in a prior pregnancy, prepregnancy LBP,
and young age have been identified.3–6 Up to 20% of women
may experience moderate to severe incapacitating back pain,
which is responsible for prolonged disability in those af-
fected.7 Progressive lumbar lordosis and increased mobility
of the pubic symphysis, sacroiliac, and sacrococcygeal joints
are noted to occur during pregnancy. These changes are
thought to be partly caused by the effects of the hormone re-
laxin8 on the musculoskeletal system in pregnancy. Occa-
sionally, severe pelvic pain results from relaxation or separa-
tion of the symphysis pubis. Lumbar disk herniation should
also be considered in pregnant women presenting with con-
siderable back or leg pain.

Postpartum back pain (PPBP) has been studied with greater
detail because of both the debate regarding the effect of
epidural analgesia on its incidence and the relatively common

nature of this complaint. MacLeod et al. reported an incidence
of new-onset, long-term backache (defined as pain beginning
within 3 months after delivery and lasting 6 weeks or more)
of 26% at 1 year after delivery in mothers who received epidu-
rals for labor analgesia.9 In a postal questionnaire study of
more than 11,000 deliveries,10 MacArthur and colleagues
found that new-onset backache had a higher incidence at 19%
in women who received epidural blockade compared with
10% in those who did not receive epidurals. This study has
been criticized, however, for a low response rate of 19% and
reliance on voluntary reporting of prior back pain. Further-
more, no increase in the incidence in PPBP following epidural
anesthesia for cesarean delivery has been reported, implying
that a cause-and-effect relationship between epidurals per se
and PPBP does not exist. In a prospective study of more than
1000 women,11 Breen et al. found the incidence of PPBP to
be similar in those who did receive an epidural compared with
those who did not (44% versus 45%). A prospective study by
Russell et al. showed that when preexisting back pain was
considered, the incidence of new-onset PPBP was 7%, irre-
spective of the method of labor analgesia.12

Sacroiliac joint dysfunction is believed to be a common cause
of pregnancy-related backache. The sacroiliac joint is a syn-
ovial joint that is a complex articulation between the ilium and
sacrum. The sacroiliac ligaments promote stability by sur-
rounding the capsule of the joint and are weaker in the ante-
rior portion. When the pregnant woman is standing, the weight
of the trunk causes the sacrum to rotate so that the base moves
forward and the apex (coccyx) moves backward. The ligaments
provide tension against further rotation in the nonpregnant state.
With the ligamentous laxity associated with pregnancy this ro-
tation may be excessive. The sacroiliac joints are innervated by
the posterior primary divisions of the S1–S3 nerve roots.13 Pain
emanating from the sacroiliac joint is usually experienced in
the lumbosacral area but may be referred to the ipsilateral leg.
A number of clinical tests such as Patrick’s, Gaenslen’s, and
the pelvic rock tests have been described to stress the joint and
identify it as a source of pain. More specific diagnostic tests
involving radiation exposure to the fetus, such as radionuclide
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bone scanning or fluoroscopically assisted joint injection, are
not recommended before delivery. Magnetic resonance imag-
ing is a safe and useful diagnostic tool to rule out lumbar disk
herniation in pregnant women.

Obstetric and Anesthetic Management

The mode of delivery does not appear to affect the natural
history of antenatal LBP. Regional analgesia is not con-
traindicated in a pregnant woman with LBP, and analgesia
should be expected in the absence of known pathology or neu-
rologic deficit. Nevertheless, the discussion to obtain in-
formed consent for regional anesthesia should include the fact
that available data on the association between regional anes-
thesia and LBP are conflicting. Treatment options for the par-
turient with moderate to severe LBP should be actively ex-
plored in conjunction with a pain medicine specialist and may
consist of physical therapy, support braces, TENS (transcu-
taneous electrical nerve stimulation) units, epidural depot
steroid injection,14 or trigger point injections. Antenatal anes-
thesia assessment is recommended in parturients with severe
LBP to perform and document anatomic and neurologic ex-
amination.

Lumbar Disc Herniation

The lifetime prevalence of sciatica is 2%, with 10% of these
patients developing persistent radiculopathy.15 Imaging stud-
ies reveal that disc herniations may be present without any
symptoms in as many as 21% to 28% of subjects.16 However,
the incidence of acute lumbar disk herniations during preg-
nancy appears to be low, with a quoted incidence of 1 in
10,000.17 This figure may underestimate the true incidence,
as imaging studies formerly were performed infrequently be-
fore the widespread availability of magnetic resonance imag-
ing. Radicular symptoms from intervertebral disk herniation
may be present in the absence of neurologic deficit, and other
causes of radicular pain including sacroiliac joint referred pain
should also be considered. In studying symptomatic patients,
tissues in the area of herniated lumbar disks have been ana-
lyzed and confirmed to contain increased levels of proin-
flammatory cytokines including IL-1.18,19 Phospholipase A2,
which is an enzyme that releases arachadonic acid from cell
membranes, has been identified and isolated from nucleus pul-
posis material from patients undergoing diskectomy. The in-
flammatory nature of the pain associated with lumbar disk
herniations partly explains the efficacy of depot epidural in-
jection strategies.14 Consequently, it is prudent to advise pa-
tients that epidural catheter placement may reproduce painful
radicular symptoms of sciatica in those with known sympto-
matic herniations; this may be best avoided by placement of
the catheter at a site remote from the pathology, if known.
Most patients can be treated conservatively, but those with
incapacitating pain, progressive neurologic deficits, or bowel
or bladder dysfunction may require surgical treatment. It is

important to document preexisting sensory deficits before
neuraxial techniques.

Scoliosis

Scoliosis is one of the most common structural spinal disor-
ders encountered in females of childbearing age. The Cobb
method of classification is commonly utilized to diagnose and
define the extent of the deformity (Figure 15.1). The preva-
lence of scoliosis defined by a Cobb angle greater than 10°
is 2% to 3%.20,21 The prevalence of uncorrected severe de-
formity is low, however, as a result of screening programs
and active treatment strategies. The underlying anatomic ab-
normality constitutes an alteration in the anteroposterior align-
ment of the vertebrae; this is associated with lateral curvature
and rotation of the vertebrae, with rib malalignment leading
to thoracic deformity. In the area of the apex of the curva-
ture, the spinous processes and vertebrae may rotate away
from the convexity. However, rotatory deviation of the ver-
tebrae is not common with curvatures of less than 20°. Most
cases are idiopathic, but a number of scoliosis cases are as-
sociated with disorders such as muscular dystrophy, spina bi-

FIGURE 15.1. The Cobb angle estimation to quantify the scoliotic
curve. First, lines are drawn along the endplates of the upper and
lower vertebrae that are maximally tilted into the concavity of the
curve. Next, a perpendicular line is drawn to each of the lines drawn
earlier. The angle of intersection is the Cobb angle. (Adapted from
Day LJ, et al. Orthopedics. In: Way LW (ed). Current Surgical Di-
agnosis and Treatment, 9th edn. Norwalk, CT: Appleton & Lange,
1991, with permission.)
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fida, and Marfan syndrome. The thoracic spine is the most
common site affected, with the majority of curvatures convex
to the right. Lumbar involvement usually is associated with
the convexity to the left. In those patients with severe scol-
iosis involving the thoracic spine, a restrictive pulmonary lung
function pattern results,22 with impaired ability to increase
minute ventilation in the third trimester and during labor. Pul-
monary hypertension may also be observed,23 with right heart
failure occurring in the third trimester from the physiologic
increase in cardiac output. Mitral valve prolapse is encoun-
tered in 25% of patients with idiopathic scoliosis.24 There is
an inverse relationship between the severity of the curvature
and the tests of pulmonary function including forced expira-
tory volume in 1 s (FEV1) and vital capacity.

A decision regarding surgical correction for scoliosis is per-
formed based on a combination of factors such as the Cobb
angle, the age at presentation, and functional and neurologic
assessment. Curvatures of less than 20° generally do not re-
quire surgery.25 Current surgical trends involve preservation
of the spinous processes plus instrumentation that extends no
further caudad than L3.26 Anterior and posterior approaches
may be combined; the implications of prior abdominal sur-
gery by cesarean section must be considered.

Obstetric Outcome

Overall, the rates of complications of pregnancy and labor as
well as the neonatal outcome do not differ in pregnant women
with corrected scoliosis from those in the background popu-
lation.27 However, LBP during pregnancy is common in
women with scoliosis, occurring in about 40%. Pregnancy it-
self may adversely affect the progression of scoliosis in pa-
tients without stabilized scoliotic curves, likely caused by the
alteration of weight distribution and ligamentous changes.
Thus, women with scoliosis should be advised to undergo an
orthopedic evaluation before they become pregnant. In
women with preexisting cardiovascular or pulmonary com-
promise resulting from scoliosis, maternal morbidity may be
increased. Preterm delivery and intrauterine growth restric-
tion are possible.

Obstetric and Anesthetic Management

For the parturient with milder degrees of scoliosis and a nor-
mal expected obstetric outcome, antenatal anesthesia assess-
ment is helpful. This consultation provides an opportunity for
the patient to appreciate the potential technical difficulties that
may be encountered in the provision of epidural analgesia and
to receive reassurance that neuraxial techniques are not con-
traindicated. It may also provide an opportunity to review ra-
diographic studies to evaluate the spinal anatomy in con-
junction with the physical examination. These women should
be advised to receive an epidural catheter early in the course
of labor in anticipation of potential technical difficulties in
provision of analgesia. The presence of a rotation abnormal-
ity may lead to prominence of the transverse processes on pal-

pation that can be mistaken for the spinous processes. The
recommended approach for the epidural needle is toward the
convex of the curvature, as the interlaminar aperture is greater
relative to the concave side. The management of regional anal-
gesia and anesthesia procedures in the presence of corrective
spine surgery is discussed below.

The Surgically Corrected Spine

The lifetime prevalence of lumbar surgery in the United States
is approximately 3%.15 One of the most common procedures
encountered is diskectomy at one or multiple levels. Mini-
mally invasive diskectomy procedures may have been per-
formed with limited areas of scarring. Following standard
diskectomy, the bony anatomy is usually intact, and the lum-
bar scar restricted to two intervertebral levels. Less com-
monly, partial or complete laminectomy is performed to de-
compress a symptomatic nerve root, which may be associated
with spinal stenosis. Bone grafting and instrumentation pro-
cedures are performed during more extensive surgery such as
interbody fusion or correction of scoliosis.

For scoliosis surgery, the Harrington rod,28 or Wisconsin29

and Luque30 instrumentation procedures may be encountered
with extension of surgery to below L4 in some cases. Al-
though rod implantation is usually lateral, involving the trans-
verse processes, there may be significant distortion of the
bony anatomy that renders the usual landmarks useless for
performing regional anesthesia. Despite an absence of spin-
ous processes, laminar hypertrophy or new bone formation
often results in narrowed bony windows to the epidural space.

All patients with previous lumbar spine surgery are at an
increased risk of dural puncture, unsuccessful identification
of the epidural space, and patchy or incomplete epidural anal-
gesia.31 This latter phenomenon is thought to result from
physical impediments to contiguous spread of local anesthetic
within the epidural space from scar tissue or adhesions.

Anesthetic Management

In the ideal situation, time will have been allocated in advance
to form a management plan for provision of regional analge-
sia for labor and delivery and to introduce alternative options
for the parturient in the event of a technical inability to ad-
minister neuraxial blockade. A physical examination in con-
junction with operative reports and radiographic films often
reveals a potentially smooth approach to the epidural space
either above or below the operative site. Assessment of the
airway vis-à-vis likely ease of intubation in the event of pos-
sible operative delivery must also be a considered factor in
planning analgesic technique.

A higher rate of dural puncture may occur in these women
as a result of scarring and altered texture of the interspinous
ligaments and the ligamentum flavum. If dural puncture is
noted, an attempt should be made to pass the catheter in-
trathecally because of the risk for unpredictable spread of lo-
cal anesthetic in the epidural space. High-quality analgesia
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will result from spinal administration and infusion of opioid
and local anesthetic (e.g., fentanyl 25 �g and bupivacaine 2.5
mg, followed by 1–2 mL/h bupivacaine 0.1% with fentanyl 2
�g/mL). Intentional insertion of an intrathecal catheter should
not be undertaken routinely, however, as difficulties will also
arise if an epidural blood patch (EBP) is required for treat-
ment of a postdural puncture headache. If an EBP is required
in the postpartum period, a fluoroscopically guided procedure
will likely increase the success and minimize parturient dis-
comfort. If a combined spinal-epidural technique is chosen,
and a higher lumbar interspace is selected in these women,
care must be taken to avoid the potential for neurologic in-
jury. Ultrasound-guided identification of anatomy in con-
junction with a combined spinal-epidural technique has been
reported in a parturient with Harrington rods.32 It may be dif-
ficult to achieve good perineal analgesia with an epidural
catheter placed at a relatively high level. Therefore, discus-
sion with the obstetrician regarding the likely mode of deliv-
ery is helpful. For cesarean delivery under spinal anesthesia,
a larger 22-gauge spinal needle should be available if attempts
with a 25-gauge needle are unsuccessful because of difficulty
passing through calcified ligaments.

A popular alternative to regional analgesia in parturients
with previous spine surgery is patient-controlled analgesia.
Fentanyl has been associated with fewer neonatal effects than
meperidine.33 The regimens commonly employed are a load-
ing dose of 1 to 2 �g/kg fentanyl, with boluses of 25 to 50
�g every 5 to 10 min. Naloxone must be available at the bed-
side, and the neonatology service should be informed of the
potential for neonatal depression, which is usually not a sig-
nificant clinical problem at these doses.

The use of implanted devices such as intrathecal infusion
pumps and epidurally placed spinal cord stimulater devices is
increasing in patients with chronic pain disorders. The po-
tential for opioid tolerance in patients receiving chronic in-
traspinal opioids and also the risk of infection from neurax-
ial techniques should be considered, and specialist consultation
sought in advance.

Achondroplasia

Achondroplastic dwarfism results from a spontaneous muta-
tion in 80% of cases, with the remainder following an auto-
somal dominant pattern of inheritance. Several skeletal ab-
normalities may result from a defect in cartilage formation at
the epiphyseal growth plate. Spinal abnormalities include
variable reductions in the size of the intrathecal space, with
vertebral body abnormalities, disk degeneration, and lumbar
hyperlordosis. Short stature, megacephaly, and enlargement
of the mandible develop. Tongue enlargement, which is a
common feature, can lead to difficulties with airway man-
agement under general anesthesia. Kyphoscoliosis often oc-
curs; if severe, this can cause concominant respiratory and
cardiac compromise. The pulmonary embarrassment is fur-
ther exacerbated by an enlarged uterus in the third trimester,

causing further reductions in functional residual capacity
(FRC). Acquired pulmonary hypertension, leading to cor pul-
monale, can occur in achondroplasia, with contributions by
restrictive lung disease associated with scoliosis, chronic up-
per airway obstruction, and sleep apnea.

Obstetric and Anesthetic Management

Cesarean delivery is inevitable for women with achondropla-
sia because the maternal pelvis is invariably small and con-
tracted resulting in cephalopelvic disproportion. This prob-
lem, and other aforementioned problems associated with
achondroplasia, should prompt early referral for anesthesia
assessment. The choice between regional and general anes-
thesia for cesarean delivery should be based on individual as-
sessment. As already noted, distorted anatomy may cause dif-
ficulties in securing the airway.

Single-shot spinal anesthesia is best avoided for reasons of
the potential for unpredictably high spinal levels achieved
given the variable size of the intrathecal space in the setting
of normal spinal cord dimensions. Placement of an epidural
catheter may be difficult because of scoliosis or degenerative
changes. Location of the epidural space can be accompanied
by needle-through-needle intrathecal localization without dos-
ing intrathecally. This approach may improve the predictive
value of epidural catheter function by confirming midline
placement and facilitating transdural spread of medication. Of
note, the volume of local anesthetic required to achieve an
adequate sensory level of anesthesia for cesarean delivery may
be reduced by as much as 50%,34–37 so incremental dosing
and assessment are required. In the event of a dural puncture,
passage of an intrathecal macrocatheter and incremental dos-
ing as appropriate are recommended.38

Osteogenesis Imperfecta

Osteogenesis imperfecta comprises a group of disorders that
feature a defect in collagen synthesis and an increased risk of
fractures. The prevalence is 1 to 2 in 10,00039; of the four
types, type 1 is the mildest form, inherited in an autosomal
dominant fashion. Musculoskeletal features can include
dwarfism, pectus excavatum, and kyphoscoliosis, whereas
other organ systems may be affected producing the classic
blue sclerae and deafness caused by otosclerosis. Up to 50%
of patients may develop hyperthyroidism.

Patients with types 2 and 3 are at higher risk of sustaining in-
trauterine fetal losses,40 and all these patients are at risk of post-
partum hemorrhage, which is believed to be in part due to uter-
ine collagen abnormalities.41 Abnormalities of platelet function
and capillary fragility have been observed.42,43 However, a his-
tory of clinical bleeding is not a usual feature of the disease, and
regional anesthesia is not contraindicated when routine labora-
tory assessments of coagulation are normal. Several anatomic
features may predispose to difficult intubation, including lim-
ited cervical spine movement and micrognathia.44,45
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Spina Bifida

Spina bifida results from a failed fusion of the neural arch,
which may (spina bifida cystica) or may not (spina bifida oc-
culta) be accompanied by herniation of the meninges or neu-
ral elements. In the latter disorder, which is more common
and often asymptomatic, the defect is usually limited to one
vertebral level. An underlying problem regarding the pres-
ence of spina bifida occulta may be heralded by an overlying
skin dimple or tuft of hair. Associated spinal abnormalities,
such as scoliosis and neurological disorders such as hydro-
cephaly with subsequent shunt surgery, are more common in
these patients, and therefore patients should be assessed an-
tenatally to allow time for a comprehensive evaluation.

Neurologic deficits should be documented before attempting
regional techniques, and care must be taken to chose a low
approach to the lumbar spine when performing spinal or com-
bined spinal-epidural techniques in these patients, as an ab-
normally low position of the spinal cord may exist following
corrective surgery. In one report, a low thoracic approach to
administration of spinal anesthesia was performed in a patient
with preexisting neurologic deficit46; this approach should not
be practiced. At the site of pathology, attempts to place an
epidural needle placement may result in a dural puncture.47

Epidural spread of local anesthetic may be uneven, resulting in
patchy blockade. One case report describes reduced dose re-
quirements for provision of successful analgesia.48 Placement
of an intrathecal catheter has also been described for cesarean
section delivery in this setting without adverse sequelae.49

Epidural Blood Patch in Cases 
of Prior Dural Puncture

Unsuccessful central neuraxial blockade with epidural techniques
has been observed following dural puncture and epidural blood
patch (EBP). One retrospective study noted successful epidurals
in only 17 of 29 patients with prior EBP, with prior dural punc-
ture alone also associated with subsequent impairment of
epidural analgesia.50 Anatomic alterations that impede the spread
of medication have been hypothesized to be partly responsible.
Fibrous organization of the epidural blood clot has been observed
in goats up to 3 months following an EBP.51 By contrast, in a
second retrospective study, successful epidural analgesia was
achieved in 28 of 29 patients at a mean of 33 months following
a prior EBP.52 Prior dural puncture may signal preexisting
anatomic difficulties, and patients with prior dural puncture and
EBP may also exhibit increased anxiety concerning regional
anesthesia and request antenatal anesthesia evaluation.

Trauma in the Pregnant Woman

Trauma remains one of the primary causes of death in young
adults in the Western world. Several unique features of the
parturient who has sustained trauma set her apart from other

adult trauma victims. When the gestational age of a trauma
victim may result in a viable fetus, it is imperative to appre-
ciate that treatment strategies are directed at both mother and
fetus. Specific anatomic and physiologic changes that occur
with the pregnant state must also be reviewed to assist those
who infrequently treat these women in a trauma setting. It is
well recognized that an organized multidisciplinary effort is
required to achieve optimal maternal and fetal outcomes, and
a number of reviews on this topic are available.53–55

Anatomic and Physiologic Changes

Genitourinary Changes

During the first trimester, the uterus remains an intrapelvic
organ. After the 12th week of gestation, the uterus begins to
rise out of the pelvis and encroaches on the abdominal con-
tents and peritoneal cavity. An important clinical landmark is
the umbilicus, which is reached at about 20 weeks gestation.
Determination of gestational age based on uterine size is not
accurate, however, and therefore gestational age must be 
determined by ultrasonography as soon as it is available. De-
termination of the gestational age at the time of injury is cru-
cial, because it helps to determine the need for fetal assess-
ment in addition to managing the mother’s condition. The
possibility of fetal viability in an extrauterine environment
(i.e., beyond 24–26 weeks of gestation) can significantly
change management decisions if there is evidence of fetal
compromise. Placental abruption is the commonest cause of
fetal death following trauma.56 There are several potential
mechanisms of abruptio placentae. Trauma-related abruption
is thought to be caused by shearing at the tissue interface due
to differences in tissue properties between the elastic my-
ometrium and the relatively inelastic placenta. The risk of
abruptio placentae appears to be independent of the placental
location.57 Maternal shock or death and rupture of membranes
are other consequences of blunt trauma to the abdomen in
pregnant women.

Blood and Plasma Changes

Plasma volume increases by 40% to 50% around 34 weeks
gestation. This increase is accompanied by an increase of 18%
to 30% in red blood cell volume, resulting in a dilutional ane-
mia of pregnancy. Hemoglobin usually remains at 10.5 to 11
g/dL. This increase in blood volume and clotting factors VII,
VIII, IX, and X appears to confer a survival benefit in the
event of peripartum hemorrhage. Fibrinogen levels increase
by 50% to 600 mg/dL in the third trimester; the normal non-
pregnant range is 200 to 400 mg/dL. Although the interna-
tional normalized ratio (INR), activated partial thromboplas-
tin time (aPTT), and bleeding times remain unchanged, the
erythrocyte sedimentation rate is elevated, and an increased
predisposition to venous thrombosis exists in pregnancy. The
white cell count increases to 12,000 to 18,000/mm3 in the
third trimester; further increases to 25,000/mm3 may be ob-
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served in labor. Urea and creatinine levels fall to almost 50%
of normal, and glycosuria is common. These changes should
be also noted when interpreting laboratory data.

Cardiovascular Changes

The maternal cardiac output increases by 30% to 50% be-
tween the 10th and 28th weeks of pregnancy58 as a result of
an increase in both heart rate and stroke volume. Resting ve-
nous pressures are unchanged, whereas the second trimester
is often associated with a decrease of 5 to 10 mm Hg in mean
arterial pressure. These changes should be noted when as-
sessing blood volume status via the hemodyamic response to
blood loss in the pregnant state. In general, systolic blood
pressure less than 80 mm Hg and tachycardia above 120
beats/min usually indicate a loss of blood volume greater than
30% to 40% (2000 mL in a 60-kg gravida). There may only
be subtle hemodynamic responses to blood loss up to 2000
mL. Impaired venous return from caval compression by the
gravid uterus may cause a 30% to 40% reduction in cardiac
output in the supine position. Therefore, all pregnant women
must be placed in a lateral tilted position for assessment and 
resuscitation.

Electrocardiographic changes, thought to mainly result
from the anatomic changes in the position of the heart, may
be observed during pregnancy. There is leftward deviation of
the axis by 15°; low-voltage QRS complexes and deep Q
waves in lead III may also be observed, and flattened T waves
and ST segment depression can be seen.

Pulmonary Changes

The diaphragm is elevated, and the anteroposterior diameter
of the chest consequently increases; this leads to an apparent
widening of the diaphragm and cephalization of the pul-
monary vasculature on chest radiography. Pulmonary minute
ventilation increases, largely as a result of a progesterone-
induced increase in tidal volume; this causes a respiratory al-
kalosis, with PaCO2 levels of 27 to 32 mm Hg. Due to a re-
duction in the buffering capacity of the blood, the arterial pH
remains unchanged. Perhaps the most significant clinical
change in pulmonary physiology is the decrease in functional
residual capacity, which is reduced by about 20% during the
second trimester with 30% of parturients experiencing en-
croachment of normal tidal ventilation on closing capacity. In
turn, this change predisposes to rapid falls in PaCO2 during
periods of apnea or airway obstruction. At term, the PaO2 lies
between 90 and 100 mm Hg.

Gastrointestinal Tract Changes

The effects of progesterone on the lower esophageal sphinc-
ter predispose the parturient to regurgitation of stomach con-
tents and pulmonary aspiration. Therefore, a nasogastric tube
and antacids should be used as appropriate in the trauma pa-
tient. Gastric emptying per se is not delayed in pregnancy, al-

though trauma and administration of opioid for analgesia will
increase the likelihood of a full stomach. The abdominal vis-
cera are displaced in the third trimester, causing unusual pain
referral patterns, and alternate patterns of visceral injury fol-
lowing penetrating trauma in particular are frequently seen.

Epidemiology

In countries where maternal mortality from direct obstetric
causes continues to fall, trauma as a cause of death rises to
prominence.59,60 Trauma has been observed to occur in 6%
to 7% of pregnancies,55 with hospital admission required in
0.3% to 0.4% of pregnancies.61 Both national and interna-
tional variations exist. In the United Kingdom, trauma was
the cause of only 4% of all maternal deaths from 1988 to
1990.62 By contrast, report in the United States from the Cook
County medical examiner for a similar period, 1986 to 1989,
found trauma to be the leading cause of maternal death, ac-
counting for 43% of all cases.60 Reported incidences may not
reflect the true figures because pregnancy early in the first
trimester may be missed in the trauma patient.63

In a review by Connolly et al.64 for the period of 1987 to
1993, a picture of the distribution of the type of trauma cases
is instructively typical. In this series, 54.6% of cases were
caused by motor vehicle accidents; 22.3% were secondary to
assaults and domestic abuse; 21.8% were associated with
falls; and 1.3% were associated with burns, puncture wounds,
or animal bites. The mean gestational age at the time of trauma
was 25.9 weeks.

Fetal Mortality

After maternal death, the most common cause of fetal death
is placental abruption. Abruption occurs in 40% to 50% of
cases of major trauma and in up to 5% of cases following mi-
nor trauma. The fetal mortality associated with traumatic pla-
cental abruption is 30% to 68%.65,66 In a review by Pearlman
and Tinatilli, fetal deaths were caused by placental abruption
in 69% of cases and direct fetal injury in 27%.56 Circulatory
shock in the mother is associated with 80% fetal mortality,
emphasizing the importance of prompt resuscitation.65,67 In
one review of 76 trauma patients, low maternal serum bicar-
bonate levels associated with hypoperfusion were associated
with poor fetal outcomes.68

Uterine rupture following major trauma is rare but is asso-
ciated with nearly 100% fetal mortality. Other causes of fe-
tal mortality and morbidity include direct trauma from blunt
or penetrating injury, preterm delivery, and fetomaternal hem-
orrhage. One recent retrospective study identified the pres-
ence of disseminated intravascular coagulation (DIC), with or
without placental abruption, as a significant predictor of fe-
tal mortality.69 In a review of 240 fetal deaths related to ma-
ternal injury, the overall maternal mortality rate was 11%.70

Motor vehicle accidents were the leading mechanism of in-
jury in this review. Although the severity of maternal injuries
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usually determines fetal outcome,71 early obstetric consulta-
tion for fetal assessment is essential to ultimately improve 
fetal outcomes, even in cases without apparent maternal 
morbidity.

Prehospital Care

Emergency care personnel should possess a knowlege of the
basic physiologic changes in pregnancy and avoid aortocaval
compression by tilting the patient. The availability of obstet-
ric and neonatal expertise should influence choice of receiv-
ing hospital in those cases with a clinical estimation of a fe-
tus greater than 20 weeks or a known gestation greater than
23 weeks. There is a general trend away from using pneu-
matic antishock garments (PASG) in trauma management,
and the use of the PASG in gravid patients has been suggested
to be potentially harmful.72 In patients with uterine contrac-
tions, cervical examination must be performed in anticipation
of preterm delivery.

Initial Assessment: The Primary Survey

The initial ABC assessment of the mother should be per-
formed before fetal assessment. Securing the airway is a par-
ticular concern in pregnant patients beyond 14 weeks gesta-
tion who have impaired consciousness, as regurgitation and
aspiration risks are increased. Difficulty with intubation is en-
countered more frequently than in the general population, so
difficult intubation aids should be readily available before ad-
ministration of relaxants. A nasogastric tube should also be
inserted following major trauma. Oxygen should be adminis-
tered from the outset; if a chest tube insertion is required, it
should be placed one or two interspaces higher than usual in
the midaxillary line, due to elevation of the diaphragm.

The gravid parturient should always be placed in a (left)
lateral decubitus position to reduce aortocaval compression
by the uterus. If the woman must remain supine (e.g., if a
spinal injury is suspected, or if cardiopulmonary resuscitation
is being administered), manual displacement of the uterus lat-
erally with a hand or placement of a wedge under a back-
board will accomplish this goal. Supplemental oxygen should
be administered by nasal cannula, mask, or endotracheal in-
tubation as required to maintain a hemoglobin saturation of
94% or greater. Heated crystalloid solution in the form of lac-
tated Ringer’s solution or normal saline should be adminis-
tered via two large-bore intravenous cannulae (14–16 gauge)
over the first 30 to 60 min of acute resuscitation as a 3:1 re-
placement based on blood loss.

Following stabilization, fetal evaluation should be per-
formed. Electronic fetal cardiac and uterine activity monitor-
ing in pregnant trauma victims beyond 20 weeks gestation
may be predictive of fetal distress. Fetal distress may be in-
dicated by tachycardia, late deceleration, and severe variables,
caused by abruptio placentae or decreased placental perfusion
as a result of blood redistribution in response to acute mater-

nal hemorrhage. At this early stage in the evaluation, an ob-
stetrician can help to optimize care for the mother and viable
fetus and to decide whether immediate delivery is warranted.

Radiologic Evaluation and Safety

As in the nonpregnant state, cervical spine, chest, and pelvic
radiographs should be obtained following major traumatic in-
jury to the pregnant woman.54 Omission of these investiga-
tions due to concerns over radiation safety for the fetus is un-
acceptable. Fetal risks of anomalies, growth restriction, or
abortions are not increased with radiation exposure of less
than 5 rad, a level above the range of exposure for diagnos-
tic procedures. Nevertheless, the uterus must be shielded for
nonpelvic procedures. Computed tomographic scanning of the
abdomen exposes the fetus to approximately 3.5 rad, de-
pending on the number and thickness of the images and the
equipment used. The number of imaging cuts and the area of
investigation can be modified to minimize fetal exposure. Ex-
posure can be reduced to approximately 250 mrad (including
fetal gonad exposure) by using a low-exposure technique.73

Magnetic resonance imaging avoids the risks of ionizing ra-
diation, but technical problems with monitoring parturients
during the imaging process and visual artifacts originating
from metal pieces in stabilizing devices such as cervical col-
lars can limit the usefulness of this technique.

Ultrasound is widely utilized for establishing gestational
age, locating the placenta, determining fetal well-being (bio-
physical profile) and the extent of fetal injury or fetal demise,
and estimating amniotic fluid volume. Ultrasonography is
rarely useful to detect placental abruption because its sensi-
tivity is relatively low; only 40% to 50% of posttraumatic
abruptions are detected by ultrasonography.74 Ultrasonogra-
phy may also be used to detect free intraabdominal and peri-
cardial fluid collections or deep vein thrombosis. In a study
by Goodwin et al.,75 the sensitivity for detection of free fluid
in the abdomen by ultrasound was found to be 83%. Detec-
tion of free intraabdominal fluid obviates the need to perform
diagnostic peritoneal lavage (DPL). However, a negative ul-
trasound does not rule out the possibility of ongoing abdom-
inal bleeding. Therefore, if clinical doubt exists, DPL with
subsequent exploratory laparotomy should be performed.

Blunt Trauma

The leading causes of blunt trauma in pregnancy are motor
vehicle accidents (MVAs), followed by falls and assaults.
Overall mortality from MVAs in the general population has
fallen due to improved automotive safety and seatbelts. How-
ever, studies confirm that seatbelt use in the pregnant popu-
lation is not as high as in the general population,76,77 partly
because of perceived risks to the fetus. Under conditions sim-
ulating an automobile crash, Pearlman and Viano78 recorded
the lowest force transmission when three-point restraint po-
sitioning was used. Crosby and coworkers79 studied lap belt
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versus combination lap and shoulder configuration restraints
in baboons, revealing that the rate of fetal death was lower
with the combination (12.5% compared to 50%). The Amer-
ican College of Obstetricians and Gynaecologists recom-
mends that lap belts should be placed as low as possible un-
der the abdomen, and that shoulder belts should be off to the
side of the uterus between the breasts and over the midpor-
tion of the clavicle.

Visceral injury to solid organs should be suspected follow-
ing major abdominal blunt trauma. Injury to hollow viscera
occurs at points of relative fixation such as the cecum, duo-
denum, and hepatic and splenic flexures. Shoulder pain, a pos-
itive DPL, and elevated transaminases should raise the suspi-
cion of hepatic rupture. Surgical procedures for liver rupture
include hepatic lobe resection and selective embolization.
Splenic rupture should be treated with splenectomy. Neonatal
injury following blunt trauma is less frequent than in pene-
trating trauma because of the protective effect of the muscu-
lar uterus and amniotic fluid. Engagement of the head in the
pelvis is thought to result in a higher risk of fetal head injury
when pelvic fracture occurs. Pelvic fractures may result in sig-
nificant retroperitoneal bleeding, which is associated with sub-
stantial morbidity and mortality. Pelvic fractures are also as-
sociated with injuries to the bladder and urethra. Inability to
pass a urethral catheter or the presence of hematuria should
suggest these injuries. Minor injuries may be managed con-
servatively. If extravasation of urine has occurred, open ex-
ploration via a midline incision is indicated. Uterine rupture
in the second trimester is usually associated with pelvic frac-
tures. As the gravid woman is at increased risk of DIC, other
blood products should be requested early. Evolving DIC as a
result of massive placental abruption necessitates immediate
evacuation of the uterus and therefore cesarean delivery.

Penetrating Trauma

Penetrating trauma occurs less frequently than blunt trauma
and is mainly associated with stabbing and gunshot injuries.
A lower incidence of visceral injury is noted in pregnancy
compared with the general population.80 Thought to be the
result of a protective effect of the uterus on other viscera, this
applies to later stages of gestation in particular. In a series of
14 women who sustained high-velocity penetrating abdomi-
nal injuries, parturients who had entry wounds above the uter-
ine fundus had extrauterine visceral injuries whereas those
with wounds below the uterine fundus did not.81 The two ma-
ternal deaths were not secondary to abdominal injury but to
other injuries. The patterns of visceral injury with trauma
above the fundus are distinct from the nonpregnant state and
may involve multiple loops of bowel as these are compressed
in the upper abdomen.

The site of penetrating injury is important. Entry wounds
below the uterine fundus are associated with a high incidence
of fetal injury. The perinatal mortality rate from this type of
trauma is high, 47% to 71%, and mortality is frequently

caused by direct fetal injury.53 Management of penetrating
trauma is discussed later under Exploratory Laparotomy.

Rhesus Isoimmunization and 
Fetomaternal Hemorrhage

In addition to standard laboratory tests assayed in trauma vic-
tims, a pregnancy test and rhesus antigen typing should be
performed on all women of childbearing age. Some degree of
bleeding from the fetal to maternal circulation is found in 10%
to 30% of trauma cases.56,82 As little as 0.01 mL RhD-positive
blood can cause alloimmunization in RhD-negative patients.
A Kleihauer–Betke test may be performed to assess the
amount of fetomaternal hemorrhage in RhD-negative pa-
tients.64,83 This test is based on an acid dilution procedure to
which adult but not fetal hemoglobin is sensitive. By count-
ing fetal cells on a slide, an estimate of the volume of fetal
cells in the maternal circulation is provided. The Kleihauer–
Betke test is not sensitive enough to detect small amounts of
fetomaternal hemorrhage. Thus, all RhD-negative patients
who have experienced abdominal trauma after 14 weeks ges-
tation should receive at least 300 �g anti-D immunoglobulin
(RhoGAM); this dose provides coverage for 30 mL fetal
whole blood or 15 mL fetal red cells. Additional ampoules
(300 �g for every 30 mL whole blood transfused) should be
administered if the Kleihauer–Betke test suggests a greater
degree of fetomaternal hemorrhage. Administration of anti-D
immunoglobulin at any time within the first 72 h following
fetomaternal hemorrhage appears to provide protection from
alloimmunization. As the sensitivity and specificity of the
Kleihauer–Betke test in detecting complications following
trauma has been estimated at 56% and 71%, respectively,84

its use as a screening tool before RhoGAM therapy is not 
justified.

Head Injury

Brain injury is the cause in 60% to 75% of trauma-related
maternal deaths.85 The management of head injury during
pregnancy is the same as in the nonpregnant state. Maternal
brain death or massive injury leading to persistent vegetative
state during pregnancy is a rare event. Current advances in
medicine and critical care enable prolonged life support to
avoid premature delivery and maximize the chances for sur-
vival in the neonate whose mother is technically brain dead.86

When assessing the adequacy of ventilation with arterial
blood gas analysis, it should be noted that the physiologic res-
piratory alkalosis of pregnancy results in a bicarbonate serum
level of 18 to 31mEq/L.

Burns

Minor burns occur in 1 in 250 pregnancies. The gravid woman
with major burns should be resuscitated according to guide-
lines developed for the nonpregnant patient. Fetal survival
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usually parallels the percentage of the burned surface area and
survival of the mother. Both maternal and fetal prognosis is
poor when the burn area exceeds 50% of the total body sur-
face.87 In a series of 27 parturients, the fetal loss rate was 56%,
and there were no maternal losses when the percentage of the
burned surface area was 15% to 25%.88 In the same series, the
fetal and maternal mortality rate rose to 63% in those with
25% to 50% of the surface area burned. In another series of
50 pregnant burn women in the second or third trimester, fe-
tal survival rate did not improve by waiting among those with
burns over 50% of their body, because of the poor maternal
prognosis.89 In this series, if the fetus remained undelivered,
maternal prognosis was remarkably worse than for a non-
pregnant woman suffering otherwise comparable burns. Other
studies failed to demonstrate the effect of pregnancy on ma-
ternal prognosis.90 Contributory factors are hypovolemia, pul-
monary injury, septicemia, and the intensely catabolic state.

Because large amounts of prostaglandin are released fol-
lowing significant burn injury, women may enter labor spon-
taneously within several days to a week later. If hemodynamic
stability permits and antepartum testing is reassuring, tocol-
ysis with magnesium sulfate or indomethacin may be at-
tempted until a course of antenatal steroids, if indicated, is
completed. Beta-sympathomimetic tocolytic agents are asso-
ciated with increased capillary permeability and therefore
should not be preferred in this setting. Because of poor fetal
prognosis, after fetal viability is reached, and a course of an-
tenatal steroids, if indicated, is completed, delivery is recom-
mended in those cases with extensive burns. Complications
associated with prematurity should be balanced against this
strategy. Cesarean delivery is usually reserved for situations
in which the gravely ill woman’s condition jeopardizes the
viable fetus and therefore immediate delivery is indicated.

Obstetric and Anesthetic Management

A multidisciplinary approach is required for the management
of the pregnant trauma victim. The emergency room physi-
cian should order the initial diagnostic studies and coordinate
consultation from appropriate services. Immediate assessment
of the pregnant woman by an anesthesiologist for airway man-
agement and a trauma surgeon for surgical evaluation is in-
valuable. The primary goal and initial efforts in managing the
injured pregnant woman should be evaluation and stabiliza-
tion of maternal vital signs. Attention is directed to the fetus
after the woman is stabilized. This initial assessment should
be followed by a complete, head-to-toe secondary survey; this
should start with an obstetric examination and fetal assess-
ment, which should be performed by an obstetrician if avail-
able. The presence of vaginal bleeding and pooling of amni-
otic fluid in the vagina should be noted. A pH greater than 5
or a ferning pattern of dried vaginal secretions seen by mi-
croscopy is indicative of amniotic fluid.91 If a collectable
amount of amniotic fluid is present in the vagina, a sample
should be sent to test for fetal lung maturity when the gesta-

tional age is between 32 and 37 weeks. Immediate delivery
can be considered if fetal lung maturity is documented.

Fetal heart sounds may be detected with a conventional stetho-
scope after 20 weeks gestation. However, a Doppler stethoscope
or portable ultrasound is recommended to avoid confusing a nor-
mal fetal heart rate (120–160 beats per minute, bpm) and ma-
ternal tachycardia. Continuous heart rate monitoring of the fe-
tus with tocodynamometry is indicated for a viable fetus, to
assess fetal well-being and uterine contractile activity. Most opi-
oids and anesthetic agents administered to the mother cross the
placenta and cause transient reductions in tone and beat-to-beat
variability of heart rate in the healthy fetus. Administration of
corticosteroid to the mother to promote fetal lung maturity should
be considered if preterm delivery is a potential outcome.

Exploratory Laparotomy

The use of DPL to detect intraabdominal bleeding in pregnant
patients is well established.54,92 Common indications for DPL
after trauma during pregnancy include abdominal signs or
symptoms suggestive of intraperitoneal bleeding, altered sen-
sorium, unexplained shock, major thoracic injuries, and multi-
ple major orthopedic injuries.93 Open lavage with sharp dis-
section and opening of the anterior abdominal peritoneum under
direct vision, usually periumbilically, is advocated over a blind
needle insertion to lessen the likelihood of injury to the enlarged
uterus in the third trimester or to other displaced intraabdomi-
nal organs. Laparotomy should be performed without attempt-
ing DPL if intraperitoneal bleeding is clinically obvious.

For management of gunshot wounds, surgical exploration
with laparotomy is usually indicated. Stab wounds that do not
appear to penetrate beyond the abdominal wall have been
managed nonoperatively.94 However, evidence of peritoneal
penetration requires exploratory laparotomy. When the
mother is stabilized, the fetus usually tolerates surgery. Fetal
heart rate should be monitored intraoperatively after 24 weeks
gestation; this can be achieved by a Doppler device or ultra-
sound transducer wrapped in a sterile plastic bag. Penetration
of the uterus by an object or a projectile often results in fetal
injury. Box 15.1 lists the indications for cesarean delivery dur-
ing an exploratory laparotomy. Cesarean delivery should be
performed if the fetus is alive, and if intact fetal survival is
deemed probable ex utero. Neither fetal death nor laparotomy
itself is an indication for cesarean delivery. The decision to

Box 15.1. Indications for concomitant cesarean delivery dur-
ing exploratory laparotomy.

Fetal distress exceeding risks of prematurity
Uterine rupture with or without fetal extrusion
Extensive uterine injury requiring hysterectomy
Maternal instability/evolving disseminated intravascular 

coagulation (DIC)
Maternal thoracolumbar spine injury
Gravid uterus preventing access for exploration or repair of 

maternal intrabdominal injuries
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deliver a live fetus depends on gestational age and fetal con-
dition assessed by antenatal testing.

Other factors that dictate immediate cesarean delivery in-
clude extensive uterine injury requiring hysterectomy or the
need to gain access to areas of the peritoneal cavity and/or
retroperitoneal space for exploration or repair of maternal in-
juries, including thoracolumbar spine injury. These decisions
often are made jointly with the trauma surgeon. If delivery
must proceed, a pediatric surgeon and a neonatologist should
be available if possible. Antibiotic prophylaxis against strepto-
coccal and clostridial infections should be instituted. Tetanus
toxoid (0.5 mL) should also be given to all previously immu-
nized women; in addition; tetanus immunoglobulin should be
given to those who are not previously immunized.

Rupture of Membranes, Preterm Labor, 
and Placental Abruption

Traumatic rupture of the amniotic membranes may occur; this
should be ruled out during the pelvic examination. Its conse-
quences are preterm labor, chorioamnionitis, and cord prolapse,
which should be considered when treating maternal injuries.
Preterm labor is strictly defined as regular uterine contractions
associated with progressive cervical dilatation before 37 weeks
gestation. Its consequences are morbidity and mortality related
to prematurity in the newborn. Tocolysis is relatively con-
traindicated in parturients with ruptured membranes and when
placental abruption is suspected. It is absolutely contraindicated
in hemodynamically unstable mothers or in those with nonreas-
suring fetal status as indicated by intrapartum testing. Preterm
contractions often stop after hydration. Thus, in the setting of
trauma during pregnancy, tocolysis may be considered only for
a selected group of patients under 34 weeks gestation and for 48
h until a course of antepartum steroids is completed. A longer
course of tocolysis is often ineffective and may result in addi-
tional maternal and neonatal morbidity. The side effects from
standard tocolytic agents used in the management of preterm la-
bor have important clinical implications in the setting of trauma.
The �-agonist agents cause tachycardia and cardiac arrhythmias
and increase oxygen consumption. Such cardiovascular changes
may interfere with assessment of hemorrhage. Magnesium sul-
fate can cause vasodilatation and exacerbate hypotension. Fur-
thermore, it prolongs the action of nondepolarizing muscle re-
laxants at the neuromuscular junction and it can also prolong the
duration of succinylcholine muscle relaxant block. Indomethacin,
on the other hand, can impair platelet function and is relatively
contraindicated when there is ongoing clinical bleeding.

Because of its low sensitivity to detect placental separation
and retroplacental blood clots, ultrasonography is rarely re-
lied upon to detect placental abruption.75 For this reason, the
diagnosis of placental abruption is often based on clinical
findings such as vaginal bleeding, uterine tenderness, and con-
tractions. However, these signs are not pathognomonic for
placental abruption and may be produced by other injuries.
Furthermore, vaginal bleeding is not always present because

blood can be retained between a detached placenta and the
uterus, leading to concealed hemorrhage. Thus, a high index
of suspicion for abruption should be maintained for all trauma
patients, and continuous fetal monitoring should be instituted.
The optimal length of time for monitoring pregnant patients
following trauma is unclear, although a recommended mini-
mum time of observation following minor trauma is 4
h.57,95,96 However, this recommendation has not been vali-
dated by large prospective studies, and delayed presentation
of abruption beyond 24 h after trauma may occur.

A large placental abruption can lead to DIC. The diagno-
sis of evolving DIC is established by demonstration of de-
creased fibrinogen and elevated fibrin degradation products.
Evolving DIC as a result of massive placental abruption ne-
cessitates immediate evacuation of the uterus and therefore
cesarean delivery.

Anesthesia Techniques

The widespread use of regional anesthesia techniques in preg-
nant women has contributed to the drop in anesthesia-related
maternal mortality. Therefore, for uncomplicated cesarean de-
livery in the hemodynamically stable parturient with no 
coagulopathy, spinal or epidural anesthesia is appropriate.
Epidural anesthesia is associated with a less precipitous fall in
blood pressure and permits the option of extending anesthesia
time and provision of postoperative analgesia. However, in the
trauma victim with potential airway compromise, hemodynamic
instability, or uncertain surgical plans, general anesthesia is the
technique of choice. For exploratory laprotomy, general anes-
thesia is also the technique of choice due to the uncertain nature
of subsequent surgical procedure and the potential poor quality
anesthesia in such situations with neuraxial techniques alone.

Perimortem Cesarean Section

The clinical scenario of cardiovascular collapse in the parturi-
ent, although fortunately uncommon,97 should be considered,
and a strategy for emergent cesarean delivery should be for-
mulated. The rationale for this is that delivery of the fetus im-
proves maternal perfusion during CPR. The improvement in car-

TABLE 15.1. Postmortem cesarean delivery with surviving infants
with reports of time from death of the mother to delivery.

Time from maternal Surviving infants

death to delivery Normal/neurologic Percentage of 
(min) sequelae births reported

0–5 42/0 70
6–10 7/1 13
11–15 6/1 12
16–20 0/1 1.7
21� 1/2 3.3

Source: Modified from the American College of Obstetricians and Gyne-
cologists, Katz VL, Dotters DJ, Droegemueller W. Perimortem cesarean de-
livery. Obstet Gynecol 1986;68:571, with permission.
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diac output following delivery results from a reduction in aorto-
caval compression (which is significant after 20 weeks gestation)
and removal of the low-resistance uteroplacental vascular unit.
Following delivery, lateral tilt to reduce aortocaval compression
is no longer needed. Direct chest compression during CPR is
more effective when the parturient lies flat on her back. As a re-
sult of improved maternal perfusion during CPR, timely deliv-
ery by perimortem cesarean section was found to improve neona-
tal survival and morbidity rates. Katz and coworkers98 reviewed
61 children who survived perimortem cesarean delivery per-
formed between 1900 and 1985. Approximately 70% of the sur-
vivors were delivered with 5 min of their mother’s death. The
rate of severe neurologic morbidity increases as the delivery is
delayed beyond 5 min of maternal death (Table 15.1).

In another series of five parturients who experienced cardiac
arrest during induction of anesthesia for elective cesarean sec-
tion, immediate delivery was associated with good neurologic
outcomes whereas delay of 6 to 9 min was associated with ad-
verse neurologic sequelae.99 Based on these reports, the Ameri-
can College of Obstetricians and Gynecologists recommends that
cesarean delivery should be considered for both maternal and fe-
tal benefit 4 min after a woman has experienced cardiopulmonary
arrest in the third trimester. Delivery in this situation should be
performed without any delay for formal sterility precautions and
should be via vertical abdominal wall and uterine incisions.

Summary

Parturients with musculoskeletal pathology as well as preg-
nant women as a trauma victim can be a complex problem to
the anesthesiologists. Physiological changes during preg-
nancy should be taken into account while taking care of this
patient. Close monitoring of both mother and fetus are es-
sential for positive outcome.
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16
Malignant Hyperthermia
Jordan Tarshis and Janet Bodley

Malignant hyperthermia (MH) was first described by Den-
borough in 1960. Although mortality was initially high, it has
dropped drastically with the widespread use of dantrolene and
educational efforts by international anesthesia organizations.
All anesthesiologists should be familiar with the syndrome and
its basic treatment, and even most medical students are aware
of the disease and its association with anesthesia.

There were no reported crises associated with pregnancy be-
fore 1972, which prompted Crawford to write a letter to Lancet,
eliciting cases.1 Since that time, case reports and small series
have been published, but no maternal or neonatal deaths have
been reported. This chapter reviews some of the issues and
challenges of MH and pregnancy. For a broader review of MH,
the reader is directed to recent reviews in the literature.2,3

Pathophysiology

Malignant hyperthermia is an uncommon inherited disorder
of skeletal muscle that is triggered by all inhalational anes-
thetics (with the exception of nitrous oxide) and succinyl-
choline. The cellular defect involves abnormal calcium re-
lease from the sarcoplasmic reticulum of skeletal muscle. It
is a potential disease, and those carrying the gene are con-
sidered MH susceptible (MHS) because they are usually
asymptomatic until exposed to a trigger.

The manifestations of MH are that of a hypermetabolic state
emanating from skeletal muscle. An international consensus
group has developed a grading scale to predict MH suscepti-
bility.4 Although this scale is intended for researchers, the di-
agnostic and pathophysiologic criteria are useful for clinicians
(Table 16.1).

Genetics

It has long been known that the transmission of MH is auto-
somal dominant with variable penetrance, but it was only in
1990 that the putative gene was isolated to the long arm of

chromosome 19.5,6 It was hoped that there would be a single
genetic alteration to account for the disease, but in fact there
is significant genetic heterogeneity.7 In only about 50% of
MHS patients can an abnormality at this locus be identified.
Linkage analysis has demonstrated other loci as being in-
volved, and there is the possibility that in some cases sus-
ceptibility may be conferred by the interaction of several
genes.8

Initial reports pointed to the ryanodine receptor (RYR) as
the causative defect of MH. Ryanodine is a plant alkaloid that
effects calcium release from the sarcoplasmic reticulum. Al-
though this receptor is involved in many of the genotyped
pedigrees,2 there are more than 20 known genetic mutations
at this and other loci,9 with certainly more to be discovered.

The implication of this genetic heterogeneity is that genetic
testing for MH is unlikely to become widespread in the near
future. If a well-described genetic defect exists in the family,
then other members of that family can be diagnosed by ge-
netic testing. Because in most cases the mutation has not been
described, the in vitro contracture test (IVCT) using halothane
and caffeine remains the gold standard.

In Vitro Contracture Testing for 
Malignant Hyperthermia

The current gold standard for diagnosis of MH remains the caf-
feine halothane contracture test in which a strip of muscle (of-
ten the gracilis or vastas lateralis) is incubated in halothane or
caffeine. A positive test occurs when there is an exaggerated
contraction in response to these drugs. There are two interna-
tional protocols for performing this test. The North American
Malignant Hyperthermia Group protocol has a sensitivity of
97% and specificity of 78%,10 and the European MH Group
protocol has a sensitivity of 99% and specificity of 94%.11

One of the major differences between protocols is the pres-
ence of a MH equivocal (MHE) category in the European pro-
tocol whereas the North American protocol only has positive
and negative categories. From a clinical perspective, MHE
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patients should be treated as MH susceptible (MHS). Inves-
tigators have compared the European and North American
protocols and found excellent but not complete concor-
dance.12,13 Ørding et al. examined variability between centers
and found differences between two centers that were using
the same protocol.14

Overall, centers tend to agree on those individuals whose
muscles react strongly to the caffeine halothane test. Dis-
agreement increases as the in vitro response weakens. Consid-
ering the known genetic heterogeneity, and hence the variabil-
ity of the cellular defect, this result is not surprising. The chance
of a false positive is much higher than that of a false negative.
The negative predictive value of the in vitro test is very high13,15

and can exclude MH with near certainty. Nevertheless, the as-
tute clinician must always consider the possibility of MH when
presented with the typical signs and symptoms.

In an attempt to improve the in vitro sensitivity and speci-
ficity of contracture testing, other reagents have been investi-
gated. The most useful of these is ryanodine or its analogue 4-
chloro-m-cresol, which has been shown to improve the
accuracy of in vitro contracture testing.3,16 There is not yet an
international protocol, but many centers have started using
ryanodine as a confirmatory test and to categorize equivocal
cases.12 In future in vitro testing, it is hoped, one international
protocol will use caffeine, halothane, and ryanodine.17,18

Who Is at Risk?

Theoretically, any patient who is exposed to a triggering agent
is at risk of manifesting MH. Uneventful prior exposure to a
trigger is no guarantee of MH-negative status.19 Practically,
MH is a rare event, and most anesthesiologists never en-
counter a reaction in their careers. Patient and family history
is the best screening method.

Any parturient who has a personal history of a previous re-
action or a positive muscle biopsy is considered susceptible.
First-degree relatives should also be considered susceptible
unless they have had a negative in vitro test. It is worth re-
peating that even untested first-degree relatives who have
been exposed to triggering agents uneventfully in the past
should be considered at risk. In a review of 503 published
cases, Strazis and Fox reported that 24% of reported adult
MH crisis cases had a median of 2 previous uneventful sur-
geries each, with a range of 1 to 9.19

Both parents of a proband should be considered suscepti-
ble unless tested otherwise. Islander et al. reported on the in
vitro testing of both parents of known cases and found that
in 32 of 101 pairs of parents, both would be considered clin-
ically susceptible.20 Interestingly, for 12 sets of parents, both
were found to be MH negative.

Fetal Risks

The fetus/neonate must also be considered to be at risk for
MH. At least two case reports have been published that de-
tail possible MH reactions in neonates whose mothers had re-
ceived general anaesthesia for cesarean delivery.21,22 In ad-
dition, there are several reports about MH reactions in
infants,23–27 but confirmation by IVCT in the proband or in
immediate relatives has not been obtained. Chamley et al. re-
cently reported a case of an MH reaction in a 6-month-old
child with later confirmation by IVCT as well as evidence of
a novel RYR1 mutation.9 This report shows that although MH
in infancy may be rare, it does exist.

Malignant hyperthermia susceptibility can be inherited
from either the mother or the father. The chance of inherit-
ing MH is 50% if either the mother or the father is known to
be MHS; this risk increases to 75% if both parents are MHS,
and may be higher still if either parent is homozygous for the
trait. If triggering agents are administered to the mother, the
neonate must be observed for signs of MH. From 1987 to
1994, 19 patients who either were MHS or had a family mem-
ber who was MHS delivered at Women’s College Hospital,
Toronto. Of these, four parturients were referred because the
husband was MHS and there was concern for the neonate.
None of these women or their neonates had an MH reaction.28

Pollock and Langton followed 11 women with MHS and 5
women whose partners (father of the newborn) were MHS.29

Again, in this series there were no MH reactions when trig-
gering agents were avoided.

Associated Conditions

By definition, MH involves a disorder of muscle cell mem-
branes, and patients may manifest other myopathies.2 The
most common, called MH myopathy or Evans myopathy af-
ter the first family in which MH was described, is the most

TABLE 16.1. Pathophysiology of a malignant hyperthermia (MH)
reaction.

Pathophysiologic process Clinical indicators

Rigidity Generalized muscular rigidity
Masseter muscle spasm

Muscle breakdown Elevated serum creatinine kinase
Myoglobinuria
Myoglobinemia
Increased serum K� �6 mEq/L

Respiratory acidosis Increased end-tidal CO2

Increased arterial CO2

Inappropriate tachypnea
Temperature increase Inappropriately rapid increase in temperature
Cardiac involvement Inappropriate sinus tachycardia

Ventricular tachycardia or fibrillation
Multifactorial Arterial pH � 7.25

Arterial base deficit greater than 8 mEq/L
Rapid reversal of acidosis with dantrolene

Source: Adapted from Larach MG, Localio AR, Allen GC, et al. A clinical
grading scale to predict malignant hyperthermia susceptibility. Anesthesiol-
ogy 1994;90(4):775,4 with permission.
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common autosomal dominant inherited form of MH. The my-
opathy is usually subclinical, although the serum creatine ki-
nase (CK) may be raised. Measuring the CK is not a useful
screening tool.30

Central core disease (CCD) is the only other myopathy in
which a definite association with MH has been found.31 The
clinical presentation of this disease varies from asymptomatic
to disabling as a result of a slow or nonprogressive myopa-
thy. There are diagnostic histochemical and electron micro-
scopic findings. Genetic analysis has shown CCD to be ge-
netically heterogeneous, similar to MH. In some, but not all,
families the genetic mutations of CCD and MH coexist in the
same ryanodine receptor.8

Other myopathies, such as Duchenne’s muscular dystrophy
and King–Denborough syndromes, are possible but unlikely
to be related.31 Neuroleptic malignant syndrome is a clinically
distinct entity although it may be present similarly to MH.2

Sudden Infant Death Syndrome

The observation that the father of a child who had died of
sudden infant death syndrome (SIDS) had a myopathy that
predisposes to MH32 prompted Denborough et al. to look for
further evidence of an association between MH and SIDS.33

Muscle samples were obtained from 15 parents of 13 children
who died of SIDS. Five of these parents had positive IVCTs.
Serum CK levels were not elevated in any of the parents.
These findings raise the possibility that MH may present as
sudden unexpected death in infants. It is interesting that over-
heating has been given as a possible factor in some unex-
pected infant deaths.34 Eight of 33 SIDS cases investigated
pathologically showed histologic changes in the small intes-
tine of the kind associated with heat stroke. The metabolic
changes associated with MH may contribute to the high tem-
peratures found in some infants who die unexpectedly.

In contrast to this study, Ellis et al. investigated this sug-
gested relationship between SIDS and MH and failed to find
an association.35 This investigation included three compo-
nents—a questionnaire sent to patients known to be MHS, a
questionnaire sent to SIDS parents, and muscle biopsy in 14
SIDS parents. They found the incidence of SIDS in the MHS
population to be the same as that in the general population.
They concluded that the findings of Denborough et al.33 were
due to methods of case selection in that SIDS families with
a family history of an anesthetic complication were preferen-
tially investigated.35 Further investigation in this area may be
helpful to more clearly define the presence or absence of an
association between SIDS and MH.

Masseter Muscle Rigidity

Masseter muscle rigidity (MMR), which is defined as a sig-
nificant and sometimes prolonged increase in masseter mus-
cle tone after succinylcholine, is considered a risk factor and
possibly a very early sign of a MH reaction. A retrospective

study by Allen and Rosenberg found that 25% of adults re-
ferred for muscle biopsy after an episode of MMR tested pos-
itive for MH.36 There is controversy whether, following MMR,
the surgery should be canceled or continued with a trigger-free
anesthetic. As obstetric cases are not always elective, there is
no option but to continue. A trigger-free anesthetic is suggested
with appropriate postoperative monitoring as for a known MH
patient. The anesthesia machine need not be changed, but re-
placing the fresh gas outlet hose and using a new disposable
circuit with high fresh gas flows should be considered.37

Triggers of Malignant Hyperthermia

The known pharmacologic triggers of MH include all halo-
genated anesthetic vapors (including sevoflurane and desflu-
rane) and succinylcholine. Nitrous oxide and nondepolarizing
neuromuscular blocking agents are safe. Older texts consid-
ered amide local anesthetics and ketamine to be possible trig-
gering agents, but more recent work suggests these agents are
safe.3

The question arises regarding fetal risk surrounding the use
of succinylcholine for an MH-negative mother when the fa-
ther is positive. Succinylcholine is a highly charged molecule
but can still cross the placenta in very small amounts.38 If
possible, it should be avoided, but because it has unique phar-
macologic properties compared to currently available nonde-
polarizing neuromuscular blocking agents, it still plays a role
in airway management. Maternal safety must not be compro-
mised, and if succinylcholine is used, the neonate should be
carefully observed for even subtle signs of MH by a pedia-
trician or neonatologist.

Anticholinergics can exacerbate fever because of their an-
tidiaphoretic action. Although this may complicate the diag-
nosis or management of a reaction, anticholinergics are not
considered triggers. In vitro, ephedrine increased muscle con-
tractions in the presence of halothane, but this occurred at
concentrations 1000 to 2000 fold higher than clinically rele-
vant plasma levels.39 Catecholamines, including epinephrine,
norepinephrine, and ephedrine, are also considered safe.

Caffeine is used for the in vitro testing, and there is con-
cern that it or related drugs such as theophylline or phospho-
diesterase inhibitors could trigger MH. Although in vitro re-
actions can be demonstrated, they occur at levels far above
clinically relevant concentrations. Phenothiazines can trigger
neuroleptic malignant syndrome (NMS) and have intrinsic an-
ticholinergic properties but do not appear to trigger MH at
therapeutic concentrations.3

An interesting question is whether MH can occur in a sus-
ceptible individual in the absence of a pharmacologic trigger.
There are a number of reports of MH signs and symptoms oc-
curring in response to heat stress, physical exertion, viral ill-
ness,2 or a nontriggering anesthetic.40 There are no reports of
labor causing an MH reaction. Considering the known genetic
heterogeneity and variability in in vitro testing, it is likely that
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some individuals may manifest MH signs and symptoms un-
der certain conditions without exposure to known triggers.
Fortunately, this appears to be a very rare occurrence and has
not yet been reported in the peripartum period.

Drugs Used in the Management 
of Labor and Delivery

Oxytocin and prostaglandin F2� are considered safe in MHS
parturients, whereas ergot preparations are relatively con-
traindicated.28,41,42 These latter drugs are of concern because
of their sympathomimetic properties and the potential to ob-
scure or exacerbate a MH reaction. There are no reports of
either class of these drugs triggering a MH reaction in preg-
nancy; however, the potential risks of using the drug versus
the risks of persistent uterine atony and hemorrhage must be
considered if this scenario arises.

Recognizing Malignant Hyperthermia 
in the Laboring Patient

The diagnosis of an MH crisis in the pregnant patient may be
masked by some physiologic changes of pregnancy and by
some relatively common problems that can develop during la-
bor and delivery. For example, pulse rates of 100 beats per
minute (bpm) or higher depending on the maternal position
are regarded as physiologic during rest periods between uter-
ine contractions in the second stage.29,42 The majority of pa-
tients with MH episodes develop a tachycardia above 120
bpm. Maternal tachypnea is also a normal response to pain,
physical exertion, and fever. The development of a fever in
labor is not uncommon and may be a sign of infection
(chorioamnionitis) and/or dehydration.42 Furthermore, a ma-
ternal metabolic acidosis often occurs normally during the
second stage of labor, and a base deficit of 4.5 to 6 mmol can
develop in a well-managed labor depending on duration.29

Small increases in CK levels are also normal, secondary to
uterine contractions and maternal exertion. Arterial blood
gases may help in determining if MH is likely. In the pres-
ence of other signs such as muscle rigidity or hyperkalemia,
immediate treatment should be initiated.

Monitoring maternal heart rate, blood pressure, and tem-
perature at least hourly during labor will help to identify early
manifestations of a MH reaction. Intraarterial blood pressure
and ECG monitoring are not mandatory but should be im-
mediately available. Central temperature monitoring is prefer-
able to skin temperature. It is suggested that monitoring con-
tinue for 4 h after delivery.

When a MHS parturient is admitted to the labor ward, the
anesthesiology staff should be notified immediately. An in-
travenous line should be established early, and blood samples
sent for hematology, biochemistry, and CK. Although a CK

level is not prognostic, it can serve as a baseline should the
diagnosis of a MH reaction be entertained later. The MH cart
should be immediately available on the labor ward, and an
operating room should be prepared by flushing the anesthetic
machine and taping the vaporizers off in a well-described
fashion37 or by using a dedicated MH machine. Ideally, this
room should not be used for other patients until after deliv-
ery. If this is not possible, it should be reprepared after each
use.

An epidural analgesia for labor and delivery is encouraged.
The fetal heart rate should be continuously monitored, and
the neonate is monitored with temperature, heart rate, and res-
piratory rate determined hourly for 4 h.

Management of an Acute Reaction

The most important element in the management of an acute
malignant hyperthermia reaction is early recognition and
treatment with dantrolene. Every hospital should have a MH
cart with the typical contents listed in Table 16.2. This cart
usually resides in the main operating room and should be
brought to the labor floor when a known MHS patient is pres-
ent. If the labor ward is remote from the main OR, or the vol-
ume of MHS parturients is high, a dedicated MH cart for the
labor ward is recommended.

Basic treatment is targeted at metabolic support and intra-
venous dantrolene. An outline of treatment recommended by
the Malignant Hyperthermia Association of the United States
(MHAUS) clinical update 2000/200143 is shown in Box 16.1.

TABLE 16.2. Suggested contents of a malignant hyperthermia
(MH) cart.

Drugs
Dantrolene sodium, 36 vials
Sterile water to mix dantrolene (not NaCl)
Dextrose 50%
Antiarrhythmics including beta-blockers and current ACLS 

management drugs
Mannitol
Calcium chloride
Sodium bicarbonate
Furosemide

N.B.: Calcium channel blockers should NOT be used.
Equipment

Ice bags
Temperature probes
Nasogastric tubes
Foley catheters
Urine collection containers
Syringes, needles
Catheters for intravenous and intraarterial placement
Arterial and central venous pressure monitoring equipment
Collection tubes for blood gases, electrolytes, blood counts, 

coagulation profiles
MH protocol with telephone help numbers
List of cart contents so it can be kept complete
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Dantrolene

Dantrolene sodium is a lipid-soluble hydantoin analogue used
in the therapy of MH crises. Three characteristics are unique
to pregnancy: possible adverse effects on the fetus and new-
born infant, effects on uterine contractility, and secretion of
dantrolene into breast milk.

Shime et al.44 performed a prospective study to evaluate
the effects on the fetus and newborn of prophylactic oral
dantrolene in pregnant women. These investigators chose a
relatively low dosage of oral dantrolene. Minor maternal side
effects were reported; however, there were no detectable fe-
tal or neonatal adverse effects. The mean maternal serum
dantrolene level (0.99 mg/mL) was lower than that thought
to provide malignant hyperthermia prophylaxis. Therefore, fe-
tal/neonatal effects may be encountered with higher levels.

As the prophylactic use of dantrolene is now quite rare, the
fetus is less likely to have in utero exposure unless a MH cri-
sis is diagnosed early during a cesarean section or occurs dur-
ing surgery in pregnancy.

Newborns have demonstrated decreased muscle tone after
intravenous dantrolene use around delivery, although respi-
ratory or cardiovascular depression has not been observed. It
is possible that placental transmission of dantrolene may pro-
tect the neonate who has inherited MH.

The effects of dantrolene on uterine contractions must also
be considered. There is controversy in the literature regarding
the association of dantrolene with uterine atony. In isolated
uterine muscle preparations of guinea pigs, dantrolene sup-
pressed the activity of oxytocin-induced contractions.45 Wein-
garten et al. have reported a case of a woman who developed
postpartum uterine atony after treatment with intravenous
dantrolene (prophylactically) for known MH susceptibility.46

This patient also had preeclampsia and likely chorioamnioni-
tis in labor. She had a cesarean section for failure to progress.
After delivery, she developed uterine atony and postpartum
hemorrhage that did not respond to intravenous oxytocin, in-
tramuscular methylergonovine, and prostaglandin F2�. This
patient had a hysterectomy for uterine atony after a D&C also
failed to stop the bleeding. The authors note that although a
cause-and-effect relationship between dantrolene and atony
cannot be proven, the sequence of events suggest that dantro-
lene may have contributed to its development.

In contrast to this suggestion, Shin et al. studied the effect
of dantrolene on contractility of isolated human uterine mus-
cle from eight healthy patients undergoing elective cesarean
section at term.47 This study showed that dantrolene alone has
no effect on spontaneous contractility in isolated uterine mus-
cle, but that any observed uterine muscle relaxation is most
likely related to the mannitol in the prepared solution. A com-
prehensive review of dantrolene by Britt details the conflict-
ing information regarding the effects of this drug on intestinal
and bladder smooth muscle.48

Breast-feeding is an important aspect of the postpartum pe-
riod, and the presence of dantrolene in breast milk following
maternal therapy should be considered and discussed with the
patient. Fricker et al. addressed this concern after a case in
which a suspected MH crisis at cesarean section was treated
with intravenous dantrolene.49 The patient received decreasing
doses of dantrolene for 3 days, and concentrations of this drug
in breast milk were determined. They noted that the highest
concentration of dantrolene was detected 36 h after the first in-
travenous bolus, and that the half-life in breast milk is 9 h. Even
if 70% of this dose enters neonatal circulation via gastroin-
testinal absorption, the peak serum levels are still far less than
those described as insignificant after placental transfer.

Dantrolene Prophylaxis

Dantrolene prophylaxis has been used in the past but has fallen
out of favor. The efficacy has never been proven, and the risk

Box 16.1. Management of an acute malignant hyperthermia
(MH) reaction.

Immediate:
• Call for help. Start dissolving the dantrolene in sterile wa-

ter (not saline).
• Stop volatile anesthetics and succinylcholine.
• Hyperventilate with 100% oxygen.
• Administer 2.5 mg/kg dantrolene intravenously. Repeat as

necessary, titrated to signs of malignant hyperthermia (MH).
• Monitor core temperature, electrocardiogram, arterial

blood pressure, and urine output.
• Treat acidosis with bicarbonate if not rapidly improved

with dantrolene.
• Treat hyperkalemia with glucose, insulin, and calcium.
• Avoid calcium blockers. Persistent arrhythmias may be

treated with any other standard antiarrhythmic and usually
respond to correction of hyperkalemia and acidosis.

• If hyperthermic, cool by nasogastric, rectal lavage, and
surface cooling, but avoid overcooling.

After initial stabilization:
• Continue intravenous dantrolene for at least 24 h after

control of initial episode (approximately 1 mg/kg q 6 h).
• Watch for recrudescence by monitoring in an intensive

care unit (ICU) for 36 h. Recrudescence occurs in about
25% of MH cases.

• Avoid parenteral potassium.
• Ensure adequate urine output by hydration and diuretics

because myoglobinuria is common.
• Follow coagulation profile watching for the occurrence of

disseminated intravascular coagulation (DIC).
• Measure creatine kinase (CK) every 6 h until falling then

at least daily until normal. CK may remain elevated for 2
weeks. Recall that baseline CK may be elevated in some
patients.

• For further consultation during reaction, call MH hotline
at 1-800-MH-HYPER (800-644-9737), or 1-315-464-7079
if outside the U.S.A.

• Report acute MH episodes to the North American MH
Registry: 1-412-692-5464.

• Counsel patients and families regarding testing and future
anesthetics. (An excellent source of information is the
MHAUS website: http://www.mhaus.org.)

Source: Adapted from MHAUS website: http://www.mhaus.org/clinical_up-
date_2000.htm
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of a reaction using a trigger-free anesthetic is minimal. There
have been no reported cases of a MH reaction that has not re-
sponded to treatment with dantrolene. The administration of
dantrolene is not benign; in a volunteer study by Wedel et al.,
all subjects demonstrated side effects (visual symptoms, sub-
jective muscle weakness, dizziness, fatigue) after an intra-
venous dose of 3 mg/kg.50

Recent publications suggest restriction of dantrolene to treat-
ment of acute reactions,29 and the MHAUS clinical update
states that dantrolene prophylaxis is usually not indicated.43

Clinical Scenarios

Anticipating patient requirements is a hallmark of excellent
clinical care, and for the parturient, several clinical scenarios
are now discussed: labor and spontaneous vaginal delivery,
nonemergent cesarean section, emergent cesarean section, and
postpartum care.

Vaginal Delivery

Ideally, all MHS pregnancies should have an anesthesia con-
sult before the onset of labor. Once the parturient arrives on
the labor ward, the preparations already discussed should be
undertaken. Epidural analgesia is recommended to minimize
the stress of labor and to avoid the risk of general anesthe-
sia should an urgent operative delivery be required. Man-
agement of labor is per the obstetrician, and there is no con-
traindication to oxytocin. A high index of suspicion should
be maintained should the patient develop muscle aches/rigid-
ity, tachycardia above 120 bpm, or resting tachypnea. Recall
that low-grade intrapartum fever is common and may have
several etiologies including chorioamnionitis, dehydration,
or prolonged epidural analgesia.51 Fever is uncommonly 
a presenting sign of a MH reaction,52 and there is usually
significant metabolic derangement by the time a fever is 
manifest.

Any combination of local anesthetics or opioids is safe. Epi-
nephrine in the epidural solution is also safe but has no sig-
nificant benefit for labor analgesia and is therefore falling out
of favor.53 Nitrous oxide is not a trigger, and therefore a
N2O/O2 mix for labor analgesia (Entonox) is acceptable.

Nonemergent Assisted Delivery

Regional anesthesia, using either a spinal, epidural, or com-
bined technique, is again preferred for an instrumented or 
operative delivery. Maternal monitoring should include elec-
trocardiogram, pulse oximetry, blood pressure, and core tem-
perature. Continuous rectal temperature monitoring is pre-
ferred in the patient under neuraxial block, but if this is
technically unfeasible, frequent tympanic membrane temper-
atures will provide accurate trends. Some centers initially ad-
vocated arterial line monitoring, but most now consider non-

invasive monitoring acceptable.29 Arterial line monitoring
should be available if clinical conditions warrant its use.

The operating room should be prepared in the usual fash-
ion for an MHS patient; the MH cart should be available, and
aspiration prophylaxis provided. Although regional anesthe-
sia should be adequate for the delivery, one must always be
prepared to provide a trigger-free general anesthetic should
the block prove inadequate or a surgical complication occur.

Emergent Cesarean Section

An emergent cesarean for fetal distress is always a challeng-
ing event and is even more so with a MHS parturient. If an
epidural is in situ, it can be used to achieve rapid surgical
anesthesia, preferably with 3% chloroprocaine, which has 
a very short serum half-life and is not trapped in an acidotic
fetus.

Without an epidural, the anesthesiologist must decide be-
tween spinal and general anesthesia. Barring contraindications
to neuraxial block, this decision will be based on careful as-
sessment of the airway, the comfort of the anesthesiologist in
rapidly siting a needle into the subarachnoid space, and the
urgency of the delivery.

If general anesthesia is undertaken, preoxygenation with
four vital capacity breaths followed by a rapid sequence in-
duction with rocuronium is an effective alternative to suc-
cinylcholine. Good intubating conditions at 80 s and a dura-
tion of action of 33 min are achieved after a dose of 0.6 mg/kg
rocuronium.54 Anesthesia can be maintained with any com-
bination of oxygen, nitrous oxide, opioids, propofol, pen-
tothal, ketamine, etomidate, or benzodiazepines. A pure ni-
trous-narcotic technique is not recommended for reasons of
the increased risk of awareness.

Postpartum Care

Postoperative temperature monitoring for 4 h after surgery is
recommended by MHAUS. There are no guidelines for du-
ration of monitoring after an uneventful vaginal delivery in
MHS parturients, but 2 to 4 hours is recommended by some
and seems reasonable.29 Continuous temperature monitoring
may be difficult in this population, and intermittent tempera-

Box 16.2. Differential diagnosis of postpartum fever in a 
malignant hyperthermia susceptible (MHS) parturient.

Genital tract infection (e.g., endometritis)
Upper or lower respiratory tract infection
Cystitis/pyelonephritis
Mastitis
Thrombophlebitis (superficial or deep)
Wound infection
Adverse drug reaction
Other viral illness
Malignant hyperthermia
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ture readings every 30 to 60 min will detect significant
changes. Postpartum fever is common; although a high de-
gree of suspicion of MH must be maintained with these
women, other causes are also likely. A differential diagnosis
of postpartum fever occurring within 48 h of delivery in the
MHS parturient is listed in Box 16.2. The parturient should
be examined by both the anesthesiologist and obstetrician, and
there should be evidence of a hypermetabolic state or some
of the clinical indicators listed in Table 16.1 before dantro-
lene is started.

If a MH reaction occurs intrapartum, the parturient should
be in an intensive care unit setting for at least 36 h after de-
livery. Monitoring should include electrocardiogram, arterial
line for blood pressure, frequent bloodwork, central temper-
ature, and urine output. Dantrolene should be started imme-
diately and continued for at least 24 h. Recrudescence after
the initial crisis occurs in approximately 25% of cases52 and
may necessitate a second course of dantrolene. Genetic coun-
seling after an acute event is recommended for both the
proband and her family.

Summary

In summary, MH is an uncommon but potentially lethal dis-
ease. The mainstays of treatment are to avoid triggers in
known susceptible patients and to treat rapidly with dantro-
lene if a crisis occurs. Cooperation and communication be-
tween anesthesiologists, obstetricians, and nurses will help
manage these parturients. Vigilance and awareness on the part
of caregivers and the use of dantrolene have decreased fatal-
ity rates during the past 20 years.19 The Malignant Hyper-
thermia Association of the United States maintains an excel-
lent website with up-to-date information for both health care
providers and the public (www.mhaus.org).
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Hemoglobin Bart’s Hydrops Fetalis Syndrome
Easaw Thomas, George S.H. Yeo, and Tony Y.T. Tan 

Hydrops fetalis is the final pathway of many conditions that
leads to the accumulation of fluid in fetal tissues and body
cavities. Hydrops fetalis is diagnosed on ultrasound exami-
nation when the skin edema measured at the level of the skull
is more than 5 mm,1 with associated different serous effu-
sions, polyhydramnios, and increased placental thickness. The
incidence of hydrops as reported in neonatal series ranges
from 1 in 14752 to 1 in 3538.3 Because of the high rate of in-
trauterine deaths of such fetuses, these figures are underesti-
mations of the actual incidences.

The mechanisms causing hydrops fetalis are either im-
munologic or nonimmunologic. Erythroblastosis fetalis gen-
erally refers to an immune-mediated hemolytic disease of the
fetus characterized by the presence of erythroblasts in the fe-
tal circulation. The classical and most common type of eryth-
roblastosis fetalis is caused by rhesus alloimmunization, fol-
lowed by Kell antigen sensitization. The incidence of
erythroblastosis fetalis has been reduced dramatically by the
introduction of anti-D immunoglobulin in the 1960s.4 Al-
loimmunization of RhD-negative women carrying an RhD-
positive fetus has been reduced to less than 1%. With the re-
duction in cases of erythroblastosis fetalis and improvements
in neonatal care, the significance of the contribution of non-
immune hydrops fetalis toward perinatal mortality has de-
creased from 3% to 1%.5

The pathogenesis of nonimmune hydrops fetalis (NIHF) is
complex and may include a wide variety of mechanisms result-
ing from maternal, placental, or fetal disorders. Common causes
of NIHF include chromosomal, hematologic, and cardiovascu-
lar disorders and fetal infections. Less common causes include
fetal malformations of the thorax, disorders of the hepatobiliary,
gastrointestinal, and genitourinary systems, and placental disor-
ders such as chorioangiomas. Despite new and aggressive treat-
ments, such as surfactants, steroids, and high-frequency ventila-
tion, the overall outcome of the infant born with hydrops remains
poor; the mortality rate ranges from 50% to 100%.6

In Southeast Asian countries (such as Taiwan, Singapore,
Thailand, and Hong Kong), hemoglobin Bart’s hydrops fetalis
syndrome is the most common cause of NIHF, accounting for
20% to 80% of such cases.7–10 With the migration of Asian

populations into countries such as the United States,11 the
United Kingdom,12 and Australia,13 the syndrome is seen with
increasing frequency in these countries.14 With systematic de-
tection of homozygous �-thalassemia-1 in early pregnancy and
termination of such affected pregnancies, the incidence of Hb
Bart’s hydrops fetalis syndrome can be controlled.15

Terminology

Whipple and Bradford first coined the term “thalassa anaemia”
or “anaemia by the sea” in 1932 to associate the disease with
the Mediterranean area. At that time, most families with the dis-
ease were of Greek and Italian descent. It was discovered later
that thalassemia occurs in high frequency in Asia and Southeast
Asia as well, albeit thalassemia of a different variety.

Hemoglobin (Hb) Bart’s hydrops fetalis syndrome was first
described in 196016 in fetuses that suffered from severe ane-
mia, hypoxia, heart failure, and hydrops fetalis. These fetuses
usually died in utero or in the early neonatal period. They
were later found to be characterized by the absence of all four
�-globin genes on chromosome 16. Deletion of one or two
�-globin genes leads to asymptomatic carriers, whereas dele-
tion of three �-globin genes leads to a clinical condition called
HbH disease. HbH disease is a phenotypically heterogeneous
condition with mild to severe clinical presentation; blood
transfusion may be required for improvement in survival and
quality of life (Table 17.1).

The phenotypes and genotypes have been used inter-
changeably in various accounts of this condition. Hb Bart’s
hydrops fetalis syndrome is a clinical diagnosis made when
fetal hydrops is present and Hb Bart’s constitutes the major
hemoglobin in fetal blood. Homozygous �-thalassemia-1 
(� �/� �) is the genotype that causes Hb Bart’s hydrops fe-
talis. With better and earlier prenatal diagnosis of fetuses af-
fected by this condition, homozygous �-thalassemia-1 is of-
ten detected when the fetus has not shown any signs of
hydrops on ultrasound. To use the term hemoglobin Bart’s
hydrops fetalis syndrome in such a situation would therefore
not be literally correct.
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Epidemiology

�-Thalassemia is the most common genetic disease in the
world. Although �-thalassemia is commonly seen in Mediter-
ranean countries, Asia, and Southeast Asia (Figure 17.1), cases
of Bart’s hydrops fetalis are also commonly seen in Southeast
Asia and South China. This phenomenon can be explained by
an understanding of the population genetics of �-thalassemia.

Populations that have a high prevalence of heterozygous �-
thalassemia-1 (e.g., Chinese,18 Thais,19 Filipinos20) have a
higher prevalence of Bart’s hydrops fetalis. Those with a high
prevalence of only heterozygous �-thalassemia-2 (e.g., Indi-
ans,21 Italians,22 Africans,23 Arabs,24,25 Javanese from In-
donesia26) do not have a high prevalence of Bart’s hydrops
fetalis. HbH disease, however, has been reported in Israel,27

Italy,28 Cuba,29 Hong Kong,30 Taiwan,31 Thailand,32,33 In-
dia,34 and Saudi Arabia.24

Molecular Basis

The �-globin genes are found on the distal segment (p13.1-
pter) of the short arm of chromosome 16. The gene cluster is
made up of one embryonic �-globin gene, two �-globin genes,
and four pseudogenes. Unlike �-thalassemia, which results
most frequently from single nucleotide substitutions, �-tha-

lassemia is predominantly caused by large deletions within
the �-globin cluster. Common deletional mutations that cause
�-thalassemia-1 and �-thalassemia-2 are seen in Figures 17.2
and 17.3, respectively.17 Nondeletional mutations that mani-
fest as �-thalassemia-2 include Hb Constant Spring and Hb
Quong Sze (common in South Asia and Southeast Asia re-
gions),36 Hb Seal Rock,37 Hb Westmead,38 �Hph�, �Ncol�,
��Ncol, �lc�, and �TSaudi�.39

In Southeast Asia, the three common �-thalassemia muta-
tions are the ��SEA, ��FIL, and ��THAI deletions,
which are all heterozygous �-thalassemia-1 in the cis pattern.
The ��SEA (Southeast Asian type) deletion is 20.5 kb in
length; both �-globin genes are deleted, but the embryonic �-
globin gene is spared. It is commonly found in Hong Kong,40

Taiwan,41 Southern China,42 and Thailand.43,44 The preva-
lence rates of heterozygous carriers of �SEA deletion in these
countries range from 3.5% to 14.0%. About 5% of people of
Southeast Asian origin living in the United States were found
to be carriers of the ��SEA deletion.45 Homozygosity for
this deletion is the most common cause of the Hb Bart’s hy-
drops fetalis syndrome46 and was the first discovery of the
molecular basis for a human genetic disease.47 ��FIL (Fil-
ipino) and ��Thai mutations are large �-thalassemia dele-
tions in which all the �- and �-globin genes are deleted.48

In Mediterranean countries such as Cyprus,49 Greece,50

Italy,22 and Turkey,51 rare cases of Hb Bart’s hydrops fetalis

TABLE 17.1. Characteristics of different forms of �-thalassemia.

Number of
functional �- MCV MCH

Phenotype globin genes Clinical presentation (fL)17 (pg)17 Genotype Genetic description

Normal 4 None 85–100 �30 (��/��) Normal
Alpha-thalassemia 3 Asymptomatic 75–85 �26 (��/��) Heterozygous �-

trait-2 (��) thalassemia-2
Alpha-thalassemia 2 Asymptomatic 65–75 �22 (��/��) cis-�-Thalassemia trait 1

trait-1 (�0) (both genes deleted on
same chromosome) or
heterozygous �-
thalassemia-1

(��/��) trans-�-Thalassemia trait 1
(1 gene deleted on each
chromosome) or
homozygous �-
thalassemia-2

HbH disease 1 A phenotypically heterogeneous 60–70 �20 (��/��) Compound heterozygous �-
disease caused by genetic thalassemia-2 and �-
heterogeneity and characterized by thalassemia-1
chronic hemolytic anemia with
jaundice, hepatosplenomegaly,
folate deficiency, increased
susceptibility to infection; may
required blood transfusion and
splenectomy

Hb Bart’s hydrops 0 Fetal hydrops associated with 110–120 Reduced (��/��) Homozygous (�-
fetalis syndrome the finding of Hb Bart’s as the thalassemia-1

major hemoglobin (�80%) in
fetal blood

Hb, hemoglobin; MCV, mean cell volume; MCH, mean corpuscular hemoglobin.
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have been reported. These cases are caused by one of two
deletional mutations, ��MED and ��20.5. As these muta-
tions are quite rare, Bart’s hydrops fetalis syndrome is not
common in Mediterranean populations.

Pathophysiology

In normal fetal erythropoiesis (Figure 17.4), three embryonic
hemoglobins predominate during embryogenesis: Hb Gower
1 (�2�2), Hb Gower 2 (�2�2), and Hb Portland 1 (�2�2). As
the production of embryonic �- and �-globin chains switches
to �-globin chains, the embryonic globin chains become al-
most undetectable by 6 to 7 weeks, and HbF (�2�2) pre-
dominates as the major hemoglobin in the fetus from then on.

In fetuses with homozygous ��SEA deletions, Hb Port-

land 1 (�2�2) remains the major hemoglobin present; it is ex-
pressed at very low levels after the switch to �-globin syn-
thesis in the fetus, with Hb Portland 2 (�2�2) being produced
to a much lesser extent later. Although these Hb Portlands 1
and 2 can delivery oxygen to fetal tissues, the amounts of
these hemoglobins are insufficient to keep pace with the needs
of the fetus. Thus, the fetus is exposed to severe anemia at a
very early stage in utero.

In fetuses with homozygous ��FIL or ��Thai deletions
where the entire �- and �-globin gene clusters are lacking, only
homotetrameric �4 and Hb Bart’s (�4) are present. As these
hemoglobins have very high oxygen affinity, they are incapable
of oxygen delivery to tissues in the rapidly growing embryo.
These conceptuses generally miscarry after succumbing to se-
vere hypoxia early in gestation. Hence, they do not present with
the Hb Bart’s hydrops fetalis syndrome.14 However, fetuses

1-15%
–MED

-� 3.7 I

5-15%

5-80%

–SEA
-� 3.7 I

-� 3.7 I
-� 4.2

�T�

5-40%
(-� 3.7 I)

60%
(-� 3.7)
(�T�)

40-80%
(-� 3.7 I)

 �� Thalassaemia

�0 Thalassaemia

FIGURE 17.1. Worldwide distribution of �-
thalassemia. (From Weatherall DJ. Tha-
lassemia in the next millennium. Keynote
address. Ann NY Acad Sci 1998;850:1–
9,35 with permission.)

FIGURE 17.2. Mutations causing �-thalassemia-1 (�0). (From Higgs DR, Vickers MA, Wilkie AO, et al. A review of the molecular ge-
netics of the human alpha-globin gene cluster. Blood 1989;73(5):1081–1084, with permission.)
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that are compound heterozygous for ��SEA and ��FIL dele-
tions, or ��SEA and ��Thai deletions may still develop the
Hb Bart’s hydrops fetalis syndrome.

The situation in homozygous �-thalassemia-1 is thus dif-
ferent from that of �-thalassemia major in a few aspects. The
switch to �-globin chain synthesis usually remains incomplete
during the first year after birth. Therefore, the fetus with ho-
mozygous �-thalassemia is not exposed to intrauterine hy-
poxia from early gestation, and the clinical manifestations
may be ameliorated by the sustained synthesis of fetal he-
moglobin during the first 6 months of life.

Strategy to Reduce Problems Associated
with Homozygous �-Thalassemia-1

The ultimate goal of prenatal diagnosis for �-thalassemia is
the reduction of perinatal mortality and maternal morbidity

and mortality resulting from pregnancies with Bart’s hydrops
fetalis. This goal can be achieved by the following strategy:

a. Identification of carriers on routine antenatal blood tests
b. Genetic counseling of at-risk couples
c. Prenatal diagnosis
d. Counseling for further management: timely termination of

affected pregnancies must be offered.

In non-Asian countries such as Canada53 and the United
Kingdom,54 �-thalassemia carriers are often discovered in the
second or third trimester after the diagnosis of fetal hydrops
has been made. In these antenatal populations, at-risk couples
are not identified before or early in pregnancy. Although hos-
pital-based screening and prenatal diagnosis have been avail-
able for many years in Hong Kong, it is estimated that 34.5%
of pregnancies that are at risk for homozygous �-thalassemia
are not referred for prenatal diagnosis.40 Thus, there is an ur-
gent need for a community-based program of education,
screening, and counseling, especially where the disease is
prevalent or within certain ethnic groups in the area.

Identifying the Carrier Parents

The laboratory diagnosis of �-thalassemia carriers is of grow-
ing importance,65 particularly because early prognosis of ho-
mozygous �-thalassemia-1 provides an option for safe termi-
nation of affected pregnancies that are universally lethal.

Red Cell Indices

Initial screening for the �-thalassemia trait is by red cell in-
dices. Microcytosis can be caused by iron deficiency anemia,
�-thalassemia, �-thalassemia, or other structurally abnormal
hemoglobinopathies.56 Most laboratories use mean cell vol-
ume (MCV) alone (�75–80 fL), some use mean corpuscular
hemoglobin (MCH) alone (�25 pg), and others use both MCV
and MCH. More than 99% of �-thalassemia trait-1 has an
MCH below 25 pg; in occasional cases of �-thalassemia trait
1, MCH may be between 25 and 26 pg.

FIGURE 17.3. Mutations causing �-thalassemia-2 (��).
(From Higgs DR, Vickers MA, Wilkie AO, et al. A
review of the molecular genetics of the human alpha-
globin gene cluster. Blood 1989;73(5):1081–1084,
with permission.)
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FIGURE 17.4. Normal fetal erythropoiesis. (From Olivieri NF. Fetal
erythropoiesis and the diagnosis and treatment of hemoglobin dis-
orders in the fetus and child. Semin Perinatol 1997;21(1):63–69, with
permission.)
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In countries such as Singapore,57 Hong Kong,58 and
Thailand,15 antenatal screening for both �- and �-tha-
lassemias by MCV has been practiced for more than 10
years and has been found to be simple, effective, and reli-
able. Remarkably, unpublished data from one of the au-
thors (G.S.H. Yeo) show that the MCV distribution of �-
thalassemia-1 carriers and �-thalassemia minor are similar
and are almost always less than 75 fL (Figure 17.5). Hence,
the ROC (receiver operating characteristic) curve of MCV
distribution for �-thalassemia-1 carriers is expected to cor-

relate very closely to that for �-thal-assemia carriers (Fig-
ure 17.6).

A simple screening program to detect carriers of thal-
assemia traits at risk for producing offspring with severe thal-
assemia can therefore be easily implemented (Figure 17.7).
This plan requires that routine complete blood counts with
blood indices be done at least once for both partners by the
first antenatal booking visit. A cutoff value of MCV below
80 fL would detect almost all cases of �-thalassemia-1 carri-

�
�

�

�

FIGURE 17.5. Mean corpuscular volume (MCV) distribution of �-1
and �-thalassemia carriers. FIGURE 17.6. Receiver operating characteristic (ROC) curve of

MCV for �-thalassemia carriers.

Both abnormal Hb
electrophoresis

(with or without double
microcytosis)

See Figure 17.8 See Figure 17.9

CBC of both partners taken
at antenatal booking

1 or both partners
with MCV < 80 fl

Hb electrophoresis of
both partners

Both partners with
MCV >= 80 fl

Double microcytosis
(both MCV < 80 fl),

without both abnormal
Hb electrophoresis

Both normal Hb
electrophoresis and not

double microcytosis

No intervention required

No intervention required

FIGURE 17.7. Screening algorithm for thalassemia
in KK Hospital, Singapore.
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ers and �-thalassemia minor. This procedure would allow the
early detection of pregnancies at risk of producing severe thal-
assemia in the offspring, which would facilitate prenatal di-
agnosis of the pregnancy and legal termination of affected
pregnancies before 24 weeks of gestation. Such a screening
program would not, however, be effective in diagnosing preg-
nancies at risk of having fetuses with HbH disease because it
detects only some carriers of �-thalassemia-2 whose MCV
may range from 75 to 85 fL. Utilizing a higher MCV cutoff
value to detect all �-thalassemia-2 carriers would, however,
result in a higher false-positive rate for the test.

Hemoglobin Electrophoresis

If one or both partners show microcytosis on blood indices,
Hb electrophoresis of both partners should be performed ur-
gently to diagnose �-globin chain abnormalities, and the preg-
nancy should be managed accordingly if both partners were
found to have such a condition (Figure 17.8).

Hemoglobin electrophoresis can be done on cellulose ac-
etate at an alkaline pH of 8.2 to 8.6. Electrophoresis on cit-
rate agar or agarose gel at an acidic pH of 6.0 to 6.2 can also
be used as a supplement as it can identify some high-affinity
hemoglobins that have abnormal mobility at acid pH but nor-
mal mobility at alkaline pH. HbA2 can be quantified by mi-
crocolumn chromatography or high performance liquid chro-
matography (HPLC). An elevated HbA2 level is used to
diagnose a carrier of the �-thalassemia mutation. A normal
Hb electrophoresis result does not exclude the condition of
�-thalassemia carrier.

Other Tests of Differentiation

During her reproductive years, the female is at risk of iron de-
ficiency anemia, being exposed to blood losses from menses be-
fore pregnancy and the additional demand of the fetus for iron

during pregnancy. The laboratory diagnosis of iron deficiency
anemia usually requires low plasma ferritin, low serum iron,
high serum transferrin, low hemoglobin, and low MCV levels.
Plasma ferritin is the earliest biochemical analyte to decrease in
iron deficiency anemia. As it is an acute-phase reactant, its lev-
els may rise to normal or even higher values in the presence of
inflammation and hence confuse the laboratory picture. It is un-
usual for the male who consumes a well-balanced diet to suf-
fer from iron deficiency, and thalassemia is therefore a diagno-
sis to be excluded in the male showing microcytosis.

Differential red cell distribution initially showed promise
of segregating iron deficiency anemia from thalassemia. How-
ever, with the availability of modern hematology machines,
the evaluation of differential red cell distribution is rarely per-
formed as it is unreliable in most laboratories.

HbH inclusion bodies (precipitates of �4 tetramers) can be
seen in adult carriers of �-thalassemia mutations when he-
moglobin is incubated with a redox agent such as brilliant cre-
osol blue dye. This search is laborious, and the results are
highly observer dependent. However, certain laboratories
have reported it as a highly accurate method of diagnosing �-
thalassemia in the absence of coexisting HbE hemoglo-
binopathy or �-thalassemia.59

Diagnosis of �-Thalassemia 
(Including DNA Analysis)

In communities with high prevalence rates of �-thalassemia,
the need to perform the gold standard investigations of he-
moglobin electrophoresis and serum iron or plasma ferritin to
differentiate these conditions should not be allowed to delay
the diagnosis of �-thalassemia carriers, as it would compro-
mise the window of opportunity for first trimester prenatal di-
agnosis and early decision for selective termination of affected
pregnancies. If a routine complete blood count shows normal

Counsel for invasive 
prenatal diagnosis

(CVS/FBS with RFLP or
globin chain analysis)

Both with abnormal Hb
electrophoresis

Any other combination 
of beta thalassemia,

beta-delta thalassemia, and 
HbE hemoglobinopathy

Both with HbE
hemoglobinopathy only

No need for intervention 
as homozygous HbE

hemoglobinopathy is a
relatively benign clinical

condition

HbA2 raised (alpha2 delta2):
beta thalassemia

HbF raised (alpha2 gamma2):
beta thalassemia or 
beta-delta thalassemia

HbE detected:
Homozygous/heterozygous
HbE hemoglobinopathy

FIGURE 17.8. Management algorithm for �-thal-
assemia and �-chain hemoglobinopathy.
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or low normal Hb and low MCV and the Hb electrophoresis
shows normal HbA2, �-thalassemia is the presumptive diag-
nosis. The presence of the �-thalassemia trait itself does not
exclude the simultaneous presence of the �-thalassemia trait;
7% of �-thalassemia carriers in Hong Kong were subse-
quently found to be double heterozygous for �-thalassemia-
1 and �-thalassemia minor.60 A DNA study should be done
to determine the genotype of the partners with presumptive
diagnosis of �-thalassemia-1 (Figure 17.9). Using a new
method of polymerase chain reaction technique that utilizes
three primers bridging the breakpoints, the antenatal diagno-
sis of deletional �-thalassemia of the Southeast Asian type
(��SEA) can be achieved. There is also a rapid method for
the detection of the common �-thalassemia deletions by mul-
tiplex polymerase chain reactions.61

The polymerase chain reaction (PCR) is a very sensitive
diagnostic tool, but its specificity may be hampered because
of contamination by foreign DNA, and misdiagnosis may oc-
cur.62 Misdiagnosis of affected and normal fetuses as het-
erozygotes may result from maternal DNA contamination,
whereas misdiagnosis of heterozygotes as normal or affected
may result from a failed PCR. Although laborious and time

consuming, the Southern hybridization analysis should also
be done to complement the findings of the PCR to reduce the
potential misdiagnoses.

Genetic Counseling

Hemoglobin (Hb) Bart’s hydrops fetalis syndrome is charac-
terized by the loss of all four �-globin gene loci (��/��)
or homozygous �-thalassemia-1. It results from the inheri-
tance of the genes from both parents who are trans-�-tha-
lassemia trait 1 or heterozygous �-thalassemia-1 (��/��).
Clinically, the fetus is profoundly anemic, and the major com-
ponent of the hemoglobin is Bart’s hemoglobin (�4), which
is functionally useless for oxygen transfer. The endpoint is
almost always death in utero or in the early neonatal period;
the presence and amount of hemoglobin Portland determines
the length of survival of the fetus.

The issue of prenatal diagnosis mainly arises when both
parents are heterozygous �-thalassemia-1 (��/��). It should
thus be impressed upon the parents that there is a 25% chance
of the fetus being homozygous �-thalassemia-1, which would
eventually present as Bart’s hydrops, and a 75% chance that

Ultrasound features
suggestive of early 

hydrops fetalis

No need for intervention

1 partner with
abnormal

Hb electrophoresis*

*The possibilities in 
  the couple include:
  1. alpha, alpha-beta
  2. alpha, beta
  3. alpha HbE

Combination (1) has a 25% risk for 
having a fetus with homozygous
alpha thalassemia-1. The rarity of
this combination and the difficulty 
of differentiating (1) from (2) or (3)
implies that a noninvasive prenatal
diagnostic method for this group is
probably best

Double microcytosis
(both with MCV < 80 fl),

without both abnormal Hb
electrophoresis

Offer prenatal diagnosis 
for homozygous alpha

thalassemia trait 1

Both partners with
cis-alpha

thalassemia trait 1

Either

Ultrasound study to look
for features of hydrops

fetalis at 20 weeks

0 or 1 partner
with cis-alpha

thalassemia trait 1

Neither partner with
abnormal 

Hb electrophoresis

DNA analysis of both 
partners for 

alpha thalassemia

No features of 
hydrops fetalis

Invasive prenatal diagnosis
(CVS/amniocentesis/FBS
with PCR and/or Southern

hybridization

No need for intervention

FIGURE 17.9. Management algo-
rithm for �-thalassemia. CVS, chori-
onic villus sampling; MCV, mean
corpuscular volume; PCR, poly-
merase chain reaction.
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the fetus would be clinically asymptomatic (50% chance of
being heterozygous �-thalassemia-1 and 25% chance of be-
ing normal genotypically). If both parents carry the ��FIL
or ��Thai deletions, there would be no need for invasive
prenatal diagnosis, as affected pregnancies invariably mis-
carry early in gestation.

Genetic counseling for the pregnancy at risk of producing
offspring with HbH disease is fraught with more difficulties.
If the parents are carriers of cis-�-thalassemia-1 (��/��) and
�-thalassemia-2 (��/��), there is a 25% chance of the fetus
being afflicted with HbH disease. If the parents are carriers
of cis-�-thalassemia-1 (��/��) and trans-�-thalassemia-1
(��/��), there is a 50% chance of the fetus being afflicted
with HbH disease. If both parents are carriers of trans-�-tha-
lassemia-1 (��/��), then there is a 100% chance that the fe-
tus would also be trans �-thalassemia-1 (��/��), which is
asymptomatic and of no clinical consequence. The main dif-
ficulty in counseling about HbH disease is the phenotypic het-
erogeneity, a consequence of its genetic heterogeneity30; some
with HbH disease are symptomatic, whereas others are trans-
fusion dependent. A careful assessment of the family history
and counseling by the clinical geneticist is thus invaluable.

Prenatal Diagnosis of Bart’s Hydrops

Presentation at Third Trimester (Beyond 24 Weeks 
of Gestational Age)

Clinical presentation is often that of a hydropic fetus when
both parents have low MCV on blood tests. In addition to
this, the mother may have problems of preterm labor and
preeclampsia with gross edema in excess of that expected for
the degree of hypertension.

Sonographic features are typical of fetal anemia.63 In Bart’s
hydrops fetalis, findings in most (�90%) cases included he-
patosplenomegaly, cardiac enlargement, edematous placenta,
and fetal ascites. Common findings include oligohydramnios
(82%), subcutaneous edema (75%), decreased fetal movement
(74%), cord edema (63%), and enlarged umbilical vessels
(62%). Pericardial or pleural effusion was seen in only 15%
of cases.

When the presentation is such, chorionic villus sampling
(CVS) is usually done for DNA study. Although cordocente-
sis can be done to obtain fetal blood for evaluation, it is as-
sociated with much higher fetal loss rates.

Presentation Before 24 Weeks

At-risk couples who present early in pregnancy should be of-
fered choices of noninvasive or invasive prenatal diagnostic
methods.

Ultrasonographic Prediction

Serial ultrasound examinations at 12 to 14 weeks and 20 to
22 weeks (including a fetal anomaly survey) can be performed

to measure the cardiothoracic ratio and placental thickness
and to detect other ultrasound markers. Once ultrasound find-
ings suggestive of early hydrops fetalis are detected, invasive
procedures may then be offered to confirm the diagnosis of
Bart’s hydrops. Although this option allows a reduction of in-
vasive procedures for the diagnosis of Bart’s hydrops (and
the laboratory resources and procedural-related fetal losses
that accompany them), it often delays the termination for fe-
tuses with homozygous �-thalassemia-1.

Ultrasonographic cardiothoracic ratio measurement has
been shown to be reliable at 13 to 14 weeks and at 17 to 18
weeks to predict a fetus with Bart’s hydrops fetalis.64 Using
a cardiothoracic ratio cutoff level of 0.5 or more, 75% of af-
fected pregnancies were detected at 13 to 14 weeks, and all
cases were detected at 17 to 18 weeks. False-positive rates
were 7% and 8%, respectively. Sensitivity and specificity of
100% using a cardiothoracic ratio greater than 0.5 for the dis-
ease have also been reported.65 However, practical difficul-
ties in defining the planes and boundaries of the fetal heart at
12 to 13 weeks limit the usefulness of the test at this time.

Placental thickness has been measured by ultrasound at 10
to 21 weeks gestation to detect Hb Bart’s hydrops fetalis.66

Using a cutoff of mean placental thickness (for the relevant
gestational age) plus 2 SD, the sensitivity in detecting affected
pregnancies increase with gestation age: 0.72 (before 12
weeks), 0.95 (after 12 weeks), and close to 1.0 (by 18 weeks).
The specificity remained unchanged at 0.97.

In addition to cardiothoracic ratio and placental thickness
to detect early changes of hydrops, other nonspecific changes
of hydrops should also be investigated. Ultrasound markers
that are found more frequently in fetuses with Bart’s hydrops
include increased nuchal translucency, echogenic bowel, limb
reduction defects, and increased forward flow through the
ductus venosus.

Nuchal translucency (NT) has been investigated as a pos-
sible ultrasound marker for fetuses with Bart’s hydrops fe-
talis at 12 to 13 weeks. Although NT of fetuses with Bart’s
hydrops fetalis was grossly thickened in some fetuses at 13
weeks, as a group, the average increase is 0.3 to 0.4 mm; the
overlap of NT was too extensive between cases and controls.67

Our own experience with the measurement of NT between 10
to 14 weeks using a cutoff of NT greater than 2.5 mm for the
diagnosis of fetuses with Bart’s hydrops fetalis was dismal.
Although the positive predictive value was high (both fetuses
with NT �2.5 mm were subsequently diagnosed to have ho-
mozygous �-thalassemia-1), the negative predictive value was
73.3% (4 of the 51 with NT �2.5 mm were subsequently di-
agnosed to have homozygous �-thalassemia-1). This limita-
tion precludes the use of first trimester NT measurement as
an exclusive test to differentiate affected from nonaffected fe-
tuses. Aneuploidy would also have to be considered in cases
with thickened NT.

Fetal echogenic bowel has been observed in fetuses with
meconium peritonitis, cystic fibrosis, aneuploidy, congenital
viral infection, and intrauterine growth restriction. Lam et al.
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documented the strong association of echogenic bowel in fe-
tuses with Bart’s hydrops fetalis, the finding being present in
31% of such fetuses in the first and second trimesters.68 Fe-
tal echogenic bowel may therefore serve as a marker for Bart’s
hydrops fetalis in the first and second trimesters.

Limb reduction defect is rare, but terminal transverse limb
reduction defects were found in 8% of Bart’s hydrops fe-
talis.69 The sonographic identification of limb reduction de-
fects thus may be a specific marker of Hb Bart’s disease.70

The usefulness of fetal ductus venosus Doppler velocime-
try to detect such affected fetuses at 12 to 13 weeks of ges-
tation was also studied.71 Although the affected fetuses had
significantly increased forward flow velocities in the ductus
venosus throughout the cardiac cycle, extensive overlap of
this index between affected and unaffected fetuses precludes
its use in predicting anemia at 12 to 13 weeks.

Invasive Diagnostic Methods

All invasive diagnostic methods are associated with the po-
tential for fetal loss. However, these methods allow early di-
agnosis of pregnancies with Bart’s hydrops fetalis and early
termination of such affected pregnancies.

Chorionic villus sampling can be performed from 10 weeks
gestation onward. The chorionic villus sample could be ana-
lyzed for DNA by PCR with specific probes and Southern hy-
bridization; it can also be analyzed for fetal karyotype. CVS
is associated with 1% to 2% procedure-related fetal loss rate
with confined placental mosaicism in occasional cases. As
CVS can be performed as early as 10 weeks gestation, it has
the advantage of allowing for termination of pregnancy by
suction curettage in the first trimester.

Amniocentesis is performed from 15 weeks onward; it is
associated with a lower procedure-related fetal loss rate, 0.5%
to 1%. DNA from amniotic cells can then be amplified with
PCR and analyzed with probes and Southern hybridization.

Cordocentesis is usually performed after 18 weeks. It is as-
sociated with procedure-related fetal loss rates of 2% to 5%
(up to 50% for a hydropic fetus). Fetal blood for hemoglobin
level study and hemoglobin electrophoresis can confirm the
diagnosis. This diagnostic approach may however be of par-
ticular value in areas where resources for molecular studies
are limited. DNA-based analysis of the fetal blood can also
be undertaken to define the genetic diagnosis.

Counseling for Further Management

Fetal Considerations

Termination of pregnancy is an option, even if the condition
is diagnosed in the third trimester, when the fetus is diagnosed
to be homozygous �-thalassemia-1. Previously all such fe-
tuses had a uniform prognosis: death in utero or in the early
neonatal period.

There have been some cases of homozygous �-thalassemia-
1 who survived beyond the neonatal period with in utero fe-

tal blood transfusion or postnatal transfusion. There is much
heterogeneity in the presentation of Hb Bart’s hydrops fetalis
syndrome, but such a degree of prenatal compensation is very
rare; survival with such prenatal rescue has been undepend-
able, with high psychosocial consequences. Chui and Waye
summarized the outcome for six such children who survived
with homozygous �-thalassemia-1.14 Most of these newborns
had severe neonatal complications, and only two were found
to have apparently normal development on follow-up at a few
years old. Nevertheless, the successful management of �-thal-
assemia major that has prolonged survival and improved qual-
ity of life has given the clinician valuable experience. These
patients may potentially enjoy a similar favorable outcomes
from a program of regular blood transfusions with effective
iron-chelating therapy.

Allogeneic bone marrow transplantation has been per-
formed in some cases, with failures reported in most of these
experiments. It may, however, offer a cure for such patients
in future.72–74

Gene therapy offers little hope of cure in the near future.
It has not been used in homozygous �-thalassemia-1 yet, and
little progress has been made for its use in patients with �-
thalassemia major and sickle cell disease despite 10 years of
experience. Shortcomings in all gene transfer vectors and an
inadequate understanding of the biological interactions of
these vectors with the host remain the major difficulties in
gene therapy.75

Such heroic measures must remain experimental. These
newborns often have serious neonatal complications. Some
suffer delays in cognitive and motor functions, and many have
associated congenital structural abnormalities. Transverse ter-
minal limb defects are strongly associated with Bart’s hy-
drops. Male survivors have hypospadias: the failure of proper
fusion of the urogenital folds may be secondary to the de-
velopment of the hydrops or to a gene defect located at the
chromosome 16p13.3 region. These gross abnormalities must
be made known to the parents if such an option is deliber-
ated. Ethical and health cost considerations remain debatable
issues in such a treatment program. More benefit would be
derived from resources that support an effective thalassemia
screening program.

Maternal Complications

In additional to a poor prognosis for the fetus, there are ma-
ternal complications secondary to fetal hydrops.

The maternal mirror syndrome is one of the complications.
It is a type of preeclampsia characterized by an extremely
rapid onset and rapid deterioration, tending to happen only if
the placenta is grossly edematous. Other complications in-
clude maternal anemia, pregnancy-induced hypertension, and
antepartum hemorrhage. Complications such as malpresenta-
tion, prematurity, nonreassuring fetal heart rate pattern, and
difficult vaginal delivery can lead to a higher cesarean deliv-
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ery rate in these women. Retained placenta and postpartum
hemorrhage are also more frequent in these parturients.

Anesthetic Management

The anesthesiologist may be involved in the management of
a fetus with Bart’s hydrops during the delivery process. In the
future, when ex utero continuity of quality life is a norm with
gene therapy or stem cell transplant, in utero transfusion may
be an acceptable prenatal therapeutic procedure. In utero
transfusion is sometimes performed with the use of a muscle
relaxant for the fetus. Pancuronium, 0.3 mg, has been used,
but most currently available relaxants are applicable (e.g.,
atracurium, cis-atracurium, miracurium, rocuronium) if re-
quired; this prevents the fetus from making sudden move-
ments that may dislodge the intravascular needle from the um-
bilical vein or even cause laceration of the vessels. Maternal
sedation is seldom needed and can be achieved with benzo-
diazepines (diazepam, midazolam), short-acting opioids (fen-
tanyl, alfentanil, remifentanil), or propofol. The anesthesiol-
ogist has a role in monitoring the mother and providing the
sedation (monitored anesthetic care or intravenous sedation).

If a cesarean section is necessary, it is imperative that ma-
ternal hypotension is avoided. In addition to general anesthe-
sia, the low-dose, low-concentration combined spinal-
epidural (CSE) technique as described by Rawal76 may be
useful in this situation. The author’s (E. Thomas) experience
with intrathecal bupivacaine 0.125% 4 mL plus fentanyl 10
to 15 �g was excellent in terms of cardiovascular stability.77

The patient is first transfused with 0.5 to 1 L Ringer’s lac-
tate unless she has cardiac problems or any contraindication
to a fluid load. When the procedure is completed, the patient
is turned to the supine position with a left uterine displace-
ment. If the sensory level is at T10 or lower, lidocaine 0.5%,
2 to 4 mL, is introduced through the epidural catheter to ex-
tend the block. Generally only up to 4 mL 1.5% lidocaine is
necessary; 0.25% bupivacaine can also be used. Ephedrine,
in 5-mg increments, is used to treat maternal hypotension re-
sulting from sympathetic blockade.

Recently, some interest in this field has been generated by
Vercauteren et al. on preloading and small-dose neuraxial
block,78 lending credence to the proposal that the low-dose
sequential CSE technique is suited for compromised mothers
and fetuses presenting for cesarean section. A sequential CSE
will be the anesthesia of choice for the foreseeable future.79,80

Analgesia for labor can be administered via a lumber
epidural/CSE or systemic opioids.

Termination of the pregnancy is the most common man-
agement for a Bart’s hydrops. Depending on other prob-
lems associated with the pregnancy (e.g., placenta previa
major, polyhydramnios, severe preeclampsia, postpartum
hemorrhage), general or regional anesthesia could be ad-
ministered for the procedure with the caveat of avoiding
hypotension.

Summary

Bart’s hydrops fetalis is a common disease in people of South-
east Asian origin. With the increasing migration of these pop-
ulations to other parts of the world, it is important for all those
involved in the care of obstetric population to be familiar with
the management of such cases. One must pay particular at-
tention to the blood indices available on the complete blood
counts that are performed routinely in all obstetric cases.
Choices must be made available to at-risk pregnancies.
Timely termination of affected pregnancies would reduce the
perinatal mortality and maternal morbidity associated with
Bart’s hydrops fetalis. Affected pregnancies that progresses
to the third trimester may be associated with maternal com-
plications such as preeclampsia-like disease, anemia, and
postpartum hemorrhage. With further research into in utero
therapy, bone marrow transplantation, stem cell transplant,
and gene therapy, in the future, fetuses with Bart’s hydrops
may survive with a good outcome.

References

1. Fleischer AC, Killam AP, Boehm FH, et al. Hydrops fetalis: sonographic
evaluation and clinical implications. Radiology 1981;141(1):163–168.

2. Poeschmann RP, Verheijen RH, Van Dongen PW. Differential diagno-
sis and causes of non-immunological hydrops fetalis: a review. Obstet
Gynecol Surv 1991;46:223–231.

3. Macafee CA, Fortune DW, Beischer NA. Non-immunological hydrops
fetalis. J Obstet Gynaecol Br Commonw 1970;77:226–237.

4. Wysowski DK, Flynt JW Jr, Goldberg MF, Connell FA. Rh hemolytic
disease. Epidemiologic surveillance in the United States, 1968 to 1975.
JAMA 1979;242(13):1376–1379.

5. Andersen HM, Drew JH, Beischer NA, et al. Non-immune hydrops fe-
talis: changing contribution to perinatal mortality. Br J Obstet Gynaecol
1983;90(7):636–639.

6. Wy Ca, Sajous CH, Loberiza F, Weiss MG. Outcome of infants with a
diagnosis of hydrops fetalis in the 1990s. Am J Perinatol 1999;16(10):
561–567.

7. Yang YH, Teng RJ, Tang JR, et al. Etiology and outcome of hydrops fe-
talis. J Formos Med Assoc 1998;97(1):16–20.

8. Anandakumar C, Biswas A, Wong YC, et al. Management of non-im-
mune hydrops: 8 years’ experience. Ultrasound Obstet Gynecol 1996;
8(3):196–200.

9. Thumasathit B, Nondasuta A, Silpisornkosol S, et al. Hydrops fetalis as-
sociated with Bart’s hemoglobin in northern Thailand. J Pediatr
1978;73(1):132–138.

10. Liang ST, Wong VC, So WW, et al. Homozygous alpha-thalassaemia:
clinical presentation, diagnosis and management. A review of 46 cases.
Br J Obstet Gynaecol 1985;92(7):680–684.

11. Heer N, Choy J, Vichinsky EP. The social impact of migration on dis-
ease. Cooley’s anemia, thalassemia, and new Asian immigrants. Ann NY
Acad Sci 1998;850:509–511.

12. Petrou M, Brugiatelli M, Old J, et al. Alpha thalassaemia hydrops fetalis
in the UK: the importance of screening pregnant women of Chinese, other
South East Asian and Mediterranean extraction for alpha thalassaemia
trait. Br J Obstet Gynaecol 1992;99(12):985–989.

13. Prior JF, Jury KL, Erber WN. Alpha thalassaemia in western Australia.
Br J Haematol 1999;105(suppl 1):81.

14. Chui DHK, Waye JS. Hydrops fetalis caused by alpha thalassaemia: an
emerging health care problem. Blood 1998;91(7):2213–2222.

ak
us

he
r-li

b.r
u



17. Hemoglobin Bart’s Hydrops Fetalis Syndrome 263

15. Tongsong T, Wanapirak C, Sirivatanapa P, et al. Prenatal eradication of
Hb Bart’s hydrops fetalis. J Reprod Med 2001;46(1):18–22.

16. Lie-Injo LE. Alpha-chain thalassemia and hydrops fetalis in Malaya: re-
port of five cases. Blood 1962;20:581.

17. Higgs DR, Vickers MA, Wilkie AO, et al. A review of the molecular ge-
netics of the human alpha-globin gene cluster. Blood 1989;73(5):
1081–1084.

18. Xu XM, Cai XH, Li J. Molecular screening and prenatal diagnosis of the
deletional alpha-thalassemia by polymerase chain reaction amplification.
Zhonghua Yi Xue Za Zhi 1994;74(8):495–497.

19. Lemmens-Zygulska M, Eigel A, Helbig B, et al. Prevalence of alpha-
thalassaemias in northern Thailand. Hum Genet 1996;98(3):345–347.

20. Ko TM, Hwa HL, Liu CW, et al. Prevalence study and molecular char-
acterization of alpha-thalassemia in Filipinos. Ann Hematol 1999;78(8):
355–357.

21. Desai S, Colah R, Gupte S, Mohanty D. Is cellulose acetate elec-
trophoresis a suitable technique for detection of Hb Bart’s at birth? Hum
Hered 1997;47(4):181–184.

22. Galanello R, Sanna MA, Maccioni L, et al. Fetal hydrops in Sardinia:
implications for genetic counselling. Clin Genet 1990;38(5):327–331.

23. Mockenhaupt FP, Falusi AG, May J, et al. The contribution of alpha�-
thalassaemia to anaemia in a Nigerian population exposed to intense
malaria transmission. Trop Med Int Health 1999;4(4):302–307.

24. Pressley L, Higgs DR, Clegg JB, et al. A new genetic basis for hemo-
globin-H disease. N Engl J Med 1980;303(24):1383–1388.

25. El-Kalla S, Baysal E. Alpha-thalassemia in the United Arab Emirates.
Acta Haematol 1998;100(1):49–53.

26. Tan JA, Tay JS, Soemantri A, et al. Deletional types of alpha-thalas-
saemia in Central Java. Hum Hered 1992;42(5):289–292.

27. Tamary H, Klinger G, Shalmon L, et al. The diverse molecular basis and
mild clinical picture of HbH disease in Israel. Ann NY Acad Sci
1998;850:432–435.

28. Galanello R, Aru B, Dessi C, et al. HbH disease in Sardinia: molecular,
hematological and clinical aspects. Acta Haematol 1992;88(1):1–6.

29. Martinez G, Ferreira R, Hernandez A, et al. Molecular characterization
of HbH disease in the Cuban population. Hum Genet 1986;72(4):
318–319.

30. Chen FE, Ooi C, Ha SY, et al. Genetic and clinical features of hemoglo-
bin H disease in Chinese patients. N Engl J Med 2000;343(8):544–550.

31. Yang CP, Hung IJ. Hematological data analysis in children with thal-
assemia trait or hemoglobin H disease in Taiwan. J Formos Med Assoc
1991;90(6):591–597.

32. Bunyaratvej A, Butthep P, Fucharoen S, Saw D. Erythrocyte volume and
haemoglobin concentration in haemoglobin H disease: discrimination be-
tween the two genotypes. Acta Haematol 1992;87(1-2):1–5.

33. Wongchanchailert M, Laosombat V, Maipang M. Hemoglobin H disease
in children. J Med Assoc Thail 1992;75(11):611–618.

34. Basu D, Singh T, Chopra K, et al. Hemoglobin H disease: a report of
five cases. Indian Pediatr 1993;30(6):791–793.

35. Weatherall DJ. Thalassemia in the next millennium. Keynote address.
Ann NY Acad Sci 1998;850:1–9.

36. Ko TM, Xu X. Molecular study and prenatal diagnosis of alpha- and
beta-thalassemias in Chinese. J Formos Med Assoc 1998;97(1):5–15.

37. Merritt D, Jones RT, Head C, et al. Hb Seal Rock [(alpha 2) 142 term �
Glu, codon 142 TAA � GAA]: an extended alpha chain variant associ-
ated with anemia, microcytosis, and alpha-thalassemia-2 (�3.7 kb). He-
moglobin 1997;21(4):331–344.

38. Jiang NH, Liang S, Wen XJ, et al. Hb Westmead: an alpha 2-globin gene
mutation detected by polymerase chain reaction and Stu I cleavage. He-
moglobin 1991;15(4):291–295.

39. Wenning MR, Kimura EM, Costa FF, et al. Alpha-globin genes: thal-
assemic and structural alterations in a Brazilian population. Braz J Med
Biol Res 2000;33(9):1041–1045.

40. Lau YL, Chan LC, Chan YY, et al. Prevalence and genotypes of alpha
and beta thalassaemia carriers in Hong Kong: implications for popula-
tion screening. N Engl J Med 1997;336:1298–1301.

41. Hsieh FJ, Ko TM, Chen HY. Hydrops fetalis caused by severe alpha thal-
assaemia. Early Hum Dev 1992;29(1–3):233–236.

42. Modell B, ed. Guidelines for the Control of Haemoglobin Disorders.
Geneva: World Health Organization Hereditary Diseases Programme,
1994.

43. Kitsirisakul B, Steger HF, Sanguansermsri T. Frequency of alpha-
thalassemia-1 of the Southeast Asian-type among pregnant women in
northern Thailand determined by PCR technique. Southeast Asian J Trop
Med Public Health 1996;27(2):362–363.

44. Fucharoen S, Winichagoon P. Haemoglobinopathies in Southeast Asia: mo-
lecular biology and clinical medicine. Hemoglobin 1997;21(4):299–319.

45. Hofgartner WT, West Keefe SF, Tait JF. Frequency of deletional alpha-
thalassemia genotypes in a predominantly Asian-American population.
Am J Clin Pathol 1997;107(5):576–581.

46. Taylor JM, Dozy A, Kan YW, et al. Genetic lesion in homozygous al-
pha thalassaemia (hydrops fetalis). Nature (Lond) 1974;251(5474):392–
393.

47. Ottolenghi S, Lanyon WG, Paul J, et al. The severe form of alpha thal-
assaemia is caused by a hemoglobin gene deletion. Nature (Lond)
1974;251(5474):389–392.

48. Fischel-Ghodsian N, Vickers MA, Seip M, et al. Characterization of two
deletions that remove the entire human zeta-alpha globin gene complex
(��Thai and ��FIL). Br J Haematol 1998;70(2):233–238.

49. Sophocleous T, Higgs DR, Aldridge B, et al. The molecular basis for the
haemoglobin Bart’s hydrops fetalis syndrome in Cyprus. Br J Haematol
1981;47(1):153–156.

50. Kattamis C, Metaxotou-Mavromati A, Tsiarta E, et al. Haemoglobin
Bart’s hydrops syndrome in Greece. Br Med J 1980;281(6235):268–270.

51. Gurgey A, Altay C, Beksac MS, et al. Hydrops fetalis due to homozy-
gosity for alpha-thalassemia-1, -(alpha)-20.5 kb: the first observation in
a Turkish family. Acta Haematol 1989;81(3):169–171.

52. Olivieri NF. Fetal erythropoiesis and the diagnosis and treatment of he-
moglobin disorders in the fetus and child. Semin Perinatol 1997;21(1):
63–69.

53. Yong KN, Wadsworth D, Langlois S, et al. Thalassemia carrier screen-
ing and prenatal diagnosis among the British Columbia (Canada) popu-
lation of Chinese descent. Clin Genet 1999;55(1):20–25.

54. Modell B, Petrou M, Layton M, et al. Audit of prenatal diagnosis for
haemoglobin disorders in the United Kingdom: the first 20 years. BMJ
1997;315(7111):779–784.

55. Guideline. The laboratory diagnosis of haemoglobinopathies. Br J
Haematol 1998;101(4):783–792.

56. Mach-Pascual S, Darbellay R, Pilotto PA, Beris P. Investigation of mi-
crocytosis: a comprehensive approach. Eur J Haematol 1996;57(1):54–61.

57. Yeo GS, Tan KH, Liu TC. Screening for beta thalassaemia and HbE traits
with the mean red cell volume in pregnant women. Ann Acad Med Sin-
gapore 1994;23(3):363–366.

58. Sin SY, Ghosh A, Tang LC, Chan V. Ten years’ experience of antena-
tal mean corpuscular volume screening and prenatal diagnosis for thal-
assaemias in Hong Kong. J Obstet Gynaecol Res 2000;26(3):203–208.

59. Skogerboe KJ, West SF, Smith C, et al. Screening for alpha-thalassemia.
Correlation of hemoglobin H inclusion bodies with DNA-determined
genotype. Arch Pathol Lab Med 1992;116(10):1012–1018.

60. Lam YH, Ghosh A, Tang MH, Chan V. The risk of alpha-thalassaemia
in offspring of beta-thalassaemia carriers in Hong Kong. Prenatal Diagn
1997;17(8):733–736.

61. Liu YT, Old JM, Miles K, et al. Rapid detection of alpha-thalassaemia
deletions and alpha-globin gene triplication by multiplex polymerase
chain reactions. Br J Haematol 2000;108(2):295–299.

62. Ko TM, Tseng LH, Hwa HL, et al. Misdiagnosis of homozygous alpha-
thalassaemia 1 may occur if polymerase chain reaction alone is used in
prenatal diagnosis. Prenatal Diagn 1997;17(6):505–509.

63. Tongsong T, Wanapirak C, Srisomboon J, et al. Antenatal sonographic
features of 100 alpha-thalassemia hydrops fetalis fetuses. J Clin Ultra-
sound 1996;24(2):73–77.

64. Lam YH, Ghosh A, Tang MH, et al. Early ultrasound prediction of preg-

ak
us

he
r-li

b.r
u



264 E. Thomas, G.S.H. Yeo, and T.Y.T. Tan 

nancies affected by homozygous alpha-thalassaemia-1. Prenatal Diagn
1997;17(4):327–332.

65. Lam YH, Tang MH, Lee CP, Tse HY. Prenatal ultrasonographic predic-
tion of homozygous type 1 alpha-thalassemia at 12 to 13 weeks of ges-
tation. Am J Obstet Gynecol 1999;180(1 pt 1):148–150.

66. Ghosh A, Tang MH, Lam YH, et al. Ultrasound measurement of pla-
cental thickness to detect pregnancies affected by homozygous alpha-
thalassaemia-1. Lancet 1994;344(8928):988–989.

67. Lam YH, Tang MH, Lee CP, Tse HY. Nuchal translucency in fetuses af-
fected by homozygous alpha-thalassemia-1 at 12–13 weeks of gestation.
Ultrasound Obstet Gynecol 1999;13(4):238–240.

68. Lam YH, Tang MH, Lee CP, Tse HY. Echogenic bowel in fetuses with
homozygous alpha-thalassemia-1 in the first and second trimesters. Ul-
trasound Obstet Gynecol 1999;14(3):180–182.

69. Lam YH, Tang MH. Limb reduction defects as the sonographic mani-
festation of hemoglobin Bart’s disease at 10 weeks of gestation. Ultra-
sound Obstet Gynecol 2000;16(6):587–589.

70. Lam YH, Tang MH. Sonographic diagnosis of limb reduction defects in
a fetus with haemoglobin Bart’s disease at 12 weeks of gestation. Pre-
natal Diagn 1999;19(10):983–985.

71. Lam YH, Tang MH, Tse HY. Ductus venosus Doppler study in fetuses
with homozygous alpha-thalassemia-1 at 12 to 13 weeks of gestation. Ul-
trasound Obstet Gynecol 2001;17(1):30–33.

72. Diukman R, Golbus MS. In utero stem cell therapy. J Reprod Med
1992;37(6):515–520.

73. Westgren M, Ringden O, Eik-Nes S, et al. Lack of evidence of perma-
nent engraftment after in utero fetal stem cell transplantation in congen-
ital hemoglobinopathies. Transplantation 1996;61(8):1176–1179.

74. Eddleman K. In utero transfusion and transplantation in alpha thal-
assemia. In: Migliaccio AR (ed) Stem Cell Therapy of Inherited Disor-
ders. Rome, 1996.

75. Barbour V. The balance of risk and benefit in gene-therapy trials. Lancet
2000;355(9201):384.

76. Rawal N. Single segment combined subarachnoid and epidural block for
caesarean section. Can Anaesth Soc J 1986;32(2):254–255.

77. Tay DH, Tay SM, Thomas E. High-volume spinal anaesthesia. A dose-
response study of bupivacaine 0.125%. Anaesth Intensive Care
1992;20(4):443–447.

78. Vercauteren MP, Coppejans HC, Hoffmann VH, et al. Prevention of hy-
potension by a single 5-mg dose of ephedrine during small-dose spinal
anesthesia in prehydrated cesarean delivery patients. Anesth Analg 2000;
90(2):324–327.

79. Crowhurst JA, Birnbach DJ. Small-dose neuraxial block: heading toward
the new millennium. Anesth Analg 2000;90(2):241–242.

80. Birnbach DJ. Obstetric anesthesiology in the new millennium. Anesth
Analg 2000;90(5):1241–1243.

ak
us

he
r-li

b.r
u



18
Autoimmune Disease
Miriam Harnett and Thomas McElrath

Autoimmune diseases are a group of disorders whose expres-
sion is influenced by multiple genes and environmental factors
and is also affected by age, gender, and reproductive status.
Women of childbearing age have the highest incidence of sev-
eral autoimmune disorders: the female-to-male ratios are about
3 to 4 to 1 in rheumatoid arthritis (RA) and 9 to 1 in systemic
lupus erythematous (SLE). This clinical observation suggests
that hormones are involved in the pathogenesis of these various
autoimmune diseases, although mechanisms are complex. Be-
cause pregnancy is associated with a dramatic physiologic in-
crease in estrogen and other steroids, there is the potential for
pregnancy to affect the course of autoimmune diseases. Indeed,
some autoimmune conditions, such as RA, often are improved
during pregnancy, and others, such as polyarteritis nodosa, of-
ten worsen during pregnancy. The effects of pregnancy on au-
toimmune diseases have been attributed to a relative state of en-
hanced hormonal immunity and weakened cellular immunity.

This chapter discusses the medical, obstetric, and anesthetic
management of the various autoimmune disorders that can oc-
cur during pregnancy.

Rheumatoid Arthritis

Etiology

Rheumatoid arthritis is an autoimmune disorder of unknown
etiology. The autoantibody rheumatoid factor can be detected
in 80% to 90% of patients. RA is relatively common, occur-
ring in 1% to 2% of the population, and implicating 1 in 1000
to 1 in 2000 pregnancies. It occurs three times more com-
monly in women than in men, and the incidence in women
increases with advancing age. Specific subtypes of HLA-DR4
are increased among RA patients and also some subtypes of
DR1 and DR14.1

Pathophysiology

Rheumatoid arthritis is a systemic, chronic inflammatory dis-
order characterized by symmetric polyarthritis. The com-

monly involved joints include the metacarpophalangeal joints,
the proximal interphalangeal joints, and the wrists. Forty-five
percent of seropositive patients have cervical spine involve-
ment; these patients with cervical spine involvement most
commonly complain of a limited range of motion secondary
to pain. Extraarticular manifestations including vasculitis,
lung disease (systemic granulomas may be found in the lungs
and can occasionally cavitate, resulting in a pneumothorax or
bronchopleural fistuala), pericarditis, peripheral neuropathies,
and subcutaneous nodules occur in 20% of patients with RA.
The most serious complication of RA is coronary vasculitis,
caused by thrombosis of the small arteries.

Effect of Pregnancy on 
Rheumatoid Arthritis

In 1938, Hench reported relief of symptoms in 90% of pa-
tients during pregnancy.2 Since then, other retrospective stud-
ies that reported 345 pregnancies indicated that 75% of pa-
tients experienced improvement in their arthritis.3 The ability
to predict pregnancy experience has not been found to be re-
lated to the presence or absence of rheumatoid factor, the du-
ration of the disease, or the degree of disability. However,
there is agreement that if a patient undergoes symptomatic
improvement during one pregnancy, this is likely to happen
again in further pregnancies. Recurrence of symptoms has
been found in 36% of parturients during the first postpartum
month and in up to 98% of pregnant women by the fourth
postpartum month.4 Pregnancy has not been found to nega-
tively influence the prognosis for RA, with no difference be-
ing found in functional capacity or disease activity.

Effect of Rheumatoid Arthritis on Pregnancy

There is no indication for adverse effects of RA on preg-
nancy, with no increase in premature labor, although in-
trauterine growth restriction (IUGR) has been associated
with vasculitis.
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Medications

Patients with active RA are likely to be taking nonsteroidal anti-
inflammatory drugs (NSAIDs) alone or in combination with 
disease-modifying drugs (DMARD). Salicylates, indomethacin,
and the newer NSAIDs have not been shown to be teratogenic
in humans. Although prophylactic cessation is not neces-
sary,5,6 the possibility of abnormal amniotic fluid dynamics
and compromised fetal renal perfusion associated with pro-
longed NSAID use warrants close observation with adminis-
tration during pregnancy. Additionally, NSAIDs may result
in reversible renal impairment in premature infants and have
also been implicated in necrotizing enterocolitis.7 Aspirin is
prescribed by some physicians for symptomatic relief during
pregnancy, but it should be discontinued in the third trimester
because of the increased risk of central nervous system (CNS)
hemorrhage and the possibility of closure of the ductus arte-
riosus.8,9 There are insufficient data regarding the prophylac-
tic withdrawal of DMARD. Transplacental passage of gold
salts is limited because of the high protein binding, but it has
been suggested that this therapy should be administered on
the first day of the menstrual cycle to withdraw the drug as
soon as the pregnancy is recognized.

There have been case reports linking antimalarials to ear
and eye damage; however, overall antimalarials are generally
considered safe during pregnancy. Penicillamine has been
used in pregnancy, but there are case reports of fetal connec-
tive tissue abnormalities linked to its use. Sulphsalazine and
azathioprine have been used without problems and can be con-
tinued during pregnancy and breastfeeding.10 Cytostatic drugs
such as methotrexate, cyclophosphamide, and chlorambucil
should be withdrawn at least 3 months before conception.

There is no evidence in humans that corticosteroids lead to
any fetal malformations. In fact, the majority of corticos-
teroids are metabolized by the placenta with comparatively
little transfer into the fetal compartment. For parturients tak-
ing corticosteroids during pregnancy, stress doses should be
administered during labor and delivery.

Obstetric Management

No association has been found between RA and adverse preg-
nancy outcome, although there is some evidence to suggest
that the fetuses of parturients with vasculitis have IUGR.11

Vaginal delivery may be compromised in some cases by hip
involvement or previous hip joint replacement, but this con-
sideration should not preclude normal vaginal delivery so long
as adequate care and attention to positioning is maintained
during the second stage of labor.

Anesthetic Management

A comprehensive history and physical examination is manda-
tory predelivery in parturients with RA. Examination of the
airway is of vital importance. The following joints, which are

involved in airway management, may be involved: the tem-
poromandibular joint (TMJ), the cricoarytenoid joint, and the
cervical spine. The TMJ may be ankylosed, so that mouth
opening is inadequate and intubation thus is difficult. Cervi-
cal spine involvement is common and may result in severe
flexion deformity of the neck and atlantoaxial instability, with
possible spinal cord damage with neck extension.12 Other
joint involvement of particular interest to the anesthesiologist
includes the hip, knee, and lumbar intervertebral joints. Lim-
itation in the movement of these joints may render proper po-
sitioning for regional techniques difficult.

Examination of the heart and lungs should focus on evi-
dence of kyphosis of the spine and resulting restrictive lung
disease. Predelivery pulmonary function tests may indicate
restrictive lung disease with a markedly reduced functional
residual capacity; this may result in reduced oxygen reserve
and a consequent inability to push during the second stage of
labor. Care must be taken in such cases to avoid a high-level
regional block that would further compromise the parturient
woman’s respiratory reserve. Cardiac disease may be detected
by the presence of a pericardial effusion, valvular or con-
duction defects, or cardiomyopathy. All peripheral nerve in-
volvement should be well documented before either general
or regional anesthesia, particularly in parturients with Felty’s
and Sjogren’s syndromes.

The parturient’s medication may dictate the choice of anes-
thetic. Bleeding time is no longer considered the test of choice
for measuring platelet function in pregnant women on aspirin
therapy. More recently, thromboelastography (TEG) has been
used. Parturients on steroid therapy must receive stress dose
steroids. These women on long-term steroids may have osteo-
porosis and thus require very careful positioning during labor
and delivery. Adverse drug reactions to gold therapy include
extensive skin eruptions and oral ulcers, renal damage, and
aplastic anemia. Therefore these women need comprehensive
examination of their mouth and skin and a complete blood count
(CBC), blood urea nitrogen (BUN), and creatinine.13

The choice of anesthetic depends on the degree of multi-
organ involvement. Epidural analgesia and anesthesia appears
to be a good choice; however, limitation of joint movement
at the hips and knees may make epidural placement difficult.
In parturients with severe rheumatoid disease, spinal anes-
thesia is probably best avoided due to unpredictable spread
of anesthesia. However, early recognition of these parturients
and careful planning of their anesthetic management should
allow an epidural to be placed for labor and consequent ce-
sarean delivery if necessary. Pregnant women with extensive
cardiorespiratory involvement may require invasive monitor-
ing, especially if regional anesthesia is planned. Parturients
who have an epidural or spinal for anesthesia will benefit from
neuraxial opoids for postoperative pain relief. Those who do
not have a regional technique for anesthesia will benefit from
patient-controlled intravenous narcotic pain relief. However,
it is important to bear in mind the potentially compromised
respiratory function in those with severe disease.
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Systemic Lupus Erythematous

Etiology

Systemic lupus erythematosus (SLE) is a chronic, inflamma-
tory multiorgan autoimmune disorder characterized by periods
of remissions and relapses. SLE is nine to ten times more com-
mon in females than males and most commonly affects those
in the age group between 15 and 50 years, with a peak inci-
dence at 30 years of age. Its prevalence is 1 in 700 women, and
it is two to four times more common in the African-American
and Hispanic populations.14 The most clinically relevant IgG
autoantibodies are antinuclear antibodies (ANA), particularly
anti-dsDNA, which is present in 80% to 90% of untreated pa-
tients with SLE and is diagnostic of the disease. Other clini-
cally relevant autoantibodies include antibodies to RNA–pro-
tein conjugates such as Ro/SSA, La/SSB, nuclear riboprotein
(nRNP), and Sm as well as antiphospholipid antibodies.15

Pathophysiology

Antigen–antibody complexes are formed with a resulting sec-
ondary inflammatory response. The combination of the immune
complexes and the secondary inflammatory response within the
glomerulus leads to irreversible renal damage. Deposits also
occur within the skin and other endothelial surfaces. During
pregnancy, the most common clinical manifestations include
arthralgias, fever, skin lesions and renal disease. The classic
malar rash affects fewer than half of patients; however, most
have skin lesions at some stage during the course of the dis-
ease. More than 90% of patients have joint symptoms, and these
symptoms are often the presenting complaint.16

Effect of Pregnancy on Systemic 
Lupus Erythematosus

Studies of the incidence of flare-ups during pregnancy have
given conflicting results.17 Lupus flares during pregnancy do
not seem to be exceedingly more serious than those occur-
ring in nonpregnant patients. Flares may occur in any trimester
and during the postpartum period. SLE pregnancies should be
regarded as high-risk pregnancies, and close monitoring for
disease activity is mandatory throughout the pregnancy and
puerperieum.

Most pregnant women with SLE do not have severe renal
involvement, as renal disease impairs fertility. However, if
preexisting renal disease is present, pregnancy may cause per-
manent renal dysfunction in up to 7% of women.18 Renal
flares may be difficult to differentiate from preeclampsia as
there is an increased incidence of preeclampsia in parturients
with SLE, and both conditions may present with hyperten-
sion, proteinuria, and edema. However, differentiation is pos-
sible, as most parturients with a lupus flare during pregnancy
tend not to concurrently increase their blood pressure. Fur-
thermore, renal lupus flares will respond to increase in doses

of prednisone whereas the renal consequences of preeclamp-
sia do not moderate with steroid exposure. Other useful data
include rising levels of anti-dsDNA and typical SLE symp-
toms such as rash, mucosal ulcers, urinary casts, and poly-
arthritis. A definite diagnosis of lupus nephritis can be made
by renal biopsy, which, although it has been reported during
pregnancy, is generally not a first-line diagnostic modality
given pregnancy-associated increases in renal perfusion and
potential for biopsy-related hematoma formation. Alternative
pathway complement activation products C4a, C5b, Ba, and
Bb, and C1s–C1 inhibitor complexes are abnormal in active
lupus nephritis but not in preeclampsia.15

The Effect of Systemic Lupus 
Erythematosus on Pregnancy

The best predictor of outcome in SLE pregnancies is the ab-
sence of disease activity in the 6 to 12 months before con-
ception even if severe renal disease has previously been pres-
ent.19 Retrospective studies indicate an overall increased rate
of pregnancy loss in patients with SLE.20,21 The most im-
portant factor associated with SLE and pregnancy loss is the
presence of antiphospholipid antibodies, but other factors in-
clude renal disease, disease activity, and a history of previ-
ous pregnancy loss.22–24 IUGR has been reported in up to
32% of parturients with SLE.25 Antiphospholipid antibody,
renal disease, and preeclampsia are risk factors for IUGR.

Preterm delivery occurs in up to 50% of SLE pregnancies,26

the most common causes being preeclampsia, fetal compro-
mise, and preterm premature rupture of membranes. The risk
factors for preterm delivery are disease activity, chronic hy-
pertension, and antiphospholipid antibody.24 Transplacental
passage of anti-Ro and anti-La antibodies can result in neona-
tal lupus that is characterized by a more benign transient cu-
taneous lupus and more morbidly severe congenital heart
block.27 In most instances, the mother is asymptomatic. Treat-
ment of the heart block includes maternal administration of
steroids and digitalis, early delivery, and neonatal pacing.

Medications

High doses of both aspirin and NSAIDs should be avoided in
the last weeks of pregnancy because of the effects on platelets
and physiologic changes such as closure of the ductus.5–8 Cor-
ticosteroids and hydroxychloroquine have been used without
associated congenital abnormalities. For parturients in whom
immunosuppression is absolutely necessary during preg-
nancy, azathioprine and cyclosporin A have been used safely
under close obstetric supervision.10 Cyclophosphamide is ter-
atogenic and should be avoided.

Obstetric Management

Because of the increased risk of preterm delivery and IUGR,
accurate dating by ultrasound should be obtained at the first
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prenatal visit. Maternal blood should be checked for an-
tiphospholipid antibodies, as the presence of such antibodies
confers a much higher risk of fetal loss. Baseline platelet
count, creatinine clearance, and 24-h urinary protein should
also be obtained. The value of complement levels is contro-
versial.28 In the presence of anti-Ro antibody, fetal echocar-
diography should be performed in the second trimester. Care
must be taken to monitor for preeclampsia, and weekly non-
stress tests should be performed after 32 weeks gestation.
There are reports of up to 50% of parturients having cesarean
delivery, but it should be reserved for obstetric indications.29

Anesthetic Management

The anesthetic plan depends on the severity of the disease and
the extent of organ involvement. A comprehensive examination
of the cardiorespiratory system is mandatory. The most com-
mon cardiac manifestation is pericarditis, which may present as
acute heart failure. Cardiomyopathy may result from direct mus-
cle involvement or may be secondary to chronic hypertension,
coronary artery disease, or uremia, all of which are end results
of SLE. On examination, evidence of a friction rub, murmurs,
or third heart sound should be sought. The echocardiogram may
show evidence of valvular thickening, vegetations, regurgitation
and stenosis. Parturients with valvular disease should receive
antibiotic prophylaxis. Evidence should be sought of pleural ef-
fusion, pulmonary infarcts, pulmonary hypertension, and pul-
monary vasculitis by seeking a history of hemoptysis and short-
ness of breath and the presence of rales and pleural rub on
physical examination. Pulmonary function testing usually re-
veals a restrictive pattern. The parturient with severe renal dis-
ease is likely to be on dialysis. Other system involvement in-
cludes the peripheral nervous system, presenting as peripheral
neuropathies and foot drop, and the central nervous system, with
parturients having a history of seizures and psychiatric disor-
ders such as depression, mania, and schizophrenia. Peripheral
neuropathies should be well documented before general or re-
gional anesthesia. Evidence of hematologic disorders should be
sought, including anemia, thrombocytopenia, and coagulopathy.
An abnormality of the activated partial thromboplastin time
(aPTT), which is not corrected with a 1:1 control plasma mix,
suggests the presence of either lupus anticoagulant or true au-
toantibodies against specific coagulant factors. True coagulation
factor autoantibodies may result in a significant bleeding diathe-
sis, which would contraindicate a regional anesthetic. Because
of the presence of antibodies, blood crossmatching may be dif-
ficult. SLE rarely involves the cervical spine. Parturients re-
ceiving steroids should receive stress doses.

Antiphospholipid Syndrome

Etiology

Antiphospholipid syndrome (APS) is defined by recurrent
miscarriage and/or late pregnancy loss with the presence of

antiphospholipid antibodies (aPL). Defective embryonic im-
plantation is believed to be the underlying pathologic change
associated with both APS-mediated pregnancy loss as well as
preeclampsia and IUGR. The clinical criteria for obstetric di-
agnosis of APS are listed in Box 18.1.30

Pathophysiology

Antiphospholipid syndrome affects the process of implanta-
tion. Several aPL have been described, but the two most com-
monly associated with problems in pregnancy are lupus anti-
coagulant (LA) and anticardiolipin antibodies (aCL). These
antibodies have been associated with recurrent pregnancy loss,
thromboembolism and thrombocytopenia, and APS. LA and
aCL are present in 34% and 44%, respectively, of patients with
SLE; however, only 35% of patients with LA have SLE.31

APS is considered a process distinct from SLE. Placental
pathology in these cases has shown placental infarction, necro-
sis, and thrombosis of the placental and decidual vessels. The
mechanism behind these antibodies causing thrombosis is un-
known, but theories include decreased plasminogen activity,
increased platelet aggregation, inhibition of prostacyclin and
protein C, and increased factor VIII activity.32,33

Effect of Pregnancy on 
Antiphospholipid Syndrome

The most serious medical complication in APS is thrombo-
sis; 70% of these are venous in origin, but arterial thromboses
also occur. Most thromboses occur in the lower extremities,
but cerebral infarction, pulmonary embolism, and myocardial
infarction also occur. Thromboses in unusual sites should
prompt the suspicion of APS.34 Up to 69% of patients with
APS have been reported to have recurrent thromboses in a
relatively short follow-up period.35 Autoimmune thrombocy-
topenia and autoimmune anemia have been linked to APS.
APS has been linked to severe illness in the postpartum pe-
riod consisting of fever and cardiopulmonary disease. Multi-
ple thromboses, renal insufficiency, and pulmonary hyper-
tension can also occur and may be fatal.

Box 18.1. Clinical criteria for diagnosis of antiphospholipid
syndrome (APS).

1. One or more unexplained deaths of a morphologically
normal fetus at or beyond the 10th week of gestation,
with normal fetal morphology documented by ultrasound
or by direct examination of the fetus

2. One or more premature births of a morphologically nor-
mal neonate at or before the 34th week of gestation be-
cause of severe preeclampsia or eclampsia, or severe
placental insufficiency

3. Three or more unexplained consecutive spontaneous
abortions before the 10th week of gestation with mater-
nal anatomic or hormonal abnormalities and paternal and
maternal chromosome causes excluded
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Obstetric Management

After documentation of APS in a women with recurrent fetal
loss (having excluded such causes as anatomic, chromosomal,
and hormonal), there are several options that can be consid-
ered including aspirin, steroids, heparin, and intravenous
gamma globulin (�-globulin). Steroids, however, are less
likely to be used, as they are associated with the development
of gestational diabetes, hypertension, and prematurity.36,37

Presently, consideration should be give to the use of low-dose
aspirin and/or heparin, neither of which is associated with ter-
atogenesis. The long-term use of heparin during pregnancy
was previously thought to be associated with a significant de-
crease in maternal bone loss, but this concern has subse-
quently been refuted. Two randomized, prospective studies
have reported a live birth rate of 70% using the combination
of aspirin and heparin.38,39 Aspirin should be started as soon
as there is a positive pregnancy test, and heparin as soon as
the pregnancy has been proved to be intrauterine. Low mo-
lecular weight (LWM) heparin is used at our instition. As with
unfractionated heparin, the time to peak and half-life are short-
ened with LMW heparin in pregnancy, and higher doses and
twice-daily dosing are needed.

Anesthetic Management

The parturient should be evaluated for coexisting autoimmune
disorders. One of the chief areas of concern is the provision
of a regional anesthetic in a parturient on heparin. Aspirin
should be discontinued at 36 weeks gestation to prevent clo-
sure of the ductus. In our hospital, it is policy to electively
change from LMW heparin to unfractionated heparin at 36
weeks gestation; this provides better control over the timing
of a regional anesthetic. We check coagulation parameters and
advise holding the morning dose of heparin when induction
or cesarean section is planned. Ideally, the parturient should
have had her last dose of LMW heparin at least 24 h before
a regional technique. In the case of a parturient presenting in
labor and requesting a regional anesthetic while still taking
LMW heparin, we perform a Hep test (anti-factor Xa activ-
ity). If this value lies in the normal range, we proceed with
the regional anesthetic. If the Hep test lies beyond the nor-
mal range, we do not perform a regional anesthetic until it
normalizes but instead prescribe a patient-controlled analgesic
(PCA) combination of fentanyl and ketamine.

Myasthenia Gravis

Etiology

Myasthenia gravis (MG) is an autoimmune disorder affecting
neuromuscular transmission. It is characterized by muscle
weakness and fatigability following repetitive activity. The
most common clinical signs and symptoms include difficulty
in speaking, ptosis, diplopia, dysphagia, and occasionally res-

piratory distress. Remissions and exacerbations are unpre-
dictable. The prevalence of MG is 1 in 10,000 to 1 in 50,000.
MG occurs twice as commonly in females as males, with on-
set occurring frequently in the third decade. Women with MG
have a higher incidence of other autoimmune diseases such
as RA, autoimmune thyroiditis, and SLE. The transplacental
passage of autoimmune antibodies leads to neonatal MG in
10% to 20% of neonates born to mothers with MG.40,41

Pathophysiology

Serum autoantibodies against acetylcholine receptors at the
motor endplate occur in 85% of MG patients. There is no def-
inite correlation between antibody level and disease activity,
and 10% to 20% of patients with clinical evidence of MG
have no evidence of antibodies. Disease activity is usually
well controlled on acetylcholinesterase inhibitors.

Effect of Pregnancy on Myasthenia Gravis

Plauche reported that the clinical course of MG remained sta-
ble in 32% of pregnancies, improved in 29% of pregnancies,
and was exacerbated in 41% of pregnancies.40 No correlation
has been found between MG severity before conception and
exacerbation of symptoms during pregnancy, and the clinical
course of the disease during one pregnancy does not predict
the course during a subsequent pregnancy. Exacerbations are
most likely to happen during the first trimester and during the
first month postpartum.42

Effect of Myasthenia Gravis on Pregnancy

There is no evidence of an increase in the rate of spontaneous
abortion associated with MG. Approximately 85% of preg-
nancies end in a live birth. A preterm delivery rate between
13% and 41% has been reported.40,43 Congenital malforma-
tions unrelated to medications have also been reported, the
most common being fetal akinesia deformation sequence as
a result of a number of congenital myopathies and neu-
ropathies.44 Another form of malformation has also been re-
ported that includes multiple ankyloses, craniofacial dysmor-
phism, pulmonary hypoplasia, and growth retardation. This
form of congenital malformation is believed to be caused by
prolonged fetal immobilization.45

There is no correlation between the occurrence of neona-
tal MG and acetylcholine receptor antibody titers.43 Symp-
toms of neonatal MG, which include a weak cry, poor suck-
ing, hypotonia, and occasionally respiratory insufficiency,
occur between a few hours and a few days after delivery and
persist for 3 weeks to 3 months. These symptoms respond
well to anticholinesterase therapy. Acetylcholine receptor an-
tibodies pass into breast milk and therefore may enhance
neonatal MG, whereas maternal anticholinesterase drugs also
pass into breast milk and may cause neonatal gastrointestinal
upsets.

ak
us

he
r-li

b.r
u



270 M. Harnett and T. McElrath

Medications

The use of anticholinesterase drugs is safe during pregnancy,
but the dosage may need to be altered because of the in-
crease in plasma volume and renal clearance. Cortico-
steroids, azathioprine, and sometimes cyclosporin A may
also be needed if the disease process is not adequately con-
trolled with anticholinesterase drugs. Corticosteroids have
been associated with a slightly increased risk of neonatal
cleft lip, while there has never been any definite demon-
stration that azathioprine is teratogenic. A higher incidence
of spontaneous abortion and preterm delivery has been re-
ported in parturients taking cyclosporin compared to those
taking corticosteroids or azathioprine.46 Plasmapheresis and
high-dose �-globulins are safe for treatment of myasthenic
crisis during pregnancy.47,48

Obstetric Management

Frequent ultrasound examinations are advised to detect signs
of decreased fetal movement. Parturients should follow fe-
tal kick-counts and seek medical advice if fetal movement
is notably reduced. Reduced diaphragmatic motion can oc-
cur due to receptor antibodies, and this increases the risk of
pulmonary hypoplasia. MG does not affect uterine activity
because the uterus is a smooth muscle, and duration of la-
bor does not differ from that of a nonmyasthenic parturient.
Forceps delivery has been recommended to reduce maternal
fatigue. Cesarean delivery should be reserved for obstetric
indications.43

A worsening of myasthenic symptoms has been associated
with several medications. Most notably, these preparations in-
clude tocolytics such as magnesium sulfate, terbutaline, and
ritodrine and aminoglycoside antibiotics, as well as the tetra-
cyclines and polymyxin.

Anesthetic Management

These parturients should be assessed during pregnancy with
a careful history and examination. A list of medications and
dosage should be sought. The most commonly used anti-
cholinesterase medication is neostigimine, which has a dura-
tion of action of 2 to 3 h. Intravenous neostigimine 0.5 mg
equates to 1.5 mg subcutaneously, 0.7 mg IM, and 15 mg
orally. Pyriostigimine has a longer duration of action, 4 to 
6 h, and equivalent doses to neostigimine are IV 2 mg, IM 
3 mg, and orally 60 mg.

Symptoms of excess cholinergic medication include nau-
sea, vomiting, abdominal cramps, diarrhea, and increased sali-
vary and tear duct secretions. More serious symptoms include
muscle weakness and respiratory failure, referred to as
“cholinergic crisis.” The symptoms may be mistaken for a
myasthenic crisis, but the two can be differentiated by the ad-
ministration of 1 to 2 mg IV edrophonium, a short-acting an-
ticholinesterase. In overmedicated patients, the muscle

strength does not change and may even slightly deteriorate,
but patients suffering from a myasthenic crisis will have a
dramatic improvement in muscle strength. Because the ad-
ministration of edrophonium may produce respiratory muscle
weakness, the testing location should be equipped with air-
way resuscitation equipment.

The parturient should be examined for evidence of pto-
sis and be asked about blurred vision, chewing and swal-
lowing difficulty, and shortness of breath during rest and
exercise. Symptoms of respiratory compromise warrant
further pulmonary function testing, which may predict the
need for peripartum ventilatory assistance. Both involved
and uninvolved muscle groups have sensory changes, and
common complaints include lower backache, headache, 
ocular pain, and parasthesias of the lip, tongue, face, and
extremities that should be carefully documented before
anesthesia.

All medications that may cause respiratory depression
should be used with caution in parturients with MG. Regional
analgesia is usually preferred for pain relief during labor. Be-
cause plasma cholinesterase activity may be decreased in par-
turients with MG, amide-type local anesthetics are thought to
be a safer choice when using large quantities such as in
epidural anesthesia for cesarean section.

Vital capacity measurement and continued observation for
the development of bulbar weakness should be made through-
out the course of labor. Additional anticholinesterase med-
ication may be required during labor because of the increased
physical and emotional stresses. Stress doses of corticos-
teroids during labor should be administered to parturients re-
ceiving long-term steroid treatment.

If the parturient requires a cesarean section, a regional anes-
thetic should be administered, provided there is no evidence
of bulbar or respiratory muscle weakness. Pregnant women
with MG are very sensitive to nondepolarizing muscle relax-
ants, and even small doses will result in a rapid and exag-
gerated effect. Therefore, their use should be avoided intra-
operatively if possible. Involved muscles are more sensitive
to the effects of depolarizing muscle relaxants, but uninvolved
muscles are resistant to their effects. Also, the use of anti-
cholinesterase drugs will make the duration of action of mus-
cle relaxant unpredictable. Volatile anesthetic agents will po-
tentate the effect of any muscle relaxant used. Use of a nerve
stimulator is essential, and reversal of neuromuscular block-
ade should be done by using incremental doses of neostigimine
0.5 mg or pyridostigimine 1.0 mg. Factors that predict the need
for postoperative ventilation are listed in Box 18.2.49 Skin in-

Box 18.2. Predictors for the need of postoperative ventilation
in myasthenia gravis (MG).

1. Duration of MG � 6 years
2. History of chronic respiratory disease
3. Pyridostigimine dosage greater than 750 mg/day
4. Preoperative vital capacity less than 2.9 L
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Box 18.3.  Diagnostic criteria for polymyositis.

1. Symmetric weakness of proximal muscles
2. Histologic evidence of muscle inflammation and necrosis
3. Elevation of serum skeletal muscle enzymes (the most

reliable indicator of disease activity)
4. Electromyographic evidence of myopathy

Diagnostic criteria for dermatomyositis include three of the
above four plus:
1. Heliotrope eruption (blue-purple discoloration of the up-

per eyelids) or
2. Gottron’s papules (raised, scaly, violet eruptions over the

knuckles)
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filtration with local anesthetic should be used to reduce post-
operative pain. The mother should be carefully observed for
postpartum exacerbation of the disease, and it should be re-
membered that anticholinesterease requirements can vary also
in the postpartum period.

Polymyositis and Dermatomyositis

Polymyositis (PM) is a systemic disease characterized by a
nonsuppurative inflammatory myopathy of striated muscle,
which is termed dermatomyositis (DM) when it is associated
with skin lesions. There are two peaks of onset: childhood/
juvenile onset and onset at 45 to 65 years of age; therefore,
it is uncommon during pregnancy. The annual incidence is
0.5 to 8.4 per million, with women affected twice as com-
monly as men.50

Pathophysiology

The etiology of DM is unknown. DM may be associated with
an underlying malignancy, raising a possible involvement of
tumor immunity in the pathogenesis. It has been suggested
that the fetus and its complement of foreign antigens might
be involved in the development of DM in pregnancy. Viral
infections also sometimes precede the onset of DM. Piconar-
aviruses have surface proteins similar to aminoacyl tRNA
synthetases, against which myositis-associated antibody Jo-1
is directed. This evidence suggests a possible role of viral in-
fections in the pathogenesis of the disease.51,52 The diagnos-
tic criteria for PM and DM are listed in Box 18.3.53

Effect of Pregnancy on 
Polymyositis/Dermatomyositis

Ishii et al. reviewed 12 reports on 29 pregnancies. The initial
diagnosis was made in 40% of these parturients during preg-
nancy or the immediate postpartum period. In those who had
been diagnosed before pregnancy, the disease remained inac-
tive in 61% and was exacerbated in 11%.54

Effect of Polymyositis/Dermatomyositis 
on Pregnancy

Fertility has been reported to be decreased in parturients who
have been diagnosed with this disease. In parturients with in-
active disease, most pregnancies not ending in spontaneous
abortion will proceed to term. Ishii et al. reported that 32%
of pregnancies ended in fetal death or abortion, and that 26%
of infants were delivered prematurely if the disease was 
active. Postpartum onset is very rare and, as with onset dur-
ing pregnancy, the disease tends to improve after delivery.
Neonates have not been reported to be affected by the dis-
ease.54

Medications

The first-line treatment for DM and PM is oral corticosteroids,
with treatment over a period of months often necessary to ac-
quire remission. High doses, up to 1 mg/kg/day, are contin-
ued until serum creatinine kinase has fallen to normal range;
this is usually followed by an improvement in muscle strength.
A reducing dose of steroid over many months is recom-
mended. In about 25% of patients, steroids will be either in-
effective or poorly tolerated, and the use of cytotoxic agents
must be considered.

Obstetric Management

For parturients with known disease, pregnancy should be
planned at the time of remission to maximize the chances of
a favorable outcome. Serum creatinine kinase can guide this
decision. Frequent monitoring of the disease activity and se-
rial assessments of growth for viable fetuses should be of-
fered, as the mechanism of fetal loss is unknown. Operative
delivery should be reserved for obstetric indications.

Anesthetic Management

As for all chronic disease processes, the anesthetic manage-
ment of these parturients begins with evaluation during the
antenatal period, paying particular attention to the cardiores-
piratory status of the parturient. Spirometry should be ob-
tained to see if there is respiratory muscle involvement. Ten
percent to 15% of parturients have dysphagia and reflux, and
chronic aspiration pneumonitis is the most common respira-
tory problem in these women. Ten percent to 15% of indi-
viduals may have interstitial fibrosis. These parturients should
have an EKG to rule out an arrhythmia, and they should be
questioned and examined for evidence of cariomyopathy. Ev-
idence of muscle weakness should be carefully documented
preoperatively. Women taking steroids should be adminis-
tered intravenous stress-dose steroids. Care should be taken
to avoid an excessively high level if a regional block is used
in a parturient with already compromised respiratory func-
tion. An atypical response to suxamethonium has been re-
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ported, with a short-lived thumb contracture that resolved in
3 min, and prolonged paralysis (50 min) in another woman
who was homozygous for atypical pseudocholinesterase.55,56

An atypical response to vecuronium has also been reported,
with neuromuscular blockade lasting 9.5 h, but other reports
have indicated a normal response to nondepolarizing muscle
relaxants.57

Scleroderma

Etiology

Scleroderma is a chronic connective tissue disease that occurs
in women three to five times more frequently than in men. It
is characterized by connective tissue overproduction and fi-
brosis of the skin and visceral organs. The annual incidence
is 2 to 10 per million, with a prevalence of 28 to 130 per mil-
lion.58 Features of the disease include sclerosis, atrophy, con-
tractors, and skin breakdown and ulceration, as well as myosi-
tis, gastrointestinal, renal, and lung involvement. The disease
process can be either limited or diffuse.

Pathophysiology

The etiology of the disease is unknown, but the disease process
involves excess production of collagen and other matrix con-
stituents by fibroblasts, leading to microvascular obliteration
and fibrosis within the skin and other organs. Parturients with
these disease have antinuclear and anticentromere antibodies.
Fetal cells are known to persist in the maternal blood for
decades after pregnancy. There is a suggestion that fetal cells
remain unrecognized by the host because of HLA incompat-
ibility, and that later activation of the fetal cells by an un-
known stimulus results in development of the disease.59

The diagnosis includes the presence of Raynaud’s phe-
nomenon, nonpitting edema, and hidebound skin. CREST
syndrome (limited cutaneous scleroderma) involves calci-
nosis, Raynaud’s phenomenon, esophageal dysfunction, scle-
rodactyly, and telangiectasia. Diffuse scleroderma also in-
volves the pulmonary, renal, cardiac, and musculoskeletal
systems.

Effect of Pregnancy on Scleroderma

One report found the disease symptoms to be unchanged or
improved during pregnancy, with no significant deterioration
found in lung or other organ function. The changes in preg-
nancy such as edema, arthralgias, and gastointestinal reflux
are similar to scleroderma symptoms. Symptoms of Ray-
naud’s phenomenon usually improve. However, the report did
find several episodes of renal crisis in their patients during
and after pregnancy.60 Renal crisis is difficult to diagnose and
treat during pregnancy. It usually presents during the third
trimester. It can mimic preeclampsia with an acute onset of

severe hypertension, thrombocytopenia, and increases in
serum creatinine. There are no reliable means to differentiate
between preeclampsia and a scleroderma flare beyond a
measure of clinical intuition and experience. Parturients with
scleroderma need to monitor their blood pressure carefully at
home three to five times per week. The only medication that
sucessfully controls the associated hypertension in renal cri-
sis is an angiotensive-converting enzyme (ACE) inhibitor, and
despite an association with fetal renal defects, their use should
be considered during pregnancy. Women with scleroderma
should be encouraged to delay pregnancy until 3 to 5 years
after the onset of the symptoms, because at this stage the dis-
ease process should have stabilized and the risk of renal cri-
sis is reduced.60 Patients with silent myocardial disease could
potentially develop difficulties given the cardiovascular
changes of pregnancy, particularly if �-agonists are used.

Effect of Scleroderma on Pregnancy

There is no increase in spontaneous abortion in parturients
with scleroderma; however, preterm delivery is more likely.
The general belief now is that the disease should not be as-
sumed to be the cause of infertility. If these women consider
the timing of their pregnancy and are closely monitored, they
can have a successful pregnancy without excessive risk to the
mother or baby. However, parturients with scleroderma are
more likely to have small full-term infants.61

Medications

D-Penicillamine is used to modulate skin, renal, and pul-
monary involvement by interfering with collagen cross-linking.
The fetal risks are probably not high enough to warrant stop-
ping it during pregnancy.62 Glucocorticoids are used to help
with inflammatory myositis, but these have no effect on dis-
ease progression and have been reported to be associated with
the induction of renal crisis. Immunosuppressive agents are
of no benefit.63 Stanazolol and prostacyclin analogues help
with the vasospastic component of Raynaud’s phenomenon.64

ACE inhibitors are the agent of choice for treating hyperten-
sive crisis of scleroderma in pregnancy, and they have been
used safely during pregnancy.65 NSAIDs can be used to treat
joint pain, but in a limited and controlled fashion.

Obstetric Management

Women with scleroderma symptoms for less than 4 years and
those with diffuse cutaneous scleroderma are at greater risk
to have more aggressive disease than those with long-standing
disease.66 Parturients with scleroderma should be evaluated
for the presence of renal, cardiac, and respiratory function;
some recommend termination if advanced disease is present.58

Intensive antenatal monitoring for renal disease, hypertension,
cardiac disease, and fetal growth and well-being is necessary.
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Uterine and cervical wall thickening may lead to ineffective
uterine contractions or cervical dystocia at delivery.67 A vagi-
nal delivery at term should be anticipated, but there should
be no hesitation to do a cesarean section given there is no as-
sociation between scleroderma and delayed wound healing.
Postpartum care should include continued monitoring of the
disease and recognition of new-onset hypertension.66

Anesthetic Management

The pregnant woman with scleroderma is an anesthetic chal-
lenge. These parturients must be seen during the antenatal pe-
riod, and a comprehensive history and physical examination
should be carried out. Blood testing should include a full
blood count, coagulation screen, urea and electrolytes, and
urinalysis. An EKG and pulmonary function test should also
be carried out. Regional analgesia should be encouraged, as
it allows analgesia during labor; it will allow anesthesia for
cesarean section, if necessary, and also causes vasodilation
and increased skin perfusion of the lower extremities. Lower
doses of local anesthetic may be required as longer than nor-
mal blocks have been described in parturients with sclero-
derma. Epidural anesthesia is to be preferred to spinal anes-
thesia, as the dose of the local anesthetic can be titrated and
an excessively high level can be avoided. A thorough exam-
ination of the airway is necessary and should include mouth
opening, visualization of the oropharyngeal structures, and the
extent of neck extension. General anesthesia is best avoided,
as these women are at increased risk of difficult intubation
and are also at a higher risk of aspiration. Venous access may
be difficult but should be obtained early in labor, and central
venous access may be necessary. Noninvasive blood pressure
monitoring may be difficult because of extensive skin in-
volvement, and invasive blood pressure monitoring may be
necessary. Efforts to preserve warmth, including warming the
delivery room and intravenous fluid and the use of thermal
socks, should be made in parturients with Raynaud’s disease.

Ankylosing Spondylitis

Etiology

Ankylosing spondylitis (AS) is a chronic progressive disease
of the sacroiliac and the synovial joints of the spine. Bony
ridges develop along the vertebrae, giving rise to the charac-
teristic “bamboo spine” X-ray appearance. AS differs from
RA in that it is generally confined to the hips and spine. The
peak age of onset is between 15 and 29 years of age. It is
found more commonly in Caucasians, and the male-to-female
ratio in adulthood is 3 to 1.68

Effect of Ankylosing Spondylitis on Pregnancy

The fertility rate and pregnancy outcome have been found to
be similar to normal controls, and the rate of spontaneous

abortion, stillbirth, frequency of assisted delivery, and dura-
tion of labor are also with in normal limits. The fetuses have
generally been delivered at term and have been of normal
birth weight,69,70 most likely because these parturients have
very few systemic features associated with the disease. How-
ever, the incidence of cesarean delivery is higher in parturi-
ents with AS compared to healthy women, and in 58% the
reason cited was the presence of AS.70

Effect of Pregnancy on Ankylosing Spondylitis

Unlike RA, pregnancy has been found to ameliorate the dis-
ease in only 25% of women.70 Those that improve during
pregnancy generally have an accompanying disease such as
psoriasis or inflammatory bowel disease.71 Overall, no
changes and improvement have been reported with equal fre-
quency; therefore, one can assume that pregnancy has no ef-
fect on AS.72 Pregnancy did however influence the extraspinal
manifestations such as anterior uveitis and peripheral arthri-
tis, both of which have been described as increasing in the
postpartum period.73 The frequency of postpartum flare has
been found to be significantly increased in women with ac-
tive AS at conception.70 Disease activity generally returns to
normal during the year following delivery. Preconditions for
improvement during pregnancy have been found to be a his-
tory of peripheral arthritis and female sex of the fetus.70

Medications

Nonsteroidal anti-inflammatory drugs (NSAIDs) are the main
medication used in the management of patients with AS. Al-
though there is no evidence of teratogenicity associated with
their use, the noted reduction in fetal renal perfusion accom-
panying prolonged exposure should limit their use during preg-
nancy. Parturients who require NSAIDs during pregnancy
should have the lowest effective dose prescribed, which should
be discontinued 6 to 8 weeks before delivery. NSAIDs do pass
into breast milk but can still be taken provided they are ad-
ministered at or shortly after breast feeding. Sulphsalazine has
been compared to the use of corticosteroids, and no difference
in fetal outcome has been reported. No increases in birth de-
fects, pathologic jaundice, or small-for-date babies were de-
tected.74 There is no demonstrated benefit from the use of cor-
ticosteroids in the management of spinal disease in AS.

Obstetric Management

A vaginal delivery at term should be anticipated unless other
medical or obstetric problems become apparent. As men-
tioned previously, cesarean delivery has more frequently been
performed in parturients with AS, and in 58% of the cases
AS was reported to be the reason.70 Severity of AS could be
one possible explanation or, more likely, the inclination of
the obstetrician to do a primary surgical delivery in a woman
with inflammatory joint disease. Inflammation of the sacroil-
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iac joints, although painful, is not a mechanical hindrance for
the progress of labor.

Anesthetic Management

These parturients must be seen during the antenatal period,
and particular attention should be paid to the cardiorespira-
tory system, airway, and anatomy of the back and hip joints.
With regard to the cardiac system, a small number develop
aortic insufficiency due to proximal aortitis. The mitral valve
may also be involved, but most of these cardiac complica-
tions are seen in patients who have had the disease for more
than 15 years.75 A baseline EKG should also be performed.

Involvement of the costovertebral angle may produce fix-
ation of the thoracic cage, and diffuse pulmonary fibrosis may
also be present. In association with the reduced lung volumes
associated with pregnancy, this may cause severe restrictive
lung disease, and pulmonary function testing should be per-
formed in all parturients. If severe respiratory disease is pres-
ent, care must be taken to avoid a high block with a regional
anesthetic technique for either analgesia or anesthesia.

Limitation of cervical spine movement may occur in these
parturients, and complete neck fusion may be present, with
the neck usually in the flexed position. If the disease has been
present more than 16 years, 75% of patients have cervical
ankylosis and a high risk of cervical fractures.76 All parturi-
ents with AS should have cervical spine X-rays to rule out
the presence of a fracture. Parturients with cervical spine dis-
ease requiring general anesthesia should have an awake fi-
broptic intubation. Mouth opening may also be limited in
these women because of TMJ involvement, and the presence
of the disease in the cricoarytenoid joints may make them
more prone to trauma of the vocal cords.75,76 Therefore early
involvement of the anesthesiologist in the care of these
women in labor is to be advocated, preferably with the place-
ment of an early epidural that can be used for labor and ce-
sarean delivery if necessary. The placement of a regional
block may be difficult due to ossification of the interspinous
ligaments and limitation of flexion of the lumbar vertebrae.
Cauda equina syndrome and peripheral nerve lesions have
been described in these patients, and the presence of these
problems must be noted before any anesthetic involvement.75

Idiopathic Thrombocytopenic Purpura

Etiology

Idiopathic thrombocytopenic purpura (ITP) is the most com-
mon autoimmune bleeding disorder of pregnancy. The 
female-to-male ratio is almost 3 to 1, and more than 70% of
females are less than 40 years of age.77 ITP is not infrequently
diagnosed during pregnancy and accounts for 3% of all cases
of thrombocytopenia at the time of delivery.78 There is no
single reliable confirmatory test, and in milder forms (platelets

80–100 � 10�9/L), it may be indistinguishable from gesta-
tional thrombocytopenia. ITP is a diagnosis of exclusion. Ges-
tational thrombocytopenia is asymptomatic and usually diag-
nosed during pregnancy at the time of the routine CBC.
Women with gestational thrombocytopenia have no previous
history of bleeding disorders and are not at increased risk for
bleeding complications; therefore, parturients with gestational
thrombocytopenia do not require additional testing or spe-
cialized care. Other causes of thrombocytopenia during preg-
nancy include preeclampsia, SLE, human immunodeficiency
virus (HIV) infection, APS, thrombotic thrombocytopenic
purpura, hemolytic uremic syndrome, and disseminated in-
travascular coagulation. These disorders can be excluded with
a medical history and examination, assessment of blood pres-
sure, HIV serology, and other laboratory studies such as liver
function tests. ITP is diagnosed by CBC and a peripheral
blood smear. The CBC is normal except for the thrombocy-
topenia and an increased proportion of slightly enlarged
platelets seen on the peripheral smear.79

Pathophysiology

Idiopathic (immune) thrombocytopenic purpura (ITP) is a
syndrome characterized by immunologically mediated throm-
bocytopenia. The disorder is caused primarily by autoanti-
bodies to platelet membrane glycoproteins, leading to in-
creased platelet destruction and a lack of an appropriate
increase in marrow production of platelets.77,80 The most
common signs and symptoms, if any, include petechiae, ec-
chymoses, easy bruising, epistaxis, gingival bleeding, and
menorrhagia. Severe bleeding complications are rare even in
severely thrombocytopenic patients.

Medical Management

Treatment is considered appropriate for parturients with a
platelet count less than 10,000/�L or a platelet count 10,000 to
30,000/�L during the second or third trimester or for parturi-
ents with bleeding. It is controversial as to whether women with
platelet counts between 30,000 and 50,000/�L should be
treated during the third trimester, but more aggressive treat-
ment should be pursued in anticipation of delivery.81

Glucocorticoids are the first line of treatment and are usu-
ally initiated at a dose of 1 to 2 mg/kg/day for 3 to 5 days;
the dose is then tapered to the lowest effective dose. Intra-
venous immunoglobulin (IVIG) is an appropriate initial treat-
ment for pregnant women with a platelet count below
10,000/�L in the third trimester and for a woman with a
platelet count between 10,000 and 30,000/�L who are bleed-
ing, as it is generally perceived that IVIG can increase platelet
count more rapidly and to a greater degree than glucocorti-
coids. There are no known adverse fetal effects from IVIG.

In pregnant women who are refractory to both glucocorti-
coids and IVIG and who have symptomatic severe thrombo-
cytopenia (platelet count �10,000/�L), splenectomy is an ap-
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propriate consideration in the second trimester, as it will lead
to a 70% to 80% immediate and sustained response. In those
unresponsive to splenectomy, cytotoxic agents are considered.
Cytotoxic agents have been used in the second and third
trimesters and are associated with a very low risk of terato-
genicity but are also associated with prematurity and low birth
weight. Azathioprine has been used extensively in renal trans-
plant parturients, but response to azathrioprine can take 3 to
6 months. Dapsone has been used as a treatment for ITP; ad-
verse effects on pregnancy have not been noted, although it
can be excreted into the breast milk and cause hemolysis in
the infant.82

Obstetric Management

Immunoglobulin G (IgG) antiplatelet antibodies cross the pla-
centa, placing the fetus and neonate at risk for thrombocytope-
nia. Occasionally, this results in minor clinical bleeding such
as purpura, hematuria, or rarely, intracranial hemorrhage, which
can result in severe neurologic impairment. This possibility has
led to the advocation of cesarean section for parturients with
maternal platelet counts below 50,000/�L.83,84 A neonatologist
should be present to care for the potential bleeding complica-
tions and the anticipated decrease in platelet count during the
first several days after birth. Even though there is a theoretical
risk of thrombocytopenia in the neonate, breast-feeding should
not be discouraged.85 Platelets, fresh-frozen plasma, and IVIG
should be available for the mother at delivery.

Anesthetic Management

Parturients on steroids should have stress doses during labor.
The anesthetic management of these parturients depends on
the severity of the disease. In our hospital, the decision
whether to perform an epidural for labor is based on the bleed-
ing history of the parturient and platelet count in labor. We
usually place an epidural in patients with platelet counts as
low as 70,000 to 75,000/�L. If the platelet count is lower than
this, we prescribe patient-controlled analgesia (PCA) with a
combination of intravenous fentanyl and ketamine. Bleeding
time is no longer used as an assessment tool for platelet func-
tion, but TEG has recently become popular as a global method
of assessing clotting function.86 Of course, the decision
whether to provide regional analgesia for labor must be made
in light of the maternal risk of general anesthesia should this
be necessary. If a platelet transfusion is necessary, adminis-
tration should be as close to the time of surgery as possible,
because platelet survival is reduced in these parturients and
has been reported to be as short as 48 min.

Autoimmune Hemolytic Anemia

Autoimmune hemolysis (AIH), whether clinically asso-
ciated with anemia or not, occurs at a rate of approxi-

mately 1 in 200,000 in the age group of 20 to 50 years
old.87 In pregnant women, the incidence rises to 1 in
50,000. It is unclear why AIH occurs more frequently dur-
ing pregnancy.88

Pathophysiology

The autoimmune antibodies are mainly IgG warm-reacting
autoantibodies, which can cross the placenta and can cause
hemolysis in the fetus. The breakdown of the erythrocytes
carrying the antibodies occurs via antibody-dependent cell-
mediated cytotoxicity (ADCC), and phagocytosis and de-
struction take place in the spleen.87 Corticosteroids are par-
ticularly effective against ADCC. IgM antibodies may also
be found with AIH during pregnancy.88 Although these 
antibodies do not cross the placental barrier, they can 
bind complement. When hemolysis occurs, this takes place
intravascularly and is entirely or almost entirely unaffected
by corticosteroids. Both antibodies can cause severe 
hemolysis. In cases involving IgG warm autoantibodies
with an idiopathic form of AIH emerging only during 
pregnancy, treatment with prednisone (initial dosage, 40–
60 mg) should prove effective. The hemolysis generally
disappears spontaneously after the pregnancy has ended.
Relevant hemolysis is rarely seen in the newborn. On 
the other hand, an AIH that was clinically relevant before
pregnancy or secondary to an associated disease is gener-
ally more severe, because when IgG autoimmune antibod-
ies are responsible, therapy is often not successful. The
pregnancy more often ends in a spontaneous abortion or
miscarriage.88,89

Obstetric Management

A positive direct Coomb’s test is the most commonly used
test to detect an antibody. Complete serologic tests including
characterization of autoantibodies and detection of any con-
current alloantibody should be performed so that the least in-
compatible blood can be transfused if necessary. Blood trans-
fusion involves a risk but needs to be given if the parturient
exhibits life-threatening manifestations of anemia such as
angina, cardiac decompensation, and neurologic signs such as
lethargy.

Chaplin et al. reported that autoimmune hemolytic anemia
in pregnancy provoked life-threatening anemia in 40% to 50%
of the mothers and stillbirths or severe postpartum hemolytic
anemia in 35% to 40% of their infants.90 However, it has also
been reported that autoimmune hemolytic anemia in preg-
nancy is usually mild and does not require treatment, and that
the risks to the infant are less than previously thought if the
mother is promptly treated. There is an increased risk to the
infant when other collagen conditions are present. With early
diagnosis and appropriate treatment, the outlook for mother
and child is good.87 Because of the risk of fetal hemolysis,
serial ultrasonographic examinations of the fetus should be

ak
us

he
r-li

b.r
u



276 M. Harnett and T. McElrath

performed, and tests of fetal well-being such as biophysical
testing should also be carried out. In the postpartum period,
the parturient should be observed closely for potential exac-
erbations of the disease, and the neonate should be monitored
for hemolysis and for the persistence of antibodies.

Anesthetic Management

Transfusion therapy may be complicated in these individuals.
In an emergency situation, the least incompatible cells avail-
able should be used for transfusion. In parturients with severe
cold agglutinin disease, the cool operating room may cause
agglutination to occur with resultant acrocyanosis, Raynaud’s
phenomenon, or immune complex nephritis. This situation
may lead to hemolysis and may cause severe anemia, hemo-
globinuria, and renal failure. Perioperative plasmapheresis, in-
traoperative forced-air surface warming, and warming of all
intravenous solutions are effective techniques to prevent this
cascade of events.

Summary

When pregnancy occurs in women with autoimmune diseases
many problems related to obstetrics and anesthesia may oc-
cur. In addition, pregnancy itself my alter the course of the
autoimmune disease.
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Preeclampsia and Eclampsia
Stephen P. Gatt and David Elliott

Risk of Developing Preeclampsia 
and Eclampsia

The risk of developing gestational hypertension is 6% to 7%
and that of developing preeclampsia (PE) is 5% to 6%. In 3%
to 5% of all pregnancies, there is preexisting hypertension.1–5

Eclampsia occurs in 0.05% of pregnancies.4,5

Genetic factors, that is, both fetal (maternal and paternal)
and maternal genes and their interaction, are the main deter-
minants of the likelihood of preeclampsia.1,6–9 In a Swedish
cohort, the “nonshared environmental” effects contributed
0.46 [95% confidence interval (CI), 0.29–0.67) and the hered-
itary factors 0.54 (95% CI, 0–0.71).7 Several genetic and en-
vironmental factors interact to determine the predisposition
and severity of PE.10,11 There are several genetic variants that
determine the level of this predisposition as shown in Table
19.1. There is also evidence that PE is a syndrome of sym-
pathetic overactivity.12 This is most obvious when postgan-
glionic sympathetic nerve activity in skeletal muscle blood
vessels is measured.12 Women with elevated cardiac output
in early pregnancy are more likely to develop PE.13

There are several risk factors for increased maternal mor-
bidity in PE. The commonest maternal complications follow-
ing eclampsia are listed in Table 19.2.21

Early Diagnosis of Preeclampsia

It is becoming increasingly possible to predict which high-
risk women are likely to progress to PE. The most promising
screening tests are currently the following:

1. Fetal DNA in maternal plasma15

2. Cold pressor test at 16 to 20 weeks showing arterial pres-
sure rise greater than 10 mm Hg during and after place-
ment of an icebag on the forehead for 3 min

3. Quantitative assessment of the diastolic notch in uterine ar-
tery velocity waveforms16,17

4. Elevation in the erythroblast count in maternal blood18

5. Elevation of cardiac output (later, crossing over to low car-
diac output as vascular resistance increases) measured us-
ing Doppler echocardiography19

The mortality and morbidity from PE continues to decline
in the developed world (see Table 19.2).4,11,13,14,20

Definition of Hypertension in Pregnancy

The normal pattern of arterial blood pressure during the course
of pregnancy is a fall in both systolic and diastolic pressures,
especially during the second trimester. By way of contrast,
hypertension in pregnancy is defined as systolic arterial pres-
sure (SAP) � 140 mmHg and/or diastolic arterial pressure
(DAP) � 90 mmHg. Measurements should be taken with the
patient sitting comfortably, using an appropriately sized cuff
and a mercury sphygmomanometer. Korotkoff phase V (K5)
point of disappearance should be used to record the diastolic
pressure, as it is detected more reliably than K4 during preg-
nancy and more closely reflects the true diastolic pressure.10

In addition, the blood pressure should be measured on the same
arm throughout pregnancy to reduce interobserver error.

Of significance is that a blood pressure of 140/90 mm Hg
or higher is outside 2 SD of the mean21 in the normal preg-
nant population and is associated with a clinically significant
increase in perinatal mortality.2

Classification of Hypertension 
in Pregnancy

Many classifications of hypertension in pregnancy (e.g., the
2000 Australasian Society for the Study of Hypertension in
Pregnancy [ASSHP] classification) exist. The European clas-
sification is shown in Table 19.3.5,11 It can be seen that
preeclampsia is one of a number of the hypertensive disor-
ders of pregnancy, its significance lying in the multisystem
nature of the disease rather than being an isolated finding.
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Definition of Preeclampsia

At present, there is no diagnostic test specific for preeclamp-
sia. It is a clinical entity defined as hypertension that arises
after 20 weeks gestation or in the early postpartum period and
returns to normal within 3 months postpartum. In addition one
or more of the following must be present:

• Proteinuria �300 mg/24h or a spot urine protein/creatinine
ratio �30 mg/mmol

• Renal insufficiency evidenced by oliguria or serum/plasma
creatinine �0.09 mmol/L

• Liver disease with elevated serum transaminases and/or se-
vere epigastric and/or right upper quadrant pain

• Neurologic manifestations such as severe headaches, 

hyperreflexia, clonus, visual disturbances, or eclamptic
convulsions (by definition)

• Hematologic disturbances such as thrombocytopenia, dis-
seminated intravascular coagulation, or hemolysis

• Fetal growth retardation

It is worth noting that, although common, proteinuria is not
mandatory to the diagnosis of preeclampsia. Additionally,
edema is no longer included in the diagnosis of preeclampsia
as it is too nonspecific a finding to be of value.

Classification of Preeclampsia

Preeclampsia is classified as either mild or severe; there is no
moderate category. Preeclampsia is severe when the SAP is 160
mm Hg or more or the DAP is 110 mm Hg or higher. Addi-
tional features of severe preeclampsia include the following:

• Proteinuria �5 g/24 h
• Pulmonary edema or cyanosis
• Hemolysis, elevated liver enzymes, and low platelets syn-

drome (HELLP)

The differentiating features between mild and severe disease
are shown in Table 19.4.

TABLE 19.1. Genetic and environmental factors that may 
predispose to preeclampsia (PE).

Gene variants Environmental contributors

Angiotensin T-235 Chronic renal disease
Tumor necrosis factor-� Antiphospholipid (anticardiolipin) 

syndrome
Human leukocyte antigen G Chronic hypertension
Endothelial NO synthetase Family history of PE

at 298
Factor V Leiden Twin gestation
Methylene tetrahydrofolate Nulliparity

reductase
�2-Adrenergic receptor Age �40 years, �18 years

Diabetes
Ethnicity
Period of exposure to paternal seminal 

fluid (including oral intercourse, 
period of cohabitation)

Socioeconomic factors
Use of condoms and barrier methods
Previous autologous blood transfusion

Source: Compiled from Schneider MM, Landau R, Mörtl MM. New insights
in hypertensive disorders of pregnancy. In: Obstetric & Gynecologic Anaes-
thesia: Baillere’s Best Practice & Research. London: Lippincott Williams &
Wilkins and Epidemiological Study of Contraception. American College of
Obstetricians & Gynecologists Technical Bulletin. Int J Gynecol Obstet
1996;53:175–183, with permission.

TABLE 19.2. Major maternal complications following eclampsia.

HELLP syndrome 11%
Abruptio placentae 10%
Neurologic deficit 7%
Aspiration pneumonitis 7%
Disseminated intravascular coagulation (DIC) 6%
Pulmonary edema 5%
Cardiac arrest 4%
Renal failure 4%
Maternal death 1%

HELLP (syndrome), hemolysis/elevated liver enzymes/and low platelets.
Source: Adapted from Mattar F, Sibai BM. Eclampsia: risk factors for ma-
ternal morbidity. Am J Obstet Gynecol 2000;182:307–312, with permission. 

TABLE 19.3. Classification of hypertensive disorders of pregnancy.

Pregnancy-associated hypertension
Gestational hypertension
Preeclampsia

Preexisting hypertension
Preexisting hypertension complicated by superimposed preeclampsia
Eclampsia

Source: Modified from Schneider MM, Landau R, Mörtl MM. New insights
in hypertensive disorders of pregnancy. In: Obstetric & Gynecologic Anaes-
thesia: Baillere’s Best Practice & Research. London: Lippincott Williams &
Wilkins, 2001:291–297, with permission.

TABLE 19.4. Factors that differentiate mild from severe preeclampsia.

Factor Mild PE Severe PE

Systolic arterial pressure �160 mm Hg �160 mm Hg
Diastolic arterial pressure �110 mm Hg �110 mm Hg
Urinary protein �5 g/24 h; �5 g/24 h;

Dipstick � Dipstick ���

or �� or ����

Urine output �500 mL/24 h �500 mL/24 h
Headache No Yes
Visual disturbances No Yes
Epigastric pain No Yes
Right upper quadrant No Yes

abdominal pain
Pulmonary edema No Yes
Cyanosis No Yes
HELLP No Yes
Platelet count �100,000/mm3 �100,000/mm3

Some but not necessarily all features need be present in the same patient.
HELLP, hemolysis/elevated liver enzymes/and low platelets.
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Hemolysis, Elevated Liver Enzymes,
and Low Platelet, Hemolytic Uremic,
and Thrombotic Thrombocytopenic
Purpura, Syndromes

The hemolysis, elevated liver enzymes, and low platelet
(HELLP) syndrome is simply a form of severe PE in which
the systemic arterial blood pressure may not be markedly el-
evated.22 Although an aggressive, multidisciplinary approach
has improved the morbidity and mortality, HELLP still has a
substantial mortality.14,23,24 HELLP and its complications
(hepatic rupture, subcapsular hematoma, hepatic hemorrhage,
acute renal failure, disseminated intravascular coagulation,
pericardial and pleural effusions, ascites)24 require prompt
recognition and aggressive management.24,25

Although lactate dehydrogenase (LDH) and platelet count
are still the two best tests to monitor disease progress in
HELLP, a number of others are useful to secure the diagno-
sis: full blood count, LDH, serum transaminases (SGOT,
SGPT), urinalysis, haptoglobin, blood film, monoclonal D-
dimer, LDH isoenzymes, bilirubin, prothrombin time (PT),
and activated partial thromboplastin time (aPPT).26 Other
complications (or, perhaps, variants) of severe PE are he-
molytic uremic (HUS)/thrombotic trombocytopenic purpura
(TTP) and acute fatty liver of pregnancy (AFLP).27

In some severe cases of HELLP and HUS/TTP, plasmaphare-
sis, plasma exchange, and steroids may help,22,25–27 but in most
cases early delivery allows the disease process to resolve.27,28

The Clinical Picture of 
Severe Preeclampsia

Although most parturients presenting to our Obstetric Acute
Care Centre do seem to conform to a particular pattern, there
are so many potential variables that it is not unusual to come
across an atypical case. Indeed, PE is the disease with more
exceptions than strict conformists.

The physiologic and hemodynamic changes produced by nor-
mal pregnancy are shown in Table 19.5.6 The most notable are
the 43% increase in cardiac output (CO) and the 21% decrease
in systemic arterial vascular resistance (SVR).13,29 In a woman
with severe PE, onto these changes of pregnancy must be su-
perimposed the features of severe PE as shown in Table 19.6.
The main differences in mean arterial pressures between normal
and PE women throughout gestation and in the postpartum pe-
riod are shown in Figure 19.1.13 The progression of cardiac out-
put increase throughout pregancy in preeclamptic and non-
preeclamptic women is shown in Figure 19.2.13 The lack of
correlation between central venous pressure and pulmonary cap-
illary wedge pressure in preeclamptics is shown in Figure 19.3.
Once the severe preeclamptic receives a regional block, either
for blood pressure control or pain relief in labor, or as anesthe-
sia for cesarean section or instrumental delivery, the changes im-

posed by regional anesthesia must be added to this already com-
plex clinical picture (Figure 19.4). To add insult to injury, the
clinical picture of severe PE is not always “typical.” In a small
but significant number of PE women, the picture is atypi-
cal.13,29–35 HELLP women are one such subgroup, but there are
others. For example, although SVR index (SVRI) is often more
than 2200 dynes cm�5 m2, it is normal (1500–2200) in many
and low (�1500) in a few. Likewise, although the cardiac in-
dex is normal (�3 L/min/m2) or high (�5) in most severe
preeclamptics, in a small minority it is low (�3). The large he-
modynamic alterations that occur intrapartum and immediately
postpartum can make the clinical picture and hemodynamic
measurements difficult to interpret. Nevertheless, a feature that
bears remembering (Figure 19.5)36 is that myocardial function
in the untreated preeclamptic is normal or “hyperdynamic.”36

The differential diagnosis of PE includes acute cocaine in-
toxication, essential hypertension, renal disease, idiopathic
thrombocytopenic purpura, gallbladder disease, systemic lu-
pus, acute fatty liver of pregnancy (AFLP), pheochromocy-
toma, cardiomyopathy, dissecting aortic aneurysm, glomeru-
lonephritis, and ruptured bile duct.

TABLE 19.5. Hemodynamic changes in late pregnancy in 
nonpreeclamptic women.

Cardiac output, up 43%
Heart rate, up 17%
Systemic vascular resistance, down 21%
Pulmonary vascular resistance, down 34%
Colloid osmotic pressure (COP), down 14%
COP-pulmonary capillary wedge pressure gradient, down 28%
Indices that are either unaltered or not affected to an appreciable degree in 

normal pregnancy:
Mean arterial pressure
Pulmonary capillary wedge pressure (PCWP)
Central venous pressure
Pulmonary artery pressure
Left ventricular stroke work index (LVSWI)
LVSWI/PCWP

TABLE 19.6. Classical clinical picture of severe, untreated PE.

Factor Change

Left ventricular function Marked elevation
Cardiac output Moderate elevation
Systemic vascular resistance Marked elevation
Colloid osmotic pressure Usually decreased
Mean arterial pressure Marked elevation
Central venous pressure Modest decrease
Plasma volume Modest decrease
Blood viscosity Small elevation
Red blood cell (RBC) deformability Mild increase
Pulmonary vascular resistance Unaffected
Urine output Moderate decrease

Source: From Gatt S. Clinical management of established pre-eclampsia/ges-
tational hypertension: perspectives of the midwife, neonatologist and anaes-
thetist. In: Brown M (ed) Baillière’s Clinical Obstetrics and Gynecology.
Pregnancy and Hypertension Edition, vol 1. Baillère’s Best Practice and Re-
search. London: Baillère Tindall 1999:95–105, with permission.
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Medical Treatment of 
Hypertension in Nonpregnant 
Women of Childbearing Age

The main groups of drugs used in the management of hyper-
tension preexisting before pregnancy are the �1 selective (e.g.,
metoprolol) and nonselective (e.g., propranolol) �-blockers; the
�-blockers (e.g., prazosin); the combined �- and �-blockers
(e.g., labetalol); the thiazide (e.g., hydrochlorothiazide); 
thiazide-like (e.g., indapamide); and potassium-sparing (e.g.,
triamterene with hydrochlorothiazide) diuretics; other diuretics
(e.g., frusemide); the centrally acting antihypertensives (e.g.,
methyldopa, clonidine); the vasodilators (e.g., hydralazine); the
angiotensin-converting enzyme (ACE) inhibitors (e.g., capto-
pril); the dihydropyridine (e.g., nifedipine) and nondihydropy-

ridine (e.g., verapamil) calcium channel blockers; and the an-
giotensin II receptor antagonists (e.g., irbesartan).36–38

The agents used for treatment of hypertension in nonpreg-
nant women of childbearing age are summarized in Table
19.7, and the thiazide and thiazide-like diuretics are classified
in Table 19.8.36,39 Not all these agents are appropriate for use
in pregnancy or delivery.39,41

Suitability of Hypertension
Medications in Pregnancy

The ACE inhibitors are contraindicated in pregnancy as they
are associated with fetal renal dysfunction and oligohydram-
nios.38 They are also a cause of fetal wastage.40 The angiotensin
II receptor antagonists are similarly associated with adverse fe-
tal renal development and should not be used in pregnancy.

FIGURE 19.1. Mean blood pressure in preeclamptic
(filled circles) and normal (open circles) throughout
and after pregnancy. (Modified with permission from
Easterling TR, Benedetti TJ. Maternal hemodynam-
ics in normal and preeclamptic pregnancies. A longi-
tudinal study. Obstet Gynecol 1990;76:1061–1069.)

FIGURE 19.2. Cardiac output in preeclampsia (PE) (full
circles) and non-PE (open circles): women at each week
of gestation (x-axis) and in the postpartum period. (Mod-
ified with permission from Easterling TR, Benedetti TJ.
Maternal hemodynamics in normal and preeclamptic
pregnancies. A longitudinal study. Obstet Gynecol 1990;
76:1061–1069.)
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Atenolol is associated with intrauterine growth retardation.42

Esmolol may be useful in the acute management of hyperten-
sive crises but has been associated with profound fetal brady-
cardia.43 Diuretics can cause further contraction of an already
depleted intravascular volume in the mother and may result in
fetal electrolyte imbalance. The thiazide and related diuretics
have been reported to cause fetal thrombocytopenia.

The calcium channel blockers do not have any direct adverse
neonatal effects but can cause fetal hypoxia secondary to ma-
ternal hypotension.38 They may also potentiate respiratory em-
barrassment when used in combination with magnesium sulfate.

Labetalol, oxprenolol, hydralazine, methyldopa, prazosin,
and clonidine are all efficacious and relatively safe.1,44,45

Nifedipine, nitroglycerine, nitroprusside, and trimetaphan are
used in those with severe disease during labor, cesarean sec-
tion, and immediately postpartum (vide infra).40

Hypertension Management 
Immediately Before Delivery

The antihypertensive agent or techniques that may be needed
immediately before delivery in cases of severe hypertension
when SAP is 160 mm Hg or higher and DAP is 110 mm Hg
or higher46 may have to be different from those used for rou-
tine management of hypertension in the antenatal period. The
main requirements are that these agents are sufficiently short
acting that their effect is transient in the event that hypotension
supervenes, that they are extremely potent so that they can be

FIGURE 19.3. Correlation between central venous pressure (CVP)
and pulmonary capillary wedge pressure (PCWP) in severe PE. The
correlation is poor, and it is worst when CVP is less than 6 cm H2O.
(Reproduced with permission from Newsome LR, Bramwell RS,
Curling PE. Hemodynamics in severe preeclamptics. Anesth Analg
1986;65:33.)

FIGURE 19.4. Cardiac index (CI),
mean systemic arterial pressure
(MAP), systemic vascular resistance
(SVR) and pulmonary vascular resist-
ance (PVR) in severely preeclamptic
patients at control (C), after lumbar
epidural anesthesia (LEA), at delivery
(D), and 2 h postpartum (PP). (Re-
produced with permission from New-
some LR, Bramwell RS, Curling PE.
Hemodynamics in severe preeclamp-
tics. Anesth Analg 1986;65:33.)
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titrated to effect, and that they produce their effect (preferably)
by arteriolar dilatation. They should have minimal or no effect
on the fetus when they are used in the short term.

Although the antihypertensive drugs used most commonly

in pregnancy are labetalol, methyldopa, oxprenolol, and hy-
dralazine47 [but not the ACE inhibitors and (some) Ca2� chan-
nel blockers], if more rapid control of hypertensive crises is
required, sodium nitroprusside (SNP),48 nitroglycerine
(TNG), trimetaphan (Arfonad), bolus hydralazine, minibolus
diazoxide, and �- or �-adrenoreceptor blockers (e.g., la-
betalol) may be necessary.1,49–51

Obstetric Management

The aim of treating preeclampsia is to prolong the pregnancy
to a stage that maximizes fetal viability but does not endan-
ger the mother’s well-being.

Drug Treatment of Hypertension

There is no evidence of improved fetal well-being from the
control of maternal blood pressure, but arterial pressure con-
trol may protect the mother from adverse effects associated with
uncontrolled hypertension, especially intracerebral hemor-
rhage. Although a causal link remains unproven, the evidence
for this comes from noting the increase in use of antihyper-
tensive agents in PE in association with a reduction in mater-
nal deaths from intracerebral hemorrhage over the past

FIGURE 19.5. Left ventricular curves in women with severe untreated
PE, chronic hypertension, and pulmonary edema. PIH, pregnancy-
induced hypertension. (Reproduced with permission from Cotton DB,
Lee W, Huhta JC, et al. Hemodynamic profile of severe pregnancy
induced hypertension. Am J Obstet Gynecol 1988;158:523–529.)

TABLE 19.7. Agents for treatment of hypertension.

Class of drug Subclass Drug

�-Blockers �1 selective Atenolol, metoprolol, timolol
Nonselective Propranolol, oxprenolol, pindolol

�-Blockers Prazosin
�- and �-Blockers Labetalol, carvedilol
Centrally acting antihypertensives Methyldopa, clonidine
Vasodilators Hydralazine, minoxidil
Diuretics Thiazide Bendrofluazide, chlorothiazide, chlorthalidone, hydrochlorothiazide
Thiazide-like diuretics Indapamide
Potassium-sparing diuretic combinations Amiloride/hydrochlorothiazide

Triamterene/hydrochlorothiazide
Angiotensin-converting enzyme (ACE) Captopril, enalapril, fosinopril, isinopril, perindopril, quinapril, 

inhibitors ramipril, trandolapril
Ca2� channel blockers Dihydropyridines Amlodipine, felodipine, nifedipine

Nondihydropyridines Verapamil, diltiazem
Angiotensin II receptor antagonists Irbesartan, candesartan

Source: From 1999 World Health Organization. International Society of Hypertension guidelines for the management of hypertension. J Hypertens
1999;17:151–183, with permission.

TABLE 19.8. Thiazide and thiazide-like diuretics.

Class of thiazide Agent

Thiazide Bendrofluazide
Chlorothiazide
Chlorthalidone
Hydrochlorothiazide

Thiazide-like Indapamide
Potassium-sparing combinations Triamterene � hydrochlorothiazide

Amiloride � hydrochlorothiazide

Source: From Drug and Therapeutics Information Service. National Pre-
scribing Service (NPS) News 1999;6:3, with permission.

ak
us

he
r-li

b.r
u



19. Preeclampsia and Eclampsia 285

decade.6,20 It is important that blood pressure is reduced to a
safe level rather than attempting to achieve “normal” pregnancy
levels. Too aggressive blood pressure control may actually lead
to a reduction in placental blood flow and fetal compromise.

Agents to lower blood pressure are divided into those used
for the longer-term home or hospital management of PE and
those used for acute hypertensive episodes, usually in the de-
livery suite or operating theater environment. Orally admin-
istered agents are the mainstay of treatment of the former
(methyldopa, oxprenolol, labetalol, clonidine, hydralazine,
nifedipine). Acute hypertensive episodes usually require par-
enterally administered drugs (hydralazine, labetalol, diazox-
ide, or, for more severe pressure rises, SNP, glyceryl trini-
trate, or trimetaphan). The potent intravenous agents require
invasive arterial blood pressure monitoring during their use.

Bedrest

Although traditionally prescribed, bedrest appears to be of
minimal or no benefit in the management of PE.

Aspirin

Low-dose aspirin (50–100 mg) has been suggested as an agent
to prevent or modify the severity of PE by correcting the
prostacyclin/thromboxane A2 imbalance. The large multicen-
ter CLASP study failed to demonstrate a reduction in PE in-
cidence with the nonselective use of low-dose aspirin.52 How-
ever, the most recent Cochrane Collaboration systematic
review of effectiveness and safety of antiplatelet agents
showed a 15% decrease in the risk of PE and a 7% decrease
in risk of delivery before 37 completed weeks when low-dose
aspirin is used. The reviewers concluded, however, that there
are insufficient data available to make clear recommendations
as to which women are most likely to benefit, when treatment
should be started, and at what dose.53,54 Current obstetric prac-
tice generally uses low-dose aspirin in those mothers identified
as being at high risk of developing PE. The use of aspirin is
not a contraindication to the use of regional anesthesia.

Calcium

Early observational studies suggested that a high-calcium diet
and calcium supplementation might reduce the likelihood of
developing PE. Subsequent work indicated calcium supple-
ments result in a modest decrease in the risk of PE. The ef-
fect is greatest for those women at high risk of developing PE
and those with low baseline calcium intake. To date, there is
no evidence that perinatal outcome is improved if women with
established PE add calcium supplements to their diet.55

Fish Oils and Salt Restriction Diets

Fish oils are high in �-3 fatty acids which compete with
arachidonic acid and inhibit the production of thromboxane
A2. For this reason, diets high in fish oils have been suggested

to reduce the risk of developing PE. The large European Mul-
ticentre Fish Oil Supplementation trial has proved this to be
a false hope. Likewise, there appears to be no benefit from
any other dietary manipulation including salt restriction.

Plasma Volume Expansion

Plasma volume is reduced in women with PE. There is no
benefit for mother or fetus in plasma volume expansion in
mild PE. Volume expansion can be beneficial if central ve-
nous pressure (CVP) or pulmonary capillary wedge pressure
(PCWP) is low; if the woman has oliguria or deteriorating re-
nal function; before placement of epidural, spinal, or com-
bined spinal-epidural (CSE) block; or before initiating va-
sodilator therapy.53,54,56

Delivery of the Fetus

The only “cure” for PE is delivery of the fetus. The timing of
delivery depends on the gestational age of the fetus and the
severity of the mother’s condition. The aim is to maximize fe-
tal age and viability without endangering the mother’s well-be-
ing. Preeclampsia occurring at term (�37 weeks) is an indica-
tion for delivery. Before 32 weeks gestation, conservative
management with careful monitoring of the mother and fetus is
recommended. Between 32 and 37 weeks, every case needs in-
dividual assessment and a decision made on the relative mater-
nal versus fetal condition.57,58 The absolute and relative mater-
nal and fetal indications for delivery are shown in Table 19.9.37

Volume Manipulation

Volume Restriction

Although women with PE are often edematous, they also have
a reduced plasma volume.33,50,53,56,59 Consequently, fluid re-
striction, sodium restriction, or the use of diuretics poses a

TABLE 19.9. Absolute and relative maternal and fetal indications
for delivery in severe preeclampsia (PE).

Absolute Relative

Maternal Maternal
Convulsion Severe hypertension
Cerebral irritability Right upper quadrant abdominal 
Heart failure pain
Oliguria with urine output Heavy proteinuria

�20 ml/hr
Uncontrollable hypertension
Rising serum creatinine 

(�50%)
Thrombocytopenia
Disseminated Intravascular 

coagulation
Clinical placental abruption

Fetal Fetal
Fetal distress Intrauterine growth retardation

Source: From Gallery EDM. Hypertension in pregnancy. Practical manage-
ment recommendations. Drugs 1995;49(4):561, with permission.
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great risk to them, and these treatments should not be 
used.58 The only exceptions are those women with pulmonary
edema13,30,33,58,59 (which is usually iatrogenic) or with severe
cerebral edema with raised intracranial pressure.

Volume Expansion

The contraction of central plasma volume in those with severe
PE is usually in excess of 500 mL,53 although this is not always
the case.56 The induction of vasodilatation without judicious vol-
ume preloading50 or fluid administration pari passu with the im-
position of vasodilatation (sometimes guided by central pres-
sure monitoring)60 in those with severe disease can pose a risk
of precipitous, life-threatening blood pressure falls.50,61

Fluid preloading is recommended in preeclamptics having
epidural anesthesia,54,58 spinal or combined spinal anesthe-
sia,54 parenteral antihypertensive medication,53 or intravenous
magnesium therapy,62 and in those who are oliguric,58,63 or
who have signs of central dehydration,53 or in those whose
central pressures (CVP and/or PCWP) are low.63

Because most women with severe PE are oliguric and have
low plasma volume,64 the majority will benefit from modest and
gradual plasma volume expansion.51 Volume expansion before
anesthesia in the severe preeclamptic or eclamptic parturient re-
duces maternal hypotension and fetal heart rate abnormalties.54

Successful volume replacement is a matter of timing and
balance; that is, treatment of several parameters simultane-
ously. Preferably, volume repletion and increasing vasodi-
latation should be achieved at the same time if pulmonary and
cerebral edema on the one hand and blood pressure drops on
the other are to be avoided.51 Parallel adjustments should be
made to relieve the vasospasm, oliguria, hypertension, and
hypovolemia.57,61,65 Also, it should be remembered that the
hemodynamic balance is continuously changing as treatment
proceeds.33,57

Magnesium

Although there is little doubt that magnesium sulfate is effi-
cacious in the management of those with eclampsia and se-
vere PE, there is little evidence that it is of use in those with
mild PE and gestational hypertension; if one agent is to be
used, magnesium sulfate appears to be the best choice.66,67

Magnesium is superior to antihypertensive agents in pre-
venting seizures in those with severe PE.67 In randomized
controlled trials, in those who received antihypertensives, the
seizure rate was 2.8% (22/793) as compared to a rate of 0.9%
(7/815) in those who received magnesium.66 Table 19.10. of-
fers a therapeutic plan for the prevention of convulsions in
those who either have severe PE or have already experienced
a convulsion.65

Anesthetic Management

There is mounting evidence that spinal and CSE anesthesia is
as safe as epidural anesthesia for the severe preeclamptic.68,69

There is even a suggestion that a continuous spinal technique
can be of benefit.70 A randomized comparison of anesthetic
techniques in those with severe PE shows that, during anes-
thesia for cesarean section, the mean arterial pressure (MAP)
rises at intubation in the general anesthesia (GA) group. Also,
MAP is considerably lower in the spinal group than in both
the GA and epidural groups.71 Although the number of women
in each subgroup (epidural, 27; CSE, 27; GA, 26) was small,
it seems that, in severe PE, both general and regional tech-
niques are equally acceptable for cesarean delivery if steps are
taken to ensure a careful approach to either method.68

The traditional wisdom has been that epidural anesthesia
would seem to be superior to GA for cesarean section and
that, in labor and delivery, epidural analgesia has the added
advantage of improved blood pressure control, increased re-
nal and uteroplacental blood flow, and decreased potential for
seizures. Nevertheless, in some, a regional block is con-
traindicated if there is concurrent coagulopathy or active
bleeding. Table 19.11 shows that the systemic arterial pres-
sures during cesarean section under GA, epidural block, and
CSE are not very different.71 The risks of GA in severe PE
include hemodynamic instability at induction and intubation
and again at extubation. Hypertension and tachycardia can
lead to raised intracranial pressure.35

Level of Platelet Count and 
Regional Anesthesia

Major epidural bleeding with subsequent neurologic deficit is
a very rare complication of obstetric anesthesia.69 It would
seem that epidural and CSE anesthesia are safe in those
preeclamptics with platelet counts greater than 100 	 109/L,
perhaps even in those with counts greater than 75 	 109/L.
Justifiably, there is significant reluctance amongst obstetric
anesthesiologists to undertake epidural or CSE in those par-
turients with platelet counts below 50 	 109/L. Between 50
and 100 	 109/L lies a gray zone in which the clinician has
to weigh the risk of epidural/CSE anesthesia against a host of
other competing risks (e.g., difficult airway, platelet function
defects, respiratory depression in the neonate, other markers
of disseminated intravascular coagulation).

TABLE 19.10. Prevention of convulsions in those with severe
preeclampsia (PE) or prior convulsion.

Previous seizure:
Magnesium sulfate
Diazpam

Phenytoin (less commonly)
Both phenytoin and magnesium (rarely)

Severe preeclampsia
Control of blood pressure
Lumbar epidural block
Magnesium
Diazpam/phenytoin

Source: Modified from Gatt S. Hypertensive disorders and renal disease in
pregnancy and labour. In: Birnbach D, Gatt S, Datta S (eds) Obstetric Anes-
thesia. New York: Harcourt, 2000, with permission.
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In the absence of an absolute test that can define this risk,
an arbitrary point of platelet count needs to be selected be-
low which there is a theoretical risk of bleeding of sufficient
magnitude as to produce nerve root, cauda equina, or spinal
cord compression. There is still controversy as to whether the
remaining platelets are normal in PE. There are those who
have demonstrated that, in all but the most severe preeclamp-
tics/eclamptics with disseminated intravascular coagulation or
evidence of hemolysis, the platelets are normal34; others have
found some platelet function abnormalities.72

It should be remembered that, in the presence of severe
thrombocytopenia, once bleeding in the epidural or subdural
spaces commences, it can be very hard to monitor, to investi-
gate, or to control. Very few patients with PE or eclampsia have
a platelet count well below 90 	 109/L.73 Also, neurologic
damage is rare. In a review of 23,287 parturients, the incidence
of neurologic damage was 36.2 per 10,000 for epidural block,
34.7 per 10,000 following general anesthesia, and 18.9 per
10,000 following vaginal delivery without anesthesia/analge-
sia. None of these women had a platelet count below 69 	
109/L, none had clinical evidence of bleeding, and in none was
the platelet count falling. Only 30 had platelet counts below
100 	 109/L.74 On the other hand, denying epidural anesthe-
sia to a woman may be detrimental to her health, especially if
she requires GA and has an anticipated difficult airway.75

From reviews of the case reports to date, it would seem
that a platelet count of 54 	 109/L (95% confidence limits,
40–75 	 109/L) is associated with adequate clot forma-

tion.72,74 As the upper limit of the 95% confidence interval
for the relationship is a platelet count of 75 	 109/L, regional
anesthesia should not be denied to PE patients with platelet
counts greater than this.65,72,74

Thromboelastographic studies show that clot strength de-
clines rapidly with decreasing platelet count below 80 	
109/L.61,76 Figures 19.6. and 19.7 show the thromboelasto-
graphic evidence for the assertion that there may be increas-
ing risk from regional blockade as the platelet count falls be-
low 75 to 80 	 109/L.72,76

Both clinical experience and laboratory evidence suggest
that a safety cutoff point of 75 to 80 	 109/L is justified. For
most institutions, the consensus position at which, if all other
hazards balance out, the obstetric anesthesiologist would not
use a major neuraxial regional technique as the method of
choice to produce anesthesia for cesarean section or other op-
erative delivery, analgesia for vaginal delivery, or blood pres-
sure control in PE revolves around this platelet value. In 1996,
a survey of anesthesiologists showed that 66% of academic
anesthesiologists and 55% of private practice anesthesiolo-
gists will place an epidural when platelet count is between
80 	 109/L and 100 	 109/L.75

Bleeding Time Test

Although thrombocytopenia is not rare, there are relatively few
patients who have a very low platelet count that will contraindi-
cate the placement of an epidural (Table 19.12). In the gray zone
between 50 	 109/L and 100 	 109/L, can the bleeding time
(BT) be of assistance in deciding whether there is an increased
probability of epidural hematoma? There is no evidence that BT
can predict the magnitude of bleeding, or that it changes suffi-
ciently in advance to allow for successful intervention, and it
does not correlate with degree of epidural bleeding.77

Management and Prophylaxis 
of Convulsions

Convulsions should be treated promptly using IV thiopen-
tone or diazepam. It is also important to maintain a patent
airway, to administer oxygen by face mask, and to apply

TABLE 19.11. Systemic arterial pressure during cesarean section
under general anesthesia (GA), epidural anesthesia (EDB), and
combined spinal-epidural anesthesia (CSE).

Arterial pressure GA EDB CSE

Highest SAP 170 163 158
Highest DAP 108 103 102
Lowest SAP 112 110 110
Lowest DAP 60 59 61

SAP, systolic arterial systemic pressure; DAP, diastolic arterial systemic pres-
sure.
Source: From Wallace DH, Leveno KJ, Cunningham FG, et al. Randomised
comparison of general & regional anesthesia for cesarean delivery in pregnan-
cies complicated by severe PE. Obstet Gynecol 1995;86:2, with permission.

FIGURE 19.6. Clot strength as measured by maximum
amplitude (MA) of thromboelastograph (TEG) as
platelet count is progressively decreased. As the platelet
count falls below 75–80 	 109/L, the clot strength de-
clines rapidly. (Modified with permission from Warren
E, Lyons G, Columb MO, Gorton H. Thrombocytope-
nia, regional blockade, and thromboelastography. Eur
Soc Meet Abstracts 2000;A498.)
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left lateral pelvic tilt. Recurrence of convulsions can be 
reduced by placement of effective sympathetic block
(epidural anesthesia), by strict control of hypertension, and
by prophylactic administration of magnesium sulfate (or, in
a limited number of situations, phenytoin)6,62,78,79 (see
Table 19.10).

Magnesium is superior to both diazepam and phenytoin for
the control of seizures.80 In those who had already had a
seizure, those receiving magnesium had a 52% lower risk of
recurrence than those receiving diazepam and a 67% lower
risk than those given phenytoin.78 Recurrent seizures occured
in 23.1% (216/935) of those receiving phenytoin and 9.4%
(88/932) of those who received magnesium in a summary of
randomized, controlled studies in eclamptics.66 Magnesium is
also superior to diazepam or phenytoin for the treatment of
eclampsia66,78,80 (See Table 19.10).

Postdelivery Care

Although PE invariably resolves following delivery, there is
a period of several days postpartum when the mother remains
at risk from the disease. Forty percent (40%) of eclamptic
seizures occur after delivery. Pulmonary edema resulting from
fluid overload and deteriorating renal function also often oc-
cur postpartum. The nadir of platelet count and function oc-
curs 24 to 36 h postpartum, gradually improving thereafter.
It is important not to be complacent in the postpartum man-
agement of the disease. Antihypertensives usually need to be
continued and only weaned once the hypertension has re-
solved. Continuation of a continuous epidural infusion will
give good analgesia and, as a useful adjunct, will help with
blood pressure control. Magnesium infusions should be con-
tinued at least 24 h after the most recent seizure in the case
of eclampsia. Daily platelet count, hemoglobin, and renal
function tests are indicated in severe PE.

Follow-Up

Long-term follow-up of women who have had PE is usually un-
dertaken by the obstetrician to ensure that blood pressure and
renal function have returned to normal by 3 months postpartum.

Admission to the Intensive Therapy Unit

Severe preeclamptics and eclamptics should be admitted to
the ITU when (1) invasive monitoring needs to be instituted
because pulmonary edema or intractable hypertension or
anuria supervene, (2) severe hypertension needs immediate
management, especially if neurologic symptoms supervene,
(3) severe oliguria or anuria needs aggressive management
(e.g., invasive monitoring and dialysis),81,82 (4) repeat con-
vulsions need to be controlled (and prophylaxis instituted),
(5) massive blood loss (from disseminated intravascular co-
agulation, abruptio placentae, or postpartum hemorrhage) or

TABLE 19.12. Incidence of thrombocytopenia in the mild and 
severe preeclamptic pregnant and normal pregnant patient.

Thrombocytopenia

�150 	 109/L �100 	 109/L �50 	 109/L

Severe preeclampsia (PE)
Pritchard et al. 25.0%

(1976)
Gibson et al. 20.0%

(1982)
Kelton et al. 34.0%

(1985)
Gatt et al. 22.5% 7.5% 2.5%

(1988)
Orlikowski 37.0% 14.0%

et al. (1996)72

Mild and severe 
preeclampsia

Ramanathan 30.0%
et al. (1980)

Normal pregnancy
Rolbin et al. 6.4%

(1988)

FIGURE 19.7. Maximum amplitude of thrombo-
elastograph (MA) in millimeters as a function of
platelet count. At a platelet count of around 80 	
109/L, the negative exponential curve of best fit
shows a dramatic change of slope. TEG, throm-
boelastograph. (Modified with permission from
Orlikowski CEP, Rocke DA, Murray WB, et al.
Thromboelastography changes in pre-eclampsia
and eclampsia. Br J Anaesth 1996;77:157–161.)
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HELLP occur,22,26 or (6) the dire sequelae of PE—intracere-
bral (pontine hemorrhage,83 cerebral edema, choroidal isch-
emia84) or intraabdominal (liver rupture, hepatic subcapsular
hematoma) catastrophes—supervene.1,61,65

Summary

From the anesthesiologist’s point of view, the first contact
with the parturient is usually during labor or cesarean section
and delivery. In this situation, the time spent in volume pre-
loading, blood pressure control, stabilization of the mother’s
condition, and choice of anesthetic or analgesia technique is
time well spent.3,41 Such preparation will often reduce fetal
and maternal morbidity.6 Consequently, it is imperative that
the anesthetist be warned early of such women presenting for
delivery.
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20
Preterm Labor
Scott Segal and Errol R. Norwitz

The mean duration of singleton pregnancy is 40 weeks (280
days) dated from the first day of the last menstrual period. Term
is defined as 2 SD from the mean or, more precisely, 37 to 42
completed weeks (266–294 days) of gestation. Preterm (pre-
mature) labor is defined as labor occurring before 37 completed
weeks of gestation. Preterm birth occurs in 7% to 12% of all
deliveries but accounts for more than 85% of all perinatal mor-
bidity and mortality.1,2 Although the ability of physicians to
identify women at risk for preterm delivery has improved, the
overall incidence of preterm birth has remained unchanged for
the past 30 years. During this same period, improvements in
perinatal outcome have resulted from antepartum steroid ad-
ministration and advances in neonatal care. Solving the prob-
lem of premature delivery remains the single greatest challenge
to maternal–fetal medicine in the twenty-first century.

Etiology

Preterm labor likely represents a syndrome rather than a di-
agnosis because the causes are varied. Indeed, several inves-
tigators have suggested replacing the term preterm labor with
preterm birth syndrome. Approximately 20% of preterm de-
liveries are iatrogenic and are performed for maternal or fe-
tal indications, including intrauterine growth restriction,
preeclampsia, placenta previa, and nonreassuring fetal test-
ing.3 Of the remaining cases of preterm birth, around 30% oc-
cur in the setting of preterm premature rupture of the mem-
branes, 20% to 25% result from intraamniotic infection, and
the remaining 25% to 30% are caused by spontaneous (un-
explained) preterm labor. The various etiologies of preterm
labor are listed in Table 20.1.

Prediction and Prevention

Identification of those women most likely to experience
preterm labor is an important goal of modern obstetric man-
agement because of the dramatic consequences of preterm

birth and the relatively ineffective treatments for preterm la-
bor once it occurs. Screening tests for prediction of preterm
birth can be divided into four general categories: risk factor
scoring, home uterine monitoring, assessment of cervical mat-
uration, and measurements of endocrine/biochemical mark-
ers. Numerous risk factors for preterm birth have been iden-
tified (see Table 20.1), some of which are modifiable
(cigarette smoking, illicit drug use), whereas others are not
(African-American race, maternal age). Several risk factor-
based scoring protocols based primarily on historical factors,
epidemiologic factors, and daily habits, have been developed
in an attempt to identify women at risk. Reliance on risk 
factor-based screening protocols alone, however, will fail to
identify more than 50% of pregnancies that deliver preterm
(low sensitivity), and the majority of women who screen pos-
itive will ultimately deliver at term (low positive predictive
value).4,5 As such, risk factor-based screening protocols have
largely fallen out of favor. Similarly, although an increase in
uterine activity is a prerequisite for preterm labor, home uter-
ine monitoring of women at high risk of preterm delivery has
not been shown to reduce the incidence of preterm birth.6

However, such an approach has been shown to increase vis-
its to the labor and delivery floor, increase obstetric inter-
vention, and increase the cost of antepartum care.6

Cervical effacement is a prerequisite for preterm birth. Se-
rial digital evaluation of the cervix in women at risk for
preterm delivery is useful if the examination remains normal.
However, an abnormal cervical finding (shortening or dilata-
tion) is associated with preterm delivery in only 4% of low-
risk women and 12% to 20% of high-risk women.7 Real-time
sonographic evaluation of the cervix, on the other hand, has
demonstrated a strong inverse correlation between cervical
length and preterm delivery.8,9 If the cervical length is below
the 10th percentile for gestational age, the pregnancy is at a
sixfold increased risk of delivery before 35 weeks’ gestation.8

A cervical length of 15 mm or less at 23 weeks occurs in less
than 2% of low-risk women but is predictive of delivery be-
fore 28 and 32 weeks in 60% and 90% of cases, respectively.9

Whether obstetric interventions such as cervical cerclage or
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prophylactic tocolysis can modify the risk of preterm deliv-
ery associated with cervical shortening remains controversial.

A number of biochemical markers have been associated with
preterm birth, including, but not limited to, activin, inhibin, fol-
listatin,10,11 fetal fibronectin,12–14 collagenase,15 and tissue in-
hibitors of metalloproteinases.16 To date, fetal fibronectin is the
only established biochemical screening test for preterm deliv-
ery. Elevated levels of fetal fibronectin in cervicovaginal se-
cretions, which may reflect separation of the fetal membranes
from the maternal decidua,12 are associated with premature de-
livery. However, in a low-risk population, the positive predic-
tive value of a positive fibronectin test at 22 to 24 weeks ges-
tation for spontaneous preterm delivery before 28 weeks and 37
weeks was only 13% and 36%, respectively.13 The value of this
test may lie in its negative predictive value (99% of patients
with a negative fetal fibronectin test will not deliver within 7
days),14 which may prevent unnecessary hospitalization.

Although numerous risk factors for preterm delivery have
been identified (see Table 20.1), it remains unclear whether
modification or treatment of these risk factors will affect the
overall incidence of preterm birth. It is generally accepted that
regular prenatal care is associated with a decrease in the in-
cidence of preterm birth. In 1993, the March of Dimes Mul-
ticenter Prematurity Prevention Trial conducted a random-
ized, controlled trial of 2395 women at high risk for preterm
birth in which women were randomized to either standard of
care or enhanced care intervention (which included more 
frequent prenatal visits, improved patient education regard-
ing signs of preterm labor, and weekly pelvic examinations
after 20–24 weeks).17 There was no significant difference in
spontaneous preterm birth rates between the two groups. The
authors concluded that the “studied interventions are not rec-
ommended for similar populations.” Bedrest is often recom-
mended for women at high risk for preterm birth at an esti-
mated cost of more than $250 million per year. Although
bedrest has been shown to improve uteroplacental blood flow,
leading to a slight increase in birth weight, it has not been
shown to decrease the incidence of preterm delivery.18

The most contentious issue involves screening and treat-
ment of genital infections. Lower genital tract infections have
been associated with preterm delivery. Such infections may
serve as a marker of upper genital tract infection or may lead
to direct migration of organisms to the decidua, fetal mem-
branes, and amniotic fluid. Bacterial vaginosis, for example,
complicates 12% to 22% of all pregnancies and is strongly
associated with preterm delivery.19 There is a 40% increased
incidence of very low birth weight infants born to women
with untreated bacterial vaginosis,19 and antibiotic treatment
has been shown to decrease the rate of preterm labor and pre-
mature birth by 33% to 70%.20,21 It is clear from these stud-
ies that women with symptomatic bacterial vaginosis should
be treated (Box 20.1). Whether to screen all asymptomatic
women for bacterial vaginosis, however, remains unclear. In-
deed, several recent large prospective randomized controlled
trials have suggested that screening and treating asymptomatic
women for bacterial vaginosis may be associated with a par-
adoxical increased risk of preterm birth.22 As such, this ap-
proach has recently been abandoned.

Obstetric Management 

The last decade has seen a remarkable transformation in the
obstetric care of the parturient experiencing preterm labor.
Through the early 1990s, most authors (including those of the
previous edition of this text) advocated aggressive short- and
long-term tocolysis, maternal bedrest, hydration, and antibi-
otics, combined with corticosteroid therapy for fetal lung mat-
uration. On the basis of several large randomized trials, many
of these therapies have now been found to be of little bene-
fit but associated with substantial cost and maternal morbid-
ity. For this reason, the standard of care is now considered to
be a more limited approach in which short-term tocolysis
(�48 h) is used to facilitate corticosteroid therapy and possi-
ble transfer of the mother to a tertiary care center before 
delivery.23

Guidelines for the management of preterm labor are sum-
marized in Box 20.2. A definitive diagnosis of preterm labor
is mandatory before any treatment is initiated. Preterm labor
remains a clinical diagnosis. The classical diagnosis of
preterm labor includes regular phasic uterine contractions
with progressive cervical effacement and/or dilatation before
37 weeks gestation. Cervical dilatation in the absence of uter-

TABLE 20.1. Risk factors for preterm delivery.

Nonmodifiable risk factors Modifiable risk factors

Prior preterm birth Cigarette smoking
African-American race Illicit drug use
Age �18 or �40 years Anemia
Poor nutrition Bacteriuria/urinary tract infection
Low prepregnancy weight Genital infection
Low socioeconomic status ?? Strenuous work
Absent prenatal care ?? High personal stress
Cervical injury or anomaly
Uterine anomaly or fibroid
Excessive uterine activity
Premature cervical dilatation (�2 cm) 

or effacement (�80%)
Overdistended uterus (twins, 

polyhydramnios)
? Vaginal bleeding

Box 20.1. Guidelines for the prevention of preterm delivery.

• Prevention and early diagnosis of sexually transmitted dis-
eases and genitourinary infections

• Cessation of smoking and substance abuse
• Cervical cerclage, if indicated
• Prevention of multifetal pregnancies
• Workforce policies for select women (such as flexible

schedules, rest breaks)
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ine contractions is seen most commonly in the second
trimester and is suggestive of cervical incompetence. In this
setting, cervical cerclage is the treatment of choice. Similarly,
the presence of uterine contractions in the absence of cervi-
cal change should be referred to as premature uterine con-
tractions or false labor but does not meet criteria for the di-
agnosis of preterm labor. As such, treating such women for
preterm labor is likely to be effective, irrespective of the ther-
apeutic regimen selected. The argument that treatment should
be initiated before there is evidence of cervical change, to pre-
vent the cervix from effacing and dilating, is not supported
by the literature and likely represents recollection bias by
practitioners who have had great success in “treating” women
with premature uterine contractions.

In many instances, premature labor represents a necessary
escape of the fetus from a hostile intrauterine environment,
and, as such, aggressive intervention to stop labor may be
counterproductive. Every effort should be made to exclude
contraindications to expectant management and/or tocolysis,
including, among others, intrauterine infection, unexplained
vaginal bleeding, nonreassuring fetal testing, and intrauterine
fetal demise. Indeed, evidence of nonreassuring fetal testing
may prompt emergent cesarean delivery rather than tocoly-
sis. Intraamniotic fluid infection is a clinical diagnosis with
evidence of fetal tachycardia, uterine tenderness and contrac-
tions, maternal tachycardia, or maternal fever, usually in the
setting of an elevated white cell count. Amniocentesis with
culture-proven amniotic fluid infection remains the gold stan-
dard for the diagnosis but is of little clinical value, because a
few days are usually needed to obtain the results. Amniotic
fluid Gram stain may be useful, but it has a sensitivity of only
about 50%.24

Bedrest and hydration are commonly recommended for the
treatment of preterm labor but are without proven efficacy.25

Although there are substantial data indicating that broad-
spectrum antibiotic therapy can prolong latency in the setting
of preterm premature rupture of the membranes remote from
term, there is no consistent evidence that such an approach
can delay delivery in women with preterm labor and intact
membranes.26,27

Pharmacologic therapy of limited duration remains the cor-
nerstone of modern management. Ethanol (which inhibits
oxytocin release from the posterior pituitary) was the first ef-
fective tocolytic agent,28 but adverse maternal side effects
have severely limited its use. Although a number of alterna-

tive agents are now available (Table 20.2), no reliable data
suggest that any of these agents are able to delay premature
delivery for longer than 48 h. Because no single agent has a
clear therapeutic advantage, the side-effect profile of each of
the drugs will often determine which to use in a given clini-
cal setting.29–32 Magnesium sulfate (which acts both to sup-
press nerve transmission to uterine smooth muscle and to
lower the concentration of intracellular calcium within my-
ometrial cells, which is necessary for activation of the
myosin–actin contractile unit) has a wide margin of safety and
has become the first-line agent for use in preterm labor in
North America.33 �-Adrenergic agonists (which reduce in-
tracellular calcium levels and decrease the sensitivity of the
myosin–actin contractile unit to available calcium through an
adenyl cyclase/cAMP-dependent mechanism) are also com-
monly used. Indeed, ritodrine hydrochloride is the only agent
that has received approval from the U.S. Food and Drug Ad-
ministration for the treatment of preterm labor. However, such
agents have a higher incidence of major adverse effects com-
pared with magnesium.34

Nifedipine (a dihydropyridone calcium entry blocker) is as
effective as magnesium and �-adrenergic agonists in delaying
preterm delivery and is associated with fewer maternal side 
effects.35,36 The major concern limiting the use of calcium 
channel-blocking agents, however, is the reported adverse ef-
fect on uteroplacental blood flow. Prostaglandin synthesis in-
hibitors such as indomethacin, although capable of delaying pre-
mature birth,37 have been associated with a number of serious
neonatal complications, especially if given shortly before de-
livery.38 Promising newer agents include potassium channel
openers39 and oxytocin receptor antagonists,40 although recent
reports on the efficacy of the oxytocin receptor antagonist 
1-deamino-2-D-tyr-(OEt)-4-thr-8-orn-vasotocin/oxytocin (Atosi-
ban) in the treatment of preterm labor have been disappointing,
showing it to be no more effective than other tocolytics.41,42

Maintenance tocolytic therapy beyond 48 h has not been
shown to confer any therapeutic benefit but does pose a sig-
nificant risk of adverse side effects.43,44 In a meta-analysis
of 16 randomized trials conducted through the mid-1980s,
King et al. found only modest prolongation of labor (24–48
h) and no improvement in neonatal outcome.45 More recent
trials including aggressive adjunctive therapies (including
preterm labor education, weekly clinic visits, home uterine
contraction assessment, daily phone contact, and 24-h peri-
natal nurse access) also failed to demonstrate efficacy of
long-term oral or subcutaneous tocolytic therapy.43,44 As
such, maintenance therapy is not generally recommended.
Oral �-agonist therapy may have a role in decreasing uter-
ine irritability and thereby diminishing patient anxiety,
physician telephone consults, and visits to labor and deliv-
ery. This effect should not be confused with the use of main-
tenance �-agonist therapy to “treat” preterm labor. Simi-
larly, the concurrent use of two or more tocolytic agents
has not been shown to be more effective than a single agent
alone, and the cumulative risk of side effects generally pre-

Box 20.2. Guidelines for the management of preterm delivery.

• Confirm diagnosis of preterm labor
• Exclude contraindications to expectant management and/or

tocolysis
• Administer corticosteroids, if indicated
• Group B Streptococcus chemoprophylaxis, if indicated
• Pharmacologic tocolysis
• Consider transfer to tertiary care center
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TABLE 20.2. Management of preterm labor.

Route of administration
Tocolytic agent (dosage) Efficacya Major maternal side effects Major fetal side effects

Magnesium sulfate IV (4–6 g bolus, then Effective Nausea, ileus, headache, Decreased beat-to-beat 
2–3 g/h infusion) weakness variability

Oral maintenance Not effective Hypotension Neonatal drowsiness, 
(100–120 mg q 4 h) Pulmonary edema hypotonia

Cardiorespiratory arrest ? Ileus
? Hypocalcemia ? Congenital ricketic syndrome 

(with treatment �3 weeks)
�-Adrenergic agonists

Terbutaline sulfate IV (2 �g/min infusion, Effective Jitteriness, anxiety, Fetal tachycardia
maximum 80 �g/min) Efective restlessness, nausea, Hypotension

SC (0.25 mg q 20 min) Not effective vomiting, rash Ileus
Ritodrine hydrochlorideb Oral maintenance Not effective Cardiac dysrythmias, Hyperinsulinemia, hypoglycemia 

(2.5–5 mg q 4–6 h) Effective myocardial ischemia, (more common with isoxsuprine)
IV pump (0.05 mL/h) Effective palpitations, chest pain Hyperbilirubinemia, hypocalcemia

Isoxsuprine hydrochloride IV (50 �g/min infusion, Effective Hypotension, tachycardia ? Hydrops fetalis
maximum 350 �g/min) Not effective (more common with 

Salbutamol IM (5–10 mg q 2–4 h) ? Effective isoxsuprine)
Oral maintenance Unproven Pulmonary edema

(10–20 mg q 3–4 h) Unproven Paralytic ileus
IV (0.05–0.5 mg/min) Hypokalemia
Oral (10 mg q 8–12 h) Hyperglycemia, acidosis
IV (6–30 �g/min)
Oral (4 mg q 4–6 h)

Prostaglandin inhibitors
Indomethacin Oral (25–50 mg q 4–6 h) Effective Gastrointestinal effects Transient oliguria, oligohydramnios
Naproxen Rectal (100 mg q 12 h) Effective (nausea, heartburn), Premature closure of the neonatal, 
Fenoprofen Oral (375–500 mg q 6 h) Effective headache, rash ductus arteriosus and persistent 
Aspirin Oral (200–300 mg q 6 h) Effective Interstitial nephritis pulmonary hypertension
Meloxicam Oral (375–500 mg q 6–12 h) Unproven Increased bleeding time ? Necrotizing enterocolitis, 

(investigational) Unproven (most common with intraventricular hemorrhage
Calcium channel blockers aspirin)

Nifedipine Oral (20–30 mg q 4–8 h) Effective Hypotension, reflex —
Nicardipine Oral (20–40 mg q 8 h) Unproven tachycardia (especially 
Verapamil Oral (80–120 mg q 8 h) Unproven with verapamil)

Headache, nausea, flushing
Potentiates the cardiac 

depressive effect of 
magnesium sulfate

Hepatotoxicity

Potassium channel openers
Levcromakalin (Investigational) ? Effective ? ?

Oxytocin antagonists
Atosiban IV (1 �M/min infusion, Effective Nausea, vomiting, headache, ? Inhibit lactation

maximum 32 �M/min) chest pain, arthralgias

Phosphodiesterase inhibitor
Aminophylline Oral (200 mg q 6–8 h) ? Effective Tachycardia Fetal tachycardia

IV (0.5–0.7 mg/kg/h) ? Effective
Others

Ethanol (Historical interest) Effective Alcoholic intoxication ? Alcohol toxicity (theoretically)
Nitroglycerine TD (10–50 mg q day) Unproven Hypotension, headache Fetal tachycardia

IV (100 �g bolus, Unproven Profound hypotension Uteroplacental insufficiency
1–10 �g/kg/min infusion)

Diazoxide IV (1–3 mg/kg infusion) Unproven

IM, intramuscular; IV, intravenous; SC, subcutaneous; TD, transdermal.
aEfficacy is defined as proven benefit in delaying delivery by 24–48 h as compared with placebo or standard control.
bThe only tocolytic agent approved by the U.S. Food and Drug Administration.
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cludes this course of management.46 The use of sequential
therapy, however, may be beneficial.47 Cyclic therapy, such
as treatment with oxytocin receptor antagonists at night and
�-agonists during the day, is currently being considered,
but there is as yet no evidence that this approach is any
more effective than standard tocolytic therapy. In the set-
ting of preterm premature rupture of the fetal membranes,
tocolysis has not been shown to be effective and is best
avoided.48

Anesthetic Management

The evolution in modern obstetric management of parturients
with preterm labor has led to changing priorities for the anes-
thesiologist in the management of these patients. In particu-
lar, the lessened popularity of long-term treatment with �-
agonists has diminished the importance of the interactions of
these agents with anesthetics. However, there are several im-
portant issues to consider when planning the anesthetic care
of the woman with preterm labor, and indeed the anesthesi-
ologist fills an important role in the successful outcome for
both the mother and infant. The anesthetic goals in preterm
labor are summarized in Box 20.3.

Early Consultation

An important facet of the care of the parturient in preterm la-
bor is the unpredictable nature of the delivery process. Most
obstetricians will attempt at least short-term tocolysis of in-
fants who may benefit from steroid therapy. The early care
of these women, therefore, will likely be expectant, with no
immediate plans for delivery. If the parturient does proceed
to active labor, delivery may be imminent, the fetus may be
compromised by rapid progression and descent, and emer-
gency vaginal or cesarean delivery may be required. The sit-
uation may demand immediate anesthetic care. Only by care-
ful early consultation with the woman and obstetrician can
the anesthesiologist deliver a safe and appropriate anesthetic.
Although some parturients and obstetricians may be reluctant
to initiate regional anesthesia for a woman in whom delivery
is hopefully to be avoided, it is our practice to advise early
epidural placement if only to avoid the need for emergency
general anesthesia should the situation rapidly deteriorate. In

some cases we place an epidural catheter, test it for appro-
priate position, and then allow the block to subside during the
period of expectant management.

Mode and Timing of Delivery

The obstetric literature is equivocal on the preferred mode of
delivery for the preterm infant. The immature fetus, particularly
one with very low birth weight or extreme prematurity, may
poorly tolerate trauma during vaginal delivery. Preterm infants
have less oxygen-carrying capacity due to their lower hemo-
globin concentration and are therefore more susceptible to as-
phyxia during labor and birth. Softer cranial bones and less well
developed dura mater, germinal matrix, and subependymal
veins, combined with a lower concentration of circulating clot-
ting factors, may render the premature infant more prone to in-
traventricular hemorrhage and neurologic impairment. Although
it would therefore seem logical that cesarean section should be
the preferred mode of delivery, performing an emergency op-
erative delivery on a mother when the fetus is marginally viable
is controversial. Moreover, the data supporting abdominal de-
livery are generally retrospective and poorly controlled.

Barrett and colleagues retrospectively examined the out-
come in 109 infants with birth weights under 1000 g and found
no difference in neonatal morbidity or mortality in the 750-
to 1000-g infants.49 There was a nonsignificant trend toward
less intraventricular hemorrhage in the 500- to 750-g group.
Conversely, Anderson and colleagues, in a prospective but
nonrandomized study of 89 infants less than 1750 g, appeared
to show a reduction in intraventricular hemorrhage with ce-
sarean delivery before active-phase labor in the first hour af-
ter birth.50 Interestingly, the incidence of this complication
later in life and overall incidence did not differ with mode of
delivery. However, there was a reduction in severe (grade III
or IV) hemorrhage when active labor was avoided, regardless
of mode of delivery. Similarly, Malloy et al. noted an increase
in cesarean births from 24% to 44% in the early 1980s in Mis-
souri for infants with birth weights of 500 to 1499 g.51 There
was a reduction in first-day death associated with cesarean
delivery (10% versus 22% in the vaginal delivery group), at-
tributable to a reduction of deaths, in the extremely low birth
weight group (500–740 g). Death in the succeeding 6 days
was higher in the cesarean group, however, so that the over-
all death rate did not differ between modes of delivery. Taken
together, these studies suggest that severe morbidity and mor-
tality is slightly and transiently reduced for extremely low
birth weight infants but that no clear long-term advantage is
realized. Meta-analysis of six small, randomized trials (total
n � 122) confirmed no clear advantage of elective versus se-
lective cesarean delivery of premature infants but showed a
significant increase in maternal morbidity.52

When the premature infant is in the breech presentation,
the decision to deliver abdominally is less controversial; vagi-
nal breech delivery is not popular in the United States even
for term infants. Some data however more definitively sup-

BOX 20.3. Anesthetic goals for the management of preterm 
delivery.

• Early consultation with patient and obstetrician
• Preparation for precipitous vaginal delivery or emergency

cesarean section
• Vaginal delivery: slow and controlled
• Cesarean section: emergencies common
• Minimize fetal effects of anesthetic drugs
• Avoid interactions with tocolytic drugs
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port cesarean delivery. For example, Main et al. showed a re-
duction in mortality from 58% to 29% with cesarean deliv-
ery in breech presentation infants less than 1500 g in a retro-
spective study in the early 1980s.53 Conversely, in the one
randomized trial attempted to date, Penn et al. were forced to
close the trial due to low enrollment and the reluctance of
many clinicians to attempt vaginal delivery of the premature
breech infant.54

The anesthesiologist must therefore be prepared in many
cases for cesarean delivery should signs of active labor or non-
vertex position be present. Obstetricians may pursue aggres-
sive tocolytic measures for a brief period to allow time for ma-
ternal steroid administration, followed by cesarean delivery.
Awareness of the time course for completion of this therapy
will assist the anesthesiologist in planning for the availability
of appropriate resources when delivery must occur.

Type of Anesthesia

The anesthetic goals for delivery of the preterm infant are
similar to those of other compromised fetuses. When vaginal
delivery is contemplated, the timing may be uncertain (e.g.,
a long period of expectant management or attempted tocoly-
sis may be followed by precipitous delivery). Cesarean de-
livery may either be planned or emergent, depending on the
clinical situation. As is the case with most obstetric cases, re-
gional anesthesia is generally preferred to general or no anes-
thesia. No prospective or high-quality retrospective studies
exist addressing the choice of type of anesthesia. The limited
data that have been reported favor regional anesthesia.55 Early
placement of an epidural catheter offers flexibility in provid-
ing labor analgesia, facilitating a slow, controlled vaginal de-
livery (which may reduce the possibility neonatal trauma), or
producing surgical anesthesia for cesarean delivery should the
fetal condition deteriorate. When cesarean delivery is certain,
and no epidural catheter is in place, we prefer spinal anes-
thesia for its rapid onset of action, reliability, technical ease,
minimal exposure of the mother and fetus to local anesthetic
and other drugs, and avoidance of general anesthesia with its
attendant risks to both mother and fetus.

Minimizing Effects of Anesthetics on the Fetus

The choice of local anesthetic for regional block may influ-
ence the condition of the preterm infant at delivery. Several
factors render the preterm fetus more susceptible than the term
fetus to the depressant or toxic effects of local anesthetics.
Protein binding capacity is reduced because of less total pro-
tein56 and reduced binding of local anesthetic to available pro-
tein.57 Furthermore, high serum bilirubin in the fetus com-
petes with local anesthetic for protein-binding sites.58–60 The
fetal blood–brain barrier is less well developed in the prema-
ture fetus, theoretically leading to toxicity at a lower total drug
concentration.61 Finally, asphyxia is more common in these
fragile fetuses, and asphyxia alone contributes to toxicity be-

cause of ion trapping of local anesthetic in the fetal circula-
tion, further reduction in protein affinity for local anesthetic,
increased blood–brain barrier permeability, and increased sen-
sitivity to the myocardial depressant effects of local anes-
thetic.62–65 Formerly, the preterm human fetus was thought
to have an immature ability to metabolize drugs, but this does
not appear to be the case, as it is in some other species.66–70

The toxic effect of local anesthetic on the preterm fetus is
a matter of common misconception. Most anesthesiologists
are aware of the phenomenon of ion trapping, in which the
weak base forms of local anesthetics become protonated and
charged in the acidemic fetus leading to their accumulation
in the fetus as a result of poor back-diffusion into the mater-
nal circulation of the polar ionized form of the anesthetic. This
trapping may lead to a positive umbilical vein/maternal vein
(UV/MV) ratio71 but should not result in high enough con-
centrations to be directly toxic to the fetus unless the mater-
nal concentration is extremely high, a situation that would un-
doubtedly lead to signs of maternal toxicity as well. In fact,
studies in fetal lambs suggest that the preterm fetus is actu-
ally less likely to experience toxicity from lidocaine than older
fetuses. Teramo et al.72 administered lidocaine via the femoral
vein to preterm and term fetal lambs. Only when bolus doses
of greater than 20 mg kg�1 were given directly intravenously
to the fetus did signs of cardiovascular depression (as well as
convulsions) appear. The fetal cardiovascular response was
less pronounced and occurred at higher plasma levels in
preterm versus term lambs.72,73 Doses this large would result
in a fetal plasma concentration more than 10 times that ex-
pected in the maternal circulation during epidural analgesia,
which is unlikely to be observed even with extremes of ion
trapping.

However, the preterm fetus may indeed be harmed by li-
docaine. In several experiments also performed with the fe-
tal lamb preparation, Morishima et al.74,75 studied the effect
of lidocaine on the fetal adaptive response to asphyxia. Fetal
lambs were exposed to moderate asphyxia by umbilical cord
clamping. The usual response to this stimulus is bradycardia
and a shift in blood flow preferentially to vital organs (heart,
brain, adrenal). Maternally administered lidocaine, but not
saline control, impaired this compensatory response, result-
ing in fetal acidemia, hypotension, and reduced vital organ
blood flow. This impairment was not seen in term fetal
lambs75 and was less pronounced when bupivacaine rather
than lidocaine was administered.76

Although outcome studies in preterm humans have not been
reported, chloroprocaine is associated with the lowest inci-
dence of transient fetal heart rate abnormalities when com-
pared to bupivacaine or lidocaine.77 It would therefore seem
reasonable to use chloroprocaine when the preterm fetus is
compromised, especially if rapid induction of epidural anes-
thesia is required. Lidocaine and bupivacaine remain good
choices in nonemergent situations. Of course, spinal anesthe-
sia for cesarean section exposes the mother, and in turn the
fetus, to minimal amounts of local anesthetic and is an ex-
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cellent choice when operative delivery is certain. When gen-
eral anesthesia is required, all the usual precautions in pro-
tecting the mother and fetus are indicated. In addition, the
possible reduction in the capacity of the fetus to bind or elim-
inate maternally administered depressant drugs should be
borne in mind.

Interactions of Tocolytic Drugs 
with Anesthetics

Although the popularity of long-term tocolysis is likely to
continue to wane, parturients in preterm labor are still com-
monly treated with these agents for brief periods to allow for
transfer to an appropriate facility or for corticosteroid ther-
apy. Anesthesiologists must be aware of the anesthetic im-
plications of therapy with these drugs, particularly because
anesthesia may be required under emergency conditions for
women receiving them. In addition, anesthesiologists may ad-
minister some of these drugs themselves in the setting of var-
ious obstetric emergencies.

�-Adrenergic Agonists: Ritodrine and Terbutaline

�2-Adrenergic agonists activate adenylate cyclase and in-
crease cytoplasmic cAMP, which in turn causes activation of

a cAMP-dependent kinase that inactivates myosin light chain
kinase (MLCK) (Figure 20.1) �2-Agonists also may decrease
intracellular calcium through a variety of mechanisms. Rito-
drine and terbutaline are �2 selective, but both possess sig-
nificant �1 activity as well, which explains some of their side
effects. �-Adrenergic agonists cause substantial maternal side
effects, leading to discontinuation in 10% to 25% of mothers.
Cardiovascular and pulmonary effects are of particular im-
portance to the anesthesiologist.

Tachycardia occurs because of direct �1 and �2 effects on
the myocardium, as well as a reflex response to �2-mediated
vasodilatation and diastolic hypotension. This effect is dose
related and may be minimized or treated by reducing the dose
of the tocolytic. Chest pain and palpitations are common
symptoms, and rarely, dysrhythmias (supraventricular tachy-
cardia) and myocardial ischemia may occur. Changes in the
ECG include ST-segment depression and T-wave flattening
or inversion.

Pulmonary edema occurs in approximately 1% to 5% of
patients treated with parenteral �-agonists and may be life
threatening. Most reports have suggested that this complica-
tion occurs 24 to 72 h after beginning therapy and is more
common in parturients receiving larger doses or multiple to-
colytic drugs, in those with multiple gestations, in infected
mothers, and possibly in women receiving large doses of crys-

FIGURE 20.1. Schematic diagram of various mechanisms of pharmacologic manipulation of uterine contraction.
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talloid solutions.78 Several theories have been advanced to ex-
plain this complication, including fluid overload,79 low col-
loid oncotic pressure,80 and direct myocardial failure. The best
data support a noncardiogenic mechanism; the strong corre-
lation between infection and pulmonary edema suggests that
capillary leak, not ventricular dysfunction, is the primary
cause.81 Furthermore, normal pulmonary capillary wedge
pressure (PCWP) and the absence of myocardial failure de-
tected by echocardiography in patients with pulmonary edema
in the setting of �-agonist therapy support this hypothesis.82

Pulmonary edema induced by �-agonists should be managed
by fluid restriction (which reduces fluid translocation to the
lung even in capillary leak syndromes), oxygen therapy, and
discontinuation of the �-agonist. Only in rare cases is diuretic
therapy, intubation, or mechanical ventilation required.

Hyperglycemia may occur due to �-receptor-mediated
stimulation of pancreatic glucagon release and hepatic
glycogenolysis. Hyperglycemia is usually self-limited except
in diabetic mothers, and the latter may usually be managed
with careful blood sugar monitoring and insulin therapy.

Hypokalemia occurs because of the insulin-mediated co-
transport of glucose and potassium into the intracellular space.
Total body potassium is normal, however, and potassium sup-
plementation is not indicated.

Fetal and neonatal effects include increased heart rate,
neonatal hypoglycemia caused by maternal hyperglycemia,
and neonatal hyperinsulinemia. The possibility that long-term
exposure to �-agonists could cause permanent myocardial in-
jury to the neonate remains very controversial.

Tachycardia associated with �-agonist therapy may com-
plicate treatment of maternal hypotension during regional
anesthesia. A few case reports of exaggerated tachycardia or
tachydysrhythmias have appeared, and many authorities have
recommended that induction of anesthesia be delayed for 15
to 30 min after discontinuing parenteral �-agonist therapy.
Hypotension has also been reported to be more common in
patients receiving regional anesthesia in the setting of �-
agonist therapy83. In experimental animals, however, hy-
potension was no more common after induction of epidural
analgesia in sheep receiving ritodrine than in those receiving
saline.84

The choice of vasopressor used to treat hypotension dur-
ing regional anesthesia in the setting of �-agonist therapy
must be individualized. Animal studies support the safety and
effectiveness of ephedrine in restoring uterine blood flow,
even in the setting of tachycardia.85 Phenylephrine may also
be used cautiously in these cases, in doses of 40 to 80 �g.86

It should be noted, however, that the safety of phenylephrine
has been established only in term, healthy fetuses, and not in
the setting of the premature, possibly compromised fetus. Our
practice is to begin with ephedrine in doses of 5 to 10 mg,
closely monitoring for excessive tachycardia. If the heart rate
exceeds 150, if dysrhythmias develop, or if the drug is inef-
fective in restoring maternal blood pressure, phenylephrine is
used.

If general anesthesia is required, drugs causing further
tachycardia should be avoided (e.g., pancuronium, atropine).
Halothane should be avoided because of its ability to sensi-
tize the myocardium to the dysrhythmic effects of maternal
catecholamines. Hyperventilation should be avoided, because
it may exacerbate hypokalemia.

Magnesium Sulfate

Magnesium sulfate (MgSO4) inhibits calcium influx into the
myometrial cell, inhibits calcium mobilization from the sar-
coplasmic reticulum, and increases intracellular cAMP, all of
which decrease the activity of MLCK and reduce contractile
function of the cell (see Figure 20.1).

Magnesium sulfate (MgSO4) is administered as an intra-
venous infusion. The usual loading dose is 4 g over 15 min,
followed by 1 to 4 g/h. Serum levels and clinical examina-
tion are used to monitor the effect of magnesium therapy.
Therapeutic concentrations are 4 to 6 mEq/L (5–7 mg/100
mL). Electrocardiographic changes, including QRS widening
and prolonged P-R interval, can occur at 5 to 10 mEq/L but
do not progress to sinoatrial (SA) or atrioventricular (AV)
block until 15 mEq/L, and cardiac arrest occurs at still higher
concentrations, approximately 25 mEq/L. Respiratory de-
pression occurs at approximately 10 to 15 mEq/L. Deep ten-
don reflexes are suppressed at 10 mEq/L, so clinical exami-
nation can be an effective screening monitor for toxicity.

Magnesium sulfate (MgSO4) is eliminated by the kidney, and
caution must be exercised in the setting of renal insufficiency.
Serum levels decrease rapidly after discontinuation of the drug
in patients with normal renal function. Side effects of MgSO4

are generally less severe than those of �-adrenergic drugs. Chest
pain, palpitations, hypotension, nausea, sedation, blurred vision,
and, rarely, muscle weakness and pulmonary edema have been
reported. Modest vasodilatation occurs after bolus administra-
tion of MgSO4, but the hypotension that may occur is short lived
and does not persist with continued infusion.87

Some data suggest hypotension is more likely in parturi-
ents given regional anesthetics while receiving intravenous
MgSO4.88 However, vasopressors including ephedrine have
been shown to effectively normalize maternal blood pressure
and uteroplacental blood flow in this setting. Phenylephrine
may also be used, but the modest vasodilatation induced by
magnesium does not prevent �-adrenergic mediated uterine
vasoconstriction after large doses.89

Magnesium interferes with normal neuromuscular transmis-
sion.90 Patients requiring general anesthesia may have reduced
requirements for neuromuscular blocking drugs, because Mg
ions can compete with acetylcholine at the postjunctional re-
ceptor as well as inhibit the release of acetylcholine from the
prejunctional membrance. Defasiculating doses of nondepolar-
izing muscle relaxants should not be used, because complete
paralysis may occur. Although MgSO4 can also potentiate de-
polarizing drugs, a normal intubating dose of succinylcholine
should be given, because the response is variable. Subsequent
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doses of muscle relaxants of either class should be guided by
use of a peripheral nerve stimulator.

Hypermagnesemic women may be sedated, and therapeu-
tic MgSO4 levels will decrease the minimal alveolar concen-
tration (MAC) for volatile agents in experimental animals by
approximately 20%.91

Inhibitors of Prostaglandin Synthesis

Indomethacin and related drugs inhibit cyclooxygenase and
decrease production of the prostaglandins PGE2 and PGF2.
Through mechanisms that remain incompletely understood,
this effect decreases intracellular calcium and uterine con-
traction (see Figure 20.1).

Indomethacin can be given orally or rectally. The usual
dose is 50 mg, followed by 25 mg every 4 to 6 h. Serum half-
life is approximately 2 h in the mother but 11 to 19 h in the
fetus. Furthermore, clinical effects may persist for some time
after serum levels have decreased.

Maternal side effects are minimal and include gastroin-
testinal upset. Because cyclooxygenase inhibition also re-
duces thromboxane A2 production, platelet aggregation is re-
duced as well. Unlike aspirin-induced platelet dysfunction,
the effect of indomethacin is reversible.92

Fetal effects of indomethacin have limited the popularity
of this drug, at least in the United States. Prostaglandins of
the E class maintain patency of the fetal ductus arteriosus,
and cyclooxygenase inhibitors can cause reversible ductal
constriction. The risk appears to be related to gestational age;
short courses of indomethacin (24–48 h) are tolerated well by
fetuses under 32 to 34 weeks gestation. Longer courses and
use closer to term are associated with a greater risk of ductal
constriction and persistent fetal circulation at birth.93

Indomethacin also reduces fetal urine production, either by
direct action on the fetal renal circulation or by increasing an-
tidiuretic hormone action in the fetus. Amniotic fluid (pri-
marily composed of fetal urine) is reduced by prolonged in-
domethacin use, and indeed, prostaglandin synthesis inhibitors
are sometimes used to treat polyhydramnios. The effect is re-
versible after discontinuing the drug.94

Indomethacin is devoid of hemodynamic effects on the
mother. There is a theoretical risk of increased bleeding, in-
cluding epidural hematoma, in mothers taking prostaglandin
synthesis inhibitors. However, the increased risk appears very
small, and only a few case reports of such complications in
women receiving these drugs exist.95 A review of minor hem-
orrhagic complications during epidural placement also found
no association with the use of nonsteroidal antiinflammatory
drugs.96 We do not routinely order tests of coagulation or
bleeding time in otherwise asymptomatic patients receiving
prostaglandin synthesis inhibitors.

Calcium Channel Blockers

Nifedipine and the other calcium entry-blocking drugs inhibit
the L-type (voltage-dependent) calcium channel on the my-

ometrial cell and decrease intracellular calcium (Figure 20.1).
Nifedipine has been the most widely studied of the drugs in
this class for use in tocolysis. Several nonrandomized studies
have demonstrated excellent efficacy in short-term arrest of
preterm labor with minimal fetal side effects. Maternal side
effects include headache, nausea, and facial flushing; most
studies have found that these side effects are mild and that
the calcium channel blockers are better tolerated than �-ago-
nists. Some animal data suggest decreased uteroplacental
blood flow during nifedipine therapy, but this effect has not
been observed in the clinical reports to date.97

Nifedipine is administered orally or sublingually in doses
of 10 mg which may initially be repeated hourly until effec-
tive tocolysis has been observed or maternal side effects in-
tervene (usually 40 mg is the maximum dose). Maintenance
therapy is 10 to 20 mg orally every 4 to 6 h.

Used alone, nifedipine has minimal conduction, chrono-
tropic, or hypotensive effects in normal subjects. However, in
the presence of potent inhalational anesthetics, it can cause hy-
potension and atrioventricular conduction defects, vasodilation,
and hypotension. Refractory uterine atony, unresponsive to both
oxytocin and prostaglandin therapy, has also been reported.98

Nitroglycerin

Nitroglycerin (TNG) is a donor of nitric oxide, which, in vas-
cular smooth muscle, stimulates guanylate cyclase increasing
cyclic GMP and reducing intracellular calcium. In uterine
muscle, the mechanism of the effect of TNG has not been
firmly established, and there is some evidence that mecha-
nisms other than NO-cGMP may operate, at least at supra-
physiologic doses (see Figure 20.1).

Nitroglycerin has recently been introduced into clinical
practice for short-term reduction in uterine activity, particu-
larly in the treatment of tetanic contractions of the uterus that
inhibit delivery of the infant or the placenta.99,100 More re-
cently, controlled trials have shown it to be as effective as �2-
agonists in short-term tocolysis, with a better side-effect pro-
file.101 Side effects of TNG have been mild. Headache and
modest hypotension have occasionally been reported. A re-
cent retrospective review of pulmonary edema in obstetric pa-
tients identified exposure to tocolytic TNG during open fetal
surgery as a risk factor for more severe and longer-duration
pulmonary dysfunction.102

Anesthesiologists usually administer TNG in obstetric
emergencies, and care must be taken to dilute stock solutions
of the drug appropriately. We dilute 10 mg of 5 mg/mL TNG
in 250 mL saline to achieve a 40 �g/mL solution. Because
TNG can adhere to plastic containers, it is necessary to dilute
the drug immediately before use or to use commercially pre-
pared infusions in glass bottles. Obstetricians and anesthesi-
ologists must realize that the effect of bolus administration
the drug is very brief, and all personnel must be immediately
ready to perform the required obstetric intervention immedi-
ately after the uterus relaxes.
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Postdelivery Considerations

The preterm neonate is at higher risk for a variety of com-
plications, including acidosis, respiratory distress, hypo-
volemia and anemia, persistent fetal circulation, hypoglycemia,
hypothermia, hypotonia, and hyperbilirubinemia. Ideally
neonatologists and a well-equipped newborn intensive care
unit should be available. However, as the second-line provider
of neonatal resuscitation, the anesthesiologist must be pre-
pared to assist in the immediate postdelivery care of these
fragile neonates.

Summary

Although the ability of obstetric care providers to identify
women at risk for preterm birth has improved during the past
three decades, there are as yet no effective strategies avail-
able for the prevention or treatment of women at risk for
preterm labor. Evolution of obstetric care of preterm labor
over the past two decades has resulted in less emphasis on
pharmacologic prolongation of gestation and a greater em-
phasis on optimal preparation for delivery should short-term
tocolysis fail. The anesthesiologist can contribute to a better
outcome for both the infant and mother by early consultation
with the pregnant women and obstetric care team, by devis-
ing a flexible anesthetic plan to accommodate an uncertain
timing and mode of delivery, and by appreciating the inter-
actions between anesthetic and tocolytic drugs and their ef-
fects on both individuals.
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Postdate Pregnancy
Pamela Jane Morgan and Fay Weisberg

Pregnancy commonly ends 280 days after the first day of the
last menstrual period. Traditionally, a pregnancy that has
completed 294 days from the last period has been associated
with an increased risk of adverse fetal and neonatal outcomes.
It is now believed that the risk of adverse perinatal events
may be increased as early as 40 to 41 completed weeks.1

Pregnancy that extends beyond expected dates has been de-
scribed in the literature for centuries. In 130 A.D. Gellius Aulus
noted in his “collection of incongruous matter” called Noctes
Atticoe that “the Emperor Hadrian, having consulted with the
physicians and wise men, decreed that in cases in which the
women was of chaste manners and irreproachable conduct,
the child born eleven months after the death of a husband was
legitimate.”2

Obstetric Management 

Accurate dating of the pregnancy is essential so that unnec-
essary and perhaps harmful intervention in a pregnancy that
is not truly postterm can be avoided. Accurate dating also al-
lows for the provision of effective care if the pregnancy is in-
deed postterm.

Dating of the pregnancy begins with the first day of the last
menstrual period. Unfortunately, this may not be very pre-
cise, as it relies on the parturient’s recollection of the date and
may be further hampered by irregular cycles, the use of oral
contraceptives, or long periods of amenorrhea before concep-
tion. Various other criteria have been used to help date the preg-
nancy, but their use in modern obstetrics is limited. These meth-
ods include early estimation of uterine size by bimanual
examination, level of serum beta-human chorionic gonadotropin
(�hCG), date of quickening, and abdominal palpation.

An ultrasound examination before 20 weeks of gestation is
an excellent method of confirming or establishing the true
gestational age of the fetus. Randomized controlled trials of
routine versus indicated ultrasound have shown a decrease in
induction of labor “for postterm pregnancy” among women
having routine ultrasound scans.3

Incidence

An estimated 5% to 10% of all pregnancies are postterm.3

This rate varies depending on the accuracy of pregnancy dat-
ing, the population studied, the frequency with which labor
was induced, the frequency of elective cesarean section, the
use of ultrasound, and the definition of postterm pregnancy.
Studies undertaken within the last 15 years indicate that the
incidence of postterm pregnancy has decreased, probably be-
cause of the increased use of ultrasound to date pregnancies.
This decreasing incidence may also have an effect on the risk
of perinatal mortality and morbidity.

Complications

The risks to the fetus and mother of continuing pregnancy be-
yond 42 weeks are well known (Table 21.1). In pregnancies
complicated by hypertension, diabetes, or other risks for
uteroplacental insufficiency, the risks to the neonate are even
higher.4

Obstetric Management Strategies

Induction of labor has seemed an obvious approach to the
postterm pregnancy with its attendant potential increase in
complications. Inducing labor, however, is not always easy
or uneventful when the cervix is unfavorable. In addition, not
all patients elect to undergo induction, and terminating the
pregnancy may not always be necessary. Given all the con-
founding variables associated with the problem of the post-
term pregnancy, it is not surprising that there is no consistent
approach to the management of this condition.

In general, labor induction is indicated when the benefits of
delivery outweigh the risks to the mother or fetus of continuing
the pregnancy. In low-risk pregnancies, there appears to be no
indication to induce labor before 41 weeks. At 41 weeks, preg-
nant women can be managed by either antenatal serial moni-
toring, induction, or cesarean section. Management will depend
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on the wishes of the expectant mother and physician and the
condition of the cervix or the Bishop score (Table 21.2). This
score is used as a predictor for the ease of labor induction.

Antepartum Assessment

If antenatal monitoring is chosen as a means of monitoring a
postterm pregnancy, it should be commenced at 41 weeks ges-
tation.10 Many methods of antepartum fetal testing have been
described; however, the biophysical profile has been shown
to be the most predictive for both a normal pregnancy and
one at risk for intrauterine hypoxia. When the score has been
normal, waiting for spontaneous labor resulted in healthy
neonates and a much lower cesarean section rate in postterm
infants.11 Currently, it is recommended that the biophysical
profile be performed twice weekly at 41 weeks gestation, with
immediate delivery if there is evidence of fetal compromise
or oligohydramnios.10

Fetal heart rate decelerations observed during nonstress test-
ing are predictive of increased fetal and neonatal morbidity
and mortality in postterm pregnancies.12 Induction is recom-
mended in these instances, regardless of whether there are ac-
companying normal fetal heart accelerations. These decelera-
tions are likely the result of decreased amniotic fluid volume.

Several studies have suggested that the identification of
oligohydramnios determined by ultrasound may be used

alone, with the nonstress test, or in conjunction with the bio-
physical profile to identify those postterm fetuses most at
risk.12

Labor Induction

Once the decision to induce labor is made, the route and man-
agement of the induction depends on the presenting part of
the fetus, the Bishop score, and the presence or absence of
conditions that do not allow for a vaginal delivery.

If the cervix is favorable, and the presenting part of the fe-
tus engaged and well applied to the cervix, labor may be most
easily induced by amniotomy with or without intravenous
oxytocin. When the Bishop score is greater than 8, induction
appears to be most successful.13 If the cervix is unfavorable,
and induction must be carried out, an attempt should be made
to “ripen” the cervix using any of the accepted methods avail-
able, including prostaglandin gel, prostaglandin vaginal in-
serts, or mechanical methods. Once the cervix is more favor-
able, an amniotomy may be carried out, and labor managed
accordingly.

There are few studies on the risk of labor induction in post-
term pregnancies. The largest trial, the Canadian Multicenter
Postterm Pregnancy Trial,10 concluded that induction of la-
bor resulted in a lower rate of cesarean section than serial an-
tenatal monitoring, and that the rates of perinatal mortality
and neonatal morbidity were similar with the two approaches
to management.

Intrapartum Management

Labor is a particularly dangerous time for the postterm fetus.
An early amniotomy will help identify the presence of meco-
nium and allow for a scalp electrode if needed for continu-
ous fetal monitoring. In labors that are accompanied by oligo-
hydramnios or meconium staining, intraamniotic infusions
have recently been shown to be effective for both reversing
abnormal fetal heart rate tracings and decreasing the incidence
of meconium aspiration in newborns.14

Anesthetic Management

The postterm parturient provides some challenges for the ob-
stetric anesthesiologist. The higher incidence of cesarean sec-
tion, instrumental delivery, and shoulder dystocia in this pop-
ulation increases the likelihood for the urgent or emergent
need for an anesthesiologist. Nulliparous postterm parturients
who present in spontaneous labor have been noted to have an
increased incidence of cesarean section due to an increased
incidence of uterine dysfunction.8 Labor induction is not un-
common, especially if fetal surveillance methods have
demonstrated abnormalities in measured parameters.13 Many
women request labor analgesia because induction or aug-
mentation with oxytocin, long labor, and fatigue all contribute

TABLE 21.1. Complications of postdate pregnancy.

Complication Incidence in postdate pregnancya

Fetal
Perinatal death 4–7/1000 deliveries (2–3/1000 
Fetal macrosomia at 40 weeks)*5

Meconium 2.5%––10% (0.8%–1% at 40 weeks)6

Fetal distress 37.7% (17.5% at 40 weeks)7

Uteroplacental 8.4% (5% at 40 weeks)6

insufficiency 20%–40%1

Maternal
Labor dystocia 9.5%–11.9% (2.4%–9.5% at 40 weeks)**6

Cesarean delivery 8.2% (5.4 at 40 weeks)***8

Severe perineal trauma 3.3% (2.6% at 40 weeks)8

Postpartum hemorrhage 10% (9.1% at 40 weeks)****8

aSuperscripted numbers refer to reference list.
*Relative risk (RR) 1.68, confidence interval (CI) 1.02,1.76; **relative risk
(RR) 1.26, confidence interval (CI) 1.23,1,29; ***relative risk (RR) 1.25,
confidence interval (CI) 1.26,1.31; ****relative risk (RR) 1.09, confidence
interval (CI) 1.06,1.12.

TABLE 21.2. Bishop score

Position Effacement Dilatation
Score of cervix Consistency Station (%) (cm)

0 Posterior Firm �3 0–30 Closed
1 Midposition Medium �2 40–50 1–2
2 Anterior Soft �1,0 60–70 3–4
3 �1,�2 �80 �5

Source: Adapted from O’Brien W, Cefalo R. Labor and delivery. In: Gabbe
S, Niebyl J, Simpson J (eds). Obstetrics: Normal and Problem Pregnancies.
New York: Churchill Livingstone, 1986:351–378.
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to the severity of pain and the maternal ability to cope. The
use of multimodal pain management strategies can be used to
help ease pain following instrumental or operative delivery.

Obesity

Obesity has been demonstrated to be a risk factor for post-
datism.15 In a longitudinal retrospective study of 7407 term
pregnancies, Johnson et al. found the frequency of fetal
macrosomia and unscheduled cesarean section to rise almost
simultaneously in relationship to increasing maternal body
mass index (BMI) and to increasing gestational weight gain.15

There was evidence on trend analysis that risk of postdatism
increased with weight gain and with BMI. The obese patient
presents multiple challenges to the anesthesiologist. Of sig-
nificant importance is the task of managing a difficult airway
in an obese parturient for emergency cesarean section. The
insertion of an epidural catheter in early labor, therefore, is
well advised. Should the epidural or combined spinal-epidural
technique prove to be challenging, there is sufficient time to
site the catheter and ensure adequate analgesia is obtained.
As well, anesthesia for cesarean section or forceps delivery
is facilitated by an indwelling epidural catheter, thereby
avoiding either manipulation of the airway or surgical delay
while a technically difficult regional block is attempted. This
delay becomes especially important when fetal well-being is
compromised.

Labor Induction

Labor induction is common practice in the postterm parturi-
ent. Induction protocols vary by institution but often include
the administration of vaginal intracervical or oral medications
or intravenous oxytocin. Prostaglandin E2 (PGE2) gel and
vaginal tablets are given to ripen the cervix for labor induc-
tion.16 Side effects from prostaglandins used for this purpose
are rare but include gastrointestinal disturbances, fetal heart
rate abnormalities, uterine hyperstimulation, and uterine rup-
ture.16–18 Uterine hyperstimulation with sustained contrac-
tions can also occur with intravenous oxytocin but usually re-
solves with discontinuation of the infusion.

Fetal Macrosomia

Fetal macrosomia becomes increasingly more likely as ges-
tational age increases.8 A retrospective case-control study in
a large tertiary care center in Pakistan demonstrated an in-
creased incidence of operative delivery, shoulder dystocia,
birth trauma, fetal distress, neonatal intensive care unit
(NICU) admissions, and perinatal loss in macrosomic babies.6

In a study comparing primigravid to multigravid women, Mo-
canu and colleagues noted the incidence of shoulder dystocia
to be low in both groups, and thus the authors did not advo-
cate the elective delivery of macrosomic infants by cesarean
section.19 This study was a prospective computerized outcome

of labor over a 5-year period and included 198 primigravid
and 630 multigravid women with macrosomic babies as de-
fined by birth weight greater than 4.5 kg. There was an in-
creased incidence of prolonged labor, operative vaginal de-
livery, and emergency section in primigravid women
compared to multigravid women and a higher incidence of
these factors when compared to primigravid women with
normal birth weight infants.19

Fetal macrosomia is a significant risk factor for the devel-
opment of shoulder dystocia, with the incidence increasing in
direct relationship to increasing fetal weight.20–22 In one study
of infants born in California, shoulder dystocia was noted to
be 5.2% for infants 4000 to 4250 g, 9.1% for those 4250 to
4500 g, 14.3% for 4500 to 4750 g, and 21.1% for those 4750
to 5000g.21 Major risk factors for shoulder dystocia include:
postmaturity, maternal obesity, excessive maternal weight
gain, diabetes, prolonged second stage of labor, midpelvic de-
livery, and previous shoulder dystocia.20 Odds ratios for these
risk factors were determined by Nesbitt and coworkers, who
found that, after controlling for other parameters, the in-
creased risk was significant with diabetes [odds ratio (OR),
1.7], assisted delivery (OR, 1.9), and induction of labor (OR,
1.3).21 Nocon et al. reported that the risk of shoulder dysto-
cia with assisted delivery and diabetes was only increased in
the presence of fetal macrosomia.22

There are two important points to be made related to the
development of shoulder dystocia. Maternal pushing efforts
are important in assisting the obstetrician in the delivery
process. However, if these efforts are unsuccessful, the situ-
ation may require extension of an existing regional blockade
or the induction for general anesthesia for emergency cesarean
section.23 Equally important as the maternal considerations
are the attendant fetal complications related to asphyxia and
the required obstetric maneuvers. The presence of a neona-
tologist or qualified individual capable of neonatal resuscita-
tion is mandatory when this situation arises. In any case, the
obstetric anesthesiologist should be aware of the increased
risk of shoulder dystocia with fetal macrosomia. Early
epidural analgesia designed to limit the degree of motor block-
ade for second stage may have a dual advantage in that it al-
lows effective maternal expulsive efforts as well as a conduit
for extension of regional blockade should cesarean section be-
come necessary.

Fetal macrosomia (�4000 g) has been determined to be an
independent predictor of episiotomy, with a quoted increase
greater than 50% [OR, 1.6; confidence intervals (CI), 1.1,
2.5].24 Perineal trauma and subsequent postpartum pain con-
stitute an important issue that requires attention and treatment
in the postterm parturient.

Pain in the immediate postpartum period can be related to
uterine contractions or incisional pain from either episiotomy
or cesarean section. Uterine cramping can be attributed to the
action of prostaglandins as intrinsic myometrial stimulants.25

Nonsteroidal antiinflammatory drugs (NSAIDs) have been
used effectively to treat postpartum pain related to uterine ac-
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tivity.25,26 As well, NSAIDs have been found useful when
given prophylactically in the prevention of pain from perineal
injury.26 In some institutions, ketorolac is not used. Another
modality of postpartum pain relief in parturients with severe
lacerations is use of duramorph if an epidural catheter is al-
ready present. The use of self-medication packages, which in-
cluded dibucaine ointment 1%, ibuprofen, acetaminophen,
and docusate sodium, has been shown to significantly de-
crease narcotic usage in the postpartum period.27

Fetal macrosomia is associated with increased perinatal
morbidity and mortality.28 Vaginal delivery carries a much
greater risk of injury to the fetus than cesarean section.28

Brachial plexus palsy, an extremely serious injury, is often
due to shoulder dystocia. A 5-year review of perinatal factors
associated with birth trauma indicated that, to varying de-
grees, occurrences of clavicular fracture, facial nerve injury,
and brachial plexus injury were associated significantly more
often with prolonged gestation, macrosomia, and shoulder
dystocia.26 The ability to predict these injuries, however, ap-
peared limited.

Postpartum Pain

In a prospective study of 93 women, it was found that, on av-
erage, women required 1 month to return to perineal comfort
after delivery.30 When the data were examined for cause of an
extended period of perineal discomfort, delivery by forceps was
associated with a significantly longer time to recovery (p �
0.005) irrespective of the damage to the perineum.30 Unfortu-
nately, relief of pain in the delayed postpartum period is be-
yond the scope of the obstetric anesthesiologist.

The use of neuraxial opioids for pain relief following ce-
sarean section is a well-accepted analgesic technique. The side
effects related to the use of these drugs include pruritus, uri-
nary retention, sedation, and, rarely, respiratory depression.
Decreasing the dose of neuraxial opioids may decrease the
side effects such as pruritus with adequate pain relief.31 Ma-
ternal satisfaction may be improved as a result.32 In situations
where general anesthesia was used for abdominal delivery,
the use of patient-controlled analgesia is extremely effective
for postoperative analgesia.

The inclusion of NSAIDs in the pain management regimen
following cesarean section has been shown to significantly po-
tentiate spinal narcotics and to decrease postoperative analgesic
requirements.33 A multimodal approach to postcesarean anal-
gesia in our institution includes a combination of neuraxial opi-
oids, oral acetaminophen with codeine, and rectal NSAIDs.

Summary

The management of the postterm pregnancy remains contro-
versial. An accurate estimation of the gestational age of the
patient is essential. A policy of ultrasound before 20 weeks
gestational age will help decrease the incidence of uncertain

dates at term. Once a pregnant woman has reached term and
there are no medical or obstetric reasons to induce labor, the
parturient may continue her pregnancy. At 41 weeks an as-
sessment of the cervix should be done, and if the Bishop score
is greater than 8, induction should be considered. If the Bishop
score is unfavorable, or if the individual chooses not to be in-
duced, then she should undergo serial antenatal testing with
biophysical profile or amniotic fluid volume estimation with
ultrasound. Although the management of the postterm preg-
nancy remains somewhat controversial, it seem prudent to rec-
ommend delivery of all pregnancies by 42 weeks gestation.

If at all possible, an early consultation by an obstetric anes-
thesiologist is useful in that it provides information regarding
the patient’s airway and ease of intubation should an emer-
gency cesarean section be required. This consultation also al-
lows the anesthesiologist and the patient to discuss the ad-
vantages of regional analgesia and perhaps will result in its
early institution in a controlled situation. Low-dose analgesic
techniques designed to minimize motor block allow excellent
maternal expulsive efforts and perhaps decrease the need for
instrumental delivery. In turn, perineal trauma may be lim-
ited, and postpartum pain minimized, allowing an optimum
outcome for mother and baby.
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Hematologic Disease
David L. Hepner, Louise Wilkins-Haug, and Peter W. Marks

Blood Loss in Pregnancy

Normal spontaneous vaginal delivery is usually associated with
a blood loss of 500 mL, whereas an uncomplicated cesarean
section is often associated with a blood loss of 800 mL.1 Un-
corrected abnormalities of the coagulation system, whether
present before the pregnancy or caused by the pregnancy itself,
may lead to a marked increase in blood loss that may be diffi-
cult to control and may precipitate obstetric hemorrhage. Ob-
stetric hemorrhage remains the most common cause of mater-
nal mortality in the United States.2 Coagulopathies are the
fourth most common reason for pregnancy-related deaths due
to hemorrhage, accounting for 14% of cases.2 Early consulta-
tion with a hematologist is recommended for parturients with
coagulopathies, and a treatment plan should be developed in
the antepartum period. However, some conditions that are ac-
quired during pregnancy may present in the peripartum period.
Knowledge of these conditions and of their recommended treat-
ment is essential for a practitioner of obstetric anesthesia.

Pregnancy leads to an engorgement of the epidural venous
plexus, and the incidence of intravascular epidural catheters has
been reported to be as high as 8.5% in parturients.3,4 Uncor-
rected abnormalities of the coagulation pathway, either inher-
ited or acquired, may augment the bleeding that occurs after an
intravascular epidural catheter cannulation. This bleeding may
create a hematoma in the epidural space, which is a closed space
with the potential for spinal cord compression. Permanent neu-
rologic damage is the most feared complication of neuraxial
anesthetic techniques, and these techniques are relatively con-
traindicated in parturients with coagulopathies. However, the
cause, severity, and treatment of coagulopathies vary. In some
instances, neuraxial anesthetic techniques are utilized in par-
turients with minor or corrected coagulation abnormalities af-
ter a careful risk–benefit analysis is performed.

The incidence of epidural hematoma in the general popu-
lation is very low; it has been reported to be 1 in 150,000 af-
ter an epidural technique and 1 in 220,000 after a subarach-
noid block.5 The incidence of epidural hematoma in patients
who are anticoagulated or who have clotting abnormalities
and have received neuraxial techniques is not known. A ret-

rospective analysis of case reports of epidural hematoma and
neuraxial techniques demonstrated that most cases (68%) oc-
curred in patients with impaired coagulation.5 Seventy-five
percent of cases occurred with an epidural technique, and 25%
occurred after a subarachnoid block. Forty-seven percent of
cases that utilized an epidural catheter occurred at the time of
catheter removal. Only 8% of all the cases occurred in par-
turients. It is not known if the reason for this low number in
parturients is because of the hypercoagulable state of preg-
nancy or because anesthesiologists avoided neuraxial tech-
niques in parturients with impaired coagulation.

An understanding of normal primary and secondary he-
mostasis and of pregnancy-related changes is essential to un-
derstand congenital or acquired coagulation abnormalities that
may occur in the peripartum period. Primary hemostasis is
initiated when injury to a vessel wall leads to denudation of
the endothelium. Platelets then bind to the surface, in part
through von Willebrand’s factor, a large multimeric protein
that, when activated by collagen binding, serves as a latch be-
tween the platelet and the vessel wall. Platelet activation re-
leases adenosine diphosphate (ADP) and other mediators that
lead to further activation and the formation of a platelet plug
(Figure 22.1). The activated platelets also provide the mem-
brane surface upon which activation of the clotting cascade
occurs (Figure 22.2). Binding to exposed tissue factor in con-
junction with small amounts of factor Xa leads to activation
of factor VIIa; this subsequently leads to the production of
thrombin from prothrombin, which then can activate the con-
tact arm of the coagulation cascade as well as convert fib-
rinogen to fibrin leading to the formation of a clot. Subse-
quently, factor XIII cross-links the clot into a mature state
that is relatively resistant to fibrinolysis.

Pregnancy is associated with an expansion of the intravas-
cular volume that is larger than the expansion of the red cell
volume; this is responsible for the physiologic anemia of preg-
nancy (mean hemoglobin, 12.3 g/dL).1 Pregnancy is also as-
sociated with a hypercoagulable state characterized by in-
creased platelet hemostatic capacity despite a decreased
platelet count. All clotting factors, except factors XI and XIII,
increase during pregnancy. Fibrinogen increases by as much
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as 50%.1 Prothrombin and the thrombin–antithrombin com-
plex are also elevated in normal pregnancies, while fibrinol-
ysis is diminished, as is demonstrated by elevated levels of
plasminogen activator inhibitor 1 and 2.6

Disorders of Platelets in Pregnancy

Pregnancy is associated with normal platelet function but of-
ten with a decreased platelet number. However, there are also
some disorders of pregnancy that are associated with a more

severe thrombocytopenia. The main reasons for pregnancy-
associated thrombocytopenia include incidental thrombocy-
topenia of pregnancy (gestational thrombocytopenia) (74%),
hypertensive diseases of pregnancy (21%), and immune
thrombocytopenic disorders of pregnancy (idiopathic throm-
bocytopenic purpura and systemic lupus erythematosus) (4%).
The remaining rare cases of thrombocytopenia include dis-
seminated intravascular coagulation (DIC), thrombotic throm-
bocytopenic purpura (TTP), fatty liver of pregnancy, hemo-
lysis, elevated liver enzymes, and low platelets (HELLP)
syndrome, and antiphospholipid syndrome.7

The cardinal sign of bleeding due to thrombocytopenia is
the presence of petechiae and purpura. Petechiae are tiny red
dots in the dependent regions of the body or where the blood
pressure cuff is inflated, whereas purpura are larger and can
be the result of a convergence of petechiae.

Gestational Thrombocytopenia

Gestational thrombocytopenia, which presents during preg-
nancy in women without a prior history of thrombocytopenia,
is usually mild (from 70–100 to 150 � 103/mm3), tends to oc-
cur during the third trimester of an uncomplicated pregnancy,
and resolves postpartum. It occurs in up to 8.3% of parturients.
Platelet function is normal, and the disorder has no adverse ef-
fects on parturients or neonates.8 Parturients are without clini-
cal signs of bleeding, and neonates have normal platelet
counts.9 Postulated reasons for gestational thrombocytopenia
include hemodilution, mild DIC, and increased destruction.10

Obstetric Management

Gestational thrombocytopenia is a benign condition associ-
ated with a normal history and physical examination. There-
fore, once other abnormal conditions that may cause pregnancy-
related thrombocytopenia are ruled out, there should not be
any special considerations in the obstetric management of par-
turients with gestational thrombocytopenia.

Anesthetic Management

Gestational thrombocytopenia is not a contraindication to
regional anesthesia, as it is rarely associated with a platelet
count below 70 � 103/mm3. Platelet function is normal, and
it is usually an incidental laboratory finding. Most anes-

FIGURE 22.1. Schematic diagram of primary hemostasis.
Platelets rolling on the vascular surface encounter de-
nuded endothelium and activated von Willebrand’s fac-
tor. The platelets then become activated themselves, re-
leasing adenosine diphosphate (ADP) and other mediators
that attract additional platelets and lead to the formation
of a platelet plug, which serves as a scaffold for deposi-
tion of the clotting cascade.

FIGURE 22.2. The coagulation cascade. Coagulation is initiated when
factor VII binds to exposed tissue factor at a site of injury. Small
amounts of factor Xa in the circulation activate VII to VIIa. This ac-
tivity then leads to the conversion of further factor X to Xa, gener-
ation of thrombin, and initial deposition of fibrin strands. Thrombin
is a key regulator, activating a number of proteins including the
nonenzymatic cofactors V and VIII. In addition, activation of fac-
tors IX and XI leads to amplification of coagulation. Factor XIII
serves to cross-link fibrin and produce a stable clot. The role of fac-
tor XII in coagulation is not clear. PL, phospholipid; HMWK, high
molecular weight kininogen; TF, tissue factor.
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thesiologists are not usually aware of gestational throm-
bocytopenia, as a majority of practitioners do not require
any laboratory testing before placing a regional anesthetic
in a healthy parturient.11,12 Furthermore, most anesthesi-
ologists in the United States would place an epidural in an
otherwise healthy parturient with platelet count between
80,000 and 100,000/mm3.12 In a series of 30 parturients
with platelet counts between 69,000 and 98,000/mm3, 
the majority of parturients who received epidural anal-
gesia with platelets below 100,000/mm3 had gestational
thrombocytopenia.13

Idiopathic Thrombocytopenic Purpura

Idiopathic thrombocytopenic purpura, which is caused by in-
creased platelet destruction by maternal autoantibodies, rep-
resents the majority of cases of immunologically mediated
thrombocytopenia during pregnancy. These antibodies are
specific for distinct epitopes on platelet membrane glycopro-
teins, especially IIb/IIIa and Ib/IX/V.14 It is also referred to
as immune thrombocytopenic purpura (ITP), occurs in 0.1% 
to 0.2% of parturients, and accounts for 3% of cases of 
pregnancy-associated thrombocytopenia.7,8 The platelet func-
tion is not affected, and most parturients do not bleed until
the platelet count is below 20 � 103/mm3. This disease is not
specific to pregnancy, and some patients are identified before
the pregnancy. The risk of ITP is not increased in pregnancy
but ITP tends to occur coincidentally, as it is more common
in females (3:1 ratio), and in the second and third decades of
life. ITP persists in the postpartum period.

The diagnosis of ITP is a clinical diagnosis based on a
platelet count less than 100 � 103/mm3 early in the preg-
nancy, exclusion of other causes of pregnancy-related throm-
bocytopenia, and the absence of splenomegaly. Confirmation
of the diagnosis may be obtained with a bone marrow biopsy
that demonstrates an increased size and number of megakary-
ocytes. This change occurs in response to the increased
platelet destruction by autoimmune antibodies against platelet
surface antigens.15 Antiplatelet antibodies against platelet gly-
coproteins IIb/IIIa and Ib/IX are available via antigen capture
assays and are found in 75% to 80% of parturients with ITP.16

However, these antibodies are not routinely measured, as the
management is the same regardless of the presence or absence
of these antibodies. In addition, the absence of antiplatelet an-
tibodies does not rule out ITP.

The platelet function is normal in parturients with ITP, and
bleeding tendencies are usually related to the platelet num-
ber. Most cases present with easy bruising in parturients with
a long history of mild hemostatic impairment. Other parturi-
ents are asymptomatic, and the diagnosis is made on routine
blood monitoring. Platelet counts in the range of 40 to 60 �
103/mm3 early in the pregnancy should be considered in-
dicative of ITP until proven otherwise. A minority of the cases
present with a sudden onset of severe thrombocytopenia and
evidence of hemostatic impairment.16

Obstetric Management

Expectant management is utilized in most parturients, as the
majority have a platelet count greater than 50 � 103/mm3 in
the absence of spontaneous bleeding. Treatment with corti-
costeroids is recommended in parturients with spontaneous
bleeding or with platelet counts below 50 � 103/mm3. The
dose is intravenous methylprednisone 1 mg/kg or oral pred-
nisone 1 mg/kg, and most parturients respond to this treat-
ment. Other authorities recommend intravenous gammaglob-
ulin (IVIgG) 1 g/kg, which raises the platelet count to
acceptable levels (�50 � 103/mm3) in 50% of parturients. A
second dose may be repeated 1 week later and leads to ac-
ceptable levels in 75% of parturients.16 Splenectomy is re-
served for parturients not responsive to glucocorticoids after
several weeks of treatment or for those requiring a prolonged
high dose of steroids.

IgG antibodies present in ITP cross the placenta and may
lead to fetal and neonatal thrombocytopenia. The level of ma-
ternal thrombocytopenia does not predict fetal thrombocy-
topenia, and there are reports of neonatal platelet counts be-
low 50,000/mm3 in mothers with platelet counts above
50,000/mm3.7 Moderate to severe fetal thrombocytopenia
(�50,000/mm3) is present in 9% to 15% of all cases but rarely
leads to severely affected neonates with morbidity or mortal-
ity.9 The natural history of ITP-associated neonatal thrombo-
cytopenia is for platelets to nadir at 24 to 48 h after delivery.
Although mild fetal thrombocytopenia is common, it is rarely
associated with intracranial hemorrhage.14

The mode of delivery depends on the status of the mother
or neonate. Cesarean section is reserved for the usual obstet-
ric indications, or if the fetal platelet count is below 20 �
103/mm3. However, some have advocated a cesarean section
for maternal reasons only, as routine determination of fetal
platelet counts is not warranted.14 Even though fetal platelet
counts can be determined, it is not without a risk, and there
is no specific treatment for the fetus.14 Vaginal delivery is
safe in the setting of ITP, and some authorities recommend it
for a majority of parturients.17 Precautions during vaginal de-
livery such as restricted use of vacuum and forcep-assisted
delivery are reasonable. Maternal platelet transfusion is re-
served for those with clinical evidence of impaired hemosta-
sis (petechiae and purpura), and for those with platelet counts
below 20 � 103/mm3.15 This intervention is usually a tem-
porizing measure, as the transfused platelets will also be de-
stroyed by the antiplatelet antibodies.

Anesthetic Management

Most parturients with ITP have platelets above 50 � 103/mm3

with normal function. It is of note that ITP is characterized
by increased platelet destruction of old platelets, leaving
younger and larger platelets in the circulation. These remain-
ing platelets have an increased number of platelet granules
that enhance platelet function.16 Therefore, some experts have
suggested that it may be prudent to perform a regional anes-
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thetic on parturients with ITP, provided that the platelet count
is above 50 � 103/mm3, there is no clinical evidence of bleed-
ing, and there is no other associated comorbid condition.10 It
is important to document the absence of a prior history of
bleeding and the platelet number at the time of the regional
technique. Other laboratory tests of coagulation, including
prothrombin time (PT) and activated partial thromboplastin
time (aPTT), are usually normal.

As platelets are removed from the circulation via binding
to Fc receptors on the surface of the spleen, splenectomy may
be of benefit for parturients with severe thrombocytopenia re-
fractory to steroids.14 Splenectomy is usually performed dur-
ing the second trimester of pregnancy to minimize the risks
of miscarriage and preterm labor. Parturients in the second
trimester have a normal gastric pH and volume but a lower
esophageal sphincter tone. Aspiration prophylaxis, with
sodium citrate and metoclopramide, is currently recom-
mended. Left uterine displacement must be utilized to mini-
mize aortocaval compression by the gravid uterus. The inci-
sion is usually midline abdominal or left subcostal, and the
preferred anesthetic technique is general anesthesia. Rapid se-
quence induction should be performed, and gentle attempts at
laryngoscopy should be used to minimize laryngeal bleeding.
It is also recommended that well-lubricated endotracheal
(�7.0 mm) and nasogastric tubes be used to avoid airway
hematoma and epistaxis. There is the potential for major blood
loss, and it is important to have rapid transfusion equipment
available as well as large-caliber intravenous catheters (at
least two 16-gauge intravenous catheters). Platelets and red
blood cells should be available in the operating room. Platelet
transfusions are usually given after ligation of the splenic ves-
sels, as this leads to decreased platelet sequestration.

von Willenbrand’s Disease

von Willenbrand’s disease is a disorder of platelet adhesion
with defective platelet aggregation and is the most common
inherited bleeding disorder in humans. It is inherited in an au-
tosomal dominant fashion and has been reported in 3 to 4 of
100,000 to 1.3% of the population.18 It is characterized by
mucosal bleeding, despite normal platelet counts and normal
clot retraction. Classical manifestations of mucosal bleeding
include epistaxis, gingival bleeding, easy bruising, and men-
orrhagia. The bleeding time is increased, and the plasma fac-
tor VIII (FVIII) activity is often decreased.

von Willenbrand’s factor (vWF) is synthesized and stored
in megakaryocytes and endothelial cells. It is stored within
the alpha granules of the platelets and provides an adhesive
link between platelets and the vessel wall at the site of vas-
cular injury (primary hemostasis). vWF also participates in
secondary hemostasis by stabilizing and carrying FVIII in
plasma. vWF carries FVIII to the sites of platelet plug and
fibrin clot formation.18 vWF is modified by estrogens, and
the production is increased during pregnancy.18,19 Therefore,
bleeding complications are unusual in the antepartum period.

In addition, FVIII:C levels are increased in the antepartum
period.

Most parturients will already have a diagnosis of vWD, as
this is an inherited disease. However, some cases may present
in pregnancy with excessive gingival bleeding or menorrha-
gia or in the postpartum period with hemorrhage. It is recom-
mended that thrombocytopenia and coagulation pathway ab-
normalities first be ruled out by obtaining a platelet count, PT,
and aPTT.19 Parturients with vWD have normal platelet count
and coagulation parameters (PT, aPTT). There are different
laboratory tests for vWD, and it is important to perform a panel
of them as they help to differentiate between the different types
of vWD (Table 22.1). Furthermore, the treatment may vary
from type to type. For example, 1-deamino-D-Arg-8-vaso-
pressin (DDAVP) is beneficial for parturients with type 1 
disease but may exacerbate thrombocytopenia in parturients
with type 2B disease. The ristocetin cofactor activity assay
(vWF:RCo) measures vWF binding to platelet GpIb or vWF
activity. Plasma vWF antigen (vWF:Ag) is then done to quan-
tify the deficiency of vWF, and FVIII activity is measured in
a functional assay. The ristocetin-induced platelet aggregation
test (RIPA) assesses the ability of the platelet-associated vWF
to support aggregation. Gel electrophoresis can also be per-
formed to determine the vWF multimer structure.

The platelet function analyzer (PFA-100) is an in vitro
bleeding time device that measures blood flow through a small
cut in a collagen-epinephrine or collagen-ADP-coated mem-
brane and is a crude measurement of platelet function.20 The
time required for occlusion (closure time, CT) is indicative
of platelet function and primary hemostasis; it measures
platelet plug formation and is strongly dependent on plasma
vWF.21 Recently, it has been used in clinical settings for as-
sessment of platelet dysfunction, and it might also be useful
for monitoring antiplatelet therapy.22 It has a high specificity
for normal platelet function and high sensitivity for platelet
dysfunction. It is also dependent on glycoprotein Ib and 
IIb-IIIa, platelet count, and hematocrit.

There are three main different types of vWD (Table 22.2).
Type 1 disease is the most common and accounts for 70% of
all cases. It is characterized by a quantitative decrease in vWF
that results in mild to moderate bleeding. It has a decreased
vWF:RCo, vWF:Ag, and FVIII but normal multimeric distri-
bution. Most mild to moderate cases respond well to desmo-
pressin (DDAVP). DDAVP is a synthetic analogue of argi-

TABLE 22.1. von Willenbrand’s disease laboratory testing.

Laboratory testing Significance

vWF:Ag Measures the amount of plasma vWF
vWF:RCo Measures vWF activity in plasma
Factor VIII Measures plasma factor VIII
Gel electrophoresis Measures vWF multimer structure
RIPA Measures ability of vWF on the platelet

surface to support aggregation

vWF, von Willenbrand factor; vWF:Ag, vWF antigen; vWF:RCo, ristocetin
cofactor activity assay; RIPA, ristocetin-induced platelet aggregation test.
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nine vasopressin that causes an indirect release of vWF and
FVIII from endothelial cells.

Type 2 disease is divided into four subtypes: A, B, M, and
N. Type 2A has a decreased vWF:RCo, vWF:Ag, and FVIII.
In type 2A, vWF:RCo has the lowest level of the three tests.
High molecular weight multimeres (HMWM) are decreased
or absent on analysis. Type 2B has decreased vWF:RCo and
a low normal vWF:Ag and FVIII. HMWM are also decreased.
The RIPA reveals hyperaggregability to ristocetin. A unique
characteristic of this type of vWD is that thrombocytopenia
is common and may be exacerbated by pregnancy. Infants of
parturients with type 2B disease may also experience neona-
tal thrombocytopenia. Type 2M disease is characterized by
abnormal multimer distribution on gel analysis and an ab-
normal vWF:RCo. Type 2N is characterized by decreased
FVIII activity, but normal vWF multimers, vWF:Ag, and
vWF:RCo. Response to DDAVP is variable in most of these
subtypes of vWD. As mentioned earlier, some authorities con-
sider DDAVP to be contraindicated in parturients with type
2B disease. Other available treatment options for these par-
turients include cryoprecipitate and plasma concentrates con-
taining FVIII and vWF. The most frequently used concentrate
is Humate P as it contains 2.5 IU ristocetin cofactor activity
to 1 IU of FVIII:C, and has a multimeric content that is near
normal.23

Type 3 disease is the least common but the most severe
type of vWD. It is characterized by markedly reduced or ab-
sent vWF:Ag. In addition, vWF:RCo and FVIII activity are
markedly reduced. This type is refractory to DDAVP treat-
ment and usually presents with moderate to severe bleeding.
Cryoprecipitate or preferably plasma concentrates containing
FVIII and vWF are the treatment options.

Obstetric Management

Most parturients will have a diagnosis before presentation for
labor and delivery. Parturients with type I vWD often improve
during the antepartum period, as vWF and its activity and fac-
tor VIII increase as the pregnancy progresses. Parturients with
type 2 vWD also experience an increase in vWF and its ac-

tivity, but the abnormal morphology persists. These parturi-
ents do not improve with pregnancy and are at an increased
risk of postpartum hemorrhage, a risk which remains for as
long as 6 weeks postpartum. Women with type 2B may ex-
perience increased bleeding throughout the pregnancy, as
there is increased production of abnormal multimers that bind
to platelets. Spontaneous platelet aggregation then leads to a
worsening of the thrombocytopenia.24 Parturients with type 3
vWD have very little to no vWF and thus experience mini-
mal to no changes with the pregnancy. It is imperative to un-
derstand that the hemostatic changes of pregnancy in par-
turients with vWD vary between individuals and between
different pregnancies in the same individual.

Of clinical importance is the understanding that although
vWD may be corrected with the pregnancy, as in some cases
of type 1 disease, the level of vWF decreases after the deliv-
ery of the placenta; this may precipitate postpartum hemor-
rhage. Kadir and colleagues24 reported an 18.5% incidence of
primary postpartum hemorrhage. However, most cases oc-
curred in parturients with uncorrected vWD during pregnancy
and without prophylaxis. The incidence of secondary post-
partum hemorrhage was 20%. Others have reported a 25% to
28% incidence of secondary postpartum hemorrhage.25,26

Therefore, it is recommended that type 1 parturients have a
DDAVP trial before the time of delivery and preferably be-
fore the pregnancy. If a response to DDAVP is observed dur-
ing the trial period, then a dose of 0.2 to 0.4 �g/kg over 15
to 30 min before a vaginal delivery, or 60 to 90 min before
a cesarean section, is used if necessary. Parturients who do
not respond to DDAVP and those with types 2B and 3 need
to be treated with factor VIII/vWF plasma concentrate before
a procedure.19 It has been recommended that FVIII and
vWF:RCo be kept above 50 IU/dL at the time of delivery and
for 72 to 96 h after an uncomplicated vaginal delivery and 96
to 120 h after a cesarean section.24,27

Antenatal testing for fetal vWD is possible, but it is not
necessarily recommended as it is associated with fetal mor-
tality and is not always predictive of neonatal bleeding. It may
be wiser to collect cord blood at the time of delivery and per-
form tests for vWD at this time. Cesarean section should not

TABLE 22.2. Classification of von Willenbrand’s disease.

vWF
multimer

Type vWF:Ag vWF:RCo Factor VIII structure DDAVP response Bleeding

Type 1 Decreased Decreased Decreased Normal Good in most cases Mild–moderate
Type 2A Decreased Decreased(more than Decreased Abnormal Variable Variable

any other test)
Type 2B Low to normal Decreased Low to normal Abnormal May worsen Thrombocytopenia may 

thrombocytopenia worsen bleeding
Type 2M Low to normal Decreased Low to normal Abnormal Variable Variable
Type 2N Low to normal Low to normal Decreased Normal Variable Variable
Type 3 Markedly reduced Markedly reduced Markedly reduced Normal No response Severe

or absent

vWF, von Willenbrand factor; vWF:Ag, vWF antigen; vWF:RCo, ristocetin; DDVAP, 1-deamino-D-Arg-8 vasopressin.
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be chosen on the basis of the possibility of neonatal vWD, as
it may lead to increased maternal bleeding in parturients with
vWD. Most experts recommend vaginal delivery with the
avoidance of episiotomy and instrumental delivery if possi-
ble.19 Intramuscular injections should be avoided in offspring
of parturients with vWD, and a circumcision should be post-
poned until a diagnosis of vWD is excluded.

Anesthetic Management

Although the bleeding time is increased in parturients with
vWD, its determination is not currently recommended as it is
operator dependent and difficult to standardize. There are re-
ports of the use of regional anesthesia in parturients with mild
type 1 vWD.28–30 Kadir and colleagues24 reported a series of
eight parturients with vWD who received regional analgesia
or anesthesia for labor and delivery. All except one parturi-
ent had clotting factors and coagulation screen that had nor-
malized during the pregnancy. One parturient received pro-
phylactic treatment before the regional technique. The type
of vWD and whether DDAVP was part of the prophylaxis are
not clear from the available information. Regional anesthesia
is contraindicated if the coagulation screen is abnormal; this
is especially true in parturients with more severe types of
vWD such as type 3, where the vWF is markedly reduced and
does not normalize with pregnancy.

DDAVP causes a rapid but transient increase in vWF and
FVIII and can facilitate the performance of procedures. Spinal
anesthesia is preferred for a cesarean section, as it avoids fur-
ther manipulation to the epidural space. In addition, it leads
to less trauma to the epidural venous plexus. However, the
anesthesiologist must be ready to convert to general anes-
thesia, as the delivery of the placenta may precipitate post-
partum hemorrhage. The epidural catheter, placed with com-
bined spinal epidural or epidural techniques, should also be
removed as soon as possible after the removal of the placenta.
Side effects of DDAVP include tachycardia, hypertension,
and facial flushing. Fluid retention may be a result of the 
antidiuretic properties of this peptide, and it is essential to
avoid excessive administration of intravenous fluids to these
parturients.

The PFA-100 is able to differentiate medication-induced
platelet dysfunction from that caused by disorders such as
vWD. A decreased CT correlates with qualitative platelet de-
fects and with decreased vWF levels.31 The CT can also dif-
ferentiate DDAVP responders from nonresponders, as the
PFA-100 is very sensitive to platelet vWF and to the large
vWF multimeres.32 However, further work is necessary be-
fore using the PFA-100 in making decisions concerning
whether to use neuraxial techniques in parturients with vWD.

Labor and delivery analgesia for a parturient with type 3
disease can be provided by a fentanyl patient-controlled anal-
gesia. At our institution, parturients receive a 13-�g bolus
with a 7-min lockout and a 4-h limit of 300 �g. Ketamine
can be added if necessary to improve the analgesia in doses

of 15 to 30 mg/h. If a cesarean section is performed in a par-
turient with type 3 disease, a general anesthetic is preferred.
It should be conducted in a manner similar to that described
for a parturient with ITP, where extreme caution should be
exerted to minimize laryngeal bleeding and airway hematoma.
Adequate intravenous access and reserved blood products are
of utmost importance before proceeding with a scheduled
case.

Bernard–Soulier Syndrome

Bernard–Soulier syndrome is a less common disorder of
platelet adhesion with defective platelet aggregation. It is usu-
ally transmitted as an autosomal recessive trait, and family
history is rare.19 It is a result of a quantitative or qualitative
defect in platelet membrane glycoproteins. Glycoprotein Ib-
V-IX is an active receptor for vWF that is required for platelet
adhesion to subendothelial tissue and is also essential for
platelet aggregation into hemostatic plugs.33 The clinical pre-
sentation of this disorder, with mucous membrane bleeding,
is similar to that of vWD as vWF depends on platelet mem-
brane glycoproteins.

Peripheral smear demonstrates an overall decreased num-
ber of platelets that are larger than usual. Although the RIPA
is markedly abnormal, other tests for vWD are normal. In ad-
dition, this disorder is distinguished from vWF by the failure
of its platelets to aggregate in response to bovine plasma.19

Obstetric Management

Most parturients will have a diagnosis before the pregnancy,
but there are reported cases in which the diagnosis was made
because of late postpartum hemorrhage.34,35 It can also pre-
sent with antepartum or early postpartum hemorrhage.34 Al-
though the route of delivery is controversial, most experts rec-
ommend allowing a trial of labor.19 Prophylactic platelet
transfusion before delivery has been recommended, as most
of these parturients bleed in the immediate postpartum pe-
riod.19,36 It has been recommended that platelets be leukocyte
depleted to decrease the risk of neonatal alloimmunization.19

Maternal immunization to glycoprotein Ib/IX during preg-
nancy can produce antibodies against it and lead to neonatal
alloimmune thrombocytopenia37,38; this can cause maternal
resistance to platelet transfusion and severe fetal thrombocy-
topenia and massive intracranial bleeding. Management of ac-
tive bleeding episodes includes platelet transfusions, desmo-
pressin (DDAVP), antifibrinolytic therapy, and uterotonic
agents for postpartum hemorrhage.34 There is one report of a
parturient who had to undergo a gravid hysterectomy because
of uncontrollable hemorrhage.39

Anesthetic Management

The literature regarding the anesthetic management is very
limited, as this is a very rare disorder. There is a report in the
nonobstetric literature of a 20-year-old woman scheduled for

ak
us

he
r-li

b.r
u



22. Hematologic Disease 315

a sagittal osteotomy of the mandibular rami under general
anesthesia.40 The authors caution against using halothane in
these patients, as it may inhibit the aggregation of platelets
and prolong the bleeding time.40 Analgesic and anesthetic
considerations for labor and delivery, and for a cesarean sec-
tion, should not differ from those of a parturient with type 3
vWD.

Disorders of Platelet Secretion

These rare disorders, which include gray platelet syndrome
and storage pool disease, are characterized by a deficiency in
platelet granules or their contents. Because platelet granules
and their contents are involved in platelet adhesion, these pre-
sent similarly to disorders of platelet adhesion. For example,
gray platelet syndrome is characterized by a deficiency of
platelet alpha granules whereas storage pool disease is char-
acterized by a deficiency of platelet dense granules.19 Al-
though alpha granules contain vWF and platelet factor 4,
dense granules contain ADP and prevent its degradation. ADP
is essential for platelet activation and aggregation.

Obstetric Management

The recommendation for the obstetric management of these
parturients is limited, as these are rare disorders. Vaginal de-
livery is not contraindicated and is preferred by some.41

Platelet transfusions are recommended before delivery.

Anesthetic Management

There is little published information in the anesthetic litera-
ture, or for that matter in the obstetric literature, on the anes-
thetic or obstetric management of these conditions. Common
sense indicates that regional techniques be avoided in these
parturients and that caution be taken during laryngoscopy and
intubation during general anesthesia. It has been recommend
to avoid medications that may adversely affect platelet func-
tion such as some antibiotics, phenothiazines, and hydroxy-
ethyl starch.42

Glanzmann’s Thrombasthenia

Glanzmann’s thrombasthenia is an autosomal recessive dis-
order of platelet aggregation that is characterized by a quali-
tative or quantitative defect in platelet glycoprotein IIb-IIIa.
Glycoprotein IIb-IIIa is the most abundant surface protein in-
volved in platelet aggregation. It undergoes a conformational
change during platelet activation to express its receptor func-
tion for fibrinogen.33 It is this binding of fibrinogen and gly-
coprotein IIb-IIIa that mediates platelet aggregation.

There are two types of Glanzmann’s thrombasthenia. Type
1 is more severe and is characterized by absent glycoprotein
IIb-IIIa, and by low levels of fibrinogen; type 2 is milder with
a quantitative deficit in glycoprotein IIb-IIIa but normal lev-
els of fibrinogen. Although both types are associated with mu-

cous membrane bleeding, this is more severe with type 1 dis-
ease. Other platelet receptors can compensate for the de-
creased GIIb-IIIa receptor in type 2 disease.

Mucocutaneous bleeding confirms a disorder of platelet
function, and final diagnosis is by laboratory tests. These tests
reveal normal platelet counts, prolonged bleeding times, and
platelets that fail to aggregate in the presence of platelet ac-
tivators such as ADP and collagen.19

Obstetric Management

Although the maternal condition is not a contraindication to
a trial of labor, the fetal condition may warrant a cesarean
section. Many of these parturients have had platelet transfu-
sions and may develop antibodies against one of the deficient
glycoproteins. These alloantibodies may cross the placenta
and may result in fetal alloimmune thrombocytopenia.43 The
intrapartum treatment is similar to that of parturients with dis-
orders of platelet adhesion and secretion, consisting of platelet
transfusions and aggressive use of uterotonic agents.44

Anesthetic Management

There are no reports of regional techniques in these parturi-
ents, and it is safer to avoid these techniques. It is also bet-
ter to avoid pudendal nerve blocks, as these may lead to a
pelvic hematoma.

Alloimmune Thrombocytopenia

Alloimmune thrombocytopenia (AIT) is unique in that it only
affects the neonate. It is caused by maternal antiplatelet al-
loantibodies or autoantibodies (IgG) that cross the placenta
and are directed against a specific platelet antigen lacking in
the mother. These alloantibodies have a high affinity for the
platelet membrane glycoproteins; platelet destruction is se-
vere, causing fetal thrombocytopenia.14 Neonatal thrombocy-
topenia in the absence of maternal thrombocytopenia is al-
most always AIT. The HPA platelet alloantigen system
accounts for most cases, and HPA-1a (PlA1) is the most com-
mon antigen45,46 AIT has a high fetal and neonatal morbid-
ity and mortality, and up to 30% of fetuses or neonates may
suffer intracranial hemorrhage.14 This fetal or neonatal dis-
order can be associated with severe thrombocytopenia
(�20 � 103/mm3), and almost all fetuses or neonates with
such a low platelet count have AIT.7 The incidence of AIT is
1 in 5,000 to 1 in 10,000, and almost all cases are discovered
after the onset of neonatal thrombocytopenia.

Obstetric Management

Risk factors for this disorder include a sibling with AIT or a
more distant family history. The fetal thrombocytopenia
worsens as the pregnancy progresses. Although 50% of cases
occur in the first pregnancy, it has a recurrence rate of 97%
in future pregnancies. Genotyping of the relevant platelet anti-
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gen system in the father allows for the determination of
whether all, or only one half, of subsequent pregnancies will
be affected. However, as PLA1 is relatively common in the
Caucasian population, many fathers will be homozygotic
PLA1/PLA1. Thus, all subsequent pregnancies will have only
PLA1 � fetuses. In cases in which the father is identified as
a heterozygote (PLA1/PLA2), amniocentesis and genotyping
of the fetal platelet antigen can differentiate PLA1 from PLA2

fetuses.
For at-risk PLA1 fetuses, it is essential to diagnose this con-

dition antenatally and to start treatment immediately. Treat-
ment plans are individualized based upon the status of prior
affected offspring. Maternal intravenous immunoglobulin
(IVIg) is recommended in the setting where the diagnosis is
made following a sibling with thrombocytopenia, but without
clinical bleeding. Maternal IVIg has been reported to have a
70% efficacy. Assessment of fetal platelets is generally re-
served for those families with evidence of a prior in utero or
neonatal bleeding episode, as the complication rate of percu-
taneous umbilical sampling (PUBS) is as high as 10%. PUBS
is often used to assess the efficacy of IVIg treatment. In-
trauterine antigen-negative platelet transfusion can be given
if the fetal platelet count is below 30 � 103/mm3.47,48 Alter-
natively, some advocate empiric administration of IVIg for
parturients with a history of AIT. Some have recommended
high-dose maternal prednisone (60 mg/day) if there is no re-
sponse to IVIg.45 The mode of delivery is also dependent on
the fetal platelet count. An elective cesarean section before
labor is performed if the platelet count is less than 50 �
103/mm3 or if it is unknown.49

Anesthetic Management

It is important to emphasize that this is a fetal/neonatal disor-
der, and that the mother is not affected. It is always important
to rule out other maternal conditions, such as ITP, that may
cause neonatal thrombocytopenia. We recommend mea-sure-
ment of the maternal platelet count and will administer regional
anesthesia provided that it is greater than 70 � 103/mm3 or
greater than 50 � 103/mm3 in the presence of ITP.

Microangiopathy in Pregnancy

Hemolysis, Elevated Liver Enzymes, and Low
Platelets Syndrome

The new guidelines from the National High Blood Pressure
Education Program define preeclampsia as a pregnancy-
specific disorder that develops after 20 weeks gestation with
a blood pressure greater than or equal to 140/90 mm Hg, and
24-h urinary protein greater than or equal to 300 mg.50 Se-
vere preeclampsia is characterized by any of the following:
urinary protein greater than or equal to 5 g/24 h, epigastric or
right upper quadrant pain, diastolic blood pressure of 110 mm
Hg or higher, headache or visual disturbances, oliguria, cre-

atinine above 1.2 mg/dL, elevated liver function tests, pul-
monary edema, thrombocytopenia, or HELLP syndrome.50

The latter condition deserves special attention, and we dis-
cuss it here.

The HELLP syndrome, which was originally described by
Weinstein,51 consists of hemolysis, elevated liver enzymes,
and low platelet count. The hemolysis and low platelets are
caused by microangiopathic red cell and platelet destruction,
whereas the elevated liver enzymes are a result of fibrin ob-
structing hepatic sinusoids.52 It occurs in up to 10% of preg-
nancies complicated by severe preeclampsia and may be life
threatening.52 It is more common in older parturients, in mul-
tiparae, and in Caucasians. It usually presents in the second
or third trimester and may also occur in the postpartum pe-
riod in parturients with a previous diagnosis of preeclampsia.
It could occur in parturients with a normal blood pressure and
with no proteinuria.53 Parturients may have one or all of the
components of the HELLP syndrome, and the maternal mor-
bidity increases as the components increase.

Obstetric Management

Treatment for HELLP syndrome includes magnesium sulfate
for seizure prophylaxis and a plan for an early delivery of the
neonate. Magnesium sulfate is continued through labor and
delivery and for 24 h postpartum. Although delivery of the
fetus is the definitive treatment for HELLP syndrome, up to
30% of parturients have manifestations of the HELLP syn-
drome within 48 h after delivery. Furthermore, higher liver
enzymes and lower platelet counts may occur postpartum.

The mode of delivery depends on the gestational age and
on the severity of the maternal and fetal condition. Antenatal
maternal administration of glucocorticoids (two doses of
bethamethasone 12 mg intramuscularly, 24 h apart) is given
before delivery if the gestational age is less than 34 weeks. It
is best to wait 48 h after the first dose of bethamethasone and
to give a total of two doses, but only if both maternal condi-
tion and fetal condition are stable. Corticosteroids accelerate
the appearance of pulmonary surfactant, hasten pulmonary
maturity, and reduce the incidence of respiratory distress syn-
drome, intraventricular hemorrhage, and mortality in prema-
ture infants.54 Maternal indications for delivery include a ges-
tational age of 38 weeks or more, platelet count below 100 �
103/ mm3, progressive deterioration in hepatic or renal func-
tion, suspected placental abruption, persistent severe head-
aches or visual changes, or persistent severe epigastric pain.50

Fetal indications for delivery include severe fetal growth re-
striction, nonreassuring fetal testing results, or oligohydram-
nios.50 Fetal thrombocytopenia has the same prevalence in
preeclamptics as in the general obstetric population, and there
are no data that correlate maternal thrombocytopenia with fe-
tal thrombocytopenia.55 HELLP syndrome per se is not a con-
traindication for a vaginal delivery, and in the stable parturi-
ent, most obstetricians would attempt an induction of labor.
Worsening liver enzymes or a continued drop in the platelet
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count mandate an urgent delivery that is more expeditiously
accomplished via a cesarean section.

Transfusion of platelets has been recommended if the
platelet count is less than 50 � 103/mm3 before a cesarean
section and if it is less than 20 � 103/mm3 before a vaginal
delivery.52 Aggressive postpartum use of uterotonic agents is
indicated, as uterine atony may be exacerbated by magnesium
sulfate. However, methylergonovine is relatively contraindi-
cated with maternal hypertension because it causes general-
ized vasoconstriction.

Anesthetic Management

Although the HELLP syndrome is not a contraindication to re-
gional anesthesia, a low platelet count or the presence of a co-
agulopathy may preclude the use of regional anesthesia. Our
practice consists of checking the platelet count in any parturi-
ent with preeclampsia. We do not obtain any other coagulation
test if the platelet count is greater than 100 � 103/mm3, be-
cause thrombocytopenia is the first and most common coagu-
lation parameter to be affected with microangiopathy.11,56–58 It
has been recommended that the PT, aPTT, and fibrinogen lev-
els be monitored if the platelet count is less than 100 �
103/mm3.59 Circulating levels of fibrin degradation products
are occasionally elevated, antithrombin III levels are lower, and
plasma fibrinogen levels are unaffected unless the disease has
coexisting placental abruption.50 Disseminated intravascular
coagulation (DIC), although uncommon with the HELLP syn-
drome, could result secondary to endothelial cell damage. Pla-
cental abruption is commonly associated with the HELLP syn-
drome and is also likely to lead to DIC.

A decade ago two studies demonstrated a prolonged bleed-
ing time in parturients with preeclampsia and a platelet count
below 100,000/mm3, and some anesthesiologists refused to ad-
minister a regional technique to these parturients.60,61 How-
ever, more recent publications have noted that the bleeding time
is operator dependent and may not be predictive of surgical
bleeding.62,63 Recently, thromboelastography (TEG) has been
utilized to evaluate the platelet function and coagulation status
of parturients with preeclampsia.64,65 TEG is a sensitive test
for the global assessment of coagulation.66 TEG can determine
the clot strength (maximum amplitude), the rate of clot forma-
tion/strengthening (K time and alpha angle), and fibrinolysis.
In addition, it is a test of platelet function, plasma factor ac-
tivity, and activators and inhibitors of coagulation.66 Changes
in TEG are related to changes in aPTT (reaction time or R-
time), platelet function (maximum amplitude or MA), and ac-
tivity of coagulation factors VIII and XIII (MA).67 Orlikowski
et al.64 and Sharma et al.,65 independently, demonstrated a strong
correlation between the MA and the platelet count in
preeclamptics with a platelet count less than 100 � 103/mm3.
Both studies demonstrated a normal MA (54–80 mm Hg range
in normal pregnancy) when the platelet count was above 75 �
103/mm3. However, Sharma65 demonstrated that severely pre-
eclamptic parturients with a platelet count below 100 �

103/mm3 were hypocoagulable. These parturients had pro-
longed R- and K-times and decreased MA and alpha angle.

More recently, the PFA-100 has been used to measure
platelet function in preeclamptics.68 Preliminary reports com-
paring the PFA-100 to the TEG have suggested that primary
hemostatic function impairment as a result of preeclampsia is
demonstrated by an elevated CT (PFA-100) but not by the MA
(TEG). Furthermore, in another study, the same authors demon-
strated that thrombocytopenia (platelets �80,000/mm3) is bet-
ter reflected by the CT than by the MA.69 In addition, par-
turients with preeclampsia have a longer CT when compared
to controls, reflecting a decrease in platelet function.70 Fur-
ther work is recommended before making a decision whether
to provide neuraxial anesthesia based on the PFA-100.

Our practice consists of providing a regional technique in
parturients with a stable platelet count above 75 � 103/mm3,
provided that no other abnormal coagulation parameters are
present. It is very important to follow the downward trend of
the platelet count, as it may continue to decrease even fur-
ther. We review the PT, aPTT, and fibrinogen in parturients
with platelet counts between 75 � 103/mm3 and 100 �
103/mm3 and provide a regional technique if these coagula-
tion parameters are normal. We perform a TEG in the absence
of these additional coagulation parameters and provide a re-
gional technique if the TEG parameters are normal.

We prefer to perform a spinal anesthetic for the parturient un-
dergoing a cesarean section and without an epidural catheter in
situ. Spinal anesthesia is less likely to cause trauma to the epidural
venous plexus and provides more reliable and rapid anesthesia
than the epidural technique. Although some experts still recom-
mend the epidural technique because of a slower and more con-
trolled onset of a sympathectomy,71 two recent studies have
demonstrated that spinal anesthesia is safe in severely preeclamp-
tic parturients.72,73 Spinal anesthesia, when compared to epidural
anesthesia, led to a similar drop in the blood pressure and to sim-
ilar ephedrine requirements. Furthermore, laryngoscopy, intuba-
tion, and emergence from general anesthesia after a failed or
patchy epidural, may cause significant hypertension. Airway
swelling may result from preeclampsia and may lead to a failed
intubation. We prefer a subarachnoid technique for a preeclamp-
tic parturient undergoing a cesarean section.

Special attention is of utmost important in the thrombocy-
topenic parturient with right upper quadrant or abdominal
pain. These parturients are at risk for rupture of a liver
hematoma and could bleed profusely.52 A call for emergent
assistance is recommended, as control of the airway and rapid
transfusion of blood products is essential. Rapid transfusion
of crystalloids, colloids, and blood products could lead to
more airway swelling. Therefore, it has been recommended
to convert to a general anesthetic via a rapid sequence in-
duction as early as possible before a worsening of the airway.
Rapid transfusion of platelets and red blood cells is neces-
sary, whereas fresh-frozen plasma and fibrinogen should be
transfused based on clinical and laboratory findings. Man-
agement of these parturients is difficult, as pulmonary edema,
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hypotension, hypertension, or coagulopathy may present at
any time during the resuscitation.

Thrombotic Microangiopathy

Thrombotic thrombocytopenia purpura (TTP) and hemolytic
uremic syndrome (HUS) belong to the group of disorders la-
beled thrombotic microangiopathies. These disorders are
characterized by thrombocytopenia, hemolytic anemia, and
multiorgan failure.74 Intravascular platelet aggregation leads
to thrombocytopenia, occludes perfusion to vital organs, and
causes erythrocyte fragmentation.74 Although central nervous
system manifestations are more common with TTP, renal fail-
ure is more common with HUS. The classic presentation of
TTP consists of thrombocytopenia, microangiopathic hemol-
ysis, neurologic symptoms, renal impairment, and fever.75

HUS is associated with platelet and erythrocyte destruction
and renal failure. A complete blood count with peripheral
blood smear and liver function tests complement the clinical
diagnosis. Erythrocyte fragmentation leads to hemolytic ane-
mia and schistocytes on peripheral blood smear, and serum
lactic dehydrogenase is elevated as a result of the hemoly-
sis.74 A urine analysis may reveal proteinuria and hematuria,
and serum creatinine and blood urea nitrogen may be elevated
as a result of an ischemic insult to the kidneys.

A recent review of TTP-HUS in pregnancy found that it
occurs in 1 in 25,000 births, occurs mostly in the peripartum
period, occasionally is confused with severe preeclampsia,
tends to reoccur, and may lead to life-threatening complica-
tions.76 Unlike preeclampsia, these disorders are associated
with hemolytic anemia and do not improve after delivery.
HUS is more likely to appear in childhood, and the adult syn-
drome may occur in the postpartum period. Although TTP is
a rare disorder, it may be associated with pregnancy, as it is
more common in females and has a peak incidence during the
third and fourth decades of life.75

Obstetric Management

Immediate treatment is essential, as these disorders are asso-
ciated with significant morbidity and mortality. Treatment
consists of plasmapheresis and transfusion with fresh-frozen
plasma.74 Glucocorticoids are recommended for parturients
who fail to respond to plasma exchange and transfusion of
packed red blood cells for those who are anemic. Platelet
transfusions are not routinely recommended as they may
cause thrombosis and worsen the disease process.75 However,
platelets should be used if life-threatening bleeding is pres-
ent. Induction of labor or immediate delivery by cesarean sec-
tion is not recommended unless there is coexisting worsen-
ing preeclampsia or if the fetal condition worsens. TTP-HUS
does not improve after delivery and may occur early in preg-
nancy. Preterm delivery and intrauterine fetal death are fre-
quent complications as a result of endothelial injury leading
to vascular obstruction.75

Anesthetic Management

There are very few reports in the literature about the man-
agement of patients with TTP-HUS. This is a very rare dis-
order, and the commonly accepted treatments are nonsur-
gical. Splenectomy has been used as a last effort in patients
who have failed medical intervention.77,78 It is of note that
the patients from the last two reports were young females
(ages 21 and 22), and one was pregnant at 20 weeks ges-
tation.77,78 Although it is a very rare disorder, it is likely to
be associated with pregnancy. Regional anesthesia is rela-
tively contraindicated for these parturients, as all of them
have a platelet count below 100 � 103/mm3. In addition,
functional platelet defects, prolonged PT, and decreased co-
agulation factors may be present.79 DIC is rarely associated
with TTP-HUS.

Continued steroid replacement is necessary in parturients
receiving glucocorticoids, as is the avoidance of intramus-
cular medications in the setting of thrombocytopenia and
the avoidance of medications that cause prolonged central
nervous system (CNS) dysfunction.78 In addition, adequate
intravascular access and replacement of blood products in
the setting of hemorrhage are mandated. It is best to save
platelet transfusions for life-threatening bleeding. Gentle
insertion of laryngoscopy blades and of endotracheal and
nasogastric tubes is essential to avoid epistaxis and laryn-
geal hematoma. It has also been recommended that the
mean arterial pressure be kept very close to normal levels
to avoid further compromise of cerebral and other vital or-
gan perfusion.78,79 It is also important to avoid renally ex-
creted agents, as renal failure is common with this disease
process.

Disseminated Intravascular Coagulation

Disseminated intravascular coagulation (DIC) is a syndrome
characterized by the widespread activation of coagulation
leading to intravascular deposition of fibrin and depletion of
platelets and coagulation factors.80 In addition, there is a sup-
pression of native anticoagulants such as antithrombin III,
proteins C and S, and tissue factor-pathway inhibitor. Fur-
thermore, an impaired fibrinolytic system contributes to the
clinical manifestation of DIC.80 The end result is severe bleed-
ing and the thrombosis of small and midsize vessels that may
result in multiorgan failure.

DIC is usually a result of a disease process that triggers the
coagulation pathway. Common causes of DIC in pregnancy
include placental abruption, amniotic fluid embolism, acute
fatty liver of pregnancy, HELLP syndrome, sepsis, saline-
induced abortion, massive hemorrhage, and intrauterine fetal
death at greater than 4 weeks (Box 22.1). DIC was an asso-
ciated condition in one half of deaths caused by spontaneous
abortion (less than 20 weeks gestation).81 Precipitating events
include placental tissue thromboplastin in placental abruption
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and amniotic fluid embolism, endothelial cell damage in
HELLP syndrome, the cell-specific membrane component of
the microorganism in sepsis, and massive transfusion with
hemorrhage.

The diagnosis is based on generalized bleeding in the pres-
ence of a disorder known to be associated with DIC or in the
presence of massive blood transfusion. There is no single lab-
oratory test that alone makes the diagnosis of DIC. However,
a combination of laboratory tests in the presence of a clinical
condition known to be associated with DIC makes the diag-
nosis.82 Common laboratory results in DIC include a platelet
count below 100 � 103/mm3, prolonged PT and aPTT, the
presence of fibrin degradation products or D-dimers in plasma,
and low levels of antithrombin III (AT III).80 Although the
plasma fibrinogen may be low with DIC, this is not neces-
sary for the diagnosis as it is often in the normal range.

Obstetric Management

The most important concept when dealing with parturients
with DIC is to treat the underlying cause. Otherwise, what-
ever treatment is provided may only help to temporize the co-
agulopathy, and the underlying cause will continue to release
the substance causing the DIC. The treatment of the under-
lying cause, almost always, consists of the delivery of the fe-
tus and placenta. Other recommended treatments include
fresh-frozen plasma (FFP), cryoprecipitate, platelet transfu-
sions, and AT III. Fresh-frozen plasma is given to replace co-
agulation factor consumption and is needed for an operative
vaginal delivery or cesarean section in a parturient with DIC.
Platelet depletion may necessitate replacement, and most ob-
stetricians prefer a platelet count above 50 � 103/mm3 before
a cesarean section.

There are reported cases of DIC secondary to placental
abruption with a previable pregnancy that have resolved with
either replacement of clotting factors or with conservative
management.83–85 The goal here is to assure maternal safety
first, as uterine evacuation almost always improves the coag-
ulopathy. However, if the parturient is hemodynamically sta-
ble, pertinent laboratory values are monitored closely and are
increasing, and adequate clotting factor deficiencies are re-
placed, then it may be helpful for the fetus to gain more in-
trauterine life.

Anesthetic Management

Regional anesthesia is contraindicated in the setting of frank
DIC. However, the problem that may arise is that a parturi-
ent may develop DIC after an epidural catheter is sited. It has
been recommended that the epidural catheter be removed in
a parturient with DIC, provided that there is no evidence of
bleeding around the epidural catheter insertion site.86 These
authors state that epidural catheters could migrate into
epidural veins and increase the risk of bleeding into the
epidural space.86 Others have recommended that the epidural
catheter be kept in situ until the coagulopathy has resolved.5,87

Epidural hematomas have been reported to occur in antico-
agulated parturients at the time of epidural catheter with-
drawal.88 Some experts recommend that it is important to have
normal coagulation values before needle placement as well as
before epidural catheter removal.5,87 It is our practice to keep
epidural catheters in situ until the coagulopathy is corrected.
We aggressively correct the coagulopathy with blood prod-
ucts (see following), perform a thorough neurologic check to
rule out neurologic changes that may occur from cord com-
pression, and do not give any local anesthetic through the
epidural catheter as this may blunt early clinical signs of cord
compression. We remove the epidural catheters after the co-
agulation parameters have normalized.

The main role of the anesthesiologist in a parturient with
DIC is to have adequate intravenous access and to assist in
providing supportive blood product replacement. At least two
18-gauge intravenous catheters are necessary for this purpose.
Management of DIC consists of treating the underlying cause,
maintenance of blood volume, and replacement of depleted
clotting factors. Platelet and FFP transfusions are the first line
of treatment and should be utilized in the setting of active
bleeding, or in a parturient with a coagulopathy scheduled for
an operative procedure. Further therapeutic options include
the transfusion of AT III concentrate and fibrinogen. It is rec-
ommended that a plasma fibrinogen level be checked before
replacing this blood product. There are reported cases of treat-
ment with recombinant activated factor VII, but the mecha-
nism is unknown.90 However, caution should be employed
before the routine use of this product for DIC as it can cause
thrombogenecity. Other controversial therapeutic options in-
clude the transfusion of AT III-independent inhibitors of
thrombin such as desuridin and anticoagulants such as hep-
arin. The problem with these options is that even though they
may inhibit thrombin and fibrin deposition, they may also
worsen the coagulopathy.

Factor Deficiencies

Hemophilia A

Hemophilia A is a deficiency of factor VIII activity, associ-
ated with deep intramuscular hematomas or hemarthrosis. It
is an X-linked recessive disease that is almost exclusively

Box 22.1. Obstetric conditions associated with disseminated
intravascular coagulation (DIC).

Placental abruption
Amniotic fluid embolism
Acute fatty liver of pregnancy
HELLP syndrome
Sepsis
Saline induced abortion
Massive transfusion
Intrauterine fetal death after 4 weeks
Spontaneous abortion
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present in males (1/10,000 men). Females are carriers of the
disease and are rarely affected. Affected females may be a re-
sult of the normal gene not functioning properly or being in-
activated.91 Most female carriers are free of bleeding mani-
festations, and pregnancy is associated with an increase in the
concentration of factor VIII; this may account for the reported
cases of parturients who have mild or moderate variants 
of the disease (homozygous) and that are free of bleeding
complications.92

The disease is first suspected when there is persistent bleed-
ing after dental extractions, heavy menorrhagia, or hemarthro-
sis. It is then confirmed by laboratory testing including a pro-
longed aPTT, a normal PT, and a low factor VIII activity.
Carriers are identified by a low factor VIII clotting activity
(VIII:C). Factor VIII is located on the X chromosome. Fac-
tor VIII is carried by vWF, which is located on chromosome
12 and is under separate autosomal control.92 Therefore, vWF
is unaffected by hemophilia A.

Obstetric Management

Carrier females are much more common that homozygous
parturients. Prior bleeding complications in carriers are likely
to improve with pregnancy as a result of the elevated levels
of factor VIII. Homozygous parturients with mild disease may
improve but, depending on factor VIII levels and clinical man-
ifestations of bleeding, may require factor VIII or cryopre-
cipitate transfusions before the delivery. The goal is to have
a factor VIII level greater than 50% of normal, especially if
a cesarean section is planned.

Intrauterine detection of hemophilia is possible by DNA
analysis provided that a recognized mutation of the factor VIII
gene has been identified in the carrier.92 Alternatively, fetal
blood can be obtained via cordocentesis. Some experts have
recommended avoiding fetal scalp electrodes in affected in-
fants as there are reports of large hematomas following the
placement of these electrodes.92 Intrauterine fetal transfusions
are not currently recommended, and vaginal delivery has been
reported to be safe for affected infants. Furthermore, cesarean
section will increase maternal bleeding complications.

Anesthetic Management

It is important to obtain a thorough family history, a hematol-
ogy consult, and a full workup of the affected individual. In-
tramuscular administration of medications is avoided in par-
turients with hemophilia, as this may cause intramuscular
bleeds. Regional anesthesia may be acceptable in parturients
who are carriers of the disease, have normal levels of factor
VIII, and are free of bleeding complications. Some female car-
riers of hemophilia can have variable levels of factor VIII, and
there are reports of postpartum hemorrhage in parturients with
presumed low levels of FVIII.93 Regional anesthetic techniques
are best avoided in homozygous parturients, as bleeding in the
epidural space is always a potential complication. Furthermore,
factor VIII levels decrease postpartum, presenting potential

bleeding complications for the homozygous parturient and for
the carrier with low levels of factor VIII before the pregnancy.
For this reason, nonsteroidal antiinflammatory agents should
be avoided in the postpartum period.

If the risk of a general anesthetic is greater than the risk of
an epidural hematoma for a cesarean section, then a single
shot spinal is preferred. Ideally, factor VIII levels should be
increased to 100% of normal, or to a number close to it. A
spinal carries a lower likelihood of epidural vessel trauma,
and there is no need to instrument the epidural space after de-
livery. There is a report in the nonobstetric population of 46
hemophiliacs given spinal or epidural anesthesia without com-
plications.94 All these patients had hemophilia without any
coexisting hematologic disease and had normal levels of fac-
tors VIII and IX after replacement therapy. In addition, all
relevant coagulation parameters were closely watched during
the entire period in cooperation with the Hemophilia Center.94

Hemophilia B (Christmas Disease)

Christmas disease is a deficiency of factor IX activity and is
also an X-linked recessive disease almost exclusively present
in males. The clinical features are very similar to those of he-
mophilia A, and the aPTT is also prolonged. The diagnosis
is based on a low plasma factor IX level in the presence of a
normal level of factor VIII.

Obstetric Management

The obstetric and fetal/neonatal management is similar to that
of hemophilia A. Factor IX levels increase with pregnancy,
and most females are carriers of the disease. Carriers are usu-
ally free of bleeding complications. However, there is a re-
port of a parturient who had two postpartum hemorrhages re-
quiring transfusion and was later found to be a female carrier
with a factor IX level of 24%.93 It is recommended that fac-
tor IX levels be greater than 40% of normal before delivery
in affected parturients. Although FFP contains factor IX and
has been used in the past, current recommended treatment
consist of factor IX concentrate.

Anesthetic Management

The anesthetic management is similar to that of parturients
who are carriers or have hemophilia A. Regional anesthetic
techniques can be offered to carrier females who have nor-
mal levels and are free of bleeding complications. Although
it is best to avoid regional techniques in homozygous patients,
there is a case series of 46 epidural and spinal anesthetics per-
formed in patients with hemophilia A and B with corrected
factors VIII and IX.94

Other Factor Deficiencies

Factor XI (FXI) deficiency is inherited as an autosomal re-
cessive disorder and is prevalent in Ashkenazi Jews. Although
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it has an equal prevalence in males and females, some bleed-
ing complications are specific to women; these include men-
orrhagia and postpartum hemorrhage.95

Obstetric Management

The risk of postpartum hemorrhage can be high in parturients
with factor XI deficiency, because factor XI levels do not 
increase with pregnancy. Kadir et al.96 demonstrated a 16%
incidence of primary postpartum hemorrhage and a 24% in-
cidence of secondary postpartum hemorrhage among parturi-
ents with factor XI (FXI) deficiency. Most cases of hemor-
rhage occurred when the levels of FXI were less than 
50 IU/dL, and no parturient who received prophylactic FXI
transfusion during labor had a bleeding complication.96 An
antenatal hematology consultation is recommended in these
parturients. Fresh-frozen plasma and FXI concentrate have
been utilized in the treatment of these parturients, with the
goal being to maintain a FXI level greater than 30%. How-
ever, others have demonstrated that the level of FXI does not
correlate with bleeding tendencies in the general population.97

Anesthetic Management

Factor XI deficiency leads to a prolongation of the aPTT, and
most anesthesiologists would avoid regional techniques in
these parturients. There is a report of two parturients with
mild to moderate FXI deficiency (levels �50 IU/dL) and nor-
mal coagulation screen who received regional anesthesia for
labor and delivery.96 However, it is unclear from the infor-
mation given whether spinal or epidural techniques were used,
or the exact meaning of a normal coagulation screen. Al-
though the minimum FXI level before a regional technique is
unknown, a true normalization of FXI before a cesarean sec-
tion may allow for a one-shot spinal.

Connelly and Brull98 described the anesthetic management
of a parturient with inherited FXI deficiency as well as ac-
quired factor XI inhibitor. FXI inhibitor may form in response
to repeated transfusions with FXI. The transfusion of FXI and
FFP may not be effective, as it may result in an increase of
FXI inhibitor. An alternative in such cases includes the trans-
fusion of activated factors that are further down in the coag-
ulation cascade. This parturient received activated FIX before
excision of a giant cell tumor and a coagulant complex with
activated FVII before a cesarean delivery.98 Other anesthetic
considerations are very similar to those of parturients with he-
mophilia, including the avoidance of intramuscular medica-
tion and use of gentle laryngoscopy and intubation.

The discussion of other factor deficiencies is beyond the
scope of this chapter, as they are very uncommon and the ob-
stetric and anesthetic management is similar to the factor de-
ficiencies already mentioned. Factor XII deficiency is an ex-
ception. Although the aPTT is significantly prolonged, it is
not associated with any bleeding tendencies. These parturi-
ents may even be more prone to thrombosis, and this condi-
tion per se is not a contraindication to regional anesthesia.

Parturients with inherited factor deficiencies are usually fol-
lowed by hematologists, who should be involved in their man-
agement early in the pregnancy.

Acquired Factor Inhibitors

Acquired inhibitors to FVIII may develop in previously
healthy parturients with no prior history of a bleeding disor-
der. It is thought that elevated levels of FVIII in pregnancy
may trigger this phenomenon. These inhibitors should be sus-
pected when an isolated elevated aPTT is detected in a par-
turient who is bleeding in the postpartum period. A FVIII as-
say may reveal undetectable levels of factor VIII.99

Management of such inhibitors involves factor concentrates
and depends on the titer of the inhibitor. Fortunately, most of
these inhibitors resolve spontaneously within several months
after delivery. An antepartum hematology consult is essential
to develop a treatment plan in the setting of bleeding com-
plications that may occur in the peripartum period. A full dis-
cussion of acquired factor inhibitors is beyond the scope of
this chapter.

Other Hematologic Complications 
Affecting Pregnancy

A number of other hematologic disorders are encountered in
parturients that may affect their peripartum management, in-
cluding iron deficiency anemia and hemoglobinopathies. Such
disorders can have adverse effects on both maternal and fe-
tal outcome.

Iron Deficiency Anemia

Iron deficiency anemia is relatively common in menstruating
females, and the prevalence is approximately 5% in the United
States. Individuals who are particularly at risk include those
with excessive or repeated blood loss, such as multiparous
women, and those with low oral intake of heme-bound iron,
such as vegetarians. In addition, given the increased iron re-
quirement in pregnancy, individuals who have marginal iron
stores or who are iron deficient may become frankly anemic.

Obstetric Management

Red cell indices may be useful early in pregnancy to help de-
tect individuals at risk for becoming significantly anemic. In
particular, a hematocrit early in pregnancy of less than 32%
with a mean corpuscular volume (MCV) less than 80 fL
should provoke investigation of the iron status. In healthy
women, the ferritin level is the most reliable indicator of iron
stores and if low (�10 ng/mL) should suggest supplementa-
tion with an iron preparation. Which preparation to use (iron
sulfate, iron dextran, iron gluconate) is a matter of choice, al-
though iron gluconate and iron dextran are sometimes asso-
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ciated with fewer gastrointestinal side effects. The most im-
portant feature of management in this regard is to begin iron
supplementation early in pregnancy, as it can take several
months to adequately replete iron stores.

There may be a benefit from the administration of intra-
venous iron if severe iron deficiency is detected late in the
pregnancy. A repletion occurs very rapidly, and a reticulocy-
tosis can occur within a week when iron is administered by
this route. The hematocrit can increase by several points in
less than a month. The two iron preparations approved for
parenteral use in the United States are iron dextran (InFed)
and iron gluconate (Ferrlecit). Iron dextran has the advantage
that a full repletion can be given in one sitting but the disad-
vantage that there is a 0.7% risk of an anaphylactic reaction.
Iron gluconate is associated with fewer allergic reactions, but
generally requires several infusions to fully replete iron stores.
Appropriate administration of IV iron late in pregnancy may
help avoid the need for postpartum transfusion.

Anesthetic Management

There is no minimal hematocrit at which a blood transfusion
is necessary. Appropriate supplementation with iron, as al-
ready stated, is essential. It is also important to maximize oxy-
gen delivery to the fetus. Supplemental oxygen and mainte-
nance of the left uterine displacement position are helpful.
Maternal hyperventilation secondary to painful uterine con-
tractions may lead to respiratory alkalosis with a leftward shift
of the oxyhemoglobin dissociation curve.100 Hypothermia
may also compromise oxygen delivery to the fetus. The avoid-
ance of hypothermia and early epidural analgesia are recom-
mended to blunt this decreased oxygen delivery.

Hemoglobinopathies

The hemoglobinopathies include the thalassemias and the
structural mutations, such as sickle cell anemia. Parturients
with alpha- or beta-thalassemia trait, or sickle cell trait, are
for the most part asymptomatic. There are no special recom-
mendations for their management in pregnancy, except recog-
nition of these conditions. In the case of alpha- or beta-tha-
lassemia trait this recognition is not only important for genetic
counseling (for instance, to avoid hydrops fetalis), but also to
prevent possibly deleterious empiric iron supplementation on
the basis of a low MCV.

Sickle Cell Disease

Sickle cell disease (SSD) occurs when valine replaces glu-
tamic acid in the sixth position of the �-chain and results in
hemoglobin S (Hgb S).101 This Hgb S may account for more
than 50% of hemoglobin in patients with SSD.102 SSD oc-
curs in 1 in 600 African American people, and as many as
8% of African-Americans are heterozygous carriers of SSD
(40% Hgb S).102 Carriers of SSD are free of clinical mani-

festations, and the condition is benign. Homozygous patients
have a Hgb S solution that polymerizes, causing cell sickling.
Cell sickling usually leads to vasoocclusion as some sickle
cells adhere to the endothelium.102 Vasoocclusion can affect
most organ systems and often leads to painful episodes,
stroke, acute chest syndrome, liver disease, splenic seques-
tration, and renal insufficiency. Women with SSD may ex-
perience recurrent spontaneous abortions as a result of this
vasoocclusion.

Obstetric Management

Parturients with SSD have increased maternal and fetal mor-
bidity and mortality.103 It is believed that sickle cells adhere
to the endothelium of the uterine blood vessels and may 
compromise their flow; this may lead to preterm labor and in-
trauterine fetal growth restriction. Maternal and fetal com-
plications may also be a result of higher endogenous cate-
cholamines that may worsen a vasoocclusive crisis and cause
decreased uterine blood flow. Sickling is also triggered by hy-
poxia, acidosis, or dehydration. Therefore, it is recommended
that supplemental oxygen, left uterine displacement, and in-
travenous hydration be provided during labor and delivery.
Vaginal delivery is the mode of delivery of choice, unless
there is a maternal or fetal indication for a cesarean section.

Routine transfusion of parturients with SSD does not ap-
pear to be necessary or indicated.104 Maternal and neonatal
outcomes were similar in parturients who had prophylactic
transfusions and in those who did not. However, considera-
tion should be given to transfusion in sickle cell parturients
with repeated crises during pregnancy to try to minimize their
occurrence. Blood transfusion should also be considered for
medical and obstetric complications such as worsening hy-
poxemia or anemia, acute chest syndrome, splenic sequestra-
tion, or septicemia.105 Parturients may also be predisposed to
peripartum infections, such as pneumonia, or hypercoagula-
ble events, so appropriate vigilance for these complications
should be maintained, and early intervention instituted.102

Anesthetic Management

Early epidural placement is recommended for parturients with
SSD because increased endogenous catecholamines may lead
to vasoconstriction.103 Generous hydration, a warm environ-
ment, supplemental oxygen, and maintenance of left uterine
displacement are essential for these parturients. There is a re-
port of an intraoperative death during cesarean section in a
parturient with sickle cell trait that was believed to be caused
by a severe form of concealed aortocaval compression despite
the use of left uterine displacement.101 The authors of this re-
port recommend that, in parturients with sickle cell trait or
SSD, a pulse oximeter be used in the lower extremity to as-
sure adequate oxygenation below the level of the uterus. They
further recommend avoiding local ischemia or stagnation, 
because parturients with SSD or sickle cell trait may be 
difficult to resuscitate if they become severely hypoxic or 
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cyanotic.101 Shivering should be treated immediately, as it in-
creases oxygen consumption and may precipitate hypoxia.

Other issues that may arise in parturients with SSD include
management of pain crises in the peripartum setting. In gen-
eral, opioids may be administered safely as needed to control
pain. For women who are maintained on chronic opioids
throughout pregnancy, a withdrawal plan for the newborn
needs to be coordinated with the neonatologists. Epidural
analgesia has been used for the management of labor pain and
sickle cell crisis with excellent results.103 Not only do epidural
local anesthetics provide analgesia, but they also may act as
vasodilators enhancing blood flow.

Postpartum neuropathies may occur in the postpartum pe-
riod as a result of vasoocclusion. Sickle cell-induced neu-
ropathies are usually bilateral but may also be unilateral.
There is a recent report from our institution of a sickle cell-
induced peripheral neuropathy after spinal anesthesia.106

The authors pointed out that it is necessary to rule out other
causes such as obstetric complications. Anesthetic com-
plication is very unusual, difficult labor may compress the
lumbosacral plexus and result in lower extremity peripheral
neuropathies.

Thalassemia

Thalassemic syndromes are inherited disorders produced by
a quantitative defect in the synthesis of globin chains of he-
moglobin. They are classified according to the type of globin
chain that is affected. Homozygous forms result in tha-
lassemia major, whereas heterozygous forms result in tha-
lassemia trait. Alpha-thalassemia results in hydrops fetalis and
spontaneous abortion and is incompatible with life.

Obstetric Management

Thalassemia minor does not usually create obstetric or anes-
thetic problems. Although most females are sterile and do not
usually survive to adulthood, recent advances in transfusion
therapy and iron chelation have resulted in successful preg-
nancies of patients with beta-thalassemia major.107,108 Ag-
gressive management with blood transfusion, iron chela-
tion, and serial echocardiograms is recommended. Beta-
thalassemia intermedia is characterized by hemolytic anemia,
and the condition usually worsens in pregnancy. Thalassemia
intermedia may require blood transfusion support during
pregnancy, depending on the severity of the anemia.

Anesthetic Management

In cases of thalassemia major, one should consider not only
problems derived from the severity of the anemia but also
those related to transfusion therapy and to facial bony mal-
formations.109 For example, iron loading of the myocardium
is common after multiple transfusions and may lead to car-
diomyopathies and congestive heart failure. Facial bony mal-
formations may contribute to difficulty with mask ventilation

and tracheal intubation. A “cardiac delivery,” early epidural
placement, and an assisted delivery is recommended in par-
turients with thalassemia major or intermedia. Most of these
parturients have compromised cardiac function that may
worsen with the physiologic changes of pregnancy or with
the changes associated with labor and delivery.

Thrombophilias

Prevention of both acute and chronic blood loss requires a
complex balance between the opposing forces of thrombosis
and antithrombosis. Primary hemostasis is achieved by
platelets at the site of injury while secondary hemostasis re-
lies on a multistep sequence of protein activation. Viewed as
four sequential steps, the clotting cascade of secondary he-
mostasis ultimately results in the production of thrombin.
Thrombin is an essential component of clot formation required
for the conversion of fibrinogen to fibrin. Deficiency or im-
paired functioning of any one of the proteins of this clotting
cascade markedly alters this thrombotic–antithrombotic bal-
ance. Many of the causes of increased thrombosis occur within
this secondary phase of hemostasis, the “clotting cascade.”

Regulation of the activation of clotting cascade proteins un-
derlies the stringent control of the clotting system. Without
such regulation, a single milliliter of blood has the capacity
to trigger conversion of the total body volume of fibrinogen
to fibrin, and thus clot formation, in an estimated 10 to 15 s.110

The major inhibitors of activation of clotting cascade proteins
are antithrombin, protein S, and protein C. A complex of an-
tithrombin III (AT III) with proteins S and C primarily in-
hibits factors V and VIII, which drive the critical fourth step
of the clotting cascade. Without inhibition of this fourth step,
progressive clot formation ensues. AT III is also an inhibitor
of many other clotting cascade proteins, functioning as a nat-
ural regulator of overly aggressive thrombosis.

Without balance between the opposing prothrombotic and
antithrombotic forces of the clotting cascade, excess throm-
bosis results. The primary hypercoagulable states are often in-
herited abnormalities of the prothrombotic proteins (factor V),
and antithrombotic proteins (protein C, protein S, and AT III)
(Table 22.3). Abnormalities of other antithrombotic systems
exist but are rarely seen clinically. In contrast, the secondary
hypercoagulable states are a heterogeneous collection of clin-
ical conditions associated with thrombosis, but often with di-
verse etiologies. Although the secondary hypercoagulable
states are generally considered acquired, some are now rec-
ognized to have an inherited component. Antiphospholipid
antibody syndrome represents the most commonly encoun-
tered of the acquired secondary hypercoagulable states.

Pregnancy-Related Changes

Physiologic change is intrinsic to pregnancy, and it increases
the forward drive of the hemostatic pathway toward thrombo-
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sis formation. Although the etiology of such a mechanism is
unclear, the evolutionary need for aggressive thrombosis dur-
ing pregnancy to prevent maternal death due to hemorrhage
likely played a role. Prothrombotic alterations of pregnancy in-
clude both anatomic as well as physiologic factors. The in-
creasing size of the gravid uterus plays a significant role in in-
creased venous congestion of the lower extremities. Structural
impediments to venous return from the lower extremities are
further exacerbated by the 50% or more increase in maternal
vascular volume during pregnancy. Additionally, intrinsic me-
chanical mechanisms to aid venous return from the lower ex-
tremities are often further limited by restriction of exercise and
lower leg muscular movement in conditions such as preterm
labor, placenta previa, or preterm premature rupture of mem-
branes. Nephrotic syndrome, a recognized cause of secondary
hypercoagulable states, can occur with severe preeclamspia.
However, the contribution of such a nephrotic-induced hyper-
coagulability to maternal thrombotic disease is rare.

Hormonally, the physiologically appropriate, altered levels
of various steroids alone are recognized as risk factors for
thrombosis. Estrogen in particular, whether during pregnancy
or in the form of oral contraceptives or estrogen replacement
therapy, is associated with an increased risk of thrombosis.
Users of estrogen containing oral contraceptives have as much
as a fourfold increase in thromboembolism over nonusers.111

This risk follows a fairly linear relationship, with the lower-
dose estrogen oral contraceptives associated with the least in-
crease in thromboembolic disease. In addition, changes in the
coagulation system during pregnancy predispose to thrombo-
sis; these include increases in clotting factors (I, VII, VIII,
IX, X) and decreases in clot inhibitors (protein S).

Hypercoagulable Syndromes

Lupus Anticoagulant

Autoantibodies against phospholipid–protein complexes are a
major contributor to thrombosis and represent a secondary hy-
percoagulable state. When lupus anticoagulant (LAC) or an-
ticardiolipin antibodies (ACA) are present, their interaction
with platelet function may play a role. In addition, ACA have
an affinity for many of the important phospholipids involved
in hemostasis. LAC inhibits binding of the phospholipids
needed for the conversion of prothrombin to thrombin.112

Antiphospholipid antibodies (APA) are noted in 3% to 5%

of the general population, presenting a risk of a thrombotic
event of approximately 1% per year. This risk reaches 4% to
6% per year with a coexisting diagnosis of systemic lupus, a
history of thrombosis, or high IgG anticardiolipin titers.113

Although both ACA and LAC are associated with venous as
well as arterial thrombosis, ACA are five times more preva-
lent than LAC.114 In addition to the development of an-
tiphospholipids with systemic lupus and other autoimmune
disorders, other conditions such as malignancy, human im-
munodeficiency viral infection, and drug ingestion can also
be precipitators.114 Drugs of concern include phenytoin, fan-
sidor, quinidine, quinine, hydralazine, procainamide, phe-
nothiazines, alpha-interferon, and cocaine. In most cases,
however, APAs appear in otherwise healthy individuals.

Testing can be complex as well as variable from one labora-
tory to another. APA syndrome requires specialized testing of
all three idiotypes of ACA (IgG, IgM, and IgA), the complete-
ness of which can vary by laboratory.115 The clinical utility 
of further specific testing for phosphatidylserine, phos-
phatidylethanolamine, phosphatidylcholine, phosphatidyllinosi-
tol, and phosphatidylglycerol is currently being debated in the
clinically suspicious but APA-negative individual.

Obstetric Management

Although arterial thrombosis is noted in one third of cases,
APA syndrome most commonly presents with venous throm-
bosis (two thirds of cases). Cerebrovascular events predomi-
nate among those with arterial thromboses (stroke, transient
ischemic attacks, multiinfarct dementia, and retinal arterial
occlusion).116 The action of these antibodies with the phos-
pholipids of the platelet membranes may contribute to pla-
cental thrombosis. Placental thrombosis accounts for the as-
sociation of this syndrome with maternal thrombocytopenia
and adverse pregnancy outcomes.117

The impact on pregnancy outcomes is unpredictable in
women without prior thrombotic events but with the finding
of ACA. High rates of fetal loss in all three trimesters, pla-
cental vasculitis, and maternal thrombocytopenia have been
noted with increased frequency. A 50% to 70% chance of re-
current fetal loss has been reported in the setting of a prior
history of fetal loss and in the presence of ACA. Although
the optimal therapy has not been clear, a combination of one
baby aspirin per day and low-dose heparin appears most ef-
fective. The use of baby aspirin is initiated preconception, and

TABLE 22.3. Maternal thrombotic complications of primary hypercoagulable states.

Incidence in the Antepartum risk Postpartum risk of
Hypercoagulable state general population of thrombosis thrombosis

AT III deficiency 1/350 32%–44% Less common
Protein C deficiency 1/200–500 3%–10% 7%–19%
Protein S deficiency 1/140 0%–6% 7%–22%
APC resistance (primarily 3–7/100 14% May be higher

secondary to factor V Leiden)

AT III, antithrombin III; APC, activated protein C.
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heparin is added following the documentation of pregnancy,
with both being continued to near term.118 APAs have not
been consistently associated with preeclampsia.119

Anesthesia Management

Prostaglandin synthesis is dependent on platelet phospholipid
and is essential for platelet activation and aggregation. There-
fore, APA syndrome may be associated with maternal throm-
bocytopenia. This thrombocytopenia may be quantitative as
well as qualitative. Quantitative thrombocytopenia is usually
a result of platelet aggregation.120 Therefore, a careful history
to elicit mucous membrane bleeding, as well as a platelet
count, is mandatory before performing a regional anesthetic
on these parturients.

APA syndrome may also be associated with a prolongation
of the PT or aPTT or, more likely, an in vitro prolongation
of the aPTT. Such findings are rarely a result of antibodies
against various coagulation factors and are more commonly
a result of the presence of lupus anticoagulant.121,122 A care-
ful history and physical examination and a thorough workup
are necessary to rule out a factor deficiency, as this represents
a potential contraindication to neuraxial techniques. Lupus an-
ticoagulant may lead to an elevation of the aPTT without a
factor deficiency or a history of a bleeding diathesis and is
not a contraindication to neuraxial techniques. This elevation
occurs as a result of an abnormal phospholipid and is con-
firmed by measuring ACA with an enzyme-linked immuno-
sorbent assay (ELISA).121

ACA syndrome is often associated with systemic lupus ery-
thematosus. Cardiac complications, including left ventricular
dysfunction, occur more often when both conditions coex-
ist.120 Other noncardiac complications are also more common
when these two disorders coexist, including transient ischemic
attacks, strokes, vascular occlusions resulting in end-organ
damage, and DIC. An arterial catheter, central venous
catheter, or pulmonary artery catheter may be necessary in
these parturients during labor and delivery.120

Measures to prevent thrombosis during labor and delivery
include the avoidance of dehydration and hypothermia. It has
been recommended to warm intravenous fluids and to use an-
tithrombotic stockings.120,121 Although hydralazine may lead
to thrombosis,121 the use of this medication may be necessary
in parturients with concomitant preeclampsia and elevated
blood pressures refractory to labetalol. Routine prophylactic
antibiotics prevent an infection, a known thrombotic trigger.

The main difference between ACA syndrome and other
prothrombotic disorders is the elevated in vitro aPTT that is
not necessarily associated with a bleeding tendency. Parturi-
ents with prothrombotic disorders, including APA syndrome,
may need to be anticoagulated. Anesthetic considerations for
anticoagulated parturients are discussed next. The anticoagu-
lation status during unfractionated heparin therapy and its res-
olution may be difficult to follow. Alternative coagulation
tests that have been used include a blood heparin assay, an

activated clotting test, and a thrombin time.122 It has been rec-
ommended to perform antenatal measurement of one of these
tests to have a baseline that can be followed.122

Factor V Leiden and Prothrombin 
G20210A Mutations

Activation of protein C is responsible for the degradation of
factors V and VIII and, as such, provides control of factor-
initiated thrombosis. Resistance to APC can be acquired but
is more commonly due to a specific mutation of factor V
known as Leiden. Factor V Leiden (FVL), a point mutation
of the DNA coding for factor V, renders factor V resistant to
the activated protein C (APC). FVL accounts for more than
95% of the inherited forms of APC resistance among the pri-
mary hypercoagulable states.123

Approximately 1 in 20 Caucasians are heterozygous for
FVL, carrying one copy of the mutation; this places them at a
5- to 10-fold increased risk for a venous thrombotic event. In-
dividuals who carry two copies of FVL (homozygotes) face a
90-fold-increased lifetime risk for a thrombotic event.124 As-
sociations with arterial thrombotic events are unclear and such
events may only occur in the setting of other risk factors.

Obstetric Management

The association of FVL with recurrent late (second trimester
or later) fetal loss or stillbirth provides the strongest evidence
of a relationship between factor V Leiden and pregnancy out-
come. The association of factor V Leiden with early first
trimester fetal loss may be present but is not so robust.125

Among carriers of FVL, infertility or miscarriage is 1.5 times
greater [95% confidence interval (CI), 1.2–2.7] than in non-
carriers, and with two or more losses, 2.5 times greater (95%
CI, 1.2–5.13) than expected.126 The majority of women with
FVL have successful pregnancies because of the relatively
rare occurrence of late fetal loss.124 Similarly, limited evalu-
ations of the prothrombin gene polymorphism both support
and refute an association with early or late fetal loss.127

The association of APC resistance with preeclampsia has
been confirmed in several studies.128,129 When severe
preeclampsia is defined according to American College of
Gynecologists (ACOG) standards, a 2.4-fold increase in FVL
is noted among affected women.130 Analysis in non-
Caucasian populations has not identified this polymorphism
as a risk factor for preeclampsia.128,129 The association of the
prothrombin G20210A polymorphism with severe preeclamp-
sia has been variable and is not confirmed in all populations;
this may be a result of the lower background frequency of
this polymorphism, as sufficient sample size is necessary for
the detection of a significant association.

Anesthetic Management

Parturients with FVL have an increased risk of deep venous
thrombosis and are likely to be anticoagulated through preg-
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nancy. Anesthetic considerations for anticoagulated parturi-
ents are discussed next. In addition, these parturients are at
an increased risk to develop severe preeclampsia. Anesthetic
considerations for HELLP syndrome are discussed in the
thrombotic microangiopathy section of this chapter.

Protein S, C, and 
Antithrombin III Deficiencies

Both quantitative (type I) and qualitative (type II) deficiencies
of protein S, protein C, and AT III result in hypercoagulabil-
ity because of decreased inhibition of factors V and VIII.131 In
addition, with protein S deficiency there is a type III deficiency
characterized by normal plasma levels but decreased free pro-
tein S. Determination of these protein deficiencies requires spe-
cial care, as recognized decreases in acute-phase reaction pro-
teins at the onset of a thrombotic event can result in lowered
initial levels of these proteins. AT III levels are normally re-
duced by both acute thrombosis and heparin therapy, and there-
fore an adequate level at the time of presentation can rule out
a deficiency. However, low levels require repeat testing. Sim-
ilarly, as both protein C and S are vitamin K dependent, and
warfarin is an inhibitor of vitamin K, lowered levels of these
proteins while on oral anticoagulants may not be due to inher-
ited deficiencies. Protein C may also be deficient in any of sev-
eral clinical conditions related to the disease state, and a low
level is not necessarily an inherited deficiency. These condi-
tions include DIC, liver disease, acute respiratory distress syn-
drome, and asparaginase treatment.132 Further testing may re-
quire both functional and immunologic assessments to precisely
determine the deficiency state, as both qualitative and quanti-
tative deficiencies can exist and are clinically significant.

Deficiencies of protein S, protein C, and AT III are iden-
tified in only a minority of parturients with thrombotic dis-
ease. Protein S deficiency occurs in less than 1.0% of the gen-
eral population, and the magnitude of the risk of thrombosis
with this inherited deficiency is unclear. Although protein S
deficiency is noted in only 2% of first time thrombotic events,
heterozygotic carriers face a lifetime risk of thrombosis of
19% to 47% in symptomatic families.133,134 Protein C defi-
ciency is encountered in only 0.5% of the general population
but is seven times more common in patients with a first
episode of thrombosis and is especially common in individ-
uals with familial thrombosis (9%).134 Heterozygosity for pro-
tein C deficiency increases the lifelong risk for thrombosis
sevenfold. Homozygosity results in severe neonatal presenta-
tion and has been associated with increased fetal loss. Neona-
tal purpura fulminans is one such condition known to be sec-
ondary to homozygosity for protein S or C deficiency. It is
characterized by thrombosis of cutaneous and subcutaneous
vessels, may lead to ischemic necrosis, and can be fatal. Other
factors may be contributory among symptomatic heterozygote
carriers for protein C deficiency, as these familial carriers
have a 50% risk of developing thrombosis.135 AT III defi-
ciency rarely occurs in the general population (0.17%) and is

found in only 1% to 7% of individuals with thrombotic dis-
ease.136 However, similar to the epidemiology of protein S
and C deficiencies, individuals in symptomatic families have
a markedly increased rate of thrombotic disease (50%).137 Ar-
terial thrombotic events seem to be much less likely to be as-
sociated with antithrombotic protein deficiencies in the ab-
sence of a patent foramen ovale, and controversy remains as
to whether to screen individuals with arterial thrombosis for
antithrombotic protein deficiencies.

Obstetric Management

Deficiencies of proteins S, C, and AT III, despite their rela-
tively rare occurrence in the general population (�1%), have
been associated with a variety of pregnancy-related compli-
cations associated with placental thrombosis. In pregnancies
with adverse outcomes, placental vascular lesions are signif-
icantly clustered among those cases in which a maternal in-
herited thrombophilia deficiency has been established.138 Ma-
ternal deficiencies of proteins S, C, and AT III occur with
significantly greater frequency than expected in pregnancies
complicated by abruption, intrauterine fetal demise, and in-
trauterine growth retardation.139 Likewise, the relative risk of
stillbirth is greatest among those individuals with combined
thrombophilias.

Anesthetic Management

Some authors have suggested that hypovolemia, decreased
cardiac output, hypotension, and hypothermia be avoided in
parturients prone to thrombosis, as these may increase the risk
of thrombosis.140,141 Hypothermia can be prevented by warm-
ing all intravenous fluids and by using forced-heat blankets
during a cesarean section. It has also been suggested that a
combined spinal-epidural, with intrathecal opioids and a low-
concentration local anesthetic-opioid mixture epidural infu-
sion, be used to minimize major hemodynamic changes.140

Another possibility is to use a low-concentration local anes-
thetic-opioid mixture for the initial epidural bolus as well as
for the continuous epidural infusion. Both analgesic regimens
allow for minimal motor and sensory changes in parturients
who are likely to be anticoagulated. Any major change in mo-
tor or sensory function, or a sudden onset of back pain, should
raise the suspicion of an epidural hematoma. The deep ve-
nous thrombosis rate has been shown to be significantly re-
duced with regional anesthetic techniques when compared to
general anesthesia in the nonobstetric population.142 Anes-
thetic implications of anticoagulant therapy during pregnancy
are discussed next.

Anticoagulation

Treatment

Heparinization schedules should follow general medical
guidelines for an acute thrombotic event during pregnancy.
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Low molecular weight heparin (LMWH) has gained in pop-
ularity, given its once or twice a day dosing and the lack of
a need for close serial blood level testing. Efficacy appears
to be similar to standard heparin in individuals with primary
or secondary hypercoagulable states. In a systematic review
of randomized controlled studies for venous thrombosis in
particular, LMWH was associated with lower rates of clini-
cally significant bleeding and lower mortality than unfrac-
tionated heparin (UH).143

Neither UH nor LMWH crosses the placenta. Although oral
anticoagulants can be utilized in the nonbreast-feeding mother
postpartum, the continued use of heparin during a pregnancy
is critical, as its large molecular size prohibits movement across
the placenta. Oral anticoagulants, in particular warfarin, read-
ily cross the placenta and are associated with teratogenicity dur-
ing the first trimester and increased fetal bleeding such as in-
tracranial hemorrhage during the latter stage of pregnancy.

Although treatment in the acute event and through 3 to 6
months for the prevention of recurrence is recommended
when thrombotic events occur in individuals with either pri-
mary or secondary hypercoagulable states, which parturients
to maintain on lifelong anticoagulation is less clear. Currently,
individuals identified with AT III deficiency, in particular
those from high-risk families, are considered for lifelong an-
ticoagulation. Less clear is the need for lifelong anticoagula-
tion in individuals with deficiencies of proteins S and C.
Treatment should be individualized, taking into consideration
the woman’s age and the family history. Further considera-
tion is often given to lifelong anticoagulation in the presence
of an inherited thrombophilia, particularly if the initial event
was life threatening or at an unusual site. Lifelong anticoag-
ulation may also be considered if an individual has more than
one inherited thrombophilia identified.

Prophylaxis

Women with an inherited thrombophilia and a prior throm-
botic event should receive heparin prophylaxis during preg-
nancy and 4 to 6 weeks postpartum. The risk of thrombosis
with AT III deficiency during pregnancy is estimated at 30%
to 44% if it goes untreated.144 Table 22.3 outlines the rela-
tive antepartum and postpartum risks of maternal thrombosis
associated with each hypercoagulable state. Among sympto-
matic families, the presence of FVL mutation carries a 14%
risk of pregnancy-related thrombosis, a risk which may be
even greater postpartum.145 Postpartum thrombosis occurs
more commonly in women with protein C or S deficiencies.146

Some individualization of anticoagulant therapies may
need to be considered. For those with AT III deficiency, suf-
ficient AT III is generally present to enable adequate antico-
agulation with IV heparin. Occasionally, AT III-deficient pa-
tients have “resistance” to heparin, requiring larger doses for
an anticoagulant effect. Prophylactic anticoagulation for par-
turients who have been identified to have a thrombophilia but
have not had a thrombotic event remains individualized. Fac-

tors to consider in this setting include the specific abnormal-
ity (AT III deficiency has a much greater risk of thrombosis
than FVL), the presence of a familial thrombotic disease, and
the existence of comorbid factors such as obesity, prolonged
immobilization, and operative delivery.

Obstetric Management

The actions of the inherited thrombophilias on placental com-
promise and adverse pregnancy outcomes are potentially
amenable to treatment by several modalities including baby
aspirin, heparin, folic acid, IVIgG, and factor concentrates.
However, no randomized controlled trials of interventions
currently exist. First-time occurrences of adverse pregnancy
outcomes rarely occur among those individuals with inherited
thrombophilias. Studies are just now emerging with regard to
recurrences of adverse pregnancy outcomes among known
thrombophilia carriers.

Recent exploration of LMWH to improve pregnancy out-
come among women with thrombophilia and recurrent fetal
loss appears promising.147 One study enrolled women meet-
ing strict criteria for recurrent pregnancy loss and with iden-
tified thrombophilia. Subsequent pregnancies were treated
with enoxaparin (40 mg/day or 80 mg/day for combined ab-
normalities) and resulted in significantly better outcomes
when compared to historical controls.

Similar results have been obtained with preconception as-
pirin (81 mg/day) and postconception UH among women with
three or more miscarriages and various procoagulant defects.
Less than 1% failed therapy, experiencing a fetal loss during
a subsequently treated pregnancy.148 In another study, par-
turients with known thrombophilia were referred to a high-
risk center, and treatment started with postconception heparin.
Even though there was a decreased fetal loss rate, other ob-
stetric complications were not altered.149 Dramatic results
were obtained in another study among women with a combi-
nation of infertility, miscarriage, and thrombophilia. Early
pregnancy loss rate was decreased from 85% to 15% with ei-
ther preconception enoxaparin (history of infertility) or post-
conception enoxaparin (miscarriage alone).150

Anesthetic Management

Therapeutic anticoagulation with LMWH is a contraindica-
tion to regional anesthesia. Discontinuation of prophylactic
doses of LMWH at least 10 to 12 h before a regional anes-
thetic and of therapeutic doses at least 24 h before a regional
anesthetic has been recommended.151 In addition, the utiliza-
tion of dilute solutions of local anesthetic with opioid mix-
ture allows for monitoring the parturient’s neurologic status
after the neuraxial block. It is also recommended to wait at
least 2 h after the removal of an epidural catheter before giv-
ing a dose of LMWH.151

The heparin test, an anti-Xa chromogenic assay that is of-
ten used to follow the activity of LMWH, takes 15 min to
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perform at our institution. Although the American Society of
Regional Anaesthesia and Pain Medicine (ASRA) guidelines
do not recommend following the anti-Xa level, it is our prac-
tice to perform this test in parturients that are taking thera-
peutic doses (�1 mg/kg enoxaparin) of anticoagulants even
if the last dose was given more than 24 h before the test. Our
target is a heparin test of less than 0.2 U/mL, as this value is
associated with minimal anticoagulation. It is our practice to
have more experienced anesthetists perform neuraxial tech-
niques in parturients who have received LMWH recently,
even if their heparin test is less than 0.2 U/mL. Midline neu-
raxial techniques, rather than paramedian techniques, are less
likely to encounter epidural vessels and have been recom-
mended.141 Even though there are no data to support the hy-
pothesis that this heparin test level is predictive of fewer com-
plications, levels of 0.1 to 0.2 U/mL and 0.4 to 1.0 U/mL
work well for prophylaxis and for treatment of active throm-
bosis, respectively.152

A recent study demonstrated a correlation between the
thromboelastograph (TEG) R-time and the heparin test.153

This study demonstrated that prophylactic doses of LMWH
(enoxaparin 30 mg bid) produced a significant prolongation
of the R-time in some patients (6/25), even when measured
immediately before the fifth dose (third day). An activated
clotting time was also measured and progressively increased
with each dose of LMWH but did not correlate with anti-Xa
activity.153 It is premature at this time to use TEG to guide a
decision of whether to perform a neuraxial technique in par-
turients receiving LMWH. Future studies may provide addi-
tional useful clinical information.

In the case of recent thrombosis, a change to intravenous
UH before delivery may allow for greater flexibility.154 How-
ever, it translates into a longer hospital admission for the par-
turient. This therapy is not done as an outpatient, as it neces-
sitates frequent laboratory monitoring to adjust the UH
infusion rate. It is recommended to discontinue UH at least 2
to 4 h and to check a partial thromboplastin time before the
removal of a sited epidural catheter.155 Although there are no
recommendations regarding the placement of neuraxial tech-
niques in patients receiving UH, we have extrapolated from
these data, and it is our practice to discontinue UH at least 4
to 6 h and wait until a normalization of the aPTT before a
neuraxial block.

Some parturients at risk to develop venous thrombosis are
maintained at a high dose of subcutaneous (SC) UH (�7500
U bid), and these doses may cause an elevation of the aPTT.
Although ASRA guidelines state that during minidose pro-
phylaxis there is no contraindication to the use of neuraxial
techniques, there are no specific recommendations for these
higher doses.155 It is our policy to discontinue SC UH upon
arrival to the labor floor or to skip at least one dose before a
planned admission and to wait until a normalization of the
aPTT before a neuraxial technique.

Baby aspirin (81 mg/day) is often used to improve preg-
nancy outcome in parturients with a history of thrombosis and

recurrent fetal loss. Antiplatelet medications alone, when used
in patients receiving neuraxial techniques, have not been as-
sociated with epidural hematomas. It is considered to be ap-
propriate to perform neuraxial techniques in the presence of
these medications alone.156 However, there are reports of
spinal-epidural hematoma following epidural anesthesia in the
presence of antiplatelet medications and other medications
that affect coagulation.157 Therefore, antiplatelet medications
may augment the anticoagulant effect of other medications,
and caution should be taken when considering a neuraxial
technique on parturients receiving more than one medication
that affects coagulation.

Summary

Maternal hemorrhage is one of the leading causes of mater-
nal mortality in the United States and abroad and is often a
result of a coagulopathy. In addition, abnormalities of the co-
agulation pathway, inherited or acquired, are a relative con-
traindication to regional anesthesia. Hence, we see a very
close relationship between the fields of hematology, obstet-
rics, and anesthesiology. Close communication with our col-
leagues in the fields of obstetrics and hematology is essential
because much of what they do or do not do may have a di-
rect affect on anesthesia plans.

Pregnancy in itself is associated with many physiologic
changes, including altered (increased) coagulation. All fac-
tors except factors XI and XIII increase with pregnancy. In
addition, there is a decrease in fibrinolysis. The decrease in
some of the natural anticoagulants, such as protein S, further
contributes to the hypercoagulable state of pregnancy. There
are some advantages of these changes, such as the increase
of factor VIII and von Willebrand’s factor that may correct
mild forms of von Willebrand’s disease during pregnancy.
These changes, if confirmed by laboratory findings and the
absence of clinical bleeding, may allow for the performance
of neuraxial anesthesia techniques.

Parturients are also more prone to arterial and, more com-
monly, venous thrombosis and are likely to be anticoagulated.
The timing of a neuraxial technique or the removal of the
epidural catheter in relation to the dosing of an anticoagulant
is very important. Knowledge of maternal physiology, phar-
macology of anticoagulants, the coagulation pathway, and co-
agulation abnormalities assists the practitioner in the safe
practice of obstetric anesthesia.
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23
The Diabetic Parturient
May C.M. Pian-Smith, Sanjay Datta, and Michael F. Greene

The prognosis for diabetic women and their offspring has im-
proved steadily and dramatically since the introduction of in-
sulin. In the first two decades of this century, half the diabetic
women attempting to carry pregnancies to term died, and half
the offspring of the surviving women died. The incidence of
maternal mortality is now so small that it is difficult to mea-
sure. However, substantial morbidity such as hypoglycemia,
diabetic ketoacidosis, hypertension, and exacerbations of
nephropathy and retinopathy still occur with greater frequency
during pregnancy. Perinatal mortality is now less than one
tenth of what it was when insulin was introduced but is still
twice that for the general population. As the absolute magni-
tudes of the risks fall, it is important not to become compla-
cent and to understand the pathophysiology of the potential
complications that await the unwary. Optimizing outcome fur-
thermore requires close communication among internist, ob-
stetrician, anesthesiologist, and pediatrician.

Pathophysiology

Several pathophysiologic processes that affect both mother
and fetus govern the obstetric and anesthetic management of
the diabetic parturient and are discussed in this section.

Uteroplacental Insufficiency

Placental insufficiency is one of the most important patho-
physiologic changes that can be influenced by the anesthetic
technique and can directly impact neonatal well-being.

Placental Perfusion

Placental abnormalities have been observed even in associa-
tion with mild, well-controlled gestational diabetes. Nylund
et al. compared uteroplacental blood flow in the last trimester
of pregnancy in 26 diabetic gravidas to that of 41 healthy non-
diabetic pregnant women.1 Using intravenous indium-113,
they recorded the radiation over the placentas with a computer-

linked gamma camera; they found a 35% to 45% decrease in
uteroplacental blood flow index in diabetic women. Although
the blood flow index further decreased with higher blood glu-
cose, there was no statistically significant difference in the
flow between the gestational diabetic parturients and the par-
turients whose diabetes antedated their pregnancies. Bjork and
Persson2 observed enlarged villi with a concomitant reduc-
tion of the intervillous space, which may help to explain the
increased density of the placenta of diabetic women and de-
creased placental blood flow.

Respiratory Physiology

Hemoglobin Alc (Hb Alc) is a glycosylated hemoglobin
species. Its concentration is proportional to the level of blood
glucose for the 6 weeks before its measurement. Determina-
tions of levels of Hb A1c have been used clinically for some
time to assess the degree of glycemic control among diabetic
parturients. Concentrations among diabetic women may be
two to three times higher than nondiabetic individuals. Be-
yond being a useful clinical tool, the glycosylation of hemo-
globin has physiologic implications for oxygen transport.
Madsen and Ditzel3 have shown that as the percentage of gly-
cosylated hemoglobin rises, the amount of oxygen, molecule
for molecule, carried by hemoglobin falls (Figure 23.1). The
avidity with which the oxygen is bound is also changed. The
affinity of hemoglobin for oxygen is normally modulated by
binding with 2,3-diphosphoglycerate (2,3-DPG) so that in the
presence of 2,3-DPG the P50 rises (i.e., the oxygen is less
firmly bound). Bunn et al.4 demonstrated that Hb A1c changes
its P50 only minimally in the presence of 2,3-DPG. Madsen
and Ditzel3 have also observed that the P50 is inversely cor-
related with the concentration of Hb A1c (Figure 23.2). The
displacement of oxygen from native hemoglobin that is fa-
cilitated by 2,3-DPG binding is also associated with the ac-
ceptance of a proton (H�) by the deoxygenated hemoglobin
(the Bohr effect) and thus contributes to the buffering capac-
ity of blood. Hemoglobin Alc, with its more tightly bound
oxygen, will release the oxygen less well at areas of reduced
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oxygen tension, such as the placental bed. Diabetic patients
who are chronically poorly controlled have high levels of 
Hb A1c that carry less oxygen and release it less well in the 
periphery.

The effects of chronic hyperglycemia on the oxygen-
carrying properties of maternal hemoglobin just discussed are
exacerbated by the fetal effects of acute maternal hyper-
glycemia. Fetal hyperinsulinemia increases the oxygen re-
quirement of the fetus, regardless of how the fetus is rendered
hyperinsulinemic. Fetal hyperinsulinemia can be induced ex-
perimentally through maternal administration of sulfonyl-
ureas5 or by direct infusion of insulin in chronically catheter-
ized fetuses.6,7 Fetal hyperglycemia occurs most commonly
in routine clinical care as the result of maternal hyper-
glycemia. Although the diabetic mother may be relatively in-
sulin deficient, her fetus is endocrinologically intact. Mater-
nal hyperglycemia is noticed promptly by the fetus, because
glucose rapidly crosses the placenta to reach concentrations
approximately equal to those in the mother. The fetus re-
sponds by pouring out insulin from its pancreas. Fetal oxy-
gen consumption rises in direct proportion to the insulin con-
centration, resulting in falls in both venous and arterial oxygen
content (Figure 23.3A,B). Oxygen supply is unable to keep
pace with demand, resulting in a progressive rise in the arte-
riovenous oxygen difference between the umbilical artery and
vein (Figure 23.3C). Thus, through several mechanisms, acute
and chronic hyperglycemia contribute to fetal hypoxia and
acidosis.

Diabetic Ketoacidosis

One of the major causes of fetal mortality and morbidity in di-
abetic parturients is diabetic ketoacidosis (DKA). Fetal loss has
been reported to be as high as 50%. With modern management,
however, maternal mortality is so rare that the rate of mortality
from DKA is impossible to estimate accurately. Several cir-
cumstances can induce DKA: (1) inadequate insulin therapy in
the face of a stress such as a bacterial infection; (2) omission of
insulin doses in the presence of gastroenteritis because of the
parturient’s concern about the possibility of an insulin reaction
due to anorexia, nausea, and vomiting; (3) pump malfunction
in patients receiving continuous subcutaneous insulin infusion
therapy; and (4) tocolytic therapy with �-sympathomimetic
agents, with or without concomitant glucocorticoid therapy.

Pathophysiology

Diabetic ketoacidosis occurs in the presence of both a rela-
tive or absolute deficiency of insulin and a relative or absolute
increase in the major counterregulatory hormone, glucagon.
The combined state of hypoinsulinemia and hyperglucagone-
mia is associated with increased hepatic glucose production
and decreased peripheral glucose utilization, ultimately caus-
ing severe hyperglycemia. In addition, �-stimulation, either
through exogenous �-mimetic agents or endogenous epineph-
rine release due to stress, inhibits insulin-induced glucose
transport into peripheral tissues. The resulting hyperglycemia
can cause osmotic diuresis and dehydration, characteristic of

FIGURE 23.1. Correlation between hemoglobin A1c (HbA1c) and arterial oxygen saturation in diabetic women. (From Madsen H, Ditzel J.
Changes in red blood cell oxygen transport in diabetic pregnancy. Am J Obstet Gynecol 1982;143:421–424, with permission.)
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b � �0.029 � 0.007 p � 0.0025
y � �0.029x � 5.32 � � 20

b � 0.012 � 0.005 p � 0.018
y � 0.012x � 1.70 � � 20

b � �0.039 � 0.008 p � .001
y � �0.039x � 3.61 � � 20

FIGURE 23.2. Correlation of Hb A1c and P50 of oxygen. (From Madsen H, Ditzel J. Changes in red blood cell oxygen transport in diabetic
pregnancy. Am J Obstet Gynecol 1982;143:421–424, with permission.)

FIGURE 23.3. The association between fetal plasma insulin concentration and fetal arterial oxygen content (A), fetal venous oxygen con-
tent (B), and fetal umbilical venoarterial oxygen content difference (C). Shown is the regression line as determined by analysis of covari-
ance. Also shown are the regression equations and the slopes with their standard errors and p values. Data from seven animals are repre-
sented by the symbols shown in the figure. (From Milley JR, Rosenberg AA, Philipps AF, et al. Am J Obstet Gynecol 1984;149:673. Used
by permission.)
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DKA. Potassium and sodium concentrations are decreased
because of osmotic diuresis.

Uncontrolled diabetes activates oxidative enzymes in the
liver, which metabolize free fatty acids to ketone bodies. �-
Hydroxybutyrate and acetoacetate will decrease maternal pH
and stimulate the respiratory center. Acidosis decreases in-
tracellular potassium by replacing potassium ions with hy-
drogen ions. Severe hyperglycemia induces an osmotic di-
uresis. The kidneys waste potassium into the urine in an
attempt to retain sodium as intravascular volume falls. Total
body potassium is thus depleted. Loss of maternal fluid vol-
ume will decrease cardiac output and blood pressure and may
ultimately lead to cardiovascular collapse and shock.

Effect on the Fetus

Maternal DKA is frequently associated with the development
of nonreassuring fetal heart rate patterns. These patterns, how-
ever, usually resolve with treatment of the maternal metabolic
disorder without obvious neonatal sequelae. Most obstetri-
cians suggest delaying fetal intervention until the mother is
metabolically stabilized.

Clinical Features

Classical presentations include (1) anorexia, (2) nausea, (3)
vomiting, (4) polyuria, (5) polydipsia, (6) tachycardia, and (7)
abdominal pain or muscle cramps. If severe, the picture could
include (1) Kussmaul hyperventilation, (2) signs of volume
depletion (e.g., hypotension and oliguria), (3) lethargy to
coma, (4) normal-to-cold body temperature, and (5) a fruity
odor noticeable on the patient’s breath.

Diabetic parturients can develop ketoacidosis with re-
markably low blood glucose values (as low as 200 mg/dL).
The presence of ketones, maternal arterial pH of less than
7.30, depressed serum bicarbonate, and elevated anion gap
confirm the diagnosis.

Treatment
Volume Replacement

Volume replacement management should include two intra-
venous lines, one for rapid fluid infusion and a second for in-
sulin therapy. Initial treatment should be with normal saline
at a rate of 15 to 20 mL/kg/h, 400 mL/m2/h, or approximately
1 L/h for the first 2 h of the resuscitation. This intervention
will rapidly replete the intravascular volume, improving gen-
eral tissue perfusion, permitting excretion of glucose in the
urine, and slowing potassium wasting in the urine. A Foley
catheter should be placed early in the resuscitation to accu-
rately monitor urine output. Fluid therapy should be reduced
in the third and subsequent hours to 7.5 mL/kg/h according
to the clinical situation and urine output. As the blood glu-
cose level comes down to 300 to 250 mg/dL, the intravenous
fluid solution should be changed to 5% glucose in water; this

will prevent hypoglycemia and provide substrate to suppress
lipolysis and ketogenesis. Bicarbonate is only indicated if the
maternal pH is less than 7.10. Serum potassium concentra-
tions should be measured frequently because potassium may
need to be replaced due to excessive losses. Potassium re-
placement should not be initiated, however, until adequate
urine output has been established. Intravenous fluids should
be continued until all nausea and vomiting have resolved,
bowel sounds are present, and the patient is able to tolerate
adequate quantities of fluids by mouth.

Management of a patient with severe DKA does require a
setting in which the patient can be closely monitored with a
1:1 nurse to patient ratio.

Hypertension

Hypertension and preeclampsia are common problems among
diabetic gravidas. We reported the incidence and impact of
this problem among our patient population at Brigham and
Women’s Hospital.8 We observed that 29.8% of all pregnan-
cies were associated with a hypertensive disorder. Because
only 6% of the women were known to have hypertensive dis-
orders antedating pregnancy, the majority of these parturients
had pregnancy-induced hypertension. Hypertension was the
major cause of premature delivery, accounting for one third
of all premature deliveries (Table 23.1). Caritis et al. 9 found
a 20% overall incidence of preeclampsia in a similar group
of diabetic parturients with nulliparity and higher mean arte-
rial pressure early in pregnancy predictive of higher risk.

In addition to the usual degree of hemodynamic fragility
associated with severe preeclampsia, women with nephropa-
thy (White class F) may have low serum albumin levels and
very low colloid oncotic pressures, making them particularly
vulnerable to pulmonary edema if they are vigorously volume
loaded in preparation for regional anesthesia.

Hypoglycemia

Compared with the nonpregnant state, normal pregnancy is as-
sociated with a fall in fasting blood glucose levels but a rise in
postprandial glucose levels. The net result of these changes is a
modest rise in mean daily blood glucose levels throughout later
pregnancy.10 Early pregnancy frequently is associated with
some degree of anorexia, nausea, and vomiting. In diabetic

TABLE 23.1. Prematurity and hypertensive complications by
White’s class.

Prematurity Hypertensive
White’s class (�37 weeks) complications

B 20.4 17.5
C 17.4 23.1
D 25.7 30.7
F 52.5 66.1
R 30.5 25.0
All classes combined 26.2 29.8
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women taking a fixed daily dose of insulin, these changes of-
ten result in an increased frequency of insulin reactions in
early pregnancy. Intensively treated nonpregnant diabetic pa-
tients often have a diminished awareness of and response to
hypoglycemia, which may be exacerbated in parturients with
long-standing diabetes with some degree of autonomic neu-
ropathy. Diamond et al.11 demonstrated a blunted response of
counterregulatory hormones to hypoglycemia in pregnant dia-
betic women. They compared the response to hypoglycemia in
nine intensively treated diabetic women and seven nonpregnant
nondiabetic age-matched women using a hypoglycemic insulin
clamp technique. They found that the counterregulatory hor-
monal responses of glucagon, epinephrine, and growth hormone
did not begin to rise until lower levels of blood glucose were
reached; they rose more slowly; and they did not reach the same
maximum levels of response in the diabetic pregnant women as
compared with the control subjects. One must be vigilant about
the possibility of hypoglycemia in diabetic parturients under-
going cesarean section, particularly if the parturient has been
placed npo before surgery and is under general anesthesia.

The elevated progesterone levels of pregnancy are associ-
ated with delayed gastric emptying. In women with some de-
gree of gastroparesis before pregnancy, this effect can be ex-
acerbated. Delayed and unpredictable gastric emptying can
make glycemic control difficult and result in wide swings in
postprandial glucose values. At its worst in late pregnancy, it
can lead to frequent vomiting, poor weight gain, and frequent
hypoglycemia. Frequent vomiting of undigested meals 2 to 
3 h after eating is characteristic in these cases. Metoclo-
pramide therapy may be quite helpful for these parturients.

Severe hypoglycemia in the latter half of pregnancy may
be associated with a modest degree of fetal bradycardia, as
low as 100 beats/min. This decrease reverses slowly as ma-
ternal blood glucose levels return to normal, with no obvious
adverse consequences to the fetus.

Impaired Cardiac Adjustment

Airaksinen and colleagues made an interesting observation by
using echocardiography to assess, in diabetic parturients, the
adaptation of the heart to an increase of blood volume during
pregnancy.12 The mean duration of diabetes was 14 years, and
6 of these 17 parturients had microvascular complications. The
authors observed a slightly smaller left ventricle in diabetic par-
turients compared with the control group in the basal state. The
pregnancy-induced increase in left ventricular size, stroke vol-
ume, and heart rate were observed to be less in diabetic par-
turients. The authors suggested that normal hemodynamic ad-
justments to pregnancy were impaired in diabetic parturients.
The blunted increases of stroke volume and heart rate were as-
sociated with the reduced resting cardiac output in diabetic
pregnant women. The mechanisms of these changes are not
well understood; however, the factors that might be involved
are preclinical diabetic cardiomyopathy and subclinical auto-
nomic neuropathy. Anesthetic implications of these changes
might be important. Judicious volume expansion and use of
epidural anesthesia for cesarean section might be preferred.

Stiff Joint Syndrome

Stiff joint syndrome is a rare condition consisting of juvenile-
onset diabetes, nonfamilial short stature, and joint contrac-
tures.12 If there is a suggestion of stiff joint syndrome, the
parturient should have flexion-extension radiographs taken of
the cervical spine. Limited atlanto-occipital extension might
make intubation difficult, and awake tracheal intubation with
or without fiberoptic bronchoscopy may be necessary. A
“prayer sign,” which is defined by the parturient’s inability to
approximate the palmar surfaces of the phalangeal joints de-
spite maximal effort, secondary to diabetic stiff joint syn-
drome, may be beneficial for the anesthesiologist (Figure 23.4)

FIGURE 23.4. The “prayer sign.” (From Hogan K,
Rusy D, Springman SR. Difficult laryngoscopy and
diabetes mellitus. Anesth Analg 1988;67:1162–
1165, with permission.53)
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to detect patients with associated involvement of the atlanto-
occipital joint.

Diabetic Scleredema

Diabetic scleredema is synonymous with stiff joint syndrome.
Eastwood reported a case of anterior spinal artery syndrome
after administration of epidural anesthesia for cesarean sec-
tion in a parturient with stiff joint syndrome. The cause of the
complication was unclear; however, the possible mechanisms,
as suggested by the authors, were (1) rigid epidural space be-
cause of pathologic changes in the connective tissues and lig-
aments, which made the epidural space less compliant; (2) di-
minished arterial supply to the spinal cord due to the increased
pressure in the noncompliant epidural space because of the
high volume of the local anesthetic agent (35 mL) used in this
case; and (3) preexisting microvascular disease.

Obstetric Management

It is clear that no single medical or obstetric intervention for
diabetic gravidas has been as important in improving their
prognosis as improved metabolic control. As pregnancy pro-
gresses through the second trimester, placental production of
human placental lactogen, which antagonizes the action of in-
sulin, rises; this causes a dramatic increase in insulin re-
quirements to levels 150% and 200% of the prepregnancy re-
quirements. Requirements frequently are noted to peak around
36 weeks and decrease slightly toward term. Trying to adjust
to the constantly changing insulin requirement during preg-
nancy can be a difficult and frustrating experience for a par-
turient. Just when she thinks she has the right dose, it changes.
Parturients should be seen frequently during pregnancy to
help them with their glycemic control.

Insulin Therapy

A variety of insulins are now available including rapid-, short-,
intermediate-, and long-acting types. Some are the result of
genetic engineering of human insulin and are produced by re-
combinant DNA technology. All are injectable alone or in
combination with other varieties. Some mixing combinations
may alter the pharmacokinetics of some types of insulins.
There has been considerable discussion regarding the best in-
sulin regimen for achieving optimal glycemic control in preg-
nancy. The majority of women will achieve adequate control
with a conventional regimen of two or three injections 
of short- and intermediate-acting insulin daily. Continuous
subcutaneous insulin infusion (CSII) via pump is a labor-
intensive method of insulin therapy that requires a very mo-
tivated woman. Pump infusion sets are expensive, pumps can
malfunction, and it is not clear that this method offers sig-
nificant advantages for large numbers of parturients.13,14

None of these regimens is clearly superior to any other. Some

women do better with one method than another, and experi-
mentation is helpful.

Oral hypoglycemic agents have been avoided during preg-
nancy because of fears of potential induction of congenital
malformations due to first trimester exposure and neonatal
hypoglycemia due to exposure later in pregnancy. Relatively
mild hyperglycemia of gestational diabetes later in pregnancy
has been treated with glyburide, a sulfonylurea with minimal
transplacental passage. Metabolic control obtained and short-
term complications observed were comparable to those with
insulin treatment.15

Blood Glucose Monitoring

More important than the precise regimen according to which
the insulin is administered is monitoring the results of treat-
ment. Any serious effort at achieving euglycemia must in-
clude self-monitoring of capillary blood glucose. It is very
unusual to have a woman who cannot be taught to test her
own blood sugar level. We ask parturients to test their glu-
cose levels four times daily: fasting and 2 h after each meal.
Women are given forms to record their glucose values, which
are reviewed at regularly scheduled visits. We aim for fast-
ing values below 105 mg/dL and 2-h postprandial values of
120 mg/dL or less. We obtain a Hb Alc determination at the
first prenatal visit and monthly thereafter.

Congenital Anomalies

The first published documentation that poor glycemic control
in the first trimester could lead to an increased incidence of
congenital anomalies came from the Joslin Clinic. Miller et
al.16 demonstrated that women with Hb Alc concentrations
greater than 8.5% in the first trimester had a 22% risk of hav-
ing a fetus with a major congenital anomaly, whereas this risk
was only 3.3% when Hb A1c was less than 8.5%. Subse-
quently, numerous studies have confirmed the relationship be-
tween poor metabolic control during organogenesis and ma-
jor malformations (Table 23.2). 17 The multicentered National
Institute of Child Health and Human Development (NICHD)
Diabetes in Early Pregnancy (DIEP) project, designed to de-
termine precisely which biochemical abnormalities associated
with poor metabolic control cause major congenital malfor-
mations,18 found an increased risk of major anomalies among
infants of diabetic mothers as compared with nondiabetic con-
trols. They were unable, however, to document any increase
in the incidence of major anomalies associated with increas-
ing levels of glycosylated hemoglobin in the first trimester
among the infants of the 350 diabetic parturients. Women
were recruited into the study before conception or within 21
days of conception. Only 7% of that self-selected group had
first trimester glycosylated hemoglobin values greater than 7
SD above the nondiabetic mean. The failure of the project to
find a relationship between degree of control and anomalies
is undoubtedly because the study population was rather ho-
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mogeneous, with few women in poor metabolic control at in-
creased risk for major malformations.

It appears from the very carefully done DIEP study, with
its own nondiabetic concurrent controls, that even well-
controlled diabetic women have a greater incidence of mal-
formed infants than do nondiabetic women. The risk for ma-
jor malformation, however, does not vary over a broad range
of glycemic control but rises sharply with very poor control.

Spontaneous Abortion

There has been considerable debate as to whether diabetic
women in general have an increased incidence of spontaneous
abortion. Several studies have indicated that diabetic women
with high Hb A1c values in the first trimester are at increased
risk for spontaneous abortion.19 Data from the DIEP confirm
the increased risk of spontaneous abortion associated with
poor first trimester metabolic control. 20 Data from the Joslin
Clinic also show a significant relationship between first
trimester Hb Alc and the risk for spontaneous abortion (Table
23.3).17

Macrosomia

Excessive fetal growth (macrosomia) has long been recognized
as an important complication of maternal diabetes. According
to the classic Pedersen hypothesis, maternal hyperglycemia
produces fetal hyperglycemia and thus fetal hyperinsulinemia.
Fetal hyperinsulinemia acts as an anabolic stimulus leading 

to enhanced accretion of fat, bone, and muscle mass. In sup-
port of this hypothesis, Sosenko et al. have documented that
macrosomic fetuses of diabetic women have high C peptide
levels and are at increased risk for neonatal hypoglycemia.21

Attempts to correlate a variety of indices of glycemic control
(e.g., mean daily glucose levels, Hb A1c levels) with risk for
macrosomia have had limited success.22–25 Furthermore, case
reports abound documenting the fact that some women can be
in excellent glycemic control by all known parameters and yet
deliver remarkably macrosomic fetuses.26 A potential expla-
nation for these apparently conflicting observations was pro-
vided by the finding of Menon et al. that insulin could cross
the placenta from the maternal to the fetal circulation as 
insulin–antiinsulin antibody complexes.27 The level of these
antigen–antibody complexes was proportional to fetal weight
at birth. An increasing body of evidence indicates that there is
a relationship between fetal size at birth and maternal glycemia
that extends down through the normal, nondiabetic range with
no “threshold” for excessive growth.10,28,29 Macrosomic fe-
tuses are at increased risk for birth trauma,30 which has im-
plications for the route and timing of delivery, as discussed
next.

Classification

In 1949, Priscilla White proposed the classification of dia-
betes in pregnancy that later came to bear her name.31 It was
based on criteria that could be identified at the time of the
parturient’s first prenatal visit, including age of onset, dura-

TABLE 23.2. Major malformations according to first trimester Hb A1 level, Joslin Diabetes Center, 
January 1, 1984–December 31, 1992.

Risk ratio
SD Major No major (95% confidence
above mean Percentagea malformations malformations Percentageb interval)

�6 �9.3 10 256 3.7 1.0
6.1–9.0 9.4–11.0 10 183 5.2 1.4 (0.6–3.2)
9.1–12.0 11.1–12.7 8 89 8.2 2.2 (0.9–5.3)
12.1–15.0 12.8–14.4 10 21 32.2 8.6 (4.2–17.3)
	15.0 	14.4 5 7 41.7 11.1 (4.8–25.4)

aHbA1as a percentage of total hemoglobin.
bMajor malformations as a percentage of all pregnancies progressing beyond the first trimester.

TABLE 23.3. Spontaneous abortions according to first trimester Hb A1 level, Joslin Diabetes Center, 
January 1, 1984–December 31, 1992.

Risk ratio
SD Spontaneous Continuing (95% confidence
above mean Percentagea abortions pregnancies Percentageb interval)

�6 �9.3 38 266 12 1.0
6.1–9.0 9.4–11.0 27 193 12 1.0 (0.6–1.6)
9.1–12.0 11.1–12.7 26 97 21 1.7 (1.1–2.7)
12.1–15.0 12.8–14.4 14 31 31 2.5 (1.4–4.3)
	15.0 	14.4 11 12 48 3.8 (2.1–6.8)

aHbA1 as a percentage of total hemoglobin.
bSpontaneous abortions as a percentage of all registered pregnancies.
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tion of diabetes, and presence or absence of microvascular or
macrovascular complications. She attempted to correlate these
classes with pregnancy outcome, hoping to provide guidelines
for the management of the pregnancy and a basis for coun-
seling the parturient regarding her prognosis. The system has
been modified to add gestational diabetes, which White did
not specifically recognize, and renal transplants, which did
not exist when she developed the scheme. Other classes have
been dropped, such as class E with calcified pelvic vessels on
X-ray studies. Several of the classes are not substantially dif-
ferent from one another in many respects, but the modified
White’s classification system is still useful both for patient
counseling and for comparing reports of results from differ-
ent treatment centers (Box 23.1).

Gestational Diabetes

The hormonal changes of advancing gestation antagonize in-
sulin action. It should not be a surprise then that some women
who begin pregnancy with marginal carbohydrate tolerance
become frankly intolerant as pregnancy advances. Because
undiagnosed and untreated gestational diabetes of a signifi-
cant degree can result in obstetric complications, women
should be screened for gestational diabetes. The method of
screening has become a controversial issue. There are several
historic risk factors that are associated with increased risk for
gestational diabetes (Box 23.2). Anyone with any of these risk

factors or anyone who spills glucose into the urine at any time
should be screened biochemically.

Controversy exists as to whether screening by historic risk
factors is adequate or whether all pregnant women should be
screened biochemically. It has been shown that if a large pop-
ulation is screened biochemically, only one half the parturi-
ents with abnormal carbohydrate tolerance would have been
detected through screening by history. Would this 50% de-
tection rate identify essentially all the people with significant
disease and therefore be adequate? Approximately half of all
deliveries in the United States now involve women having
their first babies. These women are not eligible for two of the
five criteria listed in the box. Some argue that 50% detection
is inadequate, and that the only way to deal with the problem
is through universal biochemical screening. There is evidence
that universal screening coupled with an aggressive approach
to insulin therapy in gestational diabetes can reduce the inci-
dence of macrosomia and the necessity for operative delivery
due to that macrosomia.32 However, there has not been a se-
ries to date that demonstrates universal screening can reduce
the perinatal mortality rate, partly because the perinatal mor-
tality rate is so low that a huge study would be necessary.
Such a study is currently underway in multiple centers in sev-
eral countries. Currently, the position of the American Col-
lege of Obstetricians and Gynecologists (ACOG) is that ini-
tial screening by history followed up with biochemical testing
is appropriate. The American Diabetes Association has
changed its position several times in recent years but currently
recommends biochemical screening only for women who fail
to meet rigorous criteria for low risk.33

The issues of how and when to screen are less controver-
sial, but the precise values to be used for abnormal results are
still debated. Acceptable values for these tests are quoted here.
A 50-g oral glucose load followed by a single blood glucose
test 1 h after the load should be done at 24 to 28 weeks ges-
tation. A glucose loading test (GLT) value of 140 mg/dL or
more should be followed with a 100-g 3-h oral glucose tol-
erance test (GTT). The upper limits of normal for the GTT
are fasting, 105 mg/dL; 1 h, 190 mg/dL; 2 h, 165 mg/dL; and
3 hours, 145 mg/dl. Two or more abnormal values define ges-
tational diabetes.

Parturients with abnormal glucose tolerance should be
placed on appropriate diets and have their blood glucose lev-
els checked regularly. If they normalize their glucose levels
on diet alone, then they can be managed as normal parturi-
ents. If the fasting glucose levels are in excess of 105 mg/dL
or the postprandial levels are greater than 120 mg/dL, the 

Box 23.2. Risk factors for gestational diabetes.

Maternal age 30 years or greater
Family history of diabetes mellitus
Obesity
Previous delivery of macrosomic infant
Previous near-term stillbirth

Box 23.1. Modified White’s classification of diabetes 
in pregnancy.

Gestational diabetes mellitus noninsulin requiring 
(GDMNI): abnormal carbohydrate tolerance with onset or
first diagnosis during pregnancy, not requiring insulin.

Gestational diabetes mellitus insulin requiring (GDMI): 
abnormal carbohydrate tolerance with onset or first diag-
nosis during pregnancy, requiring insulin.

Class A: Abnormal carbohydrate tolerance in the 
nonpregnant state identified prior to the present
pregnancy that does not require insulin either prior
to or during the pregnancy.

Class B: Onset of insulin-requiring diabetes after 20 
years of age, with duration of less than 10 years.

Class C: Onset of insulin-requiring diabetes between 
ages 10 and 20 with duration of less than 20 years,
or duration 10 to 20 years regardless of age of onset.

Class D: Onset of insulin-requiring diabetes prior to 
age 10 years, or duration greater than 20 years re-
gardless of age of onset, or insulin-requiring dia-
betes with chronic hypertension, or insulin-requiring
diabetes with benign retinopathy.

Class F: Insulin-requiring diabetes with diabetic 
nephropathy (proteinuria of greater than 500 mg in a
24-h urine collection).

Class R: Insulin-requiring diabetes with proliferative 
retinopathy.

Class T: Insulin-requiring diabetes with renal transplant.
Class H: Insulin-requiring diabetes with coronary artery 

disease.

ak
us

he
r-li

b.r
u



23. Diabetic Parturient 341

parturient should start insulin therapy and be managed as a
diabetic parturient.

Antenatal Monitoring for Fetal Well-Being

The incidence of unexpected near-term demise has been re-
duced dramatically in the past two decades, undoubtedly
mostly as a result of vastly improved metabolic control but
possibly at least partly attributable to routine assessment of
fetal well-being. The nonstress test (NST) has been the stan-
dard, with the oxytocin challenge test (OCT) or contraction
stress test (CST) used to evaluate nonreactive NST results in
diabetic parturients. We routinely begin weekly NST at 32
weeks and perform them twice weekly from 36 weeks until
delivery. Although some authors have reported an unaccept-
able incidence of loss using this scheme, we have had only
two losses of nonmalformed singletons in the third trimester
among our last 578 consecutive patients with diabetes ante-
dating pregnancy. It has been proposed that the biophysical
profile (BPP)34 and Doppler umbilical artery flow velocity
analysis35 be integrated into the care of these patients. The
BPP is helpful, but given the tendency to polyhydramnios in
diabetes, an adequate amniotic fluid volume may not have the
same reassurance value that it would have in a nondiabetic
patient. The value of Doppler remains to be proven. The NST
is inexpensive to perform, relatively fast, and reliable.

Lung Maturity Testing

It has been known for some time that the lungs of infants of
diabetic mothers (IDM) mature less rapidly than those of non-
diabetic women. Furthermore, these infants tend to develop
respiratory distress syndrome (RDS) at lecithin/sphin-
gomyelin (L/S) ratios that would indicate maturity for infants
of nondiabetic women. To avoid RDS in these neonates, a va-
riety of strategies have been tried. Bringing more of the par-
turients closer to term before elective delivery is most im-
portant. Before electively delivering a diabetic parturient at
less than 39 weeks gestation, fetal lung maturity should be
assessed. The presence of a relatively high concentration of
phosphatidylglycerol (PG) in the amniotic fluid, as demon-
strated by thin-layer chromatography in the standard assay, is
a reliable indicator of maturity. Unfortunately, it is a very con-
servative estimator, and only 50% of PG-negative fetuses will
develop RDS. We prefer to use a combination of the L/S ra-
tio and quantitation of saturated phosphatidylcholine (SPC)
to predict lung maturity. In practice, any IDM with an SPC
greater than 1000 �g/dL and/or an L/S ratio of 3.5 or greater
is extremely unlikely (risk, �1/260) to develop RDS.

Route and Timing of Delivery

The route and timing of delivery for diabetic gravidas have
always been matters of concern. Before the early 1970s, the
major concern was to avoid late intrauterine demise. Early de-

liveries, however, were associated with neonatal morbidity
and mortality from RDS. Improved glycemic control and rou-
tine assessment of fetal well-being reduced the risk of late de-
mise. Fetal lung maturity testing methods permitted obstetri-
cians to assure lung maturity before elective delivery. The
decline in perinatal mortality due to late demise and RDS has
permitted attention to be focused on remaining sources of
morbidity and mortality. Chief among these concerns are
macrosomia and its associated high incidence of operative de-
livery and birth trauma. Although the risks for shoulder dys-
tocia and subsequent birth injury increase with increasing
birth weight in the general population, these risks are magni-
fied30 among IDM. It has been suggested that this may be due
to the body habitus of the IDM with unusually broad shoul-
ders in relation to the head size.36 Some have proposed elec-
tive cesarean delivery for fetuses estimated to be macrosomic
by ultrasound examination late in pregnancy.37 The limits of
ultrasound examination to accurately predict macrosomia, the
low incidence of permanent injury resulting from traumatic
delivery, and the expense and morbidity associated with ce-
sarean delivery make such a proposal controversial.38

The major challenges, then, in planning the deliveries of
diabetic women are to (1) minimize exposure to risk of a late
intrauterine demise; (2) minimize intrapartum fetal hypox-
emia and acidosis and recognize and treat it promptly if it oc-
curs; (3) minimize the risks of traumatic birth injury, RDS,
and other sources of neonatal morbidity and mortality; 
(4) minimize the cesarean section rate; and (5) attempt to meet
the parents’ expectations for the birthing experience to the
greatest possible extent. Early delivery is associated with an
increased risk for multiple minor morbidities in the nursery,
including hyperbilirubinemia and feeding difficulties even af-
ter lung maturity has been assured. Attempts to induce labor
earlier in pregnancy will also encounter less favorable cervi-
cal conditions and result in a higher than necessary cesarean
section rate.

Elective deliveries are generally planned between 38 and
40 weeks gestation for all women with insulin-requiring dia-
betes antedating pregnancy. An ultrasound examination is
performed before delivery to estimate the fetal weight. If the
fetal weight is estimated to be less than 4000 g, a pelvic de-
livery is planned. If the fetus is estimated to weigh more than
4000 g, a cesarean delivery is planned, unless the patient has
a history of a previous uncomplicated pelvic delivery of a
baby of more than 4000 g. Every effort is made to await a fa-
vorable cervical examination before the induction of labor.

Anesthetic Management

Management of Labor and Delivery

A parturient scheduled for induction of labor is given approx-
imately one third of her usual morning dose of intermediate-
acting insulin and no regular insulin. Capillary blood glucose
levels are monitored hourly during labor via finger sticks with
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a reflectance meter on the labor floor. If the blood glucose
goes above 120 mg/dL, an IV infusion of regular insulin is
used to bring the blood glucose level within normal limits. It
is particularly important during labor to maintain a normal
blood glucose level because hyperglycemia will magnify the
degree of acidosis caused by any degree of hypoxemia that
may occur. To avoid the accidental infusion of a large vol-
ume of glucose-containing IV fluid, the main line is always
a nonglucose-containing solution. A 5% glucose-containing
solution can be “piggybacked” into the main line via an in-
fusion pump at 125 mL/h. Immediately postpartum, the in-
sulin requirement drops dramatically, so that for a brief pe-
riod it is usually less than the prepregnancy dose. On the first
postpartum day, the patient should be given approximately
one half the prepregnancy dose of intermediate-acting insulin
with regular insulin as necessary.

Despite the lack of rigorous evidence of efficacy, laboring
parturients are continuously monitored electronically with lib-
eral use of scalp pH sampling when necessary. Prophylactic
antibiotics are routinely used for women undergoing cesarean
section. A single dose of IV antibiotic given at the time of
cord clamping has been shown to be effective in series of non-
diabetic patients with no demonstrable efficacy to further
doses postpartum.

Minimizing Anesthetic Contribution 
to Fetal Acidosis

The potential contribution of different anesthetic techniques to
exacerbate fetal acidosis has been studied. Datta and Brown
compared the effects of spinal versus general anesthesia on
babies born to healthy and diabetic parturients.39 Babies born
to diabetic parturients receiving spinal anesthesia were more
acidotic than those born to mothers receiving general anes-
thesia. In a follow-up study, Datta et al. measured maternal
and fetal blood gas values after epidural anesthesia in diabet-
ics and found a 60% incidence of neonatal acidosis (pH �
7.20).40 The acidosis related to both the severity of maternal
diabetes and to the presence of maternal hypotension (Table
23.4). Of note, the IV fluid used in both studies was lactated
Ringer’s with 5% dextrose, and fluid boluses were given to
treat maternal hypotension defined as systolic blood pressure
less than 100 mm Hg. A subsequent study compared the blood

gas results obtained from diabetic and healthy patients under-
going cesarean section: when the IV fluid was dextrose-free
lactated Ringer’s solution and hypotension was aggressively
treated with ephedrine, no differences in blood gas values
could be determined between the two groups41 (Table 23.5).

The mechanisms contributing to fetal acidosis in diabetes
are multifactorial: (1) human placenta produces lactate in
vitro, especially in the setting of hypoxia, and lactate further
increases in the presence of excess glycogen, and (2) fetal hy-
perglycemia has been associated with fetal acidosis.42 Kenepp
et al. determined that umbilical artery pH was significantly
lower when mothers received glucose infusions.43 Kitzmiller
et al.44 explored the possibility that hypoxia following ma-
ternal hypotension produces fetal lactic acidemia in the pres-
ence of hyperglycemia after volume expansion with dextrose-
containing fluids. Monkey fetuses were exposed to acute
hyperglycemia and maternal hypoxia. Although the fetuses
were exposed to the same volume of IV fluids and the same
duration of maternal hypoxia, the hyperglycemic fetuses 
(1) had lower arterial oxygen tension and content than the
controls despite similar maternal arterial oxygen partial pres-
sures, and (2) had severe metabolic acidosis (pH 7.06 versus
7.23). Other studies have supported the concept that hyper-
insulinemia increases oxygen consumption, and that fetal hy-
perglycemia and hyperinsulinemia can reduce fetal oxygena-
tion in diabetes.45

Anesthetic Management for Labor and 
Vaginal Delivery

Moderate pain of early labor can be relieved with small doses
of narcotic drugs (e.g., butorphanol or nalbuphine). The main
problem with larger doses of systemic medication is mater-
nal and neonatal respiratory depression. Prolonged labor and
decreased uteroplacental perfusion associated with maternal
hemodynamic changes due to IV narcotics may result in fe-
tal acidosis. Fetal acidosis subsequently can alter the placen-
tal transfer of the drugs, affect perinatal homeostasis, and ul-
timately potentiate the depressant effects of these drugs. Pain
and anxiety associated with natural childbirth or with inade-
quate labor analgesia may further decrease placental perfu-
sion as a result of increased catecholamine concentrations.46

Paracervical block can also cause fetal hypoxia because of
umbilical and uterine arterial vasoconstriction.47

TABLE 23.4. Effect of maternal hypotension during cesarean 
section under epidural on neonatal acid–base status in 
diabetic parturients.

Umbilical artery No hypotension Hypotension

pH 7.24 � 0.02 7.15 � 0.03*
PO2 (mm Hg) 19 � 2 16 � 2
PCO2 (mm Hg) 65 � 3 71 � 4
Base deficit (mEq/L) 4.35 � 0.88 8.25 � 1.74*

Values reported as mean � SE.
*p � 0.05.

TABLE 23.5. Effect of strict control of maternal glucose and 
blood pressure during cesarean section under spinal on neonatal
acid–base status in diabetic parturients.

Umbilical artery Diabetic/no hypotension Diabetic/hypotension

pH 7.27 � 0.01 7.30 � 0.01
PO2 (mm Hg) 20 � 2 22 � 2
PCO2 (mm Hg) 56 � 2 50 � 2.5
Base deficit (mEq/L) 4 � 1 3 � 0.7

Values reported as mean � SE.
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Epidural analgesia is associated with a few obvious ad-
vantages: (1) it reduces maternal endogenous catecholamine
release and indirectly will increase placental blood flow; 
(2) it reduces the maternal lactic acid production and hence fe-
tal acidosis; (3) it provides excellent pain relief during the first
stage as well as during the second stage, especially if forceps
delivery is necessary; and (4) an indwelling epidural catheter
can be used should a cesarean delivery become necessary.

At Brigham and Women’s Hospital, induction of epidural
analgesia is started with 0.25% bupivacaine, and maintenance
analgesia is obtained with a continuous infusion of 0.0625%
to 0.125% bupivacaine with 2 �g/ml fentanyl (8–10 mL/h).
At the Massachusetts General Hospital, the epidural test dose
(1.5% lidocaine with 1:200K epinephrine) contributes to the
labor analgesia; a T10 sensory level is obtained with 15 mL
0.04% bupivacaine with 1.66 �g/mL fentanyl, and the main-
tenance analgesia is obtained with the same mixture infused
at 15 mL/h.

For forceps delivery, dense perineal anesthesia is neces-
sary; this can be provided by 8 to 10 mL 3% 2-chloropro-
caine or 2% lidocaine with bicarbonate added. In the absence
of an indwelling epidural catheter, spinal anesthesia in the sit-
ting position (hyperbaric bupivacaine with dextrose) can pro-
vide good perineal anesthesia. This technique will provide
perineal relaxation and hence less chance of birth trauma; this
is especially important for delivery of a large baby. It may be
prudent to consider placing an epidural catheter at the time
of spinal placement (combined spinal-epidural technique),
which can be used if there is urgent operative delivery.

Anesthetic Management for Cesarean Section

Diabetic parturients are at significantly higher risk of need-
ing a cesarean section. A prospective cohort of more than
3700 pregnancies demonstrated a relative risk for cesarean
delivery of 2.1 after adjustment for multiple maternal risk 
factors.48

Anesthesia for cesarean section requires special attention
for diabetic parturients. Although all parturients are consid-
ered “full stomachs,” the diabetic parturient has additional
risks associated with autonomic neuropathy and gastropare-
sis. Aspiration prophylaxis should consist of a nonparticulate
antacid immediately before surgery; metoclopramide admin-
istration is useful, and the addition of a histamine-2-receptor
antagonist should be considered for this population.

Hemodynamic alterations are more dramatic during cesarean
section compared with vaginal delivery because (1) there is a
higher sympathetic blockade, and sympathetic tone might also
be abnormal in long-standing diabetic patients; and (2) aorto-
caval compression by the gravid uterus accentuates the prob-
lem of hypotension, especially when associated with high sym-
pathetic block. Hemodynamic control is further hampered by
comorbidity, which is common in diabetics. Preclinical diabetic
cardiomyopathy, autonomic neuropathy, and low colloid os-
motic pressure from renal protein wasting may exacerbate he-

modynamic instability and also put the parturient at risk for
pulmonary edema in the setting of overzealous hydration.

Either spinal or epidural anesthesia may be appropriate for
the diabetic parturient, so long as hypotension is minimized
and aggressively treated with ephedrine or, if necessary,
phenylephrine. In severe diabetics, epidural anesthesia may
be preferred because the sensory block can be brought up
more slowly. Spinal anesthesia can be obtained with 12 mg
hyperbaric bupivacaine (0.75%) with 10 �g fentanyl added.
Epidural anesthesia can be obtained with 15 to 25 mL 2% li-
docaine with 1:200K epinephrine and 50 �g fentanyl added.
For an urgent cesarean section where fetal acidosis is assumed
and an indwelling epidural catheter is present, 3% 2-chloro-
procaine is the anesthetic of choice.

Diabetic parturients undergo general anesthesia either be-
cause of operative urgency or because of other factors that
preclude regional anesthesia. General anesthesia can be prob-
lematic because of (1) gastroparesis, (2) limited atlanto-
occipital joint extension, (3) increased hemodynamic response
to intubation, and (4) impaired counterregulatory hormone re-
sponses to hypoglycemia during sleep. When the general
anesthetic can be anticipated, metoclopramide (10 mg) should
be administered 30 to 45 min beforehand to enhance forward
gastric emptying and to increase lower esophageal sphincter
tone. Although rare, stiff joint syndrome may affect the air-
way and atlanto-occipital joint, making intubation difficult.
Medications and equipment needed for managing a difficult
airway, including those for fiberoptic intubation, should be
readily available. Vohra and colleagues49 observed greater he-
modynamic variations in response to intubation in diabetics,
including more variability in heart rates, mean arterial pres-
sure, and vascular resistance in the diabetic group. Finally,
under regional anesthesia, patients are able to verbalize sen-
sations that may be consistent with hypoglycemia; in contrast,
cardiovascular responses to hypoglycemia may be blunted un-
der general anesthesia.

Postoperative analgesia is important for pain control and to
help avoid catecholamine and glucose swings after delivery.
Analgesia can be achieved many ways. Neuraxial preservative-
free morphine offers excellent analgesia for up to 24 h with
minimal sedation and occasional pruritus. Morphine can be
given intrathecally at the time of spinal placement (0.2 mg)
or epidurally (3 mg). Nonsteroidal antiinflammatory medica-
tions can be used as rescue drugs for breakthrough dis-
comfort. Pruritus can be treated with small doses of nalox-
one, or the partial agonist-antagonist, nalbuphine (5 mg in-
travenously). For patients who have undergone general anes-
thesia or who were otherwise not a candidate for neuraxial
morphine, an effective alternative is patient-controlled anal-
gesia with intravenous morphine, dilaudid, or demoral.

Special Anesthetic Considerations

Diabetic parturients with severe preeclampsia or parturients
with diabetic nephropathy with superimposed hypertension
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warrant special attention. At the very least, these individuals
require pulse oximetry and monitoring of urine output. More
invasive monitoring occasionally is needed to assess the fluid
status and cardiovascular function. Coagulation status needs
to be assessed before induction of regional anesthesia, and the
airway assessment should include an evaluation of airway
edema.

Renal transplant recipients need determination of baseline
renal function. They are usually on immunosuppressive med-
ications and can be glucocorticoid dependent. Proper aseptic
technique is particularly important in these parturients, who are
prone to infection. Many of the immunosuppressive medica-
tions will need to be given in parenteral form because of npo
status, nausea, and unreliable enteral absorption during labor.
Coordination of care with the transplant team is appropriate.

Postpartum Considerations

After either vaginal or abdominal delivery, insulin manage-
ment must be carefully regulated. Lev-Ran50 noted a drop in
insulin requirement to zero for 1 to 2 days in 11 of 12 pa-
tients undergoing cesarean section. Hypoglycemia appeared
in 3 of these 45 patients. A steep rise in blood glucose levels
followed this temporary drop in insulin requirement. Insulin
needs are sometimes determined on an individual basis.

Parturients who are a risk for developing pulmonary edema
often do so after delivery.51 Invasive monitoring measures
that are undertaken before delivery may be most useful when
continued into the immediate postpartum period.

Neonatal Resuscitation

Despite the best efforts of obstetricians and anesthesiologists,
active neonatal resuscitation is sometimes necessary. There-
fore, a neonatologist should attend both vaginal and abdom-
inal deliveries of infants of diabetic parturients, and birth
should take place in a hospital with access to facilities for
neonatal intensive care. Infants of diabetic mothers have an
increased risk of RDS. Serious RDS must be differentiated
from milder and more transient (48 h) tachypnea of the new-
born, which may be caused by retained fetal lung fluid. The
diagnosis of RDS will be made by (1) clinical signs includ-
ing grunting, chest wall retractions, and a respiratory rate of
more than 60 breaths per minute; (2) radiographic findings of
diffuse reticulogranular patterns; and (3) an increased oxygen
requirement to maintain PaO2 at 50 to 70 mm Hg for more
than 48 h without other causes of respiratory problems. With
the advent of modern ventilatory support, including high-
frequency ventilation and surfactant therapy, the survival rate
of RDS infants has increased dramatically.

The presence of a high hematocrit can also be a major prob-
lem in these infants; in its extreme, this condition can pro-
duce thrombosis, especially in the renal veins, and may ne-
cessitate therapeutic phlebotomy. Hyperbilirubinemia and
hypocalcemia can also develop more frequently in these in-

fants.52 Finally, a high incidence of complex congenital car-
diac anomalies still remains a major problem, and these de-
fects may make resuscitative measures more difficult.

Summary

Management of diabetic parturients and their babies poses
special challenges to the perinatal team. An understanding of
the physiologic changes of pregnancy, of diabetes, and of pos-
sible relationships among these changes is key to providing
proper care of these patients. Close communication between
the perinatologist, anesthesiologist, and neonatologist is es-
sential for good maternal and neonatal outcome.
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Emboli in Pregnancy
Jonathan H. Skerman and Khalil E. Rajab

Embolic phenomena, whether thrombotic, amniotic, or air
emboli, are still one of the leading causes of maternal mor-
tality in the developed and the majority of developing coun-
tries.1–7 Embolic episodes can occur during pregnancy, vagi-
nal delivery, cesarean section, or in puerperium. The most
common variety is air embolism, followed by thromboem-
bolism; amniotic fluid embolism is the rarest. Amniotic and
air emboli are usually complications that occur in delivery.
Thrombotic emboli can occur during pregnancy as well as de-
livery and occur with an equal incidence in each of the three
trimesters of pregnancy. The incidence of thrombotic emboli
increases four to five times in the puerperium. The pulmonary
tree is the most common target organ for these emboli, but if
a right-to-left shunt exists, any organ may be affected.

This chapter discusses the three types of emboli that may
complicate pregnancy, their obstetric significance, and their
anesthetic management.

Thromboembolic Disease

Thromboembolic conditions have been well documented
since the early nineteenth century. Dark red patches in the
lung or clots in branches of the pulmonary artery were de-
scribed before Virchow’s classic studies were published in
1858.8 Estimation of the size of the problem during pregnancy
has been clouded by difficulties in making the correct diag-
nosis.9 There is also a considerable morbidity among the non-
fatal cases such as postthrombotic venous insufficiency, re-
currence of thrombosis, and to a lesser extent, pulmonary
hypertension.

Incidence

There is a wide range in the reported incidence of deep ve-
nous thrombosis during pregnancy.10 It has been reported as
frequently as 0.018 per delivery11 to 0.00052 per delivery.12

Other recent reports indicate an incidence of deep venous
thrombosis in 0.7 per 1000 pregnancies.13,14 This variation is

further complicated by the reported incidence for fatal pul-
monary embolism. In the report on confidential enquiries in
maternal death in England and Wales, pulmonary embolism
was responsible for the deaths of 12 women per year before
or immediately after delivery, or 9.4 per million pregnan-
cies.15 Even with this rare occurrence, it was second only to
abortion as the leading cause of maternal death. However,
pulmonary embolism and deep venous thrombosis are not eas-
ily diagnosed in nonfatal cases, particularly in pregnancy. It
is therefore difficult to obtain accurate data for the incidence
of nonfatal deep vein thrombosis and pulmonary embolus.

Risk factors include increased maternal age and parity, obe-
sity, cesarean section, prolonged bedrest, surgical procedures
during pregnancy, previous history of venous thrombosis, in-
herited and acquired thrombophilia, sickle cell disease, an-
tiphospholipid antibodies, and blood type other than O.16,17

Etiology

The cause of thrombosis is best described in terms of Vir-
chow’s classic triad: vessel wall trauma, venous stasis, and
alterations in the coagulation mechanism.8,18 These factors
may contribute to the increased risk of thromboembolism in
the pregnant or postpartum patient.

Although vessel injury does not seem to be necessary to
initiate thrombosis in the calf veins, it may contribute to the
increased incidence of some forms of thrombosis, that is, in-
creased risk of pelvic thrombophlebitis following cesarean
section.19

Venous stasis is certainly a risk factor during pregnancy.
Venous distensibility increases during the first trimester of
pregnancy. Varicose veins, hormonal changes, anemia, tox-
emia, and the hypercoagulable state have also been impli-
cated. Mechanical compression by the gravid uterus on the
inferior vena cava causes venous stasis and is uniformly con-
sidered a major factor contributing to deep venous thrombo-
sis. This mechanical obstruction is known to result in in-
creased femoral venous pressure, beginning in the early part
of the second trimester and continuing until term. Leg vein
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obstruction was found by Ikard et al.,20 using Doppler ultra-
sound, to be almost universal in the standing position in the
third trimester and to be partly present in the lateral position
as well. The most common sites of deep venous thrombosis
are the venous sinuses within the soleus muscles and the valve
sinuses in the left iliofemoral segment, which likewise are the
most common sites of venous stasis. The left lower extrem-
ity is most often involved, with antepartum deep venous
thrombosis secondary to probable compression of the left
common iliac vein where it is crossed by the common iliac
artery.21

Thrombophlebitis has been described in each trimester; it is
more common in women who are bedridden for complications
of pregnancy, such as threatened abortion, premature rupture
of the membranes, and pregnancy-induced hypertension.

The physiology of normal pregnancy is also known to re-
sult in a number of significant alterations in coagulation and
fibrinolytic mechanisms, which include increased concentra-
tions of coagulation factors, a decrease in coagulation in-
hibitors, and reduced fibrinolytic capacity. There is also evi-
dence that the concentration of soluble fibrin–fibrinogen
complexes is increased. The increased factor VIII activity
contributes to the stabilization of these complexes. The role
played by platelets in the formation of the thrombus is some-
what equivocal; neither the platelet count nor platelet adhe-
siveness is increased during pregnancy. The decreased num-
ber of circulating platelets after delivery is probably related
to normal thrombus formation at the placental site. Venous
thrombi contain relatively few platelets, and platelets are not
believed to be the instigators of the thrombotic process.

The effect of these physiologic changes is a state of hy-
percoagulability and increased thrombotic potential that is
most marked in late pregnancy and the immediate puerperium.
Thrombophilia accounts for approximately 50% of the cases
of venous thromboembolism in pregnant and postpartum
women. The term thrombophilia is applied to genetic condi-

tions that increase the risk of thrombotic disease in general
and during pregnancy in particular.22 The hypercoagulable
state of pregnancy presents special problems for the woman
with the inherited or acquired form of this condition. The main
causes identified for the inherited thrombophilias are defi-
ciencies of antithrombin, protein C, protein S, activated pro-
tein C resistance, and mutant factor II (Table 24.1). Hyper-
homocysteinemia is also a risk factor for venous and arterial
thrombosis and may result from inherited enzyme defects,
with the most common being a thrombolabile mutant of meth-
ylenetetrahydrofolate reductase (C677T MTHFR) that leads
to hyperhomocysteinemia. These disorders underlie about
50% of the episodes of venous thromboembolism in pregnant
and postpartum women but collectively are present in at least
15% of Western populations.23 From 4% to 10% of these pop-
ulations carry factor V Leiden, 2% carry the G20210A pro-
thrombin gene mutation, and 10% have homozygosity for the
C677T MTHFR mutation. Acquired thrombophilia occurs
among patients with antiphospholipid syndrome and lupus an-
ticoagulant and also among patients with essential thrombo-
cythemia.24,25

Pathophysiology

The most common embolism is pulmonary thromboem-
bolism, which produces complex alterations in pulmonary
mechanics and circulatory function. These changes depend on
the quantity and size of the embolus, the site of obstruction,
and the presence of preexisting cardiopulmonary disease. A
single small embolus may have no effect, whereas a large
thrombus may break and shower the lungs with multiple em-
boli, producing life-threatening bilateral pulmonary dysfunc-
tion. With a unilateral pulmonary thromboembolus, the right
lower lobe is the most frequently affected area. A large em-
bolus may cause fatal obstruction of the pulmonary circula-
tion. Pulmonary embolism in patients with cardiac disease is

TABLE 24.1. Factors predisposing to venous thromboembolism (VTE).

Decreased venous flow

Venous obstruction
Limited venous pump activity

Increased activation Decreased inhibition High blood/plasma viscosity

Trauma Antithrombin deficiency Previous VTE
Surgery Protein C deficiency Other venous obstruction
Delivery and postpartum Protein S deficiency Vascular anomalies, e.g., atresia
Prevenous inflammation Factor V Leiden Limb paresis
Radioactive radiation Prothrombin G20210A Immobilization
Intravenous catheters Elevated factor II, VII, or IX Long-haul or air travel
Malignant disease Lupus anticoagulant Venous valve insufficiency

Anticardiolipin antibody Varicose veins
Low fibrinolytic activity Obesity
Homocysteinemia Pregnancy
Nephrotic syndrome Heart failure
Inflammatory bowel disease Dehydration
Estrogen treatment Myeloproliferative disease

Increasing age

Increased hemostatic activity
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often regarded as synonymous with pulmonary infarction.
However, this is not always the case. The ratio of infarct to
emboli is about 1 in 10. Recurrent pulmonary emboli often
result in pulmonary hypertension. Amniotic fluid embolism
or fat embolism may present as adult respiratory distress syn-
drome. Very small emboli pass through to the periphery of
the lung. If they do not obstruct a branch of the pulmonary
artery, rapid lysis occurs, and there are no hemodynamic dis-
turbances and no clinical symptoms. With large or multiple
emboli, occlusion of the pulmonary artery affects the per-
formance of the cardiac and respiratory systems, secondary
to both mechanical alterations and reflex changes.

Because the pulmonary arteries receive the right ventricu-
lar output, an embolus in the main pulmonary artery or in its
major branches can significantly lower left ventricular out-
put. In patients with limited cardiac reserve, the reduction in
coronary artery blood flow is poorly tolerated. The right ven-
tricle is comparatively thin walled and becomes an early tar-
get for increased right ventricular pressures. Right coronary
blood flow does not seem to decrease during embolization; it
may increase secondary to local autoregulation. It may take
a longer time to develop right ventricular failure, depending
upon the preexisting cardiovascular status. With a massive
pulmonary embolism of any type, cardiovascular collapse, hy-
potension, and refractory shock may occur.

Some of the reflex changes from microembolization result
in bronchoconstriction and vasoconstriction, but the hemo-
dynamic changes always seem to include an elevation of the
right atrial pressure and a lowered cardiac output.26 These ab-
normalities are directly related to the extent of embolic ob-
struction both in patients with previously normal cardiopul-
monary systems and in those with prior cardiopulmonary
disease.

Respiratory changes include the presence of hypoxemia
from an increase in dead space ventilation. The mismatched
ventilation/perfusion, bronchoalveolar constriction of termi-
nal airways, and loss of surfactant lead to alveolar atelectasis
and the development of regional pulmonary edema, which
further contributes to the hypoxemia. Venoarterial shunting
and the reduction in cardiac output will augment intrapul-
monary shunting and also cause a fall in the PaO2. Bron-
choalveolar constriction has been attributed to released hu-
moral factors, including serotonin or histamine, and decreased
PaCO2. The hypoxemia is not fully corrected by oxygen ad-
ministration, indicating an intrapulmonary shunt.

Clinical and Laboratory Diagnosis

Clinical manifestations of pulmonary embolism are nonspe-
cific, and the diagnosis is frequently missed even in patients
with segmental or larger vessel occlusion. The presenting
signs and symptoms include shortness of breath, chest pain
(sometimes described as a dull substernal tightness), appre-
hension, altered sensorium, cough, hemoptysis, sweating, syn-
cope, and tachycardia. A sudden gasping attempt of the pa-

tient to breathe during ventilation may be the first indication
of an intraoperative pulmonary embolus. If the patients are
grouped by severity, small emboli are associated with a higher
incidence of syncope, whereas sudden massive emboli are as-
sociated with a higher incidence of pleural pain. The most
common physical findings include tachypnea at a rate of 30
to 40 shallow breaths per minute, decreased breath sounds,
rales, tachycardia, and pyrexia. Pain, tenderness, swelling, and
warmth of the affected limb, including Homan’s sign, are also
highly significant. A chest X-ray may offer confirmatory ev-
idence: diminished vascular markings, diaphragmatic eleva-
tion, and pleural effusion. Arterial blood gases (which may
differ by as much as 15 mm Hg in the third trimester de-
pending on whether the patient is sitting or supine) together
with chest X-ray remain the important tests in the initial eval-
uation of pulmonary embolism. These tests are nonspecific,
however, and some form of diagnostic imaging is required.
Moser25 stated that the main value of a chest X-ray is to rule
out other causes of chest pain, such as pneumothorax, rib frac-
ture, tumor, infection, or primary cardiac disease.

Ascending venography is the most accurate test for deep
venous thrombi. In this technique, radiographic contrast dye
is injected into a distal dorsal vein of the foot. During exam-
ination, the leg must be relaxed and nonweight-bearing, with
the patient in approximately a 40° incline, which allows grad-
ual filling of the leg veins and prevents layering of the dye.
Diagnosis of a venous thrombus requires visualization of a
well-defined filling defect in more than one radiographic
view. Suggestive evidence includes abrupt termination, ab-
sence of opacification, or diversion of flow. False-positive
studies can occur as a result of poor technique, poor choice
of injection site, leg muscle contraction, or a pathologic con-
dition such as external compression by a popliteal cyst,
hematoma, local cellulitis and edema, or muscle rupture. As-
cending venography is suboptimal for examining the deep
femoral and pelvic veins because large nonobstructive
thrombi can go undetected.27

There are well-known systemic side effects of radiologic
contrast dye; however, up to 24% of patients experience mus-
cle pain, leg swelling, tenderness, and erythema.28 Lowering
the concentration of the contrast medium reduces such com-
plications by 70%.29 Heparinized saline flushing after injec-
tion can prevent the uncommon occurrence of clot formation
following venography.

Many symptoms mimic those of deep venous thrombosis;
in particular, edema and evidence of stasis can occur in nor-
mal pregnancy. The benefit of a definitive diagnosis out-
weighs the side effects and possible complications of venog-
raphy. Patients with negative studies can thus avoid the
significant hazards of anticoagulation as well as the long-term
stigma of a diagnosis of deep venous thrombosis.

Noninvasive tests such as Doppler ultrasound and imped-
ance plethysmography are without risks or complications but
are much less sensitive for thrombi below the knee. Changes
in Doppler shift occur when normal venous blood flow varies
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with respiration and with maneuvers such as the Valsalva, re-
lease of pressure over a distal vein, or squeezing of the mus-
cles. A decrease in amplitude of these shifts can indicate par-
tial venous obstruction, whereas complete occlusion gives no
Doppler shift. Doppler ultrasound is most useful in the de-
tection of popliteal, femoral, or iliac thromboses, and it has a
sensitivity of 90%.30 Thrombi that completely occlude prox-
imal veins and those not large enough to obstruct blood flow
can escape detection. Because of collateral venous channels,
at least 50% of small calf thrombi are missed with Doppler
ultrasound.31 Results can vary with technique, experience, and
patient positioning.

Impedance plethysmography uses changes in electrical re-
sistance to measure changes in blood volume within a limb.
With inflation of a thigh cuff, blood is retained in the leg. In
the absence of venous obstruction, sudden deflation results in
an immediate outflow of blood and a concomitant sudden in-
crease in electrical resistance. A much slower change is as-
sociated with impaired outflow, which indirectly implies ve-
nous thrombosis. A sensitivity of 95% and specificity of 98%
can be achieved with proximal vein thrombi.32 As in Doppler
ultrasound, detection of calf vein thrombi with impedance
plethysmography is unreliable. In pregnancy, compression of
the inferior vena cava by the gravid uterus can yield falsely
positive results,33 and confirmation by venography may be
necessary.

Although infrequently used, thermography detects deep ve-
nous thrombosis by an increase in skin temperature. Infrared
radiation emission is increased when blood flow is diverted
to superficial collaterals or when inflammation is present.
These changes are more likely to occur with extensive dis-
ease. False-negative results can occur with early or limited
thrombosis.

Fibrinogen scanning with 125I is contraindicated during preg-
nancy because unbound 125I crosses the placental barrier and
enters the fetal circulation. It can collect in the fetal thyroid,
which becomes theoretically functional at 10 weeks gestation,
and can produce thyroid damage. It is also contraindicated in
lactating women because radioactivity has been detected in
breast milk. Because 125I has a half-life of 60.2 days,34 tem-
porary interruption of lactation is impractical. In nonlactating
postpartum women, 125I-labeled fibrinogen can be used to iden-
tify deep venous thrombosis. It has a longer half-life and gives
a smaller radiation dose than did the previously used 131I. Af-
ter intravenous injection, 125I-labeled fibrinogen is incorporated
like normal fibrinogen into developing thrombi. Sequential
scintillation scanning is performed from 4 h to 7 days later, but
usually at 24, 48, and 72 h. With each scan, radioactivity is
compared to background precordial values in search of a hot
spot. For the lower thigh and calf, accuracy can be as high as
92%.35 Higher background counts in the femoral artery, blad-
der, and the overlying muscle mass make detection of thrombi
in the common femoral and pelvic veins difficult.

Radionuclide venography using 99mTc particles is of low
risk to the fetus but requires a rapid-sequence gamma cam-

era, which may not be available in many institutions. This
technique is more than 90% accurate for deep venous throm-
bosis above the knee.

More accurate for the diagnosis of pulmonary embolus is
a combined ventilation/perfusion scan. A mismatch between
ventilation and perfusion defects is sufficiently diagnostic of
pulmonary vascular occlusion to begin therapy. If the venti-
lation defects match those seen on the perfusion scan, pul-
monary angiography may not be necessary for the absolute
diagnosis. The ventilation/perfusion scan can be performed
safely during pregnancy, although technetium should be used
rather than iodine, and uterine shielding is necessary. Pul-
monary angiography is usually avoided because of the dan-
ger of radiation exposure to the fetus.36,37 Serious morbidity
can occur in 2% to 4% of patients undergoing arteriography.38

Recent advances have led to the development of contrast
enhanced spiral CT angiography (SCTA) and gadolinium-
enhanced magnetic resonance angiography (MRA) of the pul-
monary artery for diagnosing pulmonary embolism.39,40

These new techniques have high sensitivity and specificity for
clots in the central and segmental pulmonary arteries and have
the additional advantages of being noninvasive, free from ra-
diation (for magnetic resonance imaging although not from
gadolinium), and providing images of the lung, pleura, and
mediastinum. The main limitation of SCTA is its poor sensi-
tivity in detecting emboli in the segmental vessels. In any
case, the clinical significance of segmental emboli is uncer-
tain, and pulmonary angiography has similarly been shown
to be less accurate than SCTA and MRA in detecting such
emboli.

Obstetric and Anesthetic Management

Treatment of pulmonary embolism is designed to support car-
diopulmonary function and to prevent extension or recurrence
of the pulmonary embolism by institution of systemic anti-
coagulant therapy.41 Surgical intervention may be indicated
in a very few selected cases. Oxygen therapy is essential; in-
tubation is usually necessary. The levels of PaO2 should be
maintained at 70 mm Hg or above to prevent fetal hypoxia.
Morphine is sometimes necessary to relieve pain and anxiety.
Fluid status must be monitored closely, and pulmonary
edema, cardiac failure, or shock must be treated with the nec-
essary drugs as indicated.

The cornerstone of therapy is anticoagulation.42–44 After
one thromboembolic event, there is a 12% risk of repeat
thrombosis during the same pregnancy and a 5% to 10% risk
of recurrent thromboembolism with subsequent pregnancies.
The initial anticoagulation should always be induced with in-
travenous heparin because its effect is immediate.45–50 Hep-
arin is a large mucopolysaccharide molecule (molecular
weight, approximately 20,000 daltons). It acts by combining
with antithrombin III (heparin cofactor) to inhibit the forma-
tion of thrombin. The lack of thrombin prevents the conver-
sion of fibrinogen to fibrin. Heparin also increases the level

ak
us

he
r-li

b.r
u



24. Emboli in Pregnancy 351

of activated factor X inhibitor that again interferes with the
production of thrombin from prothrombin. Heparin also in-
hibits the activation of factor IX (Christmas factor). Heparin
prevents the formation of further thrombi but does not act to
lyse clots already present. Heparin has a relatively short half-
life of 1.5 h; for this reason, continuous intravenous admin-
istration is the preferred method for heparin therapy. A sug-
gested protocol is shown in Box 24.1. Heparin is not absorbed
from the gastrointestinal tract, and intramuscular injection is
not advisable because of the risk of hematoma formation at
the injection site. In fact, intramuscular injection of any drug
should be avoided in a patient on heparin therapy.

Some groups have used low molecular weight heparins,
which are fragments of conventional heparins produced by
enzymatic or chemical breakdown, for treatment as well as
for prophylaxis of thromboembolism in preganancy.51,52 Low
molecular weight heparin (e.g., enoxaparin 40 mg/day) has
the advantage for the patient of once-a-day self-administration
and may possibly be associated with fewer hemorrhagic com-
plications.53,54 This advantage has considerable implications
for patient acceptability because pregnant women considered
to be at high risk of recurrent thromboembolism are taught to
inject themselves and may be given thromboprophylaxis for
up to 10 months to cover pregnancy and the puerperium. Low
molecular weight heparins have fewer hemorrhagic risks,
which may encourage greater use of heparin for thrombopro-
phylaxis if the risk of hemorrhagic complications is perceived
to be minimized.55,56

Nelson-Piercy et al. found no cases of epidural hematoma
or other complications related to the use of regional anesthe-
sia in the presence of low molecular weight heparin.57 How-
ever, epidural hematoma has been described in general sur-
gical cases, especially when large doses were used. Hence,
the parturients should be changed to regular heparin if they
are on low molecular weight heparin. Other advantages in-
clude a lower risk of heparin-induced thrombocytopenia be-
cause low molecular weight heparins are less likely to acti-

vate resting platelets to release platelet factor 4 and also bind
less well to platelet factor 4; their increased bioavailability
(85%–90% compared to 10% for conventional heparin) and
longer half-life (3–18 h) permit once-daily administration.

The greatest risk with unfractionated heparin therapy is
hemorrhage, the risk of which has been noted to be between
4% and 33%.58 In addition, heparin can result in allergic re-
actions, alopecia, osteoporosis, and thrombocytopenia. The
etiology of the thrombocytopenia is unknown, but it may be
related to platelet consumption as reported in the “white clot
syndrome.”46,59 Opinions differ regarding the duration of an-
ticoagulant therapy advisable following an acute episode of
thromboembolic disease.60–66 de Swiet61 advocates continu-
ing full anticoagulation until 6 weeks after delivery for all
parturients who had either deep venous thrombosis or pul-
monary embolus during pregnancy. Nelson-Piercy62 would
also continue anticoagulation for the woman with pulmonary
embolus, as would Hirsh and Fuster63 and others.64

Considerable controversy also exists as to which therapeu-
tic agent or regimen is preferable for long-term therapy. The
standard method in a nonpregnant patient is to initiate anti-
coagulation with heparin, then to convert gradually to oral an-
ticoagulants.65 The oral agent most commonly used is sodium
warfarin, which acts as a competitive inhibitor of vitamin K
in the liver. Warfarin is a small molecule (molecular weight,
1000 daltons) that crosses the placenta readily. In fact, the
oral anticoagulants appear to affect the fetus more profoundly
than they do the mother because of immature liver enzyme
systems in the fetus. Adverse effects from the use of warfarin
agents during the first trimester include significant teratogenic
potential. Continued warfarin therapy in the late third
trimester can cause fetal bleeding either before or after de-
livery. Other effects secondary to fetal hemorrhage have re-
portedly resulted from exposure to warfarin during the sec-
ond and third trimesters. Bonnar et al.53 reported an overall
fetal mortality rate between 15% and 30% in women taking
oral anticoagulants during their pregnancy. Because of these
adverse effects, most investigators no longer recommend the
use of warfarin at any point during pregnancy. Warfarin em-
bryopathy results when Coumadin is administered in the first
trimester in 15% to 25% of cases. The most consistent anom-
alies are degrees of nasal hypoplasia and epiphyseal stapling.
Exposure in the second trimester results in a 3% or higher in-
cidence of severe central nervous system anomalies.67

If the parturient is receiving heparin therapy at the time of
labor and delivery, the situation is much less hazardous. First,
the fetus is not affected by the heparin, so fetal hemorrhage is
not a risk factor. Second, the half-life of heparin is short; if
delivery is anticipated more than 4 to 6 h after the last hep-
arin injection, there is no need to reverse the anticoagulant ac-
tivity. The usual recommendation is simply to stop the 
heparin as soon as the patient goes into labor or to omit the 
heparin dose on the morning of induction or elective cesarean
section. If an emergency delivery or cesarean section is needed
while the heparin is still active, protamine, a heparin antago-

Box 24.1. Suggested protocol for continuous heparin therapy.

1. Baseline CBC, prothrombin time (PT), a partial throm-
boplastin time (PTT), and platelet count.

2. Loading dose of 5000 U heparin by intravenous bolus.
3. a. Heparin solution (concentration 100 U/mL; add

50,000 units of heparin to 500 mL normal saline).
b. Start therapy at 1000 U/h. Alternatively, 5–20 U/kg/h

may be used for initial dose.
c. Adjust infusion rate to achieve a PTT two to three

times the control. Check the PTT after any change in
infusion rate and once or twice daily after dosage sta-
bilized.

d. Control flow of heparin solution with an electronic in-
fusion pump.

4. Check CBC and urinalysis every other day to monitor
for occult hemorrhage.

Source: Adapted from Bolan JC. Thromboembolic disease in pregnancy. Clin
Obstet Gynecol 1983;26:913–922.
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nist, may be given. Protamine forms a stable salt with heparin,
with the result that both drugs lose their intrinsic anticoagu-
lant activity. Each milligram of protamine neutralizes 100 U
heparin. The calculated dose of protamine, up to 50 mg, should
be slowly administered intravenously over a 3-min period. Pro-
tamine can also be used if the patient develops hemorrhagic
complications from heparin therapy, but it must be used with
care and caution, as protamine sulfate excess may cause anti-
coagulation. Needless to say, strict attention to circulatory
homeostasis during surgery or delivery is essential if antico-
agulation is to be resumed in the postpartum period.

Because of the failure of heparin to cross the placenta and
its easy reversibility, a number of investigators advocate
maintaining the patient on heparin therapy throughout the
pregnancy.68,69 Others use 150 to 250 U/kg every 12 h ad-
ministered subcutaneously.70 A continuous infusion pump 
has been used in an effort to increase patient compliance with 
subcutaneous heparin therapy. Although early reports are con-
flicting, it appears that infusion pump delivery of subcuta-
neous heparin helps maintain therapeutic levels of anticoag-
ulation in the ambulatory or noncompliant patient.71

To manage a heparinized patient at onset of labor, one
should reduce the dose of subcutaneous unfractionated hep-
arin to 7500 U twice daily in anticipation of the contraction
and to counter any bleeding risk. This reduction seems un-
necessary in patients taking low molecular weight heparin in
daily doses of enoxaparine 40 mg72 or fragmin 5000 U. Pro-
viding the thrombin and activated partial thromoplastin times
are not prolonged by more than 5 s, the patients do not bleed
excessively, nor is epidural hematoma a problem.

Thrombolytic therapy must be considered in patients with
a massive pulmonary embolus.73,74 Both urokinase and strep-
tokinase have been used in pregnancy. Urokinase is less anti-
genic and, in theory, should have fewer side effects.75 Al-
though an increase in the partial thromboplastin time (PTT)
and fibrin degradation products can be used to follow throm-
bolytic therapy, the most sensitive measure is the thrombin
time.76 The thrombin time should be no greater than five times
normal. Nonetheless, the risk of bleeding is always present.

Recombinant tissue plasminogen activator (rtPA) has a the-
oretical advantage over streptokinase and urokinase in that it
does not induce systemic fibrinolysis. Instead, rtPA is active
when bound to thrombin and is therefore clot specific.77 Re-
combinant tissue plasminogen factor has been used success-
fully in pregnant women suffering massive pulmonary em-
bolism.78,79 In pregnancy, however, bleeding is the major side
effect, usually from the genital tract and often severe; the
overall incidence of bleeding as a result from thrombolysis is
about 8%. Because of the risk of bleeding, thrombolysis
should not be used routinely in pregnancy but reserved for
those who are hemodynamically unstable, particularly with
regard to systemic hypertension. It would not be appropriate
to extrapolate directly from studies in nonpregnant patients72

using echocardiographic variables as criteria from thrombolic
treatment. Because of the risk of bleeding, thrombolytic treat-

ment should not be used at the time of delivery unless it ap-
pears that the woman is likely to die.

The role of surgery in the treatment of thromboembolic dis-
ease during pregnancy is also limited. Procedures that have
been used include femoral vein or vena cava interruption, and
thrombectomy or embolectomy. Femoral vein interruption has
been used since 1934, and recently the use of an internal
saphenous graft to bypass a thromboembolic region has been
reported. Interruption of the vena cava is used to prevent re-
current emboli rising in the lower extremities from reaching
the lungs. A number of different procedures have been used
for this purpose, including ligation, clipping, plication, and
placement of a variety of filters or intraluminal grids,80 but
vena cava interruption is associated with a postoperative mor-
tality between 1% and 10% with a significant risk of long-
term morbidity secondary to venous obstruction.

Pulmonary embolectomy is a dangerous procedure but may
be lifesaving in some parturients. The location and extent of
the embolus must be confirmed with angiography before sur-
gery; in fact, it has been stated this is the only indication for
angiography during pregnancy.81 Embolectomy should be re-
served to one obvious situation, when massive pulmonary em-
bolism occurs immediately after delivery when thrombolysis
should not be used. Criteria for intervention, according to one
investigator, include a systolic blood pressure less than 90
mm Hg, urine output less than 20 mL/h, and PaO2 less than
60 mm Hg after 1 h of nonoperative management. The mor-
tality from embolectomy is high (about 80%), and a minimum
success during pregnancy has been described.82

Other modalities of treatment include the use of inferior
vena caval filters to prevent pulmonary embolization in
women with extensive deep vein thrombosis.83 Other situa-
tions in which their use may be indicated include the follow-
ing: (1) patients in whom anticoagulation is contraindicated;
and (2) those who develop serious complications from anti-
coagulations, such as heparin-induced thrombocytopenia or
bleeding, or recurrent pulmonary embolism despite adequate
anticoagulation.84–86

Thromboprophylaxis

The incidence and prognosis of thromboembolism in preg-
nancy can be improved or prevented by careful screening of
patients for known risk factors such as family or personal his-
tory of thrombosis, and hereditary and acquired throm-
bophilia. The degree of risk is assessed in the antenatal pe-
riod and allocated to one of two categories:

1. Low-risk patients who had a single episode of previous
thromboembolism with no other factors

2. High-risk patients who have had multiple episodes or at
least one previous episode or have documented throm-
bophilia or a family history of thromboembolism

One should treat low-risk parturients with aspirin 75 mg once
daily from the time when pregnancy is confirmed to delivery,
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then switch to subcutaneous heparin, either unfractionated 
heparin 7500 U twice daily or low molecular weight heparin,
such as enoxaparine, 40 mg once daily. After delivery, one
should consider switching to warfarin. Treatment of high-risk
parturients should be the same as low-risk patients except that
high-risk patients should start taking subcutaneous heparin as
soon as pregnancy is diagnosed87–90 (Figure 24.1). The par-
turients receiving low molecular weight heparin should be
changed to regular heparin at 36 weeks of gestation.

Anesthetic Management

Anesthetic management depends upon when the patient devel-
ops her thromboembolism: in the perinatal period, during labor
and delivery or cesarean delivery, or postpartum. When throm-
boembolism has occurred before the time of delivery, the pri-
mary problem is providing anesthesia for an anticoagulated pa-
tient. When it occurs during labor and delivery the goal is to
provide resuscitation, including ventilation and oxygenation (fre-
quently necessitating endotracheal intubation), inotropic support,
rapid delivery if indicated, and anticoagulation. The goal of an-
ticoagulation is to prolong the partial thromplastin time (PTT)
1.5 to 2.5 times normal control. Many fear this significantly in-
creases the risk of regional anesthesia and consider epidural and
spinal anesthetics to be contraindicated in anticoagulated pa-
tients.91 Epidural, subdural, and subarachnoid bleeding resulting
in spinal cord compression and neurologic dysfunction has been
reported with regional anesthetics in anticoagulated patients.
Owens et al.92 reported 33 cases of spinal hematoma following
lumbar puncture or spinal anesthesia. Six of the cases were in
association with the administration of a regional anesthetic, and
27 of the cases involved lumbar puncture for diagnostic or ther-
apeutic purposes. Forty percent (13 patients) had received anti-
coagulant therapy (heparin, 6; Coumadin, 1; both, 6).

However, regional techniques have been administered to an-
ticoagulated patients without complications. Odoom and Sih93

reported the results of more than 1000 lumbar epidural blocks in

950 patients undergoing vascular surgery. All patients received
oral anticoagulants preoperatively, and the majority also received
intravenous heparin intraoperatively. Ten percent of patients ex-
perienced postoperative backache, but no side effects were ob-
served that indicated epidural hemorrhage or hematoma, and no
patient developed neurologic complications. They concluded that
with adequate precautions epidural anesthesia can be safely used.

When thromboembolism occurs during labor and delivery
in a parturient for whom epidural anesthesia has already been
initiated, can the epidural be safely continued? Rao and El-
Etr94 reported their results on 3164 epidural and 847 sub-
arachnoid catheterizations in which all patients received in-
travenous heparin 1 hour after the institution of the regional
anesthetic. The activated clotting time (ACT) was maintained
at twice the baseline. They reported no incidence of peridural
hematoma. Matthews and Abrams95 also reported similar
findings on patients receiving intrathecal morphine before 
heparinization for cardiac surgery.

As with any anesthetic, the risks must be balanced by the
benefits to the patient. Although neurologic symptoms asso-
ciated with regional anesthetics may be rare, the effect of a
spinal or epidural hematoma can be catastrophic. There is al-
ways the possibility of vascular trauma secondary to needle
placement. Phillips et al.96 reported a 3% incidence of trauma
(bloody tap) with epidural and spinal procedures and noted a
6% incidence when multiple attempts were required. The in-
cidence of epidural vein cannulation has been estimated to be
about 1% during epidural procedures.97 Even among patients
receiving low-dose (minidose) heparin, there are no case re-
ports or prospective studies that provide assurance that spinal
and epidural techniques are safe.98

There are some advantages of regional anesthetics in pa-
tients with a high risk for thromboembolism. The high inci-
dence of thromboembolism following surgery has been re-
lated to blood flow stasis during anesthesia and may therefore
be modified by anesthetic technique. Several studies have
compared the risk of thromboembolism following general

FIGURE 24.1. Peak (4 h) anti-Xa levels throughout pregnancy
according to tinzaparin dose (low molecular weight heparin).
(Adapted from a Symposium on Venous Thromboembolism
held in Dublin, Ireland, on March 2, 2000, with permission.
Norris LA. Thrombosis: A threat to pregnancy. Thrombus Em-
bolus 2000;2:5–11.)
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anesthesia with that following epidural or spinal anesthesia in
patients undergoing procedures with a high risk of postoper-
ative deep venous thrombosis.98–102 In a randomized study by
Modig et al.,98 67% of patients developed proximal deep ve-
nous thrombosis, and 33% of patients developed pulmonary
embolism when total hip replacement was performed with
general anesthesia. When epidural anesthesia (continued for
24 h postoperatively) was used, these incidences were reduced
to 13% and 10%, respectively. Similarly, McKenzie et al.100

reported a reduction in the incidence of deep venous throm-
bosis from 76% to 40% by the use of spinal anesthesia in pa-
tients undergoing repair of femoral neck fractures. A similar
effect with epidural anesthesia has been reported in patients
undergoing open prostatectomy.101 The benefit of regional
anesthesia for thoracic or general surgical procedures has not
been conclusively demonstrated.102 It is also not known if
spinal-epidural anesthesia has a protective effect that is addi-
tive to other methods such as heparin or dextran prophylaxis.

Several mechanisms have been proposed by which spinal
or epidural anesthesia may decrease the incidence of deep ve-
nous thrombosis. The major effect is probably reversal of
blood flow stasis in the lower limbs due to a reduction in vas-
cular resistance as a result of sympathetic block; there may
also be a decrease in blood viscosity caused by hemodilution.
In contrast to spinal and epidural anesthesia, general anes-
thesia definitely reduces lower limb blood flow. The second
mechanism for the protective effect of spinal-epidural anes-
thesia is prevention of the hypercoagulable state that may fol-
low general anesthesia.

The recommendations for regional anesthesia techniques in
“minidose” anticoagulated parturients are shown in Box
24.2.99 Further recommendations include letting the epidural
block wear off at intervals to allow for neurologic assessment.
Should anticoagulation be instituted following epidural place-
ment, the catheter should be left in place until all systemic
anticoagulation is reversed or normalized. After catheter re-
moval, frequent neurologic examinations are necessary to de-
tect early changes indicating hematoma formation. Hematoma

diagnosis depends on physical examination, electromyogram,
computer myography, and magnetic resonance imaging stud-
ies. Should an epidural hematoma occur, recovery is unlikely
without surgical intervention.103

Considerations for general anesthesia include careful ma-
nipulation of the oral mucosa and gentle endotracheal intu-
bation, avoidance of any type of nasal tube placement, avoid-
ance of neck lines unless absolutely necessary, and close
observation of intraoperative and postoperative bleeding.

Summary

Physiologic changes in clotting factors and venous flow dur-
ing pregnancy increase the likelihood of deep venous throm-
bosis. Factors placing the pregnant woman at a higher risk in-
clude previous history of thromboembolic disease, surgery,
or bedrest for any reason during the pregnancy. In the high-
risk parturient (prior pregnancy-associated thromboembolic
event that is well documented), prophylactic therapy with
low-dose heparin is advised throughout pregnancy and con-
tinued for 2 weeks after delivery. Clinical diagnosis of throm-
bophlebitis or pulmonary embolus is unreliable and should be
confirmed objectively before therapy is started. The preferred
method of therapy is full anticoagulation followed by subcu-
taneous heparin for the remainder of the pregnancy and the
puerperium, although there is considerable controversy re-
garding long-term therapy. Fibrinolytic agents have no place
in pregnancy, and surgical therapy should be reserved for the
severely ill patient. If surgery is indicated for a pulmonary
embolus in a pregnant woman, anesthetic technique is based
on understanding the pathophysiology of pulmonary hyper-
tension. Anesthetic choice must include a careful considera-
tion of the risks of peridural hematoma formation with re-
gional anesthetics in anticoagulated patients.

Should a pulmonary thromboembolism occur during labor
and delivery, severe maternal pulmonary and cardiovascular
dysfunction may result, with concomitant fetal distress. Im-
mediate treatment includes tracheal intubation, ventilation
with 100% oxygen, establishment of large-bore intravenous
lines, arterial line placement for both blood pressure moni-
toring and arterial blood gas analysis, rapid infusion of intra-
venous fluids to maintain a high venous pressure and aug-
ment venous return, administration of sodium bicarbonate to
treat acidosis, and inotropic support. Massive embolism with
shock, hypotension, and hypoxemia may require cardiopul-
monary bypass104 and pulmonary embolectomy.

Amniotic Fluid Embolism

Amniotic fluid embolism is a rare, unpredictable, and unpre-
ventable obstetric catastrophe. It is initiated by entry of am-
niotic fluid into the maternal circulation and is characterized
by the sudden onset of severe dyspnea, tachypnea, and
cyanosis during labor, delivery, or the early puerperium.

Box 24.2. Recommendations for regional anesthesia in
“minidose” anticoagulated parturients.

1. Restrict regional techniques to mothers receiving heparin
no more frequently than every 12 h.

2. Before the initiation of the block, the bleeding profile
(ACT or aPTT) must be normal.

3. Utilize the left lateral position during block placement to
reduce aortocaval compression and distention of the
epidural veins.

4. Use a midline approach because lateral techniques are
more likely to lacerate epidural vessels.

5. Abandon the procedure and proceed with an alternate
anesthetic if a traumatic tap occurs.

Source: Adapted from Writer WDR. Hematologic disease: In: James FM,
Wheeler AS, Dewan DM (eds) Obstetric Anesthesia: The Complicated Pa-
tient. Philadelphia: Davis, 1998: 267.
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Amniotic fluid embolism was first reported by Meyer105 in
1926. It was reported again in an experiment on laboratory
animals by Warden in 1927.106 The importance of this con-
dition and these early studies was not established until 1941,
when Steiner and Lushbaugh107 noted the clinical and patho-
logic findings of eight women who died suddenly during or
just after labor. They performed experimental studies on lab-
oratory animals that produced the same severe disturbances
of cardiopulmonary function following the entry of amniotic
fluid into maternal circulation. Their study was documented
with pathologic findings of pulmonary embolism caused by
amniotic fluid particulate matter. Schneider et al.108 in 1968
showed that lethal qualities of human amniotic fluid infused
intravenously into dogs was greatly magnified by the addi-
tion of meconium.

Locksmith109 analyzed the clinical course of 46 cases of
amniotic fluid embolism and investigated possible underly-
ing pathophysiologic mechanisms of this condition. Hy-
potension, pulmonary edema, and adult respiratory distress
syndrome (ARDS) were the most frequent maternal findings.
Furthermore, there was evidence of fetal distress in all 30
cases in which amniotic fluid embolism occurred with a live
fetus in utero at the time of the event.

Incidence

The incidence of amniotic fluid embolism (AFE) has been re-
ported to be between 1 in 8,000 to 1 in 80,000 pregnancies;
a more realistic figure is likely between these two ex-
tremes.110–113 The mortality rate is very high. Although it is
a rare occurrence, it still remains a leading cause of maternal
and fetal death. Morgan114 in 1979 reviewed 272 cases doc-
umented in the British medical literature and reported a mor-
tality rate of 86%. From the same study, 25% of the deaths
occurred within the first hour of the onset of symptoms, in-
dicating that even with optimum critical care management a
high mortality rate persists. Not all sudden deaths in late preg-
nancy are due to AFE.

Maternal survival following AFE is rare. Data from
Clark115 suggest that only 15% of patients survive AFE with-
out consequences, which means that 85% of women either
died or sustained permanent neurologic damage following
documented AFE. Recent studies have suggested a lower in-
cidence of neurologic deficit in survivors, and recurrent non-
fatal cases are currently being reported. More recent reports
suggest only 36% of these patients died in the first 2 h, which
may reflect improved care of the critically ill pregnant woman.

Etiology

Predisposing factors for AFE include advanced maternal age,
multiple pregnancies, macrosomic fetuses, short duration of
labor, and intense contractions often augmented with an uter-
ine muscle stimulant such as oxytocin.116 Others suggest that
fetal demise, meconium staining of amniotic fluid, am-

niotomy, pregnancy-induced hypertension (PIH), cesarean
section delivery, abruptio placenta, placenta previa, ruptured
uterus, amniocentesis, insertion of an intrauterine pressure
catheter, pregnancy at term with the presence of an in-
trauterine device, and direct trauma to the uterus as in road
traffic accidents117 are also causative factors. A significant
association of AFE with advanced maternal age has been doc-
umented.114 AFE has also been reported with obstetric pro-
cedures in all trimesters of pregnancy as well as in the post-
partum period118 (Table 24.2).

Amniotic fluid embolus syndrome has been reported in as-
sociation with a myriad of conditions, including first and sec-
ond trimester abortion with saline, prostaglandins, and urea,
and hysterotomy. It has occurred during labor, at delivery,
and just after delivery, and one case even developed 32 h post-
partum. Most reported cases of AFE occur during labor; a
pattern of vigorous labor or hypertonic uterine contractions
or labor further stimulated by use of oxytocin often has been
implicated in the pathogenesis.116 Evidence for this associa-
tion (use of an oxytocic) is primarily anecdotal and must be
regarded with skepticism. In a review of this subject, Mor-
gan114 concluded: “In view of the very wide use of acceler-
ated labour and the rarity of amniotic fluid embolism, it must
be concluded that there is no direct association between the
two.” Placental abruption is present in up to 50% of cases and
may contribute to the pattern of uterine hypertonus associated
with AFE. In 40% of cases, fetal death is reported before the
acute clinical presentation.

In an analysis of data collected in other studies,119–122 the
age range was from 18 to 43 years, with 22 patients 30 years
old or older and 12 patients over 35 years of age. The parity
of patients ranged from one to eight; the majority of patients
were greater than three; however, there were four cases doc-
umented in primaparas. The gestational ages of the pregnan-
cies in the patients who subsequently died ranged from 38 to
44 weeks. These data, of course, are excluding those patients
who died of AFE secondary to saline or other fluids injected
intraamniotically to induce abortion.

The characteristics of the labor pattern varied. However, it
is of interest to note that four patients developed amniotic em-
boli without evidence of labor occurring. The majority of pa-
tients were in various stages of labor either spontaneously or
augmented (in 22% labor had been induced, and in 11% la-
bor had been augmented with an oxytocic agent). The aug-
mentation or induction of labor was instituted for the usual
reasons: ruptured membranes without consistent uterine con-

TABLE 24.2. Obstetric procedures reported with amniotic 
fluid embolism.

First trimester suction abortion
Second trimester abortion by saline, prostaglandin, urea, or hysterotomy
Amniocentesis
Amnioinfusion
Normal vaginal delivery
Cesarean section
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tractions or postmaturity, in one woman due to PIH and in
one case who was electively induced. In 10%, labor was aug-
mented because of poor progress. Of parturients who labored
spontaneously, 44% had tumultuous and unusually short
labors averaging less than 1 h in duration. No comparably
short labors or precipitous deliveries were identified in the
parturients who received oxytocin stimulation, nor were
tetanic contractions reported.

The membranes were documented to be intact in three cases
at the time the embolism or onset of symptoms occurred. In
most cases studied, the membranes had ruptured either spon-
taneously or by amniotomy before the onset of symptoms.
There is, however, documentation indicating that simultane-
ous rupture of membranes with onset of symptoms of AFE
and meconium fluid was present in approximately 75% of
these women.107

Concerning fetal factors, no clear pattern of fetal presenta-
tion, position, or engagement could be ascertained; most cases
documented indicate a vertex presentation. There was gener-
ally a lack of documentation associating station of the pre-
senting part with onset of symptoms. It could be assumed, be-
cause the onset of symptoms occurred just before or during
delivery, that the fetal presenting part was engaged.

The size of the infants varied from 5 to 11 pounds, but the
data particular to exact weight of all infants were not avail-
able. There is a high incidence of fetal deaths and intrapartum
death of infants, and of those few infants born alive, a very
high percentage die in the neonatal period. In one study of 21
infants for whom information was available, 9 died, 5 intra-
partum. Ten live births were recorded in this particular study,
but only 2 infants were documented to have survived. There
is a disproportionately large number of stillbirths, and some
researchers believe that the presence of a dead fetus reduces
the strength of the membranes and greatly increases the quan-
tity of particulate matter in the amniotic fluid.123

For AFE to occur, the fluid must enter into the maternal
circulation. Currently, there are three recognized conditions
that must exist for this to result: amniotomy, laceration of en-
docervical or uterine vessels, and a pressure gradient suffi-
cient to force the fluid into the maternal circulation.

A tear or rent in the membranes, such as occurs with am-
niotomy, has been associated with proven embolism.124 Var-
ious sites of entry of amniotic fluid into maternal circulation
have been suggested. Laceration of the endocervical veins can
occur during the normal process of cervical dilation and ef-
facement, although more severe lacerations may occur with
a very rapid and tumultuous labor or vigorous cervical ma-
nipulation associated with vaginal examination. Uterine ves-
sels can be damaged through surgical procedures such as ce-
sarean section or amniocentesis. Trauma is also responsible
for causing damage of the uterine vessels. According to Land-
ing,125 an abnormal opening of the uterine vessels, either de-
cidual or myometrial, that occurs with uterine rupture, pla-
centa accreta, cesarean section, or retained placenta may
provide a portal of entry for amniotic fluid. Abruptio placen-

tae, whether marginal or complete, as well as any degree of
placenta previa, could also provide a route of entry. If amni-
otic fluid finds an open maternal venous sinus, it could be
pumped by a vigorous contraction through the disrupted am-
niotic membrane, with resultant embolization.

Intraamniotic injection of fluid (e.g., hypertonic saline,
saline solution, or urea) causes a rise in intrauterine pressure
that may be greater than that associated with normal labor.
Frost126 in 1967 reported a woman with a hydatidiform mole
who died of trophoblastic embolization of the lungs follow-
ing injection of intraamniotic hypertonic saline. A review of
deaths following legal abortions in the United States from
1972 to 1978 revealed that 15 (12%) were due to AFE; all of
these followed intraamniotic injections, and none followed
uterine curettage.127 The clinical symptoms in these women
were the same as in those with embolism occurring at term.
This study also revealed gestational age to be a significant
factor. No deaths occurred below 12 weeks of gestation, but
the mortality was 7.2 in 100,000 at 21 weeks or more, repre-
senting a risk factor 24 times greater after 21 weeks gesta-
tion.127

Due to the rarity of the condition combined with the fact
that diagnosis is most often made during the postmortem ex-
amination, it is difficult to determine a definite cause and ef-
fect with this catastrophic obstetric event.

Pathophysiology

The two life-threatening consequences of AFE, cardiopul-
monary collapse and disseminated intravascular coagulation,
may occur in sequence or together. The physiology of AFE
results in pulmonary hypertension with a sudden reduction of
blood flow to the left heart, decreased left ventricular output,
and subsequent peripheral vascular collapse. The sudden de-
velopment of pulmonary hypertension precipitates acute cor
pulmonale and congestive heart failure that thereby cause pul-
monary edema. The derangement of the ventilation/perfusion
ratio of the lungs produces hypoxemia and tissue hypoxia.
Multiple emboli are usually necessary to cause this acute on-
set of symptoms.

The toxicity of intravenously infused fluid appears to vary
remarkably. Although mechanical obstruction of the pul-
monary vessels occurs from plugging by fetal squamae and
hairs, the severity of the clinical symptoms does not neces-
sarily correlate with the amount of debris.128–133 Interestingly,
multiple authors have described the appearance of squamous
cells in the uterine and pulmonary vessels of asymptomatic
pregnant women but also among patients who have had coro-
nary bypass surgery.133–136

Meconium includes shed fetal squamous cells (squames),
fetal hairs, vernix caseosa, and mucin. If the severe pulmonary
vascular obstruction and cor pulmonale that develop are not
immediately fatal, hemorrhage from disseminated intravas-
cular coagulopathy is soon evident. The cause of disseminated
intravascular coagulopathy is controversial. Evidence sug-
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gests a potent thromboplastic action of amniotic fluid that
causes disseminated deposition of fibrin clots and activation
of the lysis system. These hemodynamic processes defibri-
nate the blood,131 resulting in afibrinogenemia, coagulopathy,
and subsequent hemorrhage.132 The powerful thromboplastin
effects of trophoblasts are well established; systemic release
of trophoblastic material may play an even greater role in the
coagulopathy of AFE than has been appreciated.

Kitzmiller and Lucas have shown that amniotic fluid col-
lected during labor as compared to fluid collected before la-
bor has greater toxicity when infused into rabbits.132 The par-
ticular substance mediating this reaction is still unknown.
Prostaglandins and leukotrienes produce many of the hemo-
dynamic and hematologic effects present in patients with AFE
and have been implicated by some researchers.133 These
metabolites of arachidonic acid are present in increased quan-
tities during labor.134

Some researchers postulate that an acute anaphylactoid re-
action may play a part in the development of the cardiovas-
cular collapse.135 For a true anaphylactic reaction to occur,
sensitization is required, but evidence for this is inconclusive.
Stefanini and Turpini136 noted that an intravenous injection
of 15 mL homologous amniotic fluid in dogs produced no ef-
fect, but 1 month later, further administration of a 15-mL
aliquot, which had been kept frozen, resulted in hypotension,
hypofibrinogenemia, and thrombocytopenia. It was therefore
suggested that the animal had become sensitized to amniotic
fluid and that this might occur in humans. It is possible that
penetration of amniotic fluid into the systemic circulation dur-
ing the antepartum period causes a state of sensitization in
humans, and subsequent entry into the circulation during la-
bor and delivery induces an acute anaphylactic reaction. How-
ever, the absence or rarity of pruritus, urticaria, laryngospasm,
or wheezing in case reports indicates that this is not a mast
cell-mediated mechanism.

The most significant pathologic findings at autopsy are lim-
ited to the lungs. The lungs show gross evidence of pulmonary
edema (in 70% of cases).137 Alveolar hemorrhage and pul-
monary embolism of amniotic fluid materials are present; the
presence of embolic particles is essential for diagnosis, but
on histologic search, they may be missed because of their
small size.138 The particles are composed of amorphous de-
bris, epithelial squames, and mucin (from meconium); they
tend to lodge in small arteries, arterioles, and capillaries of
the lungs.131 Because uterine trauma is a significant factor in
the pathogenesis, signs of uterine laceration or uterine rup-
ture may be evident.138 Acute right ventricular dilation is usu-
ally present. From recent experiences with hemodynamic
monitoring during the resuscitation of parturients with AFE,
Clark115 described a biphasic response to amniotic fluid em-
bolism. The early phase consists of transient (but perhaps in-
tense) pulmonary vasospasm, which probably results from the
release of vasoactive substances; this may account for the
right heart dysfunction that is often fatal. This phase proba-
bly has a duration of less than 30 min.139,140 Low cardiac out-

put leads to increased ventilation/perfusion mismatch, hy-
poxemia, and hypotension. Of interest, right heart function
and pulmonary artery pressures are usually close to “normal”
by the time that hemodynamic monitoring is begun in humans
during resuscitation from AFE.141–144 A second phase of left
ventricular failure and pulmonary edema often occurs in those
women who survive the initial insult.115,139

A common link among these investigations is the sugges-
tion that the lung injury patterns of AFE are multifactorial. Dis-
seminated intravascular coagulation, commonly observed as
late sequelae, may be attributed to antithrombin or thrombo-
plastin-type effects of amniotic fluid or even complement ac-
tivators.145 The enormous number of compounds present in hu-
man amniotic fluid make all these proposals quite plausible.

Clinical and Laboratory Diagnosis

In a small percentage of parturients, the onset of symptoms
has begun before labor was clinically evident. The majority
of women develop symptoms during the latter part of the first
stage of labor, and a lesser number become acute during birth.
Two cases have been documented that were associated with
delivery of the placenta, and only one case has been docu-
mented to occur as late as 32 h postpartum. In one series, 45%
of cases were associated with placental abruption of varying
degrees. Many writers believe this to be one of the primary
catalysts in the development of an AFE.

In a review of obstetric cases who had developed amniotic
embolism,146 the most common complications that were al-
ready present or developed during delivery are listed in order
of frequency of occurrence: severe amnionitis, moderate to
severe PIH, cephalopelvic disproportion, and traumatic mid-
forceps delivery.

Prodromal symptoms in AFE are sudden chills, shivering,
sweating, anxiety, and coughing followed by signs of res-
piratory distress, convulsions, shock, and cardiovascular 
collapse. All women were conscious during the onset of
symptoms. Respiratory difficulty, evidenced by cyanosis,
tachypnea, and bronchospasm, frequently culminates in ful-
minate pulmonary edema. Hypoxemia explains the cyanosis
and likely accounts for the restlessness, convulsions, and
coma. Reflex tachypnea results from the decreased arterial
oxygen saturation, and cardiovascular collapse, heralded by
hypotension, tachycardia, and arrhythmia, may end in car-
diac arrest.

Convulsions may be an early manifestation of involvement,
combined with cerebral ischemia, and eventually may lead to
coma and death. If the parturient survives this initial episode,
bleeding occurs secondary to disseminated intravascular coag-
ulopathy and uterine atony. In all cases studied, bleeding was
never documented as one of the first indications. A definitive
diagnosis is usually made at postmortem examination by
demonstration of amniotic fluid material in the maternal cir-
culation and the small arteries, arterioles, and capillaries of the
pulmonary vessels. In the living woman, diagnosis can be made
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by identification of lanugo or fetal hair and fetal squames in an
aspirate of blood from the right heart. Fetal squames have been
recovered in the maternal sputum in some cases. In the past,
physicians thought that detection of fetal squamous cells in 
the pulmonary circulation was pathognomonic of AFE.147,148

However, obstetricians have detected fetal squames in the pul-
monary circulation of both antepartum and postpartum women
with no clinical evidence of AFE. Recently, Kobayashi et al.149

described the use of a monoclonal antibody for detection of an
amniotic fluid-specific antigen in the maternal circulation of
parturients with signs and symptoms of AFE.

Additional diagnostic tools for confirmation of AFE sus-
pected by the classic clinical picture include (1) chest X-ray,
which may show enlarged right atrium and ventricle and
prominent proximal pulmonary artery (in massive pulmonary
embolism) and pulmonary edema; (2) lung scan, which may
demonstrate some areas of reduced radioactivity in the lung
field; (3) central venous pressure (CVP), with an initial rise
due to pulmonary hypertension and eventually a profound
drop due to severe hemorrhage; and (4) measurement of blood
coagulation factors. In pregnancy, blood coagulation factors
are normally increased. However, with AFE, evidence of dis-
seminated intravascular coagulopathy ensues with failure of
blood to clot, decreased platelet count, decreased fibrinogen
and afibrinogenemia, prolonged prothrombin time (PT) and
aPTT, and presence of fibrin degradation products.

In the differential diagnosis of AEF, the following entities
are to be considered150:

1. Thrombotic pulmonary embolism, which is usually caused
by a thrombus originating from the lower extremities or
pelvic veins, is usually associated with chest pain. How-
ever, it generally occurs later in the postpartum period and
may occur with evidence of venous thrombosis.151

2. Air embolism, which may follow a ruptured uterus, blood
transfusion under pressure, or manipulation of placenta pre-
via, can occur during labor or cesarean section. It is asso-
ciated with chest pain, but an important differentiating fac-
tor from AFE is the auscultation of a typical water-wheel
murmur over the pericardium.152

3. Aspiration of gastric contents into the lungs causes
cyanosis, tachycardia, hypotension, and pulmonary edema
(similar to AFE). However, acid aspiration is usually seen
in an unconscious patient with loss of the cough reflex,151

or during induction or emergence from general anesthesia.
4. Eclamptic convulsions and coma in a pregnant patient may

resemble this syndrome, but the state of shock in AFE, as
well as the presence of hypertension, proteinuria, and
edema152 in the eclamptic patient, differentiate these two
conditions.

5. Convulsions from toxic reaction to local anesthetic drugs
may be confused with this syndrome. However, the close
temporal relationship between the onset of symptoms and
administration of the drug153 is an important differentiat-
ing factor. Also, hypertension is usually present in the clin-
ical picture of drug toxicity.

6. Acute left heart failure (seen most commonly in pregnant
patients with rheumatic heart disease) may simulate an
AFE, but the history of previous disease with ECG changes
and other clinical symptoms, for example, cardiac murmur,
helps in the diagnosis.

7. A cerebrovascular accident may be considered in the dif-
ferential diagnosis, but it is distinguished from AFE by the
absence of cyanosis, hypotension, and pulmonary edema.
Also, examination of cerebrospinal fluid should help in the
diagnosis.

8. Finally, hemorrhagic shock in an obstetric case, which is
usually associated with ruptured uterus, uterine inversion,
abruptio placentae, and placenta previa, may lead to the er-
roneous diagnosis of AFE. A careful history and physical
examination, absence of cyanosis, and presence of low
CVP with hemorrhagic shock should lead to the correct 
diagnosis.

A search from serologic evidence to confirm the diagnosis
of AFE has been carried out by Oi et al.128 These investiga-
tors used monoclonal antibodies assay of the mucin-like gly-
coprotein, sialyl Tn (STN). Significantly higher serum STN
levels were found in patients with clinically apparent AFE
than in controls. In an additional experiment, the same in-
vestigators used immunohistochemical staining with a mono-
clonal antibody, TKH-2 (directed to STN), to show the pres-
ence of STN-containing mucin in lung tissue obtained from
parturients who died of apparent AFE.154

When correlated with clinical signs and symptoms, other
diagnostic tools may be employed to support the presumptive
diagnosis of AFE. Shechtman et al.155 recently used trans-
ophageal echocardiography to demonstrate acute right ven-
tricular failure, severe tricuspid regurgatation, and markly el-
evated right side heart pressure occurring during an acute
episode.

Chest radiography is a helpful tool, but, similar to echocar-
diography, it is limited by a lack of specificity. The chest film
frequently reveals only diffuse pulmonary edema.156 How-
ever, cystic-appearing lung masses have been observed.145

Kanayama et al.157 have also reported maternal plasma lev-
els of zinc coproporphyrn-1 as a characteristic component of
meconium. Lunetta and Penttila158 proposed an immunohis-
tochemical analysis for identification of syncytiotrophoblas-
tic cells and megakaryocytes to provide more precise data on
the incidence and distribution in physiologic and pathologic
conditions of AFE. Other investigations including electrocar-
diography and pulmonary arteriography have not been shown
to be particularly helpful in the diagnosis of AFE. Today,
there is no single clinical or laboratory finding that by itself
can either prove or exclude AFE syndrome.

Obstetric and Anesthetic Management

To prevent AFE, trauma to the uterus must be avoided dur-
ing maneuvers such as insertion of a pressure catheter or rup-
ture of membranes. Incision of the placenta during cesarean
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delivery should also be avoided if possible.114 Because one
of the most frequent predisposing factors is considered to be
tumultuous labor, excessively strong and frequent uterine con-
tractions should be controlled by administration of intra-
venous beta-adrenergic drugs or magnesium sulfate.114 Also,
oxytocic drugs, which might precipitate tetanic uterine con-
tractions, should be used appropriately and judiciously.

In most cases, no therapy has proven effective. Whenever
unexplained cyanosis and shock develops during labor, a di-
agnosis of AFE should be considered.159 Assuming a diag-
nosis could be made before death, supportive measures should
be focused at cardiopulmonary resuscitation, blood volume
replacement, and treatment of coagulopathy.

Resuscitation should begin with endotracheal intubation and
mechanical ventilation using inspired oxygen concentrations
of 50% to 100% delivered by positive pressure and positive
end-expiratory pressure (PEEP). With the use of PEEP, func-
tional residual capacity may increase, and if oxygenation im-
proves, as evidenced by pulse oximetry or arterial blood gases,
a lowered PEEP setting may be tried. However, high PEEP
may produce a decrease in cardiac output, due to the effect on
the increased intrathoracic pressure, and subsequently decrease
tissue perfusion. Improved oxygenation may reduce pul-
monary capillary fragility and thereby decrease the severity of
pulmonary edema. To date, there has been no documentation
in the use of hyperbaric oxygen, and some authors think it
would be worthwhile in treating the severe tissue hypoxia. To
prevent or recognize further deterioration, careful monitoring
is essential. Placement of an arterial line to monitor arterial
blood gases and other pertinent chemistries, as well as a cen-
tral venous or Swan–Ganz catheter to monitor cardiac status
and state of hydration, are of enormous value.

The causes of pulmonary edema have been variably as-
cribed to vigorous fluid resuscitation, increased pulmonary
capillary permeability, and cardiac decompensation due to hy-
poxia and tachycardia. The severity of pulmonary edema cer-
tainly plays an important role in the initial gas exchange ab-
normality and duration of the aberration.

Currently, there is no clear regimen of drug therapy to 
reverse the symptoms and complications of AFE. Drug ther-
apy and other treatment have been supportive and aimed at
improving the ventilation/perfusion ratio, maintaining ade-
quate blood pressure, and treating disseminated intravascular
coagulopathy.

The drug used to treat pulmonary complications such as
bronchospasm and vasoconstriction of pulmonary arterioles
is terbutaline, especially if the patient is undelivered with a
live fetus. Isoproterenol also relieves pulmonary vasocon-
striction and improves cardiac function, although it can cause
peripheral vasodilation, which will exacerbate the hypoten-
sion. Dopamine may be preferable to isoproterenol, as it im-
proves cardiac function and increases peripheral and renal per-
fusion unless given in too large a dose, which would decrease
renal perfusion. Administration of aminophylline for its bron-
chodilation and cardiac stimulation effects is controversial,
especially because of the tachycardia it produces.

Hydrocortisone in pharmacologic doses up to 2 g/24 h re-
duces pulmonary vasospasm and pulmonary edema and po-
tentiates the cardiac response to catecholamines. In the event
of heart failure, digitalization with a rapid-acting agent is rec-
ommended.160 Diuretics can be used if pulmonary wedge
pressure is elevated. Indomethacin has been effective in treat-
ing severe pulmonary hypertension in laboratory animals and
should be considered. In a condition with such a high rate of
mortality, there would be nothing to lose.

Hypotension should be treated first by left uterine dis-
placement if the parturient is undelivered; this can be ac-
complished easily by insertion of a wedge under the right hip.
The vasopressor of choice is ephedrine because it does not
decrease uterine perfusion. However, if the fetus has expired
or perhaps is already delivered, isoproterenol or dobutamine
can be used. The fluid of choice should be lactated Ringer’s
because its pH is closest to that of blood; the rate of infusion
depends on the CVP values or filling pressures if a
Swan–Ganz catheter is in place. If acidosis is present, as ev-
idenced by blood gas values, sodium bicarbonate should be
administered.

Treatment of the bleeding diathesis requires blood re-
placement using fresh whole blood, when available, so that
the clotting factors so badly needed are intact. Cryoprecipi-
tate and platelet infusions are also required to help combat
the coagulopathy. Heparin therapy is controversial; some pa-
tients have been documented to survive with its use, but there
is documentation of survival without using heparin.

Uterine bleeding in a woman already delivered should be
controlled by massage and use of intravenous oxytocin. If
uterine bleeding is unresponsive to these methods, one should
consider exploration for retained placenta or membranes or a
search for cervical or uterine lacerations. Methylergonovine
is also a strong uterine stimulant and can be given very slowly
by intravenous push. The use of prostaglandins (Hemabat) to
control hemorrhage is controversial and may cause bron-
chospasm or pulmonary hypertension. The use of amino-
caproic acid and aprotinin is not well documented in treat-
ment of amniotic embolus, but they can be used when rapid
reversal of the lytic state is needed before delivery. Aprotinin
(Trasylol) should be the drug of choice if the fetus is still vi-
able, because it does not cross the placenta; aminocaproic acid
does cross the placenta, and it is teratogenic as well.

When AFE occurs, the accompanying respiratory distress,
cardiovascular collapse, and hemorrhagic tendency are con-
traindications to any regional techniques. If severe shock de-
velops, general anesthetics must be administered with extreme
caution. Because immediate delivery is indicated, emergency
cesarean section is usually required. These women are young
and typically healthy before the onset of AFE. Resuscitative
measures must be aggressive. Alon et al.161 reported the suc-
cessful use of cardiopulmonary bypass and pulmonary artery
thromboembolectomy for treatment of postpartum shock
caused by AFE. Large-volume, rapid intravenous infusion de-
vices may be invaluable during resuscitation. The choice of
anesthetic agents will depend on the expectant mother’s con-
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dition, and aggressive cardiopulmonary resuscitation may be
all that the anesthesiologist can provide. Anesthetic agents
that produce myocardial depression must be avoided.

Summary

Amniotic fluid embolism, although fortunately rare, is one of
the most catastrophic situations in obstetrics. The clinical
events in this syndrome include cardiopulmonary collapse and
disturbances of the clotting mechanism. Although maternal
and fetal prognosis is grave, death need not be the inevitable
outcome if early diagnosis is followed by prompt and ag-
gressive management. Recently, there have been several pub-
lished cases of patients who survived AFE.104,161 Also, Clark
has reported two cases of successful pregnancy outcomes in
women who survived AFE in earlier pregnancies.115

Venous Air Embolism

Venous air embolism can occur in any surgical patient in
whom the operative field is 5 cm or more above the right
heart. In obstetrics, there are numerous situations in which
venous air embolism can develop, including vaginal delivery,
cesarean section, manual extraction of the placenta, and after
the insertion, disconnection, or removal of central venous
catheters. In addition, several reports have suggested that the
injection of air, as part of the loss of resistance technique,
during insertion of an epidural anesthetic may also precipi-
tate air embolism.162–164

The phenomenon of air embolism has been recognized as
a pathophysiologic condition at least since the time of the
Napoleonic wars, when Baron Larre first observed that cav-
alry officers suffering saber wounds of the head and neck fre-
quently died not as a result of blood loss but as a result of air
bubbles in the right heart and pulmonary circulation.165 Al-
though the first diagnosed intraoperative air embolus occurred
in 1818 during the excision of a supraclavicular tumor,166 it
was not until 1839 that the concept of the “dangerous region”
for surgery was promulgated.167 In those times, when surgery
was performed on conscious patients in the sitting position,
it was noted that air embolism could occur whenever the sur-
gical site was “above the level of the venous pulsations.” Typ-
ically, these events were described as an audible hissing sound
in the surgical field, followed by the patient’s crying out ex-
pressing a sense of impending doom.168 Often, a “lapping”
or “murmuring” sound could be heard in the patient’s chest
just as the vital signs deteriorated and the patient died.162 By
1885, Senn169 had described the pathophysiology of air en-
trainment from cranial veins in great detail. It has been sug-
gested that 100 mL air can enter the circulation through a 14-
gauge catheter in 1 s.170

During an episode of venous air embolism, the cardiovas-
cular, pulmonary, and central nervous systems may all be af-

fected, with severity ranging from no symptoms to immedi-
ate cardiovascular collapse and death. According to Matjasko
et al.,171 the incidence of severe morbidity or mortality from
venous air embolism, even as a consequence of neurosurgery,
is only about 1% when patients are treated adequately and in
a timely fashion.

Incidence

Until perhaps the past 20 years, it was considered highly un-
likely that venous air embolism could occur during a cesarean
or vaginal delivery. Venous air embolism had been a well-
recognized potential complication in abdominal, orthopedic,
plastic, urologic, thoracic, and head and neck procedures, and
had also been noted to develop in neurosurgical cases in the
lateral, prone, and supine positions.172 Legallois first pro-
posed it as a potential danger in pregnancy in 1829,173 and
later in 1845 the first case of a fatal air embolism in associ-
ation with pregnancy was reported. Since that time, similar
reports from others have followed.170–178

The incidence of venous air embolism in pregnancy has not
been accurately known,176 in part because of the difficulty
encountered in making the diagnosis. In fatal cases, the re-
ports and autopsy evidence may not be of sufficient detail to
allow the diagnosis to be made with certainty. In nonfatal
cases, there are no clinical signs and symptoms that are spe-
cific only for venous air embolism. Previous attempts at de-
termining the incidence were based on reports of maternal
deaths. Klein et al. reported 2 deaths in 254,249 live births.156

Barno and Freeman reported 6 deaths in 559,843 live
births.177 Similar data from England and Wales indicate 7
deaths in approximately 750,000 live births.178 It might be
concluded that the incidence of maternal mortality from ve-
nous air embolism is approximately 1 per 100,000 live births.
In the most recently published statistics for maternal deaths
in the United States,179 25 cases (about 1%) were thought to
be caused by venous air embolism, although the circum-
stances of these deaths were not disclosed in detail.

But what is the true incidence of venous air embolic events?
Studies by Malinow et al.180 and Fong et al.181 indicate that
although maternal death from venous air embolism may be a
rare event, the occurrence of venous air embolism during ce-
sarean section may be more common than previously appre-
ciated. Using a precordial Doppler signal change as evidence
of an embolic event, Malinow noted positive Doppler change
in 52% (46 of 89) of the women undergoing cesarean sec-
tion.180 Fong et al.181 monitored patients with both precordial
Doppler and precordial two-dimensional echocardiography
and noted a 71% incidence of changes indicating venous air
embolism during general anesthesia for cesarean section and
a 39% incidence during epidural anesthesia for cesarean sec-
tion. Only 1 of 129 parturients (0.78%) in Fong’s study ex-
perienced chest pain, dyspnea, ventricular tachycardia, and
hypotension. A 100% correlation between the two detection
modes was also demonstrated. Lew et al.,182 however, em-
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ploying more sophisticated monitors such as expired nitrogen
concentrations as well as precordial Doppler, detected an in-
cidence of venous air embolism of 97% in patients undergo-
ing cesarean delivery.

Etiology

For venous air embolism to occur, certain conditions must ex-
ist. As noted by early experimentation, there must be vascu-
lar access and a gradient between the incisional area and the
right heart to promote the movement of air.183 Gradients as
small as 5 cm have been shown capable of entraining large
amounts of air (up to 200 mL).184 Nelson provides the fol-
lowing summary of the physiologic defects that singly or in
combination are required for a venous air embolic event176:

1. Fixation of the traumatized vein, which prevents normal
vascular retraction. The uterine veins, because of their po-
sition, course, and fixation, have been assessed to be the
most vulnerable to air embolism.

2. Gravity, as venous drainage secondary to gravitational ef-
fects creates a high negative pressure. Such veins, when
opened, will forcibly entrain air.

3. Suction effect of respiration and circulation: the negative
intrathoracic pressures generated with inspiration augment
venous return to the heart through increased venous nega-
tive pressure.

4. Introduction of gas under pressure into the body.

Certain features of pregnancy and parturition make venous air
embolism possible176:

1. The availability of the uterine sinuses to the entrance of
air. Air forced into the vagina during pregnancy, as may
occur with douching, abortion, or insufflation, can result
in venous air embolism. In addition, these sinuses can be
exposed during low-segment cesarean sections, uterine rup-
ture, and placenta previa.

2. Manipulation of the uterus in labor and the puerperium.
Uterine manipulation, manual extraction of the placenta,
and incision of the uterus may all result in the opening of
uterine venous sinuses and possible entrance of air. Mali-
now et al.180 noted positive Doppler changes occurring
74% at the time of hysterotomy, 2% with the delivery of
the infant, 13% with the delivery of the placenta, and 11%
during hysterotomy repair. Fong et al.181 noted a 20% oc-
currence of venous air embolism by precordial two-
dimensional echocardiography with uterine incision, 6%
with delivery of the infant, 26% with placental removal,
and 34% with uterine closure under epidural anesthesia.
Under general anesthesia, there was a 10% incidence with
uterine incision, 30% with placental removal, and 90% with
uterine closure.181

3. Negative intraabdominal and uterine venous pressure sec-
ondary to positional change. The knee-chest and Trende-
lenburg positions can create significant negative intraab-

dominal pressure and increase the gravitational gradient
draining the uterine venous sinuses.

4. Douching during pregnancy, although well recognized as
a hazard, continues to be a popular practice. It creates a sit-
uation where air can be forcibly introduced into the vagina
with subsequent risk of venous air embolism. Recently, a
case of a venous air embolism following orogenital sex dur-
ing pregnancy was also reported.183

In a review of 45 fatal cases and 2 nonfatal cases, the fol-
lowing etiologic factors were noted.184 The average age was
32 years. Seven of the parturients (17%) were delivered by
cesarean section with either no labor or incomplete labor.
Among the laboring women, when venous air embolism de-
veloped, it occurred in 12 cases in the first stage, 12 in the
second stage, and 14 in the third stage. The most frequently
associated finding was placenta previa, which occurred in
24% of women. Manual extraction of the placenta was per-
formed eight times.

Venous air embolism has also been reported in the puer-
perium. A review of 25 cases occurring within the first day
after delivery revealed the following details.176 The average
age of the women was 32 years. The venous air embolism
was delayed from 1 to 6 h after delivery; 6 patients collapsed
following uterine irrigation, 3 with packing of the uterus, and
1 with manual exploration of the uterus. In 7 of the cases, no
specific factor could be determined as the precipitating event.
There have also been 10 reported cases occurring after 24 h.
Five of these 10 cases occurred as a result of the knee-chest
position, a therapy at that time for retroversion and subinvo-
lution of the uterus in the puerperium. The feature common
to most of the cases of air embolism related to abortion is the
introduction into the uterus of a mixture of air and a solution
under pressure, with the resultant separation of the membranes
and entry of air into the dilated uterine sinuses.185 Other fac-
tors believed to be associated with the embolic event include
“violent jumping in bed” and uterine douching.

Pathophysiology

When air enters the venous system, pulmonary embolism,
coronary embolism, and cerebral embolism may all occur, re-
sulting in significant maternal morbidity or mortality. The
severity of the air embolism depends upon the size of the sub-
ject, the patient’s general condition, the rate of entrainment
of the gas, the type of gas, and the total volume of gas intro-
duced. Wolffe and Robertson186 demonstrated that the sever-
ity of gas embolism is proportional to body weight and pul-
monary artery size. The prolonged continuous entrainment of
about 1 to 3 mL/kg/min for as long as 1 to 2 min could re-
sult in a fatal embolism.184–187 In the presence of nitrous ox-
ide during general anesthesia, a smaller volume of air could
be rapidly doubled and produce a fatal embolism.

It has been proposed that when massive air embolism oc-
curs, the introduced air is collected in the right ventricle, cre-
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ating an “air trap” between the right ventricle and the pul-
monary artery.188 This air trap results in foaming of the blood,
loss of valve function, and loss of blood propulsion into the
pulmonary inflow tract. Central venous pressures increase,
and pulmonary artery pressures decrease. Because pulmonary
blood flow has ceased, oxygenation is impaired, and anoxia
results. Left ventricular filling is severely diminished, and car-
diac output drops to zero. Without immediate intervention,
cardiac arrest is inevitable. Boyer and Curry have shown that
bronchospasm also accompanies these circulatory changes.189

In nonfatal cases, small emboli do not produce the air trap but
enter the pulmonary circulation and may result in ventilation/
perfusion defects. “Paradoxical” embolism has also been de-
scribed, with patency of the foramen ovale.190 Once in the
left side of the heart, air emboli to the coronary or cerebral
circulation are possible.

Clinical and Laboratory Diagnosis

Signs of venous air embolism may include gasping (sponta-
neous) respiration, chest pain, increases in CVP, ECG
changes, hypotension, changes in heart sounds, cyanosis, and
cardiac arrest.191 Venous air embolism may or may not be
present with complaints of chest pain or dyspnea, perhaps de-
pending on the venous air volume. Malinow found a signifi-
cant relationship between unsolicited complaints of chest pain
or dyspnea during cesarean section and the occurrence of pos-
itive Doppler changes. The chest pain was described as ret-
rosternal, heavy, nonradiating, and lasting 5 to 10 min. In ad-
dition, 20% of the women with Doppler changes complained
of dyspnea and eight women complained of both chest pain
and dyspnea. Chest pain is not associated with the type of
anesthesia given nor with surgical exteriorization of the uterus
for hysterotomy repair.180

In some operative procedures, however, veins remain open,
supported by surrounding tissues so that even if venous pres-
sure is very low, the vein cannot collapse.192 Once in the ve-
nous system, air travels rapidly though the heart to the lungs.
Having arrived in the lungs, air in the pulmonary circulation
obstructs precapillary arterioles, thereby decreasing pul-
monary blood flow. The predominant pathophysiologic
changes induced by the majority of episodes of air venous
embolism occur in the pulmonary vasculature. The presence
of nitrogen in the air bubble (because nitrogen is the princi-
pal component of air) plays a major role in the evolution of
an air embolism. Because nitrogen is a relatively insoluble
gas, the consequences of a nitrogen embolus are more severe
than when soluble gases such as CO2 and N2O produce the
embolism.193 In a limited number of cases, some of them af-
ter cesarean section for placenta previa, symptoms of venous
air embolism occurred some hours after air entered the cir-
culation. This phenomenon is known as delayed air em-
bolism.194 The concomitant hypoxemia, ventilation/perfusion
mismatch, and increased dead space ventilation will be re-
flected in decreased oxygen saturation by pulse oximetry and

decreased end-tidal carbon dioxide as measured by capnog-
raphy. These changes can be verified by blood gas analysis.

Because treatment depends on rapid diagnosis and evacu-
ation of the air, an early sensitive method of detection is
needed. A precordial ultrasonic Doppler monitor is capable
of detecting as little as 0.1 mL intracardiac air.195 It has been
found that Doppler changes occur in about 50% of all patients
undergoing elective cesarean delivery under regional anes-
thesia. Precordial Doppler monitoring is simple and noninva-
sive. Patients are monitored with ultrasonic Doppler in the
horizontal position simultaneously with two-dimensional
echocardiography. There was a 100% correlation between the
simultaneous Doppler and echo-detection of emboli, which
most likely meant that they saw echolucent air emboli and
not echodense thromboemboli or amniotic fluid emboli. A
study by Vartikar et al.196 recommended oxygen saturation
monitoring as a routine practice to detect venous air embolism
in patients undergoing cesarean section. Venous air embolism
was often associated with a decrease in oxygen saturation,
and patients who demonstrated the greatest changes in satu-
ration were most likely to show persistent Doppler changes
and manifest clinical signs.

The role of precordial Doppler and two-dimensional
echocardiography during routine cesarean section for early
detection of venous air embolism is still undefined. It has been
suggested that precordial Doppler monitoring should be con-
sidered for cases at risk for air embolism, such as profound
hypovolemia, abruptio placentae, or placenta previa.175

Obstetric and Anesthetic Management

The best management of venous air embolism is prevention.
Although there is no study clearly documenting a therapeu-
tic technique for the prevention of this catastrophic event, the
elimination of such etiologic factors as uterine irrigation, vagi-
nal insufflation, knee-chest position, and Trendelenberg po-
sitions during the peripartum period has been suggested. It is
further suggested that obstetricians avoid placing traction on
the uterus and exteriorizing it, because exteriorization and par-
ticularly traction probably distend the venous sinuses, in-
creasing the risk of venous air embolism.184 Fong et al. re-
ported that air embolism could occur at any time during a
cesarean section, regardless of the anesthetic technique used:
before and after uterine incision with the delivery of the in-
fant, with the removal of the placenta, upon uterine closure,
and after uterine repair. No significant difference in the for-
mation of air emboli was found between manual extraction
and passive separation of the placenta, nor was placenta pre-
via associated with an increased risk.181

The foregoing findings and recommendations have since
been challenged. It is claimed that modest head-up patient
posture (5°–10°) did not influence the occurrence of venous
air embolism, nor could the very high incidence of “definite”
venous air embolism reported in the previous studies be sub-
stantiated.197 The findings also differed regarding the distri-
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bution of venous air embolism in relation to operative events:
the highest incidence of venous air embolism occurred with
delivery of the placenta rather than during hysterotomy or
uterine closure. Perhaps these findings are to be expected, be-
cause shortly after placental separation, large uterine sinuses
lie open and are vulnerable to the entry of air from a now-
empty uterus.

When venous air embolism does occur, immediate treat-
ment is needed, and the following recommendations have
been made191:

1. Prevent further embolization by placing the patient in re-
verse Trendelenberg position with a 15° left-sided tilt. This
position tends to prevent air from entering the right ven-
tricle, therefore allowing easier aspiration from the supe-
rior vena cava via a central catheter. By lowering the uterus,
the negative pressure gradient in the uterine venous sinuses
due to gravity drainage is eliminated. The surgical field
should also be flooded with normal saline to reduce and
prevent further entrainment of air.

2. Discontinue nitrous oxide, and provide 100% oxygen.
3. Start immediate cardiopulmonary resuscitation should

there be cardiovascular collapse.
4. Advance a catheter into the superior vena cava from a cen-

tral vein or peripheral vein access, and aspirate as much air
as possible.

5. If neurologic symptoms do develop, do a computed to-
mography scan immediately to search for possible para-
doxical air embolism. If intraaxial air is present in the brain,
hyperbaric oxygen therapy is necessary to reduce the bub-
ble size. Despite the suggested findings that low-magnitude
venous air embolism occurs frequently in cesarean sec-
tions, fortunately usually without major associated clinical
signs and symptoms of cardiopulmonary compromise,
there is little room for complacency. Although lethal ve-
nous air embolism is a rare event in obstetrics, even small
air bubbles in the circulation threaten parturients with a
patent foramen ovale, a surprisingly common abnormal-
ity.187 This fact should be borne in mind during cesarean
section, and the anesthetic management planned accord-
ingly. In women with known right-to-left shunts, epidural
anesthesia techniques involving the “loss of resistance with
air” should be avoided.

Routine monitoring for venous air embolism using
Doppler ultrasound would seem wise, especially in parturi-
ents likely to have a low CVP predisposing them to signif-
icant venous air embolism. In addition to the ultrasonic
Doppler air bubble detector, the hallmark for venous air em-
bolism detection involves end-tidal capnography as well as
helpful verification by air aspiration from a previously
placed central venous line. Women who are dehydrated af-
ter a prolonged labor may be especially at risk, as may par-
turients with compensated hemorrhagic shock. In these lat-
ter instances, the use of a multiorifice central venous catheter
would seem advisable, because this device allows effective

removal of air from the central circulation.198,199 It is un-
clear whether venous air embolism is responsible for those
electrocardiographic changes (e.g., ST-segment depression)
seen in 25% to 50% of all women undergoing cesarean de-
livery.200 The clinical significance of these electrocardio-
graphic changes is also unclear.

When the venous air embolism occurs, it is most likely that
the anesthetic will have already been chosen and adminis-
tered. There are no studies that provide conclusive evidence
that there is any particular anesthetic technique that should be
either avoided or advocated. Epidural and spinal anesthesia
without adequate volume preloading of the circulation could,
in theory, predispose the parturient to venous air embolism
by lowering CVP and increasing the right atrial to uterine
“negative” venous pressure gradient. Parturients appear to be
at greater risk of clinically significant venous air embolism
under general anesthesia,181 and the reduced risk with regional
anesthesia could be attributed to generous volume loading be-
fore induction of epidural or spinal anesthesia. In patients un-
der general anesthesia receiving nitrous oxide, small in-
significant nondetected air emboli could expand into larger,
detectable, clinically significant emboli201 because of the sol-
ubility characteristics of N2O. A recent report described treat-
ing a venous air embolism that had occurred during a cesarean
section with hyperbaric oxygen.202

Further investigation is needed to determine whether ni-
trous oxide administration with general anesthetics increases
the risk of venous air embolism during cesarean section.

Summary

The authors believe that the problem of venous air embolism
during cesarean section should be taken at least as seriously
as that of pulmonary acid aspiration and failed intubation. Al-
though there is evidence that venous air embolism is a com-
mon occurrence during cesarean section, maternal morbidity
and mortality are rare. Further research efforts are indicated
to define more clearly those mothers at particular risk of se-
rious venous air embolism. The contributions of different sur-
gical techniques, intraoperative positioning, and anesthetic
techniques to the incidence of venous air embolism also re-
quire elucidation.

We do not recommend the routine use of precordial
Doppler monitoring during cesarean section. However, high-
risk patients (those who are hypovolemic, or those with known
intracardiac shunts) may benefit from the use of precordial
Doppler monitoring. A high index of suspicion should ac-
company any complaints of chest pain or dyspnea, decreased
SaO2, hypotension, or arrhythmias. Should a parturient exhibit
symptoms of venous air embolism, immediate intervention
with possible central line placement and aspiration of the em-
bolized air is required to prevent significant maternal mor-
bidity or mortality. Early recognition of these signs and symp-
toms associated with venous air embolism should prompt the
appropriate response.
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25
The Anticoagulated Patient
Shiv K. Sharma and Kenneth J. Leveno

In 1856, Virchow suggested that there were three causative
factors in the development of thrombosis: stasis of blood, al-
teration of the vessel wall, and changes in the blood.1 These
are all physiologic and functional changes associated with
normal pregnancy and implicate Virchow’s causes in the pre-
disposition of pregnant women to have thromboembolism.
For these reasons, pregnant and postpartum women are five
times more likely to develop a thromboembolic event com-
pared with nonpregnant patients of the same age.2 Deep ve-
nous thrombosis (DVT), which occurs in approximately 1 in
1000 to 1 in 2000 of all pregnancies,3 continues to be the
leading cause of pulmonary thromboembolism in the peri-
partum period. Septic pelvic vein thrombosis and puerperal
ovarian vein thrombosis may also occur in pregnancy and re-
sult in pulmonary embolism. Thus, thromboembolism is a
common cause of maternal morbidity and mortality.4,5

The choice of anticoagulation agents to prevent and treat
thromboembolism is determined by the stage of pregnancy;
unfractionated heparin or low molecular weight heparin6 are
the agents of choice before delivery because of the embry-
opathy attributed to warfarin. Warfarin, however, is com-
monly used for continuation of anticoagulation following de-
livery of the infant. Anticoagulation is also administered to
pregnant women with a history of pregnancy loss due to the
antiphospholipid antibody syndrome, as well as other diseases
such as atrial fibrillation, and to those with prosthetic cardiac
valves.

Anticoagulated pregnant women present a challenge to both
the obstetrician and anesthesiologist. To minimize the possi-
bility of a poor outcome, it is necessary to understand the
anesthetic and obstetric implications of anticoagulation and
to have an optimal plan for anesthetic and obstetric manage-
ment when caring for these high-risk parturients.

Despite substantial experience, the use of anticoagulants in
pregnancy and the optimum time for discontinuation of ther-
apy remain controversial. There is difference of opinion not
only about the medical and obstetric approach but also re-
garding anesthetic management of anticoagulated pregnant
women.

The purpose of this chapter is to review the challenges and
areas of controversies associated with the anesthetic and ob-
stetric management of pregnant anticoagulated women.

Indications for Anticoagulant 
Therapy in Pregnancy

Anticoagulant therapy during pregnancy is indicated for the
prophylaxis and therapy of several medical conditions (Box
25.1).

Venous Thromboembolic Disease

Although venous thromboembolic disease is an uncommon
complication of pregnancy, it is one of the leading causes of
maternal morbidity and mortality in the United States and
other developed countries. Timely and appropriate treatment
of DVT in pregnancy has been shown to be associated with
approximately a fivefold reduction in the incidence of pul-
monary thromboembolism in these women.7,8 Available evi-
dence suggests that the risk of venous thromboembolic dis-
ease is higher after cesarean delivery and more so after
emergency cesarean compared to vaginal delivery.9 Also,
women with a history of DVT in a previous pregnancy have
an increased risk (with a recurrence rate of 4%–15%) of DVT
in subsequent pregnancies.10,11 Therefore, anticoagulant pro-
phylaxis is recommended in these women during pregnancy
and in the postpartum period.12

More than 25% of patients who develop an acute throm-
botic event may have an inherited predisposition to throm-
bosis.13 Women with congenital deficiencies of antithrombin
III, protein C, or protein S have approximately an eightfold
increased risk of thromboembolism during pregnancy com-
pared to normal pregnant women.14 Resistance to activated
protein C, which is frequently associated with factor V Lei-
den mutation, is by far the most common identified genetic
predisposition to thromboembolism.15,16 Indeed, approxi-
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mately, 60% of all women who develop thromboembolism
during pregnancy may have factor V Leiden.17 Other inher-
ited thrombophilic disorders, such as prothrombin gene 
mutation, hyperhomocysteinemia, and persistent antiphos-
pholipid antibodies, may also increase the risk of throm-
boembolism during pregnancy. Parturients at particular risk
for thromboembolic disease are summarized in Box 25.2.

Clinical signs and symptoms of DVT vary significantly and
depend mostly on the site and degree of occlusion. Common
clinical manifestations include pain, edema, red or pale skin
discoloration, and a positive Homn’s sign (calf pain on
stretching of the Achilles tendon). Making the correct diag-
nosis is of utmost importance because the diagnosis of DVT
commits the pregnant woman to a prolonged period of anti-
coagulation as well as treatment in future pregnancies.

Although venography or phlebography remains the stan-
dard for confirmation of DVT, noninvasive methods have
largely replaced this test to make the clinical diagnosis.
Venography is time consuming, expensive, cumbersome, and
has serious complications. Likewise, impedance plethysmo-
graphy, which was used for some time as a noninvasive
screening method, is seldom used today.

Real-time ultrasonography, used along with duplex and
color Doppler ultrasound, is currently the procedure of choice
to detect proximal DVT.18,19 It is important to note that a third
of women with negative findings on compression sonography
for DVT have an associated pulmonary embolism,20 either
because the thrombosis has already embolized, or because it
arose from deep pelvic veins inaccessible to ultrasound eval-
uation. More specifically, the thrombosis associated with pul-
monary embolism in pregnant women frequently originates
in the iliac veins.

Magnetic resonance imaging is reserved for specific cases

in which the ultrasound findings are equivocal or for those
with negative ultrasound findings but strong clinical suspi-
cion. This technique allows excellent delineation of anatomic
detail above the inguinal ligament, and phase images can be
used to diagnose the presence or absence of pelvic vein flow.
An additional advantage is the ability to image in coronal and
sagittal planes.21

Computed tomographic scanning also may be used to as-
sess the lower extremities. It is widely available but requires
contrast agents and ionizing radiation. Radiation exposure to
the fetus is negligible unless the pelvic veins are imaged.

Pulmonary Embolism

Pulmonary embolism in the pregnant woman is often a cata-
strophic event. Clinical symptoms of pulmonary embolism
are nonspecific and range from mild to severe chest pain,
shortness of breath, tachypnea, and hemoptysis to massive 
hypotension and sudden cardiovascular collapse. The differ-
ential diagnosis of these symptoms includes amniotic fluid
embolism, air embolism, cardiac decompensation, pneu-
mothorax, and aspiration. Blood gas analysis, electrocardio-
gram, and chest X-ray examination are first steps in diagno-
sis, but these tests are often nonspecific. Electrocardiographic
changes may include ST-T wave changes, right axis devia-
tion, P pulmonale, T-wave inversions, and dysrhythmias.22

Echocardiography has also been used to evaluate pulmonary
artery emboli.23 Placement of a pulmonary artery catheter may
reveal increased pulmonary artery pressure, increased central
venous pressure, and normal pulmonary capillary wedge pres-
sure with elevated pulmonary vascular resistance. For these
reasons, pulmonary angiography remains the ultimate method
for confirmation of the pulmonary embolism.

A first step in the workup of the pregnant woman for
whom there is a strong clinical suspicion of pulmonary em-
bolism usually includes perfusion lung scanning. A satis-
factory scan that is read as negative strongly excludes the
likelihood of pulmonary embolism. If the perfusion scan is
abnormal, a ventilation scan is performed. In the presence
of an abnormal ventilation scan without clinical findings of
DVT, pulmonary angiography is often performed to rule out
pulmonary embolism.

Atrial Fibrillation

Women with cardiac dysrhythmias are at increased risk of
thromboembolic events. Because most serious dysrhythmias
occur in older patients with ischemic heart conditions, there
is only limited experience with this problem in pregnancy,
and it is usually associated with rheumatic valvular disease.
Paroxysmal atrial tachycardia and persistent atrial tachycar-
dia may also be seen in pregnancy. Drugs of choice in treat-
ing arrhythmias in the pregnant woman include quinidine,
digoxin, and beta-adrenergic blocking agents. Anticoagula-
tion is often added to prevent arterial embolization.

Box 25.1. Common indications for anticoagulant therapy 
in pregnancy.

Venous thromboembolic disease
Pulmonary embolism
Prosthetic heart valves
Valvular heart disease with systemic embolization
Antiphospholipid antibody syndrome
Cardiac surgery
Cerebral thrombosis
Atrial fibrillation with embolization

Box 25.2. Pregnant women at risk for thromboembolic events.

Thromboembolism during previous pregnancy
Prolonged bedrest
Advanced maternal age (�35 years)
Multiparity
Antithrombin III deficiency
Protein C/protein S deficiency
Activated protein C resistance (factor V Leiden mutation)
Paroxysmal nocturnal hemoglobinuria
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Cardiac Surgery During Pregnancy

There is very little information available about the manage-
ment of women undergoing cardiac surgery during pregnancy.
Because of the great risk for fetal morbidity and mortality,
open heart surgery is generally performed only in emergency
situations. Despite the anticoagulation necessary for bypass,
there have been reports of maternal and fetal survival after
open heart surgery during pregnancy.24

Prosthetic Cardiac Valves

Hall et al.,25 in their review of 65 women with prosthetic heart
valves, reported that the 3 maternal deaths that occurred were
all related to thromboembolic events. Similarly, Hirsh et al.7

have reported that the morbidity and mortality associated with
antepartum thromboembolism was 15% in untreated women.
On the other hand, the risk of a thromboembolic event oc-
curring during pregnancy was shown to be reduced from 25%
to 5% if the woman with a prosthetic valve was anticoagu-
lated.26 Thus, the risk of withholding anticoagulation in a
pregnant woman with a prosthetic heart valve may outweigh
the potential risks of anticoagulation therapy. When maternal
risks are carefully weighed against fetal risks, many authors
agree that, for women with heart valve prostheses, anticoag-
ulation should be used throughout pregnancy and in the post-
partum period as well.27

Buxbaum and coworkers have found that women who
stopped their anticoagulation treatment during pregnancy
were at higher risk for thromboembolism than those who
never received anticoagulants.28 Chan and colleagues recently
reviewed the available literature to determine fetal and ma-
ternal outcomes of pregnant women on anticoagulation ther-
apy with prosthetic heart valves.29 They concluded that al-
though oral anticoagulants (warfarin) were associated with the
risk of embryopathy, they were more efficacious than heparin
for thromboembolic prophylaxis in pregnant women with me-
chanical heart valves. However, to improve outcome with 
heparin therapy in these women, high dose subcutaneous 
heparin (17,000–20,000 U every 12 h) has been suggested.30

Some investigators have used low molecular weight heparin
in pregnant women with prosthetic heart valves to reduce the
risk of thrombosis.31 Thus, when maternal risks are weighed
against fetal risks, most investigators agree that anticoagula-

tion should be used throughout pregnancy and in the post-
partum period for women with prosthetic heart valves.

Antiphospholipid Antibody Syndrome

The antiphospholipid antibody syndrome is an acquired hy-
percoagulable state that may precipitate both arterial and ve-
nous thrombosis.32 Because this syndrome was originally de-
scribed in women with lupus, and many of these women had
an antiphospholipid antibody that prolongs the activated par-
tial thromboplastin time (aPTT), it has been given the name
lupus anticoagulant.33 Although many tests can be performed
to identify the woman with antiphospholipid antibody syn-
drome, anticardiolipin antibody is considered to be the most
sensitive. Pregnant women with this syndrome, if untreated,
have a high incidence of placental infarction and miscar-
riage32 and may develop preeclampsia and fetal growth re-
striction.34 Although there is some controversy regarding the
treatment of these women, it has been suggested that fetal
losses are reduced if a combination of heparin and low-dose
aspirin is used.35,36

Anticoagulants

Anticoagulants used during pregnancy are standard unfrac-
tionated heparin and, more recently, low molecular weight 
heparin. Warfarin is, with rare exceptions, considered con-
traindicated before delivery, but it is commonly used post-
partum. The major pharmacologic characteristics of these
drugs are listed in Table 25.1.

Heparin

Heparin is a member of a heterogeneous group of straight
chain anionic mucopolysaccharides called glycosaminogly-
cans that have molecular weights averaging 15,000 dal-
tons.37,38 Heparin is manufactured primarily by extraction
from beef lung or porcine intestine. It is acidic because of its
covalently linked sulfate and carboxylic acid groups and does
not cross the placenta because of its large molecular weight
and polarity.39 Heparin produces its anticoagulant effect by
irreversibly binding to antithrombin (previously known as an-
tithrombin III). This cofactor is an alpha2-globulin that is nor-

TABLE 25.1. Major pharmacologic characteristics of heparin, low molecular weight heparin, and warfarin.

Low molecular
Heparin weight heparin Warfarin

Molecular weight (daltons) 15,000 4,000–6,500 1,000
Route of administration IV/SC SC Oral
Placental passage No No Yes
Breast milk passage No No Yes
Duration of action 1–3 h 10–12 h 4–5 days
Mode of action Antithrombin III Antithrombin III Vitamin K-dependent

factors II, VII, IX, X
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Box 25.3. Side effects of anticoagulants.

General
Hematuria
Melena, hematemesis
Intraperitoneal hemorrhage
Thrombocytopenia
Adrenal hemorrhage
Intracranial hemorrhage
Allergic reactions
Anaphylactic shock
Alopecia
Osteoporosis (prolonged use)

Obstetric
Hemorrhage: retroperitoneal, incisional, vaginal, cervical, 

perineal, episiotomy

Anesthetic
Hematoma: epidural, spinal, subdural
Bleeding in naso-oropharynx
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mally present as a naturally circulating anticoagulant. This
binding of antithrombin with heparin enhances the ability of
antithrombin to inactivate thrombin and activated factors X,
XII, XI, and IX. In addition to its anticoagulant effects, hep-
arin in high doses inhibits the aggregation of platelets. Indeed,
thrombocytopenia may also occur in up to 30% of heparinized
patients, which is unrelated to the heparin dose.40

Heparin is not absorbed by the gastrointestinal tract and is
usually not given intramuscularly because of the risk of
hematoma formation. The anticoagulant effect of heparin is
almost immediate after intravenous injection. Heparin is me-
tabolized in the liver by heparinase, and the inactive break-
down products are excreted in the urine. Side effects may be
seen even when the heparin dose is within the therapeutic
range (Box 25.3).

Prophylactic Low-Dose Heparin

Low-dose heparin is given by subcutaneous injection,
whereas high-dose regimens are administered by continuous
or intermittent intravenous injection. Low-dose heparin is
widely used in women at risk for thromboembolic disease.
Subcutaneous administration of low-dose heparin also in-
creases the activity of antithrombin III and thereby produces
inhibition of activated factor X (Xa). Because factor Xa is re-
quired for thrombus formation and is included in both the in-
trinsic and extrinsic pathways, its inhibition produces satis-
factory anticoagulation. “Minidose” regimens typically use
5,000 to 10,000 U of heparin subcutaneously every 8 to 
12 h. This dose only minimally prolongs the aPTT, and the-
oretically there should be no increased risk of hemorrhagic
complications.

Therapeutic Intravenous Heparin

The dosage schedule recommended by the American College
of Obstetricians and Gynecologists41 includes an initial intra-
venous bolus up to 80 U/kg (minimum, 5000 U); this is fol-
lowed by a continuous infusion of heparin, 15 to 25 U/kg/h.
After 4 h, the aPTT is determined and adjusted. The aPTT is
measured daily once a steady state is achieved. The duration
of therapeutic administration of hep-arin varies, but treatment
is usually continued for at least 7 to 10 days. If intravenous
heparin therapy has been initiated during pregnancy, prophy-
lactic subcutaneous heparin is usually continued after con-
clusion of intravenous therapy for the remainder of pregnancy
and up to 6 to 12 weeks postpartum.

Some authors, however, have reported that therapeutic lev-
els were achieved after the administration of large doses of
subcutaneous heparin.42 Deep venous thrombosis may be
treated with subcutaneous adjusted-dose heparin to maintain
the aPTT at 1.5 times the control value when determined at
6 h after the last injection. The American College of Obste-
tricians and Gynecologists recommends therapeutic subcuta-
neous heparinization for 3 to 4 months, followed by prophy-
lactic or mini-dose heparin throughout pregnancy and for 6
to 12 weeks postpartum.41

Risk of Heparin Use in the Pregnant Woman

Impact on the Mother

Parturients receiving heparin therapy are at increased risk of
hemorrhage, with major bleeding occurring in 2% of pa-
tients.43 During vaginal delivery, there may be prolonged
bleeding from a laceration or episiotomy. Patients receiving
heparin therapy who have undergone a vaginal delivery with-
out episiotomy or laceration do not usually have increased
blood loss, because hemostasis from the uterus is usually not
dependent on coagulation factors. However, at the time of ce-
sarean delivery, hemorrhage may occur at the uterine incision
site as well as other incised tissues.

Impact on the Fetus

Heparin therapy is safe for the fetus.43 It does not cross the
placenta and therefore does not have the potential to cause fe-
tal bleeding or teratogenicity. There is no firm evidence that
maternal use of heparin in itself, rather than the disease
process for which it is being given, leads to increased fetal
loss.

Heparin Therapy for Women Approaching Labor

For some women at high risk of thromboembolism, low-dose
prophylactic heparin therapy of 5000 U subcutaneously every
12 hours has been continued throughout labor. At these doses,
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significant changes in the coagulation profile sufficient to
cause bleeding are seldom encountered. However, the aPTT
should be closely followed at least every 4 to 6 hours as well
as before initiation of any regional anesthetic or invasive pro-
cedure (e.g., placement of a central venous line) during this
critical period. Reversal of anticoagulation should be consid-
ered for labor and delivery in the presence of an abnormal co-
agulation profile (Figure 25.1). Many clinicians recommend
discontinuing low-dose heparin administration about 4 to 6 h
before delivery. Considering the short half-life of heparin,
aPTT levels should then be normal at the time of delivery.

Therapeutic Heparin Therapy in the Postpartum
Woman in Different Clinical Settings

Prophylaxis for women at risk for thromboembolic disease
optimally would continue throughout delivery and into the
postpartum period. However, the maternal risks of therapy
(i.e., hemorrhage and hematoma formation related to deliv-
ery, particularly when the woman requires cesarean delivery
under regional anesthesia) usually result in discontinuation of
heparinization during labor. The following are some guide-
lines for restarting therapeutic postpartum anticoagulation if
the therapy was stopped before delivery:

1. Vaginal delivery with no lacerations or episiotomy: Anti-
coagulation therapy may be reinstated within a few hours
after delivery.

2. Vaginal delivery with lacerations or episiotomy: Anticoagu-
lation therapy may be restarted 1 to 2 days after delivery. Close
attention should be paid to prevent hematoma formation.

3. Cesarean delivery: Anticoagulation therapy may be started
48 to 72 h postoperatively.

Heparin Antagonists (Protamine Sulfate)

If a situation arises in which the acute reversal of heparin be-
comes necessary, such as the occurrence of severe bleeding,
protamine sulfate may be administered intravenously as a spe-
cific heparin antagonist. Protamine is a low molecular weight
protein found in the sperm of salmon. When administered
alone, or when given in excess of the amount needed to neu-
tralize the heparin, protamine has an anticoagulant effect.
When given to a heparinized patient, it combines ionically
with heparin to form a complex that no longer has anticoag-
ulant activity. One of several methods used to determine the
dose of protamine needed for reversal of heparin is the ad-
ministration of 1 to 1.3 mg protamine for every 100 U hep-
arin remaining in the patient. Adequacy of reversal can be
demonstrated by a return to normal of the activated clotting
time. Protamine must be administered by slow intravenous in-
jection at a rate of less than 20 mg/min. Adverse reactions
that may occur during rapid injection include immediate or
delayed anaphylactoid reactions with flushing, bradycardia,
hypotension dyspnea, and pulmonary hypertension. Hyper-
sensitivity reactions, including anaphylactic reactions, have
been reported following the administration of protamine, es-
pecially in those patients with previous exposure to protamine
(including protamine-containing insulins) and allergies to
fish. The pulmonary hypertension that is seen is thought to
be mediated by release of thromboxane.44

Low Molecular Weight Heparin

Low molecular weight heparin is a glycosaminoglycan that is
produced by depolymerization of standard heparin. It has aFIGURE 25.1. Regional anesthesia in the heparinized parturient.
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mean molecular weight of 4000 to 6500 daltons and a chain
length of 13 to 22 sugars. Similar to the standard heparin, low
molecular weight heparin binds to antithrombin III to inhibit
procoagulant Xa and IIa. However, its anti-IIa activity is rel-
atively less than its anti-Xa activity.37,38,45 Low molecular
weight heparin has the advantage of a longer plasma half-life
and a more predictable dose response than standard heparin.
Peak anti-Xa activity occurs 3 to 4 h after a subcutaneous in-
jection, and at 12 h, anti-Xa levels are reduced to approxi-
mately 50% of peak levels. At prophylactic doses of low mo-
lecular weight heparin, anti-Xa levels, measured by clot-based
assays (heptest or amidolytic assays), are a more sensitive
measure of low molecular weight heparin anticoagulant ac-
tivity than the aPTT level. Recent studies have shown that
thromboelastography can also be utilized to assess the degree
of anticoagulation produced by low molecular weight hep-
arin.46 In contrast to standard heparin, the anticoagulant ef-
fect of low molecular weight heparin is not fully neutralized
by an equimolar dose of protamine. A dose of 1 mg prota-
mine/100 U low molecular weight heparin reverses only 90%
of anti-IIa and 60% of anti-Xa activity.38

Low molecular weight heparin has been used effectively in
pregnant women for the prevention and treatment of DVT.47–51

Evidence suggests that low molecular weight heparin does not
cross the placenta,52 and therefore it is safe for the fetus. More-
over, compared to standard heparin, the use of low molecular
weight heparin during pregnancy has been reported to be as-
sociated with a lower risk of bleeding complications,47–51

heparin-induced thrombocytopenia,53 and osteoporosis.54

As pregnancy advances, the volume of distribution for low
molecular weight heparin also changes; therefore, the dose
should be adjusted according to the plasma concentration of
anti-Xa. For prophylaxis of thromboembolism, common regi-
mens include subcutaneous dalteparin 5000 U every 24 h47 or
enoxaparin 40 mg every 24 h.50,51 The dose of low molecular
weight heparin is adjusted to achieve a peak anti-Xa plasma
concentration of 0.2 to 0.6 U/mL.47,49 Optimally, low molec-
ular weight heparin prophylaxis for women at risk for throm-
boembolic disease should continue throughout delivery and into
the postpartum period. However, some clinicians suggest dis-
continuation of therapy 24 h before elective induction of labor6

to avoid any unwanted anticoagulant effect during delivery.

Oral Anticoagulation

Warfarin sodium (Coumadin) is the most commonly used oral
anticoagulant in the United States. It acts by interfering with the
hepatic synthesis of vitamin K-dependent clotting factors II, VII,
IX, and X. Although hypermetabolic states usually increase the
responsiveness to oral anticoagulants, it has been shown that
pregnancy causes a decreased responsiveness because of the in-
creased activity of factors VII, IX, and X.55 Thus, there is an
increased drug requirement to achieve anticoagulation in preg-
nancy. There are many reported drug interactions with warfarin.
Aspirin, phenothiazines, and phenylbutazone increase warfarin

activity, while barbiturates decrease its activity. Unlike heparin,
warfarin does cross the placenta. Because the fetus lacks ma-
ture liver enzymes, it is highly susceptible to the effects of oral
anticoagulants. Because of the difference between maternal and
fetal pharmacodynamics, the effects of warfarin last 4 to 5 days
in the mother but up to 14 days in the fetus.56

Warfarin compounds have significant teratogenic and fetal
effects.57 It is estimated that one in six exposed pregnancies
results in an abnormal live-born infant, and that one in six re-
sults in abortion or stillbirth. When exposure occurs between
the sixth and ninth week, the fetus is at risk for warfarin em-
bryopathy, characterized by nasal hypoplasia and stippled ver-
tebral and femoral epiphyses. During the second and third
trimesters, defects associated with fetal warfarin exposure are
likely the result of hemorrhage and scarring, which may lead
to the central nervous system findings of agenesis of the cor-
pus callosum, Dandy–Walker malformation, and cerebellar
atrophy, microphthalmia optic atrophy, and blindness, or to
developmental delay and mental retardation. For these rea-
sons, warfarin is seldom used in the antepartum period ex-
cept in unusual instances when the maternal benefits clearly
outweigh the fetal risks.

When reversal of an oral anticoagulant becomes necessary,
the parenteral administration of vitamin K (phytonadione) will
return the prothrombin time (PT) to the normal range within
24 to 48 h. Fresh-frozen plasma is used when immediate re-
versal is necessary. The anticoagulant effects in the fetus may
take up to 14 days to subside, but this time period may be re-
duced to less than 48 h by the intravenous administration of
vitamin K to the fetus.58 Maternally administered vitamin K
crosses the placenta, and therefore it may also enhance the
rate of formation of fetal coagulation factors. After delivery,
the newborn should receive intramuscular vitamin K if the
mother had warfarin reversed before delivery. If the newborn
shows signs of bleeding, fresh-frozen plasma can be used.

Obstetric Management

Since the first description of a successful pregnancy in a
woman with a prosthetic heart valve,59 there have been many
reports of successful outcomes in anticoagulated pregnant
women.6,60 Most authors now advocate the use of standard
heparin or low molecular weight heparin in pregnancy be-
cause of the embryopathy caused by warfarin. Standard hep-
arin has several advantages when anticoagulation is necessary
in the pregnant woman. It does not cross the placenta, and if
therapy is discontinued at the onset of labor or several hours
before cesarean section, there should be no residual antico-
agulation at the time of delivery.

Several reports have suggested that low molecular weight
heparin is suitable for routine clinical use in pregnant women
who require anticoagulation therapy. Parturients with venous
thrombosis, pulmonary embolism, or thrombophilic disorders
may be treated as effectively with such heparin as with tra-
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ditional heparin61 without much risk of hemorrhagic compli-
cations, heparin-induced thrombocytopenia, and osteoporosis.
Low molecular weight heparin is also safe for the fetus be-
cause it does not cross the placenta. The ease of administra-
tion and less frequent need for laboratory monitoring provide
distinct advantages for low molecular weight heparin com-
pared with standard heparin.61

There appears to be no ideal anticoagulant regimen for use
in pregnancy, but a compromise approach might be to use
both heparin and warfarin.62 Heparin can be used for antico-
agulation during the pregnancy, and warfarin can be admin-
istered following delivery.

Anesthetic Management

Regional Anesthetic Implications 
of Anticoagulation

The introduction of heparin in 1937 and warfarin in 1941 in
clinical practice posed new concerns regarding the regional
anesthetic management of perioperative anticoagulated pa-
tients. A new challenge in the management of regional anes-
thesia emerged with the release of low molecular weight he-
parin for clinical use in the United States in 1993. If the
decision has been made to anticoagulate a woman during
pregnancy, the anesthetic management will be affected. The
anesthesiologist, therefore, should be consulted at an early
stage. Choices of anticoagulant, maternal and fetal effects of
anticoagulants, the decision of when to reverse the anticoag-
ulation as delivery approaches, and the method of this rever-
sal must all be considered when formulating an anesthetic
plan for an anticoagulated parturient.

Of all the potential complications of a spinal or epidural
anesthetic, bleeding into the spinal canal is the most serious,
because this bleeding is hidden from observation. Bleeding
into the spinal canal most commonly occurs in the epidural
space due to the prominent epidural venous plexus. Bleeding
is least likely to become clinically significant in the intrathe-
cal space because of the diluting effect of cerebral spinal fluid.
Because the spinal space is nonexpandable, continued bleed-
ing usually progresses to spinal cord compression and neu-
rologic dysfunction.37 Although rare, epidural hematoma is
now the most common mechanism of spinal cord injury in
the American Society of Anesthesiologist Closed Claims Pro-
ject Database.63 The incidence of neurologic dysfunction re-
sulting from hemorrhagic complications is estimated to be less
than 1 in 150,000 epidural and less than 1 in 200,000 spinal
anesthetics.64

Spinal-Epidural Hematoma
Risk Factors

In 1911, Cooke first recognized that local hemorrhage could
result from lumbar puncture.65 Since then, there have been

numerous reports of spinal-epidural hemorrhages following
regional anesthesia in the anticoagulated patient.37 Case re-
ports have also described the development of hematomas
when anticoagulation was initiated shortly after a lumbar
puncture.66 This understanding has important implications
when considering the reinitiation of anticoagulation in the
postpartum period in a patient who has had a spinal or epidural
anesthetic for labor and delivery. Saka and Marx, citing a case
in which extradural hematoma formation occurred when hep-
arin therapy was started 20 min after initiation of an epidural,
have suggested that heparin not be restarted until 24 h after
delivery. However, there have been several reports of un-
eventful regional anesthetics initiated shortly before antico-
agulation.67 Rao and EI-Etr, in a study on anticoagulation fol-
lowing placement of epidural and subarachnoid catheters in
nonpregnant patients, have reported that there was no inci-
dence of neurologic complications arising from anticoagulant
therapy after epidural or subarachnoid catheterization.68 How-
ever, if fresh heme was aspirated any time during the proce-
dure, the regional technique was abandoned, and the patient
was rescheduled for surgery under general anesthesia for the
following day.68 Odoom and Sih have similarly reported their
experience with lumbar epidural blocks in patients who re-
ceived preoperative and intraoperative anticoagulation; they
also reported that there were no cases of neurologic sequelae.69

In a review of the literature between 1906 and 1994, Van-
dermeulen et al.37 reported 61 cases of spinal hematoma as-
sociated with spinal or epidural anesthesia, 5 of whom were
pregnant women. In 69% (42/61) of the patients, spinal
hematomas associated with central neural blockade occurred
in patients with evidence of hemostatic abnormalities. Nee-
dle placement was reported as difficult in 25% of patients,
and a bloody tap occurred in 25% of patients. More than one
risk factor (hemostatic abnormalities, difficult needle place-
ment, and bloody tap) was present in 33% of patients. Possi-
ble risk factors for spinal-epidural hematoma formation are
included in Box 25.4.

Low-Dose Heparin Prophylaxis

The risk of spinal hematoma in patients receiving SC standard
heparin is very low.37,70 Allemann et al. studied both epidural
and spinal anesthetics performed on orthopedic patients who
received 5000 U heparin preoperatively and postoperatively
and found no cases of neurologic dysfunction.71 Lowson and

Box 25.4. Risk factors for development of spinal 
epidural hematoma.

Hemostatic abnormalities
Difficult needle placement
Spina bifida occulta
Bloody tap
Vascular abnormalities in the spinal canal
Arteriosclerotic vessels in the spinal canal
Spinal stenosis
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Goodchild reported on a retrospective review of 5 years of clin-
ical practice in patients who received spinal and epidural anes-
thetics associated with heparin prophylaxis. These authors used
22-gauge spinal or 16-gauge epidural needles, and if a blood
vessel was punctured, the procedure was repeated at another
interspace. They reported no neurologic complications.72 In an-
other study, which evaluated orthopedic patients who received
5000 U heparin subcutaneously, the authors found that there
was a wide variation in the range of PTT values.73

Although such occurrences are exceedingly rare, there is a
report of an epidural hematoma associated with an epidural
anesthetic in a patient receiving low-dose heparin therapy.
Darnat et al.74 have reported the case of a patient who was
given an epidural for chronic pain despite the administration
of 5000 U heparin every 12 h. This patient developed an
epidural hematoma and complete paraplegia, which did not
respond to surgical intervention.74

Low Molecular Weight Heparin Prophylaxis

A total of 40 cases of spinal hematoma in patients undergoing
spinal or epidural anesthesia while receiving low molecular
weight heparin perioperatively were reported by April 1998.75

The incidence of spinal hematomas is much higher in the United
States compared to in Europe. This difference might be because
the dosing of enoxaparin is 30 mg every 12 h in the United
States and 40 mg once daily in Europe. The twice-daily dosage
regimen may deliver a higher degree of anticoagulation and not
result in the same trough of heparin activity required for the
safe placement and removal of a spinal and epidural needle and
catheter. The reported frequency of spinal hematoma in patients
receiving low molecular weight heparin is estimated to be ap-
proximately 1 in 3,000 continuous epidural anesthetics com-
pared to 1 in 40,000 spinal anesthetics.76 Monitoring of the
anti-Xa level is not recommended; the anti-Xa level is not pre-
dictive of the risk of bleeding and is therefore not helpful in
the management of patients undergoing regional anesthesia. (In
the author’s institution anti-Xa level is done if indicated.)

Presentation and Management

Epidural hematomas, as previously mentioned, are exceed-
ingly rare. Early recognition and treatment are vital if per-
manent neurologic disability is to be prevented. Because of
the rarity of epidural hematoma, it may go unrecognized un-
til permanent neurologic sequelae have developed. Therefore,
anyone caring for patients who have received regional anes-
thesia should be acquainted with the signs and symptoms of
a developing epidural hematoma. These signs include back
pain at the spinal level involved, radiculopathy, and eventu-
ally sensory and motor deficits. Although many reports have
described back or radicular pain as the first symptom of a
spinal epidural hematoma, the first presentation may be mus-
cle weakness or urinary retention. Neurologic damage is
thought to be secondary to spinal cord ischemia associated
with compression by the hematoma.

Once the diagnosis of epidural hematoma is entertained, ra-
diologic examinations should be performed. Magnetic reso-
nance imaging (MRI) is the most effective diagnostic tool to
rule out the presence of an epidural hematoma, but comput-
erized tomography or myelography must be considered if
MRI is not readily available. Because rapid decompression is
so vital in preventing permanent nerve damage, the neuro-
surgeon should be consulted at an early stage so that any nec-
essary preparations can be made should the radiologic find-
ings prove positive. The treatment of choice is decompressive
laminectomy within 8 h of hematoma formation.

Outcome

Outcome after spinal or epidural bleeding is poor. In a series
of 55 patients reviewed by Vandermeulen et al.,37 5 patients
died, 29 had poor neurologic recovery, 11 had partial recov-
ery, and only 10 had good recovery. The time taken to make
a clinical diagnosis, perform a scan, and perform decompres-
sive laminectomy is a key factor in recovery. A target time
of less than 8 to 12 h is necessary if permanent paraplegia is
to be avoided.

Guidelines for Minimizing 
Spinal-Epidural Hematoma

The use of spinal-epidural anesthesia is contraindicated in pa-
tients treated with full-dose heparin or warfarin. The risk of
spinal hematoma versus the benefits of regional anesthesia
must be weighed before deciding to perform regional anes-
thesia. Concomitant administration of medications affecting
coagulation, such as antiplatelet drugs with heparin, repre-
sents an additional risk of spinal hematoma.

A single-dose spinal anesthetic delivered by a small-gauge
spinal needle may be the safest regional technique in these pa-
tients. Needle and catheter placement during regional blockade
should be as atraumatic as possible, and catheter insertion dis-
tance should be limited to 3 to 4 cm. The following guidelines,
if followed, may reduce the risk of spinal hematoma after re-
gional anesthesia in an anticoagulated patient:

1. Intravenous heparin therapy: Intravenous heparin therapy
should be delayed at least 1 to 2 h after spinal or epidural
needle placement. Catheter removal should be delayed for
at least 4 to 6 h after heparin or until heparin activity is
low (aPTT � 1.5 of baseline) or completely reversed.
Thrombocytopenia should be excluded.

2. Subcutaneous low-dose standard heparin prophylaxis: In
patients on subcutaneous low-dose heparin prophylaxis,
needle placement or catheter removal should be avoided
within 4 h of administration of SC heparin, as peak plasma
levels of heparin occur at 2 to 4 h in these patients.

3. Low molecular weight heparin prophylaxis: In patients on a
small dose of low molecular weight heparin prophylaxis,
needle placement or catheter removal should be delayed for
at least 10 to 12 h after the last dose of low molecular weight
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heparin. Subsequent dosing should be delayed for at least 1
to 2 hours after needle placement or catheter removal.

Short-acting local anesthetics or opioids with dilute local
anesthetics should be used in patients at increased risk of
spinal hematoma so that their neurologic status may be eval-
uated immediately postoperatively. Anticoagulated women
who receive regional anesthesia should be closely monitored
in the postoperative period for early signs of cord compres-
sion. Neurologic symptoms often occur after catheter with-
drawal; therefore, neurologic monitoring should continue for
24 h after removal of the catheter.

Aspirin Use and the Risk of 
Spinal-Epidural Hematoma

It has been reported that low-dose (60–150 mg/day) aspirin
administered during the second and third trimesters of preg-
nancy prevented preeclampsia or fetal growth restriction and
was safe for the mother and fetus.77 However, there is con-
troversy surrounding the benefits of such low-dose aspirin. A
large multicenter study examining aspirin to prevent pre-
eclampsia found no benefits.78

The administration of aspirin inhibits cyclooxygenase,
thereby reducing the levels of cyclic endoperoxidases syn-
thesized from arachidonic acid; this reduces the concentration
of arachidonic acid derivatives, including the potent vaso-
constrictor thromboxane A2. Thromboxane A2 is also a po-
tent stimulator of platelet aggregation and adhesion.79 Stud-
ies in animal models indicate that the antithrombotic effects
of aspirin also involve pathways other than the inhibition of
cyclooxygenase and thereby inhibition of platelet aggrega-
tion. Buchanan and coworkers have reported that aspirin pro-
longs the bleeding time in a dose-dependent manner, and that
it is not dependent on platelet aggregation, thereby showing
that aspirin has an antithrombotic mechanism in addition to
cyclooxygenase inhibition.80

The alteration of hemostatic function varies with the dose
administered; low-dose aspirin prevents platelet aggregate
formation at the injured vessel wall, whereas high-dose as-
pirin may promote platelet thrombus formation. The admin-
istration of aspirin blocks the release of platelet adenosine
diphosphate (ADP), which is necessary for platelet clumping
and for the growth of the platelet plug. An indicator of platelet
function after aspirin administration is the bleeding time,
which is increased by an average of 50% at 2 h after inges-
tion of an oral dose of 600 mg aspirin.81 The duration of an
abnormal bleeding time is approximately 7 days, which is
roughly equal to the life span of the exposed platelet. The
maximal inhibition of platelet ADP release is achieved with
salicylate concentration of 0.5 mmol/L, the approximate con-
centration obtained by the ingestion of 640 mg aspirin.

Although aspirin is not considered an anticoagulant per se,
it has significant clinical antithrombotic effects. There have

been clinical reports of excessive blood loss in the perioper-
ative period in patients who ingested aspirin preoperatively.82

There is concern that the use of aspirin in the parturient may
alter the coagulation status and increase the risk of epidural
hematoma following administration of spinal and epidural
anesthesia. Also, there is a report of spinal canal bleeding af-
ter regional anesthesia in patients receiving aspirin therapy.83

However, the available evidence indicates that the risk of de-
veloping of an epidural hematoma associated with regional
anesthesia in a patient receiving aspirin therapy is very low.

Benzon et al. have studied the use of regional anesthesia
after aspirin ingestion and have reported uneventful epidurals
and spinals in patients receiving aspirin therapy who have had
bleeding times up to 10.5 min.84 The CLASP study of 2783
pregnant women in whom epidural analgesia was uncompli-
cated included 1422 who were taking low-dose aspirin ther-
apy.85 Similarly, Sibai and colleagues did not observe any ad-
verse effects related to epidural anesthesia in 891 women who
received low-dose aspirin during pregnancy to reduce the 
incidence of preeclampsia.86 Horlocker and colleagues esti-
mated the risk for spinal hematoma at 1.1% (with 95% con-
fidence) following regional anesthesia in patients on an-
tiplatelet therapy.87 In their study, in which 193 patients
received aspirin before regional anesthesia, they concluded
that preoperative antiplatelet therapy alone is not a significant
risk factor for development of spinal hematoma in patients
who undergo spinal or epidural anesthesia.87 However, the
concurrent use of other medications affecting the clotting
mechanism, such as oral anticoagulant, standard heparin, and
low molecular weight heparin, may increase the risk of bleed-
ing complications in these patients.88

Bleeding Time

The bleeding time is no longer a popular method of assess-
ing the risk of epidural hematoma formation in the anticoag-
ulated patient. A meta-analysis reviewing more than 1000
publications failed to demonstrate a statistical correlation be-
tween clinical bleeding and the bleeding time.89 An editorial
in Lancet suggested that the bleeding time was of little rele-
vance in individual patients before epidural or spinal anes-
thesia.90 Furthermore, in a review of the medical literature on
the use of bleeding time, authors indicate that there is no ev-
idence that a prolonged preoperative bleeding time predicts
which patients will experience excessive surgical bleeding.91

Thromboelastography

Thromboelastography, using a single blood sample, measures
all phases of coagulation and provides information about the
interaction between clotting factors and platelets, clot
strength, and stability in a short time.92 Thromboelastography
may be a better representation of the in vivo coagulation sys-
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tem because it provides a global assessment of hemostatic
function in vitro. Although its popularity stems from increased
use in liver transplantation and cardiac surgery, recent reports
suggest that it may also be useful in obstetrics. Specifically,
it has been used to determine the coagulation status in nor-
mal and high-risk pregnant women,93,94 and it has been used
before the administration of epidural anesthesia in pregnant
women with suspected coagulopathy.95

There are reports suggesting that thromboelastography can
be used to assess anticoagulation in women on heparin ther-
apy. Standard heparin and low molecular weight heparin pro-
long the r value of the thromboelastograph.96 Klein and col-
leagues measured anticoagulation using thromboelastography
in women on low molecular weight heparin therapy and found
a strong correlation between r time and k time of the throm-
boelastograph with the expected peak and trough levels of the
anticoagulation anti-Xa levels.46 In another study, thrombo-
elastography allowed uneventful regional anesthesia in preg-
nant women on low molecular weight heparin thrombopro-
phylaxis.97 Orlikowski and colleagues did not find any
changes in thromboelastography variables (r, K, and MA) in
healthy pregnant women receiving aspirin 600 mg.98

Summary

Because of the fetal risks of warfarin, most obstetricians use
heparin when anticoagulation is indicated during pregnancy.
Recent reports indicate that the replacement of standard hep-
arin by low molecular weight heparin may improve man-
agement of DVT in pregnancy. The use of spinal or epidural
anesthesia for labor or operative delivery is relatively con-
traindicated in therapeutically anticoagulated parturients be-
cause of the potential for bleeding into the epidural or sub-
arachnoid space. The risk of traumatizing a blood vessel
during the administration of spinal or epidural anesthesia is
real, and the anesthesiologist must ensure that the coagula-
tion status has returned to normal before initiating regional
anesthesia in a parturient who has recently been anticoagu-
lated. However, available evidence suggests that regional
anesthesia in women on low-dose aspirin therapy or low-dose
standard heparin prophylaxis is associated with a very low
risk of bleeding in the spinal canal. Regional anesthesia should
be avoided if physical examination reveals signs of clinical
bleeding such as easy bruising, petechiae, and ecchymosis.

In weighing the risks of general anesthesia against regional
anesthesia, one must consider the physiologic changes of
pregnancy that increase the risks associated with the induc-
tion of general anesthesia in the pregnant woman. If general
anesthesia does become necessary in the anticoagulated par-
turient, the anesthesiologist should be experienced and should
make every effort to ensure an atraumatic laryngoscopy to
avoid airway trauma and bleeding. The risk of spinal
hematoma versus the benefit of regional anesthesia for a spe-
cific case should be weighed in anticoagulated women. Also,

parturients considered at high risk for the development of
spinal hematoma should be monitored closely in the periop-
erative period for early signs of cord compression.
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Infectious Disease
Lawrence C. Tsen and Errol R. Norwitz

Infectious diseases remain a leading cause of maternal and
neonatal mortality during pregnancy, labor, and the puer-
perium.1 In the United States alone, despite a fivefold reduc-
tion in the last 50 years, the pregnancy-related maternal moral-
ity rate remains at approximately 9 per 100,000 live births,2,3

with infections still accounting for 3% to 10%.4

Although profound changes are observed in the immune sys-
tem during pregnancy, it remains unclear whether pregnant
women are more susceptible to infection. Pregnancy does, how-
ever, complicate the management of infectious diseases due to
concerns regarding fetal well-being and the effect of pregnancy
on antimicrobial agents. Although a detailed discussion of drug
therapy in pregnancy is beyond the scope of this chapter and can
be found elsewhere,5,6 a few points should be reinforced. Preg-
nancy dramatically alters drug pharmacokinetics, which refers
to how a drug moves through the body. Changes in drug ab-
sorption, via reductions in gastric emptying and acid secretion,
increased intestinal motility, and increased pulmonary tidal vol-
ume (which may affect inhaled drugs), are observed. Further-
more, the volume of distribution for drugs is significantly en-
larged during pregnancy with increases in plasma volume of
50%, total body water of 7 to 8 L, and body fat of 20% to 40%.
Although these volume alterations would be expected to de-
crease drug levels, albumin concentrations decline, and free fatty
acid and lipoprotein values rise, leading to increases in circulat-
ing free (biologically active) drug levels.7 Metabolism and elim-
ination of drugs are also altered in pregnancy, with hormonally
mediated reductions in hepatic metabolism and increases in re-
nal clearance. The net effect of pregnancy-induced alterations
on drug pharmacokinetics and efficacy is often unpredictable.

Despite an expressed interest in conducting research in
women, even during pregnancy, by governmental agencies and
the pharmaceutical industry, concerns over current or future
fetal well-being make drug trials difficult to conduct. Many
drugs have not been validated for efficacy or safety in human
pregnancy, and recommendations often rely on animal model
data. Although thalidomide-associated embryopathy cast
doubt on the ability of animal studies to predict human ter-
atogenicity, every drug later found to be teratogenic in humans

caused similar effects in animals (with the possible exception
of misoprostol). With the exception of highly polarized large
molecules such as heparin, all maternally administered drugs
cross the placenta to some degree. The effect of fetal expo-
sure depends on an interaction of gestational timing, dose, and
duration of exposure, as well as poorly defined genetic and
environmental factors. As a general rule, a fetus is at highest
risk for injury during the period of embryogenesis (days 17–54
postconception). Certain infections, as certain drugs, have been
shown to be teratogenic (Table 26.1).

The most common pregnancy and puerperium infections
result from ascending contamination of the uterine cavity
from the lower genital tract flora and include such conditions
as intraamniotic infection (also referred to as chorioamnioni-
tis), urinary tract infection and pyelonephritis, postpartum en-
dometritis, and (rarely) pelvic inflammatory disease. Such in-
fections are often polymicrobial in nature, involving both
aerobic and anaerobic organisms.5 Offending organisms may
include the following:

Anaerobes: Peptostreptococcus spp., Prevotella spp., Bac-
teroides fragilis group, Fusibacterium spp., Porphyromonas
asacchrolyticus, Clostridium spp., Mobiluncus spp.

Aerobes: Groups A, B, and D streptococci, enterococci, Es-
cherichia coli, Klebsiella spp., Proteus spp., Staphylococ-
cus aureus, Gardnerella vaginalis

Other: Genital mycoplasmas, Chlamydia trachomatis, Neis-
seria gonorrhoeae

In addition to polymicrobial infectious conditions, specific
infections occur in pregnant women as they do in their non-
pregnant counterparts. Due to the overwhelming diversity of
these infections, a discussion of the obstetric and anesthetic im-
plications of every infection is not possible. Thus, a series of
tables summarizing the prevention (Table 26.2) and manage-
ment of infections in pregnancy (Tables 26.3, 26.4) are in-
cluded. Several infections have been singled out for further dis-
cussion, including a review of the causative organisms, modes
of transmission, maternal and fetal effects, recommendations
for counseling and management, and anesthetic implications.
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General Anesthetic Management

Although no clear consensus exists in the literature or from 
clinical practice regarding the use of regional anesthesia in par-
turients with suspected or documented infections, an analysis
based on risk versus benefit appears to favor its use in most
cases. Because most viral infections seed the central neuraxis
early in their course, regional techniques offer little additional
risk for viral spread. With bacterial infections, the risk of menin-
gitis or spinal-epidural abscess formation following central neu-
raxial techniques appears exceedingly low. Despite the preva-
lence of bacteremia (up to 60% in healthy parturients with the
insertion of a urinary catheter8) and the frequent absence of clin-
ical signs in septic9 or infected parturients,10 only a few such
cases of neuraxial infections have been reported following cen-
tral neuraxial techniques.11 Neuraxial techniques in high-grade
infections, however, are not completely without risk. Carp et
al.12 noted that when cisternal punctures were performed in bac-
teremic rats, bacterial cultures could be isolated from the cere-
brospinal fluid. By contrast, when the rats were pretreated with
antibiotics, no bacterial cultures were obtained. Although the ap-
plicability of an animal model using cisternal punctures with
bacteria of known antibiotic sensitivities has been questioned, it
seems reasonable that the risk of bacterial infections can be re-
duced through the use of antibiotics before regional techniques
in infected parturients. As such, the use of antibiotic therapies
before regional anesthesia may be prudent in patients with es-
tablished infections. Should a high-grade infection exist, atten-

tion to intravascular volume replacement, additional monitoring,
and potentially abstaining from regional techniques, especially
in parturients with overt signs of sepsis, should be considered.

Although general anesthesia is often utilized for operative
deliveries in patients with suspected or documented systemic
infections,13 a 16-fold-greater incidence of mortality in all
parturients has been associated with its use, primarily due to
an inability to secure the airway and commence ventilation.14

While the urgency of the situation or comorbidities may have
accounted for the higher mortality observed, the use of re-
gional techniques are often excluded without consideration of
their potential benefit. However, should general anesthesia be
ultimately selected, induction and maintenance agents with
limited cardiovascular and hemodynamic consequences, par-
ticularly in critically ill parturients with sepsis, should be cho-
sen with care. Ketamine and etomidate have been utilized suc-
cessfully in such cases. In addition, although hyperkalemia
from succinylcholine has never been reported in a patient with
chorioamnionitis, should infections be severe or prolonged,
the use of a rapid-acting nondepolarizing agent, such as
rocuronium, should be considered.

Group B Streptococcus

Group B �-hemolytic streptococcus (GBS), or Streptococcus
agalactiae, is the most common bacterium associated with
neonatal infection and the leading cause of life-threatening

TABLE 26.1. Infections with known teratogenic effects.

Infection Effects Comments

Cytomegalovirus Hydrocephaly, microcephaly, chorioretinitis, Most common congenital infection. Congenital infection occurs in 
microphthalmos, cerebral calcifications, intrauterine 40% of cases after primary infection during pregnancy and in 14% 
growth restriction, mental retardation, deafness. of cases after recurrent infection. Of infected infants, physical 

effects are present in 20% after primary infection and 8% after 
secondary infection. No effective therapy exists.

Rubella Microcephaly, mental retardation, cataracts, deafness, The rate of permanent organ damage is 50% if the infection is 
congenital heart disease. All organ systems may be acquired during the first trimester; 6% if infection occurs in mid-
affected. pregnancy. Immunization of nonpregnant adults and children is 

necessary for prevention. Although the live attenuated virus vaccine 
has not been shown to cause the malformations of congenital rubella 
syndrome, immunization is not recommended during pregnancy.

Syphilis Effects range from hydrops fetalis, fetal demise (if Penicillin treatment is effective to prevent progression of damage. 
infection is severe) to detectable abnormalities of Severity of fetal damage depends on duration of fetal infection 
skin, teeth, and bones (if infection is mild). (damage is worse if infection is diagnosed at �20 weeks). Prevalence 

is increasing.
Toxoplasmosis All organ systems must be affected. Most common Low prevalence during pregnancy (0.1%–0.5%). Initial maternal 

manifestations include chorioretinitis and other infection must occur during pregnancy to place fetus at risk. 
central nervous system effects (microcephaly, Toxoplasma gondii is transmitted to humans by raw meat or 
hydrocephaly, cerebral calcifications). Severity of exposure to infected cat feces. The incidence of fetal infection 
manifestations depends on duration of disease. increases as gestational age increases (9%–10% in first trimester; 

60% in the third trimester). However, the severity of congenital 
infection is greater in the first trimester than at the end of gestation.

Varicella May affect all organ systems. Common manifestations Overall risk of congenital varicella is low (about 2%–3%), and it 
include skin scarring, chorioretinitis, cataracts, occurs most commonly between 7 and 21 weeks gestation. Varicella
microcephaly, hypoplasia of the hands and feet, zoster immunoglobulin should be administered to newborns 
muscle atrophy. exposed in utero during the last 4–7 days of gestation. No adverse 

effect from herpes zoster.

Source: Adapted from Teratology. ACOG Educational Bulletin No. 236, April 1997.
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perinatal infections in the United States.15 A gram-positive
encapsulated coccus that produces �-hemolysis on blood agar,
GBS is responsible for an overall rate of neonatal infection
of 1 to 3 per 1000 live births, 10 per 1000 deliveries in women
colonized with GBS, and 40 to 50 per 1000 live births com-
plicated by preterm delivery.16

Early-onset neonatal GBS infection, which accounts for
80% to 85% of all cases, is characterized by neonatal respi-
ratory distress, apnea, pneumonia, and septic shock within 1
week of delivery. Confirmed by a positive blood culture, the
infection has an overall mortality rate of 5% (but the rate may
be as high as 25% among preterm infants), with surviving

TABLE 26.2. Chemoprophylaxis in pregnancy.

Infection
(causative organism) Primary therapy Alternative therapy Comments

Postpartum Cefazolin 1 g IV � 1 dose Prophylaxis should be administered
endometritis or preoperatively to women at high

Ampicillin 1–2 g IV � 1 dose risk. Once-daily dose of gentamicin
or has not been validated for efficacy

Clindamycin 600–900 mg IV or safety during pregnancy and in
and gentamicin 1.5 mg/kg IV the puerperium. Other
� 1 dose aminoglycosides may be

substituted for gentamicin
(Aztreonam is effective but is
expensive and is therefore reserved
for women with renal
insufficiency).

Bacterial Ampicillin 2 g IM/IV and Vancomycin 1 g IV over 1–2 h The American Heart Association
endocarditis gentamicin 1.5 mg/kg IM/IV and gentamicin 1.5 mg/kg IM/IV does not recommend antibiotic
(primary against within 30 min of delivery within 30 min of delivery prophylaxis for cesarean delivery
enterococci) plus (no postdelivery dose) or normal vaginal delivery, with the

Ampicillin 1 g IM/IV or possible exception of high-risk
amoxicillin 1 g po � 1 dose women for whom it is optional.
within 6 h of delivery

Pyelonephritis Nitrofurantoin 50–100 mg po Consider antibiotic suppression
(mainly Escherichia coli) each night before bedtime after acute pyelonephritis or

or recurrent urinary tract infection (UTI)
Sulfisoxazole 500 mg po in pregnancy, and in

each night before bedtime women at high risk for
UTI/pyelonephritis.

Group B Penicillin G 5 million units IV Ampicillin 2 g IV loading dose, Intrapartum, but not antepartum,
streptococcus loading dose, followed by followed by 1–2 g q4–6h chemoprophylaxis against GBS has
(GBS) 2.5 million units IV q4h or been shown to decrease early-onset

Clindamycin 600 mg IV q6h or neonatal GBS sepsis.
900 mg IV q8h
or

Erythromycin 500 mg IV q6h
Genital herpes Acyclovir 200 mg po qid Famciclovir 250 mg po bid Suppression therapy reduces the

simples virus from 35–36 weeks gestation to or frequency of recurrences by �75%
(usually HSV-2) delivery (not postpartum) Valacyclovir 250 mg po bid in patients with �6

or or recurrences/year. Goal of
Acyclovir 400 mg po bid Valacyclovir 500 mg po daily suppression is to decrease the

from 35–36 weeks gestation to or incidence of HSV prodrome and/or
delivery (not postpartum) Valacyclovir 1 g po daily genital lesion in labor that would

necessitate cesarean delivery.
Suppression may be offered to
women with first-episode genital
HSV infection during the index
pregnancy or frequent recurrence.

Sexual assault Ceftriaxone 125 mg IM � 1 dose For alternative treatments, refer to Hepatitis B vaccine should be
(Chlamydia trachomatis, PLUS sections in this table that specifically administered with follow-up at 1–2
Neisseria gonorrhoeae, Metronidazole 2 g po � 1 dose address alternative therapeutic options and 4–6 months after first dose.
Trichomonas vaginalis) PLUS for each of the potential infectious Testing for HIV and possible anti-

Azithromycin 1 g po � 1 dose agents under consideration. retroviral prophylaxis should be
or doxycycline 100 mg po bid considered.
� 7 days

Source: Adapted from 1998 Recommendations by the Centers for Disease Control and Prevention. (Rayburn WF. Treatment of sexually transmitted dis-
ease. J Reprod Med 1998;43:471–476.)ak

us
he

r-li
b.r

u



384 L.C. Tsen and E.R. Norwitz

TABLE 26.3. Treatment of sexually transmitted diseases in pregnancy.

Infection
(causative organism) Primary therapy Alternative therapy Comments

Bacterial vaginosis (BV) Metronidazole 250 mg Metronidazole 2 g po � 1 dose BV is associated with adverse perinatal 
(Proteus species, po tid � 7 days or outcome, including low birth weight and 
Mobiluncus species, Clindamycin 300 mg po bid preterm birth. Pregnant women with 
Mycoplasma hominis, � 7 days symptomatic BV should be treated. It 
Gardnerella vaginalis) or remains unclear whether screening/

Metronidazole gel (0.75%) one treatment of asymptomatic women improves
applicator full (5 g) intravaginally perinatal outcome. Lower dose of 
bid � 5 days [recommended for metronidazole is recommended to reduce 
low-risk pregnant women only] risk to fetus. Clindamycin vaginal gel is

not recommended (may be associated
with an increase in preterm delivery)

Chancroid Azithromycin 1 g po � 1 dose Exclude HSV, T. pallidum. Consider HIV 
(Haemophilus ducreyi) or screening (erythromycin is recommended 

Ceftriaxone 250 mg IM � 1 dose for HIV� women). Ciprofloxacin is an
or alternative treatment, but is contraindicated

Erythromycin base 500 mg po in pregnancy.
qid � 7 days

Chlamydial infections Erythromycin base 500 mg po Erythromycin base 250 mg po Erythromycin estolate, doxycycline, and 
(Chlamydia qid � 7 days qid � 14 days ofloxacin are contraindicated in pregnancy.
trachomatis) or or There are insufficient data to recommend

Amoxicillin 500 mg po tid � 7 Erythromycin ethylsuccinate the routine use of azithromycin in 
days 800 mg po qid � 7 days pregnancy. Repeat cultures 3 weeks after 

or therapy has been completed because of the
Erythromycin ethylsuccinate high rate of noncompliance and the lower

400 mg po qid � 14 days efficacy of erythromycin treatment regimens.
or

Azithromycin 1 g po � 1 dose
Gonococcal infections Cefixime 400 mg po � 1 dose Spectinomycin 2 g IM � 1 dose Azithromycin 2 g po single dose is effective, 

(Neisseria or or but expensive and causes GI upset (1 g 
gonorrhoeae) Ceftriaxone 125 mg IM � 1 dose Ceftizoxime 500 mg IM � 1 dose dose is ineffective). In pregnancy, 

or quinolones (ofloxacin, ciprofloxacin,
plus Cefotaxime 500 mg IM � 1 dose lomefloxacin, enoxacin, norfloxacin) 

or and tetracycline are contraindicated. If 
a regimen effective against Cefotetan 1 g IM � 1 dose cephalosporins cannot be tolerated, treat 
possible concomitant infection or with spectinomycin 2 g IM � 1 dose.
with C. trachomatis: Cefoxitin 2 g IM � 1 dose with

probenecid 1 g po � 1 dose
Erythromycin base 500 mg po For disseminated gonococcal infection, 

qid � 7 days treat in hospital setting with ceftriaxone 
or 25–50 mg/kg/day IM/IV daily � 7 days 

Amoxicillin 500 mg po tid � 7 or cefotaxime25 mg/kg IM/IV bid � 7 days 
days (up to 10–14 days if meningitis is 
or documented).

Azithromycin 1 g po � 1 dose
or

Doxycycline 100 mg po � 7 days
Genital herpes First clinical episode of genital Topical acyclovir is less effective than oral 

simplex virus herpes: treatment, and is discouraged. First clinical 
(usually HSV-2) Acyclovir 400 mg po tid � 7–10 episode during pregnancy may be treated

days or until clinically resolved with acyclovir. Safety of valacyclovir 
or and famciclovir in pregnancy is not well 

Acyclovir 200 mg po 5�/day � established, but benefits may outweigh 
7–10 days or until clinically risks.
resolved
or Treatment must be initiated during prodrome

Famciclovir 250 mg po tid � or within 1 day of onset of lesions for 
7–10 days or until clinically patient to experience benefit from therapy.
resolved
or

Valacyclovir 1 g po bid � 7–10 
days or until clinically resolved

ak
us

he
r-li

b.r
u



26. Infectious Disease 385

TABLE 26.3. Continued.

Infection
(causative organism) Primary therapy Alternative therapy Comments

Recurrent clinical episodes of 
genital herpes:

Acyclovir 400 mg po tid � 5 days
or

Acyclovir 200 mg po 5�/day
� 5 days
or

Acyclovir 800 mg po bid � 5 days
or

Famciclovir 125 mg po bid
� 5 days
or

Valacyclovir 500 mg po bid
� 5 days

Disseminated herpes:
Acyclovir 5–10 mg/kg IV q8h

� 5–7 days
Genital warts Cryotherapy with cryoprobe Intralesional interferon Imiquimod, podofilox, and podophyllin are

(human papillomavirus, or liquid nitrogen or contraindicated in pregnancy. Thus, therapy 
HPV) or Laser surgery during pregnancy is severely limited. No

Trichloroacetic acid (TCA) therapy has been shown to eradicate or 
80%–90%, apply only to warts. affect the natural history of HPV. If 
Use powder with talc or baking lesions persist after one type of treatment, 
soda to remove unreacted acid. other therapies should be considered. Genital 
Repeat weekly if necessary, warts are not a contraindication to vaginal 
or birth, but may bleed excessively at delivery.

Surgical removal.
Pubic lice Permethrin 1% cream rinse, Lindane 1% shampoo is not recommended 

(pediculosis pubis) applied to affected areas for use in pregnant or lactating women. 
and washed off after 10 min Toxicity related to prolonged lindane
or exposure includes seizures and aplastic 

Pyrethrins with piperonyl butoxide, anemia. Decontaminate clothing and 
applied to affected areas and bedding, or remove from body contact for
washed off after 10 min. at least 72 h. Fumigation is not necessary.

Evaluate and retreat in 1 week if symptoms 
persist or lice observed. Treat sexual partners.

Scabies Permethrin cream (5%), Sulfur (6%) precipitated in ointment, Lindane is not recommended in pregnant or 
(Sarcoptes scabiei) applied to all areas of the body applied thinly to all areas nightly lactating women. Decontaminate clothing 

from the neck down and for 3 consecutive nights; wash off and bedding. Pruritis may persist for
washed off after 8–14 h. previous application before several weeks. Consider treatment after 1 

applying  new one. Wash off week if still symptomatic. Both sexual and 
thoroughly 24 h after the last close personal and household contacts 
application. within the preceding month should be

examined and treated. Scabies among 
children is generally not sexually transmitted. 
Treatment of entire populations may be 
required to control scabies epidemics.

Trichomonas Metronidazole 2 g po � 1 dose Metronidazole 500 mg po bid Metronidazole is not recommended in the 
(Trichomonas � 7 days first trimester. If treatment fails, consider 
vaginalis) 375–500 mg bid � 7 day regimen. If 

repeated failure, consider 2 daily � 3–5 days.
Syphilisa Primary/secondary/early latent Routine screening for syphilis at first prenatal 

(Treponema pallidum) syphilis: visit. High-risk women should be screened 
Benzathine penicillin G, 2.4 again at 28 weeks and at delivery. All 
million units IM � 1 dose women with syphilis should be offered 
(usually administered as HIV testing. Penicillin is effective in
1.2 million units into each preventing transmission to fetuses and
buttock). Some experts for treating established infection in fetuses.
recommend a second dose of Women treated in the second half of
penicillin for such women 1 pregnancy are at risk for preterm labor, 
week after initial dose. possibly due to Jarisch–Herxheimer 

reaction.
(Continued)
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neonates often exhibiting significant long-term neurologic se-
quelae. By contrast, late-onset GBS infection usually results
from community- or hospital-acquired (nosocomial) infec-
tions in preterm infants and presents as meningitis or sepsis
more than 1 week after birth.

Transmission of early-onset neonatal GBS infection results
almost exclusively during labor and delivery in parturients from
lower genital or gastrointestinal tract colonization rather than
transplacental passage. Not sexually transmitted, GBS is a
commensal organism that intermittently colonizes the lower
genital tract of 20% (range, 15%–40%) of women at any one
time.17 An estimated 8% to 10% crossover of GBS carrier sta-
tus exists during each trimester, and thus determination of GBS
carrier status is not recommended at the first prenatal visit. Half
of all infants born to women colonized with GBS will become
colonized with GBS; however, most are asymptomatic.15

A number of strategies have been proposed to prevent early-
onset GBS infection, including intrapartum maternal and post-
partum neonatal antibiotic regimens. However, such antibiotic
use has been associated with the emergence of antibiotic re-
sistance,18 an increased incidence of early-onset neonatal sep-
sis due to non-GBS organisms,19 and maternal anaphylaxis
(estimated as 1:60,000 for penicillin).20 Because of these lim-
itations, routine administration of GBS chemoprophylaxis 
is not recommended for all women in labor. Instead, two 
independent prophylaxis protocols have been proposed and
deemed acceptable for select parturients by the American Col-
lege of Obstetricians and Gynecologists (ACOG).15,16

A risk factor-based protocol involves intrapartum treat-
ment of pregnancies with one or more risk factors, including
preterm labor, preterm premature rupture of the membranes,
prolonged rupture of membranes (�18 h regardless of gesta-
tional age), a prior GBS-infected infant, maternal fever in la-
bor (�100.4°F), and GBS bacteriuria or urinary tract infec-
tion at any time during the index pregnancy. No attempt is
made to identify women colonized with GBS. This protocol

results in intrapartum treatment of 20% to 25% of pregnant
women with prevention of 65% to 70% of GBS disease.15,16

A culture-based protocol involves intrapartum prophylaxis
of women who are known GBS carriers or whose GBS carrier
status is unknown. To predict carrier status in labor, GBS cul-
tures should be sent as late as possible during pregnancy, but
before the onset of labor (ideally, 35–37 weeks gestation), to
accurately reflect GBS carrier status at delivery.21 Because
GBS colonization increases from the cervix to the introitus, the
culture should be taken by generously swabbing the lower
vagina, perineum, and perianal area using a single cotton swab,
and the swab should be placed briefly into the anal canal. A
speculum should not be used. The “perineal” (not cervical)
swab should be inoculated into Todd–Hewitt broth or selective
blood agar, stored at room temperature, and transported to the
laboratory within 8 h of collection. Processing in the labora-
tory will usually take 48 h. Antimicrobial susceptibility is not
routinely done, as most GBS organisms are pansensitive. Rapid
screening tests for GBS carrier status in labor have been de-
veloped, but are more difficult to perform, not available in all
hospitals at all times, and have poor sensitivity in identifying
women with low levels of GBS colonization. The culture-based
protocol results in treatment of 15% to 20% of pregnant women
with prevention of 70% to 80% of GBS disease.15,16

Should the decision be made to proceed with intrapar-
tum GBS chemoprophylaxis, a number of general guidelines
should be followed. Intravenous penicillin G, instead of ampi-
cillin, is the antibiotic of choice due to a narrower spectrum
and reduced likelihood of leading to antibiotic resistance. A
minimum of 4 h of antibiotic prophylaxis is recommended,
with discontinuance at delivery.

Anesthetic Management

Although group B �-hemolytic streptococcus has been im-
plicated as the cause of meningitis in two parturients who had

TABLE 26.3. Continued.

Infection
(causative organism) Primary therapy Alternative therapy Comments

Late latent/tertiary/unknown
duration:

Benzathine penicillin G, 2.4 
million units IM/week � 3 
weeks (7.2 million units total).

Neurosyphilis: If pregnant patient with syphilis is penicillin 
Aqueous crystalline penicillin G, allergic, desensitize and treat with 

12–24 million units IV daily penicillin. Doxycycline and tetracycline are
(administered as 2–4 million contraindicated in pregnancy.
units IV q4h) � 10–14 days Erythromycin cannot be relied upon to 
or treat the infected fetus. Insufficient data on

Aqueous procaine penicillin G, azithromycin or ceftriaxone.
2.4 million units IM
daily plus probenecid 500 mg 
PO qid � 10–14 days.

aAdapted from Centers for Disease Control: 1998 guidelines for treatment of sexually transmitted diseases. MMWR 1998;47:28–49.
Source: Adapted from 1998 Recommendations by the Centers for Disease Control and Prevention. (Rayburn WF. Treatment of sexually transmitted dis-
eases. J Reprod Med 1998;43:471–476.)
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TABLE 26.4. Treatment of other infections in pregnancy.

Infection
(causative organism) Primary therapy Alternative therapy Comments

Asymptomatic bacteriuria Nitrofurantoin macrocrystals 50–100 mg Ampicillin 250–50 mg po qid � Complicates 2%–9% of pregnancies.
(primarily E. coli; also po qid � 3 days 3 days Consider treatment when 25,000–
Klebsiella/Enterobacter or or 100,000 colony-forming units/mL
sp, Proteus sp, Group B Nitrofurantoin monohydrate 100 mg po Amoxicillin 250–500 mg po tid of a single pathogenic organism are
streptococci, enterococci) bid � 3 days � 3 days found in a clean-catch midstream

or or urine specimen. Single-dose 
Cephalexin 250–500 mg po qid � Trimethaprim/sulfamethoxazole treatment is effective but has a

3 days 160 mg/180 mg po bid � 3 days higher failure rate; a 3-day course
or is usually recommended. Obtain a

Trimethoprim 200 mg po bid follow-up culture 7–10 days after
� 3 days completion of treatment.
or

Sulfisoxazole 2 g loading dose po 
followed by 1 g po qid � 3 days

Pyelonephritis (mainly Ampicillin 1–2 g IV q6h and gentamicin Trimethaprim/sulfamethoxazole Treat IV until asymptomatic and
E. coli) 1.5 mg/kg q8h 160 mg/800 mg IV q12h afebrile for 24–48 h, followed

or or by oral antibiotics to complete 10
Ceftriaxone 1–2 g IM/IV q24h Gentamicin 1.5 mg/kg q8h days of therapy. After acute

treatment, obtain a follow-up
culture in 7–10 days, place on
prophylactic therapy, and perform
periodic screening.

Intraamniotic infection Ampicillin 2 g IV q4–6h and gen- Ampicillin/sulbactam 3 g IV q6h Intraamniotic infection remains a
(mainly Group B tamicin 1.5 mg/kg IV q8h intrapartum or clinical diagnosis (fetal tachycardia, 
streptococci, E. coli) or Cefotetan 2 g IV q12h uterine tenderness and contractions, 

Penicillin 2.5–5 million units q4–6h or maternal tachycardia and fever). 
and gentamicin 1.5 mg/kg IV q8h Cefoxitin 2 g IV q6h Amniotic fluid culture remains the 
intrapartum or gold standard for diagnosis; Gram 
plus Cefotaxime 25 mg/kg IM/IV q12h stain is only 50% sensitive. Delivery 

Clindamycin 900 IV q8h plus should be expedited, irrespective of
or Clindamycin 900 IV q8h gestational age. Following delivery,

Metronidazole 500 mg IV q8h added or antibiotic coverage should probably
after delivery only if delivery is by Metronidazole 500 mg IV q8h be continued. If delivery is by
cesarean added after delivery only if cesarean, antibiotic coverage 

delivery is by cesarean should also be broadened
(clindamycin is preferred over
metronidazole for lactating
women).

Postpartum endometritis Clindamycin 900 mg IV q8h and Cefotetan 2 g IV q12h Treatment should be continued until
(polymicrobial infection gentamicin 1.5 mg/kg IV q8h with or the patient has been asymptomatic 
with both anaerobes or without Cefoxitin 2 g IV q6h and afebrile for 24–48 h. Around 
aerobes) Ampicillin 1–2 g IV q4–6h or penicillin or 10% of patients will not be cured 

2.5–5 million units IV q4–6h Cefotaxime 1–2 g IM/IV q6–8h with initial therapy. Approximately 
or 20% of treatment failures are due

Piperacillin 3–4 g IM/IV q4–6h to resistant organisms. Women who
or do not respond within 48–72 h

Ampicillin/sulbactam 3 g IV q6h often have another source of fever
(drug fever, wound infection, septic
pelvic thrombophlebitis, infected
hematoma, abscess, retained
products of conception).

Vulvovaginal candidiasis Butoconazole 2% cream 5 g intra- In pregnancy, topical azole products 
(Candida albicans and vaginally � 3 days should be used rather than nystatin. 
other Candida species, or Most effective are butoconazole, 
Torulopsis species, or Clotrimazole 1% cream 5 g intra- clotrimazole, and terconazole; 
other yeasts) vaginally � 7–14 days 7-day regimens are preferred.

or
Clotrimazole 100 mg vaginal tablet

� 7 days
or

(Continued)
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TABLE 26.4. Continued.

Infection
(causative organism) Primary therapy Alternative therapy Comments

Clotrimazole 100 mg vaginal tablet, Oral agents such as ketoconazole 
two tablets � 3 days (100 mg po single dose) and 
or fluconazole (150 mg po single 

Clotrimazole 500 mg vaginal tablet dose) may be as effective as 
� 1 dose topical agents, but potential 
or toxicity and drug interactions 

Miconazole 2% cream 5 g intra- must be considered.
vaginally � 7 days
or

Miconazole 200 mg vaginal suppository, Treatment of sexual partners has 
1 dose � 3 days not been shown to decrease 
or frequency of recurrences.

Miconazole 100 mg vaginal suppository,
1 dose � 7 days
or

Tioconazole 6.5% ointment 5 g intra-
vaginally � 1 dose
or

Terconazole 0.4% cream 5 g intra-
vaginally � 7 days
or

Terconazole 0.8% cream 5 g intra-
vaginally � 3 days
or

Terconazole 80 mg suppository, 1 dose
� 3 days

Malaria (Plasmodium Chloroquine 1 g po � 1 dose; then Quinine 650 mg po tid � 3–7 days Malaria is the major cause of fetal
falciparum, P. vivax, 500 mg at 6, 24, 48 h; then weekly plus growth restriction worldwide.
P. malariae, P. ovale) until delivery Sulfadoxine/pyrimethamine Primaquine should not be used in

plus 3 tablets � 1 dose on day 3 pregnancy because the drug crosses
Proguanil 200 mg po qd of treatment the placenta and can cause hemolytic 

anemia in a parturient with glucose-
6-phosphate dehydrogenase (G6PD) 
deficiency. Cerebral malaria should 
be treated with IV quinine 
gluconate.

Listeriosis (Listeria Ampicillin 1–2 g IV q6h and Trimethaprim/sulfamethoxazole The best length of therapy is not
monocytogenes) gentamicin 1.5 mg/kg IV q8h 160 mg/800 mg IV q12h known. Treat IV until asymptomatic 

or and afebrile for 24–48 h. Consider 
Erythromycin 500–2000 mg IV q6h prompt delivery if listeria amnionitis 

is confirmed.
Pelvic inflammatory Regimen A Ampicillin/sulbactam 3 g IV q6h PID in pregnancy is very rare. All

disease (PID) Cefoxitin 2 g IV q6h and  doxycycline 100 mg IV/po pregnant women with PID should
(N. gonorrhoeae, or q12h be hospitalized and treated with IV
C. trachomatis, Cefotetan 2 g IV q12h or therapy. Quinolones (ciprofloxacin, 
Gardnerella vaginalis, plus Azithromycin 500 mg IV � 2 days ofloxacin) are contraindicated in 
etc.) Doxycycline 100 mg IV/po q12h followed by 500 mg po � 10 pregnancy.

plus days
Doxycycline 100 mg po bid � 14 Treatment may be discontinued 24 h

days total after clinical improvement. When 
tubo-ovarian abscess is present, 

Regimen B surgery may be required, and 
Clindamycin 900 mg IV q8h clindamycin may be preferred for

plus continued therapy. Other 2nd- and
Gentamicin 2 mg/kg IV/IM loading 3rd-generation cephalosporins may

dose then 1.5 mg/kg maintainence be effective, but clinical data are
dose q8h limited.
plus

Doxycycline 100 mg po bid � 14 days 
total or clindamycin 450 mg po qid
� 14 days total
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TABLE 26.4. Continued.

Infection
(causative organism) Primary therapy Alternative therapy Comments

Tuberculosis Positive PPD/no active disease: Isoniazid prophylaxis should be 
(Mycobacterium Isoniazid 300 mg po daily after delivery avoided in the puerperium because
tuberculosis) for 6–9 months of the high incidence of hepatic 

or toxicity.
Isoniazid 300 mg po daily after first 

trimester for 6–9 months (for high- In pregnancy, drugs such as kana-
risk women, including recent mycin, streptomycin, capreomycin 
seroconversion, recent immigrant, (congenital deafness), ethionamide
known recent TB contact, immuno- (teratogenic), and cycloserine
compromised women, skin test �15 (CNS side effects) are
mm and not previously treated) contraindicated

Active disease:
Isoniazid 300 mg po daily � 9–12 Pyrazinamide may be used in place

months of ethambutol, but this approach is
plus not generally recommended as 

Rifampin 600 mg po daily � 9–12 there are limited data on 
months pyrazinamide use in pregnancy.
plus/or .

Ethambutol 2.5 g (15 mg/kg) po daily
� 9–12 months or until sensitivity 
of the AFB culture returns
plus

Pyridoxine 50 mg po daily � 9–12 
months

Source: Adapted from 1998 Recommendations by the Centers for Disease Control and Prevention. (Rayburn WF. Treatment of sexually transmitted dis-
ease. J Reprod Med 1998;43:471–476.)

asymptomatic. After the initial infection, CMV, similarly to
other herpesviruses, remains latent in host cells and may re-
activate. In rare cases, recurrent disease may be caused by in-
fection with a different strain of the virus.

Diagnosis requires a high index of clinical suspicion. Al-
though the CMV virus can be detected 2 to 3 weeks follow-
ing a primary infection by culture or polymerase chain reac-
tion (PCR), the diagnosis is usually confirmed by serologic
testing, either with positive seroconversion or a minimum
fourfold increase in anti-CMV IgG titers over 3 to 4 weeks.
The presence of anti-CMV IgM is a useful, but not completely
reliable, method of establishing a primary infectious process;
IgM titers may be nondetectable during an acute infection and
may persist for months.28 The reported sensitivity of CMV
IgM serologic assays ranges from 50% to 90%.28

The prevalence of CMV infection in pregnant women
varies from 0.7% to 4% for primary infections and up to
13.5% for recurrent infections.29 Vertical transmission may
occur via a transplacental route with primary or recurrent
CMV infections, exposure to contaminated genital tract se-
cretions with vaginal birth, or through breast-feeding. Occur-
ring at any stage of pregnancy, fetal infections are most 
common during the third trimester; however, more serious se-
quelae follow first trimester transmission. The risk of verti-
cal transmission during primary and recurrent maternal CMV
infections is 30% to 40%30 and 0.15% to 2%, respectively,31

epidural labor analgesia,22,23 nosocomial skin organisms are
the most likely culprits for these rare cases of meningitis.24

In addition, in three retrospective analyses of parturients with
documented chorioamnionitis,25–27 representing a total of 
923 patients, no cases of epidural abscess or meningitis were
noted, despite the absence of antibiotic coverage before re-
ceiving the regional techniques and the presence of fever, bac-
teremia, and leukocytosis in a number of parturients. Over-
all, these data suggest that the infectious risk following
regional techniques in parturients with group B �-hemolytic
streptococcus is very rare. However, as the possibility cannot
be excluded, it would be prudent, as with other systemic in-
fections, to request and initiate appropriate antibiotic therapy
before the administration of regional techniques and to avoid
such techniques in women with overt signs of sepsis.

Cytomegalovirus

Cytomegalovirus (CMV) is a double-stranded DNA her-
pesvirus transmitted by contact with infected blood, saliva,
urine, breast milk, or through sexual contact. The mean in-
cubation period is 40 days (range, 28–60 days). Although a
brief, self-limited, flu-like illness with fever, chills, malaise,
myalgia with leukocytosis, and elevated liver function tests
may be experienced, the majority of infected adults are
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with more severe fetal neurologic morbidity following pri-
mary infections.32

Cytomegalovirus is the most common congenital infection,
occurring in 0.2% to 2.2% of all neonates,32 and is the leading
cause of congenital hearing loss. Prenatally, CMV infection can
be suspected following a documented maternal primary infec-
tion or suggestive ultrasound findings; these include abdomi-
nal, liver, and lateral cerebrospinal fluid (CSF) ventricle calci-
fications, ventriculomegaly, hydrops fetalis, echogenic bowel,
ascites, and hepatosplenomegaly.33 Structural anomalies, espe-
cially within the central nervous system, dictate a much poorer
fetal prognosis. Diagnostic confirmation can usually be made
through detection of CMV in amniotic fluid by culture or PCR.
Fetal blood sampling for antibody response is less sensitive due
to the immaturity of the fetal immune system,34 and alterations
of platelet count and liver function tests are nonspecific. Al-
though most infants with congenital CMV are asymptomatic
at birth, evidence of the aforementioned ultrasound findings, as
well as growth restriction, jaundice, petechiae, and thrombo-
cytopenia, may be observed.35

No therapies are currently available for maternal or fetal
CMV infection, and thus routine serologic screening for CMV
during pregnancy is not recommended.36 Although the anti-
retroviral therapies ganciclovir or foscarnet have been used
for CMV retinitis in AIDS patients, the use of ganciclovir in
combination with CMV hyperimmune gamma globulin in
CMV-infected neonates has not been shown to prevent long-
term neurologic sequelae.37 A vaccine is under development
but remains currently unavailable. Patient education efforts thus
should focus on preventative measures, including careful han-
dling of potentially infected articles (such as diapers) and thor-
ough handwashing when around young children or immuno-
compromised individuals. In addition, avoidance of high-risk
behaviors such as intravenous drug use and sharing of needles
should be emphasized when appropriate. Barrier contraception
should be encouraged as a method of contraception.

Anesthetic Management

To date, there are no data regarding the implications of CMV
on anesthesia.

Hepatitis

One of the most serious infections that can occur during preg-
nancy, viral hepatitis can be caused by a diverse collection of
viruses, including CMV, Epstein–Barr, varicella zoster, cox-
sackie B, herpes simplex, and rubella. However, a family of
seven hepatitis viruses, designated by the letters A through E,
G, and TT, are the predominant sources of the disease process;
although the viruses are distinct, similarities in clinical man-
ifestations, diagnosis, management, and obstetric and anes-
thetic implications can be observed. The following informa-
tion concerns this family of hepatitis viruses.

Malaise, fatigue, anorexia, nausea, and right upper quad-
rant or epigastric pain are the most common symptoms of
acute viral hepatitis, and these symptoms are often accompa-
nied by signs of jaundice, upper abdominal tenderness, and
hepatomegaly. Hepatitis A and E are usually self-limited, but
hepatitis B, C, and D frequently progress to a chronic carrier
state.38 Hepatitis G and TT may also result in a carrier state;
however, their ability to exist independent of other hepatitis
forms as acute or chronic hepatitis has yet to be estab-
lished.39,40 Although the majority of chronic carriers are
asymptomatic, up to one third eventually develop chronic ac-
tive or persistent hepatitis. Should cirrhosis follow, the signs
of end-stage liver disease, including jaundice, muscle wast-
ing, ascites, spider angiomas, palmar erythema, and ultimately
hepatic encephalopathy often ensue. Hepatitis D, the defec-
tive virus that requires hepatitis B for replication and expres-
sion, progresses to severe disease more often than any other
form of viral hepatitis. Of patients with chronic hepatitis D,
70% to 80% ultimately develop cirrhosis and portal hyper-
tension, with 15% undergoing rapid progression to death.41

By contrast, only 15% to 30% of patients with chronic hep-
atitis B develop cirrhosis, and the progression is much slower.

Diagnosis of viral hepatitis usually begins with a battery of
general liver tests that demonstrate a marked increase in serum
concentrations of alanine aminotransferase (ALT; previously
SGPT), aspartate aminotransferase (AST; previously SGOT),
and bilirubin. Initial evaluation should include hepatitis A
IgM (anti-HA IgM), hepatitis B surface antigen (HBsAg), and
hepatitis C polymerase chain reaction (HC PCR).42 Additional
testing can include testing for hepatitis B core antibody (anti-
HBc IgM), which appears between the time when surface anti-
gen and antibodies appear, hepatitis D (HD PCR), hepatitis E
(anti-HE), and hepatitis G (anti-HG). Liver biopsies are rarely
required during pregnancy. With severe cases, coagulation
abnormalities (especially prothrombin time) and hyperam-
monemia can be observed; however, neutropenia and lym-
phopenia are often replaced by a relative lymphocytosis.

Management of parturients infected with hepatitis should
begin with avoidance of activities that can result in upper ab-
dominal trauma, maintenance of good nutrition, and avoid-
ance of intimate contact until the involved parties receive ap-
propriate prophylaxis as outlined next. Should more severe
signs be present, hospitalization and correction of nutritional,
fluid, electrolyte, and coagulation disorders is recommended.
Although not a specific therapy for the various hepatitis
viruses, interferon-alpha has been demonstrated to alter the
natural course of acute hepatitis B, C, and D. Multiple side
effects, however, including myelosuppression, autoantibody
formation, thyroid disturbances, and possible cardiotoxicity,
limit its use. In addition, interferon is not recommended dur-
ing pregnancy because of the possible abortifacient effect.38

As these treatments are not completely curative, the em-
phasis has been placed on the prevention of viral hepatitis
through education and immunization. Passive immunization
with antibody immunoglobulin (IG) preparations purified
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from the plasma of normal donors is active against hepatitis
A, B, and D (through immunization against B). A specific im-
munoglobulin against hepatitis B (HBIG) is also available and
has been demonstrated to be more efficacious than standard
IG preparations. Of note, plasma-derived IG preparations are
considered to be of no infectious risk because of an ethanol
fractionation process that inactivates viral (including the hu-
man immunodeficiency virus, HIV) and other bloodborne in-
fectious diseases. IG can be given during pregnancy and does
not pose a risk to the woman or her fetus.38 Two active im-
munizations, Recombivax HB and Engerix B, have been de-
veloped against hepatitis B and, because they are produced
via yeast cultures with recombinant DNA technologies, pose
no infectious risk. Should exposure to hepatitis A or B (be-
fore immunization) occur, passive immunoglobulins should
be administered as soon as possible. With hepatitis B, the
more specific HBIG should be given, and an immunization
series of three vaccinations should be commenced. These reg-
imens are approximately 75% effective in preventing hepati-
tis A and B (and thus D).42 Currently no immunoprophylaxis
is available for hepatitis C or E, and there is insufficient ev-
idence regarding the effects of IGs on hepatitis G or TT.

The Centers for Disease Control and Prevention and the
American College of Obstetricians and Gynecologists recom-
mend hepatitis B virus screening (HbsAg) for all pregnant
women.38 Seropositive women should have serum transami-
nases measured and be encouraged to inform their sexual part-
ners and children of the need for testing and vaccination. Uni-
versal active hepatitis immunization is recommended for all
infants born in the United States. When the mother is seroneg-
ative, infant immunization should commence preferably before
discharge and no later than 2 months of age. When the mother
is seropositive (HBsAg positive) or those of unknown status,
infants should receive both passive and active immunization
treatments, starting within 12 h after birth (Table 26.5).

Anesthetic Management

As a principal organ responsible for glucose hemostasis, fat
metabolism, drug and hormone metabolism, bilirubin forma-
tion and excretion, and protein synthesis, the liver is involved
in a number of physiologic activities of great concern to anes-
thesiologists. Although progression to fulminant liver failure

is not typical of the disease during pregnancy, rapid deterio-
ration43 and liver transplantation have been reported.44 Of
special relevance to the administration of regional anesthesia
is the production of clotting factors; however, as only 20% to
30% of normal coagulation factors is necessary to prevent
bleeding, severe liver dysfunction must be present before the
onset of significant coagulopathies. Nonetheless, clotting ab-
normalities should be suspected and evaluated, and a low
threshold for replacement of clotting factors should be con-
sidered.

In terms of general anesthesia, the accentuated effects and
prolonged elimination time of drugs, due to decreased pro-
tein binding and metabolism respectively, should be consid-
ered. Infrequent reports of independent hepatic injury fol-
lowing administration of halothane, sevoflurane, desflurane,
and even isoflurane have drawn no definitive causal relation-
ships45; however, avoidance of hypoxia and reduced hepatic
blood flow when using these agents, especially in patients
with preexisting hepatic disease undergoing prolonged pro-
cedures with operative interventions in close proximity to the
liver, has been recommended.46

Human Immunodeficiency Virus

An RNA virus that possesses a unique reverse transcriptase
enzyme which encodes proviral DNA into the nucleus of the
host cells, human immunodeficiency virus (HIV) currently af-
fects an estimated 13.8 million women infected worldwide.47

Delays in diagnosis and treatment of the female gender and
the ease of fetal transfer48 represent significant parturient con-
cerns. A multisystem disease, HIV primarily attacks cells 
positive for the CD4 surface antigen, especially helper T lym-
phocytes, which play an integral role in cell-mediated immu-
nity, B cell activation, and antibody production. Associated
alterations in macrophage activation and neutrophil function
lead to an overall increased vulnerability to bacterial, viral,
fungal, parasitic, and mycobacterial infections, as well as cer-
tain malignancies. Although the combined effect of HIV and
pregnancy on the immunologic system remains unclear,49,50

an increase in acquired immunodeficiency syndrome (AIDS)
or AIDS-related complex has been observed in the postpar-
tum period.51

TABLE 26.5. Incidence and transmission of hepatitis viruses.

Type Virus Incidencea Transmission Vertical transmission Perinatal transmission

A RNA 1/1000 Fecal-oral No No
B DNA Acute: 1–2/1000 Parenteral-sexual Yes Yes

Chronic: 5–15/1000
C RNA 6/1000 Parenteral-sexual? Rare Yes
D RNA Unknown Parenteral-sexual Yes Yes
E RNA Unknown Fecal-oral Yes Not reported
G RNA Unknown Parenteral-sexual Yes Not reported
TT DNA Unknown Parenteral-sexual? Yes Not reported

aIncidence in the United States during pregnancy.

ak
us

he
r-li

b.r
u



392 L.C. Tsen and E.R. Norwitz

At any time during the course of the disease, but particu-
larly within a month of the primary infection, patients may
present with a mononucleosis-like illness with symptoms of
headache, meningismus, fever, altered mental status, and iso-
lated cranial nerve palsies. In part these alterations are the re-
sult of very early involvement of the brain and cerebral spinal
fluid; before the onset of AIDS, the virus titer in the brain is
higher than in any other organ.52 With disease progression, HIV
infects the microglial and monocytic cells, resulting in an often
fulminate disturbance in mental function followed by motor and
gait abnormalities. This process, referred to as AIDS–dementia
complex (ADC), is the most frequent neurologic diagnosis in
AIDS patients. Disorders of the spinal cord (vacuolar myelopa-
thy), nerve roots (CMV polyradiculitis), and peripheral nerves
[distal sensory polyneuropathy (DSP)] may also occur. A rela-
tionship between HIV and hematologic disorders including
thrombocytopenia and thrombotic microangiopathies (TMA)
occurs with a 5% to 15% incidence.53 The etiology of these ef-
fects, which is independent of the clinical status of the patient,53

has several hypothesized mechanisms, including antiplatelet an-
tibodies, circulating immune complexes, megakaryocyte infec-
tion, and bone marrow suppression.54

On a population basis, pregnancy rates among women with
HIV infection are comparable with uninfected women until
the onset of AIDS opportunistic infections, when the rates fall
considerably.55 During pregnancy, with advanced disease
(CD4 counts below 30% or progression to AIDS), an increase
in adverse outcomes including miscarriage, premature rupture
of membranes, preterm delivery, and low birth weight has
been observed.49,50 The transfer of HIV from mother to in-
fant accounts for nearly all the cases of HIV infection in chil-
dren and depends on a number of maternal, fetal, and viral
factors. HIV transmission may occur at any time. With early
gestational infection, fetal loss occurs frequently.56 Recent
randomized and observational trials in both the developing
and developed nations have indicated that shorter antenatal
regimens,57 and even postpartum neonatal treatment,58 are
successful in dramatically reducing the transmission rate.

Two particular interventions deserve attention: reducing
antepartum maternal plasma HIV RNA levels and limiting in-
tra- and postpartum neonate exposure to maternal blood, gen-
ital, and breast secretions. The first intervention, using an-
tiviral medications in therapy-naïve parturients to reduce their
viral load, was validated by the AIDS Clinical Trials Group
(ACTG) Protocol 076, in which zidovudine (ZDV) therapy
reduced the rate of vertical transmission of HIV infection from
25.5% to 8.3%.59 In this trial, ZDV was administered orally
and intravenously to parturients before and during delivery,
respectively, and orally to their infants for 6 weeks after birth.
Further study is needed to identify the optimal medications,
time period, and long-term impact for this and other thera-
pies; one potential concern is the creation of multidrug-
resistant strains of HIV and other comorbid infections later
in the course of the parturient’s disease process.

The second intervention, elective cesarean delivery before

the onset of labor or membrane rupture, was evaluated by the
International Perinatal HIV Group via a meta-analysis of 15
prospective cohort studies (5 European and 10 North Amer-
ican) conducted between 1982 and 1996.60 The HIV trans-
mission rate associated with elective cesarean delivery before
onset of labor and membrane rupture was compared to either
vaginal or cesarean delivery performed after these events.
With the restriction of the primary analysis to 8533
mother–infant pairs for whom the route, circumstances of de-
livery, and neonatal HIV status were known, a strongly pro-
tective effect of elective cesarean delivery was discovered
(odds ratio, 0.43; 95% confidence interval, 0.33–0.56). These
results suggest that either labor or membrane rupture could
potentially increase the risk of vertical HIV transmission.
However, the indiscriminate use of cesarean delivery may not
necessarily be beneficial, as an increase in maternal morbid-
ity and mortality from an operative delivery, particularly in
Third World countries, has been observed in this population.61

Additional fetal concerns may lead to a cesarean delivery.
Because IgG antiplatelet antibodies have been detected in
HIV-infected patients,62 transplacental passage with resultant
fetal thrombocytopenia and systemic or intracranial hemor-
rhage may occur. Thus, in addition to the inoculation risk,
procedures involving the puncture of fetal skin or epithelium,
including funipuncture and scalp sampling, are avoided to de-
crease the risk of fetal bleeding. This concern may offer an-
other indication, in the scenario of nonreassuring external fe-
tal monitoring with the inability to do fetal scalp pH samples
or intrauterine monitoring, to perform an operative delivery.

Collectively, these concerns have shaped the components
of an “optimal approach”63 for limiting maternal fetal trans-
mission, which includes promoting earlier HIV detection, us-
ing antiretroviral therapy during pregnancy, selecting obstet-
ric interventions, including elective cesarean delivery, and
using neonatal antiretroviral therapy.

Anesthetic Management

Patients known to be HIV positive should undergo a com-
prehensive evaluation, because even mild or nonspecific
symptoms are compatible with advanced disease. Prior or 
current clinical manifestations including anemia or thrombo-
cytopenia and other opportunistic or sexually transmitted 
infections, as well as current or prior use of HIV-related ther-
apies, adverse drug events, and illicit drug use, should be 
documented.

When the use of a regional anesthetic is contemplated, the
initial assessment should closely evaluate the status of the
hematologic and neurologic systems. Although the theoreti-
cal risk of exacerbating a preexisting neurologic disorder ex-
ists, in the absence of overt disease or mass effects the lim-
ited available data confirm the safety of regional anesthesia
in HIV-positive women.64 Should a headache occur after a
regional technique, a full differential diagnosis, including dis-
eases witnessed in HIV patients, should be considered. If the
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headache is deemed to result from a dural puncture, initial
therapies should be conservative: bedrest, analgesics, oral hy-
dration, and caffeinated products. Should this management
fail, an epidural blood patch can be considered. Although the-
oretical infectious implications of a blood patch have been
raised,65,66 and alternatives such as the use of extradural saline
or heterologous HIV-negative blood have been suggested,67

it should be remembered that detection of HIV within the cen-
tral nervous system occurs early within the disease course.
Three reports have noted the absence of adverse events fol-
lowing blood patch in HIV-positive patients. Although the
studies collectively represent only 13 patients,67,68 in one
study 6 patients underwent serial neuropsychologic testing for
as long as 2 years,68 and no adverse neurologic or infectious
sequelae were observed.

Few data exist on the effects of general anesthesia in the
HIV-infected parturient. Of concern, however, is the poten-
tial for increased sensitivity to medications and the possibil-
ity of increased morbidity. In terms of increased sensitivity,
a significantly prolonged response to a single dose of ve-
curonium has been reported in five HIV-positive patients; al-
though the reasons for this prolonged effect were unclear,
speculation was placed on existing peripheral neuropathies
due to HIV and its treatment.69 Whether this is true for all
classes and types of neuromuscular relaxant medications is
not known. Also unknown are the effects of gammaaminobu-
tyric acid (GABA) receptor drugs (i.e., barbiturates, benzo-
dazepines, and propofol). While HIV patients are speculated
to be more sensitive due to the relationship between the re-
ceptor and interleukin 1,70 a cytokine released in response to
viral and bacterial infections, the actual clinical effects have
not been studied.

In terms of increased morbidity, although general anesthe-
sia can cause a small transient depression in immune func-
tion in normal patients,71 the effects in the parturient with
HIV are unknown. Other theoretical concerns include diffi-
culties in intubation because of the pharyngeal lymphatic hy-
pertrophy observed in some HIV-infected patients72 and the
potential for the endotracheal tube to serve as a conduit for
oral pathogens to the pulmonary tree.

Herpes Simplex Virus

A member of the DNA Herpesviridae family, herpes simplex
virus (HSV) has two major types, designated HSV-1 and
HSV-2, which are primarily responsible for nongenital (gin-
givostomatitis, keratoconjunctivitis) and genital lesions, re-
spectively. An estimated 500,000 new cases of genital her-
pes, one of the most common viral pathogens, are diagnosed
each year, with more than 45 million Americans infected.
HSV-2 infections are more common in women, perhaps re-
flecting a more effective transmission rate, and approximately
30% of the female American population has antibodies to
HSV-2.73

Three stages of HSV infection have been identified, based
on clinical presentation and serology. First-episode primary
genital HSV occurs when herpes antibodies are absent at the
time of infection. First-episode nonprimary genital HSV oc-
curs when the acquisition of one type of HSV occurs when
antibodies to the other type exist. Recurrent infection occurs
when reactivation of genital HSV occurs when antibodies of
the same type are present.

Initial HSV genital infections and recurrences may be with
or without symptoms. When symptomatic, primary infections
appear 2 to 14 days following exposure as ruptured vesicles
on the vulva, vagina, and or cervix. Lesions usually resolve
within 3 weeks without treatment but may persist up to 6
weeks with secondary bacterial or mycotic infections. Com-
monly accompanied by localized pain, HSV infections may
also present with systemic symptoms (malaise, myalgia, and
fever) in up to two thirds of cases. Recurrent disease is gen-
erally accompanied with less severe symptoms. Viral shed-
ding presents an infectious risk and may occur in the absence
of symptoms (i.e., subclinical shedding). Although significant
variation in the frequency, severity, and duration of shedding
exists, shedding occurs less frequently with recurrent herpes.
When primary genital herpes occurs during pregnancy, an in-
creased frequency of viral shedding occurs.

Approximately 1500 to 2000 newborns contract herpes
each year, mostly from contact with infected maternal secre-
tions during the perinatal period. Although believed to be an
infrequent occurrence, in utero transmission can occur, re-
sulting in a variety of anomalies or the onset of preterm la-
bor and delivery. Neonatal disease occurs in 30% to 60% of
the cases when a neonate comes in contact with the virus and
may result in localized [skin, eye, mouth, and central nerv-
ous system (CNS)] or disseminated disease. Neonatal mor-
tality increases dramatically with the disseminated disease,
that is, from 15% to 57%.74

Diagnosis of HSV is dependent on virus isolation; how-
ever, specimen sampling and transporting difficulties limit
test sensitivity, even with overt infections, to 60% to 70%.75

A positive test is strongly suggestive of a nonprimary first or
recurrent episode. More sensitive techniques are under in-
vestigation, and serologic tests should soon be able to reli-
ably identify and even distinguish the two HSV forms. Due
to the low yield of viral cultures and the presence of asymp-
tomatic viral shedding, virologic monitoring or screening is
not recommended.

Primary HSV infection presents the highest vertical trans-
mission risk, and antiviral therapy with acyclovir has been
demonstrated to reduce viral shedding, pain, and duration. Re-
current HSV infections may benefit from acyclovir therapy
as well, although smaller reductions in viral shedding are be-
lieved to occur. Acyclovir, which can cross the placenta, con-
centrate in the amniotic fluid and breast milk, and reach ther-
apeutic levels in the fetus, has been safely used during
pregnancy,76 although the improved bioavailability of vala-
cyclovir and famciclovir may provide greater benefit.77 Be-
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cause of their beneficial effects, antiviral agent prophylaxis
has been recommended for those parturients closer to term
(�35 weeks gestation), those experiencing first-episode pri-
mary or nonprimary genital infections, or those having fre-
quent (�12/year) recurrences.78 Cesarean delivery should be
performed on women with first-episode or recurrent HSV who
have active genital lesions or prodromal symptoms at time of
delivery.

Anesthetic Management

The management of women with primary HSV remains con-
troversial because of the viremia and CNS involvement, in-
cluding headaches, meningitis, and, rarely encephalitis, that
occur. Potential for inoculation of the central neuraxial tis-
sues exists with regional anesthetic techniques, and this must
be weighed against the benefit derived. By contrast, as re-
current HSV is not associated with a viremia,79 no contra-
diction to regional techniques exists, provided the needle is
not placed through a lesion, and no overt CNS involvement
is present.

The use of central neuraxial morphine in HSV parturients
also remains controversial because of the suggestion that oral
HSV is reactivated by the facial itching that can follow
epidural and intrathecal morphine.80 As this facial itching has
also been suggested to serve only as a marker and not a trig-
ger of oral HSV lesions,81 further investigation is needed to
evaluate this potential association. A final concern is HSV le-
sions of the skin, termed herpetic whitlows, which present an
occupational, infectious hazard when contact with the lesions
occur. Should contact occur, handwashing and oral antiviral
medications may prevent an infection from occurring.82

Listeria

Listeria monocytogenes is a facultative anaerobic, gram-
positive rod that produces �-hemolysis on blood agar. Rarely
occurring in the population at large, L. monocytogenes infec-
tions have been estimated to occur at a 20-fold-higher rate
during pregnancy.83 Pregnancy-related decreases in T-cell-
mediated immunity, a major defense against listeriosis, have
been speculated to play a role. Although the exact patho-
genesis of listeriosis is poorly understood, epidemics have
demonstrated an association with the ingestion of contami-
nated food, especially nonpasteurized dairy products.84

Approximately two thirds of pregnant women with liste-
riosis present with fever, headache, myalgias, and other 
nonspecific flu-like symptoms, and one third will experience
gastrointestinal symptoms, particularly diarrhea. Severe com-
plications, including meningitis, encephalitis, adult respira-
tory distress syndrome, and death, are usually associated with
an underlying debilitating disease or immunosuppression.
Maternal fever followed by preterm labor (especially in the
setting of an abnormal fetal heart rate tracing and “fetal dis-
tress” in labor) or in utero fetal demise has been associated

with Listeria. Diagnostic confirmation requires isolation of L.
monocytogenes from maternal or neonatal blood, fetal mem-
branes, gastric aspirates, amniotic fluid, and placental tissue.
Placental histology with evidence of microabscesses and a
distinct multifocal villitis can also suggest the diagnosis fol-
lowing delivery.85

Intrauterine infections during pregnancy are believed to oc-
cur through hematogenous dissemination at the time of ma-
ternal septicemia; however, ascending organisms from the
lower genital tract or perirectal area may also be responsible.
Adverse pregnancy outcomes from listeriosis infections may
occur at any gestational age, and perinatal mortality has been
estimated to range from 20% to 50%. In Europe, Listeria has
been reported to account for 0.5% to 3% of all cases of spon-
taneous abortion and preterm labor.86

When Listeria infection is suspected, prompt initiation of
antibiotic therapy may improve perinatal survival.83 Although
the best antibiotic regimen has not been identified by clinical
trials, parenteral ampicillin with gentamicin is usually given
(see Table 26.4). Trimethaprim/sulfamethoxazole and eryth-
romycin are also effective. Neonates should treated aggres-
sively with broad-spectrum antibiotics, although the length of
therapy is unknown. Perinatal outcome is determined prima-
rily by the gestational age at delivery and complications re-
lated to prematurity.

Anesthetic Management

To date, there are no data regarding the implications of Lis-
teria on anesthesia.

Lyme Disease

A disease caused by the spirochete Borrelia burgdorferi sensu
lato, Lyme disease is the most common vector-borne disease
in the United States. Also common in Europe, the spirochete
is of a different genospecies, with the two most dominant be-
ing B. garinii and B. afzelii. Transmitted by the bite of deer
ticks (Ixodes scapularis) and western black-legged ticks (I.
pacificus), Lyme disease in the United States has increased
about 25 fold since national surveillance began in 1982, with
a mean of approximately 12,500 cases annually.87 Lyme dis-
ease is most likely transmitted to humans during the tick
nymph stage, when the ticks are most likely to feed and their
small size prevents them from being noticed. The transmis-
sion of the infection most likely takes place after approxi-
mately 2 or more days of feeding. Lyme disease spirochetes
can spread from the site of the tick bite by cutaneous, lym-
phatic, and bloodborne routes and have been identified in
spinal, synovial, and amniotic fluids.

The most common presentation of Lyme disease is a char-
acteristic “bull’s eye” rash called erythema migrans, accom-
panied by nonspecific symptoms such as fever, malaise, fa-
tigue, headache, myalgias, and arthalgias. Most individuals
present with symptoms after an incubation period of 7 to 14
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days, but some infected individuals are asymptomatic or 
only experience nonspecific symptoms. Rarely, cardiac and
neurologic manifestations may occur. During pregnancy, 
B. burgdorferi can infect both the placenta and fetus; how-
ever, the risk for and timing of infection are unknown. Al-
though maternal infection has been associated with preterm
delivery, stillbirths, fetal neurologic abnormalities, and de-
layed neonatal effects [respiratory distress and sudden infant
death syndrome (SIDS)], the overall risk of adverse outcomes
appears low. Recent prospective and case-control studies have
demonstrated no association between maternal Lyme disease
and fetal cardiac defects.88,89

Diagnosis of Lyme disease is based primarily on clinical
findings, and treatment is often commenced on the basis of
symptoms or known exposure. Serologic testing may provide
valuable diagnostic information; however, the tests are of
variable sensitivity and specificity. A number of serologic
tests are available, and the CDC recommends testing initially
with an enzyme-linked immunosorbent assay (ELISA) or an
indirect fluorescent antibody (IFA) test, with the more spe-
cific Western immunoblot (WB) test reserved for when equiv-
ocal results are obtained.

Treatment with doxycycline or amoxicillin (cefuroxime or
erythromycin in persons allergic to the first two regimens) for
3 to 4 weeks is generally effective in early disease. With more
advanced disease, particularly with neurologic manifestations,
administration of intravenous ceftriaxone or penicillin for at
least 4 weeks, noting that treatment failures may occur and
that some symptoms may persist even with successful treat-
ment. Aggressive treatment of Lyme disease during preg-
nancy may be warranted with the belief that a reduction in
fetal or neonatal infection may occur, although the efficacy
of this therapy is unknown.90

Antibiotic treatment in early disease may blunt an antibody
response; however, patients with disseminated or late-stage
disease usually have strong serologic reactivity and demon-
strate expanded WB immunoglobulin G (IgG) banding. 
Antibodies, which often persist for months or years even 
after successful treatment, do not confer immunity from re-
infection. A recombinant outer-surface protein A vaccine 
(LYMErix) for the prevention of Lyme disease has been de-
veloped, although it is not recommended during pregnancy.87

Unfortunately, the vaccine does not protect all recipients
against infection with B. burgdorferi and offers no protection
against other tickborne diseases.

Anesthetic Management

Although the generalized malaise, skin lesions, and arthral-
gias are the most prominent symptoms of Lyme disease, CNS
and cardiac system involvement may occur, and these have
important implications for anesthesiologists. Meningitis, en-
cephalitis, and motor and sensory peripheral neuropathies
may occur,91 and the avoidance of central neuraxial blockade
may be prudent in these patients. In terms of cardiac anom-
alies, conduction blockade, pericarditis, valvular disorders,

and cardiomyopathy have all been noted with Lyme dis-
ease92,93; as a consequence, an ECG, a directed cardiac ex-
amination, and possibly other tests should be considered be-
fore anesthesia.

Parvovirus B19

Composed of a single-stranded DNA virus, parvovirus B19
is responsible for childhood exanthem erythema infectiosum
(fifth disease) and transient aplastic crisis in patients with un-
derlying hemoglobinopathy. Even in immunocompromised
individuals, parvovirus B19 infections are usually mild, re-
quiring only supportive care.94

The disease is transmitted most commonly through respi-
ratory secretions and hand-to-mouth contact. Infected persons
remain infectious for 5 to 10 days following exposure.95

Household members of infected persons have an approxi-
mately 50% risk of infection.96 With the onset of a reticular
rash on the trunk or other symptoms such as peripheral
arthropathy, a loss of infectious risk occurs. Maternal diag-
nosis can be made through ELISA or WB tests of parvovirus
B19 antibodies or through direct visualization of viral parti-
cles in infected tissues. IgM and IgG antibodies are produced
in response to an infection and last a few months and indef-
initely, respectively. When only IgG is detected, this repre-
sents both a prior infection and immunity. Seropositivity to
parvovirus B19 increases with age, and more than 60% of
adolescents and adults have antibodies.

Transplacental transmission of parvovirus B19 has been re-
ported to be as high as 33%,97 although the risk of serious 
fetal morbidity, such as hydrops fetalis, and spontaneous abor-
tion and stillbirth is low.98 Serious sequelae occur with in-
fections before 20 weeks gestational age; however, should the
fetus survive, long-term development tends to be normal.99

Fetal parvovirus B19 can be diagnosed through the detection
of viral particles or DNA in fetal specimens, including serum,
amniotic fluid, placenta, or autopsy tissues.100 Ultrasonogra-
phy to detect the presence of hydrops for up to 10 weeks fol-
lowing maternal infection has also been advocated.94

Treatment for parvovirus B19 is primarily supportive.
Should hydrops fetalis occur, treatment is unfortunately lim-
ited to performing percutaneous umbilical blood sampling for
transfusion preparation if anemia is present.101

Anesthetic Management

To date, there are no data regarding the implications of par-
vovirus on anesthesia.

Rubella

Rubella is caused by a single-stranded RNA virus belonging to
the togavirus family for which humans are the only natural host.
Extremely contagious, with an attack rate within closed popu-
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lations close to 100%, rubella is infectious from 7 days be-
fore to 14 days following the associated rash. Since rubella
has a peak incidence among children 5 to 9 years of age and
confers immunity for life once infected, only 6% to 8% of
women of reproductive age remain susceptible to infection
with rubella virus.102

Rubella is a respiratory disease transmitted by airborne or di-
rect contact. The incubation period varies from 14 to 21 days.
Due to the usually mild presentation of the disease, clinical di-
agnosis may be difficult. When present, symptoms can include
a maculopapular 3-day rash of the face that can spread to the
trunk and extremities, postauricular or occipital adenopathy,
fever, transient arthralgias, and arthritis. Pregnancy does not af-
fect the clinical manifestations.103 Diagnosis can occur through
viral isolation from nasopharyngeal secretions; however, few
laboratories provide this service, and isolation takes 4 to 6 weeks.
Testing for the more sensitive rubella-specific IgM antibody,
which appears rapidly and remains detectable for up to 1 month
or longer, is recommended. A fourfold increase in rubella-
specific IgG may also be used for diagnostic confirmation.

Although transplacental infection may occur with primary
maternal rubella infection, transmission rarely occurs with re-
infection. Fetal infection can be confirmed through the de-
tection of rubella-specific IgM or viral cultures from fetal
blood or by rubella DNA isolation from chorionic villi.104 Such
testing, however, is rarely utilized, as the infection severity does
not correlate accurately with viral presence. Congenital rubella
syndrome results in a number of manifestations, including fe-
tal growth restriction, ophthalmologic abnormalities (cataracts,
microphthalmia, glaucoma, chorioretinitis), cardiac malforma-
tions, and neurologic manifestations (mental retardation, mi-
crocephaly, encephalitis). Sensorineural deafness is the most
common consequence; however, thrombotic thrombocytopenic
purpura, hepatosplenomegaly, myocarditis, pneumonitis, ane-
mia, and jaundice may also be observed.

Although fetal infection may occur at any stage of preg-
nancy, the gestational age affects the manifestations,105 with
first trimester maternal infection producing a high incidence
(70%–90%) of developmental malformations. By contrast, al-
though structural defects do not occur as a consequence of in-
fection during the third trimester of pregnancy, deafness and
mental retardation may result. Moreover, the absence of clin-
ical signs at birth does not exclude the possibility of subclin-
ical damage or subsequent impairment; manifestations of con-
genital rubella infection (including endocrinopathies, hearing
or visual impairment, and progressive panencephalitis) 
may develop up to 10 to 20 years later in 70% of individu-
als. Consequently, offspring of women who have sustained
rubella infections during pregnancy should undergo long-term 
follow-up.

There is no effective treatment for rubella. Rubella vac-
cines produce seroconversion and long-term immunity from
infection in 95% of cases. Complications of rubella vaccina-
tion include mild and self-limiting flu-like symptoms, fever,
lymphadenopathy, and rash. Rubella vaccination is not rec-

ommended during pregnancy because of theoretical concerns
of fetal damage. Despite this recommendation, the risk of con-
genital rubella syndrome from vaccination within 3 months
of conception is considered negligible.106 Clinicians should
routinely offer the rubella vaccine to all potentially suscepti-
ble women lacking contraindications for vaccination.

Anesthetic Management

To date, there are no data regarding the implications of rubella
on anesthesia.

Syphilis

An indolent systemic infection caused by the spirochete Tre-
ponema pallidum, syphilis has undergone a dramatic resur-
gence due to an increase in intravenous drug abuse and HIV.107

Currently, the incidence of syphilis is 5 to 7 per 100,000 in the
United States. Although men and women are currently infected
in equal proportions, 80% of women with syphilis are of re-
productive age, potentially risking fetal transmission.107

Transmitted most commonly through sexual contact,
syphilis infection results in 30% to 50% of the cases where
contact with a person with primary or secondary syphilis oc-
curs.108 This high transmission rate is due to the ability of T.
pallidum to pass across abraded skin as well as intact mucous
membranes. During pregnancy, no alterations occur in the
characteristic clinical stages of the disease.

Because T. pallidum cannot be cultured, the diagnosis of
syphilis requires either direct visualization of the organism
(by dark-field microscopy or fluorescent antibody staining)
or, more commonly, serologic testing. Newer diagnostic tech-
niques (i.e., PCR) are currently being developed. Lumbar
puncture is often performed, even during pregnancy, to assist
in the evaluation of CNS symptoms, syphilis of unknown or
advanced stages, and when concurrent immunosuppression
exists. CSF abnormalities suggestive of syphilis infection in-
clude elevated counts of white cells (�5 cells/mm3) and to-
tal proteins (�45 mg/dL), normal glucose concentrations, and
a positive syphilis serologic test.

Antenatal syphilis poses a significant threat to the pregnancy
and fetus and, if untreated, is associated with intrauterine
growth restriction, stillbirth (30%), preterm birth, neonatal
death (10%), and congenital infection (�60%).107,109 Only
20% of children born to mothers with untreated syphilis will
be normal.110 T. pallidum readily crosses the placenta, and
transmission can occur at any time during pregnancy and at
any stage of the disease.110 However, both the disease stage
and fetal gestational age influence the rate of perinatal trans-
mission. Vertical transmission is more common with primary
(50%) and secondary syphilis (50%) as compared with early
latent (40%), late latent (10%), and even tertiary syphilis
(10%).111 Universal antepartum screening and treatment with
appropriate antibiotics could virtually eliminate syphilis dur-
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ing pregnancy. Serologic screening should occur at the first
prenatal visit and, in high-risk populations, again during the
third trimester and at delivery. Mothers properly treated have
a 1% to 2% risk of fetal transmission versus 70% to 100%
for untreated mothers.112

Penicillin is the treatment of choice for syphilis in both
pregnant and nonpregnant individuals due to its efficacy and
the lack of resistant strains. Treatment is directed according
to the stage of disease. Following treatment, treponemal an-
tibody serologic titers should be checked at 1, 3, 6, 12, and
24 months. Titers should decrease fourfold by 6 months and
become nonreactive by 12 to 24 months.108 Titers that do not
decrease appropriately suggest either treatment failure or re-
infection, and treatment should be repeated. Treatment fail-
ure should be further evaluated by a lumbar puncture to eval-
uate CNS involvement and HIV testing.

In nonpregnant individuals with a history of penicillin al-
lergy, recommended alternatives for the syphilis treatment 
include doxycycline, tetracycline, or erythromycin. In par-
turients, however, erythromycin fails to cross the placenta pre-
dictably, and doxycycline and tetracycline have adverse ef-
fects on developing bone and tooth enamel. As such, penicillin
desensitization and treatment is the only satisfactory treat-
ment, and treatment can be achieved either orally (which is
simpler and safer) or intravenously.113,114 Desensitization in-
volves exposing the patient to a small amount of penicillin
and gradually increasing the dose until an effective level is
reached. The procedure requires approximately 4 h to ac-
complish and requires close patient monitoring.

Anesthetic Management

Significant concerns of late-stage syphilis include infection
of the aorta and posterior neuraxial columns and roots. Aor-
tic manifestations include regurgitation and aneurysms pri-
marily of the ascending thoracic aorta; these entities create
anesthetic implications in terms of the need for precise he-
modynamic control and stability. Posterior column and root
degeneration results in deterioration in sensation to position,
deep pain, and temperature and disturbances in bladder con-
trol. Although little information exists on the effects of anes-
thesia in patients with syphilis, when significant posterior col-
umn involvement exists, consideration should be given to
avoiding central neuraxial blockade, as the recovery from
these forms of anesthesia may be difficult to assess.

Toxoplasmosis

Caused by the intracellular parasite Toxoplasma gondii, toxo-
plasmosis infects more than 60 million people in the United
States alone.115 Contact with infected materials such as ani-
mal feces or soil and ingestion of infected undercooked meats
are common routes of infection. Rarely, infected blood trans-
fusions or organ transplants may result in the disease.115

Infection usually presents as asymptomatic cervical lym-
phadenopathy, but after an incubation period of 5 to 18 days,
nonspecific symptoms such as night sweats, fever, malaise,
myalgias, and hepatosplenomegaly may occur. An intact im-
mune system usually allows for a benign and self-limited
course. By contrast, infection in immunosuppressed individ-
uals and fetuses in utero can result in chorioretinitis, hearing
loss, mental retardation, seizures, and hepatosplenomegaly.
Vertical transmission risk is dependent on the timing of ma-
ternal infection, increasing from 10% to 60% from the first
to third trimesters.116 Earlier fetal transmission results in more
severe disease, which is revealed in 55% to 85% of infected
neonates not at birth but at later stages of life.

Although isolation of T. gondii from bodily fluids establishes
an acute infection, serologic testing for antibodies is the pri-
mary method of diagnosis. IgM antibodies appear first, reach
maximum levels in 1 month, and are followed by the immu-
nity-conferring IgG antibodies. As high titers of both IgM and
IgG may persist for years, both tests should be used for the ini-
tial evaluation. Although the Sabin–Feldman IgG test is the
gold standard, it is performed in only a few laboratories; con-
sequently, IFA, indirect hemagglutination, and ELISA testing
are often used. Unfortunately, serologic assays for toxoplas-
mosis are not well standardized and have high false-positive
rates. Therefore, serial testing 3 weeks apart, with specimen
saving for repeat testing in recognized reference laboratories,
has been recommended. In the United States, routine screen-
ing during pregnancy is currently not recommended, except for
women with HIV or other exceptional circumstances.117 In
countries with a high prevalence of seropositivity, such as
France and Austria, however, serologic screening has had a fa-
vorable impact and is routinely performed.118

Prior infection and treatment of toxoplasmosis before preg-
nancy does not confer a congenital transmission risk.94 How-
ever, should the disease be diagnosed and treatment initiated
during pregnancy, a risk of congenital infection exists.119

Spiramycin, a drug available only through the U.S. Food and
Drug Administration, may reduce fetal transmission by
60%120 and should be started immediately. Fetal ultrasonog-
raphy [for ventriculomegaly, intracranial calcifications, mi-
crocephaly, ascites, hepatosplenomegaly, and intrauterine
growth restriction (IUGR)] and fetal blood sampling for IgM
after 20 weeks gestation has been recommended.94 Should fe-
tal infection be established, pyrimethanmine, sulfonamides,
and folinic acid are added to increase the efficacy against pla-
cental and fetal parasites.121 Infants with congenital toxo-
plasmosis should continue treatment of pyrimethamine and
sulfadiazine, alternating monthly with spiramycin, for 1 year.
Treatment may diminish intracranial calcifications and im-
prove neurologic function.122

Anesthetic Management

To date, there are no data regarding the implications of toxo-
plasmosis on anesthesia. However, as alterations in the pro-
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duction or destruction of clotting proteins may occur during
periods of hepatosplenomegaly, clotting parameters should be
evaluated before surgical and anesthetic interventions. Should
moderate or severe symptoms exist, careful evaluation for
other potentially coexisting morbidities is prudent.

Tuberculosis

Tuberculosis (TB) refers to infection with Mycobacterium 
tuberculosis. After declining steadily for three decades, the
number of cases of maternal and fetal TB reported annually
in the United States began to rise again in the 1980s due 
to increases in both HIV infections and multidrug-resistant
strains.123 Although there is no apparent increase in TB pro-
gression during or immediately after pregnancy, most infected
parturients are symptomatic and convert to a positive response
to purified protein derivative (PPD) skin testing. Less common
presentations include peritonitis, meningitis, mastitis, and para-
plegia secondary to spinal osteomyelitis (Pott’s disease).

Diagnosing TB can be difficult. Pregnant women consid-
ered to be at high risk for TB (including women with symp-
toms suggestive of TB, known recent exposure, seroconver-
sion within the past 1 to 2 years, immunocompromised patients,
and recent immigrant status) should be skin tested. Skin test-
ing involves intradermal injection of 5 tuberculin units of PPD
and measurement of the induration (not erythema) in 48 to 72
h. Interpretation of the PPD test depends on the risk status of
the patient and is not affected by pregnancy. A positive re-
action requires further investigation to exclude active disease,
which includes a chest X-ray (usually a single anteroposte-
rior view with abdominal shielding in pregnancy), submission
of early-morning sputum specimens for smear and culture,
and appropriate biopsy specimens if there is evidence of ex-
trapulmonary disease. Although the demonstration of acid-
fast bacilli (AFB) raises the possibility of TB, subsequent cul-
ture confirmation is mandatory because sputum may contain
strains of nontuberculous mycobacterium.

Fetal TB transmission is believed to occur via ingestion or
aspiration of infected amniotic fluid or direct seeding via the
umbilical vein. During pregnancy, therapy does not differ, and
a two-drug regimen, usually isoniazid (with pyridoxine) and
rifampin, should be used for a minimum of 9 months. Ex-
tensive experience with isoniazid during pregnancy has noted
its ability to cross the placenta with no apparent teratogenic
effects.124 Although rifampin crosses the placenta and may
theoretically cause fetal injury through inhibition of DNA-
dependent RNA polymerases, no such damage has been re-
ported. Ethambutol can be added to the two-drug regimen
should resistance exist, although an association with retro-
bulbar neuritis in adults has been noted; fetal exposure to
ethambutol, however, appears safe. Streptomycin is con-
traindicated in pregnancy due to an association with VIIIth
nerve injury and hearing impairment in up to 17% of infants.

Ethionamide and cycloserine have been known to cause fetal
neurologic injuries and should be avoided.

Postpartum, close physical contact with infected individu-
als may allow for neonatal transmission as well. Infants with
congenital TB usually do not manifest signs of disease for
several days to weeks after delivery, resulting in delayed
treatment and a mortality rate approaching 50%.125 In the ma-
jority of cases, nonspecific signs including respiratory dis-
tress, fever, lethargy, failure to thrive, lymphadenopathy, and
hepatosplenomegaly are the only clues. With early diagnosis
and treatment, however, neonatal treatment is usually suc-
cessful.126 Daily isoniazid and rifampin are the usual neona-
tal therapy, but a four-drug regimen (including isoniazid, 
rifampin, streptomycin, and pyrazinamide) is utilized for
drug-resistant strains.

Mothers taking antituberculous medications can breast-
feed; however, approximately 20% and 11% of the mother’s
isoniazid and other antituberculous drugs, respectively, ap-
pear in breast milk.124 Thus, if an infected infant is also 
being independently treated, a dose reduction should be con-
sidered. With noninfected infants, although controversy sur-
rounds leaving the child with the mother in the immediate
postpartum period, in about 2 weeks on treatment, the mother
should become noninfectious. Interestingly, bacille Clamette–
Guérin (BCG) vaccine has limited efficacy in preventing dis-
seminated tuberculosis in children127 and may allow for the
reactivation of an infection acquired previously. A history of
BCG vaccination, which does not alter the interpretation 
of the PPD skin test, should not influence the subsequent 
management.

Anesthetic Management

Sometimes associated with severe restrictive lung disease, the
pulmonary effects of TB represent the main concern for anes-
thesiologists. Although general anesthesia may be a consid-
eration, should an emergent surgical delivery be necessary,
the risk of massive hemoptysis with positive pressure venti-
lation in these patients has been described.128 The extrapul-
monary TB involvement of the CNS, pericardium, liver, and
bone marrow are concerning as well. Vertebral column in-
volvement, although usually of the thoracic spine, can affect
other segments, and instability of the cervical spine has been
reported.129 This vertebral column involvement may present
difficulties in placement and function of regional techniques
or with induction and intubation during general anesthesia.

The treatment for TB may create important implications as
well, significant toxicity of the peripheral nervous system,
liver, and kidneys being reported with isoniazid. Peripheral
neuropathy is preventable and reversible with pyridoxine.
Should significant peripheral neuropathy and impairment of
hepatic function be observed, a baseline neurologic status ex-
amination and laboratory analysis for coagulopathies, re-
spectively, should be considered.
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Varicella Zoster

Varicella zoster virus (VZV) is a DNA herpesvirus transmit-
ted by respiratory droplets or close contact, with a very high
transmission rate among susceptible contacts of 60% to
90%.94 Known as chickenpox, the primary infection is char-
acterized by fever, malaise, and a maculopapular, pruritic rash
that is infectious 48 h before the rash until vesiculation and
crusting are complete. In children, the primary infection is
usually benign and self-limited. By stark contrast, in adults,
severe complications such as encephalitis and pneumonitis
can result; although less than 5% of varicella cases occur
among individuals over 20 years of age, 55% of varicella-
related deaths occur in this group.130 Although antibodies
against VZV develop within a few days of the onset of the
infection and confer lifelong immunity, the virus remains la-
tent in the sensory ganglia. With reactivation, a vesicular ery-
thematous rash localized to one or more cutaneous der-
matomes occurs, and this is known as herpes zoster.

The diagnosis of the primary infection is based on clinical
findings. Although not required, tests identifying within skin
lesions and vesicular fluid antigens or antibodies, by immuno-
fluorescence or ELISA, respectively,131 can be performed.
Due to the highly contagious nature of VZV, only 5% of adults
do not have protective immunity,132 and consequently vari-
cella infection is uncommon in pregnancy, occurring in 0.4
to 0.7 per 1000 live births.131 Should infection occur, how-
ever, significant maternal, fetal, and neonatal effects result.
Varicella pneumonitis is particularly serious in pregnancy,
with a maternal mortality rate of 50%.133 Fetal infection is
difficult to diagnose. Ultrasound findings (including hydrops
fetalis, echogenic foci in the liver and bowel, cardiac mal-
formations, limb deformities, microcephaly, or IUGR) are
nonspecific. Moreover, virus identification by antibodies, cul-
tures, or DNA identification in chorionic villi, amniotic fluid,
or fetal blood is difficult and does not accurately predict the
severity of fetal infection.134,135 Ultimately, fetal skin scar-
ring, limb hypoplasia, chorioretinitis, and microcephaly may
occur.136,137 Neonatal VZV infection is associated with a high
mortality rate, especially when maternal disease develops
from 5 days before to 2 days after delivery. This is a result
of the relative immaturity of the neonatal immune system and
the lack of protective maternal antibodies.138

Oral acyclovir, if instituted within 24 h of the rash, has
been shown to reduce the number and duration of new lesions
and improve the constitutional symptoms in healthy adults.139

Although appearing safe for use in pregnancy, oral acyclovir
has not been shown to prevent or ameliorate the fetal effects
of congenital varicella syndrome.140 Maternal varicella com-
plicated by pneumonitis should be treated with intravenous
acyclovir. Varicella immunoglobulin (VZIG) should be given
to infants born to women who develop varicella between 5
days before and 2 days after delivery, although this does not
universally prevent neonatal varicella.141

Because treatment options are limited, efforts should be
made to identify and vaccinate nonpregnant women of child-
bearing age who are nonimmune.132 As the vaccine is a live
attenuated strain, it is not approved for use during pregnancy,
and conception should be delayed until 1 month after the sec-
ond vaccination dose is given. Nonimmune women should
also be counseled to avoid contact with individuals who have
chickenpox; however, if exposure occurs, administration of
VZIG should occur as soon as possible, up to 72 h afterward,
to prevent or attenuate the maternal disease.142 Unfortunately,
should VZIG fail to prevent the disease, no alterations of fe-
tal infection occur as the result of its administration.

Anesthetic Management

As mentioned, varicella pneumonia can be critical, and in-
fected patients are often admitted to the intensive care unit,
where adult respiratory distress syndrome (ARDS) therapy
with intubation and ventilator support may ensue. Should
anesthesia be necessary in an unintubated patient with respi-
ratory distress, such as for cesarean delivery to improve the
health of the mother as well as the fetus, the use of general
anesthesia is most likely the best option. Should regional anes-
thesia be attempted, the degree of pulmonary compromise
may become unacceptable, especially with a high anesthetic
level and the patient in the supine with left uterine displace-
ment position.

The most frequent contact anesthesiologists have with pa-
tients with VZV is when reactivation of the latent virus oc-
curs and patients seek help for pain management. The debil-
itating pain is difficult to control, and a number of topical
agents and invasive blockades of sympathetic, peripheral
nerve, and even central neuraxial pathways have been evalu-
ated with only limited success.143

Summary

A number of infections are associated with significant ma-
ternal and fetal consequences. In general, perinatal infections
have more serious fetal consequences when they occur early
in gestation, because they may disrupt organogenesis. By con-
trast, second and third trimester infections are more likely to
cause neurologic impairment or growth disturbances. With
few exceptions, treatment of infectious diseases is not altered
substantially by pregnancy; however, as infectious diseases
often dramatically affect the outcome of the pregnancy, ob-
stetric and anesthetic management decisions should be di-
rected with awareness of these pathogens to optimize the out-
come for mother and infant.
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Substance Abuse
Nancy Kenepp and Ashwin Chatwani

Women of childbearing age constitute a substantial propor-
tion of substance abusers, and an estimated 5% of births in
the United States are drug exposed. In an urban emergency
room, almost 50% of patients presenting in early pregnancy
test positive for tobacco, marijuana, or cocaine.1 Box 27.1
lists the substances addressed in this chapter.

Patterns of Abuse

People exhibit a continuum of patterns of drug use where
movement back and forth from one phase to another is pos-
sible. On one extreme is the person who abstains totally. Most
people use drugs rarely or occasionally; this is termed “so-
cial” use. Abuse occurs when use is clearly above the norm
for the social group. Early addiction is present when medical
and personal problems ensue and withdrawal symptoms start.
Exclusive of tobacco, at any given time, about 4% of the U.S.
population abuses or depends on drugs, and over the course
of their lives, about 20% of the population will meet the cri-
teria for abuse or dependence.2

Social Use

Several factors determine use of drugs: peer attitude toward
use, parental use, socioeconomic status, education, legality,
risk taking, curiosity, and individual tendency to accept so-
cial norms. Among teenagers, use correlates with symptoms
of adolescent depression and dropping out of school.

Because these are legal substances, people tend to try to-
bacco and alcohol initially. Groups or individuals progress to
illegal substances such as marijuana and cocaine; abusers of-
ten use multiple drugs.

Abuse

Causes of substance abuse are numerous. Some predictors are
low self-esteem and difficulty in relating to people, in express-
ing feelings, in anticipating consequences, and in creating a

healthy environment. As what is socially acceptable varies
among groups, changing friends can be an early sign of abuse.
Users often attribute medical symptoms of abuse to more so-
cially acceptable factors, for example, childhood illnesses. Even-
tually addictive behavior interferes with obtaining basic human
needs such as food, housing, and (prenatal) medical care.

Addiction

Addiction is using a substance for short-term pleasure at the
expense of long-term adverse effects. Although addiction is
obvious at this stage, users, when asked, may admit to only
occasional use and repress or deny abuse.

Pharmacology

Tolerance

Addictive drugs share the capacity to produce two types of
tolerance. Metabolic tolerance is increased capacity to me-
tabolize the substance. Pharmacodynamic tolerance is de-
creased sensitivity of the central nervous system (CNS) to the
drug effects, which is caused by autoregulating mechanisms.

Dependence

Dependence is a sign of pharmacodynamic tolerance charac-
terized by rebound CNS hyperexcitability, or depression, as
the initial drug effect wanes. Dependence causes drug-seeking
behavior and is more severe with short-acting compounds.
Minimal symptoms of dependence accompany drugs of longer
duration of action. Substances with cross-dependence relieve
the symptoms of dependence. Chronic users of a substance
are less sensitive to cross-dependent drugs, but if they are
acutely intoxicated, they are more sensitive.

Withdrawal

Withdrawal refers to the constellation of symptoms that de-
velop when substance use ceases. Withdrawal symptoms are
evidence that pharmacodynamic tolerance has developed.
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Distress during pharmacologic withdrawal is modulated by
environmental conditioning: the association of substance
abuse with particular events. Protracted abstinence syndrome
refers to the period during which subtle withdrawal symptoms
interfere with the smooth progression of activities of daily liv-
ing. Substances with cross-dependence suppress withdrawal
symptoms but maintain dependence. Thus, cross-dependent
substances can be used when the primary substance is not
available, which is another reason why addicts use multiple
drugs. The basis of some overdoses is inadvertent ingestion
of cross-dependent substances. Cross-dependent drugs with
fewer adverse health effects or withdrawal symptoms are use-
ful for treating addiction.

Detection

Chemical Analysis

Abusive chemicals are usually assayed in urine or blood. The
most common technique for initial identification of illegal
substances is an enzyme-mediated immunotechnique (EMIT).
Positive results should be confirmed by gas chromatography,
high pressure liquid chromatography, or thin-layer chro-
matography. Urine screening is used for most substances, be-
cause it can be more easily obtained than blood. Handheld la-
tex agglutination testing devices are available for screening
urine when rapid results are desirable.

A major disadvantage of both urine and blood screening is
the limited interval after use during which detectable levels
of the substance are present. A urine test for alcohol remains
positive for 8 to 16 h; that for amphetamine or cocaine, 24 to
72 h; for opiates, 2 to 4 days; and for marijuana, 7 to 30 days.3

Meconium Testing

Meconium collected from diapers is representative of a long
period of fetal development, and meconium metabolite con-
centrations correlate with severity of drug exposure. Meco-
nium analysis is capable of detecting fetal exposure that is
missed with urine sampling and is well established as a
method for the detection of cocaine, tobacco, and marijuana.
Meconium analysis for ethyl linoleate, a metabolite of
ethanol, has recently been shown to correlate with maternal
reports of severity of alcohol abuse.4

Hair Analysis

Quantitative analysis of hair for the metabolites of nicotine
and cocaine is performed by radioimmunoassay, and concen-
tration in the hair corresponds to the amount of exposure.5

Although hair growth is variable, the proximal 12 cm corre-
sponds with the duration of the pregnancy. A specimen cut
into three 4-cm segments, when assayed, correlates well with
historical use during the trimesters of pregnancy. Cocaine and
tobacco are deposited into fetal hair during the third trimester,
and infant levels correlate with maternal proximal segment
levels.

Self-Reporting

Reliance on self-reporting of substance abuse misses 26% to
48% of pregnancies in which it occurs.1,6 At least 25% of par-
turients with positive urine screens deny use of drugs.1 Only
3% to 6% of parturients who report never having used to-
bacco, marijuana, or cocaine have positive urine tests. How-
ever 23% to 25% of parturients who report using these sub-
stances in the past have positive urine tests, and 50% who
deny current cocaine use have metabolites in their hair. Re-
porting past use of a substance is an indicator for current use.
With recent publicity regarding the deleterious effects of
smoking tobacco during pregnancy, denial of tobacco use is
as likely as denial of other substances.1

Addictive Drugs in Pregnancy

Incidence

Multiple studies have attempted to assess the prevalence and
types of drugs abused by pregnant women. The true incidence
of perinatal substance abuse is unknown, because self-reporting
is unreliable, urine screening detects only recent users, and hair
and meconium analysis is too expensive for widespread use.

Reported Incidence

Although the incidence of abuse during pregnancy is proba-
bly higher than is reported in the literature (Table 27.1),
screening results do delineate the magnitude of the problem.
Of universally screened women on admission to the obstetric
service at the University of California, Davis Medical Cen-
ter, one in five were positive for an illegal substance.7 In other

Box 27.1. Commonly abused substances.

Alcohol
Barbiturates
Narcotics
Benzodiazepines
Marijuana
Cocaine
Amphetamines
Phencyclidine
MDMA (3,4-methylenedioxymethamphetamine)
Tobacco

TABLE 27.1. Prevalence rates of substance abuse in pregnancy.

Substance Percent

Tobacco 8–46
Alcohol 4–20
Marijuana 1–34
Cocaine 1–18
Amphetamine 0.3–7
All drugs 4–50
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studies, positive urine tests for cocaine or marijuana have been
reported to range from 8% to 32%.6 Tobacco use, which is not
included as a substance of abuse in many studies, ranges from
15% in private West Coast patients to as high as 46% in Mid-
west rural patients.8,9 Tobacco use correlates with substance
abuse; 78% of drug users were smokers in one study,7 and
15% of drug users smoke compared to 5% of nonusers.9,10

Geographic Differences

In rural areas and the Southeast, tobacco, alcohol, and mari-
juana are commonly abused substances. In urban East and
West Coast areas, cocaine use is more prevalent. Amphet-
amine use is not as prevalent as cocaine except in selected ur-
ban areas on the West Coast.

Demographic Characteristics

Various demographic characteristics correlate with drug use.
Most studies describe drug users as older,7 single,8 from a
lower socioeconomic class,7 clinic patients,8 less educated,8

depressed,11 and without prenatal care.11,12 Many are victims
of abuse, childhood rape, and sexual molestation, and the
progeny of substance-abusing parents.11,13 African-Americans
seem more likely to use cocaine, whereas Asians and His-
panics are unlikely to use illicit drugs.7,8 Private parturients
are less likely to use cocaine.8

Caveats Regarding Interpreting Studies

When interpreting results, it is important to consider the study
protocol, especially regarding the effects of drug exposure on
the fetus. Separating the effects of a particular drug from the
detrimental effects of concomitantly used drugs or socioeco-
nomic circumstances is difficult. Problems attributed to drug
abuse may actually be related to heavier tobacco use by addicts.

Separating users from nonusers, for study purposes, is diffi-
cult. In one study, 25% of parturients with negative urine
screens gave a history of drug use;7 in another report only half
of parturients reporting drug use had positive drug screens.14

Screening infant urine misses 50% of exposed fetuses.
Urine screen timing alters user population estimates: analy-

sis early in gestation includes those who abstain after the first
trimester; analysis late in gestation or at delivery may clas-
sify first and second trimester users as abstainers. Because
there is a continuum of severity of drug abuse, reporting ex-
posure as positive or negative lumps together rare users and
addicts. Once made aware of possible detrimental effects, a
high percentage of women reduce or abstain from tobacco and
alcohol use soon after discovering their pregnancy.15 One
study shows that 57% of parturients at a teaching hospital and
61% at a private hospital had alcohol before or during preg-
nancy, whereas only 12% and 7%, respectively, “binged” be-
fore pregnancy, and 6% and 1%, respectively, binged during
the pregnancy.8 “Lumped data” are especially misleading
when entered into multivariate regression analysis.

Consequences of Self-Reporting

Persons admitting drug use are sometimes reported to child
protection services, causing loss of custody, or, as in Wis-
consin, court jurisdiction over the unborn child. Women in
Charleston, South Carolina, who had positive urine screens
for cocaine were arrested for delivering drugs to a minor.
Mandatory reporting is not always enforced uniformly,11 as
in Pinellas County, Florida, where black women with posi-
tive urine screens were reported at 10 times the rate of Cau-
casian women.16 Fearing nonmedical consequences, pregnant
women are reluctant to report illicit drug use. Of parturients
with positive urine, 82% deny marijuana use, and 44% deny
cocaine use.17 Comparison of anonymous responses with
meconium results shows that even anonymous forms are not
reliable in assessing the incidence of illicit drug use.18

Identifying Parturients

Demographic results of prevalence studies can be applied to
identify substance abusers. The medical, social, or obstetric
history may reveal problems associated with substance
abuse.19 Universal urine screening is not cost-effective unless
a majority of parturients are abusing drugs.

Effects of Pregnancy on Substance Abuse

Pharmacologic

Physiologic changes in body water and plasma volume dur-
ing pregnancy alter the peak concentration, half-life, and vol-
ume of distribution of drugs.20 Sensitivity to and metabolism
of drugs change during pregnancy. Pregnancy increases sen-
sitivity to cocaine, whereas methadone requirements increase
due to increased volume of distribution. Pregnancy lowers 
cytochrome P450 enzymes, glucuronyl transferase, and mi-
crosomal monooxygenase21; progesterone increases N-
demethylation.22 These changes alter metabolism of cocaine,
heroin, alcohol, barbiturates, and marijuana. Metabolism of
alcohol via aldehyde dehydrogenase and of cocaine via N-
demethylation may cause liver cellular damage.23

Placental Effects

Placental transport is established by the fifth week of life, and
placental drug metabolism is determined by the quality and
quantity of enzymes present, which are in turn determined by
maternal environment. Placental microsomes are capable of
metabolizing cocaine.24 The placenta metabolizes alcohol in
a manner similar to the liver.25

Maternal Effects of Substance Abuse

Effects of Parenteral Abuse

Administering drugs by injection subjects users to complica-
tions associated with use of nonsterile equipment and impure
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drugs. These complications (Box 27.2) include hepatitis, hu-
man immunodeficiency virus (HIV), endocarditis, and pul-
monary hypertension.

With the use of newer preparations of cocaine and am-
phetamine by inhalation rather than injection and the de-
creased popularity of black tar heroin, one would expect HIV
among drug users to decline. The high incidence of HIV
among cocaine users is attributed to drug-related sexual ac-
tivity.26 In Atlanta, 0.6% of pregnant women were HIV pos-
itive, and half of those who admitted risk factors were co-
caine users. The probability of acquiring HIV infection with
a history of intravenous drug administration was 5 in 19 and
with cocaine use, 3 in 5.26

Maternal Detrimental Effects of Substance Abuse

Because of pregnancy associated increased cardiac output,
minute ventilation, and oxygen consumption, respiratory or
cardiac failure occurs with lower serum levels of barbiturates,
opiates, or alcohol than in the nonpregnant state. Nutritional
needs are increased in pregnancy, but drug abuse is associ-
ated with poor dietary habits. Parturients with marijuana,
phencylidine (PCP), or cocaine in their urine had lower serum
folate and ferritin levels.27 Urinary tract infections, pneumo-
nia,28 and higher blood leukocyte counts are associated with
antepartum drug use.27 Elevated maternal carboxyhemoglo-
bin levels and airway hyperreactivity will be present when
drugs are smoked. Physical signs associated with drug use 
include abnormal pupil size, cough, rhonchi or wheezing,
staining of fingers and teeth, palmar erythema, liver flap, skin
ulcers or needle tracks, emaciation, poor hygiene, inatten-
tiveness, and narcolepsy.

Psychosocial Effects

Pregnant women delay obtaining medical care (Table 27.2).
Drug users are more likely to be physically abused.29 African-
American women and non-Hispanic Caucasians who use drugs
are 3.7 and 2.1 times, respectively, more likely to be battered
than nonusers. Abusers and addicts use their energy obtaining
drugs, not on assuring personal needs, so their lifestyle is
chaotic. They resort to prostitution for drug money or trade sex
for drugs. Money for food may be spent on drugs. Homeless-
ness or housing without heat, running water, or telephone are
not infrequent. Compounding the problem, treatment facilities
for drug users are not adequate in either scope or number.10

Uteroplacental Effects of Substance Abuse

Membrane characteristics, pH, lipid solubility, protein bind-
ing, and molecular weight determine the placental transfer of
nutrients and drugs. Placental metabolism, uteroplacental
blood flow, and placental transfer of oxygen and nutrients are
all affected by substance abuse.

Placental Transfer

Nutrient transfer is affected by cocaine,22 alcohol,30 and to-
bacco.31 Impaired placental nutrient transfer associated with sub-
stance abuse may result from changes in placental membranes.

Placental Blood Flow

Uteroplacental blood flow is determined by maternal and fe-
tal cardiac output, uterine tone, and vascular resistance. De-
pressant drugs, such as barbiturates, may decrease cardiac
output and thus impair delivery of nutrients and oxygen. In-
creased sympathetic activity, produced by cocaine, amphet-
amine, tobacco, narcotic, or alcohol withdrawal, and hyper-
carbia and hypoxia from narcotics may impair nutrient de-
livery by causing vasoconstriction of placental and uterine
blood vessels.32 Vasoconstriction can increase the incidence
of abruptio placentae, as seen with nicotine,33 heroin,34 am-
phetamine,35 and cocaine.36 Table 27.3 shows the incidence
of placental abruption with drug abuse compared to control
populations.

Box 27.2. Implications of parenteral drug abuse.

Hepatitis
HIV infection
Sexually transmitted disease
Cellulitis
Superficial or deep abscess
Tetanus
Septic phlebitis
Foreign body emboli
Lymphedema
Tricuspid insuffiency
Bacterial endocarditis
Septic pulmonary infarct
Cerebral abscess
Vertebral osteomyelitis
Pulmonary hypertension
Pulmonary edema
Pulmonary bullae
Pulmonary abscess
Tuberculosis
Pneumonia

Source: Modified from N. Kenepp. Substance abuse. In: James FM, Wheeler
AS, Dewan DM (eds) Obstetric Anesthesia: The Complicated Patient, 2nd
edn. Philadelphia: Davis, 1987: 507. Used by permission.

TABLE 27.2. Prenatal care in substance abusers.

Prenatal Controls Cocaine Amphetamine Multidrug Opiate
care (%) (%) (%) (%) (%)

First trimester 13 6* 6* 11* 21
Second trimester 35 25* 18* 26* 47
Third trimester 30 21* 27* 20* 21
None 11 40* 40* 40* 11

*p � 0.01, comparison with controls.
Source: Modified from Gillogley KM, Evans AT, Hansen RL, et al. The peri-
natal impact of cocaine, amphetamine, and opiate use detected by universal
intrapartum screening. Am J Obstet Gynecol 1990;163:1535. Used with per-
mission.
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Fetal Effects of Substance Abuse

Birth Defects

Birth defects in substance abusers can result from malnutri-
tion, direct effects of drugs or their metabolites, infarction
from vasoconstriction, and alteration in neurotransmitters.37

Malnutrition, specifically defiency of folic acid in substance
abusers, can cause neural tube defects.38 Vasoconstriction and
resultant free radicals may cause limb reduction defects,39

skull defects,40,41 genitourinary tract anomalies,42 and ileal
atresia.43

Fetal Alcohol Syndrome (FAS)

Acetaldehyde is thought to be involved in the development
of fetal alcohol syndrome (FAS).44,45 Although there is no
clear-cut evidence of barbiturate-induced fetal damage in hu-
mans, barbiturates are behavioral teratogens in animals, and
early gestational exposure produces neuromorphic changes
similar to FAS.46 FAS-like anomalies have been reported with
exposure to marijuana, but alcohol and malnutrition may have
also been factors.47

Intrauterine Growth Restriction (IUGR)

Tobacco,48 alcohol,49 heroin,50 marijuana,6 amphetamine,51

and cocaine52,53 use are all associated with intrauterine growth
restriction (IUGR). Table 27.4 shows the effect of some of
these drugs on birth weight. IUGR is most severe in polydrug
users and bingers.28,54 Multiple reasons are proposed for
growth retardation, such as drug-induced decreased delivery
of oxygen and nutrients via the placenta,55 fetal hypoxia or
ischemia, and accumulation of carbon monoxide.

Spontaneous Abortion

Multiple reports link drug abuse with an increased incidence of
spontaneous abortion. This is most likely linked to tobacco use.56

Preterm Labor

The incidence of preterm labor is higher with use of cocaine,57

marijuana,58 heroin,59 and tobacco.60 Parturients abusing mul-
tiple drugs or binge cocaine users are more likely to have
preterm delivery.17,61

Fetal Distress

Fetal distress, associated with abruptio placentae and placen-
tal insuffiency, increases in drug abusers. Opiate use causes
loss of fetal heart rate variability. Cocaine, PCP, amphet-
amine, 3,4-methylenedioxymethamphetamine (MDMA), and
alcohol all cause fetal tachycardia.

Neonatal Effect of Substance Abuse

Neonates continue to be affected by maternal drug use via
vertical transmission of HIV, hepatitis, and sexually trans-
mitted diseases (STDs), delayed metabolism and excretion of
drugs with the absence of placental transfer back to the
mother, and necessary treatment of withdrawal symptoms.
The cost of neonatal care is increased for drug-exposed
neonates.62

Neonatal development is influenced by environmental fac-
tors related to maternal lifestyle. Breast-feeding63 and post-
partum maternal smoking, which lead to positive infant urine
screens for cocaine and tobacco, prolong drug exposure.64

Sudden infant death syndrome (SIDS) incidence increases
with tobacco, opiates, and cocaine abuse.65,66

Neonatal Abstinence Syndrome

Adverse neurologic findings include neonatal depression from
intoxication and withdrawal symptoms. Withdrawal symp-
toms are observed with opiates and, to a lesser extent, with
alcohol, cocaine, benzodiazepines, and barbiturates. Opiate
withdrawal symptoms are shown in Box 27.3. Neonates with
withdrawal symptoms have excessive weight loss.34 Perina-
tal mortality is increased 25% to 35% in infants exposed to
tobacco.67

Neurologic Outcome

Intellectual and behavioral problems, which may be socio-
economic rather than directly drug derived, have been docu-
mented in children of drug abusers. Determination of the ef-
fect of drug exposure on infant development is hampered by
the presence of many confounding variables and a lack of ap-
propriate outcome measures. A growing number of reports in-

TABLE 27.3. Placental abruption and substance abuse.

Control Drug or condition rate
Drug or condition rate of abruption (%) of abruption (%)

Amphetamine 0.7 0.9
Methadone 0 0.7
Tobacco — 1.6–2.8
Heroin 0 3.2
No prenatal care 0 4.0
Multidrug abuse 0.7 5.7
Cocaine 0.3–0.8 0.7–15

TABLE 27.4. Birthweight deficits.

Head circumference
Substance abused Birth weight deficit (g) deficit (cm)

Cocaine 125** 0.41**
Cocaine � multidrugs 195** 1.09**
Cocaine � marijuana 170** 0.41**
Cocaine � opiates 237** 0.95**
“Crack” 200** 0.84**

*p � 0.05; **p � 0.01.
Source: Modified from Bateman DA, Ng SK, Hansen CA, et al. The effects
of intrauterine cocaine exposure in newborns. Am J Public Health
1993;83(2):190. Used by permission.
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Box 27.4. Obstetric management of drug-dependent parturients.

First prenatal visit
1. History

Drug use
Obstetric history

Preterm birth
Medical history

STDs
Endocarditis

2. Laboratory tests
Syphilis test
Hepatitis test
HIV test
Tuberculosis test
CBC
Hepatic function
GC and Chlamydia

3. Ultrasound
Gestational age
For anomalies

4. Drug abuse treatment
Detoxification
Substitution therapy

Subsequent prenatal visits
1. Education

HIV infection
Fetal drug effects

2. Nutrition
3. Psychosocial services
4. Third trimester fetal testing

Ultrasound for growth
Biophysical score

Intrapartum care
1. Maternal monitoring

Oxygenation
Hyperpyrexia
Abruption

2. Fetal monitoring
3. Patients with CNS depression

Reduce acidity
4. Support of addiction
5. Cesarean section for fetal indication
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dicate an association of motor tone abnormalities, behavioral
problems, auditory and visual processing deficits, and atten-
tional deficits in children of drug-abusing mothers.68

Obstetric Care for Substance Abusers

All pregnant women need substance avoidance education.
Care of substance abusers starts with getting the mother to
the health care system. Because of prior negative experiences
with health care and child protective services, mothers may
present an uncaring and indifferent facade and be difficult to
manage. They cannot be forced to cease taking drugs and in-
stead should be helped to seek appropriate assistance69 with
referral to substance abuse professionals. For addicts, inter-
vention requires programs designed to handle all the woman’s
needs, rather than only maternal and fetal care. The environ-
ment should be supportive, nonjudgmental, and nonpunitive.
Parturients need access to food, housing, child care, and drug
and nutrition counseling to be able to take advantage of health
care opportunities. Workers should actively recruit parturients
and bring them to clinics if appointments are missed. Clinics
focusing on family and drug abuse care retain parturients and
succeed in improving obstetric outcome.70,71

Prenatal Care

General prenatal care for drug abusing mothers is outlined in
Box 27.4. At the initial visit, the presence of associated his-
torical and physical findings helps in assessing degree of abuse.
The duration of the pregnancy at the initial visit often reflects
the degree of drug dependence. Admission to a detoxification
unit may be necessary. Parturient education should include in-
formation regarding fetal growth restriction, premature labor,
abruptio placentae, and general medical hazards of drug abuse.

Education, however, may lead to complications of its own.
Adolescent girls may increase smoking to limit the size of the

baby and the amount of pain in giving birth.72 Parturients may
use cocaine as an abortifacient or to induce labor. Narcotic
addicts may try to substitute benzodiazepines for methadone,
thereby exacerbating neonatal withdrawal.73

Ultrasound assessment is an important tool for care of sub-
stance abusers. An initial assessment for dates is important
for addicts: even if the parturient presents in the first trimester,
the date of the last menstrual period may not be reliable. Early
confirmation of dates also aids evaluation of growth restric-
tion and diagnosis of fetal anomalies. Later in gestation, ul-
trasound is useful for assessing fetal growth.

Laboratory studies include serum hepatitis, HIV, alpha-fe-
toprotein titers and liver enzymes, and possibly folate levels,
as well as routine prenatal testing. Parturients have an in-
creased incidence of STDs. Tuberculin testing is indicated;
an EKG or echocardiogram may also be indicated. Interval
urine toxicologic screening is useful for assessing parturient

Box 27.3. Neonatal withdrawal symptoms.

Tremor
Irritability
Jittery behavior
Excessive crying
Hyperactive reflexes
Yawning
Sneezing
Sweating
Increased respirations
Seizures
Alkalosis
Hypocapnia
Fever
Increased stools
Vomiting
Dehydration
Uncoordinated sucking
Increased flexor tone
Disorganized responses
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27. Substance Abuse 409

compliance. Nonstress tests or biophysical profiles are indi-
cated after 32 weeks.13 Expected maternal and infant needs
after delivery should be assessed before parturition to avoid
delayed discharge from the hospital.

HIV and Consultation

Pregnant women who are HIV positive require consultation
with an infectious disease specialist. Pregnancy does not ap-
pear to affect progression of the disease, the major risk being
that of transmission to the fetus.74 Maternal antepartum zi-
dovudine therapy lowers the rate of vertical transmission from
25% to 8%.75 Laboratory studies in these parturients include
CD4 counts and viral load. Pregnant women also may need
consultations for cardiopulmonary or hepatic problems or for
referral to a tertiary care facility.

Intrapartum Care

The presence of associated maternal disease causes an in-
crease in induction of labor in drug abusers. Parturients in 
labor require careful monitoring for signs of placental in-
suffiency and fetal hypoxemia. Mothers frequently self-
medicate before arrival in the delivery room. Central vein
catheterization sometimes is required for IV access. Pregnant
women who are HIV positive are treated with zidovudine
(AZT) during the intrapartum period. Cesarean section for
failed induction or fetal distress is more common in substance
abusers. Short umbilical cords and resulting complications
may be associated with abuse of depressant drugs.76

Intoxicated parturients are stabilized. Oxygenation needs to
be supported. Depending upon the agent of abuse, the car-
diovascular system may be stimulated or depressed. CNS-
depressed parturients, at risk for aspiration, need medication
to reduce gastric acidity and volume. Metaclopromide is in-
dicated with alcohol, narcotic, and barbiturate intoxication.
Acute cocaine or amphetamine toxicity may present as ap-
parent preeclampsia.77 Marijuana, PCP, MDMA, amphet-
amine, and cocaine intoxication are associated with hyper-
pyrexia, which increases oxygen consumption in both mother
and fetus. Hyperpyrexia may be treated with acetaminophen.
Detoxification is contraindicated during labor, because the
stress of withdrawal reduces uterine blood flow and thereby
increases fetal risk. Obstetric management is expectant, un-
less the maternal or fetal condition deteriorates, in which case
delivery by cesarean section is indicated.

Anesthetic Implications in Drug Addiction

Drug Interactions

Multiple interactions of illicit drugs and anesthetic agents oc-
cur. Abusive substances alter metabolism of anesthetics. Con-
versely, spinal anesthesia and halothane induce increased he-
patic metabolism of the abused agent.78 Drug interactions may
adversely affect cardiovascular, respiratory, uteroplacental,

and fetal functions, limiting anesthetic choices. Barbiturates,
PCP, and alcohol increase sensitivity to narcotics, whereas
opiate abuse increases the need for narcotics. Careful titration
evades morbidity.

Medical Complications

Medical complications associated with parenteral drug abuse
(Box 27.2) are treated as in nonabusing parturients and may
further limit anesthetic options. Table 27.5 outlines the anes-
thetic management of potential problems that may occur be-
fore or after administration of an anesthetic. Parturients with
significant myocardial valvular disease or pulmonary hyper-
tension require careful titration of anesthetic agents to avoid
hypotension. Document myelopathy and neuropathy present
before conduction anesthesia and vaginal delivery. Myopathy
may increase the incidence of postdelivery backache.

HIV seropositive parturients may have regional anesthet-
ics safely.79 The risk of spreading HIV infection to the CNS
is not clinically relevant, because CNS involvement occurs
early in the course of the disease.80 Minimize duration of
epidural catheters and invasive monitoring, because impaired
immunity increases infections resulting from attraction of
bloodborne pathogens to the catheter.81

Anesthetic Management for Labor

Laboring parturients may need pulse oximeters in addition to
routine monitoring. Because drug tolerance depresses the re-
sponse to endogenous opiates, addicts frequently react poorly
to stress and require more pain medication. Pregnant women
receiving epidural analgesia deliver infants with better Apgar
scores, so conduction anesthesia is desirable.82 Excess sym-
pathetic activity associated with withdrawal may decrease pla-
cental blood flow; thus, epidural analgesia is efficacious when
withdrawal symptoms are present. Intravenous narcotics or
mild tranquilizers help irritable parturients, who are in pain,

TABLE 27.5. Anesthesic management in drug abuse.

Coma Intubate, administer antagonist
Respiratory depression Administer antagonist, intubate, ventilate
Hypotension Fluid, inotropes, invasive monitoring
Bradycardia Atropine, isoproterenol, pacemaker
Vasodilation Hydration, vasoconstrictors 
Myocardial depression Inotropes, delivery of fetus, mechanical 

support devices
Myocardial ischemia Invasive monitoring, afterload reduction, 

nitroglycerine, inotropes
Hypertension Vasodilators, No beta-selective blockers 

alone, or ACE inhibitors
Hypovolemia Crystalloid, colloid, blood
Seizures Ventilate, intubate, pentathol or 

benzodiazepine
Combative Ventilation and circulation adequate? if 

yes: analgesic, sedation
Fetal distress Ventilation and circulation adequate? if 

yes: oxygen, uterine relaxation, delivery
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to cooperate for spinal or epidural procedures. Cocaine
abusers have a higher visual analogue pain score before
epidural analgesia, but when a block is established, their pain
scores are similar to controls.83

Avoiding Complications

Drug abuse may cause coagulopathy; appropriate coagulation
studies should be available before administering the block,
unless the clinical situation dictates proceeding immediately.
Although hypotension is primarily treated with ephedrine,
small doses of phenylephrine may be necessary in some sit-
uations. Ephedrine administration is less reliable with mari-
juana, because both cause tachycardia; with PCP, because
PCP increases ephedrine sensitivity; and with cocaine, be-
cause there may be no response due to inadequate norepi-
nephrine stores. Intrathecal or epidural agonist-antagonist ad-
ministration may precipitate withdrawal symptoms.84 After
intrathecal or epidural narcotics are administered, intensive
monitoring of ventilation is important, because parturients
may have self-administered narcotics.

Anesthesia for Cesarean Section

Choice of anesthetic technique for cesarean section depends
upon maternal and fetal circumstances, as with normal par-
turients. General anesthesia is usually necessary for emer-
gency cesarean section precipitated by severe fetal distress.
Intoxicated parturients are not good candidates for regional
anesthetic techniques because of anxiety, stress intolerance,
and lack of cooperation. Neither are they good candidates for
general anesthesia, because cross-tolerance with general anes-
thetics hampers determining an induction dose that will en-
sure unconsciousness yet avoid hypotension and neonatal de-
pression. Patients with advanced acquired immunodeficiency
syndrome-(AIDS)related pulmonary disease, or sepsis, may
need general anesthesia for ventilatory control.

Regional Analgesia

Epidural and spinal anesthesia avoid airway and aspiration
risks and depress the neonate least; they are the methods of
choice. If necessary, minimal sedation with benzodiazepines
prevents anxiety-induced decrease in placental blood flow
during block administration. Careful titration of epidural anes-
thetics minimizes the incidence of hypotension. Severe valvu-
lar disease or pulmonary hypertension might be an indication
for general anesthesia, but such parturients have been treated
successfully with epidural anesthesia and intrathecal nar-
cotics.85 Postoperative pain relief with intrathecal or epidural
narcotics is recommended in this group of pregnant women.

General Anesthesia

Thiopental is the induction drug of choice, with appropriate
dosage reductions for the presence of CNS or myocardial de-
pression. Succinylcholine is the muscle relaxant of choice.

Although pseudocholinesterase may be inhibited by PCP, de-
pleted by cocaine metabolism, or decreased by alcohol, the
intubating dose is not decreased, as succinylcholine is
suffiently short-acting. Intoxication delays extubation and
prolongs recovery. Patient-controlled analgesia (PCA) may
increase these patients’ satisfaction by enhancing their per-
ception of control over medication.

Ethanol

Pharmacology

Ethanol is a CNS depressant and a central sympathetic stim-
ulant. Although pharmacologic tolerance develops, it does not
elevate the lethal blood level. Ethanol is cross-tolerant with
most CNS depressants, including general anesthetics.

Metabolism

Alcohol is metabolized to acetaldehyde. Conversion of alco-
hol to acetaldehyde by alcohol dehydrogenase occurs only if
aldehyde dehydrogenase removes acetaldehyde. Five genes
determine multiple isoenzymes of alcohol dehydrogenase.86

Racial variations in aldehyde dehydrogenase activity are re-
sponsible for flushing reactions. Drugs inhibiting acetalde-
hyde metabolism increase flushing and ethanol-induced CNS
depression.

Pathophysiology

Excessive acetaldehyde oxidation in liver or muscle results in
peroxidation of lipid by oxygen radicals, producing hepatitis,
myopathy, cardiomyopathy, and damage to other tissues and
membranes. Acute alcohol intoxication inhibits cytochrome
P450-dependent drug oxidation; this increases levels of drugs
predominantly eliminated by hepatic metabolism (e.g., pro-
pranalol, lidocaine). Chronic abuse stimulates hepatic oxida-
tion and decreases bioavailability of drugs metabolized by the
liver.

Prostaglandin Depletion

Alcohol depletes prostaglandin E1 (PGE1); it enhances con-
version of dihomogamma-linolenic acid (DGLA) to PGE1 and
acutely increases PGE1, but it blocks delta-8-6-desaturase,
which replenishes DGLA. The absence of PGE1 causes fi-
brosis, cardiomyopathy, reproductive failure, gastritis, and
pancreatitis; this may be a factor in the development of FAS
(fetal alcohol syndrome) because lithium, diphenylhydantoin,
and zinc defiency (which also decrease PGE1) all produce
conditions similar to FAS.87

Withdrawal

Symptoms of withdrawal appear within 6 to 24 h. Withdrawal
seizures are common in binge drinkers. Delirium tremens,
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typically occurring 48 to 72 h after ceasing to drink, is life
threatening and requires treatment with benzodiazepines, phe-
nobarbital, or clonidine.

Pregnancy and Ethanol Abuse

Incidence

Alcohol abuse is reported in 5% to 46% of clinic populations;
3% of mothers drink enough for FAS to occur.17 Alcohol is
seldom the sole agent of maternal abuse; it is associated with
marijuana (75%), cocaine (73%), and methadone abuse.17

Women who drink heavily are usually young, Caucasian, ed-
ucated, single, and have high incomes; but those drinking in
the third trimester are older, black, less educated, lower in so-
cial status, and abusing other drugs.88 Adolescent alcohol use
decreases from 82% before pregnancy to 19% and 15% in the
second and third trimesters, respectively. Binge drinking de-
creases during pregnancy, and with the exception of tobacco,
other substance abuse also decreases.89 MAST (Michigan 
Alcohol Screening Test) and “Ten Questions Drinking His-
tory” are two established interview techniques for identifying
abusers.90

Maternal Effects

Table 27.6 outlines the extensive pathophysiology of alcohol
abuse. Alcohol abuse causes hyperglycemia, congestive car-
diomyopathy, arrhythmias, gastritis, elevated hepatic en-
zymes, pancreatitis, polyneuropathy, and seizures. Ethanol
acutely alters both cardiac mechanical function and electro-
physiologic properties. Alcohol also antagonizes folic acid.
By altering the endocrine response to stress, alcohol increases
cortisol, aldosterone, prolactin, epinephrine, and norepineph-

rine secretion and decreases growth hormone.91 Ethanol ex-
acerbates hypoglycemia of fasting by glycogen depletion from
malnourishment, alcohol-induced glycogenolysis, and alco-
hol-impaired gluconeogenesis. Alcohol depresses the im-
munologic system and increases vulnerability to bacterial and
viral infections, tuberculosis, and cancer.92 The HIV-positive
mother who uses ethanol is especially vulnerable to these in-
fections. Muscle cell membrane damage and intracellular
phosphate defiency produce acute myopathy and myoglobin-
uria, with selective atrophy of type II muscle fibers.93

Myelopathy is characterized by spastic paraparesis and signs
of both lateral and dorsal column involvement.94 Advanced
alcoholic liver disease results in coagulation factor defiency
and thrombocytopenia. Qualitative platelet abnormalities 
include decreased cyclic adenosine monophosphate, mono-
amine oxidase, and nucleotide storage pool, and decreased re-
lease and aggregation.

Fetal Effects

Alcohol impairs the placental transfer of nutrients95 but has
no direct effect on placental blood flow as measured by um-
bilical artery impedance.96 Alcohol appears to interfere with
the development of cells that are exiting mitosis at the time
of exposure, which may account for some of the variabil-
ity in structural and behavioral anomalies in infants.95

Heavy alcohol consumption causes developmental defects
in a dose-dependent fashion in the first trimester.44 Mater-
nal consumption of more than 90 mL/day absolute alcohol
produces IUGR in the third trimester.45 Ethanol ingestion
in the third trimester delays expected rises in amniotic lev-
els of phosphatidylglycerol and the lecithin/sphingomyelin
(L/S) ratio.97

TABLE 27.6. Pathophysiology of alcohol abuse.

Site Pathophysiology

CNS Acute: depression, “partially anesthetized”
Chronic: myelopathy, polyneuropathy, Wernicke–Korsakoff syndrome, cerebellar degeneration, cortical damage, withdrawal 

seizures, hepatic encephalopathy
Lungs Acute: respiratory failure, pulmonary shunting, surfactant and macrophage inhibition, aspiration pneumonia

Chronic: ventilation/perfusion mismatch, intrapulmonary shunting, chronic infection
Cardiovascular Acute: myocardial depression, abnormal electrophysiology, arrhythmia, cellular damage

Chronic: alcoholic and nutritional cardiomyopathy, increased catecholamines, hypertension
Hepatic Acute: cellular damage, hypoglycemia from inhibition of gluconeogenesis, decreased drug metabolism

Chronic: fatty infiltration, hepatitis, enzyme induction, cirrhosis, portal hypertension, decreased hepatic flow, decreased drug 
metabolism, decreased protein and coagulation factor synthesis

Gastrointestinal Peptic ulcer disease, gastritis, esophagitis, pancreatitis, malabsorption, bleeding esophageal varices, gallstones
Nutritional Dietary deficiencies, vitamin deficiencies, malabsorption
Hematologic Coagulopathy (multifactorial); platelet, leukocyte, and erythrocyte dysfunction
Renal Acute: diuresis with sodium and potassium loss

Chronic: antidiuresis with sodium retention, hypokalemia, hypomagnesemia, intracellular calcium derangement, renal failure
Muscular Myopathy
Endocrine Alterations of insulin, cortisone, aldosterone, catecholamines, growth hormone, prolactin, luteinizing hormone
Ophthalmic Abnormal zinc and vitamin A reduce dark adaptation
Immunologic Suppression; vulnerable to bacterial, viral infections, cancer

Source: From Kenepp N. Substance abuse. In: James FM, Wheeler AS, Dewan DM (eds) Obstetric Anesthesia: The Complicated Patient, 2nd edn. Philadel-
phia: Davis, 1987: 510. Used by permission.
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Neonatal Effects

Acute ethanol intoxication depresses the newborn; chronic in-
trauterine exposure causes neonatal abstinence symptoms.
There is a dose-related decrement in fetal size associated with
maternal alcohol consumption.98 Premature infants whose
mothers are heavy alcohol users are more likely to have brain
injuries on ultrasound examinations.99 Neonates exposed to al-
cohol during the first and second trimester exhibit on EEGs de-
creased quiet and active sleep and frequent arousals still pres-
ent at age one; findings are postulated to be related to serotonin
effects.100 Infants exposed to first trimester alcohol binges have
decreased Bayley scores at 8 months, poor attention and fine
motor skills at 4 years, and minimal brain damage (memory,
attention, and processing deficits) at 7 years.101 Children ex-
posed to cocaine and alcohol have proportionately decreased
gross motor functioning scores on the Peabody Developmen-
tal Motor Scales as alcohol exposure increases.102

Fetal Alcohol Syndrome

Neonates exposed to alcohol prenatally exhibit variable symp-
toms ranging from no apparent effect to fetal alcohol syn-
drome (FAS). FAS consists of growth retardation and CNS
and craniofacial abnormalities and may present with other ma-
jor and minor anomalies, neuropsychologic impairment, and
mental retardation.45 Variability of occurrence represents an
important aspect, with full expression in 1 per 1000 live births
and partial involvement in 1 child per 600 to 700 children.103

Partial involvement is termed fetal alcohol effect.
A similar syndrome is seen with fetal exposure to solvents

such as toluene.104 The prominent facial abnormalities are a
drawn appearance, midface hypoplasia, diminished philtrum,
and small mandible. Ocular manifestations include Peters
anomaly, lens opacification, and external eye lesions. Linear
growth and weight gain are decreased despite normal nutri-
ent absorption and growth hormone levels, resulting in de-
creased weight, length, head circumference, and skinfold
thickness at age ten.105 The CNS is very sensitive to alcohol,
and children may have neurobehavioral abnormalities such as
attention deficit disorder, learning disabilities, memory prob-
lems, and impulsivity without demonstrating the characteris-
tic facial dysmorphism.

Obstetric and Anesthetic Considerations

Prenatal Care

Alcoholics require special surveillance for defiency anemias,
glucose intolerance, and coagulopathy. Education includes
warning that binge drinking and fluctuating ethanol levels are
detrimental to the fetus. If alcohol abuse is suspected, serum
levels of alpha-fetoprotein and pregnancy-specific beta-1-
glycoprotein have predictive value for development of FAS.106

Maternal serum gamma-glutamyl transpeptidase107 and red cell
Hb-Ach44 also correlate with degree of ethanol consumption.

Physical abuse may be a sign of alcohol dependence; Cau-
casians and African-Americans who drink are three and six
times more likely to be battered, respectively, than abstainers.29

Detoxification

Addicts are ideally withdrawn from alcohol in a detoxifica-
tion facility before pregnancy or as soon as pregnancy is 
diagnosed. Parturients may require detoxification during preg-
nancy to decrease the risk of FAS. Acamprosate and naltrex-
one are the drugs being used for relapse prevention.108 If 
the parturient does not abuse multiple drugs, prescribing an
occasional anxiolytic might prevent further alcohol abuse.
Detoxification late in the pregnancy reduces placental blood
flow from sympathetic stimulation.

Obstetric Management

Intrapartum care is as for other substance-abusing parturients.
Preterm labor is not associated with ethanol abuse. Alcohol
abusers need coagulation parameters, serum electrolytes, and
serum ethanol levels on admission. Glucose and electrolyte
derangements require slow correction as rapid correction 
of hyponatremia may induce central pontine myelinolysis.109

Alcohol inhibits uterine contraction; thus, labor does not
progress in acutely intoxicated parturients. Pregnant women
with coagulopathy or myocardiopathy should receive appro-
priate medical treatment.

Anesthetic Management for Labor

Narcotic metabolism is prolonged in alcoholics, and admin-
istration exacerbates hypoxia induced from pulmonary shunt-
ing. Naloxone partially reverses ethanol intoxication and
sobers uncooperative parturients.10 Epidural or spinal anal-
gesia provides superior pain relief, avoids cross-tolerance
with narcotics, and is preferred. Impaired local anesthetic 
metabolism is not clinically significant in laboring women. 
Parturients may have decreased cutaneous sensation from
neuropathy.

Cesarean Section

Because regional anesthesia produces better initial neonatal
neurobehavioral scores, and alcoholic pathology alters so
many facets of general anesthesia, regional anesthesia is pre-
ferred in chronic alcoholics without coagulapathy. General
anesthesia is indicated for depressed airway reflexes in in-
toxicated parturients. Neonatal depression from alcohol and
general anesthesia is likely.

The pathophysiologic changes of chronic alcohol abuse af-
fect responses to general anesthesia. Hypovolemia and de-
pressed myocardial contractility are present even with ethanol
levels less than 100 mg/dL. Pulmonary shunting increases the
risk of hypoxia during induction. Although the requirement
for thiopental is not changed, the induction dose may need to
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be reduced.111 Minimum alveolar concentration for inhala-
tional anesthetics is increased, but uterine relaxant effects are
unchanged. Ethanol increases enflurane defluorination.112 Of
the halogenated agents, isoflurane interferes least with alco-
hol metabolism. Decreased cholinesterase prolongs the effect
of some muscle relaxants.

Barbiturates

Incidence

Barbiturate addiction among women of reproductive age is
uncommon.

Pharmacology

Barbiturates block arousal from brainstem stimulation by
stimulating gammaaminobutyric acid (GABA) receptors. Par-
turients usually take barbiturates to enhance the effect of other
drugs or relieve withdrawal symptoms. Intoxication resem-
bles alcohol intoxication, and as with ethanol, tolerance does
not alter the lethal dose. Barbiturates can be detected in the
urine for as long as 2 to 3 weeks after last use. Withdrawal
is treated with oral phenobarbitol.113

Pregnancy

Maternal Effects

Barbiturates depress respiratory and cardiovascular function.
Chronic intoxication impairs nutrient intake.

Uteroplacental, Fetal, and Neonatal Effects

No clear-cut evidence of barbiturate-induced fetal damage in
humans exists. Barbiturates are behavioral teratogens in ani-
mals, and early gestational exposure produces neuromorpho-
logic changes similar to FAS.46 Phenobarbital induces fetal
hepatic enzymes capable of decreasing neonatal bilirubin lev-
els. Infants of epileptic mothers on phenobarbital are passively
addicted.

Obstetric and Anesthetic Management

Prenatal needs include detoxification in a appropriate setting,
proper nutrition, and correction of anemia. Pregnant women
on phenobarbital for seizure disorders have no increased ma-
ternal risk. During the intrapartum period, small incremental
doses of antihistamines or phenothiazines control combative
behavior in mildly intoxicated parturients. Sensitivity to nar-
cotics is increased, and tolerance to the cardiac depressant ef-
fects of the barbiturates does not occur. The depressant effects
of inhalation agents are potentiated. Hypertension and pul-
monary edema were associated with ketamine administration
in a parturientt whose infant tested positive for barbiturate.114

Narcotics

Pharmacology

Mechanism of Action

Narcotic agonists bind to opioid receptors located in the brain
and spinal cord. The rewarding effects of opiates are prima-
rily mediated through actions at the mu receptors. Extended
use leads to physical dependence and withdrawal. More tol-
erance develops with less-potent drugs, which require bind-
ing to many receptors to produce an effect.115 Heroin is the
commonly abused opiate; recently, abuse of oxycodone con-
trolled-release tablets, which can be crushed and snorted or
smoked, has emerged.

Treatment of Intoxication

Opiate antagonists reverse the effects of narcotic overdose.
Naloxone, a pure antagonist, must be given as a continuous
intravenous infusion because of its short half-life. Nalmefene,
also administered intravenously, is equipotent with naloxone
and lasts for 4 h.

Treatment of Withdrawal

Symptoms of narcotic withdrawal include anxiety, tremor,
rhinorrhea, yawning, sweating, vomiting, tachycardia, and hy-
potension or hypertension. Common withdrawal treatments
are detoxification with tapering doses of methadone (5–20 mg
orally initially, 5–10 mg for recurrent symptoms), sympto-
matic treatment with oral clonidine and benzodiazepines, or
a combination of naltrexone and clonidine.82 Recently, rapid
detoxification under anesthesia using nalmefene, clonidine,
and octreotide has been reported.116 Chronic abstinence
symptoms occur after detoxification, are of long duration, and
are probably related to gradual restoration of normal receptor
function. During this time, parturients are overconcerned
about discomfort, tolerate stress poorly, and are likely to 
relapse.

Relapse Prevention

A majority of patients relapse after detoxification alone, so
maintenance therapy is commonly prescribed. The usual 
replacement drug is methadone or LAAM (L-alpha-
acetylmethadol), which is longer acting. Alternative drugs are
buprenorphine, which is considerably less successful, and 
naltrexone.117

Pregnancy

Maternal Effects

Narcotics decrease hypothalamic secretion of luteinizing hor-
mone-releasing hormone (LHRH) and decrease plasma lev-
els of luteinizing hormone (LH), adrenocorticotropic hormone
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(ACTH), and testosterone. More severe effects of maternal
narcotic abuse (see Box 27.2) are those associated with drug-
seeking behavior and intravenous drug abuse. Infectious dis-
eases such as tuberculosis, hepatitis, bacterial pneumonia,
HIV, and STDs are increased. Syphilis is reported in 20% of
pregnant narcotic addicts, and hepatitis in 5%.118

Uteroplacental Effects

Withdrawal from opioids is associated with elevated cate-
cholamines, which increase uterine vascular resistance and de-
crease placental blood flow. Insufficient drug access and re-
peated episodes of withdrawal compromise placental function.

Fetal Effects

Accelerated differentiation of alveolar epithelium, induced by
elevated levels of prolactin in fetal cord serum of addicted
mothers, decreases the incidence of respiratory distress syn-
drome (RDS).119 Intrauterine fetal demise is more common
with heroin use but not with methadone maintainence.13 De-
creased gestation and neonatal size have been reported, but
when adjustments are made for confounding factors such as
prenatal care, maternal weight gain, and smoking, there is no
difference in neonatal size related to drug use.120

Animal Studies

The results of animal studies of opioid administration vary.
Controlled-release implants of sufentanil, alfentanil, and fen-
tanyl, which mimic methadone maintainence, produce no
deleterious effects in rats.121 Repeated morphine and L-alpha-
acetylmethadol (LAAM) administration, which mimics er-
ratic levels associated with heroin use, decreases maternal
weight gain, increases fetal mortality, matures female fetuses
early, and interferes with postnatal physical growth and neu-
robehavioral development.122,123 Intrauterine withdrawal
from narcotics produced more detrimental effects in rats than
continued exposure.124

Neonatal Abstinence

Neonatal abstinence is a hallmark of opiate addiction.125 Af-
ter birth, a dramatic increase in plasma beta-endorphin, beta-
lipoprotein, and metenkephalin concentrations coincides with
the onset of withdrawal symptoms,126 which occur in 80% of
methadone- or heroin-exposed infants. Methadone treatment
is associated with less severe but longer-lasting symptoms,
and withdrawal severity correlates with maternal dose.127

Maternal self-administration of diazepam to enhance an in-
adequate methadone dose is associated with severe late with-
drawal symptoms in neonates.73 Neonatal abstinence decreases
ventilatory response to carbon dioxide, causes tolerance to en-
dogenous opiates, and increases the frequency of SIDS.65

Symptoms and need for treatment are rated using the Brazel-
ton Neonatal Behavioral Assessment Scale or withdrawal-
specific scales such as the Finnegan scale.

Neonatal Outcome

Preschool children of mothers who are able to stay in
methadone treatment programs are more likely to remain in
their mother’s custody.118 Although reports of neurologic
function in preschool children are not consistent and may be
due to environmental factors, some reported deleterious ef-
fects of methadone include attention deficit120 and poor fine
and gross motor control.120 Long-term impaired behavioral,
organizational, and perceptual abilities are also described.128

Obstetric Management

Prenatal Care

The number of pregnant women who abuse opiates has de-
creased in the last decade to 0% to 2%.9,10 Of these, 20% 
to 50% also abuse cocaine. Because many administer drugs 
via parenteral routes, narcotic abusers have more medical
problems and are more likely to be HIV positive. Treatment
by methadone maintenance and detoxification both have
drawbacks.

Detoxification

Detoxification decreases fetal exposure and avoids neonatal
withdrawal; however, almost all parturients undergoing detox-
ification return to drugs.108,117 Additionally, detoxification dur-
ing the first trimester risks inducing abortion.13 If detoxifica-
tion is performed, it is carried out by physicians experienced
in perinatal addiction with fetal monitoring. A recent report of
midtrimester detoxification using clonidine indicates 60% were
successful.129 Rapid detoxification is not recommended.116

Low-Dose Methadone Maintenance

Instead of detoxification, prescribing low doses of methadone
and tapering the dose of methadone at the end of pregnancy
(to reduce neonatal withdrawal) has been recommended. This
plan is suboptimal because parturients on low-dose methadone
supplement it with additional psychoactive drugs at least 80%
to 93% of the time.129 Furthermore, because of changes in the
volume of distribution, serum methadone levels decrease at
the end of pregnancy. Reducing methadone doses at the end
of pregnancy further increases maternal need for supplemen-
tal drugs.13

Methadone Maintenance

Methadone maintenance, in combination with a comprehensive
prenatal care program, reduces maternal and infant morbidity
and mortality.13 It prevents erratic maternal opioid levels and
protects the fetus from repeated episodes of withdrawal while
allowing the mother to return to a more normal lifestyle. Par-
turients should be maintained on the lowest effective dose of
methadone and may require dose increases in the third
trimester.13 Certain drugs, such as rifampin and phenytoin, 
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increase methadone metabolism, and their administration can
precipitate withdrawal,117 as can administration of opioid ago-
nist/antagonists.84 To avoid withdrawal symptoms, it is im-
portant to maintain methadone levels above 150 mg/mL.118

The long half-life of methadone presumably permits stable
maternal plasma levels and avoids repeated withdrawal and
drug-seeking behavior. Parturients on methadone are more
likely than heroin users to seek prenatal care.13 Liberal dos-
ing is associated with improved maternal weight gain and fe-
tal growth and less prematurity.34 However, in a recent study,
neonatal outcome in parturients treated with methadone was
no better than that with cocaine abuse.130

Buprenorphine Maintenance

Buprenorphine, although associated with reduced compli-
ance, produces fewer neonatal abstinence symptoms. More 
motivated parturients are considered candidates for buprenor-
phine maintenance.131

Human Immunodeficiency Virus

In New York City, 40% of pregnant women enrolled in a
methadone clinic were HIV positive.132 Antepartum retrovi-
ral therapy is aimed at preventing vertical transmission and
at optimizing maternal treatment. The standard is zidovudine
monotreatment, regardless of CD4 cell count, to prevent ver-
tical transmission.133 Parturients with low CD4 counts or high
viral loads should receive combination therapy. A combina-
tion of zidovudine, lamivudine, and retinovir has been rec-
ommended.133 Methadone can increase blood levels of 
zidovudine.117

Other Prenatal Care

Cardiopulmonary reserve may be decreased by valvular veg-
etations or pulmonary hypertension from filtering talc. Med-
ical complications are managed as they would be in nonabus-
ing parturients. Methadone increases the frequency of
nonreactive nonstress tests, so doses and timing of testing may
need to be correlated.134

Intrapartum Management

Pregnant women may confuse signs of early labor with with-
drawal, self-medicate, and arrive in labor with high narcotic
levels. In one study, 40% of parturients had taken heroin for
labor pain before entering the hospital.76 The usual dosage of
methadone is administered. If a woman appears to be with-
drawing, an additional dose may be given.13

As with the general drug-abusing population, the overall
rate of medical and obstetric complications is higher (Table
27.7).82 Parturients who are HIV positive need intrapartum
AZT prophylaxis.133 It is not necessary to deliver HIV-posi-
tive parturients by cesarean section to prevent vertical trans-
mission.135 Low Apgar scores are more prevalent in addicts
who receive no analgesia during labor. Emergency cesarean
section, prompted by fetal distress, is five times more frequent
than in a control group.118

Anesthetic Management

Labor

Epidural analgesia avoids further respiratory compromise and
fetal depression in intoxicated mothers and is the anesthetic
of choice for parturients who abuse opiates. Mixed opioid ag-
onists such as butorphenol given intrathecally or epidurally
can cause withdrawal.84

Narcotic requirements are increased, and narcotics for anal-
gesia, such as meperidine or alfentanil, may be given in addi-
tion to methadone. Protease inhibitors affect the cytochrome P450

system in the liver, and narcotics and benzodiazepines should be
used with caution in their presence.136 Benzodiazepines are not
recommended with nelfinavir; meperidine is not recommended
with ritonavir. Agonist-antagonist agents are avoided to prevent
undetected intrapartum fetal withdrawal. Parturients abusing ag-
onist-antagonist agents are tolerant to similar compounds.

Cesarean Section

Epidural or spinal anesthesia will affect the neonate less than
general anesthesia and is the method of choice. Potent short-

TABLE 27.7. Medical and obstetric complications among narcotic abusers.

Narcotic abusers (%) Controls (%)
(n � 112) (n � 224) p

Premature delivery (gestation �37 weeks) 27.7 13.8 �0.005
Abruptio placentae 8.0 3.1 �0.02
Hypertensive disorders 16.1 7.1 �0.02
Preeclampsia 8.0 4.9 NS
Chronic hypertension 8.0 2.2 �0.02
Thrombophlebitis/cellulitis/abscess 14.3 0.5 �0.001
History of hepatitis 10.7 0.9 �0.001
One or more medical complications 42.0 27.7 �0.01
One or more obstetric complications 56.3 40.6 �0.01

NS, not significant.
Source: Modified from Silver H, Wapner R, Loriz-Vega M, et al. Addiction in pregnancy: high risk intrapartum manage-
ment and outcome. J Perinatol 1987;7:178–181. Used by permission.

ak
us

he
r-li

b.r
u



416 N. Kenepp and A. Chatwani

acting narcotics such as fentanyl can be used to supplement
analgesia. Long-acting intrathecal or epidural narcotics in-
crease the danger of apnea with unsupervised heroin admin-
istration, but PCA narcotics have the same risk. If general
anesthesia is necessary, narcotized women require less barbi-
turate. Unexplained hypertension during general anesthesia
can sometimes be relieved by narcotic administration, as this
is a sign of withdrawal.

Benzodiazepines

Pharmacology

Substance abusers use benzodiazepines to enhance the effect
of narcotics, relieve ethanol or narcotic withdrawal symptoms,
or, unknowingly, as a “date rape” drug. Pharmacodynamic
tolerance develops within 24 h, but hepatic enzyme induction
(metabolic tolerance) is negligible. Naloxone partially re-
verses benzodiazepines.110

Maternal Effects

Benzodiazepines depress nocturnal gastric acid excretion.
Withdrawal symptoms and seizures rarely occur because of
the drug’s long duration of action.

Neonatal Effects

Benzodiazepines cause neonatal hypotonia and depress ther-
moregulation. The half-life of the drug in infants is pro-
longed, so neonatal withdrawal occurs at 7 to 14 days of age,
and subacute effects can last 3 to 4 months.73 Transient neu-
robehavioral changes occur in human neonates exposed to
benzodiazepines.

Marijuana

Pharmacology

Delta-9-tetrahydrocannabinol, the active marijuana ingredi-
ent, alters GABA functions affecting acetylcholine turnover
in the CNS, producing sleepiness, ataxia, and decreased mo-
tor and cognitive ability. It may act indirectly to block
dopamine reuptake in the reward or pleasure areas of the
brain, such as the nucleus accumbens.137 Marijuana use im-
proves self-esteem and produces euphoria, relaxation, and
temporal disintegration. Higher doses trigger paranoid feel-
ings, delusions, and hallucinations. Hypothalamic-pituitary
axis effects include interference with secretion of LH, follicle-
stimulating hormone (FSH), and prolactin, as well as
oligospermia.138

The serum half-life of marijuana is 7 days, and a single
dose may take as long as a month to be excreted. It can be
detected in the urine for 3 to 5 days in light users and for as

long as a month in heavy users.3 Tolerance develops to some
behavioral effects, and the lethal dose increases with abuse.
Cross-tolerance develops to ethanol, but not other hallucino-
gens. No recognized withdrawal syndrome occurs, but irri-
tability, insomnia, restlessness, and nervousness can accom-
pany discontinuation.

Pregnancy

Maternal Effects

Elevated carbon monoxide levels from smoking marijuana
impair fetal oxygenation. Beta-adrenergic effects may de-
crease placental blood flow by causing postural hypotension.
African-American mothers using marijuana are five times
more likely to be physically abused.29

Fetal Effects

In rats, marijuana reduces maternal weight gain and decreases
birth weight and neonatal weight gain.139 In humans, where
concomitant tobacco use may influence results, marijuana de-
creases gestational length.140 Two prospective studies demon-
strated decreased maternal weight gain and decreased birth
weight.6,140 Other studies have failed to confirm these find-
ings when confounding factors were controlled.141,142

Neonatal Effects

In one report, prenatal exposure to marijuana was associated
with increased circulating norepinephrine in newborns.137

Maternal marijuana use is associated with neonatal tremors,
startles, poor visual habituation, and retarded maturation of
the visual components of the human nervous system.143 The
latency of the visual provoked response is prolonged in in-
fants exposed to marijuana and nicotine.144 Other studies, par-
ticularly one of “ganja” use in Jamaica, where other drug use
was absent, have failed to confirm these observations.141 At
age ten, marijuana-exposed children demonstrated increased
hyperactivity, impulsivity, and inattention symptoms145 and
lower scores on tests requiring impulse control and visual
analysis or hypothesis testing.146,147

Obstetric and Anesthetic Management

Antenatal

The incidence of marijuana use among pregnant women is as
high as 25% to 30%, and it may be, aside from tobacco, the
most frequently abused drug among parturients.88 In one
study, 87% of the urine screens positive for illicit drugs con-
tained marijuana.90 Marijuana abusers are likely to also abuse
tobacco (80%) and alcohol (76%).6 Commonly users are
young, Caucasian, and single, but those who continue its use
during pregnancy tend to be older, African-American, less ed-
ucated, and of lower socioeconomic class.88 Prenatal care is
as for other substance-abusing parturients.
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Intrapartum Obstetric and Anesthetic Management

Because of the long serum half-life of marijuana, parturients
in labor frequently have residual drug levels. Tachycardia up
to 140 beats/min is not uncommon and can be treated with
propranolol. If pregnant women require sedation, phenothi-
azines, which potentiate postural hypotension, and barbitu-
rates, which increase hallucinations, should be avoided. With
general anesthesia, the problems are bronchial irritability from
smoking and reduced minimal alveolar concentration (MAC)
for anesthetic agents.

Cocaine

Pharmacology

Mechanism of Action

Cocaine, or benzoylmethylecgonine, blocks the presynaptic
uptake of norepinephrine, thereby activating adrenergic nerve
synapses, causing severe hypertension, tachycardia, and vaso-
constriction.148 It blocks presynaptic dopamine reuptake,
thereby activating pathways in the mesolimbus or mesocor-
tex responsible for its euphoric and reinforcing qualities.
Chronic use leads to depletion of presynaptic norepinephrine
and dopamine stores and reduced neurotransmitter release in
the CNS. Dopamine depletion is thought to be responsible for
tolerance to rewarding effects and the dysphoria associated
with its withdrawal.53

Cocaine also blocks the uptake of tryptophan and serotonin.
Derangements in serotonin may enhance the effects of
dopamine or account for the changes in sleep–wake cycles
seen in cocaine abusers.53 In high concentrations, cocaine
blocks the sodium channel, preventing the conduction of ac-
tion potentials and producing negative inotropic and
chronotropic effects on the heart muscle and local anesthetic
effects.149 Repeated cocaine administration causes adaptive,
tolerance-producing changes such as alpha2-adrenergic and
presynaptic cholinergic-mediated, decreased norepineph-
rine release at the motor endplate.150 Cocaine lowers the
seizure threshold and produces “kindling” (enhancement of
seizures).148

Preparations

When dissolved in hydrochloric acid, cocaine yields the hy-
drochloride, a white powder, which can be inhaled or dis-
solved in water and injected. When the powder is “snorted,”
vasoconstriction of the mucous membranes limits its absorp-
tion rate, and the peak concentration is only 20% to 40% of
that achieved with injection. Ether extraction separates co-
caine from adulterants and yields “freebase.” When the hy-
drochloride is dissolved in water and baking soda and heated,
cocaine precipitates into a lump, which hardens; it makes a
popping noise when heated and is known as “crack.” Both
freebase and crack volatilize without degradation and can be

smoked in a pipe or mixed with tobacco or marijuana and
smoked in a cigarette.148 Freebase and crack are highly lipid
soluble and contain methylecognine, a pyrolysis product,
which is also active.151 Smoking yields serum cocaine con-
centrations only 60% of those achieved with intravenous in-
jection, but the brain concentration is higher because absorp-
tion across the pulmonary membranes delivers undiluted
cocaine directly to the brain.

Metabolism

Cocaine is metabolized primarily by plasma cholinesterase
and liver cholinesterase and by nonenzymatic hydrolysis,
mainly to benzoylecgonine, an active metabolite, and ecgo-
nine methyl ester, which is inactive. In addition, 20% of co-
caine is metabolized in the liver by N-demethylation to nor-
cocaine, which is more active than cocaine in inhibiting
norepinephrine uptake.20 Norcocaine may be responsible for
prolonged cardiovascular effects in humans.152 Concomitant
use of cocaine and alcohol can lead, in rats, to the ethyl trans-
esterification of cocaine to cocaethylene, which, like norco-
caine, is more potent than cocaine.153 Cocaine’s half-life in
the blood depends upon total dose and method of adminis-
tration and is variously reported to be from 12 to 90 min.154

Bingeing

Because of its rapid metabolism, the effects of crack last only
a few minutes. To sustain the “high,” users engage in a prac-
tice known as bingeing. Repetitive doses are administered,
usually along with shared tobacco, marijuana, and alcohol.
The bingeing stops when neurotransmitters become depleted
and additional drug ceases to be rewarding. During a binge,
mood is intensely elevated, appetite is decreased, energy and
alertness are increased, sexual feelings are accentuated, and
social inhibitions are decreased. Bingeing results in exclusion
of all thoughts unrelated to the next dose.28

Withdrawal

Withdrawal is not seen in casual users, and a dangerous phys-
iologic withdrawal syndrome does not occur. In habitual
users, however, autonomic depression and craving occur.148

No effective substitution treatment has been found. Dopamine
agonists such as bromcoriptine, amantadine, mazindol, and
methylphenidate have not been consistently better than
placebo.117

Based on blocking reuptake of norepinephrine and sero-
tonin, antidepressants such as desipramine, imipramine,
bupropion, and fluoxetine have been studied but are only of
use in treating patients with concomitant depression.117 Car-
bamazepine, given on the basis that it might prevent crav-
ing if caused by kindling, is not effective.108 Buprenorphine
has not been more efficacious than methadone in decreas-
ing cocaine use among patients abusing both opioids and 
cocaine.108
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Box 27.5. Complications of cocaine use.

Cardiac
Chest pain
Myocardial infarction
Arrhythmias
Cardiomyopathy
Myocarditis

Pulmonary
Pneumothorax
Pneumomediastinum
Pneumopericardium
Pulmonary edema
Exacerbation of asthma
Pulmonary hemorrhage
Bronchiolitis obliterans
“Crack lung”

Psychiatric
Anxiety
Depression
Paranoia
Psychosis
Delirium
Suicide

Gastrointestinal
Intestinal ischemia
Gastroduodenal perforations
Colitis

Renal
Rhabdomyolysis

Head and neck
Erosion of dental enamel
Gingival ulceration
Keratitis
Corneal epithelial deficits
Chronic rhinitis
Perforated nasal septum
Aspiration of nasal septum
Midline granuloma
Altered olfaction
Optic neuropathy
Osteolitic sinusitis

Neurologic
Headaches
Seizures
Cerebral hemorrhage
Cerebral infarctions
Cerebral atrophy
Cerebral vasculitis

Endocrine
Hyperprolactinemia

Other
Sudden death
Sexual dysfunction
Hyperpyrexia
Thrombocytopenia

Source: Modified from Warner EA. Cocaine abuse. Ann Intern Med
1993;226:235. Used by permission from the American College of Physicians.
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Pathophysiology

Complications associated with cocaine use are listed in Box
27.5. Their spectrum and frequency has shifted in the past
decade because the predominant preparation has changed
from the hydrochloride to crack.148 Nasal administration
causes septal necrosis and perforation. Transmission of blood-
borne pathogens is associated with intravenous injection.

Smoking Effects

Smoking involves prolonged inspiration with Valsalva’s ma-
neuver and mouth-to-mouth positive pressure administration
of smoke to augment the intensity of cocaine’s effects.148

Smoking can cause thermal injury, cough with carbonaceous
sputum, chest pain, hemoptysis, pulmonary edema, pneu-
mothorax, pneumomediastinum, and pneumopericardium.
Smoking results in bronchospasm, with wheezing and dys-
pnea in 50% of users.155 Pulmonary artery medial hypertro-
phy, bronchiolitis obliterans, organizing pneumonia,155 and a
constellation of symptoms known as “crack lung” (that con-
sists of chest pain, fever, hemoptysis, eosinophilia, and diffuses
alveolar infiltrates) are associated with crack inhalation.156

Sympathomimetic Effects

Blood pressure, heart rate, peripheral vascular resistance, and
myocardial oxygen consumption increase, sometimes causing
myocardial infarction even with normal coronary arteries. Coro-
nary artery spasm causes focal endothelial injury and platelet
aggregation, resulting in acute vascular platelet thrombosis and
chronic intimal proliferation, thus accelerated atherosclerosis.
Cocaine causes myocarditis, pulmonary edema, or arrhythmias
in some individuals and, like pheochromocytoma, has been as-
sociated with contraction band necrosis. Other vasoconstrictive
sequelae include cerebral hemorrhage and infarction, aortic rup-
ture, bowel infarction, and pseudomembranous colitis.148

Other Medical Effects

Neurologic complications include seizures and vascular
headaches, which occur in two-thirds of cocaine hotline
callers.148 Cocaine may also cause hemolytic uremic syn-
drome,157 hyperpyrexia, platelet aggregation,158 and throm-
bocytopenia.159

Pregnancy

Incidence

In certain high-risk populations, such as Northeast inner-city
hospitals, cocaine use during pregnancy may approach 50%.
Parturients using cocaine are older,88 less educated,8 single,88

African-American,8 and urban poor.90 They also smoke,61 use
other drugs,90 and fail to obtain prenatal care12 (Table 27.8).
In one study, 83% used tobacco, 43% used alcohol, and 31%
used marijuana.61 Parturients abusing cocaine usually do not
stop as the pregnancy progresses.90 A history of no prenatal
care and drug and tobacco use predicts a positive urine screen
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for cocaine 70% of the time, and the absence of these factors
predicts no cocaine use 70% of the time.

Maternal Effects

The problems associated with cocaine use during pregnancy
cannot be attributed to cocaine alone, because multiple drugs
are being abused, tobacco use is increased, and maternal lifestyle
changes. Cocaine users may have serious medical complications
during pregnancy. Myocardial infarction,160 arrhythmias,161

pneumothorax,162 renal failure from rhabdomyolysis,163 hepatic
rupture,23 sudden death, and cerebrovascular accidents are re-
ported.164 Anorexia from bingeing decreases maternal weight
gain and sometimes causes malnutrition (see Table 27.8). Post-
partum cardiomyopathy,165 ruptured uterus,166 and ruptured ec-
topic pregnancy are associated with cocaine use.167

Thrombocytopenia

Maternal thrombocytopenia with a platelet count as low as
34,000 has been reported.168 Thrombocytopenia is thought to
result from platelet aggregation caused by increased platelet
factor 4 and (beta)-thromboglobulin.158

HIV Infection

Sexual practices associated with cocaine abuse increase ex-
posure to HIV. Neopterin, a marker of cell-mediated immu-
nity that is associated with higher transmission rates of HIV,
is elevated in cocaine users.169 Cocaine-induced susceptibil-
ity to viral infection may account for increased HIV infection
observed in sexually active cocaine abusers.

Animal Studies

In pregnant sheep, cocaine increases heart rate, systemic vas-
cular resistance, and myocardial oxygen consumption while de-
creasing cardiac output and stroke volume and causes an in-
crease in blood pressure twice that observed in nonpregnant
ewes.170 In ewes, platelets can decrease to 30,000 with a co-
caine infusion.171 One of the causes of increased sensitivity dur-
ing pregnancy may be increased N-demethylation to norcocaine,
a more active substance.22 Another cause is thought to be sec-
ondary to progesterone-induced changes other than altered 
alpha-adrenergic receptor sensitivity.151

Uteroplacental Effects

Cocaine has two effects on the uterus: increased uterine con-
tractility and vasoconstriction.172,173 These effects, along
with decreased placental human chorionic gonadotrophin
production, probably cause the observed increase in sponta-
neous abortion.151,174 Cocaine abuse reduces gestational
age.175 In 25% of cocaine users with preterm labor, umbili-
cal artery Doppler velocimetry measured systolic–diastolic
ratios are abnormally high, indicating the presence of vaso-
constriction.176

Cocaine-induced vasoconstriction may cause abruptio pla-
centae.36,174 Table 27.8 shows the risk for abruption in cocaine
abusers. Cocaine increases uterine contractility172,173 and may
lead to preterm premature rupture of membranes174,177 with
parturients presenting with more cervical dilation on admis-
sion177,178 and a shorter latency period to delivery.177,179

Animal Studies

Cocaine administration to pregnant rats decreases blood flow
to the placenta by increasing uterine vascular resistance.152

Cocaine also reduces uterine blood flow in pregnant
sheep.170,180 Cocaine-induced vasoconstriction of the uterine
blood vessels in sheep is not prevented by prior infusion of
phentolamine, indicating a direct or dopamine-mediated ef-
fect by cocaine.180 Uterine contractility is not always in-
creased by cocaine in sheep181 but is increased in rats152 and
rabbits.182

Placental transfer of cocaine has been extensively studied
in sheep and rats. The species differ importantly: in sheep the
major metabolite is ecgonine methyl ester; in rats, as in hu-
mans, it is benzoylecgonine.152 Cocaine crosses the placenta
by simple diffusion, and fetal organs have up to one third of
maternal brain concentrations. The placenta metabolizes co-
caine to norcocaine.183 Placental microsomes also have the
capacity to bind and hydrolyze cocaine.22 The transfer of co-
caethylene is inhibited by placental uptake on both the ma-
ternal and fetal sides and by uptake by the amnion, which acts
as a reservoir for both cocaethylene and benzoylecogonine.153

Placental and amniotic reservoirs prolong the duration of fe-
tal exposure.153 Higher fetal concentrations of benzoyleco-
gonine indicate that fetal metabolism occurs.22

TABLE 27.8. Effects of cocaine bingeing on pregnancy.

Binge pattern Erratic use Daily use Every 3 to more than 7 days

Maternal weight less than 100 lb (%) 10 33 15
No prenatal care (%) 68 63 43
Positive urine at delivery (%) 45 50 20
Vaginal bleeding (%) 22 9 5
Placental abruption (%) 14 3 1.2
Stillbirth (%) 20 16 5
Small for gestational age (SGA) (%) 13 33 17
Birth weight (g) 2295 2579 3129
Gestational age (weeks) 32.4 34.5 37.2

Source: Modified from Burkett G, Yasin SY, Palow D, et al. Patterns of cocaine bingeing: effect on pregnancy. Obstet Gy-
necol 1994;171:372. Used with permission from the American College of Obstetricians and Gynecologists.
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Fetal Effects

If cocaine impairs placental blood flow for a significant pe-
riod, decreased transfer of oxygen and nutrients may harm the
fetus. Fetal hypoxia has been demonstrated in ewes.170,180 Hu-
man case reports describe fetal death184 and necrotizing en-
terocolitis in utero.185 Among bingers with a very chaotic
lifestyle, stillbirth occurred in 20% of parturients28 (see Table
27.8). In bingers with a more stable environment, one third
of the infants were small for gestational age.28 Some studies,
such as those cited in Table 27.9, demonstrate decreased in-
fant size with more moderate cocaine use.52

Birth weight, length, and head circumference are inversely
related to meconium benzoylecgonine concentration.186 In a
controlled study of low and high cocaine exposure, as deter-
mined by maternal hair assay, increasing exposure to cocaine
was associated with growth retardation with a disproportion-
ate reduction in head circumference.187 Adequacy of prena-
tal care does not affect the reduction of growth in offspring
exposed to cocaine.175

Congenital Anomalies

Cocaine has the potential to produce fetal anomalies through
infarction, malnutrition, and changes in neurotransmitters. Be-
cause it lacks a skin barrier, the midterm fetus has prolonged
periods of direct contact with high concentrations of cocaine
in the amniotic fluid.188 In animals, cocaine disturbs neuronal
differentiation in the cerebral, diencephalic, and brain-
stem structures, with subsequent defects in memory and learn-
ing.53 A derangement of neurotransmitters, specifically mono-
amines,189 in the fetus exposed to cocaine may impair the 
development of normal neuronal pathways in the angular cin-
gulate cortex, which is involved in attention.151

Destructive ischemic abnormalities of the fetal brain may
occur later in gestation, after blood vessels develop the ca-
pacity to contract on exposure to cocaine and reperfusion re-
leases free radicals.39 Although genitourinary tract anom-
alies,42 cranial anomalies,190 ileal atresia,43 microcephaly,6,35

cardiac abnormalities,40 limb reduction abnormalities,41 and
neural tube malformations40 are reported in offspring of moth-
ers abusing cocaine, controlled studies fail to demonstrate an
increase in congenital anomalies, perhaps with the exception
of genitourinary anomalies.191

Neonatal Effects

Classification of neonates as exposed or nonexposed is diffi-
cult. Of neonates exposed by maternal report, 38% have pos-
itive urine screen, 52% have positive meconium screen, and
78% have positive hair analysis (hair analysis misses recent
exposure).5

Nursery Problems

Neonates have withdrawal symptoms, but these are less se-
vere than opiate withdrawal symptoms. Transient neonatal
ventricular tachycardia192 and transient ST-segment eleva-
tion are reported in infants exposed to cocaine.193 Plasma
norepinephrine levels are elevated between 24 and 72 h post-
partum,137 and cardiac output is decreased.194 Increased nor-
epinephrine may be caused by depleted dopamine, resulting
in down regulation of descending inhibitory pathways regu-
lating sympathetic outflow. Although fetal stress from co-
caine-related changes in placental perfusion induces respira-
tory maturity,195 periodic breathing and apnea of infancy, are
reported in cocaine-exposed infants.196 SIDS is two to three
times more likely in cocaine-exposed infants.53 The cost of
neonatal care for predominantly cocaine-exposed infants is
higher, partly because discharge is delayed while social is-
sues are resolved.62

Neurologic Function

Anterior and middle cerebral artery Doppler interrogation at
birth demonstrates changes in flow velocity consistent with
the vasoconstrictive effects of cocaine.197 Infants with in-
farction of the middle cerebral artery at birth, presumably
from cocaine-induced vasospasm, are reported.198 Early re-
ports conflict regarding neurosonographic abnormalities as-
sociated with cocaine use,198,199 but matched control studies
report a dose-related increase in subependymal hemorrhage
in the caudothalamic groove.200

Neonatal Hypertonia

The odds ratio for the presence of global hypertonia, coarse
tremor, and extensor leg posturing in newborns increases with
increasing cocaine exposure, as determined by hair analy-
sis.201 When tobacco exposure is measured with urine coti-

TABLE 27.9. Perinatal outcome of fetal cocaine exposure.

Cases (n � 55) Controls (n � 55) p

Gestational age (weeks) 37.36 � 3.0 37.18 � 1.9 �0.02a

Birth weight (g) 2528 � 619 3506 � 500 �0.05b

Birth weight (mean percentile for gestational age) 31.9 � 21.4 48.2 � 22.8 �0.05a

Head circumference (cm) 31.8 � 2.6 33.7 � 1.7 0.09b

Head circumference (percentile for gestational age) 33.6 � 27.0 51.7 � 23.5 �0.05a

Study infants were identified at birth and matched with controls. Values shown are mean � SD.
aAfter adjustment for sex of child, length of gestation, and maternal smoking.
bAfter adjustment for sex of child and maternal smoking.
Source: Modified from Cherukuri R, Minkoff H, Feldman J, et al. Obstet Gynecol 1988;72:147–151. Reprinted with per-
mission from the American College of Obstetricians and Gynecologists.
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nine levels rather than maternal reporting, and cocaine expo-
sure is measured by meconium levels, cocaine is not a sig-
nificant predictor of hypertonia.202

Neurobehavioral Testing

Bayley cognitive and psychomotor scores203 and a recent meta-
analysis204 fail to demonstrate consistent developmental defects
associated with cocaine that are different in scope from that of
other abused substances. However, cocaine exposure appears
to have a lasting neurobehavioral effect on arousal and atten-
tion regulation.189 Impaired processing of auditory information
is observed in newborns exposed to cocaine.205 At 43 weeks
postconception, heavily cocaine-exposed infants have more jit-
teriness, correlating with meta-hydroxybenzolyecgonine levels,
and attentional problems, correlating with cocaethylene lev-
els.206 At age 2 years, cocaine use independently predicts
poorer hand use and eye–hand coordination with the Peabody
Developmental Motor Scales.102 By 6 years of age, significant
teacher-identified behavior problems are present.207

Obstetric Management

The effects of cocaine on pregnancy are summarized in Box
27.6. Cocaine abusers may have no prenatal care: in Brook-
lyn, 43% of unregistered patients tested positive for cocaine.
Parturients need to be identified in the community and en-
couraged to attend a clinic. Maternal health education should
stress nutrition, STDs, urinary tract infections, hemorrhage,
and premature labor. Parturients experiencing chest pain need
cardiology consultation. Cocaine use may elevate blood sugar
and interfere with glucose tolerance testing. Urine screening
for abusive substances is useful. Patients abusing both cocaine
and heroin sometimes receive buprenorphine.117 With the
PACE program in New York City, long-term treatment at
“one-stop shopping” clinics resulted in less fetal exposure to
cocaine, with less fetal growth retardation and low birth
weight.208 By age 18 months, one third of infants exposed to
cocaine are placed outside the home; prearranging postnatal
care results in a better infant outcome.209

Intrapartum Management

Cocaine abuse should be suspected whenever a pregnant
woman presents without prenatal care.12 Parturients often ar-

rive with emergency situations, such as preterm labor, in-
trauterine fetal demise, severe pregnancy-induced hyperten-
sion, precipitate labor, uterine rupture, placental abruption, or
perhaps placenta previa. A handheld rapid latex agglutination
urine assay facilitates determining cocaine use in the last 
72 h.210 Cocaine abusers can present with signs of preeclamp-
sia such as hypertension, blurred vision, headache, abdomi-
nal pain, or seizures. The symptoms resolve within 45 to 90
min.77 Parturients are treated with magnesium sulfate until
the diagnosis is clear.

Hemodynamic changes induced by pregnancy, preeclamp-
sia, and recent cocaine use may cause myocardial infarction,
which is difficult to diagnose during pregnancy because of
EKG and creatinine kinase-7 (CK-MB) changes induced by
both pregnancy and cocaine.211 Increased troponin I has a
high specificity for myocardial infarct (MI) even in the pres-
ence of recent cocaine use and is not increased in peripartum
women. In a parturient experiencing chest pain, the combi-
nation of troponin I level and echocardiography are the best
predictors of adverse cardiac events.211

Cocaine Intoxication

Signs and symptoms of cocaine toxicity are listed in Table
27.10. Psychosis responds to benzodiazepines, neuroleptics,
or lithium. Severe intoxication is associated with end-organ
ischemia, which may decrease pH and require treatment with
sodium bicarbonate. Drug treatment of choice for hyperten-
sion and tachycardia is controversial. Hydralazine treatment
exacerbates tachycardia.212 Labetalol, instead of pure beta-
adrenergic antagonists, is usually recommended, because un-
opposed alpha-adrenergic activity increases blood pressure
and exacerbates decreased myocardial and uterine blood
flow.213 However, labetalol use is criticized because its beta
antagonism is more potent than its alpha antagonism.214 Cal-
cium channel blockers are associated with paradoxical re-
sponses,215 and although they are cardioprotective in rats,216

the use of nifedipine to treat both preeclampsia and cocaine
toxicity was associated with a perioperative MI.211 Nitro-
glycerine is indicated when chest pain is present. Although

Box 27.6. Cocaine effects on pregnancy.

Spontaneous abortion
Intrauterine growth retardation
Placental abruption
Premature rupture of membranes
Preterm delivery
Low birth weight
Transient neurobehavioral abnormalities
Congenital anomalies (still theoretical)
Impaired neuronal differentiation (still theoretical)

TABLE 27.10. Signs of cocaine toxicity.

Central 
nervous system Psychologic Cardiovascular Miscellaneous

Delirium Irritability Arrhythmia Fever
Convulsions Restlessness Pallor Diaphoresis
Hyperreflexia Tenseness Tachycardia Dry mouth
Tremor Anxiety Hypertension Dilated pupils
Dizziness Garrulousness Angina
Hallucinations Euphoria Headache
Coma Insomnia Flushing
Cerebral Panic Circulatory 

hemorrhage Suicidal collapse
Homicidal

Source: Modified from Kenepp N. Substance abuse. In: James FM, Wheeler
AS, Dewan DM (eds) Obstetric Anesthesia: The Complicated Patient, 2nd
edn. Philadelphia: Davis, 1987: 523. Used by permission.
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422 N. Kenepp and A. Chatwani

lidocaine might be cumulatively toxic with cocaine, it is used
successfully to treat myocardial arrhythmias.217

Placental Abruption

Pregnant women can present with abruptio placentae, tetanic
contraction, and fetal bradycardia.176 In the absence of abrup-
tion, esmolol, nitroglycerine, and tocolysis can resolve tetanic
contraction and fetal bradycardia. With abruption, tocolysis
with magnesium sulfate may sustain the fetus until delivery by
cesarean section can be accomplished. Cocaine increases the
likelihood of tachyarrhythmias with ritodrine and terbutaline.

Animal Studies

Pretreatment of ewes with 5 mg/kg magnesium attenuates
seizures and corrects maternal and fetal heart rate changes.171

Magnesium may prevent thrombocytopenia associated with
cocaine administration.

Anesthetic Management

Labor Analgesia

Epidural or spinal analgesia is indicated if platelets are ade-
quate.149 Ephedrine, theoretically less effective when norepi-
nephrine stores are depleted, is safer than risking an exag-
gerated response with a direct-acting agent.218 Occasionally,
however, phenylephrine may be needed instead of ephedrine.
Cocaine users are more sensitive to pain but have normal
epidural anesthetic requirements.219

Anesthesia for Cesarean Section

Regional techniques are preferred. Hypotension resulting
from epidural or spinal analgesia can be life threatening but
was not increased with spinal anesthesia in one study220; it
can usually be treated with ephedrine or phenylephrine. Al-
though cocaine metabolism is rapid, residual cocaine may de-
crease the amount of free plasma cholinesterase, affecting me-
tabolism of 2-chloroprocaine. As local anesthetics and
cocaine are epileptogenic, total local anesthetic dose should
be conservative.

General Anesthesia

Cesarean section in cocaine-abusing parturients is often per-
formed for fetal distress or placental abruption under emer-
gency conditions. In one study, two thirds of pregnant women
received general anesthesia.220

Induction Agents

Severe hypertension and arrhythmias are more common un-
der general anesthesia, especially during induction; hyper-
tension should be controlled before induction.221 Cocaine
causes bronchospasm and increases general anesthetic re-
quirements.222 Thiopental is commonly used for induction.
Extreme caution is advised with ketamine, which is associ-

ated with excessive catecholamines and may cause MI or pul-
monary edema.130,210,218 Etomidate does not prevent a hy-
pertensive response to intubation. Alfentanil is recommended
to blunt the hypertensive response to intubation.157

Muscle Relaxants

Decreased serum and cholinesterase may prolong the dura-
tion of succinylcholine, mivacurium, all metabolized by
cholinesterase. Succinylcholine is nevertheless recommended
because of its short duration. In vitro hydrolysis of cocaine is
prolonged in parturients who have pseudocholinesterase de-
ficiency, and lower plasma cholinesterase levels are associ-
ated with more severe toxicity to cocaine (Figure 27.1).223

Lower cholinesterase levels may be the primary cause of the
observed sensitivity to cocaine or the result of cholinesterase
depletion by previously administered cocaine.

Maintenance

Agents such as halothane that sensitize the myocardium to
epinephrine are avoided. Isoflurane has been used success-
fully,157 but it also may induce arrhythmias and has been re-
ported to increase systemic vascular resistance in swine.221

Chronic neurotransmitter depletion from cocaine is postulated
to decrease anesthetic requirements, but MAC for isoflurane
is increased significantly in sheep exposed to a cocaine infu-
sion for 2 weeks.222 Hyperpyrexia and sympathomimetic ac-
tivity can mimic malignant hyperthermia.224 Atropine blocks
presynaptic cholinergic regulation of norepinephrine release,
thereby increasing hypertension, and increases the risk of cen-
tral cholinergic syndrome.150

Life-
threatening

reaction group

Non-life-
threatening

reaction group

Control
group

682

904

1058

FIGURE 27.1. Plasma cholinesterase activity in Michel units/L in
three groups of patients: those with life-threatening reactions to self-
administered cocaine, those with minor problems following cocaine,
and controls. p � 0.05. (Adapted from Hoffman RS, Henry GC,
Howland MA, et al. Association between life-threatening cocaine
toxicity and plasma cholinesterase activity. Ann Emerg Med
1992;21:247, with permission.)
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Amphetamines

Pharmacology

Amphetamine causes release of norepinephrine and serotonin
from presynaptic terminals, decreases neurotransmitter reup-
take, and increases norepinephrine, serotonin, and perhaps
dopamine availability in the brain. Although their specific ac-
tions are different, methamphetamine is generally indistin-
guishable from cocaine in both its pharmacologic and addic-
tive characteristics.225 Amphetamine is metabolized in the liver,
but at least 50% of a dose is excreted unchanged in the urine.
Ammonium chloride acidification hastens its excretion.226 The
plasma half-life of amphetamine is 12 h, 10 times longer than
cocaine.225 Because of its longer duration of action, psychotic
symptoms develop more slowly than with cocaine. A smoked
form, “ice,” which produces an instant high of long duration,
is more prevalent in Hawaii and California.226

Pregnancy

Amphetamine use is most common on the West Coast.7 The
maternal and fetal problems associated with cocaine abuse,
are also reported with amphetamines.35

Animal Studies

In pregnant sheep, amphetamine increases maternal heart rate,
blood pressure, and uterine vascular resistance and decreases
uterine and umbilical blood flow. After an initial decrease,
fetal heart rate and umbilical blood flow increase to levels
above baseline for 2 to 3 h. The fetal pH and PO2 decrease
gradually.227 Amphetamine decreases uterine blood flow and
umbilical blood flow in pregnant sheep.228

Maternal and Fetal Effects

Acute intoxication can be mistaken for eclampsia or
preeclampsia.229 There are no large studies of amphetamine
use alone, but it is associated with placental abruption, in-
trauterine growth retardation, decreased gestational length,
and increased perinatal mortality.230 Infants of mothers who
use amphetamine are small for gestational age and premature,
with a high neonatal mortality rate.231 Cleft lip and cardiac
defects are associated with amphetamine use.225 In a study of
13 cocaine and 28 methamphetamine abusers, no differences
in pregnancy and neonatal outcome were noted.35 At 8 and
14 years of age, amphetamine-exposed children lagged in
mathematics, language, and physical training.232

Obstetric and Anesthetic Management

Obstetric and anesthetic care is as for cocaine abusers.
Methamphetamine abusers respond poorly to indirect-acting
sympathomimetic agents. Absorption of oral amphetamine
continues during labor, and with its longer duration, fetal dis-
tress is less likely to improve than with cocaine abusers. In-

halational anesthetic requirements are increased,233 and in a
case report of methamphetamine abuse, fentanyl and nitrous
oxide requirements were increased.234 Cardiac arrest under
general anesthesia for cesarean section has been reported.235

Phencyclidine

Pharmacology

Phencyclidine (PCP), an arylcyclohexylamine, is a potent psy-
chomimetic agent capable of producing a state indistinguish-
able from schizophrenia. Its sympathomimetic pharmacologic
effects are similar to those of cocaine.154 Its mechanism of
action may involve binding to a low-affinity sigma-opiate re-
ceptor site, blockade of N-methyl-D-aspartate (NMDA) and
glutamate channels, inhibition of dopamine and norepineph-
rine uptake, and interference with 5-hydroxyindole metabo-
lism. Users usually smoke it with tobacco or marijuana. Low
doses produce agitation, depersonalization, altered sensory
perception, sweating, tachycardia, and hypertension.154 In-
toxication produces slurred speech, anesthesia, hypersaliva-
tion, catatonia, fever, ataxia, clonus, tremors, rhabdomyoly-
sis, and seizures. PCP induces acute reversible pathomorphic
changes in rat brain neuron236 and is associated with perfu-
sion defects on brain scans in humans.237

Pregnancy

Phencyclidine use is less common, occurring in 1% of 
positive urine screens7 or 0.3% of the pregnant popula-
tion.14 The placenta has the ability to metabolize PCP by 
monohydroxylation.154

Fetal serum levels may exceed maternal levels by as much
as 10 fold.154 PCP is detectable in breast milk, amniotic fluid,
and neonatal urine in the first few days of life. One study 
reported a 32% incidence of growth retardation and a 43%
incidence of precipitous labor, figures higher than those for
cocaine abusers.238 Another study found that PCP is not as-
sociated with decreased birth weight but is possibly associ-
ated with a reduction in gestational age.239 Neonatal symp-
toms include jitteriness, hypotonicity, vomiting, and diarrhea,
which are unrelieved by phenobarbital. In a clinical report,
microcephaly occurred in one of two exposed infants.55

Obstetric and Anesthetic Management

Intrapartum Management

Parturients are managed as other drug abusers. PCP potentiates
narcotics and intoxication may be treated with chlorpromazine
or haloperidol. Because fever increases fetal and maternal oxy-
gen consumption, it is recommended to control hyperthermia
with acetaminophen. It is probably prudent to avoid pure beta-
blocking agents when treating hypertension and tachycardia.
Dantrolene has been recommended for treatment of rhabdomy-
olysis, along with urine alkalinization and mannitol.154
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Anesthetic Management

Acute intoxication with PCP potentiates sympathomimetics,
and dosage of sympathomimetic drugs such as ephedrine
should be accordingly reduced. Because of its hyperthermic
effect, patients may require a cooling blanket during general
anesthesia. Ketamine, because of its similarity to PCP, is prob-
ably contraindicated. Because PCP inhibits cholinesterase,
neuromuscular blocking agents metabolized by cholinesterase
should be used with caution.

Methylenedioxymethamphetamine 

Pharmacology

Methylenedioxymethamphetamine (MDMA) (ecstasy) is an
easily synthesized designer amphetamine used at raves and
on college campuses. Supplied in pill form, it is frequently
cut with ephedrine, amphetamine, lysergic acid diethylamide
(LSD), or ketamine. Onset of action begins in 30 min; peak
effects at 90 min and last up to 8 h.240 It is metabolized by
N-demethylation to methylenediozyamphetamine, which is
active and is another drug of abuse. Approximately 65% of
MDMA is excreted in the urine.241

MDMA releases serotonin, dopamine, and norepinephrine
from presynaptic neurons and inhibits their reuptake. It also
inhibits monoamine oxidase and can increase dopamine syn-
thesis. It increases extracellular dopamine in the nucleus ac-
cumbens. MDMA possesses some properties of amphet-
amines as a central stimulant, as well as psychedelic properties
likely mediated by dopamine and serotonin.241 The desired
effects of MDMA are enhanced empathy and a feeling of to-
getherness, mood alteration with sensual and emotional over-
tones, euphoria, increased energy and self-esteem, and altered
visual perceptions.

Adverse Effects

Adverse effects include those seen with psychedelics, sym-
pathomimetics, and monoamine oxidase (MAO) inhibitors.
Mild intoxication causes hyperthermia, diaphoresis, locomo-
tor hyperactivity, dysphoria, and confusion. Long-term dam-
age to both dopamine and serotonin neurons in the brain has
been demonstrated in animals. Positron emission tomography
in humans shows reduction in the number of serotonin trans-
porters.242 The reduction in transporters correlates with im-
pairment of visual and verbal memory.

Intoxication

Patients requiring treatment present with hyperthermia, de-
hydration, elevated creatine phosphokinase (CPK), hyperten-
sion, and tachycardia. Rhabdomyolysis, or a picture similar
to serotonin syndrome, or neuroleptic malignant syndrome
may be present. Serious cardiovascular complications such as

arrhythmia, atrioventricular (AV) block, cardiogenic shock,
cardiac arrest, and pulmonary edema can occur. CNS com-
plications include hyperreflexia, ataxia, dizziness, and
seizure; intracranial hemorrhage, cerebral infarction, coma,
and status epilepticus may also occur. Adverse psychologic
effects range from paranoia, obsessive behavior, depression,
and panic attack to frank psychosis.

Treatment of Intoxication

Treatment is directed toward restoring airway, breathing, and
circulation, then correcting hyperthermia, hypertension, de-
hydration, and electrolyte abnormalities and preventing renal
damage from rhabdomyolysis. Often tachycardia and hyper-
tension abate with benzodiazepine sedation. As with cocaine,
pure beta-adrenergic blocking agents should not be used to
control blood pressure. Rapid cooling and paralysis to con-
trol shivering are indicated.241

Pregnancy

Maternal Effects

Mothers who use ecstasy frequently use other substances po-
tentially harmful to the pregnancy and child. As with cocaine,
because of changes in sensitivity to adrenergic agents and in-
creased N-demethylation to MDA, the effects of MDMA are
likely to be increased during pregnancy.

Fetal Effects

Because hyperthermia is a prominent effect of MDMA, fe-
tal hypoxia may occur, both from impairmant of placental
perfusion and from increased oxygen consumption induced
by hyperthermia. As with other drugs of abuse, changes in
fetal brain monoamine concentration may alter neurologic
development and result in behavioral abnormalities. The
serotonin-releasing effect of MDMA is of concern because
serotonin is a potent teratogen and is embryotoxic.225 A
study of 43 pregnancies of parturients who used ecstasy did
not find an increase in spontaneous abortions or congenital
anomalies.243

Tobacco

Pharmacology

Nicotine, the active agent in tobacco, stimulates the CNS and
autonomic ganglia, triggering release of epinephrine from the
adrenal medulla. In large doses, it produces ganglionic block-
ade. Tolerance develops to some of its effects. Withdrawal
symptoms, including irritability, aggressiveness, hostility, de-
pression, and concentration difficulties, result from both en-
vironmental conditioning and pharmacologic dependence.
Nicotine is metabolized to cotinine, and levels in the urine
quantitatively reflect tobacco exposure.244
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Pregnancy

Maternal Effects

From 17% to 30% of mothers smoke during pregnancy.9,14

Women who start smoking before age 15 tend to be heavy
smokers prepregnancy and at the first prenatal visit.89

Smokers are usually younger, Caucasian, single, and less
educated.8 Smoking alters the hypothalamic pituitary axis, 
inhibiting release of LH and prolactin, and decreasing fertil-
ity and gestational length. Spontaneous abortion56,245 and
preterm labor increase.179 Placental abruption results from de-
cidual necrosis at the placental margin.33 Abruption and pla-
centa previa account for one-half to one-third of the increased
perinatal mortality in smokers.67,246 Although smoking re-
duces the risk of developing preeclampsia,247 it increases its
morbidity by increasing abruption, IUGR, and mortality.248

Uteroplacental Effects

Nicotine and cotinine cross the placenta, and significant lev-
els have been detected in amniotic fluid, fetal serum, and pla-
cental tissues throughout the pregnancy. Fetal nicotine levels
exceed maternal,249 but fetal cotinine levels are lower than
maternal levels.249,250

Placental impairment is thought to be caused by nicotine-
induced vasoconstriction.251 Placentas of heavy smokers ex-
hibit atrophic hypovascular villi, causing reduced estradiol con-
version and uptake of alphaaminobutyric acid.30 Components
of cigarette smoke depress cellular uptake of amino acids, re-
ducing placental transfer of amino acids and lowering amino
acids levels in the umbilical vein.31 Cyanide from tobacco
smoke crosses the placenta and depletes fetal vitamin B12.252

Fetal Effects

In rats, nicotine retards embryo cell cleavage, reducing cell
number and provoking developmental abnormalities. In hu-
mans, fetal heart rate and umbilical and fetal aortic blood
flow,253 erythropoietin, hemoglobin concentration, and car-
boxyhemoglobin concentrations are increased, suggesting
chronic fetal hypoxia.32 Smoking is associated with second
trimester abortion, as is maternal exposure to passive
smoke.254 Although nicotine increases maternal thromboxane
A2, it has been noted to inhibit fetal thromboxane A2.250 Fe-
tal respiratory movements in utero are depressed by tobacco
smoking.255

Fetal Growth

Tobacco causes fetal growth restriction.246 Decrements in
birth weight and birth length correlate with maternal serum
cotinine concentration256; the average weight reduction
equates to 1 week of fetal growth in late pregnancy.48 Fifteen
percent of cases of low birth weight could be attributed to to-
bacco in one study. Smoking especially decreases infant size
with concomitant alcohol consumption.49 Passive smoking

decreases birth weight.257 In infants, especially those who are
preterm, prolactin, growth hormone, and insulin-like growth
factor I are increased by tobacco exposure.258

Neonatal Effects

Infants of smokers have lower forced expiratory flow (FEF)
rates shortly after birth, indicating tobacco-impaired in utero
lung development or altered lung elastic properties.259 These
effects persist in childhood.260 Infants exposed to tobacco
have an increased incidence of asthma.261 Infants exposed to
passive smoke have cotinine levels in meconium similar to
those of neonates whose mothers are light smokers.244

Sudden Infant Death Syndrome

Neonatal mortality increases with maternal smoking.48 Infants
are at greater risk of sudden infant death syndrome (SIDS),
especially if the mother or father continues to smoke.262 If
women refrained from smoking during pregnancy, up to 30%
of SIDS might be prevented.263

Neurologic Function

In a controlled study, increasing maternal urine cotinine lev-
els increased the odds ratio of neonatal hypertonia.202 At age
two, the amount of tobacco exposure varied inversely with
gross motor balance and fine motor eye–hand coordination as
assessed by the Peabody Developmental Motor Scales.102

The evidence for specific cognitive deficits is inconsistent;
however, children show a pattern of decreased cognitive de-
velopment, behavioral difficulties, social maladjustment, and
hyperactivity.264 Altered auditory function is manifested in
lower language and reading scores, and verbal WISC scores.146

Obstetric Management

The effects of tobacco on pregnancy are summarized in Box
27.7. Patients should stop smoking, but this is more difficult
than stopping other drugs.265 Nicotine replacement therapy
has been recommended, but nicotine is the primary cause of
decreased placental perfusion, so this may be of limited ben-
efit.266 Stopping smoking is beneficial even in late gestation,
because nicotine and carbon monoxide are eliminated within
12 to 24 h.267 Patients need instructions regarding preterm la-
bor and surveillance for growth retardation. At term, smok-
ing causes fetal tachycardia and decreases beat-to-beat vari-

Box 27.7. Tobacco effects on pregnancy.

Spontaneous abortion
Preterm delivery
Low birth weight
Sudden infant death syndrome
Decreased small airway diameter
Attention and behavioral problems
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ability.268 When preterm premature rupture of membranes
(PROM) occurs, tobacco use decreases the time interval be-
tween rupture and delivery, when obstetric management is
“expectant.”177

Anesthetic Management

Smoking is an established cause of increased anesthetic risk.
Stopping for 48 h produces an 8% increase in available oxy-
gen in pregnant women.269 Smoking on the day of surgery in-
creases gastric volume and risk for aspiration.270 Bronchitis
and increased levels of carbon monoxide increase the risk of
bronchospasm and hypoxia after intubation. Smoking alters
anesthetic drug metabolism via hepatic enzyme induction.267

Regional anesthesia avoids these risks and is preferred.

Summary

Maternal use of substances that are potentially harmful to the
fetus and neonate immediately before and during pregnancy
is widespread. Few substance abusers use a single agent, and
the effects of a particular drug are difficult to establish.
Neonatal outcome (Figure 27.2) depends upon maternal
lifestyle as well as the degree of substance abuse. Drug abuse
is sustained by behavioral reinforcement and dependence.

Maternal health, fertility, prenatal care, placental function,
fetal development, neonatal morbidity, parenting, and child
development and behavior all undergo adverse effects as a re-
sult of substance abuse. The combination of tobacco, alcohol,
marijuana, and heroin or cocaine abuse results in drug-seek-
ing behavior, which increases the likelihood of maternal mal-
nutrition and HIV infection. Alcohol addiction causes severe
permanent morphologic and neurologic damage to the fetus.
Cocaine, tobacco, and multiple substance abuse are associ-
ated with significant behavioral and attentional problems for
the child.

Prenatal care must be nonpunitive and directed toward early
intervention and obtaining the patient’s participation in alter-

ing her lifestyle and reducing substance abuse. Altered ma-
ternal physiology and metabolic and pharmacologic drug in-
teractions affect obstetric and anesthetic care in the delivery
room. Abortion, preterm labor, premature rupture of mem-
branes, placental abruption, intrauterine fetal growth retarda-
tion, and preterm delivery occur more frequently in parturi-
ents who are substance abusers. Epidural or intrathecal
narcotic analgesia decreases maternal and fetal stress during
labor. Administration of anesthesia for cesarean section must
be altered to accommodate the interactions of abused sub-
stances with anesthetics. The proportion of parturients for
whom general anesthesia for cesarean section is necessary in-
creases with substance abuse.
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28
The Febrile Parturient
Krzysztof M. Kuczkowski, Laurence S. Reisner, and Thomas F. Kelly

Fever is a common occurrence in labor and delivery suites.
It poses not only a diagnostic challenge but also a therapeu-
tic dilemma. The pregnant state with its associated immuno-
suppression predisposes the gravida to infectious processes
and increases the severity of their manifestations. Conversely,
the consequences of the inflammatory cascade can be delete-
rious to the woman or the fetus. Recognition of infection may
actually be hampered by the difficulty of routine history and
physical assessment in the late gestational period and partic-
ularly during labor.

When approaching the febrile patient, three questions must
be addressed. First, how does pregnancy alter the normal hu-
man anatomic and physiologic state, and how will these al-
terations change the ability to assess and treat the patient?
Second, will the process adversely affect the pregnant woman
or her fetus? Third, is the etiology of the fever unique to preg-
nancy (i.e., chorioamnionitis)?

Temperature Regulation and 
Pathogenesis of Fever

The core body temperature is regulated by the central nerv-
ous system. Heat is generated by the basal metabolic activity
of the organism and is lost to the environment. The resultant
temperature is set by the hypothalamic thermostat and influ-
enced by feedback mechanisms. Receptors sense the central
temperature. Mechanisms including the vasomotor, sudomo-
tor, and metabolic effectors influence the regulation of heat
production and elimination. Integrative structures determine
whether the core temperature is too low or high and activate
the appropriate response. There is a diurnal variation in tem-
perature with the nadir in the early morning.1

Various processes are associated with fever. Obviously, in-
fection is the most common pathology in pregnancy. How-
ever, immunomediated conditions such as connective tissue
disorders, vascular thrombosis, granulomatous disease, in-
flammatory bowel disease, neoplasms, and metabolic disor-

ders such as Addison’s and thyroid crises may be the source
of fever. Cerebral tumors, hemorrhage, or thrombosis, if af-
fecting the central thermoregulatory center, are rare in child-
birth but can also cause fever.

Pyrogens can either be exogenous, such as bacteria and
their toxins and viruses, or endogenous, including cytokines.
Cells interacting with exogenous pyrogens produce these
substances. The endogenous pyrogens act centrally on the
thermosensitive neurons in the hypothalamus to initiate in-
creases in heat production and decreases in heat loss. This
cycle continues until a new setpoint is met in the hypothal-
amus. The endogenous pyrogens, which include the inter-
leukins, cachectin, and tumor necrosis factor, are released 
by stimulated monocytes, macrophages, and macrophage-
derived cells but are also found in endothelium, astrocytes,
and keritanocytes. Therefore, in infection-related fever, an
interaction by the exogenous insult and the organism immune
system mediate the temperature response. Although the ben-
efits of fever are uncertain, there are suggestions that the in-
creased temperature aids in the activation of the host immune
response with augmentation of chemotactic, phagocytotic,
and bactericidal properties of polymorphonuclear leukocytes.
The negative aspects include muscle wasting, fat loss, in-
creased basal metabolic rate, and cardiac demand. Insensible
water and salt loss is increased, and metabolic and central
nervous system changes can occur.2 The fetus also responds
with increases in cardiac output to radiate heat out through
the placenta, giving rise to the tachycardia noted in febrile
gravidas.

Obstetric Management

Workup and therapy of the febrile pregnant women should
generally not be altered from that of any adult. However, spe-
cific anatomic and physiologic changes in pregnancy lead to
difficulties in diagnosis and therapy. Laboratory alterations
may be misleading, and radiographic studies cannot be uti-
lized as freely because of the potential risks of fetal exposure.
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Medications used must be evaluated for safety and must pose
little or no risk to the fetus. Understanding the changes in
serum proteins and renal clearance will modify drug dosage
and timing.

The anatomic changes associated with pregnancy predispose
women to certain infections; infection of the urinary tract is the
classic example. The renal collecting system tends to dilate sec-
ondary to compression by the gravid uterus, aggravated by in-
creased smooth muscle relaxation and subsequent decreased
ureteral motility caused by progesterone. Therefore, urinary
tract infection is common, and the incidence of pyelonephritis
is approximately 1%. Cholecystitis appears to increase because
of sluggish motility and increases in gallstone production. The
pregnant uterus may impair the clinician’s ability to diagnose
abdominal processes. The classic example is appendicitis, for
which failure to diagnose may be as high as 30% in the third
trimester, in part because of the different anatomy and dis-
placement of the appendix superiorly and also the interference
of the uterus with the classic peritoneal response.

Classic laboratory values use, to aid in the diagnosis of in-
fection are not as helpful in pregnancy. White blood cell
counts, which are routinely elevated in pregnancy, may be
15,000 or more. Erythrocyte sedimentation rates and C-reac-
tive proteins are useless in pregnancy, as they normally in-
crease. Complement levels also increase during gestation;
therefore, unless there are baseline values for comparison,
they may not be easy to interpret.

The concern over fetal effects of radiation exposure, includ-
ing poor neurologic development and childhood leukemia, limit
the practitioner’s arsenal of ancillary studies. Ultrasound and
magnetic resonance imaging appear to be safe, but X-rays and
computed tomographic (CT) scanning pose some degree of
fetal risk and therefore should be utilized only if the benefit
clearly exceeds the risk. However, the clinician must be aware
of the limitations of various imaging modalities, particularly
with respect to the interference of the pregnant uterus, and
utilize the safest, yet best, available test to avoid an untimely
delay in the workup and management of an infectious process.

In most cases, management of a serious infectious process
should not be altered greatly by the pregnant condition. De-
viations from routine treatment rarely benefit the fetus and
may be more deleterious to the pregnant woman. The classic
example of this is appendicitis, where there is a known delay
of recognition in the latter part of gestation and consequently
an increase in both maternal and perinatal mortality. Prompt
surgical treatment is curative, usually without any subsequent
effect on the fetus. However, there is the continued reticence
of practitioners to perform needed surgical procedures be-
cause of the concern over subsequent pregnancy loss or
preterm labor, when, in actuality, the converse is more likely.

Medications must be chosen to avoid potential fetal harm.
Tetracyclines, quinolones, and chloramphenicol are con-
traindicated in pregnancy. Aminoglycosides carry the poten-
tial of ototoxicity in the fetus but are used commonly in the
treatment of pyelonephritis and chorioamnionitis. Sulfon-

amides may be used in the second and early third trimester but
are best avoided during the period of neural tube development
in the period when the neural tube is forming and in the late
third trimester where there is potential of bilirubin displace-
ment during the neonatal period. With few exceptions, corti-
costeroids do not cross the placental barrier but may increase
the risk of premature rupture of membranes. The clinician must
be aware of the teratogenic potential of medications and se-
lect the most appropriate agent with respect to the parturient’s
clinical condition, weighing the risks and benefits.

Medication dosages may need to be altered due to the phys-
iologic changes of pregnancy. Glomerular filtration rate in-
creases by 50%, which increases clearance of renally excreted
drugs. Plasma proteins that bind many agents and therefore
diminish the amount of free drug are decreased during gesta-
tion. Alterations in the normal physiologic state by pathologic
processes associated with pregnancy, such as preeclampsia
and upper urinary tract obstruction, influence drug clearance.
If unrecognized, these pathologic alterations can lead to po-
tentially grave medication errors.

The physician must determine whether a febrile process
may affect the uteroplacental unit. In most cases, significant
illness leads to some degree of uterine contractions but less
often to true labor and delivery. The recognized initiators of
labor are usually chorioamnionitis and urinary tract infections.
Overt sepsis is often associated with labor and delivery. Con-
ditions that initiate the inflammatory cascade promote release
of arachadonic acid and subsequent formation of prosta-
glandins, leading to increased uterine activity. Maternal de-
hydration may result in oligohydramnios, usually responsive
to reestablishment of a normal circulation volume.

Another concern is the development of direct fetal harm
caused by a maternal infection. Most bacterial infections, with
the exceptions of syphilis, Listeria, and Group B �-hemolytic
streptococci, do not commonly cross the placenta in an im-
munocompetent individual. The bulk of intraamniotic infec-
tions are the result of ascending infection from the lower gen-
ital tract and are usually associated with either premature
membrane rupture or labor. Viral infections commonly can
and do cross the placenta. Cytomegalovirus, adenovirus, par-
vovirus, rubella, and coxsackie are known to access the fetal
environment. Fortunately, most such occurrences do not cause
harm to the fetus, but on occasion, they will.

Anesthetic Management

Regional Anesthesia

The physiologic changes of pregnancy, the effects of regional
anesthesia on uteroplacental perfusion, and the etiology of
fever all need to be taken under consideration before neurax-
ial blocks can be safely induced in febrile parturients. The
lack of autoregulation of uterine perfusion, combined with pe-
ripheral vasodilation secondary to sympathectomy induced by
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regional anesthesia, may at least theoretically compromise the
fetal oxygen supply. Supplemental oxygen should be admin-
istered with all regional anesthetics provided to this group of
parturients. Pregnancy is associated with decreased function
of the immune system, and some febrile diseases may take a
more severe course in pregnancy leading to transplacental
transmission and fetal jeopardy. The source of fever should
be identified, and possible fetal implications clearly consid-
ered. Upper respiratory or urinary tract infections, for exam-
ple, are less likely to pose a significant danger to the fetus as
compared to human immunodeficiency virus (HIV) infection
or chorioamnionitis. The possibility of peripartum transmis-
sion affects both the obstetric and anesthetic management of
these parturients.

The overall incidence of maternal infection in labor has
been estimated as 3.1%.3 The presence of bacteria in blood
samples obtained from parturients seems quite common, and
even routine procedures in labor such as insertion of a uri-
nary catheter may result in transient bacteremia. However, the
clinical significance of these findings and the anesthetic im-
plications remain unclear. Animal studies have found evi-
dence to suggest that bacteremia may increase the risk of
meningitis after subarachnoid block.4 The extrapolation of
this data to humans is questionable, and the importance in
clinical practice uncertain.

The complications of epidural, spinal, or combined spinal-
epidural anesthesia can result in permanent disability. Kindler
et al. reported two cases of an epidural abscess in a series of
4,162 pregnant parturients who received labor epidural anal-
gesia.5 Hlavin et al. reported an incidence of 0.2 to 1.2 per
10,000 of spontaneous epidural abscess in the general hospi-
tal population of patients.6 Mamourian et al. reported three
magnetic resonance imaging(MRI)-confirmed cases of spinal-
epidural abscess following spinal epidural injections.7 Epidural
abscess formation was reported in a parturient who received
epidural anesthesia for cesarean section.8 Streptoccocus-
induced bacteremia and meningitis after spinal anesthesia
have been reported.9 Three cases of meningitis following in-
creasingly popular spinal-epidural anesthesia have recently
been described.10,11 Review of older literature also documents
the association of epidural-spinal abscess formation and neu-
raxial analgesia-anesthesia.12 In an editorial article, Chestnut
recommended that antibiotic therapy should be initiated be-
fore induction of regional anesthesia in febrile parturients in
the presence of systemic signs of infection.13 The majority of
epidural-spinal infections appear to be related to surgical pro-
cedures or hematogenous spread rather than to regional anes-
thetic techniques.

In conclusion, the decision to administer regional anesthe-
sia in a febrile parturient should be based on an individual
risk-to-benefit ratio, and the anesthetic plan should be tailored
on a case-by-case basis. Consideration of available alterna-
tives, such as parenteral analgesia for labor or general anes-
thesia for operative delivery, is necessary. However, if gen-
eral anesthesia is selected for a parturient with fever,

significant risk factors such as aspiration of gastric contents,
neonatal depression, and the potential for a difficult airway
do exist.14 There are no well-established guidelines to aid an
anesthesiologist in the use of regional anesthesia for febrile
parturients. The history and physical examination aided by
the laboratory investigations usually identify the etiology, and
careful assessment of intravascular volume status and hemo-
dynamic stability will serve as a guide to appropriate anes-
thetic selection. Spinal, combined spinal-epidural, or epidural
anesthesia may be selected depending upon parturient as-
sessment and the purpose of the regional anesthetic, such as
labor analgesia or operative delivery.

Spinal anesthesia can be safely administered for abdom-
inal delivery in the presence of maternal fever. Adminis-
tration of empirical antibiotic therapy is recommended by
most authorities and should be initiated before induction of
anesthesia.13 Interestingly, combined spinal-epidural anal-
gesia has been associated with more rapid cervical dilation
compared to conventional labor epidural analgesia.15 Be-
cause prolonged labor is a significant risk factor for ma-
ternal fever, combined spinal-epidural analgesia may be as-
sociated with less fever compared to conventional epidural
labor analgesia. Both conventional lumbar epidural and
combined spinal-epidural anesthesia may be safely con-
ducted in febrile parturients for either labor analgesia or ce-
sarean delivery.

Regional Anesthesia and Maternal 
Temperature Regulation

It has been well established that induction of surgical epidural
anesthesia, including that performed in pregnant women un-
dergoing abdominal delivery, causes sympathectomy associ-
ated with vasodilation and increased heat loss leading to hy-
pothermia. Hypothermia occurs secondary to redistribution
of body heat from the core to the periphery, where it is lost
to the environment.16 However, laboring parturients who re-
ceive epidural labor analgesia may in fact experience an in-
crease in body temperature following the induction of
epidural block.

In 1989, Fusi et al. compared parturients receiving epidural
bupivacaine labor analgesia with those receiving intravenous
meperidine.17 Increased maternal temperature, averaging
0.14°C/h, was reported after induction of epidural analgesia.
No increase in maternal temperature was noted following in-
travenous meperidine administration. Camann et al. studied
changes in maternal temperature regulation in 53 laboring
women who received either parenteral opioids or epidural
analgesia.18 Oral and tympanic temperature were monitored
in each study group. Administration of epidural analgesia did
not affect maternal temperature for the first 4 h following in-
duction of the block. However, increasing maternal tempera-
ture in the epidural group was noted beginning approximately
5 h after initiation of epidural analgesia. No temperature
changes were reported in parturients receiving parenteral opi-
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oids for pain in labor. No difference in temperature measure-
ments were reported between parturients receiving epidural
local anesthetics only and epidural local anesthetics with opi-
oids. Both Fusi et al. and Camann et al. used higher bupiva-
caine concentrations than those used currently in obstetric
anesthesia practice.17,18 Similar findings have been reported
by other investigators.19,20 The observed temperature increase
in laboring parturients averaged 0.1°C/h of epidural analge-
sia, usually following a lag of 4 to 5 h. Herbst et al. concluded
that, despite other risk factors such as prolonged labor and
preterm rupture of membranes, there was an independent as-
sociation between epidural analgesia and maternal tempera-
ture regulation.21 The mechanism of maternal hyperthermia
following induction of epidural analgesia remains unclear.
Possible explanations include the cessation of hyperventila-
tion that follows pain relief, increased incidence of shivering,
and decreased sweating.16–18,21

Glosten et al. evaluated the effect of epidural analgesia on
sweating in nonpregnant volunteers.22 Higher core tempera-
tures were needed to induce sweating in patients who received
epidural analgesia. Additionally, decreased sweating was re-
ported below the level of sensory block, probably secondary
to blockade of sympathetic nerve fibers. Panzer et al. showed
that many parturients do not sweat, even in the presence of
fever.23 Shivering was frequently not related to hypothermia,
and sweating was often not triggered by hyperthermia in the
studied subjects. Simultaneous sweating and shivering were
reported. Kim et al. reported that shivering associated with
epidural analgesia was primarily caused by normal physio-
logic thermoregulatory mechanisms.24 In contrast, other in-
vestigators concluded that shivering was primarily caused by
a nonthermogenic mechanism.25,26

Possible detrimental effects of maternal fever on the fetus
have been a subject of significant controversy. Macaulay et
al. recorded intrauterine and fetal scalp temperature in a group
of 57 parturients.27 Increase in the intrauterine temperature
was noted in those parturients who received labor epidural
analgesia, and 3 of 57 fetuses had scalp temperature exceed-
ing 39°C. Camann et al. concluded that epidural analgesia is
unlikely to increase maternal temperature sufficiently to have
an adverse effect on the fetus.18

Lieberman et al. reported an association between epidural
analgesia, maternal fever, and neonatal sepsis evaluation.19

The study, originally intended to evaluate active management
of labor, reported the incidence of fever ranging from 7% to
36% of the parturients receiving epidural analgesia. Fever in
a parturient was defined as an increase in body temperature
greater than 38°C. Fever was reported in 7% of parturients
receiving epidural analgesia with labor duration less than 
6 h and increased to 36% of parturients who were in labor
longer than 18 h. The incidence of fever in parturients who
did not receive epidural analgesia remained approximately
1%, regardless of the duration of labor. The neonatal sepsis
evaluation was performed in 34% of neonates born to moth-
ers with increased temperature in the epidural group compared

with 9.8% in the nonepidural group. Interestingly, confirmed
neonatal sepsis was not different between the two study
groups; it occurred in less than 1% of neonates. Unfortunately,
the study was not randomized, and the two groups of par-
turients differed significantly. Additionally, specific criteria
for neonatal sepsis evaluations were not precisely established,
and more than 63% of the neonatal sepsis evaluations included
were performed for reasons other than maternal fever. Nev-
ertheless, logistic regression analysis confirmed the associa-
tion between epidural analgesia and fever, even after consid-
eration of other variables.

Philip et al. prospectively randomized 613 laboring women
to either an epidural or intravenous meperidine analgesia
study group.28 Epidural labor analgesia was independently as-
sociated with maternal temperature elevation when compared
with intravenous patient-controlled meperidine administra-
tion. Neonatal sepsis evaluations were strongly associated
with maternal fever.

In summary, although there seems to be enough evidence
to support the association between epidural analgesia in la-
bor and maternal temperature elevation, especially after 4 h
or more of epidural analgesia,17–19,21,27,28 most of the studies
have not been randomized, suggesting parturient selection
bias. There is no evidence that frequency of neonatal sepsis
is increased secondary to epidural labor analgesia. In contrast,
the association between labor epidural analgesia and neona-
tal sepsis evaluation is less clear. Many factors other than ma-
ternal fever are involved in the decision to initiate such an
evaluation. Finally, most randomized studies compared 
temperature changes in parturients who received epidural
analgesia with controlled groups receiving parenteral meperi-
dine.28 Meperidine selectively decreases the shivering thresh-
old and is widely used as a postoperative treatment to reduce
shivering. Therefore, its selection as the control group anal-
gesia remains questionable, and further investigations are
needed.

General Anesthesia

Although regional anesthesia is the generally preferred and
potentially safer method for cesarean delivery in a febrile
parturient, general anesthesia may be necessary for selected
parturients. Uncertainty of fetal well-being in the presence
of infection and fever, the possible legal implications of de-
layed delivery, and concerns of appropriate labor analgesia
technique may create some urgency and lead to abdominal
delivery. It is believed that laboring parturients with fever
seem more likely than nonfebrile parturients to receive gen-
eral anesthesia.

When time is of essence, general anesthesia offers speed
of induction, reliability, and avoidance of sympathectomy-
induced hypotension. Late septic shock, for instance, is usu-
ally associated with low cardiac output, significant fluid
losses, and hypotension, a combination that precludes the ad-
ministration of regional anesthesia. If general anesthesia is se-
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lected for a febrile parturient, significant risk factors such as
aspiration of gastric contents, neonatal depression, and po-
tential for a difficult airway should also be taken under con-
sideration. Maternal mortality rate remains 16 times higher in
parturients who undergo abdominal delivery under general
anesthesia as compared to those who receive regional anes-
thesia. Despite technical advances in airway equipment and
fiberoptic bronchoscopy, complications of airway manage-
ment still remain a primary cause of anesthesia-related mor-
bidity and mortality.14

Careful preanesthetic evaluation should include the cause
and duration of fever as well as obstetric indications, urgency,
and planned mode of delivery. Upper respiratory tract infec-
tions may increase airway irritability and result in increased
bronchial and oropharyngeal secretions. Fever increases ma-
ternal oxygen consumption and may compromise transpla-
cental oxygen delivery to the fetus. Therefore, adequate pre-
oxygenation with 100% O2 before induction of general
anesthesia is very important to optimize maternal and fetal
oxygen saturation.29 Aspiration prophylaxis and correction of
other physiologic abnormalities are necessary. The need to
proceed with emergency delivery should be weighed against
the need for insertion of appropriate monitoring devices and
resuscitation efforts aimed at the optimal maternal condition
for delivery.

Maternal hemodynamic stability and maintenance of utero-
placental blood flow should determine the choice of anesthetic
agents for induction and maintenance of general anesthesia in
febrile parturients. Prolonged anesthetic induction should be
avoided to prevent neonatal depression at delivery.30 Although
rapid sequence induction with cricoid pressure and intravenous
administration of sodium thiopental or propofol and succinyl-
choline is the standard technique, induction agents that tend
to support the cardiovascular system, such as etomidate or ke-
tamine, should be considered. Sodium pentothal and propofol
may depress myocardial contractility in critically ill parturi-
ents; thus, some advocate use of etomidate in these parturi-
ents. Use of ketamine has been recommended, although its he-
modynamic response may be unpredictable in critically ill
patients with depleted catecholamine stores.31

Hyperkalemia following the use of succinylcholine may be
a problem in febrile patients, especially those with prolonged
sepsis.32 Therefore, it appears important to correct fluid and
electrolyte abnormalities before anesthesia is induced and to
avoid succinylcholine in parturients with hyperkalemia.
Rocuronium offers fast onset and intermediate duration and
is often used for induction of general anesthesia in pregnancy.
Drug interactions that occur between muscle relaxants and an-
tibiotics should be anticipated, and appropriate dose adjust-
ment undertaken to prevent prolonged muscle paralysis. Mon-
itoring of the neuromuscular junction is mandatory.

Although regional anesthesia is the preferred method for
cesarean delivery, general anesthesia remains an option for
selected parturients with infection and fever. It offers rapid
onset of induction, reliability, and predictability necessary

in emergency situations. However, despite technical ad-
vances in airway management, the consequences of failed
intubation or aspiration of gastric contents may be cata-
strophic.14

Infections Specific to Pregnancy

Chorioamnionitis

Intraamniotic infection is the most common antepartum and
intrapartum infection seen in labor and delivery suites, oc-
curring in up to 10% of pregnancies.33 It is usually caused by
an ascending infection from the lower genital tract; however,
certain agents may seed the uterus by the hematogenous route.
Symptoms and signs include fever, uterine tenderness, and fe-
tal tachycardia. The fetal heart rate elevation invariably ex-
ceeds what one would expect from fever alone. Other find-
ings may include a malodorous amniotic fluid and elevated
white cell count. Invasive testing via amniocentesis may aid
in diagnosis when the clinical situation is confusing. The gold
standard antenatal test is the amniotic fluid culture, but gram
stain, white cell count, and glucose concentrations produce
more immediate results, albeit with less sensitivity. Placental
pathology imparts a definitive diagnosis. Unfortunately, there
are limitations to making a diagnosis antenatally, as well as
discrepancies between the intrapartum assessment and the fi-
nal placental pathology.

The infection is usually polymicrobial in origin. Samples of
amniotic fluid may contain isolates of Bacteroides species and
gram-negative enteric Group B and other streptococci. These
organisms ascend from the colonized vagina, usually when the
membranes are ruptured. However, chorioamnionitis occurs in
the absence of amniorrhexis. In these cases, bacteria such as
Group B streptococci and gram-positive anaerobes migrate
across the amniochorionic membrane, likely because of the
production of extracellular products such as lipases and colla-
genases. Direct hematogenous infection with Listeria mono-
cytogenes and Treponema pallidum occur, albeit rarely.

Two clinical scenarios are commonly associated with
chorioamnionitis. Although their presentation differs in some
respects, the diagnosis and management are similar. The first
situation is premature rupture of membranes (PROM). Mem-
branes rupture when the parturient is in labor; however, ap-
proximately 8% of parturients at term and about 4% preterm
parturients have PROM. Of parturients with term PROM,
95% will be delivered by 28 h.34 If membranes rupture be-
fore term, the concern is the development of chorioamnioni-
tis, not only because of the prolonged latency period associ-
ated with preterm PROM but also because approximately 26%
of parturients with PROM have amniotic fluid colonization
on admission to the hospital.35

The management of term PROM is fairly straightforward,
with some minor differences depending on the institution.
Usually the parturient is allowed to labor spontaneously
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within some arbitrary time frame. If labor has not ensued, in-
duction will be initiated to reduce the potential of chorioam-
nionitis. Preterm PROM is more conservatively managed. The
risks of prematurity are weighed against the risks of conser-
vative management (chorioamnionitis, abruptio placentae,
umbilical cord prolapse). Administration of steroids to en-
hance pulmonary maturity and antibiotics to prolong the la-
tency period is routine. Delivery occurs when the parturient
goes into spontaneous labor, develops signs of fetal compro-
mise, or develops chorioamnionitis. The latter may be diffi-
cult to detect in that the early clues are subtle and difficult to
rely on, particularly in the extremely premature gestation.
Therefore, amniocentesis may be used to assess the amniotic
fluid. If chorioamnionitis is diagnosed, the parturient usually
is in labor. However, if she is not, induction is necessary to
protect the mother from overwhelming infection, as well as
to minimize the risks of fetal infection. Although there is no
absolute time frame in which delivery must occur, clinical
judgment is important in the parturient extremely remote from
delivery. In those cases, cesarean section may be necessary.
Antibiotics are initiated upon diagnosis and should not be
withheld for any reason.

The second scenario, more commonly noted in labor and
delivery, is the presentation of chorioamnionitis in the course
of term labor. The clinical diagnosis requires either a fever
(�38°C) or rupture of membranes plus two of the following:
white blood cell count (WBC) greater than 15,000, fetal tachy-
cardia, maternal tachycardia, uterine tenderness, or a mal-
odorous amniotic fluid. Risks for this situation include pro-
longed labor, preexisting lower genital tract pathogens,
multiple vaginal examinations, or intrauterine manipulations.
Management includes the use of broad-spectrum antibiotics
covering the common gram-negative enteric bacteria and
streptococci. There is no reason to delay initiating antibiotics,
because the risks of neonatal sepsis are higher in the untreated
mother.36,37

Anesthetic Management

There is no evidence that neuraxial blocks are contraindicated
in a febrile parturient with intraamniotic infection. Because
most obstetricians administer parenteral antibiotics once the
diagnosis of chorioamnionitis is established, it is justified to
delay labor analgesia until after the parturient has received
antibiotics.38 However, administration of regional anesthesia
before antibiotic therapy in parturients with clinical symp-
toms of chorioamnionitis and proven bacteremia has not been
shown to be deleterious.39,40

Herpes Simplex Virus

Management of pregnancies complicated by maternal herpes
simplex virus (HSV) remains a frustrating dilemma for the
obstetrician. Although the rate of vertical transmission re-
mains low, the sequelae of neonatal infection may be dev-

astating. There are two main types of HSV: HSV-1 is mainly
associated with nongenital lesions and is usually acquired in
childhood, whereas HSV-2 is associated with the classic gen-
ital lesions and is usually acquired in the late teens and early
twenties. Both types can infect the neonate. Approximately
5% of women of childbearing age have a history of genital
herpes, and approximately 30% have antibodies to HSV-2.41

The clinical designation of HSV infection includes primary,
antibodies are absent at the time the parturient acquires gen-
ital HSV, and recurrent, in which the parturient is antibody
positive from prior genital outbreaks.42 In nonprimary first-
episode HSV, antibodies are present at the time the parturi-
ent acquires genital HSV, and thought to be associated with
cross-reactivity of the anti-HSV-1 and anti-HSV-2 antibod-
ies, thus conferring some degree of partial protection. The
importance of this differentiation is due to the degree of risk
of neonatal transmission, which approaches 50% in primary
HSV compared to 0.3% in recurrent HSV. Approximately
2000 newborns contract herpes each year, most of whom are
born to women who are asymptomatic and without visible
lesions.43 Infected neonates may be asymptomatic, have lo-
calized involvement (central nervous system, eyes, skin, or
mucosa), or be systemically affected. Transmission is usu-
ally through shedding of the virus from the cervix and lower
genital tract and occurs during labor or prolonged rupture of
membranes. The virus rarely crosses the placenta or intact
membranes. The major risk is delivery during a primary
episode of HSV, likely because of the lack of protective an-
tibodies in the maternal serum and therefore passive immu-
nity in the neonate. The risk is less with a recurrent infec-
tion, but rarely, infection does occur with asymptomatic
shedding.44

Management of the parturient with a history of HSV re-
quires the understanding of the limitations of the health care
provider to accurately predict which individual may be
asymptomatically shedding. Conversely, the overall incidence
of neonatal infection is low. Current recommendations in-
clude the performance of cesarean section if the parturient has
an active lesion at the time of labor. Even though silent shed-
ding may cause infection, there is no role for outright cesarean
section in all pregnant women known to have HSV.42 Con-
troversy exists in the case of a parturient with preterm PROM
in whom there is a dilemma of ascending infection in an oth-
erwise early fetus with potential consequences of morbidity
and mortality if the fetus is delivered. The use of antiviral
agents to reduce the recurrences of lesions, while effective in
the nonpregnant woman, is somewhat controversial during
gestation.

Anesthetic Management

Several issues need to be considered before regional anes-
thesia can be safely conducted in these parturients. Differen-
tiation between the primary and secondary infection is of clin-
ical significance and may influence the decision regarding
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obstetric management and anesthetic practice. However, clin-
ical differentiation often proves very difficult.46 The issue of
concern to an obstetric anesthesiologist is possible introduc-
tion of the virus into the central nervous system and the pos-
sibility of a disseminated disease. Although highly theoreti-
cal, such concerns seem more likely in primary infections with
transient viral presence in the systemic circulation.

In primary infection, there is a transient viremia followed
by permanent antibody production 4 to 6 weeks later. Clini-
cal symptoms such as fever, myalgia, and headache might be
present, although 30% of these parturients are asymptomatic,
which further clouds the decision-making process.47 The co-
existence of typical genital lesions with systemic symptoms
usually suggests a primary infection. When a primary infec-
tion is acquired in the peripartum period, the risk of neonatal
transmission is very high.48 The safety of neuraxial blocks in
primary HSV has not been established. Therefore, the poten-
tial adverse effects of general anesthesia should be carefully
weighed against the risk of introducing virus to the central
nervous system during regional anesthesia.

Anesthetic management of parturients with recurrent HSV
type 2 infection seems well established. Viremia is rarely pres-
ent in these parturients, and several investigators have docu-
mented the safety of regional anesthesia.49–51 The presence
of an active lesion at the site of needle insertion would pre-
clude regional anesthesia. Otherwise, spinal, combined spinal-
epidural, and epidural blocks may be selected depending 
on an individual parturients needs and the anesthesiologist’s
preference.

Epidural anesthesia utilizing opioids, particularly mor-
phine, has been suspected of reactivating the HSV-1 lesions
in thoracic and perioral locations.52,53 Similar findings have
been reported with intrathecal opioids.54 The pathophysiol-
ogy of this reactivation remains obscure, although pruritis and
scratching as well as the activation of the fifth cranial nerve
nucleus by opiate binding have all been postulated.55,56 These
findings, however, remain controversial, and not all investi-
gators have documented such an association.57 It is interest-
ing to note that no association has been reported between neu-
raxial administration of opioids and increased recurrence of
HSV-2 infections.

Infections Not Specific to Pregnancy

Bacterial Infections

The most common bacterial infections in pregnancy include
urinary tract infections, chorioamnionitis, respiratory tract in-
fections, and postpartum endometritis. Systemic bacterial ill-
ness, irrespective of its origin, may lead to serious conse-
quences for the mother and her developing fetus. The
incidence of maternal bacterial infection during labor in ob-
stetric anesthetic practice is 3.1%.3 Septicemia is reported in
0.07% of pregnancies. The most common etiology is due to

gram-negative organisms (95%); the remaining are caused by
gram-positive and other bacteria.58

Urinary Tract Infection

Asymptomatic bactinuria is commonplace in pregnancy, oc-
curring in approximately 10% of women. Urinary tract in-
fections are an important cause of preterm uterine contrac-
tions. All parturients should be screened for bactinuria at
their first prenatal visit as well as on any presentation for
suspected preterm labor. Asymptomatic parturients with
more than 100,000 colonies/mL have a risk of acute infec-
tion of about 25%. The potential of covert infection may be
significant; there is an association with low birth weight and
prematurity.59 Pyelonephritis is likely the most common
nonobstetric bacterial infection in pregnancy, with an inci-
dence of 1% to 2% of gestations. The monetary cost is sig-
nificant, because the majority of such parturients are admit-
ted to the hospital. In contrast to a nonpregnant patient, the
sequelae of pyelonephritis are potentially morbid to the
mother and her fetus. Bacteremia and sepsis are more com-
mon, as is urosepsis, with adult respiratory distress syndrome
occurring in 1% to 2% of parturients with pyelonephritis.
The predisposing risk factors are the increased rate of asymp-
tomatic bactinuria and the increased stasis of the upper uri-
nary tract due to mild obstruction by the uterus and decreased
ureteral motility.

Symptoms include fever, chills, and back or flank pain.
Anorexia, nausea, and vomiting may complicate the clinical
picture and lead to confusion over the possibility of a viral
illness or appendicitis. A spiking fever is common, consistent
with a deep soft tissue infection. The physical examination
reveals tenderness in the costovertebral area, right usually
more so than left, because of the dextrorotation of the uterus.
The chest examination may reveal some adventitial sounds in
those with pulmonary edema. The WBC may not reflect the
degree of illness. The urine usually contains bacteria, white
cells, and leukocyte esterase. Culture of the urine, in most
parturients, will exhibit gram-negative coliforms, strepto-
cocci, or enterococci. Parturients with complicated urinary
tract infections, such as those with coexistent urinary calculi,
may have atypical bacteria. Blood cultures should be per-
formed in the case of high fevers. A mild degree of renal dys-
function may be noted on serum chemistries. Uterine toco-
dynamometry will reveal irritability or uterine contractions.
The fetal heart rate is elevated in response to the maternal
fever and returns to a normal baseline when the fever abates.

Treatment includes hydration, as these parturients are usu-
ally hemoconcentrated. Antibiotics are selected to treat gram-
negative bacteria empirically. Usually an aminoglycoside is
chosen, and its dosage must be adjusted carefully to avoid re-
nal toxicity and ototoxicity. Once the culture and sensitivity
results are available, a 7-day course of antibiotics, with a
proven safety record in pregnancy should be used. Urologic
consultation may be necessary if the infection is complicated
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by a stone or by an obstruction, and imaging with an ultra-
sound or intravenous pyelogram may be required.

Anesthetic Management

Hemodynamic alterations may be present in a parturient with
acute pyelonephritis even in the absence of overt sepsis. Ul-
trasonographic studies have documented decreased mean ar-
terial pressure and systemic vascular resistance associated
with increased heart rate and cardiac output in infected febrile
parturients.60 Most parturients with pyelonephritis are dehy-
drated secondary to fever, vomiting, and anorexia.61 These
changes as well as possible electrolyte imbalances should be
considered and corrected before the administration of anes-
thesia. Aspiration prophylaxis is of utmost significance and
antibiotic therapy is indicated before a regional block. There
is no evidence that regional anesthesia is detrimental in par-
turients with a urinary tract infection and spinal and combined
spinal and epidural anesthesia may be safely performed.

Pneumonia

Community-acquired pneumonia is still a potentially serious ill-
ness; it is the sixth leading cause of death in the general popu-
lation and the number one cause of death from infectious dis-
eases.62 Approximately 66% of cases of pneumonia in
pregnancy are bacterial in origin, the same as for nonpregnant
patients. Mortality may be as high as 25% if hospitalization is
required. Fortunately, these figures do not take into considera-
tion the fact that most pregnant women are otherwise healthy,
but maternal deaths do occur. The etiologies in pregnancy are
no different than the nonpregnant state. Streptococcus pneumo-
niae is the most common bacterial pathogen isolated, but species
of Mycoplasma and Haemophilus have also been implicated.
Viral agents such as influenza and varicella can cause pneu-
monia. Typical symptoms include productive cough, fever, chest
pain, and dyspnea. Chest X-ray is mandatory to aid in the di-
agnosis and should not be deferred because of potential fetal
concerns. Treatment should not be altered. Consequences of in-
tubation (25%), empyema, pneumothorax, pericardial tampon-
ade (�30%), and even death (�6%) do occur.63,64 Treatment
is supportive, with oxygen and antibiotics. Ongoing assessment
of therapy is important, as the pregnant woman will appear bet-
ter than she actually is, and chest X-rays may not reflect the
severity as the findings tend to lag behind the clinical course.
Fetal concerns of hypoxia are in most cases not an issue, as the
fetal venous PO2 is reflective of the maternal venous PO2. Key
points of prevention include pneumococcal vaccination for at
risk women and influenza vaccination for all pregnant women
in the second and third trimester.

Anesthetic Management

The physiologic changes of pregnancy, such as decreased func-
tional residual capacity, increased oxygen consumption, capil-
lary engorgement, hypersecretion of respiratory tract mucosa,

and decreased cellular immunity, can predispose to the devel-
opment of pneumonia. A chest radiograph should confirm the
diagnosis. The parturient with pneumonia is susceptible to the
development of pulmonary edema.65 Appropriate oxygen ad-
ministration should maintain SaO2 above 95% and PaO2 above
70 to 80 mm Hg. Administration of epidural anesthesia may at-
tenuate the increased oxygen consumption during labor in these
parturients.66 Ideally, intravenous antibiotics should be admin-
istered before induction of regional anesthesia. When general
anesthesia is selected for obstetric emergencies, increased air-
way reactivity, increased mucociliary secretions, and other phys-
iologic changes of pregnancy should be taken under considera-
tion in the preanesthetic evaluation of these parturients.

Septic Shock

Although rare, septic shock can be a complication in most in-
fectious diseases in pregnancy. It has been reported with
chorioamnionitis, endometritis, and pyelonephritis most com-
monly but also has been reported with pneumonia, appen-
dicitis, toxic shock syndrome, septic pelvic thrombophlebitis,
septic abortion, and endocarditis.67 Mortality in pregnancy is
lower (�3%) than in the nonpregnant state (40%–90%), again
reflecting the underlying healthy state of the gravida and the
absence of complicating processes associated with aging.68,69

The pathogenesis includes the release of endotoxin, a
lipopolysaccharide that is released when the cell wall of gram-
negative bacteria is disrupted. Exotoxins that are produced by
gram-positive bacteria such as Staphylococcus will also me-
diate hemodynamic alterations. The signs of septic shock in-
clude alterations of temperature including both hypothermia
and hyperthermia. In early shock, otherwise known as the
warm phase, temperature is elevated, usually with shaking
chills. Tachycardia with a normal to low blood pressure is
usually seen. Systemic perfusion appears normal because of
the warm extremities, but centrally there is hypoperfusion.
Behavioral changes may be manifested because of a reduc-
tion in cerebral blood flow. The parturient may have nausea,
vomiting, and tachypnea. Shortness of breath is thought to be
caused by the direct effect of endotoxin on the central nerv-
ous respiratory center or, later, through direct pulmonary in-
jury preceding the development of adult respiratory distress
syndrome. Laboratory findings are variable. The WBC may
initially be depressed, followed by leukocytosis. Serum glu-
cose is usually elevated in the early phase but falls if there is
hepatic dysfunction. Disseminated intravascular coagulation,
as evidenced by decreases in platelet count and fibrinogen
with elevations in partial thrombroplastin time (PTT), pro-
thrombin time (PT), and fibrin split products, is common.

In the cold phase of shock, there is marked hypotension
and hypoperfusion. The parturient has systemic vasocon-
striction and clinically cold extremities, oliguria, metabolic
acidosis, and electrolyte disturbances. Disseminated intravas-
cular coagulation is profound. Finally, end-organ failure and
subsequent cardiovascular collapse are the preterminal events.
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Management should have the following aims:

1. Reestablishing a normal circulating vascular volume
2. Determining the site of the septic focus
3. Initiating broad-spectrum antibiotics to eradicate the most

likely pathogens
4. Protecting against end-organ damage

The mainstay of initial management is volume expansion to
maintain adequate tissue perfusion and oxygen delivery. The
problem, however, is one of increased capillary permeability
and extravasation of fluid into the extravascular space. There-
fore, if fluid balance is in question, a Swan–Ganz catheter
may be necessary. If fluid resuscitation is not corrective, ino-
tropic support is indicated. Unfortunately, most agents may
actually decrease uterine blood flow, and fetal compromise
may occur. Fetal monitoring is needed to ensure appropriate
uteroplacental perfusion.

Determining the source of infection is usually straightfor-
ward, as most cases are associated with uterine infection or
pyelonephritis. In the absence of either cause the workup is
more difficult. Cultures of blood, urine, sputum, and amni-
otic fluid should be obtained quickly, and broad-spectrum an-
tibiotics initiated. Assessment of end-organ disease includes
a chest X-ray, serum chemistries including electrolytes, blood
urea nitrogen (BUN) and creatinine, liver function tests, and
coagulation studies. A Foley catheter should be placed to en-
sure adequate urine output. Ancillary studies to further eval-
uate the infectious source may be necessary, including a 
CT scan of the abdomen, an echocardiogram, and a lumbar
puncture. Eradication of the source of infection may occur
with antibiotics alone. However, delivery is indicated for
chorioamnionitis. If a deep-seeded infection of the uterus oc-
curs that is unresponsive to antibiotics, hysterectomy should
be considered.

Anesthetic Management

Invasive monitoring modalities such as arterial line, central ve-
nous line, or pulmonary artery catheter are indicated to guide
volume expansion, inotropic support, and choice of vasopres-
sors. The need for emergency delivery must be weighed against
the need for insertion of appropriate monitoring devices and
for resuscitation efforts to provide the optimal maternal condi-
tion for delivery. Because hypovolemia is common, regional
anesthesia for cesarean section may be contraindicated and gen-
eral anesthesia selected. If coagulopathy is absent, appropriate
antibiotic therapy administered, and volume replacement
deemed adequate, a slowly titrated epidural anesthetic may be
considered for a very few select parturients.

Viral Infections

Viruses most commonly encountered in parturients include
HIV, hepatitis viruses, HSV, influenza virus, cytomegalo-
virus, and papillomavirus. Febrile diseases caused by measles,

rubella, and chickenpox viruses may also appear during 
pregnancy.

Human Immunodeficiency Virus

The incidence of acquired immunodeficiency syndrome
(AIDS) has grown from negligible numbers in 1980 to a cu-
mulative total of 8.4 million cases reported by the World
Health Organization as of 1997.70 In the United States, women
have been identified as the fastest growing group of new AIDS
patients.71 Pregnant women are not excluded from contract-
ing this disease; women of childbearing age constitute a large
percentage of the new cases.72 Identification of the pregnant
woman with HIV infection is of significant importance to all
involved in her care. Unfortunately, few physicians inquire
about the possibility of HIV infection when interviewing their 
patients.73

Can neuraxial anesthesia be safely performed in the par-
turient who is HIV positive? This question has become a con-
troversial issue in obstetric anesthesia.74 The issue involving
the safety of neuraxial blocks in HIV-infected parturients be-
gan when it was suggested that the introduction of a spinal
needle into the subarachnoid space would spread the disease
into the central nervous system.75 It is now well established
that HIV infection does not contraindicate the administration
of regional anesthesia.74,76 HIV is a neurotropic virus, and
central nervous system infection takes place early in the
course of the disease process.74,76,77 Neurotropic predisposi-
tion of an HIV virus is responsible for symptoms of neuro-
logic dysfunction manifested clinically at the time of initial
AIDS diagnosis in up to 40% of infected patients.77 Regional
anesthetic techniques will not accelerate HIV progression to
the central nervous system.74,76

The HIV-positive parturient, irrespective of her clinical
condition, meets the criteria for AIDS by definition when her
CD4� T-cell count drops below 200 cells/�L.78 A high ma-
ternal viral load increases the likelihood of perinatal trans-
mission of HIV.79,80 Clinical evidence suggests that most
perinatal HIV transmissions occur during labor and deliv-
ery.81,82 Kind et al. studied the effect of elective cesarean sec-
tion and zidovudine prophylaxis on vertical HIV transmission
and concluded that elective cesarean section and zidovudine
prophylaxis appear to have an additive effect in the preven-
tion of vertical HIV transmission.83 Because of these recent
findings, many HIV-positive women are being advised to un-
dergo elective cesarean section.

Anesthetic Management

HIV is a neurotropic virus with low infectivity. Central nerv-
ous system invasion occurs in early stages of the primary in-
fection. Therefore, neuraxial anesthetic techniques may be
safely used in many HIV-infected parturients for labor anal-
gesia and cesarean section. Anesthetic management of ab-
dominal delivery must be tailored for individual obstetric in-
dications, the urgency of the delivery, and the presence of 
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coexisting disease. HIV seropositivity alone, however, should
not determine the preferred method of anesthesia. A signifi-
cant number of HIV-infected women have a past medical/
social history that has in some way contributed to infection
with HIV. Substance abuse (intravenous drug abuse in par-
ticular) remains a significant risk factor and may have anes-
thetic implications. The coexistence of other sexually trans-
mitted and needle-transmitted diseases such as hepatitis B and
syphilis should also be taken into consideration when devel-
oping an anesthetic plan. Careful physical examination and
documentation of neurologic deficits should therefore be un-
dertaken before induction of regional anesthesia.

Involvement of the respiratory system with oropharyngeal
and esophageal pathology may make these parturients more
prone to regurgitation, difficult intubation, and aspiration.
Opportunistic pulmonary infections may necessitate pro-
longed mechanical ventilation in the postoperative period.
Examination of the cardiovascular system (subclinical car-
diomyopathy), renal system (nephropathy), and hematologic
studies (neutropenia, thrombocytopenia) are indicated as part
of the preanesthetic assessment in patients with advanced
disease. Patients with AIDS may exhibit electrolyte distur-
bances such as hyponatremia that may be caused by adrenal
infection with cytomegalovirus or mycobacteria. If severe,
these should be corrected before anesthesia is induced. Al-
though thrombocytopenia may occur in the HIV-positive pa-
tient, it is rare for the platelet count to be low enough to af-
fect the anesthetic choice. If, however, the platelet count falls
below 50,000, the risk of bleeding and epidural hematoma
increase. Alternative choices of anesthetic technique, such
as spinal or general anesthesia, should be considered on an
individual basis.

Treatment of complications of neuraxial anesthesia, in-
cluding management of postdural puncture headache, should
not differ from the management used in HIV-negative par-
turients. Specifically, should postdural puncture headache oc-
cur, an epidural blood patch with autologous blood is safe and
effective in HIV-seropositive patients.84

If general anesthesia is selected, dose adjustments may be
necessary for parturients with a history of drug abuse, com-
promised hepatic and renal function, or generalized muscle
wasting. Additionally, HIV-related pulmonary pathology may
necessitate a higher fraction of inspired oxygen concentration
intraoperatively. Increased sensitivity to opioids and benzo-
diazepines may occur, particularly in patients with HIV-
associated mental changes. Concerns have also been raised
that potent volatile agents may significantly depress the im-
mune system in HIV-infected patients.85

The risk of occupational exposure to infected blood and
body fluids should be considered by all involved in the par-
turient’s care. Necessary safety measures (universal/standard
precautions) must be employed when handling blood, blood
products, body fluids, and tissue of all parturients, not just
those known to be HIV positive. There is a “window period”
between the primary HIV infection and seroconversion dur-

ing which the diagnosis can be delayed; however, viral trans-
mission can occur. The use of gloves prevents 98% of an anes-
thesiologist’s contact with the parturient’s blood and body flu-
ids.86,87 The risk of HIV transmission from a needle-stick
injury with HIV-infected blood is approximately 0.32%.88 In
summary, there seems to be enough evidence to support the
statement that most febrile parturients with HIV infection and
AIDS can safely receive regional anesthesia.74

Hepatitis

Viral hepatitis results from infection by a spectrum of viruses
that may vary in the mode of transmission and clinical ex-
pression. Hepatitis viruses A, B, C, D, and E have been iden-
tified. Additionally, viruses such as Epstein–Barr virus and
cytomegalovirus may affect the hepatic system. The onset of
the disease may be gradual or fulminant. The incubation pe-
riod and seroconversion may vary from 2 to 24 weeks. Clin-
ical symptomatology may include fever, anorexia, fatigue,
nausea, vomiting, and abdominal discomfort and jaundice.
Not surprisingly, some of these symptoms might receive in-
sufficient attention because their occurrence in normal preg-
nancy is quite common.90

Anesthetic Management

Although mild hepatitis does not significantly alter anesthetic
management or pregnancy outcome, careful preanesthetic
evaluation should determine the degree of hepatic impair-
ment. Laboratory evaluation should include serum elec-
trolytes, creatinine, BUN, bilirubin, transaminases, alkaline
phosphatase, albumin, and PT. Whenever possible, maternal
serum should be checked for hepatitis B surface antigen 
(HBsAg). If a pregnant woman with acute viral hepatitis must
undergo an emergency delivery, prompt correction of elec-
trolyte abnormalities and dehydration is recommended. Fresh-
frozen plasma may be necessary to correct a coagulopathy.

If general anesthesia is selected, anesthetic agents with
known extrahepatic metabolism are recommended. Standard
(for normal pregnancy) doses of intravenous induction agents
are generally used, because their action is terminated by re-
distribution rather than metabolism or excretion. Isoflurane
remains the volatile agent of choice because it has the least
effect on hepatic blood flow. Factors such as hypotension, ex-
cessive sympathetic stimulation, and high airway pressure
should be avoided, as they are well-known causes of reduced
hepatic blood flow. Regional anesthesia may be safely em-
ployed in febrile parturients with viral hepatitis provided
platelet abnormalities are absent, coagulation studies remain
normal, and hypotension is avoided.

The risk of vertical transmission of hepatitis C is signifi-
cantly increased during the peripartum period.91 Therefore,
universal safety precautions are recommended when handling
blood and body fluids from these patients at delivery. As a his-
tory of intravenous drug abuse and coexisting HIV infection
are common, combative behavior, abnormalities in endorphin
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levels, and altered pain perception may be encountered when
regional anesthesia is selected for these parturients.92

Malignant Hyperthermia

Malignant hyperthermia (MH) rarely presents during preg-
nancy.93,94 It occurs in 1/15,000 to 1/100,000 anesthetics de-
pending upon age, gender, and the regional population gene
pool. MH is a genetic disorder that results in a massive 
increase in skeletal muscle metabolism after exposure to 
certain triggering agents such as succinylcholine or inhaled
agents. The inherited defect is in the regulation of intramus-
cular calcium. The clinical picture includes rapid increase in
temperature, tachycardia, hypercarbia, hyperkalemia, myo-
globinuria, metabolic acidosis, renal failure, cardiac arrhyth-
mias, and death. In addition to cooling measures and symp-
tomatic treatment, dantrolene is the primary treatment for an
MH crisis. Its early use during MH crisis has reduced the mor-
tality from nearly 80% to approximately 4%.95 The diagno-
sis is suspected when the clinical constellation occurs in the
presence of a markedly elevated creatine phosphokinase level
and is confirmed by muscle biopsy. Anesthesia for the known
MH-susceptible patients requires avoidance of triggering agents,
use of an anesthesia machine free of volatile agents, and ad-
vance preparation for treatment should a crisis occur.

Anesthetic Management

The presence of fever associated with general anesthesia dur-
ing pregnancy does not always indicate an infectious process.
MH is a rare but possible cause of hyperpyrexia, tachycardia,
and other symptoms that might suggest infection in the par-
turient after induction of general anesthesia. The differential
diagnosis should include sepsis, pheochromocytoma, and thy-
roid storm. Muscle rigidity associated with succinylcholine
administration is suggestive of uncontrolled skeletal muscle
metabolism and may lead to the diagnosis, as this occurs in
greater than 50% of the cases. All reported cases of MH dur-
ing pregnancy occurred during administration of general anes-
thesia.96 Administration of regional anesthesia appears safe
for the MH-susceptible parturient. Local anesthetics, opioids,
epinephrine, and vasopressors such as ephedrine and phenyl-
ephrine may be safely administered.97 The volatile inhalation
agents and succinylcholine are proven trigger agents and must
be avoided. Oxytocin is considered safe in MH patients. Rou-
tine prophylactic administration of dantrolene is not recom-
mended.94

Summary

The febrile parturient poses a challenge for the obstetrician
and anesthesiologist. The source and treatment, if neccessary,
of the fever and the timing and permissibility of regional anes-

thetic techniques are important considerations discussed in this
chapter. The association of epidural analgesia during labor and
increased maternal temperature is also discussed here.
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29
Psychiatric Disease
Francis A. Rosinia and Alfred Robicheaux

Mental illness is a topic that is seldom discussed in associa-
tion with pregnancy. The literature, however, indicates that
mental illness during pregnancy is probably more common
than preeclampsia, diabetes, abruptio placentae, and premature
delivery. Despite this high prevalence, mental illness in preg-
nancy is frequently underdiagnosed and undertreated.1,2 Per-
sistent, untreated, mental illness can have important adverse
effects on the pregnancy, labor and delivery, and the postpar-
tum period. It can also complicate the administration of anes-
thesia and the response to anesthetic modalities. This chapter
discusses the eight most common types of mental illness and
the prevalence, risk factors, and management techniques for
each. The grief response to intrauterine fetal demise, pseudo-
cyesis, and adolescent pregnancy is also discussed.

Mood Disorders

Depression affects a higher frequency of women than men
during their lifetime (20% versus 10%). Eight to 10% of all
reproductive-age women are depressed, and 50% of all de-
pressed women are between 20 and 50 years old.3 Therefore,
a significant number of women who are in their childbearing
years are at a high risk for a mood disorder.4 There are two
types of mood disorders: unipolar (depression) and bipolar
(manic/depression). Depression may be further subdivided
into major depressive disorders and dysthymic (low grade,
more persistently depressed). There is controversy about the
frequency and the severity of mood disorders in pregnancy,
resulting from a variety of factors, such as the type of as-
sessment or questionnaire used, the sample of women being
assessed (variables include age, marital status, socioeconomic
status, and parity), and time during pregnancy when assess-
ments are performed.5 In general, prevalence estimates have
been placed between 10% and 20%.6 During the past 15 years,
database studies have consistently validated that, following
childbirth, there is a markedly higher rate of psychiatric hos-
pital admissions in women for the first 3 months and a some-
what higher rate up to 2 years postpartum.7 Medical compli-

cations such as obstetric hemorrhage, severe pregnancy-
induced hypertension, and even unplanned cesarean section
have been reported to double the risk of postpartum depres-
sion.8,9 A recent large cohort study found that depression dur-
ing pregnancy is actually more common than postpartum de-
pression. The most common timing of depression was
between 18 and 32 weeks.10

Major Depression

A thorough psychiatric history should be taken during the first
prenatal visit. Major risk factors that should be documented
during the history-taking examination include the following:

1. A personal or family history of depression
2. Stressful life events
3. Lack of social support
4. Current substance abuse
5. Prior suicide attempts
6. Current or previous psychiatric drugs11

Not surprisingly, tobacco and drug abuse during pregnancy
were associated with depressive symptoms.12 If a parturient
reports a prior history of depression, she has a 50% rate of
recurrence. With two prior episodes of depression, the recur-
rence rate increased to 70%. With three or more prior episodes
of depression, the recurrence rate is as high as 90%. A fam-
ily history of depression carries a 12% risk of attack. The de-
pression may occur antepartum, postpartum, or both.11 Com-
panionship during labor has been reported to modify the
factors that contribute to depression.13

There are nine diagnostic criteria for a major depressive
episode. Five or more of the following symptoms must be
present daily for at least a 2-week period and must represent
a change from previous functioning. One of the symptoms
must be either a depressed mood or loss of interest.

Clinical Features

1. Depressed mood most of the day as indicated by either sub-
jective account or observation by others
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2. Significantly diminished interest or pleasure in all, or al-
most all, activities most of the day

3. Significant weight loss or weight gain when not dieting
(more than 5% of body weight in a month) or a decrease
or increase in appetite

4. Insomnia or hypersomnia
5. Psychomotor agitation or retardation
6. Fatigue or loss of energy
7. Feelings of worthlessness or excessive or inappropriate

guilt
8. Diminished ability to think or concentrate
9. Recurrent thoughts of death14

When depression occurs, a search for possible medications
that may induce depression should be performed. Aldomet,
the traditional drug of choice for hypertension, has been as-
sociated with depression. The stressor responsible for a post-
traumatic stress disorder from a previous pregnancy has also
precipitated depression. The most common findings are flash-
backs and hypervigilance.

Postpartum blues and postpartum depression have been
linked with important hormonal changes in the puerperium.15

The postpartum “blues” are estimated to affect 40% to 85%
of women who give birth.16 The symptoms include sadness,
crying spells, irritability, anxiety, mood lability, confusion,
and sleep and appetite disturbances.17 Typically, these symp-
toms begin during the first postpartum week and then quickly
decline.18 The primary factors that differentiate this from a
major depressive disorder are that the blues are short lived
and there is no loss of self-esteem.19 Although pregnancy is
a time of happiness, it is also a time of fear and change. The
first trimester can be marked with anxiety regarding the threat
of miscarriage, the perceived diminished standard of living
that will occur, or simply the change in status and life pat-
terns.20 The last 3 months are a time of fatigue. The pregnant
woman feels bulky and clumsy. Her sleep patterns are dis-
turbed. Life becomes unpredictable, and she begins to need
to rely on others. There is a fear of the actual delivery and of
hospitalization.8

Postpartum, there are physical consequences that include
the following:

1. Painful episiotomy
2. Incontinence
3. Hemorrhoids
4. Breast engorgement
5. Cracked nipples
6. Backache
7. Fatigue21

When depression is diagnosed early in pregnancy, visual and
verbal feedback with ultrasound evaluation of the fetus has been
shown to improve the abnormal mood state.22 Fear that the baby
is not normal can create significant anxiety and depression. One
study reported that parturients undergoing a chorionic villus
sampling were noted to have a reduction in anxiety up to 10
weeks earlier than women undergoing an amniocentesis.23

Treatment

There are five interventions for depression:

1. Psychotherapy
2. Pharmacotherapy
3. A combination of psychotherapy and pharmacotherapy
4. Electroconvulsive therapy
5. Phototherapy

Most patients with a major depressive disorder respond par-
tially to medication within 2 to 3 weeks and achieve full re-
mission within 6 to 8 weeks. Likewise, patients receiving psy-
chotherapy also respond partially to psychotherapy within 5
to 6 weeks and fully by 10 to 12 weeks.11

A complete review of the obstetric history should be per-
formed before assuming care of a parturient in labor. When
greeting the parturient, it is important to make her feel com-
fortable and to prepare her for the procedures to be performed.
Some obstetric programs offer pregnant women the opportu-
nity to attend an anesthesia class or review a video prepared
by the anesthesia department. This presentation provides an
introduction to the procedures that are available during labor
and delivery. It also allows parturients who are particularly
anxious or who have had previous undesirable anesthesia ex-
periences to speak with an anesthesiologist. These parturients
then have ample time to prepare for the anesthetic experience.
Most parturients respond to reassurance, careful listening of
their fears and physical discomforts, and a validation that it is
“okay to feel this way.” Complications during labor and de-
livery, such as preeclampsia, eclampsia, fetal distress, cesarean
section, fetal anomalies, or fetal injuries, may place women at
an increased risk for postpartum depression.8,9 Anesthetic
problems such as “hot spots” or “high blocks” may also con-
tribute. Postpartum complaints of a headache or backache may
be the first symptoms to appear in a depressive episode.

Bipolar (Manic Depressive) Disorder

Incidence

Bipolar disease affects the sexes equally, with a lifetime
prevalence between 0.8% and 1.2%.11 The mean age of on-
set of bipolar disease is in the twenties. Morbidity and mor-
tality can be high, because as many as 10% to 15% of un-
treated patients commit suicide (this is 15 to 20 times higher
than the suicide rate in the general population). Bipolar dis-
orders classically feature episodes of major depression inter-
spersed with episodes of mania or hypomania. The DSM 
III-R criteria for a manic episode include the following clin-
ical features.

Clinical Features

1. A discrete period of abnormal persistently elevated, ex-
pansive, or irritable mood

2. At least three of the following in the same period:
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a. Inflated self-esteem/grandiosity
b. Significant decrease in need for sleep
c. Much more talkative (pressured speech) than usual
d. Flight of ideas
e. Pronounced distractibility
f. Increased goal-directed activity/psychomotor agitation
g. Excessive involvement in pleasurable activities without

regard for negative consequences (e.g., unrestrained
buying sprees, sexual indiscretions, foolish business
ventures)

3. Symptoms severe enough to significantly impair function
or require hospitalization to prevent harm to self or others

4. The condition is not caused by schizophrenia, schizoef-
fective disorders, or substance abuse.14 The rapid cyclings
involve four or more mood episodes per year. Bipolar dis-
ease usually responds well to lithium. The effects of lithium
in pregnancy and the anesthetic management of a parturi-
ent on lithium are discussed elsewhere in this chapter.

5. Manic episodes may be precipitated by the parturient’s dis-
continuation of medication because of fear of causing fe-
tal problems. Sometimes the use of burst-dose steroids to
treat pruritic urticarial papules of pregnancy can trigger a
manic episode.

Non-Mood Disorders

Obstetricians and obstetrical anesthesiologists also encounter
non-mood disorders in pregnancy. There are six main non-
mood disorders:

1. Eating disorders. The eating disorders include anorexia ner-
vosa and bulimia, which occur in up to 1% of the general
population and are very difficult to manage during preg-
nancy. They are associated with increased perinatal mor-
bidity and mortality and have been linked with a high rate
of postpartum depression. An eating disorder should be sus-
pected if poor weight gain is observed. Hyperemesis that
does not respond to conventional management may sug-
gest an eating disorder. These parturients should be ques-
tioned about a prior history of eating disorders. There is
considerable new information about eating disorders and
their detection. A recent article by Franko reviews the use
of an eating disorder examination.24 The disorder may pre-
sent as hyperemesis that does not respond to conventional
management; these should be managed in conjunction with
a psychiatrist.

2. Obsessive/compulsive disorders. An obsessive/compulsive
disorder is a condition that is characterized by the presence
of obsessions and/or compulsions. Obsessions are recur-
rent, intrusive thoughts—usually irrational worries—that
often necessitate behaviors to prevent untoward conse-
quences (e.g., fears of contamination from dirt, requiring
the individual to wear gloves at all times). Compulsions
are recurrent behaviors beyond the normal range that the

individual feels compelled to undertake, usually to preserve
personal safety, to avoid embarrassment, or to perform ad-
equately (e.g., checking multiple times to see if the gas is
turned off before leaving home). This disorder affects 1%
to 2% of the population and has a high frequency of con-
curring with depression. A recent report revealed that 39%
of these parturients develop their obsessive/compulsive dis-
order during pregnancy.25 Another study demonstrated that
pregnant women were twice as likely to exhibit obsessive/
compulsive behavior when compared with nonpregnant
women in the community.26

3. Personality disorders. This is the chronic expression of a
learned behavior that deviates markedly from the expecta-
tions of the individual’s culture. Personality disorders are
estimated to occur in at least 10% of the population.27 The
DSM-III-R personality disorders are grouped into three
clusters:

Cluster A: paranoid, schizoid
Cluster B: antisocial, histrionic, and narcissistic
Cluster C: avoidant, dependent, passive/aggressive

4. Generalized anxiety disorders. This is the most common
disease affecting mental health. The prevalence in females
(9.7%) is higher than in males (4.7%). More important is
the fact that only 23% have received treatment.28

5. Panic disorders. A panic disorder is an anxiety disorder
characterized by discrete, intense periods of fear and asso-
ciated symptoms. A panic disorder may be accompanied
by agoraphobia. Panic disorders affect about 5% of the gen-
eral population and seem to occur twice as frequently in
women. They are not infrequently encountered in the op-
erating room when a parturient is being prepared for a ce-
sarean section. The epidural has been placed, and the par-
turient’s arms are secured in an outstretched manner. This
feeling of claustrophobia induces a panic attack. Previous
studies have indicated that panic disorder can be induced
by the infusion of sodium lactate.29 A recent report by Tsen
and Datta found no relationship between panic disorder and
lactated Ringer’s solution.30 Estrogen has been suggested
to be a panicogenic hormone, and the marked rise in preg-
nancy has been proposed to make pregnancy a panic-prone
state.31 Progesterone may be a natural anxiolytic, which
may actually reduce panic and related symptoms.32

Postpartum Psychosis

Postpartum psychosis refers to the presence of hallucinations
or delusions. Numerous studies confirm that the incidence in
the pregnant population is constant at 2 to 4 per 1000.33 Risk
factors for postpartum psychosis are the following:

1. A previous psychiatric history (present in 98% of cases)
2. A complication during the first 3 months or last 3 months

of pregnancy
3. A high proportion of unpleasant or abnormal experiences

during labor
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4. Conflicts related to family or marriage
5. Physical puerperal illness, trauma, infection, and anemia

Although postpartum psychoses are rare, Kendell et al. re-
ported a 20-fold increase in admissions for psychosis within
30 days of childbirth when compared with the normal rate in
the general population.34 Postpartum psychosis requires psy-
chiatric hospitalization. Generally, the prognosis is good.
Physical complaints associated with psychotic behavior
should be thoroughly evaluated. There have been unusual re-
ports of a chronic subdural hematoma presenting as puerperal
psychosis.35

Maternal Response to Perinatal Death

Perinatal death can occur as a spontaneous abortion, an in-
duced abortion for the prenatal diagnosis of a fetal anomaly,
a stillbirth, or an unexpected neonatal death. These events are
commonplace in the practice of any obstetrician and anes-
thesiologist. Accompanying these events are uncertainties
about what one should do with a grieving parturient who has
experienced a perinatal death. Should the doctor discuss the
event with the parturient after delivery? Does the couple want
to view the baby? These and other questions concerning peri-
natal death are discussed here.

Grieving is a normal healthy process after the loss of a life.
It is not unexpected that women who experience a perinatal
death grieve. Zeahan et al.36 compared the grief responses of
women who had their pregnancy terminated after prenatal di-
agnosis of fetal anomaly with women who experienced a
spontaneous perinatal loss. Women in the prenatal diagnosis
group were different than the spontaneous group because they
had to make the difficult decision to terminate the pregnancy.
Once the decision to terminate the pregnancy was done, they
next had to choose between a dilatation and evacuation (D&E)
or a prostaglandin (PGE2) induction of labor. Younger women
and women who had experienced other stressful life events
in the past year had a more intense grieving process and a
higher level of depression. Interestingly, there was not a sig-
nificant difference between women who elected a D&E ver-
sus a PGE2 induction. However, women who underwent a
D&E regretted not being able to see their babies. All the
women who underwent a PGE2 induction saw and held their
babies without regret. This study illustrated that women who
terminate their pregnancies because of diagnosed fetal anom-
alies and women with spontaneous perinatal loss undergo sim-
ilar patterns of grieving and depression but generally have a
good outcome.36 These findings should prompt clinicians to
offer anticipatory grief counseling to these women and sup-
port the decision they have made.

The psychologic adjustment to perinatal death occurs dif-
ferently among women. The following parturient characteris-
tics studied by Graham et al.37 were found to influence the
degree of depression associated with a fetal death. Women

who are married and those women who have demonstrated
the ability to deliver a healthy baby are significantly less de-
pressed than single primiparous women who undergo a fetal
death. Women who blame themselves for the loss, as opposed
to attributing the death to God, can be expected to be more
depressed. Interestingly, pictures of the deceased infant
helped to significantly reduce the amount of depression meas-
ured. Women in this investigation consistently benefited from
outward shows of sympathy from the medical staff and be-
ing kept informed of any problems that developed during their
pregnancy.37 Women who were told “everything is all right”
with their pregnancy and then experienced a fetal death re-
sented the false reassurance they had been given. This inves-
tigation supports the intuitive thoughts of many clinicians and
offers help in identifying parturients who may experience sig-
nificantly greater depression.

When a couple experiences a perinatal death, the benefits
of proactive, rather than reactive, psychologic parturient man-
agement are appreciated and will aid parturients. Delivery of
a stillborn fetus after 24 weeks usually requires induction of
labor if spontaneous labor does not occur. Pain management
during this time of intense psychoemotional stress can be
complex. Some parturients will request the physician to
“knock me out,” while other want to be alert and coherent
during the process. The labor and delivery process should be
thoroughly discussed before beginning the induction: this in-
cludes the options of analgesia, epidural anesthesia, or a com-
bination of both. Patient-controlled analgesia (PCA) is some-
times the ideal method of pain control. Some parturients may
begin the healing process if they are lucid at delivery and able
to see and hold their baby.

Kellner et al.38 reported the results from treating 165 fam-
ilies with a Perinatal Mortality Counseling Program that con-
sisted of an obstetrician, pathologist, social worker, and psy-
chologist. Kellner wanted to let parents make their own choice
on how to handle their baby’s death. He measured specific
parturient requests concerning seeing the baby, holding the
baby, having an autopsy, disposing of the remains, returning
to postpartum, and accepting follow-up counseling. Ninety
percent of parents chose to see their baby regardless of its ap-
pearance. Half the parents held their baby. The babies were
wrapped in an infant blanket and presented to the families,
taking care to point out the normal features and simply ex-
plaining any maceration or abnormalities. Families tend to re-
member the normal aspects of the dead baby. Eighty-five per-
cent of women who had other children at home and 70% of
women without other children named the deceased baby.
Women with other children at home named their baby so that
their other children would know they had a brother or sister
who died. A funeral or memorial service was chosen more by
women who had a longer gestation and who had asked to see
and hold their baby. Interestingly, none of the parents who
elected not to see their baby chose a funeral or memorial serv-
ice. If an autopsy was done, the majority of families selected
cremation rather than a funeral service.38 Allowing families
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to make choices in a professional atmosphere targeted at deal-
ing with their perinatal death helped them adjust to the death
of their baby. Families should be given the choice to see, hold,
and name the baby. In addition, assistance should be offered
with the decisions concerning cremation, funeral, and a me-
morial service. Parents resented being left alone to handle the
death of their baby and attempts to discharge them early. The
choices made by parents should help us anticipate the needs
of families that experience a perinatal death.

Within the family unit, mothers tended to show depression
early, within the first 6 weeks after delivery, whereas symp-
toms were delayed in fathers.39 Paternal depression was de-
layed until a mean of 25 months following the loss. Specula-
tion about the delay in paternal depression centers around the
belief that fathers may feel so compelled to support their wives
during the initial grieving process that not until later does their
need for social support become apparent. Married couples
tend to support each other through the grieving process, and
although there is obvious stress with a perinatal death, this
life event typically strengthens a couple’s relationship. Recog-
nition by a family that during the first 6 weeks after a fetal
death the wife is usually more depressed, and that the social
needs for coping become more evident later for the father,
will help in counseling families after a prenatal death.

When a couple has experienced a perinatal loss with a
previous pregnancy, stress and anxiety about the current
pregnancy is common. Women feel this anxiety to a greater
degree than the fathers. In fact, pregnant women who have
experienced a previous perinatal loss differ significantly
from pregnant women who have not in measurements of
anxiety.40 Fathers in both groups do not differ when anxi-
ety levels are measured. Fathers who have experienced a
previous perinatal loss see this new pregnancy as unen-
cumbered by the previous loss. Clinically, women who ex-
perienced a previous perinatal loss will benefit from rein-
forcement, when appropriate, that they are expected to carry
the current pregnancy to term and that any problems which
arise will be discussed.

The story of a young Hispanic couple that delivered a still-
birth was published on the front page of The Wall Street Jour-
nal. This couple experienced a perinatal loss at 8 months ges-
tation. After a PGE2 induction, a 4-pound 2-ounce stillborn girl
was delivered. The couple was given an opportunity to hold the
baby, received a photograph of the baby, named the baby
(Frances Elaine), and consented to an autopsy. The problem
arose when, after the autopsy, the couple was not given the op-
portunity to have a funeral mass for their daughter because the
hospital had lost the baby. In addition, the autopsy report was
not delivered to the couple until more than 4 years had elapsed
after the stillbirth. The couple filed a negligence suit against the
hospital 10 months after delivery. At issue are not the rights of
a stillborn baby, but the rights of the couple, as survivors, to
complete the grieving process with a funeral mass.41

In summary, families that experience a perinatal loss need
to be managed in a direct compassionate fashion. They have

specific needs that should be met to help them with the griev-
ing process both intrapartum and postpartum.

Adolescent Pregnancy

The U.S. teen birth rate began to decrease in the early 1990s
and reached a new record low in 2000. The Surgeon General
participated in a national campaign to prevent teen pregnancy.
The American College of Obstetricians and Gynecologists
formed a committee on adolescent health care, and many other
organizations joined forces to effect this decline. Despite this
decline, however, almost 4 of 10 teenagers become pregnant,
leading to almost 1 million teen pregnancies each year. The
U.S. teen birth rate remains the highest among developed
countries. Only half of all teenage mothers will graduate from
high school. Teenage mothers are almost twice as likely to
conceive again within 1 year of delivery of their first child.
The U.S. government spent over $21 billion in 1989 for serv-
ices to families of teenage mothers.42 A recent study has re-
ported that early-onset psychiatric disorders are associated
with subsequent teenage parenthood.43 Some teenagers be-
come pregnant as a way of protecting against depression.44

Teenagers who are emotionally deprived have described a
sense of well-being during pregnancy. In July 2001, Health
and Human Services Secretary Tommy G. Thompson an-
nounced more than $17.1 million in new grants to help com-
munities develop programs to continue the downward trend
in the teen birth rate. Physicians need to be aware that
teenagers with depression or other emotional disorders are
more prone to pregnancy.

Posttraumatic Stress Disorder 
After Childbirth

The diagnosis of posttraumatic stress disorder (PTSD) in-
volves exposure to a traumatic stressor that gives rise to a per-
sistent reexperiencing of the event, avoidance of reminders,
numbing of responsiveness, and increased arousal.45 Child-
birth can be a very painful experience and is described as a
cause of PTSD. PTSD was first described among U.S. men
who served in the Vietnam War. In the 1980s, in the U.S.
population, the prevalence of PTSD was 5 per 1000 men and
13 per 1000 women. Physical attack (rape), threats, and child-
birth are common causes among women. The estimated rate
for childbirth as a cause of PTSD is 0.2%.46

Women affected by PTSD generally have several common
features: (1) a sense of being out of control, (2) extreme, trau-
matizing pain, (3) lack of consent for interventions, (4) inad-
equate information, and (5) hostility on the part of the clini-
cal staff.46,47 Childbirth that is long, difficult, and painful
characterizes the stressor that can give rise to PTSD. A study
of 500 women found that 1 in 5 reported having found an ob-
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stetric or gynecologic procedure very distressing or terrify-
ing.47 After a traumatic painful childbirth, women may avoid
sex, future pregnancies, or subsequent attempts at vaginal de-
livery. A case report describes a woman who had a long
painful labor without epidural anesthesia who subsequently
suffered from PTSD. She abstained from sex for the first year
after childbirth. Then, she insisted that her husband use a con-
dom in addition to her use of oral contraceptive therapy. She
suffered from severe headaches during sex because she was
worried about conceiving. Eventually she had herself steril-
ized to avoid any chance of a future pregnancy.45 Women suf-
fering from PTSD have aborted a pregnancy to avoid the po-
tential trauma of childbirth. A planned cesarean section is 
a common method used to avoid trauma during labor and 
delivery.46

Women who have experienced a sexual assault as a cause
of PTSD require special care during labor and delivery. Pain,
loss of control, and exposure can be common to both events.
Intravenous lines and monitoring cables can make a woman
feel tied down. Attendants should be sensitive to any com-
mands used with a parturient. For example, the phrase “open
your legs” may have been used during a sexual assault.

A Practical Approach to Women 
at Risk for Traumatic Childbirth

During pregnancy:
Take a careful history

During delivery:
Ensure good, appropriate communication
Ensure excellent pain control

After delivery:
Encourage discussion of the birth experience
Rule out postpartum depression

During a subsequent pregnancy:
Take a careful history
Consider an elective cesarean section46

After delivery, both postpartum depression and PTSD, al-
though very different, can occur. One should rule out post-
partum depression first. The treatment for PTSD can be 
difficult, and drug therapy may only be partially helpful. Be-
havioral techniques can be beneficial with symptoms of flash-
backs.46

Pseudocyesis

Pseudocyesis is derived from the Greek words pseudes (false)
and keysis (pregnancy). It is a condition in which a patient
has physical signs and symptoms of pregnancy and firmly be-
lieves them even when they are not pregnant.48 Pseudocyesis
has been described in both men and women.49 Pseudocyesis
was first described by Hippocrates in 300 B.C. Since then, sev-
eral hundred cases have been reported. The rate of pseudo-

cyesis ranges from 1 in 200 maternity clinic admissions to 1
in 4000 births.50 The majority of women are married, with
symptoms lasting 9 months in almost half of them, but symp-
toms have been documented to last several years.

Pseudocyesis can present as a simulated pregnancy, preg-
nant changes resulting from a hormone-producing tumor, and
pelvic masses mimicking pregnancy. Pseudopsyesis in a psy-
chotic patient can manifest as a delusional pregnancy in which
a patient has a persistent false belief with severely impaired
thinking, emotions, and behavior. Pseudocyesis vera (true false
pregnancy) will occur in nonpsychotic women. It can mimic
pregnancy to the extent that a professional can be fooled with-
out the help of a pregnancy test or abdominal ultrasound.48

Clinical Features and Diagnosis

The symptomatology, in order of decreasing frequency, oc-
curs as follows:

1. Abdominal enlargement, usually resulting from exagger-
ated lordosis and retention of waste products

2. Abnormal menses, most frequently seen as amenorrhea
3. Patient perception of fetal movements
4. Gastrointestinal symptoms, manifested as nausea and vom-

iting and increased appetite
5. Breast swelling, breast tenderness, and areolar pigmenta-

tion, as well as labor pains and uterine enlargement49,50

The diagnosis of pseudocyesis is easily made by a pregnancy
test as well as abdominal or vaginal ultrasound. A physical
diagnosis sign thought to be pathognomic for pseudocyesis is
an inverted umbilicus.51 Other disorders mistaken for pseudo-
cyesis include ectopic pregnancy, a corpus luteum cyst, ges-
tational trophoblastic disease, morbid obesity, ascites, central
nervous system tumors, pelvic tumors, and drug side ef-
fects.50,51 Interestingly, pseudocyesis associated with a false-
positive pregnancy test is reported to have occurred in a pa-
tient with bronchogenic carcinoma.52 The false-positive
pregnancy test was due to ectopic gonadotropin production
by the bronchogenic carcinoma. The author warns, “Don’t ig-
nore a positive pregnancy test.”

The basis of pseudocyesis is psychologic, but a single psy-
chologic process does not exist for these patients. In fact, most
of these patients do not appear psychotic. Pseudocyesis can
be viewed as a conversion syndrome motivated by narcissism,
dependency, body image, power, and guilt. A conversion syn-
drome is a condition in which a functional aberration occurs
that is not explained by normal physiologic arguments. Nar-
cissistic motivation can derive from the personal and social
(marriage) gratification of pregnancy. Pregnancy can also pro-
vide a woman with the power to dominate a relationship or
motivate a couple to marry. In some cases the hope of preg-
nancy can help women cope with guilt from some other
source.50,51 Pseudocyesis is also described to occur as a man-
ifestation of postpartum psychosis.53 Psychotherapy is useful
as the ultimate treatment for these patients.
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Electroconvulsive Therapy

Electroconvulsive therapy (ECT) was introduced in 1934
when the Hungarian psychiatrist Ladislus Meduna recognized
that naturally occurring convulsions produced mental relief in
some patients. ECT is designed to induce a grand mal seizure
by means of an electric current applied across scalp electrodes.
The convulsion, not the electrical current, is therapeutic
through an unknown mechanism. Induction of seizure activ-
ity with an electrical stimulus produces a more reliable brief
ictal response with fewer side effects than oil of camphor, in-
sulin coma, or metrazol. In addition, the incidence of fetal
morbidity was found to be 35% in pregnant women treated
for depression by insulin coma.54 Improvements in ECT in-
clude placement of a unilateral electrode on the nondominant
hemisphere instead of bilateral placement and use of pulsatile
waveforms, which induce seizure activity with half the elec-
trical energy of a sine-wave stimulus. Most therapies consist
of 8 to 12 separate ECT sessions over several weeks.55,56

ECT is used primarily in patients suffering from depres-
sion and less frequently in schizophrenia, mania, and cata-
tonic stupor.57 ECT is most effective in severe major depres-
sive episodes when rapid therapy is needed or pharmacologic
therapy has failed.58 ECT is not indicated for treatment of
anorexia nervosa, obsessional illnesses, psychogenic pain, or
confusional states unless the patient is concomitantly de-
pressed. ECT should never be used to control aggressive or
violent behavior. ECT is a safe and effective therapy in preg-
nancy. Although there is no controlled study of ECT in preg-
nancy, multiple case reports exist supporting its safety in the
mother and fetus.54,55,59–63

Contraindications to ECT are based on patient tolerance of
the physiologic changes that occur during treatment. The elec-
trical stimulus used to produce a grand mal seizure produces
an increase in cerebral blood flow, cerebral oxygen con-
sumption, and cerebrospinal fluid pressure. The grand mal
seizure consists of a 10-s tonic phase and a 30- to 50-s clonic
phase. Activation of the autonomic nervous system begins
during the tonic phase with a central vagal discharge charac-
terized by bradycardia and a decrease in blood pressure. The
sympathetic outflow characterized during the clonic phase is
accompanied by a rise in circulating catecholamines,61 hy-
pertension, tachycardia, and rarely, premature ventricular con-
tractions and ventricular tachycardia. Asystole has been de-
scribed to occur during subconvulsive ECT, presumably
because the tonic (parasympathetic) phase occurs without op-
position from the clonic (sympathetic) phase.64 Oxytocin in-
creases during ECT are small and transient and typically do
not result in uterine contractions.61 The only absolute con-
traindication to ECT is increased intracranial pressure. Of the
deaths occurring during ECT, 85% result from cardiovascu-
lar or pulmonary factors. It follows that relative contraindi-
cations to ECT include recent myocardial infarction, coronary
artery disease, congestive heart failure, bronchopulmonary
disease, carotid stenosis, hypertension, and venous thrombo-

sis. The potential of increased uterine activity points to pla-
centa previa, incompetent cervix, history of premature labor,
multiple gestation, and hydramnios as relative contraindica-
tions to ECT. The sympathetic discharge that occurs during
the clonic phase may result in a pronounced hypertensive re-
sponse in the preeclamptic parturient or fetal morbidity in a
mother with impaired uteroplacental perfusion. The presence
of a cardiac pacemaker should not be considered a con-
traindication to ECT. These relative contraindications must be
weighed against the benefits of ECT.55 ECT is a relatively safe
procedure with a mortality rate of 4.5 per 100,000 treatments.65

ECT during pregnancy has been shown to be safe and ef-
fective for both the mother and fetus in many case re-
ports.54,55,59–63 Because of the lack of a controlled study, ob-
stetric and anesthetic management must be derived from the
existing case reports and common sense. A review of 300 case
reports of ECT during pregnancy concluded that it is a rela-
tively safe treatment if steps are taken to decrease potential
risks. Reported complications consisted of transient benign
fetal arrhythmias, vaginal bleeding, abdominal pain, and uter-
ine contractions.66 ECT is indicated in the severely depressed
parturient, especially when rapid conversion is required, phar-
macologic therapy has failed, and there is hesitancy to use
psychotropic drugs during fetal organogenesis. The following
guidelines address the special consideration a parturient re-
quires during ECT.

1. A psychiatrist, obstetrician, and anesthesiologist should all
be members of the treatment team. ECT should be per-
formed in a facility where all members of the treatment
team can be assembled, and a labor and delivery unit is in
close proximity.

2. The obstetrician should begin with a complete obstetric his-
tory and physical examination of the patient. A maternal
history of placenta previa, incompetent cervix, history of
premature labor, multiple gestation, hydramnios, uteropla-
cental insufficiency, and preeclampsia are relative con-
traindications to ECT. ECT has been used successfully in
a twin gestation complicated with severe depression and
psychotic behavior.67 Increased blood oxytocin levels61

and uterine activity63 described during ECT may adversely
affect pregnancy outcome in parturients with placenta pre-
via, incompetent cervix, history of premature labor, multi-
ple gestation, or hydramnios. ECT-induced premature la-
bor was described in a pregnant woman with chronic
paranoid schizophrenia. Treatment with ritodrine and in-
domethacin arrested the uterine contractions. For subse-
quent ECT during the pregnancy, the parturient was pre-
treated with terbutaline and indomethacin.68 A uterine
tocolytic (terbutaline 0.25 mg intravenous) should elimi-
nate the small risk of increased uterine activity in high-risk
parturients and provide prophylaxis for the increased va-
gal tone during the tonic phase of ECT.

Increased blood catecholamine levels during ECT61 in
the parturient may cause fetal compromise if uteroplacen-
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tal insufficiency is present. A rise in maternal cate-
cholamine levels may result in an amount of uterine artery
vasoconstriction not tolerated by the fetus. Uterine and 
umbilical artery Doppler measurements in a 32-week-
gestation pregnancy showed a slightly increased systolic/
diastolic ratio and resistance index immediately after
ECT.61 Ultrasonography conducted during and immedi-
ately after ECT on a second trimester parturient showed no
significant change in fetal movement or other activity. The
same parturient demonstrated a stable fetal heart rate dur-
ing ECT.59 Case reports indicate that ECT is safe for the
fetus in parturients without uteroplacental insufficiency. In
parturients for whom ECT therapy is strongly indicated and
uteroplacental insufficiency is suspected, measures to op-
timize fetal blood flow should be taken; these include pre-
operative intravenous hydration, left uterine displacement,
continuous fetal and uterine monitoring, inhibition of the
vagal tone during the tonic phase of ECT (atropine 0.4 mg
intravenous), and use of a tocolytic if increased uterine ac-
tivity is measured. Increased catecholamines may result in
an exaggerated hypertensive response in the preeclamptic
parturient during the sympathetic discharge associated with
the clonic phase of ECT; this can be treated with intra-
venous labetalol or trimethaphan.

3. Anesthetic management of ECT during pregnancy begins
with a thorough anesthetic-focused history and physical ex-
amination. Drug interactions with current psychotropic
medications should be understood before ECT begins (see
section on psychotropic drugs). The airway examination is
important because a rapid sequence induction is required
for ECT in the parturient. The anesthetic goals for ECT in
the parturient are to (1) provide oxygenation with a pro-
tected airway; (2) prevent recall; (3) prevent long bone frac-
tures during tonic-clonic contractures; (4) moderate hemo-
dynamic responses; (5) optimize uteroplacental circulation;
and (6) allow a rapid emergence. Standard intraoperative
monitoring, a uterine tocodynamometer, and continuous
external fetal monitoring should be used during ECT for the
parturient. Continuous fetal monitoring may be replaced
with Doppler measurement of fetal heart sounds before and
after the procedure in the previable fetus. Consultation with
the obstetrician before ECT will help in the selection of ap-
propriate fetal surveillance.

Preoperative hydration (0.5–1 L isotonic crystalloid solu-
tion) and left uterine displacement will help prevent hy-
potension during the procedure.59 Preoxygenation, a rapid
sequence and induction intubation are necessitated because
of concerns about maternal aspiration and oxygenation.
Methohexital (0.5–1.0 mg/kg) or thiopental (2–3 mg/kg) and
succinylcholine (1.0–1.5 mg/kg) are acceptable induction
agents. The primary function of succinylcholine is to pro-
vide optimal intubating conditions, and its secondary func-
tion is to blunt the muscular response of the seizure. Infla-
tion of a blood pressure cuff placed on the bicep or calf at
twice the systolic pressure will allow for identification of

seizure activity in the isolated extremity, attenuation of the
muscular response in the important long bones, and use of a
full intubation dose on induction. Ventilation should be con-
trolled68 with the same fractional inspiratory oxygen (FiO2)
(�50%) for all sessions. The use of 100% oxygen has been
demonstrated to increase the duration of seizure activity but
only by a mean value of 18 s.69 Consistent use of the same
FiO2 during all sessions of ECT with a parturient is more
important than the actual percentage of oxygen (maintained
at �50%) delivered.70 Pretreatment with atropine or a to-
colytic should be given immediately before ECT begins. Af-
ter a seizure activity has been documented, the parturient
should be awake before extubation. Fetal monitoring should
be continued for 1 to 2 h after ECT because little is known
about uterine physiology associated with ECT. The obste-
trician should make the decision for further fetal monitoring
in high-risk obstetric patients.

Psychotropic Drugs

Obstetric and Anesthetic Implications

The use of psychotropic drugs during pregnancy presents a
dilemma to the clinician. How do you treat a pregnant woman
suffering with psychopathology and at the same time protect
the fetus from teratogenicity? How does one counsel a woman
who has conceived and undergone significant first trimester ex-
posure to psychotropic drugs? What do you tell the parturient
who wants to breast-feed her infant? This section addresses the
teratogenic risk, maternal and neonatal side effects, drug inter-
actions, and breast-feeding recommendations (Table 29.1).

Selective serotonin reuptake inhibitors (SSRIs) are indicated
for depression, obsessive-complusive disorder, and panic dis-
order. The mechanism of action of SSRIs is linked to their in-
hibition of central nervous system (CNS) neuronal uptake of
serotonin. SSRIs are widely described and well studied. Cham-
bers et al.65 concluded from a prospective cohort study of 228
women taking fluoxetine (Prozac) that infants of women ex-
posed in the first trimester are at increased risk for minor anom-
alies. Third trimester exposure was associated with an in-
creased risk for premature delivery, poor neonatal adaptation,
cyanosis on feeding, and jitteriness. These finding generated
interesting controversy. Cohen and Rosenbaum72 criticized
Chambers’ control group, noting that “higher rates of compli-
cations, including lower birth weight, neonatal distress, and
prematurity” already exist in infants of women with mood and
anxiety disorders who do not take psychotropic drugs. In ad-
dition, other cohort studies73–77 did not show an increased risk
of birth defects, poor perinatal condition, or neurodevelop-
mental delay.78 In summary, it appears that fluoxetine is not
embryotoxic, nor does it cause major fetal anomalies.79 Kulin
et al.80 investigated 267 pregnant women exposed to SSRIs
during embryogensis in a prospective multicenter study. Ex-
posure to an SSRI was not associated with either increased
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risk for major malformations or higher rates of miscarriage,
stillbirth, or prematurity. Kulin concluded that fulvoxamine,
paroxetine, and sertraline do not appear to increase teratogenic
risk when used in recommended doses. Clinical judgment
based on the risk of complications should be used to guide
therapy of SSRIs in pregnancy. Unnecessary exposure to drugs
must be balanced against the risk of relapse of major depres-
sion after discontinuation of therapy.

Common maternal side effects of fluoxetine include
headache, nausea, anxiety, tremor, and increased appetite.
Significant cardiovascular or pulmonary adverse effects are
rare with fluoxetine use. Blockade of serotonin uptake into
platelets by fluoxetine may be the mechanism for the rare oc-
currence of an increased bleeding time. Neonatal jitteriness,
hypertonia, and bruising have been described. Significant
anesthetic drug interactions with fluoxetine have not been re-
ported. Described SSRIs are present in breast milk in ex-
tremely low levels with no adverse effects noted.81

Tricyclic antidepressant drugs are widely prescribed and
studied psychotropic medications used during pregnancy. A
meta-analysis of 414 cases of first trimester exposure to tri-
cyclic antidepressants found no significant association be-
tween exposure to tricyclic antidepressants and congenital
malformations.82 There is no evidence that tricyclic anti-de-
pressants cause major birth defects in either humans or 
animals.83

Teratogenic effects of first trimester exposure to tricyclic
antidepressants observed in a small prospective study (19
women taking imipramine and 28 women using amitriptyline)
and in a larger investigation of 15,000 births showed no ev-
idence of gross congenital abnormalities.84,85 The study by
Pastuszak et al. of first-trimester exposure to fluoxetine doc-
umented an increase in the rate of miscarriage in women 
in the fluoxetine and tricyclic antidepressant group.74 Fetal
tricyclic antidepressant exposure and associated diaphrag-
matic hernia, hypospadias, limb and craniofacial deformities,
meningocele, hydrocephalus, and cardiac anomalies have
been reported in older case reports.86–88 In summary, tricyclic
antidepressants have maintained widespread use during preg-
nancy without evidence of major teratogenic effects. The ter-
atogenic risk of tricyclic antidepressants should be considered
to be small to nonexistent.

Neonatal effects of maternal tricyclic therapy may be ap-
parent in the immediate postpartum period. Neonatal signs of
fetal exposure to desipramine, imipramine, and nortriptyline
include periodic apnea, cyanosis, tachypnea, irritability,
seizures, feeding difficulties, heart failure, tachycardia, my-
oclonus, respiratory distress, and urinary retention.89 Clinical
judgment suggests that neonatal toxicity and withdrawal
symptoms can be minimized if tricyclic medications are ta-
pered and discontinued 1 to 2 weeks before delivery. In utero
exposure to tricyclic antidepressants or fluoxetine does not
affect major malformations, global IQ, verbal comprehension,
or language or behavioral development in preschool children
aged 16 to 86 months.90

Maternal side effects of tricyclic antidepressants manifest
as anticholinergic or sedative effects. Constipation, sedation,
weight gain, orthostatic hypotension, and blurred vision are
all side effects of tricyclic antidepressants. Nortriptyline and
desipramine are generally preferred during pregnancy because
they cause milder tricyclic side effects. These side effects can
be additive to normal symptoms seen in pregnancy.
Amitriptyline, nortriptyline, desipramine, and clomipramine
were not found in quantifiable amounts in breast-fed infants,
and no adverse effects have been reported. However, breast-
fed infants less than 10 weeks old of mothers who were tak-
ing doxepin experienced sedation. The sedation was proba-
bly a result of the desmethl metabolites of doxepin found in
the infants.81 Women on tricyclics should be allowed to
breast-feed their infants.

The interactions of tricyclic antidepressants with anesthetic
drugs are important. Tricyclic agents inhibit the uptake of nor-
epinephrine into the postganglionic sympathetic nerve end-
ing. The use of an indirect sympathomimetic such as ephedrine
will result in an exaggerated increase in maternal blood pres-
sure. Phenylephrine used in 40-�g boluses to correct mater-
nal hypotension would produce an appropriate rise in blood
pressure. The combination of imipraimine, pancuronium, and
halothane caused increased incidence of tachyarrhythmias in
anesthetized dogs.91 In addition, the dose of epinephrine re-
quired to produce ventricular dysrhythmias is reduced during
anesthesia with volatile anesthetic agents.92 The anticholin-
ergic effect of tricyclic antidepressants (especially amitripty-
line) may be additive with centrally active anticholinergic
drugs (scopolamine and atropine). Central anticholinergic
syndrome manifests as delirium or prolonged somnolence fol-
lowing anesthesia. Tricyclic antidepressants may augment the
analgesic and ventilatory depressant effects of opioids and the
sedative effect of barbiturates.

Monoamine oxidase inhibitors (MAOI) increase intraneu-
ronal levels of neurotransmitters (serotonin, norepinephrine,
epinephrine, dopamine, and octopamine) by irreversibly bind-
ing to the enzyme MAO. These drugs are indicated for the
treatment of depression and obsessive-compulsive, panic, and
appetite disorders. MAOIs are known teratogens in animals;
in a small prospective study, tranylcypromine was associated
with human malformations.93 A small group of women treated
with tranylcypromine and phenelzine had a higher rate of con-
genital malformations in their offspring.94 MAOIs should
probably be avoided in pregnancy given the sparse reports
available. Other treatment options, including ECT, should be
considered in the severely depressed parturient.82,95

MAOIs have significant side effects and interactions with
other drugs. They can exacerbate hypertension, and their
drug and food interaction profile is extensive, complicating
treatment.89 Hypotension in the parturient is typically treated
with ephedrine causing an exaggerated release of vasoactive
intraneuronal neurotransmitters that results in an unpre-
dictable increase in blood pressure. An exaggerated increase
in maternal blood pressure may compromise uteroplacental
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TABLE 29.1. Psychotropic medications.

Drug Indication Anesthetic interactions Toxicity Teratogenicity Breast-feeding effects

Selective serotonin reuptake Depression, obsessive- Rare occurrence of an increased Maternal: headache, No increased risk of Sertraline is present in
inhibitors (SSRIs) compulsive disorder, bleeding time nausea, anxiety, tremor, spontaneous pregnancy breast milk, infant

Fluoxetine (Prozac) (fluoxetine) prevention increased appetite loss or major fetal mal- levels are extremely low
Fluvoxamine (Luvox) of panic disorder Neonatal: jitteriness, formations, controversy with no adverse effects
Paroxetine (Paxil) hypertonia, bruising concerning minor fetal reported, accumulation
Sertraline (Zoloft) anomalies reported with fluoxetine
Venlafaxine (Effexor)

Tricyclic antidepressants Depression Indirect vasopressors, halothane Maternal: sedation, No known teratogenic Infants older than 10
Amitriptyline (Elavil) (Imipramine), and pancuronium, scopolamine, constipation, orthostatic effect in humans weeks are at low risk
Amoxapine (Asendin) prevention of opioids, barbiturates, monoamine hypotension, dry mouth for adverse effects of
Clomipramine (Anafranil) panic disorder oxidase inhibitors (MAOIs) Neonatal: neonatal tricyclics with no evidence
Desipramine (Norpramin) withdrawal syndrome of accumulation; sedation
Doxepin (Sinequan) (transient seizures and reported with Doxepin
Imipramine (Tofranil) jerky movements), direct metabolites
Maprotiline (Ludiomil) anticholinergic effects,
Nortriptyline (Pamelor) cardiac rhythm
Protriptyline (Vivactil)
Trimipramine (Surmontil)

Monoamine oxidase inhibitors Depression, obsessive- Excitatory response with Maternal: exacerbate Found to be teratogenic Minimal transfer reported
Isocarboxizid (Marplan) compulsive, panic and meperidine, tyramine-induced hypertension, sedation, experimentally; fetal in breast milk
Phenelzine (Nardil) appetite disorders, hypertension, exaggerated blurred vision, dry mouth malformations reported
Tranylcypromine (Parnate) hypertension response to ephedrine Neonatal: none reported

Antipsychotic drugs Schizophrenia Potentiates respiratory Maternal: hypotension, Agranulocytosis reported Haloperidol is significantly
Risperidone (Risperdal) depressant, sedative, and increased Q-T, extra- with clozapine; no excreted in breast milk with
Olanzapine (Zyprexa) analgesic actions of opioids pyramidal, tardive other current terato- no adverse effects; clozapine;
Haloperidol (Haldol) dyskinesia genicity reported is concentrated in breast
Thiothixene (Navane) Neonatal: tachycardia, milk with adverse infant
Clozapine (Clozaril) GI dysfunction, sedation, effects

hypotension
Phenothiazines Schizophrenia, Potentiates respiratory Maternal: neuroleptic Previous isolated reports Phenothizines are excreted

Chlorpromazine (Thorazine) hyperemesis depressant, sedative, and malignant syndrome concerning chlorpro- in breast milk; no adverse
Thioridazine (Mellaril) gravidarum analgesic actions of opioids (NMS), extrapyramidal, mazine not supported by effects reported with
Fluphenazine (Permatitil) jaundice, isolated recent studies; small chlorpromazine
Perphenazine (Trilafon) idiosyncratic fall in increase in congenital
Trifluoperazine (Stealzine) blood pressure, sedation anomalies
Methotrimeprazine Neonatal: extrapyramidal,
Oxomemazine jaundice, respiratory

depression, cyanosis
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Benzodiazepines Panic disorder Respiratory depression Maternal: respiratory Low risk of cleft lip with Benzodiazepines are
Alprazolam (Xanax) depression, sedation diazepam; major defects excreted in breast milk in
Clonazepam (Klonopin) Neonatal: floppy infant reported with clonazepam; low levels; apnea, cyanosis
Diazepam (Valium) syndrome, withdrawal none with lorazepam or hypotonia reported
Lorazepam (Ativan) alprazolam

Lithium carbonate (Lithane) Bipolar disease Potentiates the action of Maternal: diabetes Rare occurrence of Excreted in breast
muscle relaxants and insipidus, hypo- congenial cardiac milk and detected in
barbiturates; ST depression thyroidism (Ebstein’s anomaly) infant serum with
during anesthesia Neonatal: diabetes malformations reported adverse

insipidus, cyanosis, effects; contraindicated
hypotonia, seizures,
cardiac arrhythmias,
hypothyroidism

Carbamazepine (Tegretol) Epilepsy, trigeminal None Maternal: aplastic Spina bifida, cranio- Excreted in breast milk
neuralgia, bipolar anemia, facial defects, at low levels with reported
disease, psychosis, agranulocytosis developmental delay cases of transient hepatic
alcohol withdrawal Neonatal: deficiency toxicity and seizure-like

of vitamin K, fetal activity; considered safe
hydantoin syndrome

Valproic acid (Depakote) Epilepsy, bipolar None Maternal: nausea Causes major and Excreted in breast
disease and vomiting, minor congenital milk at low levels;

impaired platelet anomalies, intrauterine thrombocytopenia and
aggregation, growth restriction (IUGR), hepatotoxicity
hepatotoxicity spina bifida reported; considered safe

Neonatal: deficiency
of vitamin K clotting
factors, hypoglycemia,
fetal hydantoin
syndrome
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blood flow. Phenylephrine, a direct-acting sympathomimetic
agent, administered in boluses of 40 �g would be an good
choice for treating hypotension in a parturient receiving
MAOIs.96 A recent case report concerning anesthetic man-
agement of the labor and delivery of a parturient taking long-
term MAOI recommended an epinephrine or norepinephrine
infusion for the treatment of maternal hypotension.97

Meperidine, a commonly administered intrapartum anal-
gesic, impairs the neuronal uptake of serotonin. If cerebral
serotonin levels are increased to a critical level, a potentially
fatal excitatory response will occur. This excitatory response
is characterized by hyperthermia, hypertension, hypotension,
depressed ventilation, skeletal muscle rigidity, seizures,
coma, and, potentially, death. This response occurs in ap-
proximately 20% of patients receiving MAOIs who are given
meperidine.98

Morphine and fentanyl appear to be safe alternative anal-
gesic agents in patients chronically treated (longer than 3
weeks) with MAOIs.99 Tricyclic antidepressants and sero-
tonin uptake inhibitors block neuronal uptake of neurotrans-
mitters. MAOIs produce an accumulation of these neuro-
transmitters. The release of increased amine neurotransmitters
combined with impaired neuronal uptake presents the poten-
tial for a fatal drug interaction between MAOIs, tricyclic an-
tidepressants, and serotonin uptake inhibitors. Tyramine, nor-
mally metabolized by MAO in the gastrointestinal tract and
liver, produces a release of endogenous catecholamines. Nor-
mal metabolism of tyramine (contained in cheese, chicken
liver, chocolate, beer, and wine) is impaired in parturients
treated with MAOIs. The increased release of endogenous
amine neurotransmitters by tyramine-containing foods in par-
turients treated with MAOIs can result in a life-threatening
hypertension response that would put both mother and fetus
at risk. MAOI inhibition of hepatic enzymes is the proposed
mechanism of the exaggerated depressant effect produced by
opioids and barbiturates.98 Transfer of MAOI into breast milk
is reported to be minimal, so that breast-feeding neonates are
exposed to only very small amounts of drug.100 The numer-
ous potentially fatal drug interactions and the risk of terato-
genicity make MAOIs a poor choice in the parturient.

Antipsychotic drugs are indicated for the treatment of
schizophrenia. These drugs freely cross the placenta. Most an-
tipsychotic agents are not known to cause structural birth de-
fects.89 Haloperidol is the most thoroughly studied antipsy-
chotic drug. An early case report noted fetal limb reduction
defects associated with haloperidol.101 Other large prospec-
tive studies were not able to demonstrate an increased ter-
atogenic risk of haloperidol.102,103 Currently pregnant and
breast-feeding women can be treated with haloperidol if the
benefit exceeds the small risk of treatment. Olanzapine was
found to be of no significant teratogenic risk in a report of 23
prospectively and 9 retrospectively studied pregnancies.104

The use of olanzapine in breast-feeding women is not well
studied. Clozapine can cause agranulocytosis in the first 6
months of treatment. One third of parturients who had agran-

ulocytosis from clozapine died.102 Infants of mothers who re-
ceived clozapine during pregnancy or while nursing should
be tested for white blood cell counts, because there is not a
good understanding of the risk of clozapine-induced agranu-
locytosis.105 Encouragingly, reports of clozapine use before
and during gestation have found no adverse fetal effect.106,107

Risperidone and thiothixene are sparsely studied in humans,96

and it is not possible to assess their teratogenic or breast-
feeding implications.

Antipsychotics can cause maternal hypotension, an in-
creased Q-T interval, extrapyramidal effects, and tardive
dyskinesia. Extrapyramidal effects in the neonate are typically
self-limited. Hyperactivitiy, hyperactive deep tendon reflexes,
motor restlessness, tremors, and abnormal movements char-
acterize extrapyramidal effects; these signs may persist for
several months. Antipsychotic drugs can potentiate the respi-
ratory depressant, sedative and analgesic effects of opioids.

Phenothiazine medications are used to treat schizophrenia
and hyperemesis gravidarum in lower doses. They produce
their clinical effect by dopaminergic blockade. Phenothiazines
are known to freely cross the placenta.102 A meta-analysis of
first trimester exposure to phenothiazines, including 74,337
births, reported a statistically significant, but small, increase
in the risk of congenital anomalies.82 This additional risk was
assessed to be 4 in 1,000. No increase in organ malformation
was identified. The relative risk of the psychotic illness itself
confers a greater risk than low-potency phenothiazines. An
earlier report of pheonothiazines containing a 3-carbon
aliphatic side chain (chlorpromazine, methotrimeprazine,
timeprazine tartrate, oxomemazine) found an increase in 
congenital anomalies.108 More recent studies do not support
this finding for chlorpromazine, prochlorperazine, triflupro-
mazine, or thioridazine.89

Neonatal side effects of phenothiazine agents include jaun-
dice, respiratory depression, intestinal hypomotility, and ex-
trapyramidal syndrome. Extrapyramidal syndrome is mani-
fested by tremors, flapping of the hands, hypertonia, arching
of the back, and a persistent shrill cry. These symptoms typ-
ically begin during the first days of life and may persist for
up to 6 months. This reaction displays a familial tendency.93

Maternal side effects such as sedation, decreased gastric
motility, and orthostatic hypotension compound these symp-
toms routinely seen during pregnancy. Extrapyramidal effects
are characterized by facial grimacing, torticollis, and tardive
dyskinesia. Treatment of extrapyramidal side effects during
pregnancy can be hazardous to the fetus. Diphenhydramine
and anticholinergic agents have been associated with mor-
phologic teratogenicity.93 Maternal diphenhydramine admin-
istration can result in neonatal withdrawal, which is charac-
terized by tremulousness and diarrhea. Routine prophylaxis
of extrapyramidal side effects is not recommended during
pregnancy. Other measures to improve maternal symptoms
include calcium supplementation with prenatal vitamins, low-
ering the dose, or switching to another less potent antipsy-
chotic medication. If extrapyramidal symptoms do require
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treatment, an attempt should be made to discontinue the an-
ticholinergic medication or the diphenhydramine 2 weeks be-
fore delivery. Other maternal side effects of phenothiazine 
antidepressants include increased prolactin secretion, jaun-
dice, anticholinergic effects, hypothermia, decreased seizure
threshold, urticaria, skeletal muscle relaxation, and neurolep-
tic malignant syndrome. Neuroleptic malignant syndrome can
appear more severe during pregnancy. Drug interactions with
anesthetic medications can produce a potentiation of ventila-
tory depression as well as miotic, sedative, and analgesic 
actions of opioids. All phenothiazines are excreted into breast
milk. Chlorpromazine can be safely used by nursing women.102

Other phenothiazines have not been well studied in nursing
infants.

Benzodiazepines are used for the treatment and prevention
of panic disorders during pregnancy. Alprazolam or loraze-
pam are the preferred benzodiazepines for treatment during
pregnancy. No birth defects have been linked to alprazolam
or lorazepam. At best, the risk of oral cleft formation result-
ing from first trimester exposure to alprazolam is small. Lo-
razepam is preferred over alprazolam because it has a longer
duration of action, it lacks active metabolites, and it is not as-
sociated with an immediate and as severe a withdrawal syn-
drome in the neonate as alprazolam.89 Oral cleft malforma-
tion resulting from first trimester exposure to benzodiazepines
is controversial. A conservative assessment of the 14 studies
in the literature assessing first trimester exposure and con-
genital anomalies finds significantly increased odds of clefts
regarding diazepam.82 Major birth defects have been associ-
ated with clonazepam exposure. Therefore, a maternal ultra-
sound exam of the fetus exposed to clonazepam should tar-
get ureteropelvic junction obstruction, inguinal hernias, an
undescended testicle, and ventricular septal defect.102

Neonatal side effects of benzodiazepines include sedation
and withdrawal. Neonatal withdrawal is characterized by hy-
pertonia, hyperreflexia, restlessness, irritability, seizures, ab-
normal sleep patterns, inconsolable crying, tremors or jerking
of the extremities, bradycardia, cyanosis, chewing move-
ments, and abdominal distension. These symptoms can occur
at birth or up to 3 weeks later and last up to several months.
“Floppy infant syndrome” is characterized by muscular hy-
potonia, low Apgar scores, hypothermia, impaired response
to cold, and neurologic depression.89 Benzodiazepines are ex-
creted in breast milk in low concentrations. Apnea, cyanosis,
hypotonia, and periodic breathing were reported in an infant
breast-fed by a mother taking clonazepam.102

Lithium carbonate is an alkali metal used for the treatment
of manic-depressive illness. The dose of lithium is usually in-
creased in pregnancy to compensate for increased renal clear-
ance. Lithium freely crosses the human placenta resulting in
equal maternal, umbilical, and neonatal levels.109,110

In the 1970s it was assumed that a strong association ex-
isted between maternal lithium treatment during pregnancy
and Ebstein’s anomaly based on biased retrospective reports.
Recent reports from cohort and case-control studies concluded

that Ebstein’s anomaly is rare, and that lithium treatment in
bipolar parturients should not be discontinued.111,112 The
baseline risk of Ebstein’s anomaly is 1 in 20,000. The cur-
rent risk for this anomaly after first trimester exposure to
lithium is 1 in 1,000, 10 to 20 times the rate of the general
population. Women treated with lithium during pregnancy
should be offered a level II ultrasound and fetal echocardi-
ography. Jacobson et al. also found that babies exposed to
lithium were heavier than controls despite a higher propor-
tion of cigarette smokers in the group of women taking
lithium.111 Women with bipolar disease who are pregnant or
desire pregnancy can be reassured that lithium has been used
safely during pregnancy by many parturients.102

Lithium is excreted almost exclusively through the kidneys.
The dose of lithium in the pregnant patient should be increased
to accommodate the increase in glomerular filtration rate seen
in pregnancy, and then should be decreased after delivery to
the prepregnant dose. Making these changes in lithium dos-
ing will avoid an underdosage in the parturient and an over-
dosage accompanied by signs of intoxication immediately af-
ter delivery.95,102 Lithium can impair the synthesis and release
of thyroid hormones, resulting in a rise in the pituitary se-
cretion of thyroid-stimulating hormone. Nontoxic goiters have
been reported both in mothers treated with lithium and in their
infants. A fetal goiter may necessitate a cesarean section for
delivery.102

Maternal overdose of lithium has caused fetal and neona-
tal cyanosis, hypotonia, bradycardia, atrial flutter, hepato-
megaly, T-wave inversion, cardiomegaly, gastrointestinal
bleeding, diabetes insipidus, seizures, and shock.89 Most of
these adverse reactions are self-limited, resolving within 1 to
2 weeks after delivery. A 5-year follow-up study of children
exposed to lithium in the second and third trimesters found
no significant differences in developmental anomalies when
compared to siblings not exposed to lithium.82 Lithium drug
levels found in breast milk are typically 50% of those in the
mother’s serum. Lithium toxicity, as described here, has been
reported in breast-feeding infants. The toxicity is thought to
arise from poor neonatal elimination of the lithium because
of immature renal function.103 Nursing mothers should either
be partially or totally discontinued from lithium therapy.

Anesthetic implications with the use of lithium begin with
parturient evaluation for diabetes insipidus and hypothy-
roidism.113 Chronic therapy with lithium can produce benign
reversible depression of T waves and make parturients sus-
ceptible to ST depression during anesthesia.114 Lithium may
also prolong the actions of both depolarizing and nondepo-
larizing muscle relaxants and potentiate barbiturates. Lithium
therapy should not be discontinued before anesthesia, but the
dose should be reduced to the lowest therapeutic level.

Carbamazepine is indicated in the treatment of epilepsy,
trigeminal neuralgia, epilepsy, bipolar depression, psychosis,
and alcohol withdrawal. Placental transfer of carbamazepine
occurs freely, resulting in nearly equal maternal and umbili-
cal blood levels.115 Holmes et al. recently assessed the risk

ak
us

he
r-li

b.r
u



460 F.A. Rosinia and A. Robicheaux

of teratogenicity of anticonvulsant drugs.116 They found a dis-
tinctive pattern of physical abnormalities in infants of mother
taking anticonvulsant drugs. Epilepsy alone was not a risk
factor for an increased rate of abnormalities. The frequency
of embryopathy was higher in women taking one or more than
one anticonvulsant when compared to controls. Carba-
mazepine was associated with tetralogy of Fallot, ventricular
septal defects, esophageal atresia, vertebral anomalies, and
multiple terminal transverse limb defects. The authors did not
find an increased rate of hypoplasia of the face and fingers
previously described in infants exposed to carbamazepine dur-
ing pregnancy. Fetal carbamazepine exposure has also been
associated with an increased incidence of spina bifida.102 Car-
bamazepine should be viewed as a human teratogen.
Monotherapy is less teratogenic than combination therapy.

Carbamazepine can cause vitamin K deficiency during the
last half of pregnancy. Abnormal coagulation can result with
uncontrolled bleeding in the central nervous system and per-
manent neurologic damage.102 A transient vitamin K defi-
ciency can also occur in the neonate may lead to intracere-
bral hemorrhage.89 Vitamin K supplementation is required
during pregnancy to reduce the risk of maternal and neonatal
vitamin K-related coagulopathy. Carbamazepine levels in the
infant’s serum are typically low during breast-feeding.102,103

Breast-feeding while taking carbamazepine is considered safe.
Valproic acid is indicated for the treatment of epilepsy and

bipolar disease. Valproic acid readily crosses the placenta.102

Holmes’ assessment of the teratogenicity of anticonvulsant
drugs included valproic acid.116 Combination therapy with
carbamazepine and phenytoin or phenobarbital and carba-
mazepine was associated with spina bifida and aortic valve
stenosis. Prenatal exposure to valproic acid is typically asso-
ciated with an increased risk of spina bifida.82 A 10- to 20-
fold increase in spina bifida is described with an incidence of
1% to 2% after first trimester exposure.102 Deficiencies of vi-
tamin K-dependent clotting factor occur as with carba-
mazepine. In addition, thrombocytopenia, reduced platelet ag-
gregation, and low fibrinogen have been reported in pregnant
women taking valproic acid.102 Vitamin K supplementation
is suggested to protect the mother and infant from valproate-
induced coagulopathy. Valproic acid should be considered a
human teratogen that can result in both major and minor con-
genital anomalies.

Valproic acid has been associated with intrauterine growth
retardation, hyperbilirubinemia, hepatotoxicity, skeletal dys-
plasia, spina bifida, and fetal or newborn distress.89 Valproic
acid is excreted in breast milk in low concentrations, ap-
proximately 1% to 10% the concentration of maternal
serum.103 Fetal thrombocytopenia and hepatotoxicity have
been reported, but the bulk of evidence indicates that breast-
feeding is safe.

St. John’s Wort is a nonprescription herbal treatment for
depression. Grush117 warned in a letter to the editor that St.
John’s wort has caused increased uterine tonicity in animals
and perhaps should be avoided during pregnancy. Parturients

assume that a nonprescription medication is “safe.” Grush de-
scribed two parturients who suffered from depression and
took St. John’s wort without telling their physician. One par-
turient actually discontinued her regular antidepressant and
replaced it with St. John’s wort. Both women delivered
healthy infants.

Summary

Psychiatric disease is common during pregnancy, as a signif-
icant number of childbearing women are at a high risk for a
mood disorder. This chapter summarizes the common psy-
chiatric disorders and conditions unique to pregnancy, such
as maternal response to perinatal death and adolescent preg-
nancy. Finally, the obstetric and anesthetic implications of
electroconvulsive therapy and psychotropic drugs are thor-
oughly discussed here.
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30
Hepatic Disease
Patricia L. Dalby, Sivam Ramanathan, Joel W. Swanson, and Cynthia J. Sims

There are many associations between liver dysfunction and
pregnancy, but isolated liver disease rarely occurs during
pregnancy. Some normal pregnancy-induced changes occur
in the physiology, chemistry, and anatomy of the liver, but
such changes, if taken to the extreme, can cause perturba-
tions in maternal and fetal outcome. There are a few, fortu-
nately very rare, disorders such as acute fatty liver of preg-
nancy (AFLP) and hepatic rupture that carry a high mortality
rate for both the mother and baby.1,2 In addition, maternal
hepatic disease may pose an infectious risk to the fetus, 
such as some forms of hepatitis or cytomegalovirus virus in-
fection (CMV), which may pose serious consequences for
the neonate.3,4

It is relatively common to have a benign hyperbilirubine-
mia with associated pruritis and mild jaundice in pregnancy.
However, if this situation is progressive, it can present as a
severe condition such as intrahepatic cholestasis of preg-
nancy or symptomatic cholecystitis.5,6 Most of the life-
threatening disorders affecting the liver during pregnancy
are variants of the late gestational hypertension-related syn-
dromes such as the syndrome of hemolysis, elevated liver
function tests, and low platelets (HELLP syndrome), AFLP,
or acute hepatic rupture.7 Pregnancy-related liver dysfunc-
tion, regardless of its morbidity potential, often poses a di-
agnostic dilemma because the presenting symptoms tend to
be very nonspecific. These symptoms may be difficult to
differentiate from normal symptoms related to pregnancy,
such as nausea, lethargy, abdominal bloating, and pain. In
other cases, coexisting maternal hepatic disease may affect
the management and outcome of the pregnancy, as in the
case of a woman with a prior liver transplant or a woman
with alcoholic liver dysfunction.

In this chapter, we address the common and uncommon he-
patic disorders occurring during pregnancy and the clinical
management of altered hepatic function. Disorders that define
a pregnancy as high risk are specifically addressed. The 
obstetric and anesthetic management of these women is 
discussed.

Normal Physiologic and Laboratory 
Alterations of Pregnancy

In uncomplicated pregnancies, physiologic changes and labora-
tory test abnormalities occur that may mimic liver disease.8 Skin
changes such as palmar erythema and telangiectasia occur in
more than half of pregnant women. The liver is not usually en-
larged or painful during pregnancy, but abdominal distension and
stretching caused by the gravid uterus may confuse the physical
examination. In addition the liver is forced superiorly and pos-
teriorly as the pregnancy progresses, with a palpable liver in the
third trimester indicating hepatic disease. Liver size normally
stays the same, as does liver blood flow during pregnancy. How-
ever, the fraction of the cardiac output devoted to the liver is re-
duced approximately 35% in pregnancy, preferentially perfusing
the uterus instead. Engorged hepatic veins are visible in more
than one-half of pregnancies on endoscopy or laparotomy.

Usually, no changes in laboratory values occur for most liver
enzymes during pregnancy. However, up to a fourfold increase
in alkaline phosphatase in the third trimester may occur due to
placental enzyme production. Late pregnancy decreases in
serum albumin (but not of �-globulins and �-globulins) are
normal. Triglyceride and cholesterol levels often rise during
pregnancy. Bile formation and its transport are inhibited nor-
mally during pregnancy.9 Therefore, at term, bilirubin may be
at the upper limits of normal or slightly higher without liver
disease. A leukocytosis (to 18,000–20,000/mm3) and a dilu-
tional anemia are normal during pregnancy. Normally, there is
a tendency to become hypercoagulable during pregnancy with
increases in many clotting factors and normal platelet counts,
except in some hypertension-related syndromes.10

Cytochrome P450 activity is decreased during pregnancy,
whereas hepatic mixed function oxidase activity is induced.
Decreased levels of plasma esterases responsible for degrad-
ing succinylcholine and ester local anesthetics normally oc-
cur during pregnancy. The effects of these changes on anes-
thetic drug metabolism are unpredictable.
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The physiologic and laboratory abnormalities that occur in
the normal pregnant state and also in pregnancies complicated
by different liver diseases are shown in Table 30.1.11

Hepatic Dysfunction During Pregnancy

Symptoms of hepatic dysfunction during pregnancy are noto-
riously insidious and the diagnosis elusive. When serious and
unmistakable liver disease does occur, the differentiation be-
tween diagnosis is subtle initially and may be impossible ex-
cept in retrospect.9 The decrease in the proportion of cardiac
output devoted to the liver in the latter half of pregnancy di-
minishes hepatic reserve if a decrease in perfusion pressure or
blood volume occurs. Some women with liver disease may ig-
nore their symptoms, because of normal pregnancy-related dis-
comfort, until late-stage disease when intraperitoneal hemor-
rhage, variceal bleeding, or encephalopathy occur. Certainly if
a physician should discover signs of jaundice, hepatomegaly,
ascites, or right upper quadrant pain in the mother, these symp-
toms should prompt intensive investigation (see Table 30.1).11

Implications of Altered Hepatic 
Function for the Parturient and Fetus

Mild alterations in hepatic function are usually well tolerated
by mother and fetus. With concurrent asymptomatic liver dis-

ease, however, the rate of maternal inability to conceive is
greater. Infertility may be multifactorial, and menstrual ir-
regularities may be the only symptom of liver disease.12 Dis-
turbances of the hypothalamic–pituitary axis may exist, as
well as increased production of prolactin and disturbances of
peripheral estrogen conversion to androgenic compounds,
when liver dysfunction is severe enough to produce portal
sytemic shunting.13

If the mother does conceive, the whole maternofetal unit
may be affected if liver disease is severe enough to be symp-
tomatic or require medical treatment. At times the coagula-
tion system is altered, maternal acid–base status is affected,
or uterine irritability occurs related to hepatic dysfunction.
Hepatic dysfunction then can have profound implications on
the outcome of the pregnancy as well as the anesthetic choices
feasible for the anesthesiologist.

Pathophysiology

The liver performs a variety of important physiologic and
metabolic functions (Table 30.2). The liver is responsible in
part for glycogenesis, glycogenolysis, and gluconeogenesis.
There is no evidence that the hepatic contribution to these
processes is altered in normal pregnancy, but parturients with
liver disease may require close monitoring for hypoglycemia.
In addition, severe forms of liver disease may affect both lac-
tate production and elimination. Fat metabolism may be af-

TABLE 30.1. Liver function tests in normal pregnancy and disease states compared to normal nonpregnant females.

Normal Acute
Diagnosis pregnancy ICP Cirrhosis hepatitis Preeclampsia HE LLP AFLP

Onset Third trimester Precedes pregnancy Any time After 20 weeks After 20 weeks After 20 weeks
Albumin �10%–60% 0 � to �� —
Total protein �15% 0 � — —
Total bilirubin Normal range � 0 to ��� 0 to �� � to ��

Bilirubin direct Normal range � � marked
Bilirubin indirect Normal range �

AST/SGOT 0 0 or mild 0 to �� 0 to ���� 0 to �� � to �� �� to ���

�

ALT/SGPT 0 0 or mild 0 to �� 0 to ���� 0 to �� � to ��

�

Lactate 0 � �500
dehydrogenase 
5�-nucleotidase

�-GGT 0, possible increase 0 to �� � to ��

in third trimester
Total alkaline � 200 to 400% 0 or slight � �� 0 or ��

phosphatase
�- and �-globulins Variable —
Cholesterol � 200% 0 ?
Glucose 0 0 � to �� 0 or � 0 —
Ammonia 0 0 � with porto- 0 or rarely � — 0 �

systemic shunting
Platelets 0 or slight � 0 � with 2° 0 — � to �� � to ��

hypersplenism
Fibrinogen � 50% 0 � �/�
Prothrombin time Normal 0 if � then Rx 0 to �� 0 to �� 0 to �� 0 to �� ��

with vitamin K

LFT, liver function test; ICP, intrahepatic cholestasis of pregnancy; HELLP, hemolysis/elevated liver enzymes/low platelets syndrome; AFLP, acute fatty
liver of pregnancy; AST/SGOT, aspartate aminotransferase; ALT/SGPT, alanine aminotransferase; �-GGT, gamma-glutamyl transpeptidase.
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fected in a variety of ways. In the event of cholestasis, fat ab-
sorption (including the fat-soluble vitamins A, D, E, and K)
may be impaired. Derangement of hepatic synthetic activity
may also decrease cholesterol available for bile acid and sex
hormone production.

Alpha- and beta-globulins, ceruloplasmin, transferrin, co-
agulation factors, and several hormone-binding globulins are
synthesized at a higher rate during pregnancy, although total
body albumin levels are decreased. Gravidity, already a state
of low oncotic pressure, when combined with liver disease
can lead to ascites, pleural and pericardial effusions, and sub-
stantial soft tissue edema. Decreased protein binding of some
drugs affects their metabolism and requires dosage adjust-
ments, especially in the case of some nondepolarizing mus-
cle relaxants, amide local anesthetics, diazepam, meperidine,
morphine, and some others (Table 30.3).

In addition to altered metabolism of exogenous substances,
endogenous ammonia metabolism may be affected. The pres-
ence of hyperammonemia is usually indicative of severe he-
patic dysfunction and is seen commonly in patients with por-
tal hypotension with portosystemic shunting and in AFLP.

The discussion of all the implications associated with liver
function tests is beyond the scope of this chapter, but in gen-
eral, several key points must be kept in mind.

Intrinsic Hepatocellular Dysfunction

When abnormal transaminase levels are seen, it should be re-
membered that alanine aminotransferase (ALT) is found pri-
marily in the liver, whereas aspartate aminotransferase (AST)
is found also in the heart, muscle, kidney, and brain. Eleva-
tions of one or the other of these hepatic markers may roughly
indicate the severity of hepatic involvement, but serial assays
are recommended because correlation is poor. Most com-
monly, the ratio of AST/ALT is approximately 1:1. Excep-
tions include alcoholic hepatitis with an AST/ALT ratio greater
than 2 (due to the vitamin B deficiency-induced reduction of
hepatic ALT); in AFLP the AST/ALT also may be greater than
1. Alkaline phosphatase elevations may be useful to indicate
hepatocellular dysfunction versus cholestatic hepatic disease.

Sulfobromophthalein (BSP) and indocyanine green (ICG)
aminopyrine breath test and antipyrine clearance, galactose elim-
ination capacity (GAL), and monoethylglycinexlidid formation
(MEGX-F) are tests that utilize dyes or drugs injected intra-
venously followed by periodic blood concentration sampling to

determine hepatic metabolic function. Interpretation of these
tests is difficult, and clinical use is limited, but the later two have
been used to predict the safe limits for hepatectomy.14,15

Cholestatic Dysfunction

Cholestasis indicates that there is a reduction in the hepatic
excretion of bile. Bilirubin can be toxic to several enzyme
systems involved in oxidative phosphorylation, glycolysis,
protein biosynthesis, and metabolism. Membrane function
may be adversely effected by high concentrations of biliru-
bin. Direct bilirubin is not neurotoxic, whereas elevated in-
direct bilirubin levels are neurotoxic. A combined elevation
of both direct and indirect bilirubin levels implies impaired
secretion into the bile, whereas an isolated increased indirect
bilirubin implies impaired conjugation. This latter problem
occurs with hemolytic anemias, Gilbert’s syndrome, and
Crigler–Najjar syndrome. Cholemia may impair myocardial
function and blunt the response to endogenous vasopressors,
augmenting the myocardial dysfunction that is more impor-
tantly associated with the physiologic changes associated with
cirrhosis. In addition, elevated levels of bile affect vitamin K
absorption and augment coagulopathy. Vitamin K is often
supplemented in patients with hyperbilirubinemia, and a fail-
ure to respond to supplementation may indicate parenchymal
hepatic dysfunction.

Coagulation Cascade Dysfunction

Most of the coagulation factors are synthesized in the liver,
so abnormalities of these herald severe hepatic dysfunction.
Decreases in platelet counts, that is HELLP syndrome, and
some cases of severe preeclampsia primarily diagnose spe-
cific hepatic diseases.

Metabolic Problems

In very severe liver disease, renal failure with subsequent aci-
dosis may develop, which will be indicated by elevations in
blood urea nitrogen (BUN) and rising creatinine. The hepa-
torenal syndrome carries a very high mortality rate. Although
not a true liver function test, a low BUN in hepatic disease
may indicate severe deterioration in the hepatic synthesis of
urea.

It has been suggested that when liver disease is suspected
that laboratory examination should include AST, ALT, alka-
line phosphatase, total bilirubin and bilirubin fractionation,
LDH (lactate dehydrogenase), albumin, a complete blood
count including platelet count, and prothrombin time.11 Viral
and infectious markers are required if hepatitis is suspected.
Measurements of the coagulation parameters, especially the
protime (PT), and albumin levels are the most common clin-
ical tests utilized to classify hepatic synthetic dysfunction and
to provide prognosis for hepatic disease; this is commonly re-
ferred as the Child–Turcotte classification with Pugh modifi-
cation (Table 30.4).16 Ultimately, liver biopsy is needed to di-
agnose many types of disease, but in acute hepatic failure the

TABLE 30.2. Physiologic and metabolic functions of the liver.

Carbohydrate metabolism Glycogenesis, glycogenolysis, 
gluconeogenesis

Protein synthesis Coagulation factors, esterases, plasma
proteins

Fat metabolism 
Hormone synthesis
Bilirubin formation and excretion
Toxin degradation Exogenous and endogenous toxins 

(ammonia to urea)
Bacterial phagocytic activity`
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mother may require stabilization and correction of coagulation
defects before obtaining the biopsy. Liver biopsy is required
to diagnose definitively diseases such as alcoholic cirrhosis,
AFLP, some types of hepatitis, and Wilson’s disease.17

Fetal Considerations

Hepatic dysfunction in the parturient may cause placental in-
sufficiency or maternal hyperbilirubinemia. The rate of ver-

tical transmission of maternal infection varies with the type
of infectious agent. Many of the hypertensive-related diseases
of pregnancy have associated placental insufficiency on the
basis of placental infarction and abnormal cellular develop-
ment. This dysfunction will result in a failure of normal
neonatal weight gain and growth and activity and in some
cases serves as an obstetric indication to deliver the baby.
With chronic liver disease, concomitant maternal malnutri-
tion also will accentuate the poor placental supply of nutri-

TABLE 30.3. Anesthetic agents used in pregnant patients with liver disease.

Type of drug Drug name Pharmacokinetic alterations in cirrhotics Notes

Intravenous induction Thiopental Unaltered metabolism due to redistribution Smaller induction doses recommended in severe disease
agents as termination effect

Propofol Unaltered Duration is prolonged
Etomidate Metabolic half-life prolonged twofold Hemodynamics stable in hypovolemia
Ketamine Insufficient data Side effects profile; arrhythmia inducing

Narcotic agents Morphine Conflicting reports Reports of prolonged effects; potentiates encephalopathy
Meperidine Metabolic half-life prolonged Prolonged effects; Spincter of Oddi spasm may occur
Fentanyl At normal clinical doses (�15 �g/kg) Probable narcotic of choice; avoid large doses; sphincter 

unaltered; large VD, fat and muscle of Oddi spasm possible
Sufentanil Same as fentanyl Same as fentanyl
Alfentanil Protein bound (small VD); accumulation Poor choice in cirrhosis

occurs
Remifentanil Unaltered? No postoperative pain relief

Antianxiety/amnestic Valium Metabolic half-life prolonged Active metabolites, thrombophebitis
agents Midazolam Metabolic half-life slightly prolonged Potentiates hepatic encephalopathy

Ativan Prolonged effects
Muscle relaxants Succinylcholine Decreased plasma cholinesterase levels Possible prolonged effects, especially with redosing

Rapacuronium Insufficient data Bronchoconstriction reported
Atracurium No hepatic degradation; Hoffman elimination Histamine release; laudanosine production
Cisatracurium Similar to atracurium Minimal histamine release
Vecuronium Dose-dependant clearance Prolonged effects at higher doses (�0.1 mg/kg)
Mivacurium Insufficient data; decreased plasma esterases Greater histamine release than atracurium
Rocuronium Normal metabolism; increased Vdl; prolonged Careful dosing at larger doses

recovery at higher doses
Pancuronium Normal metabolism; increased Vdl; prolonged Careful dosing; full reversal; tachycardia and 

recovery proarrhythmia effects
Pipecuronium Insufficient data Probably similar to pancuronium without heart rate 

effects
D-Tubocurare ?Unaltered Histamine release; prolonged action in large doses

Muscle relaxant Neostigmine Unaltered metabolism
reversal agents Edrophonium Unaltered Recurarization possible with longer-acting muscle relaxants

Robinol
Atropine Prolonged effects Undesired tachycardia

Inhalation agents Halothane Rare idiosyncratic hepatitis Avoid in hepatic disease
Sevoflurane Insufficient data
Isoflurane Dose-dependent reduction of liver blood flow Good experience with this agent
Enflurane Lowers hepatic blood flow Renal toxicity
Desflurane Insufficient data Similar to isoflurane
Nitrous oxide Unchanged, insoluble gaseous agent Probably safe; increased pulmonary arterial pressures

Local anesthetics Lidocaine Amide local anesthetic; prolonged metabolism Use minimum dose
(epidural) and active metabolite (MEGX)

Bupivacaine Amide, no active metabolite Probably similar dosing to lidocaine; cardiotoxic effects 
reported in pregnancy

Chirocaine Amide local anesthetic; insufficient data Less cardiotoxicity than bupivicaine
Ropivacaine Amide local anesthetic; insufficient data Less cardiotoxicity than bupivacaine; less motor blockade
2-Chloroprocaine Ester local anesthetic; rapid degradation by May be best choice; toxicity reported in cases of 

cholinesterases abnormal cholinesterases
Miscellaneous Metaclopramide Dysphoric effects

Droperidol Prolonged effect in severe liver failure Dysphoric effects; enhanced opiate effects
Odansetron Unchanged Fewer CNS side effectsak
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ents. Maternal hyperbilirubinemia: has been associated with
increased irritability and tonus in the uterus and a propensity
to develop preterm labor.5

The ability for infection to be transmitted from the mother
to the baby varies with different types of hepatitis and other
infections [cytomegalovirus (CMV), human immunodefi-
ciency virus (HIV), etc.], the timing and chronicity of mater-
nal infection, and the type of infectious vector.

Obstetric and Anesthetic Management

Once it is known that a parturient has hepatic disease, the next
logical step in her management is an assessment of the sever-
ity of liver dysfunction. The etiology of the disease should be
determined also, so as to specifically detail treatment. The
majority of early chronic or benign hepatic disorders do not
change the normal management of the pregnancy, other than
close monitoring to ensure that preexisting liver function is
maintained. The following general recommendations apply to
general liver dysfunction management; diagnosis-specific
management is discussed in the following individual sections.

Obstetric Management

High surgical morbidity is associated with most severe he-
patic diseases; therefore, these women are generally advised
to deliver vaginally if that is a feasible option.18 Operative
delivery is reserved for those cases where maternal health is
rapidly declining or the fetus is in imminent danger. The care
of these parturients and their offspring can be very expensive
in terms of level of care, time, and resources. A decision must
be made early in the management whether the institution is
capable of the care required for these women. In some cases,
the best decision may be to triage these women early in the
pregnancy to an appropriate care facility with an intensive
care nursery capable of taking care of very premature and sick
neonates. In some cases of established or impending mater-
nal fulminant liver failure, triage to a facility with liver trans-
plantation services is the best choice.

In other cases in which maternal health is jeopardized by
the pregnancy, preconception counseling will allow the

woman to make the best decisions. A pregnant woman may
choose early termination of the pregnancy. If the mother elects
to carry her pregnancy to delivery, then plans for the timing
and mode of delivery should be made and coordinated with
the other specialties involved in her care, such as medicine
and pediatric services as well as the obstetrician and anes-
thesia team.

Anesthetic Management

When approaching the parturient with hepatic disease, it must
be determined if cirrhosis or hepatocellular destruction exists.
If there is no hepatic damage, then for the most part, these
women can be treated no differently than other parturients.
The differentiation between chronic stable disease and acute
disease must be determined. Any woman with cirrhosis has
an increased anesthetic risk, but those women with more ad-
vanced disease present special problems with minimal room
for error or inattention. A careful preoperative search for the
sequelae of cirrhosis is mandatory. A common approach to
classification of the severity of the liver disease has been that
based on that the Child–Turcotte description system16,19 (see
Table 30.4). A multidisciplinary approach is optimal for man-
agement of these parturients.

A search for the systems affected by the liver disease that
will affect anesthetic management must be made, including
the coagulation system, cardiac and pulmonary systems, vas-
cular system, and the presence or absence of esophageal
varices.20 Predelivery interventions should be directed at
normalizing coagulation, nutritional, and cardiovascular pa-
rameters. A hematology consult may be required if early at-
tempts to correct coagulation defects are not successful. Vit-
amin K supplementation and other dietary management with
attention to protein intake should be instituted early. Imme-
diately before anticipated delivery, careful optimization of
volume status must be achieved, which may involve guidance
by monitors of central venous, peripheral arterial, and pul-
monary artery pressures. Frequent laboratory studies often ac-
company the perioperative period and are facilitated by large-
bore vascular catheters. Appropriate blood bank arrangements
are mandatory because parturients with liver disease require
albumin infusion frequently, and the potential for hemorrhage

TABLE 30.4. Child-Turcotte classification with Pugh modification.

Condition Mild liver disease Moderate liver disease Severe liver disease

Albumin (g/dL) �3.5 3.0–3.5 �3.0
Bilirubin (mg/dL) �2.0 2.0–3.0 �3.0
Ascites None Controlled Uncontrolled
Encephalopathy None Minimal Coma
Nutritiona Excellent Good Wasted
Prothrombin time (PT) prolongation(s)a �4.0 4.0–6.0 �6.0
Operative mortality 0%–10% 4%–31% 19%–76%

aThe Pugh modification replaces nutrition with PT prolongation.
Source: Pugh R, Murray-Lyon I, Dawson J, et al. Transection of the esophagus for bleeding esophageal varices. Br J Surg
1973;60:646–649. Used with permission.
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exists. In the delivery room, it may prove useful to have im-
mediate access to blood products, because hypotension and
intravascular depletion are poorly tolerated by the parturient’s
compromised liver.

Women with ascites, encephalopathy, and pregnancy are at
higher risk for aspiration. Gastroentestinal prophylactic meas-
ures against aspiration are prudent in these cases, but drugs
with sole hepatic metabolism, such as cimetidine, are better
avoided. Hypoxemia in the perioperative period can be a
source of ischemic hepatitis, and adequate oxygenation is es-
pecially important in the parturient with preexisting hepatic
compromise. Supplemental oxygen is often required by these
women.

Choice of Anesthetic and Agents

Choices depend on the timing and urgency of delivery, mode
of delivery chosen by the obstetrician, and the condition of
the mother or fetus at that time. The scenario can be extremely
dynamic, and therefore anesthetic plans must be made for a
variety of possible situations: vaginal delivery (spontaneous,
assisted, or instrumental), planned cesarean section, emer-
gency cesarean section (with concomitant maternal or fetal
deterioration), and emergency laparotomy for hemorrhage.

When the delivery situation is not urgent, and maternal co-
agulation status allows consideration of central neuraxial re-
gional techniques, a scrupulously titrated epidural anesthetic
is the preferred technique in the woman with severe hepatic
dysfunction. This technique allows the flexibility to adjust lo-
cal anesthetic solutions so as to utilize dilute concentrations
of the agents for labor analgesic techniques, but higher con-
centrations should then be employed for surgical procedures
such as operative instrumental vaginal delivery or cesarean
section. Studies have documented well that epidural anes-
thetic techniques can decrease systemic perfusion to the liver
in hepatic disease, and a variety of solutions have been pro-
posed for correction.21,22 However, epidural anesthetic tech-
niques may preserve hepatic blood flow better than the alter-
native general anesthesia or spinal anesthesia techniques.
Epidural anesthesia has additional benefits for the parturient
by avoiding intubation, decreasing systemic drug administra-
tion, and maintaining maternal awareness.23 The decrease in
hepatic blood flow observed with epidural anesthesia is more
gradual than that seen with spinal anesthesia, and once the
sympathetic blockade is established, then intensifying the
concentration of the local anesthetic has less dramatic hemo-
dynamic effects. When the maternal coagulation status is bor-
derline and stable, correction of minor defects is advocated
with vitamin K and possibly transfusion. However, if the
mother has a rapidly progressive coagulopathy, or if ongoing
bleeding is occurring, then a regional technique is unwise.

A more difficult clinical situation exists in the case of the
urgent or emergent need to deliver the baby, often presenting
as the “stat” cesarean section. In this situation, poor commu-
nication between the obstetrician and anesthesiologist can

have very dire consequences for the mother and child. It is
important to not easily succumb to the temptation to induce
a hurried general or regional anesthetic induction in this sit-
uation, especially if maternal health will be compromised and
fetal outcome potentially unchanged. If an epidural catheter
is present and functioning well when this situation occurs, the
block can often be intensified and brought to a level satis-
factory for an operation relatively rapidly with a concentrate
local anesthetic. Many prefer 2-choroprocaine in a 3% solu-
tion for this purpose, because it is not an amide local anesthetic
that requires hepatic metabolism. It will, however, decrease the
efficacy of later administration of epidural morphine for post-
operative pain relief, leading to the potential administration of
parenteral narcotics that may be poorly metabolized by the
compromised liver.24

General anesthesia may be the only option for emergency
operation if the maternal coagulopathy is severe or maternal
hemodynamic instability or neurologic deterioration is severe.
In that case, it should be remembered that parturients with se-
vere liver dysfunction poorly tolerate hypotension and hy-
poxia from any cause. The effects of the most common anes-
thetic induction agents and supplemental agents are reviewed
in Table 30.3. In general, it is advisable to avoid large doses
of fixed intravenous agents in the setting of severe hepatic
disease. Even the induction agents touted for their lack of hy-
potensive hemodynamic effects, such as etomidate, ketamine,
and midazolam, may be associated with a reduction in hepatic
blood flow and reduced clearance.25,26 Halothane, enflurane,
isoflurane, and sevoflurane have all been associated with case
reports of toxic hepatitis.27,28 In swine, desflurane does not
appear to cause hepatocellular injury even after prolonged ex-
posure, but a case of hepatitis has been reported in a human
after a desflurane anesthetic.29 With the possible exception of
halothane, there is no convincing evidence that administration
of these drugs is more likely to result in a postoperative hep-
atitis rate higher than the background rate for the population.

It has previously been noted that supplemental parenteral
narcotics such as morphine and demerol may act as long-
lasting agents in this population. Fentanyl and sufentanyl have
a favorable pharmacologic profile in these cases, whereas alfen-
tanyl suprisingly has a prolonged metabolism and remifentanyl
provides no postoperative pain relief.30,31 Odansetron may be
a good choice for antiemetic therapy, because it has fewer sen-
sorial side effects than many of the other choices, and it has
the additional benefits of reducing pruritis and reducing fatigue
in chronic liver disease.32–34

Many of the muscle relaxants used clinically, including
rocuronium and vecuronium, have prolonged pharmacoki-
netic metabolic profiles in the setting of severe liver dis-
ease.35–38 A good choice may be atracurium because it un-
dergoes spontaneous degradation by plasma esterase and
Hoffman elimination and is not associated as frequently with
the histamine side reaction seen with mivacurium and ra-
pacuronium.39–42 A normal one-time intubating dose of suc-
cinylcholine is usually well tolerated for a cesarean section,
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and no further supplemental muscle relaxant administration
may be required. Prolonged neuromuscular block has been re-
ported with succinylcholine administration in parturients with
ACLP or with the concomitant adminstration of magnesium
because of decreased plasma esterases or increased receptor
sensitivity, respectively.43

Some types of liver disease, such as acute viral hepatitis,
acute fatty liver, and alcoholic hepatitis, affect the pericentral
hepatic lobules more than others, which results in a marked
decrease in oxidative metabolism of drugs. Other liver dis-
eases (primary biliary cirrhosis and chronic active hepatitis)
affect the periportal regions of the liver more, with little ef-
fect on drug metabolism.30 The important point is that drug
metabolism in severe liver disease may be unpredictable, and
prolonged effects may occur; thus, minimal doses of short-
acting agents may be preferable in this situation.

If regional techniques are employed, much effort must be
made to attenuate the results of the subsequent sympathec-
tomy on the adequacy of liver perfusion.22 This effort may
be facilitated by the use of adequate preload techniques and
with the aid of central hemodynamic monitors. Rapid cor-
rection of hypotension, should it occur, with the administra-
tion of appropriate vasopressor agents is paramount. In addi-
tion it must be remembered that most of the amide local
anesthetics, even the newer ones such as ropivacaine and levo-
bupivacaine, have a prolonged metabolism in severe liver dis-
ease that may make them prone to accumulation with sus-
tained epidural administration.44–46 Subsequently, the chance
of a toxic reaction to accumulated local anesthetic is greater
in these patients. Local anesthetics with a shorter duration of
action and with less motor muscle blockade may have an ad-
vantage when the maternal coagulation status is borderline,
and monitoring for a neuraxial bleed should be meticulous.10

Another concern in the use of regional techniques is the
possible transmission of infection to the central nervous sys-
tem in these often infected or infection-prone women. In most
cases, this is not a clinical concern, because hepatitis viruses
are not usually associated with encephalitis, meningitis,
cerebritis, or neuritis.47,48 However, herpesviruses, CMV, and
HIV can be associated with these neurologic disasters.49–51 A
careful, well-documented baseline neurologic exam and search
to preclude acute systemic viremia is advisable in these al-
ready immunocompromised women.

Perioperative monitoring of these cases should often be fa-
cilitated in an intensive care setting. Induction of anesthesia
reduces hepatic blood flow by 30% to 50% regardless of mode
of induction. Persistent low perfusion states, hypoxemia, or
prior hepatic disease predispose the liver to injury during
anesthesia. In addition, the stress response to surgery also
causes sympathetic-mediated reduction in splanchnic blood
flow.26 An arterial catheter greatly facilitates the fine adjust-
ments required with any anesthetic administration in women
with severe hepatic dysfunction; it also allows for drawing
the serial blood samples that are needed in the course of the
mother’s care. The need for central venous pressure moni-

toring must be individualized, keeping in mind the deleteri-
ous consequences of a peritracheal hematoma and that most
of these patients have a hyperdynamic circulation based on
functional cardiovascular shunts. Urine output should be rou-
tinely monitored as an indicator of the adequacy of intravas-
cular hydration. Indications for pulmonary artery catheter
placement and monitoring include the presence of suspected
pulmonary hypertension, pulmonary edema, persistent oli-
guria despite hydration, or the need for aggressive vasoactive
agent administration (especially vasodilators.) If adequate pe-
ripheral venous access can not be assured in these women
with a propensity for hemorrhage, then central venous access
should be obtained for this purpose and may be optimized in
many cases by the placement of a sheath introducer or other
single-lumen wide-bore access catheter. Pulse oximetry is in-
valuable as a constant indication of the adequacy of oxy-
genation in these women.

Specific Diseases Occuring in 
Pregnancy with Hepatic Disease

In this section, we describe the clinical and diagnostic fea-
tures of pregnancy-associated hepatic disorders. Much is un-
known about the etiology or management of liver disease in-
trinsic to pregnancy, and there is no widely accepted obstetric
management plan. Very little has been written to describe the
anesthetic management of patients with these disorders. An at-
tempt is made to outline credible obstetric and anesthetic goals.
It is difficult, if not impossible, to make blanket treatment rec-
ommendations, and we believe that for most patients with sig-
nificant hepatic disease, therapy must be individualized.

Acute Hepatic Failure in Pregnancy

Obstetric Management

Acute hepatic failure can develop remarkably rapidly in some
pregnancies from multiple etiologies. Symptoms of acute he-
patic failure may be insidious, and the diagnosis may be de-
layed until encephalopathy and hyperventilation has devel-
oped, primarily due to hyperammonemia.52,53

Progress of acute liver failure may soon lead to increased
intracranial pressure and cerebral edema, which are ultimately
the most likely causes of demise. The hyperammonemia is in
part caused by failure of hepatic conversion of ammonia to
urea but is also caused by portal–systemic shunting phenom-
ena. The hypoglycemia that accompanies failure results from
decreased hepatic degradation of insulin as well as impaired
glucose production mechanisms, because normally two thirds
of insulin is removed from the portal systemic blood. Lactic
acidosis develops in this scenario readily, causing an acidotic
state that further impairs multisystemic bodily functions.

The elevated cardiac output that occurs with chronic liver
impairment due to arteriovenous shunting and decreased sys-
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temic vascular resistance may overwhelm the cardiac reserve.
The development of arrhythmias, pulmonary edema, and pos-
sibly cardiac arrest may follow. Low cardiac output states,
with or without intravascular depletion, make renal failure and
the resultant electrolyte abnormalities common. The hepa-
torenal syndrome carries a dismal prognosis for survival once
it develops. These patients are also at increased susceptiblil-
ity to infection because of impaired white blood cell activity
of many types. Sepsis may be the final blow in the case of
chronic liver dysfunction, as well as the possible immuno-
compromised state of pregnancy. Treatment options are out-
lined in Box 30.1.

Bleeding diathesis may also present with minor insults
caused by failure of clotting factor synthesis, increased fibrin
split products due to decreased hepatic clearance, and con-
tributory thrombocytopenia partially secondary to hyper-
splenism. If liver dysfunction has been chronic, an anemia
may preexist acute failure because of poor nutritional states
or bleeding from esophageal varices or gastric sites. Dissem-
inated intravascular coagulopathy may occur easily in these
circumstances and may be disastrous when the woman de-
livers vaginally or in the setting of any operative procedure.
Correction of coagulation disorders should be done as indi-
cated, and surgery avoided if possible.

Prevention of acute hepatic failure is paramount, and in the
setting of chronic liver failure, surgical portal–systemic shunt-
ing procedures have been employed.12,54–56 However, the on-
set of liver failure may be precipitous, and surgical approaches
may not be an option. In anticipation of hyperammonemia,
the parturient with severe hepatic failure should be consid-
ered for an altered low-protein diet. Ammonia-producing in-
testinal flora can be suppressed with the administration of oral
neomycin (which is, however, controversial in pregnancy).

Ammonia fixation plus removal may be facilitated with the
administration of oral lactulose. Blood glucose levels must be
closely monitored, and the risk for fetal hypoglycemia mini-
mized. Electrolytes, urine output, and renal function tests
should also be closely monitored and corrected if necessary.
With the onset of renal dysfunction, arrangements for he-
modialysis may need to be made rapidly. Deterioration of car-
diopulmonary status may necessitate symptomatic and sup-
portive treatment, including oxygen supplementation and
ultimately mechanical ventilatory support.

If the etiology of the acute liver failure is unknown, liver
biopsy may be the best diagnostic methodology, but the
woman may not be hemodynamically or hematologically sta-
ble enough for this. In early pregnancy, if tissue diagnosis
will alter the patient’s decision to continue the pregnancy,
liver biopsy should be offered. In later pregnancy, the bene-
fits of tissue diagnosis must be weighed against the technical
difficulty and risks of obtaining the specimen. Even in AFLP,
biopsy may only be warranted in clinically atypical cases.17

Unfortunately, for most cases of acute hepatic failure, liver
transplant may be the only viable solution.

Anesthetic Management

When it is necessary to provide anesthesia during an episode
of acute hepatic failure during pregnancy, a coagulopathic
state often precludes the use of regional anesthesia. However,
if the alterations in the coagulation status are not great, or if
the alterations can be corrected in isolated cases, regional
techniques are preferable because of the usual concerns of
anesthesia administration during pregnancy. There have been
several case reports and reviews of anesthesia administered
under these conditions.6,55,57

All drugs with an hepatic mode of metabolism adminis-
tered to these women should be considered as fixed agents.
Many opiates and sedatives should be avoided (see Table
30.3).

Hypertensive Disorders of Pregnancy

Pregnancy-related hypertension is an umbrella term that 
describes a group of pregnancy-associated disorders. The
classification includes chronic hypertension, preeclampsia,
eclampsia, preeclampsia superimposed upon chronic hyper-
tension, and transient hypertension. The toxemias of preg-
nancy classification is no longer used. Classically, preeclamp-
sia and eclampsia did not include the syndrome of hemolysis,
elevated liver enzymes, and low platelets (HELLP). The syn-
drome is probably a variant of severe preeclampsia. The two
disorders certainly share many features and coexist with a fre-
quency that precludes random chance. Approximately one
half of the women who are later diagnosed with AFLP also
have evidence of preeclampsia or eclampsia as well as labo-
ratory findings that are characteristic of the HELLP syn-
drome.1 There are a great many theories attempting to explain

Box 30.1. Treatment options for acute liver failure.

Correct underlying cause if possible 
Transjugular intrahepatic portosystemic shunt (TIPSS) early 

in the course; prophylactic variceal sclerotherapy if 
indicated

Altered low-protein diet with enriched branched-chain 
amino acids

Neomycin if necessary (controversial)
Vitamin B6, folate, and thiamin supplementation
Close monitoring of blood glucose levels for hypoglycemia, 

correction if indicated
Ascites present: low-salt diet, fluid restriction, and 

spironolactone
Volume expansion with salt-poor albumin carefully; risk of 

variceal bleed with aggressive rehydration
Variceal bleeding present; emergent sclerotherapy 
Transfusion of blood products as indicated by clinical 

situation: packed red blood cells, platelets, and clotting
factors (fresh-frozen plasma)

Isolated coagulopathy existent; treatment based on 
laboratory values and the anticipated intervention; 
consider vitamin K supplementation

Consideration of liver biopsy if etiology unclear
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Box 30.4. Pregnancy-associated microvascular endothelial
damage disorders and related disorders.

Probably related disorders:
Preeclampsia (with hepatic involvement)
HELLP
Acute fatty liver of pregnancy (AFLP)
Hemolytic uremic syndrome (HUS)
Immune thrombocytopenic purpura (ITP)
Thrombotic thrombocytopenic purpura (TTP)

Possibly related disorders:
“Gestational” thrombocytopenia
Disseminated intravascular coagulopathy (DIC)
Acute renal failure in pregnancy

Common misdiagnoses:
Cholecystitis
Appendicitis
Hepatitis
Gastroenteritis
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the etiology of these disorders, some of the most recent in-
volving hereditary factors, early endothelial cell dysfunction,
or placental damage58–60 (Box 30.2). There are an equal num-
ber of treatment modalities (Box 30.3). No theory or treatment
comprehensively addresses all facets of these disorders.61

Even more puzzling is that for one of these “hypertensive
disorders,” the HELLP syndrome, hypertension is not always
present. Perhaps pregnancy-induced microvascular endothe-
lial damage would be a better term to describe these disor-
ders. If one looks broadly at this disease entity, it may be that
hemolytic uremic syndrome (HUS) of pregnancy, AFLP, and
some forms of pregnancy-associated renal failure are all in-
terrelated disease states. In addition, many surgical and med-
ical diagnoses may be commonly confused with that of
preeclampsia (Box 30.4).

Preeclampsia/Eclampsia with Hepatic Involvement

Preeclampsia and eclampsia are accompanied by hepatic man-
ifestations in only a minority of cases, but this minority con-
tributes greatly to the small percentage of maternal mortality
in women with this disorder.7 More than 80% of maternal
deaths from these two disorders are caused by central nerv-
ous system complications, but hepatic complications account
for the majority of the rest of maternal deaths in this popula-
tion. Although liver function tests can be elevated in pre-
eclampsia, these elevations are typically much less than those
seen with HELLP or in AFLP (see Box 30.2).7 The obstetric
and anesthetic management of preeclampsia and eclampsia is
covered extensively elsewhere in this volume; however, some
recent trends in management are briefly discussed here.

Obstetric Management

In the past few years there has been an obstetric trend toward
the expectant management of extremely preterm severe
preeclampsia so as to improve fetal outcomes by maturation
in utero. This approach has been advocated for fetuses with
gestational ages from 24 to 32 to 34 weeks in a tertiary care
setting, where daily antenatal testing and rapid intervention
can occur. The HELLP syndrome, thrombocytopenia, and
cerebral manifestations of preeclampsia remain endpoints for
delivery, however.62,63 Also, several investigational pharma-
cotherapies of severe preeclampsia have been introduced.
Variable results have been seen with the use of antepartum
or postpartum plasmapheresis in the setting of severe
preeclampsia or HELLP syndrome, and most favorable re-
sults have been seen in postpartum plasmapheresis in HELLP
where severe thrombocytopenia has been alleviated.64 The use
of corticosteroids in severe preeclampsia and HELLP has
gained increased popularity, both for inducing fetal lung mat-
uration and for reducing refractory hematologic and hepatic
sequelae.65,66 Other investigative therapies are the clinical use
of epostenol (prostacyclin) and the research use of nitric 
oxide.63

Obstetric and anesthetic management of the various syn-
dromes related to the hypertensive disorders of pregnancy is
discussed in the following sections. These women are rou-
tinely placed on antihypertensive therapy if elevated blood
pressures are part of their symptomatology, as well as seizure
prophylactic therapy (most commonly magnesium). Each in-
stitution’s protocol varies, but the side effects and interactions
of these therapies must be considered with the administration
of any other pharmacologic medications or other medical or
surgical interventions.

Fetal Considerations

The management goals for these babies are always based on
optimizing the maternal situation while weighing the risks of

Box 30.2. Etiologic or associated factors of preeclampsia.

Early injury to the placental development
Decreased levels of endothelium-derived nitric oxide 

(EDRF)
Inherited factors
Autoimmune disorder
Thromboxane: prostacyclin imbalance
Inadequate maternal response to placentation
Abnormal hemostasis
Endothelial cell damage
Increased sensitivity to catecholamines
Retained sensitivity to angiotensin II
Microvesicular fat disease of the liver

Box 30.3. Treatment options for preeclampsia.

Postpartum corticosteroids (HELLP)
Antepartum corticosteroids (HELLP)
Early plasmapheresis (HELLP)
Observation (HELLP with subcapsular hematoma)
Vaginal delivery
Immediate cesarean section
Volume expansion and hemodynamic monitoring
Conservative versus early intervention
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a hostile intrauterine environment and premature delivery. Fe-
tal evaluation should be performed early and serially to mon-
itor for placental insufficiency that mandates delivery. If ap-
propriate, the woman and baby should be transported early to
an appropriate tertiary care facility for previously stated rea-
sons. In pregnancies that are premature (gestational age less
than 34 weeks) with undocumented fetal lung maturity, a 
48-h course of glucocorticoids is administered to the mother
to promote lung maturity of the fetus. This course must de-
pend on maternal hemodynamic and other medical stability
and may be foreshortened if maternal deterioration occurs.2,7

Hepatic Hematoma and Hepatic Infarction

The most important hepatic complication of preeclampsia or
eclampsia is subcapsular hematoma, with or without subse-
quent rupture, which may present clinically as a biphasic pat-
tern of right upper quadrant pain, nausea, and vomiting that
may be followed by cardiovascular collapse, typically in the
third trimester. In one recent meta-analysis of preeclampsia-
associated hepatic hemorrhage and rupture, the three most
common presenting findings were epigastric pain, hyperten-
sion, and shock. The diagnosis of hepatic bleeding in this se-
ries proved to be elusive in many cases, made most frequently
at laparotomy.67 The formation of the hematoma probably oc-
curs because of vasospasm-induced hepatic infarction. Rup-
ture of the hematoma is accompanied by sudden hypotension
and has an associated mortality of up to 75% maternal and
60% fetal68; 80% of spontaneous hepatic ruptures occur in
women with preeclampsia or eclampsia.69,70

Obstetric Management

When suspected in the antepartum period, the presence of a
subcapsular hepatic hematoma usually is an indication for
prompt delivery, often by cesarean section to avoid trauma of
the collection by pushing efforts and to confirm diagnosis.2

Ultrasonography may be diagnostic if hematoma or rupture
is suspected, but a negative ultrasound does not rule out the
diagnosis. Computerized tomography (CT) may also be di-
agnostic if clinical circumstances allow its use. Frequently,
diagnosis is made retrospectively at the time of laparotomy
in the presence of maternal cardiovascular collapse.

Management choices at laparotomy include surgical pack-
ing, use of topical hemostatic agents, vascular ligation, he-
patic artery embolization, and hepatic lobectomy.71,72 In sev-
eral series, conservative management and use of hepatic artery
embolization have resulted in improved maternal outcomes;
however, this may be merely selection bias of less clinically
severe cases.73 Perioperative management is often compli-
cated in these cases by disseminated intravascular coagula-
tion (in addition to preexisting platelet and coagulation fac-
tor disorders), acute renal failure, fluid overload and
pulmonary edema, and postoperative sepsis.

A closely related phenomenon is hepatic infarction associ-

ated with preeclampsia. This rare disorder presents in the third
trimester with fever, abdominal pain, extremely high transam-
inases, and other laboratory values consistent with severe he-
patic dysfunction. As with hepatic hematoma, diagnosis is as-
sisted by CT but in the case of suspected infarction is
confirmed by biopsy.17

Anesthetic Management

Anesthetic management of preeclampsia-associated hepatic
hematoma is controversial. If the surgical plan includes he-
patic repair, general anesthesia will provide more hemody-
namic stability and acceptable intraoperative comfort. For rup-
tured hematoma, the management is very clear; emergency
laparotomy under general anesthesia is the only recourse. De-
livery and anesthetic management of hepatic infarction depend
on individual case characteristics; there are insufficient pub-
lished experiences to make specific recommendations.

The use of regional anesthesia is, as always, dictated by the
coagulation status of the mother, with a risk–benefit analysis
applied to the entire maternofetal unit. If the mother is so
thrombocytopenic or coagulopathic on the basis of her
preeclampsia and concomitant hepatic dysfunction, alterna-
tives other than epidural or other regional techniques may be
advisable. These techniques are certainly not feasible in the
case of probable hepatic rupture.

Because there is the possibility for enormous fluid and
blood losses and replacement with this disorder, plus the pos-
sibility that rupture may occur on the slightest provocation,
invasive monitoring is often indicated. Arterial catheteriza-
tion and central venous access should be placed proactively,
rather than in haste after losses have occurred.

The Syndrome of Hemolysis, Elevated Liver
Enzymes, and Low Platelets

The hemolysis, elevated liver enzymes, and low platelets
(HELLP) syndrome occurs in 1 to 6 pregnancies per 1000 (or
approximately 10% of preeclamptic pregnancies), with current
maternal and fetal mortality rates less than 20%.64 Platelet
counts tend to be severely depressed in this disorder (no greater
than 100,000/mm3), primarily on the basis of platelet destruc-
tion. The nadir of the platelet count is often reached several days
postpartum.66 The thrombocytopenia as well as a hemolytic ane-
mia (microangiopathic with microscopic schistocytes and burr
cells), elevated LDH levels, and elevated liver function tests
(bilirubin and transaminases) are the hallmarks of the disease.
This syndrome must be differentiated from thrombocytopenia
purpura, HUS, systemic lupus erythematosus, idiopathic throm-
bocytopenia purpura, and AFLP for appropriate management
purposes.62 Unlike classic preeclampsia, hypertension and pro-
teinuria may be mild in the disease, and liver involvement much
more profound (Table 30.5). Although HELLP syndrome is a
disease of the third trimester, it may occur much more remote
from term than the syndrome of acute fatty liver of pregnancy

ak
us

he
r-li

b.r
u



30. Hepatic Disease 473

(AFLP). Generally, the profound decrease in platelet count 
differentiates HELLP from other pregnancy-induced hepatic
diseases or other surgical or medical diseases. Although
transaminases are elevated in the HELLP syndrome, they are
not so severely elevated as in hepatitis (see Table 30.1).

Obstetric Management

Upon diagnosis, the mother is stabilized, and a delivery plan
is made to include the location and mode of delivery. This
plan may include cervical ripening and induction of labor with
normal vaginal delivery or cesarean delivery.

Anesthetic Management

The anesthetic management of the HELLP syndrome is dic-
tated by the usual concerns that must be addressed when tak-
ing care of a woman with severe preeclampsia along with the
additional concerns of impending liver dysfunction and
thrombocytopenia. Hypertension may not be an overwhelm-
ing concern in patients with the HELLP syndrome, but a thor-
ough evaluation of the woman’s cardiovascular status must
be performed. In preeclampsia there is a tendency to develop
intravascular volume depletion but also an increased risk to
develop pulmonary edema with the fluid shifts that accom-
pany labor and delivery. The pulmonary edema is especially
likely to develop in the postpartum period. The use of inva-
sive monitors must be individualized for each patient’s con-
dition. In general, arterial catheterization or central venous/
pulmonary artery catheterization are indicated in severe
preeclampsia complicated by refractory oliguria, refractory
hypoxemia or pulmonary edema, and hypertensive crisis.65

The practitioner must keep in mind the potential complica-
tions of arterial puncture and airway compromise in a par-
turient who is thrombocytopenic and is subjected to internal
jugular vein or subclavian vein access attempts.

Regional anesthesia, although the preferred technique in
preeclampsia, may not be feasible in the patient with HELLP
syndrome. Certainly if the platelet count is less than 50,000
cells/mm3, the possibility of providing a regional anesthetic
for labor and delivery is not advisable because of concerns
about bleeding around the spinal structures.10,74 It also must
be acknowledged by the practitioner that, even if the platelet
count and coagulation parameters are adequate for epidural
placement at one time, there may be a rapid decline in platelets

and other factors within several hours.75 The nadir of the
platelet count and maximum liver dysfunction in HELLP of-
ten occurs 1 to 2 days after delivery. Therefore, care must be
taken to serially monitor coagulation parameters before re-
moval of epidural catheters as well as to monitor the neuro-
logic status of the patient should she become coagulopathic
or thrombocytopenic during the period when an epidural
catheter is in place. Prophylactic platelet or fresh-frozen
plasma transfusions before epidural placement or operation
are not generally recommended, because the transfused prod-
ucts tend to be rapidly consumed and eliminated before de-
livery of the placenta.76 Hence, proper timing is important. 

General anesthesia administration in these women carries
the concern about airway issues, especially bleeding and fri-
ability, and potential hypertensive responses during the in-
duction and emergence periods. As in all pregnant individu-
als, the risk of aspiration is increased and must be actively
avoided with the use of cricoid pressure and rapid sequence
intubation techniques. Administration of narcotics for labor
analgesia in a woman in whom regional analgesic techniques
are not advisable may only heighten the chance of vomiting.
Concomitant administration of antiseizure and antihyperten-
sive medications must be taken into consideration when de-
vising an anesthetic plan. Parturients receiving magnesium in-
fusions require less (after the administration of the normal
intubation dose) of both the depolarizing and nondepolariz-
ing muscle relaxants for subsequent doses. Close monitoring
of the intensity of neuromuscular blockade in these cases is
imperative, with the full return of consciousness and airway
protective reflexes being a prudent practice.

Acute Fatty Liver of Pregnancy

Acute fatty liver of pregnancy (AFLP) is an obstetric emer-
gency and is thought by many to represent a variant of severe
preeclampsia.63,77 Severe liver failure is the usual scenario in
AFLP, unlike the usual case of severe preeclampsia, devel-
oping over the course of 1 to 2 weeks after the onset of vague
abdominal symptoms such as nausea, vomiting, and abdom-
inal pain. Initially, AFLP may be confused with hepatitis, but
the liver edge is usually not palpable in AFLP, and the pro-
gression to profound liver failure is more rapid. Disseminated
intravascular coagulopathy develops in more than one half of
women with AFLP but is not so common with hepatitis. Jaun-

TABLE 30.5. Acute liver failure in pregnancy.

Sign AFLP HELLP syndrome Acute hepatitis

Abdominal pain One half of women Almost 100% More than one half
Jaundice All women Less than one half All women
Serum transaminases (elevation) Less than 10-fold elevation Greater than 10-fold elevation Greater than 10-fold elevation
Scans Diffuse changes Focal abnormalities Diffuse changes
Coexisting preeclampsia One half of women 100% of women Less than one quarter 
Liver biopsy Microvesicular fat Sinusoidal fibrin Acute hepatocyte inflation
Liver failure Present Usually absent Variable

AFLP, acute fatty liver of pregnancy; HELLP, hemolysis, elevated liver enzymes, and low platelets.
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dice uniformly develops, followed by the development of 
hyperammonemia, hyperaminoacidemia, mental confusion, 
hypoglycemia, coagulopathy, and ascites in cases of AFLP.
Renal failure may develop, and in severe cases, liver trans-
plantation may be the only hope for survival for the mother.

Histologically, AFLP may be distinguished from pre-
eclampsia because in AFLP there is a microvesicular fatty in-
filtration of swollen hepatocytes, whereas sinusoidal fibrin is
found in preeclamptic hepatocytes. Definitive diagnosis re-
quires liver biopsy with special stains for fat but may not al-
ways be clinically feasible because of coagulopathy. Labora-
tory findings help differentiate the disorder, with transaminase
elevations being less severe than in preeclampsia or hepatitis
and hypoglycemia pronounced (see Tables 30.1, Table 30.5).
The role of CT or magnetic resonance imaging (MRI) lacks
well-substantiated data.

It is thought that AFLP may belong to a group of mi-
crovesicular fat diseases such as Reyes syndrome and con-
genital urea cycle defects.78 However, the hepatic steatosis is
seen also after other toxic and infectious liver diseases, and
thus the etiology remains unclear. There does appear to be,
in some cases of AFLP, a genetic deficiency of fatty acid beta-
oxidation.79 The offspring of this group of women are often
male, and it is recommended that infants of these affected
mothers be tested for this metabolic defect.80

Obstetric Management

Cesarean delivery may improve both maternal and fetal out-
comes but may be associated with profound bleeding prob-
lems. Perinatal morbidity is high, with hepatic encephalopa-
thy in 60% of cases, severe coagulopathy in 55%, and renal
failure in 60%.81–83 Maternal mortality in original studies ap-
proached 100% but, with advances in critical care medicine,
is now closer to 25%.

Anesthetic Management

The management of anesthesia depends on the type of deliv-
ery planned in the particular case and the urgency of the de-
livery. Ideally, anesthesia involvement in patient management
is included early in the hospital admission to optimize ma-
ternal condition and avoid haphazardous anesthetic manage-
ment later in a “stat” cesarean delivery. Although the diag-
nosis of AFLP is often unclear at first, the management of
these cases clinically does not differ greatly from the other
syndromes that present in late pregnancy with hepatic in-
volvement (severe preeclampsia, HELLP, and hepatitis.)6

These women are optimally managed in the tertiary care fa-
cility ICU setting employing continuous fetal heart rate mon-
itoring, with delivery facilitated as soon as possible after di-
agnosis. Vaginal delivery is optimal but may be precluded by
worsening maternal status or fetal indications. Cesarean de-
livery is often the mode of delivery. Although transfusion of
blood products is indicated in some cases, the temptation to
do so prophylactically should be avoided. Administration of

these products should be based on laboratory evaluation of co-
agulation deficiencies. Blood product transfusions constitute a
large protein and volume load for these women as hepatic and
renal function deteriorates. This load may worsen encephalo-
pathy and cardiopulmonary function even though many of these
cases may already be mechanically ventilated.

Invasive monitoring is ideal for case management but, as
in the HELLP syndrome, may be confounded by the presence
of coagulopathy. Along the same line, regional anesthesia is
the preferred choice for delivery by any method, but may be
precluded by maternal coagulation problems. If regional anes-
thesia is to be provided, it is imperative to correct coagula-
tion deficits and volume deficits before administration or re-
moval of any indwelling catheters. There are reports of
successful administration of epidural anesthesia in these
cases, and it may be the optimal anesthetic choice to preserve
hepatic blood flow in parturients with AFLP, so long as hy-
potension is avoided.84

The woman’s condition will remain critical long into the
postoperative course and, in many cases, will require pro-
longed ventilatory support.

Neonatal Considerations

These infants, although less likely to be premature than in
other cases of pregnancy-related hypertensive disorders, are
delivered from a hostile intrauterine environment. Fetal mor-
tality is as high as 14% to 60%, depending on the series.1,83

Appropriate tertiary care neonatal ICU settings must be avail-
able for their care before delivery if at all possible. The 
possibility of a genetic metabolic deficiency of fatty acid ox-
idation should be remembered, and appropriate testing per-
formed, along with future surveillance.79,80

Intrinsic Hepatic Dysfunction

Hepatitis

Hepatitis in pregnancy is the most common cause of jaundice
in pregnancy, and viral etiologies are the most common of
these.3 Many cases of viral infection and other forms of hepa-
titis are clinically silent; therefore, the true incidence of 
hepatitis is unknown. Usually the clinical course of chronic 
hepatitis is unaffected by the pregnancy, but there are excep-
tions.9,85 A serious infectious risk exists for the neonate for ver-
tical transmission of disease, which is variable depending on the
type of hepatitis. The most common viral types are hepatitis A
through E, although CMV, Epstein–Barr virus (EBV), and most
significantly herpes simplex virus (HSV) also are causal agents.
HSV hepatitis requires tissue diagnosis if suspected and rapid
treatment of the mother and newborn with acyclovir. In many
cases, it also necessitates a cesarean section.7

Numerous drugs have been implicated as being hepatotoxic
and resulting in hepatitis, cholestasis, or even cirrhosis.86

Types of drug agents that have been repeatedly implicated
have been antihypertensive agents (including alpha methyl-
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dopa and labetolol), anticonvulsant agents, antibiotics (eryth-
romycin), chemotherapeutic agents, antiinflammatory agents
(methotrexate), acetaminophen overdose, anesthetic agents,
and of course chronic alcohol abuse.87–89 Direct hepatoxins
are defined as those drugs that produce a dose-related, re-
producible liver injury in all exposed individuals. Such tox-
ins include amanita phalloides mushrooms, chloroform, car-
bon tetrachloride, and several chemotherapeutic agents. At
high doses, some drugs can overwhelm the liver’s metabolic
activity. Acetaminophen, furosemide, and salicylates are ex-
amples of this kind of hepatotoxin. Certain anabolic steroids
and estrogens at high doses can cause cholestasis, which is
centrilobular and associated with little or no hepatocellular
necrosis. Several coexisting disease states may result in hep-
atitis such as hyperparathyroidism,90 autoimmune diseases,
and pancreatitis.91

Most drug reactions occur with a very low frequency and
are idiosyncratic. Also, most drug-induced hepatitis repre-
sents immunologic or metabolic reaction to a specific drug.
As such, any drug is potentially hepatotoxic, but some drugs
are more frequently associated with hypersensitivity reactions
than others. Interestingly, there have been several reports of
acute hepatitis associated with tocolytic use (antiinflamma-
tory agents, terbutaline, and ritodrine) in the recent past.92,93

Hepatitis can either be a chronic disease that predates preg-
nancy or can be contracted during pregnancy. If it worsens or
is developed during pregnancy, the clinical presentation is not
unlike early signs of other liver diseases in pregnancy; that
is, nonspecific flu-like symptoms, fatigue, anorexia, and di-
arrhea. Later, there may be signs of cholestasis including jaun-
dice, pruritis, pale stools, and dark urine. The severity of dis-
ease may vary from subclinical self-limited disease to
fulminant hepatic failure (often confused with the diagnosis
of HELLP syndrome or AFLP). Laboratory analysis will first
reveal liver parenchymal damage in the form of significantly
elevated transaminases. Specific viral markers should be ob-
tained if causal (see Table 30.1).

Viral Hepatitis

Hepatitis A

Pathophysiology

The incidence of hepatitis A virus (HAV) in pregnancy is less
than or equal to 1 in 1000, whereas hepatitis B (HBV) viral
infection in pregnancy is estimated to occur in 1 to 2 in 1000
pregnancies in the United States.3 In both diseases, the in-
fections may be of greater incidence due to unrecognized sub-
clinical disease states.

In the case of HAV, infection involves fecal oral contam-
ination and is facilitated by intimate contact with infected in-
dividuals, poor hygiene, and poor sanitary conditions. Epi-
demics of HAV disease usually occur as a result of ingestion
of contaminated food or water. The incubation period of the
disease is short (15–50 days) with a similar duration of

viremia. Fecal excretion of virus is the cause of contamina-
tion in most cases and occurs primarily during the asympto-
matic, prodromal phase of the disease. The infection and ill-
ness are generally self-limited and last approximately 6
weeks. Fulminant hepatic failure is rare, and there is not a
carrier state of the disease. In many developing nations, the
disease is endemic, and parturients who have recently been
in these nations are at increased risk of HAV disease.94

Diagnosis of HAV disease is made by positive antibody
titers of IgM to HAV which rise acutely and persist for 6
months. IgG antibodies also elevate early, persist for life, and
infer immunity to subsequent HAV disease. Vertical trans-
mission of HAV disease has not been reported at the time of
delivery.86 The effects of HAV on pregnancy do not appear
to be deleterious in well-nourished parturients.95 The reports
of increased severity of maternal disease and fetal morbidity
in developing nations are probably related to nutritional de-
ficiencies and epidemiologic factors.96,97

Hepatitis B

Pathophysiology

In the United States, the predominant mode of transmission is
direct person-to-person spread. High-risk individuals include
health care workers, hemodialysis patients, hemophiliacs, il-
licit drug users, sexually promiscuous persons, and persons
with long-term exposure to infected individuals. Infection is
also more prevalent in people of Asian extraction, where the
primary mode of transmission is perinatal.98

The likelihood of vertical transmission depends on several
factors. The trimester in which maternal infection occurs is of
foremost importance. Parturients who are hepatitis B surface
antigen (HBsAg) and hepatitis B e antigen (HBeAg) seropos-
itive at time of delivery have a 90% rate of vertical transmis-
sion to the neonate because of very high viral inoculums.
Seropositivity to HbsAg only at term carries a 10% to 20% risk
of neonatal transmission without administration of immuno-
prophylaxis. Acute maternal infection that occurs in the first
trimester without advancement to a chronic disease state is as-
sociated with a 10% vertical transmission rate, but transmis-
sion is 80% to 90% if it occurrs in the third trimester.99 Pres-
ence of antihepatitis B e antigen antibody (anti-HBe) reduces
the likelihood of vertical transmission to 12% to 25%.3

In the United States, mandated immunization helps prevent
neonatal transmission of disease. It is advocated that pregnant
women in high-risk groups should receive passive and active
immunization against hepatitis B should they have no prior
immunity to the infection. Individuals who have been exposed
to the hepatitis B virus before they are vaccinated should re-
ceive passive immunization with hepatitis B immunoglobu-
lin (HBIg) and then the usual immunization series. Regimens
vary according to the type of exposure (percutaneous versus
transmucosal).85,99

Parturients with hepatitis B present a special problem 
for those involved in their care. After identification of the 
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HBsAg-positive individual, initial efforts should be to stage
the disease (active or chronic) and identify sequelae of hep-
atitis B infection. Unfortunately, even a careful history and
physical examination may be misleading in the pregnant
woman with hepatitis due to nonspecific findings such as spi-
der angiomata, palmar erythema, and edema, as well as other
symptomatology which are indistinguishable from nonspe-
cific complaints of normal pregnancy. If the woman has a pal-
pable liver edge or elevated serum transaminases, additional
serology would include IgM anti-HBc, HBeAg, and possibly
HBV DNA. HBsAg positivity in the absence of IgM anti-HBc
is indicative of a chronic infection. Consultation by a gas-
troenterologist or infectious disease specialist is appropriate
at this point, as these cases will need long-term follow-up care
aside from current obstetric needs.97 One half of asympto-
matic carriers have chronic active hepatitis.85 Liver needle
biopsy is not diagnostic, but it is the only means of assessing
the severity of hepatocellular damage. Recommendation of
liver biopsy and its timing should be individualized based on
maternal and fetal triage issues.

The course of hepatitis B, whether acute or chronic, is unaf-
fected by pregnancy. There is some disagreement over the ef-
fect of hepatitis B on pregnancy. Some authors believe that there
is an increased risk of premature delivery in parturients infected
during the third trimester, although, as in hepatitis A, this may
reflect maternal nutritional status and access to health care.96

Interferon therapy has shown promising results for the
treatment of well-compensated chronic hepatitis B, C, and D
infections but has not been studied in parturients except in
isolated case reports.100–102 Although no real problems have
been found in the pregnancies that have gone to term in
women taking interferon, it is contraindicated for use in preg-
nancy because of multiple side effects such as myelosup-
pression, autoantibody formation, thyroid disturbances, and
possible cardiotoxicity.103 In addition, its use has been asso-
ciated with possible abortifacient effects.104 As stated, the po-
tential for postpartum use warrants a thorough evaluation and
plan by a gastroenterologist.

Hospitalization is unnecessary unless clinically indicated, and
care is supportive. Acute fulminant hepatic failure is rare with
hepatitis, and there is no treatment other than liver transplanta-
tion. Mortality from acute hepatitis B is less than 1%.98 Isola-
tion of the woman and blood and body fluid precautions should
be instituted to protect health care personnel and close contacts.

Delivery by cesarean section does not alter the risk of ver-
tical transmission; the mode of delivery should be based on
obstetric criteria.99,105

Hepatitis C

Pathophysiology

With the advent of specific serologic markers, we now know
that hepatitis C virus (HCV) is responsible for more than 90%
of non-A non-B hepatitis (NANB). Before screening of the
blood supply, 95% of transfusion-related hepatitis was due to
HCV. Currently, most HCV is contracted by intravenous drug

abusers, followed by sexually promiscuous heterosexuals; a
small number of cases are transfusion related, and a high per-
centage of patients have no identifiable risk factors.106 Verti-
cal transmission of HCV is less extensively studied than HBV,
but it appears that this form of transmission is uncommon and
occurs in 7% to 8% of cases; it can occur with breast-feeding.99

The clinical course of acute HCV is usually very mild. Less
than 30% of infected individuals exhibit jaundice, and thus
most cases of acute infection go undiagnosed. Important,
however, is the fact that up to half of HCV infections subse-
quently develop chronic liver disease. Chronic hepatitis, cir-
rhosis, and hepatocellular carcinoma (HCC) are all well-
documented potential sequelae of HCV infection. Progression
from acute infection to chronic disease is very slow, and many
individuals, even those with cirrhosis, are asymptomatic. Ma-
ternal disease may be helped by receiving interferon, but this
therapy is not routinely advised during pregnancy. There are
no specific recommendations against pregnancy in HCV-
seropositive women. Pregnancy in women with chronic ac-
tive hepatitis and cirrhosis is rare in the active forms of dis-
ease because of a greater incidence of concurrent infertility
in these women. Becoming more common with the advent of
liver transplantation is the posttransplantation woman who be-
comes pregnant with previous hepatitis infection.

No neonatal effects have been reported other than an in-
crease in prematurity in children born to mothers infected in
the third trimester.47 There are no formal neonatal prophy-
lactic recommendations, although some authors recommend
administering immunoglobulin (IgM) to neonates born to
mothers with acute HCV in the third trimester.107 Concurrent
HIV infection increases transmission rates.

Hepatitis D

Pathophysiology

Delta hepatitis is caused by a defective RNA virus that re-
quires HBV for replication. Hepatitis D virus (HDV) can only
infect patients with HBV, either as coinfection at the time
HBV is acquired or as superinfection at a time subsequent to
HBV infection. Disease course is similar to hepatitis B in the
case of coinfection, but in the case of superinfection, 70% to
80% of patients will progress to cirrhosis and portal hyper-
tension. Mortality due to hepatic failure is 25%, and disease
progression is frequently rapid. Because of the typically se-
vere course of chronic active delta hepatitis, the incidence in
parturients is undoubtedly very low. Vertical transmission has
been reported. Immunization efforts directed at avoiding HBV
infection would be equally effective against HDV.108

Hepatitis E

Pathophysiology

Until the recent development of serologic tests for hepatitis
E (anti-HEV), the diagnosis was made in the event of clini-
cal hepatitis with negative serology for A, B, and C and re-
cent travel to a developing nation. HEV is not endemic to the
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United States. Transmission is by the fecal–oral route, with
contaminated water being most frequently implicated. There
is a potential for vertical transmission. Most investigators be-
lieve that there is no chronic HEV infectious state, although
this has been questioned.99 In the nonpregnant individual,
HEV is similar to HAV in most respects. Hepatitis E is the
exception in terms of the effects of pregnancy on disease
course; for reasons that are unclear, maternal mortality is 15%
to 20%. Standard immunoglobulin prophylaxis measures are
unlikely to be protective against HEV.

Hepatitis G

Pathophysiology

This hepatitis is more likely in people already infected with
hepatitis B, C, or HIV, or with a history of intravenous drug
use. Vertical transmission can occur, actually to a greater ex-
tent than with HBC, but there is probably not a chronic ac-
tive state; nor does it lead to cirrhosis.99

Anesthetic Management

The woman with hepatitis receives an anesthetic based on the
severity of her liver disease. Chronic disease may lead to prob-
lems with coagulation, which may preclude regional anesthetic
techniques. If a general anesthetic must be administered, it is im-
portant to provide hemodynamic stability to support remaining
hepatic function. Induction of anesthesia reduces hepatic blood
flow by 30% to 50%, regardless of mode of induction. In addi-
tion, the stress response to surgery also causes sympathetic nerv-
ous system-mediated reductions in splanchnic blood flow.26,109

Persistent low perfusion states, hypoxemia, or prior hepatic dis-
ease predispose the liver to additional injury during anesthesia.

Choice of muscle relaxants and other anesthetic agents
should include those drugs that do not rely solely on hepatic
metabolism (see Table 30.3). Choice of anesthetic agents in
the patient with prior hepatic disease is difficult because of
the unpredictable nature of pharmacokinetics in these cases.

It is paramount to remember how infectious viral hepatitis
can be to the caregiver, although most anesthesiology per-

sonnel now receive routine hepatitis B immunization. Because
most obstetric anesthesia involves regional techniques, it is
paramount to observe universal and needle-stick precautions
when caring for these women.

If the patient is on interferon therapy, it must be kept in
mind that this drug has been associated with decreases in the
platelet count as well as reductions in granulocyte counts that
might pose an increased infection risk. Many neurologic side
effects have been attributed to the administration of this drug.
Persistent paresthesia might provide a confusing scenario if a
neurologic deficit should occur after a regional anesthetic ad-
ministration. Facial swelling and cardiovascular problems
have also been attributed to this drug.110

Fetal and Neonatal Risk

The American College of Obstetrics and Gynecologists
(ACOG), American Academy of Pediatrics (AAP), and Ad-
visory Committee on Immunization Practices (ACIP) have
recommended routine screening of all parturients in early
pregnancy in an effort to identify newborns who will require
immunoprophylaxis against hepatitis B.99,107,108 In states
where adherence to these recommendations is required by
law, identification and immunoprophylaxis of neonates at risk
approaches 100%. Universal active immunization for hepati-
tis B is now recommended for all infants born in the United
States. Combined passive and active immunization of
neonates is 85% to 95% effective in preventing perinatal
transmission of maternal hepatitis B virus99,111 (Table 30.6).

Research is ongoing regarding breast-feeding recommen-
dations for mothers with hepatitis C infection.

Cirrhotic Liver Disease and 
Portal Hypertension

Cirrhosis

Pathophysiology

Hepatic cirrhosis is an irreversible chronic injury to the liver
parenchyma resulting in histologic changes of extensive fi-

TABLE 30.6. Summary of recommendations for passive and active hepatitis B immunoprophylaxis 
for neonates.

Maternal HBsAg status Vaccine dose Age of infant

HBsAg (�) HBV 1 At birth (within 12 h)
HBI At birth (within 12 h)
HBV 2 1 month
HBV 3 6 months

Unknown (draw and send maternal HBV 1 At birth (within 12 h)
blood for HBsAg at earliest HBIg Give immediately (within first week of life) if maternal 
opportunity) status found to be (�)

HBV 2 1–2 months
HBV 3 6 months

HBsAg (�) HBV 1 At birth (before discharge)
HBV 2 1–2 months
HBV 3 6–18 months

HBsAg, hepatitis B surface antigen; HBV, hepatitis B antigen.
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Box 30.6. Potential causes of portal hypertension.

Cirrhosis
Chronic hepatitis/postviral cirrhosis
Alcoholic (Laennec’s) cirrhosis
Primary (autoimmune) biliary cirrhosis
Secondary biliary cirrhosis (postobstructive)
Cardiac cirrhosis
Advanced alpha1-antitrypsin deficiency
Advanced Wilson’s disease
Advanced hemochromatosis
Cryptogenic cirrhosis
Hereditary hemorhagic telectangia syndrome

Mass lesions
Cysts
Abscess
Hemangioma
Carcinoma

Budd–Chiari syndrome (hepatic vein thrombosis)
Extrahepatic portal vein obstruction (EHPVO)
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brosis and regenerative nodules. Alcohol abuse is the most
common cause of cirrhosis in the general population, but post-
necrotic cirrhosis as a result of chronic viral hepatitis is the
most common etiology in young women. There does seem to
be an increasing use of alcohol in some young female popula-
tions, which, along with increasing maternal age, may lead to
an increase in this disease in the future. A separate section on
alcohol-related liver disease is presented later in this chapter.

The signs, symptoms, and causes of cirrhosis are summa-
rized in Boxes 30.5 and 30.6, respectively. The diagnosis of
cirrhosis per se is not as important to pregnancy outcome as
is the recognition of significant sequelae. The sequelae most
important to the obstetrician and anesthesiologist are portal
hypertension, coagulopathy, pulmonary hypertension, and
fulminant hepatic failure with its associated encephalopathy.
The most common cause of death in cirrhotics is massive gas-
trointestinal bleeding. In advanced cirrhosis, liver transplan-
tation may offer the only prolonged chance of survival.112

Portal Hypertension in Pregnancy

Pathophysiology

The incidence of pregnancy in women with advanced portal
hypertension is generally low because its existence often hall-
marks severe liver impairment with subsequent infertility.
Causes of portal hypertension include cirrhosis, noncirrhotic
portal fibrosis, and portal venous obstruction, with a protean
list of potential etiologies (see Box 30.6). The obstetric and
anesthetic management of these parturients is dependent on un-
derstanding and avoiding variceal hemorrhage, encephalopa-
thy, and renal failure. Maternal prognosis depends much on the
degree of hepatic impairment during pregnancy, which can be
expected to decline in about one third of the cases.20

Cases of portal hypertension are unlikely to occur in women
of childbearing years, but a few deserve special mention here.
There are case reports of penicillamine with and without zinc
salts being administered during pregnancy in Wilson’s dis-
ease to reduce maternal copper accumulation with good preg-
nancy outcomes despite previous concerns over teratogenic-
ity from these agents.113 Pregnant patients with Wilson’s
disease should continue to take the chelating agent, but the

clinician must be aware of the possibility of penicillamine-
induced maternal thrombocytopenia that might affect anes-
thetic choices and lead to a need for transfusion. Focal nod-
ular hyperplasia (FNH) and liver cell adenoma (LCA) are his-
tologically benign mass lesions associated with pregnancy and
oral contraceptive use. LCA, although not highly vascular,
has been associated with high maternal and fetal mortality
when intraperitoneal rupture occurs.79 Budd–Chiari syndrome
is highly associated with a variety of hypercoagulable states,
including pregnancy and oral contraceptive use.114 When
acute hepatic vein thrombosis occurs in pregnancy, it is al-
most always in the early postpartum period115 and has been
reported to lead to a need for liver transplantation.116,117 Sim-
ilarly, portal hypertension has been reported in women with
hereditary hemorrhagic telangeictasia.118

The reported experience of pregnancy in women with por-
tal hypertension is small. Obstetric management studies are
inconsistent, unstandardized, and frequently contradictory.
Anesthetic management is rarely reported. Although it is not
realistic to advocate a certain treatment plan for all patients,
there are basic management goals for parturients with this
ailment. In general, women with advanced portal hyperten-
sion or cirrhosis tolerate laparotomy poorly, so it is optimal
if these women deliver vaginally rather than by cesarean sec-
tion. This general operative risk has been described for the
nonpregnant population by the Childs–Pugh classification that
is described in Table 30.4.16 Forceps use or vacuum extrac-
tion is often advocated, because it is considered prudent to
foreshorten the second stage of labor as portal pressures can
be increased by prolonged straining.119

Any patient with cirrhosis has an increased anesthetic risk,
but those patients with more advanced disease present spe-
cial problems and leave no room for error or inattention. A
treatment approach is advocated here for those pregnant
women with more advanced disease.20 A careful preoperative
search for the sequelae of cirrhosis is mandatory and should

Box 30.5. Clinical signs and symptoms of portal hypertension.

Can be clinically silent
Anorexia
Weakness
Spider angiomata
Palmar erythema
Kaput medusa
Icterus
Ascites
Varices/upper gastrointestinal bleed
Lower gastrointestinal bleed
Tachypnea
RUQ pain
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begin at the first case contact. A multidisciplinary approach
is optimal, and if adequate obstetric, anesthesiology hepatol-
ogy, and neonatology services are not available, transfer to
an appropriate institution should be considered.

Esophageal Varices

Pathophysiology

In the second trimester of pregnancy, there is a progressive in-
crease in maternal circulating blood volume, a normal elevation
of portal pressure, and an increase in compression by the en-
larging uterus on the inferior vena cava; this results in more and
more of the venous return being routed through the azygous sys-
tem. Therefore, it has been reported that at least one half of
healthy pregnant women have transient esophageal varices in
the latter part of pregnancy.8 However, large esophageal varices
in the parturient are the most ominous predicating factor in the
setting of portal hypertension. In nonpregnant females with cir-
rhosis, mortality is 38% when varices bleed, and cumulative
mortality is 65% in the year following a variceal bleed.120

One large retrospective review of parturients with
esophageal varices found the perinatal mortality in this pop-
ulation to be 18%.119 This lower mortality was most likely a
result of demographic factors, including a relatively “healthy”
subgroup compared to all patients with esophageal varices.
However other studies have reported a 67% to 78% chance
of bleeding in parturients with known cirrhosis if varices are
demonstrable to preexist pregnancy.20 Several authors have
concluded that pregnancy has no effect on the underlying dis-
ease or on the overall frequency of hemorrhage,120,121 but this
does not explain the predisposition to hemorrhage in the sec-
ond trimester as reported by these same authors. It is proba-
ble that the expansion in blood volume, especially rapid dur-
ing the second trimester, places parturients at increased risk
for variceal bleeding during the latter half of pregnancy. 

Predicting which women will bleed from their varices does
seem impossible, and bleeding does not correlate with any
known variceal property or maternal factor. For this reason
prophylactic sclerotherapy of esophageal varices early in
pregnancy is the preferred management for these patients, es-
pecially because the outcome after emergency sclerosing pro-
cedures is much less optimal.122 In the small number of
women reported to have been treated in this manner, mater-
nal and fetal mortality has been close to zero. Other therapies
that have been reported are portosystemic shunting proce-
dures, esophageal transection, and medical therapy with beta-
blocking agents and vasodilators.20,123 Although the use of
surgical portosystemic shunting in severe cirrhotics has not
improved survival, in one large study of cirrhosis in preg-
nancy severe hemorrhage was seven times more frequent in
the nonshunted group.54 Fetal wastage and perinatal loss pri-
marily due to prematurity have been reported in nonshunted
parturients with cirrhosis.

Transjugular intrahepatic portal–systemic shunts (TIPSS)
have been proposed as a means of reducing esophageal ve-

nous pressures.56 TIPSS is a radiologic procedure performed
under intravenous sedation in the fluoroscopy suite and has a
low-risk profile compared to surgical shunting.124 Via an in-
ternal jugular introducer sheath, a stent is radiographically
guided and placed as a fistula between the portal and hepatic
venous systems. Many believe that TIPSS is indicated early
in pregnancy before the increased blood volume seen late in
the second trimester. Serial endoscopy and hepatic ultrasound
with Duplex should indicate the need for shunt revision.

Encephalopathy

Pathophysiology

Encephalopathy in hepatic disease is seen whenever the liver
is no longer able to metabolize a variety of gut-derived com-
pounds including ammonia, endogenous GABAergic sub-
stances, and other neuroactive peptides. The two common sit-
uations in which this occurs are with fulminant hepatic failure
or as a secondary effect of any portosystemic shunting pro-
cedure. If left untreated, encephalopathy can progress to cere-
bral edema and result in coma and death. Some reports exist
of attempts to treat acute hepatic coma with cross-circulation
or exchange transfusion in the past with variable success.125

Treatment of hepatic encephalopathy is largely supportive
and includes efforts to control precipitating events such as
gastrointestinal bleeding, infection, excess dietary protein in-
take, and overzealous use of sedatives or potassium-wasting
diuretics in chronic liver failure. A low-protein diet enriched
with branched-chain amino acids should be started at the first
sign of encephalopathy, and neomycin may be used if neces-
sary. Correcting underlying causes of encephalopathy before
delivery is necessary, whenever feasible. For operative or
vaginal delivery, regional anesthesia is not contraindicated but
will depend on the patient’s ability to cooperate and maintain
her airway. Adherence to minimal dosing recommendations
for both local anesthetic and opioids is advisable, for these
will not be well metabolized in women with encephalopathy
and will produce prolonged effects.

Renal Failure

Pathophysiology

A variety of mechanisms have been proposed to explain the re-
nal failure and electrolyte disturbances that comprise hepa-
torenal syndrome. The most salient points are twofold, as fol-
lows. First, there is renal tubular sodium avidity due to
increased aldosterone, and this is combined with reduced “ef-
fective” plasma volume. Also, there is decreased oncotic pres-
sure, and there are increased hydrostatic pressure states in these
cases. All these factors lead to redistribution of fluids from in-
travascular to interstitial spaces, with the ultimate formation of
ascites, pulmonary effusions or edema, and cerebral edema.
Second, the decrease in intravascular volume leads to increases
in renin and angiotensin production, which then alter intrarenal
blood flow redistribution, with the final resultant oliguria.
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Pulmonary Hypertension

Pathophysiology

Pulmonary hypertension is an uncommon complication of
portal hypertension, occurring in only 0.25% to 2%. Mortal-
ity is reported to be increased in these patients.18 Pathophys-
iology is not entirely understood, but there are two likely the-
ories: (1) repeated embolization of pulmonary arteries by
microthrombi arising from the hepatic vascular bed and (2)
alteration of pulmonary vascular tone by as yet unidentified
substances originating in the gut and escaping liver inactiva-
tion. Pulmonary hypertension accompanying portal hyperten-
sion has been reported with or without portocaval shunting
and in pregnancy.20 Liver transplantation does not reverse the
pulmonary hypertension.126

Presenting signs are likely to be nonspecific, but any pa-
tient with hepatic disease presenting with dyspnea, syncope,
hemoptysis, or chest pain deserves a workup to exclude 
pulmonary hypertension. Chest X-ray, arterial blood gas de-
termination, and electrocardiogram may be helpful, but de-
finitive diagnosis will probably require transthoracic echocar-
diography or pulmonary artery catheterization. The accurate
determination of pulmonary artery pressures by echocardio-
graphy is technique dependent and may be difficult in the
presence of a gravid uterus. In patients with hepatic disease
and concomitant pulmonary hypertension, assisted vaginal de-
livery is the preferred mode of delivery, and operative deliv-
ery is indicated only by deteriorating maternal or fetal status.
If a cesarean section must be performed, there are anec-
dotal reports of delivery by cesarean section using a slowly
titrated epidural induction and maintenance. Pulmonary ar-
tery catheter placement may be valuable for monitoring trends
in central pressures, but it must be kept in mind that pul-
monary artery ruptures have been reported if overzealous bal-
loon inflation is utilized.

Coagulopathy

Pathophysiology

The liver is responsible for synthesizing protein clotting fac-
tors, and the majority of patients with cirrhosis have some
quantitative diminution of factor activity. Fortunately, clini-
cally normal clotting is possible with even 10% to 30% of
most normal factor levels. A rise in prothrombin time (PT) or
the international normalized ratio (INR) in the absence of dis-
seminated intravascular coagulopathy (DIC) indicates severe
hepatic dysfunction and is an indicator of poor prognosis (see
Table 30.4). Unlike cholestasis, where there is malabsorption
of vitamin K, hepatocyte function in cirrhosis is insufficient
to meet synthetic demands, and vitamin K may be ineffective
in reversing coagulopathy.

Splenomegaly and bone marrow suppression frequently ac-
company cirrhosis and account for the thrombocytopenia often
seen in these cases. Replacement of clotting factors is achieved
by administering fresh-frozen plasma (FFP) 10 to 15 mL/kg of

body weight. Postpartum bleeding due to thrombocytopenia in
this population is unlikely with platelet count above 40,000 to
50,000 platelets/mm3, and platelets should be transfused only
for clinical bleeding supported, when possible, by laboratory
confirmation.74 The use of desmopressin (DDAVP) to improve
the qualitative function of platelets may have a role, but this has
not been substanciated in pregnancy. In the absence of clinical
bleeding, prophylactic platelet and FFP transfusion before re-
gional anesthesia or surgery is controversial, poorly supported
by the literature, and probably unnecessary for stable platelet
counts above 50,000 and PT or INR less than 1.5.

Fulminant Hepatic Failure

Pathophysiology

Fulminant liver failure may be triggered in these women by
minor infections, dehydration, hypotension from any cause,
and medication alterations or misadministration. Acute he-
patic failure, regardless of the etiology, is characterized by
initial tachypnea and progressive encephalopathy frequently
accompanied by some combination of hypoglycemia, lactic
acidosis, hypoxemia, hyperdynamic heart, renal failure, and
increasing coagulation abnormalities. Liver “function” tests,
with the possible exceptions of PT and albumin levels, are
not reliable indicators of the severity of disease. Stabilization
of the mother and a search for the etiology are necessary steps
before the initiation of delivery. The prognosis for patients
with acute hepatic failure is poor, as discussed more exten-
sively in other parts of this chapter.

Anesthetic Management

In the cirrhotic parturient with stable hepatic function and no
evidence of any coagulopathy, the anesthetic management of
the peripartum period does not differ from that of any other
parturient. If abnormalities in the coagulation system do ex-
ist, they preclude safe administration of regional anesthetic
techniques unless corrected. Elective administration of blood
products solely to correct such coagulopathies for peripartum
analgesia administration is extremely controversial and is usu-
ally reserved for the case of operative delivery. Tests that
should be performed in parturients with cirrhosis or portal hy-
pertension upon the arrival in the delivery suite include a com-
plete blood count with differential and platelet count, PT,
PTT, and INR, followed by peripartum liver function tests
and renal function tests. Blood products should be available
if coagulopathy exists, and in this patient population, there is
a high suspicion for postpartum hemorrhage.

It may often be the obstetric plan to foreshorten the second
stage of labor and to use forceps so as to avoid maternal strain-
ing efforts. Regional anesthesia, if feasible, is best provided
with a labor epidural and has potentially less precipitous 
hemodynamic effects than spinal anesthesia. In this particu-
lar scenario, it may be neccessary to provide denser sensory
blockade of the perineum than with the usual labor epidural,

ak
us

he
r-li

b.r
u



30. Hepatic Disease 481

which can be facilitated at delivery by administration of 3% 
2-chloroprocaine and meticulous blood pressure control.127

The usual precaution to avoid hypotension or any degree
of oxygen deprivation in the administration of anesthesia is
especially important in these mothers, as it will potentially
exacerbate permanent maternal disease. If coagulation ab-
normalities exist, extreme care must be maintained in the man-
agement of the airway, because all membranes may be espe-
cially friable, and any bleeding elicited may persist. Patients
with Wilson’s disease may have difficulty in speaking, and
baseline neurologic status is always important to document
before any anesthetic.128 Encephalopathic patients may re-
quire airway control if mental deterioration continues.

Fetal Considerations

Perinatal mortality is increased in the babies born to these
women, primarily as a result of prematurity.119 In late preg-
nancy, there may be a need to prematurely terminate preg-
nancy due to maternal condition deterioration (jaundice, he-
patic decompensation, bleeding from varices, etc.) Also, in
mothers in poor medical condition, the stillborn rate is in-
creased.20 If prophylactic procedures such as TIPPS,
esophageal variceal injection, or portal–systemic shunting
have been done before pregnancy or in early pregnancy, the
fetal prognosis improves.20,122 Surviving babies from these
pregnancies usually do well if they do not have fetal alcohol
syndrome or have not contracted hepatitis, and they generally
do not show sequelae of maternal hepatic dysfunction.129

Alcoholic Liver Disease

Pathophysiology

Recent reports have indicated that there are increased rates of
alcohol use among pregnant women,130 which is probably cor-
related with an increased rate of alcohol-related liver disease
in this population. There is evidence that gender differences
in alcohol metabolism exist between women and men. Fe-
males have higher blood alcohol levels than males for the
same amount of ingestion and therefore show a greater ten-
dency to develop the adverse acute and chronic problems as-
sociated with drinking alcohol.131 Women who drink alcohol
are more likely to develop alcoholic liver disease, including
cirrhosis, than men drinking comparable amounts of alco-
hol.132 Infertility and increased rates of spontaneous abortion
are common among women with very heavy alcohol inges-
tion histories (more than two drinks per day). However, many
such women still achieve pregnancy, and their alcohol inges-
tion may complicate the obstetric and anesthetic management
of the pregnancy and delivery as well as affecting their fetus.
The paturient is encouraged to participate in an alcohol treat-
ment program and seek regular prenatal care. Perioperative
alcohol use has been correlated with adverse postoperative
outcomes in several studies.133,134 Therefore, morbidity after
cesarean delivery may be greater for these women. Liver

transplantation is performed for some cases of severe cirrho-
sis secondary to alcohol abuse but is controversial.112

Anesthetic Management

The anesthetic implications of alcoholic use may be catego-
rized by the effects of acute alcohol ingestion by the parturient
versus the effects of chronic alcoholism on her perioperative
course. Acute ingestion of alcohol will decrease the parturient’s
requirement for injected or inhaled anesthetic agents and leave
the woman with an altered sensorium as well as an increased
propensity to vomit and aspirate.135 Chronic use of alcohol
causes deterioration in hepatic function, which may alter the
metabolism of hepatic drugs as well as result in a state of 
persistent chemical hepatitis. Also, chronic alcohol use is as-
sociated with multisystem effects with adverse impact on 
perioperative outcome.136,137 Immunoincompetence, alcoholic
cardiomyopathy, hemostatic imbalance (decreased platelet
number and function, as well as alteration in clotting factors)
which may increase bleeding problems, and decreased wound
healing have been found to exist in women who abuse alcohol.

If the labor is prolonged and the woman has a substantial
alcohol dependence, it is possible that alcohol withdrawal syn-
drome may develop during hospitalization. In that case, it may
be necessary to administer vitamins and seizure prophylaxis
to these women to maintain hemodynamic stability and avoid
further deterioration during labor.137,138

Fetal Considerations

Acute alcohol ingestion has been correlated with increased
rates of fetal acidosis and depression of fetal cardiac per-
formance in some studies.139 In the past, ethanol infusions
were used as tocolytic agents for preterm labor clinically, but
these have now been replaced by other agents.

Chronic alcohol use has been associated with the fetal al-
cohol syndrome (FAS), which is associated with heavy alco-
hol consumption throughout the pregnancy.129 Hallmarks of
FAS include abnormal facies (including short palpebral fis-
sures, micrognathia, and thin upper lips), severe developmen-
tal delays, cardiac septal defects, hypotonicity, and tremu-
lousness. Even in infants who do not meet the criteria for FAS,
alcohol ingestion during pregnancy has been associated with
decreased fetal growth, developmental delay, an array of sub-
tle physical findings, and adverse psychosocial and behavioral
characteristics that carry on into adulthood in these infants.140

Cholestatic Liver Disease in Pregnancy

Etiology and Pathophysiology

Pruritis, jaundice, or both are the hallmark features of the pres-
entation of this disorder that primarily occurs in late preg-
nancy. Intrahepatic cholestasis of pregnancy (ICP), primary
biliary cirrhosis, hepatotoxic drug reactions, and rarely exac-
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erbations of the Dubin–Johnson syndrome are included in this
category. Most diseases in this group do not present with ab-
dominal pain. However, biliary tract disease accompanied by
cholestasis is usually caused by gallstones, may occur at any
time during pregnancy, and is often associated with right up-
per quadrant pain and fever. The etiology of these diseases is
different depending on the disorder and includes an inherited
defect of hepatic excretion of organic anions in the case of
Dubin–Johnson syndrome, obstructive pathology in the case
of gallstone disease, and a possible estrogen-induced distur-
bance of enterohepatic circulation in the case of ICP.5 The
incidence of biliary tract disease and drug-induced cholesta-
tic hepatitis is unknown during pregnancy, but it has been said
that the incidence of ICP is 0.1% to 0.2%. Hyperemesis gravi-
darum is more frequent, with an incidence in pregnancy of
0.3% to 1.0%, and is the only disorder in this category that
occurs early in pregnancy.12

Intrahepatic Cholestasis of Pregnancy

Intrahepatic cholestasis of pregnancy has been associated with
increased perinatal mortality, preterm labor and prematurity,
meconium-stained amniotic fluids, and a high incidence of
abnormal intrapartum fetal heart rate tracings.141 The effect
of this disorder for the mother is usually benign, but not so
for the developing fetus. Maternal puritis usually develops in
late pregnancy, followed by jaundice in 2 to 4 weeks with an
obstructive symptomatology such as pale stools (steatosis)
and dark urine. The pathogenesis of the disease is not fully
understood, and the optimal treatment is controversial.8 There
seems to be a genetic predisposition for this disorder among
some Scandinavian (Swedish), Hispanic (Chilean), and Amer-
ican populations.47 This disorder may involve a deficiency of
the enzyme sulfotransferase or a hypersensitivity to estrogens
at the gene level in the liver in these women.9

Obstetric Management

Increased fetal surveillance is utilized in many protocols along
with early induction of labor at term. Medical therapy has in-
cluded antipruritic medications such as antihistamines and mi-
nor tranquilizers. Cholestyramine has been used widely for
treatment of pruritis, acting as an anion-exchange resin to bind
bile acids in the intestinal lumen. It may worsen coagulopa-
thy, however, by further interference with vitamin K absorp-
tion, which is already impaired in these mothers. Other med-
ications that have been utilized are S-adenyl-methionine
(SAMe) and ursodeoxycholic acid (UDCA). SAMe reverses
the negative effects of estrogen on bile flow, whereas UDCA
acts to modify the bile acid pool to one that is less cytotoxic
to liver cell membranes.

Anesthetic Management

The anesthetic concerns in these women focus on impaired drug
metabolism via the hepatic route, but more important is a

heightened concern for vitamin K deficiency and subsequent
coagulopathy. Anesthetic agents that are primarily metabolized
via the hepatic route, such as some of the muscle relaxants and
sedatives, may have prolonged duration of effects (see Table
30.3). It may be necessary to administer exogenous vitamin K
to these parturients, and to reverse the coagulopathy with FFP,
etc., before operative intervention.5 Regional anesthesia is not
well advised if the coagulopathy persists.

Neonatal Considerations

Prematurity of these infants is common, so close scruitiny for
preterm labor and delivery in a capable facility is advisable.7

Hyperemesis Gravidarum

Pathophysiology

Hyperemesis gravidarum is relatively frequent, occurring most
often by the end of the first trimester of pregnancy. Risk fac-
tors include obesity, primiparity, nonsmoker status, and multi-
ple gestation. It is an unwelcome diagnosis and may lead to de-
hydration requiring intravenous hydration and nutrition;
however, in one prospective study it has been associated with
decreased fetal wastage and improved pregnancy outcome.142

Other studies have shown that the mean birth weight of babies
born to women with severe hyperemesis gravidarum (those who
have lost more than 5% of their body weight) were significantly
lower that than those women who had only mild hyperemesis
gravidarum.12 Although the etiology is unknown and probably
multifactorial, liver function tests are abnormal in at least 50%
of patients with hyperemesis gravidarum.143 The mechanism of
the hyperbilirubinemia is also unclear but may be related to the
malnutrition and subsequent impaired excretion of bilirubin.

Obstetric Management

In most cases, this is a self-limited disease that responds to
conservative measures such as parenteral hydration and nu-
trition, psychologic counseling, vitamins, and antiemetic ther-
apy. There has been use of various sedative regimens (in-
cluding valium therapy) for these women with variable
success.144 Odansetron has been used during pregnancy for
antiemesis, and there is some evidence that it may be associ-
ated with an increased sense of well-being as well as a de-
crease in pruritis.33,34

Anesthetic Management

Hyperemesis gravidarum is a disease of early pregnancy and
fortunately should not present frequently to the anesthesiol-
ogist. Other than the logistical concerns one has with any
case afflicted by intractable vomiting and hydration and
electrolyte disturbances, there are no other particular con-
cerns regarding the anesthetic management of these women.
There is no published experience of anesthetic administra-
tion in this population.
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Neonatal Concerns

Inconclusive concerns exist for the ultimate development and
birth weight of the infant. Also, mention has been made anec-
dotally of problems with maternofetal bonding.

Gallstone-Related Disease and Cholecystitis
Disease During Pregnancy

Pathophysiology

Cholecystectomy is the second most common abdominal op-
eration required by pregnant women for nonobstetric surgery,
with appendectomy being the most common.23 Both female
hormones that are increased in pregnancy contribute to symp-
tomatic gallstone disease. Progesterone inhibits cholecys-
tokinin and is a general smooth muscle relaxant helping to
create a stagnant, sluggish gallbladder. Estrogen increases the
chance of gallstone formation due to cholesterol hypersatu-
ration. Historically, symptomatic gallstone-related disease
during pregnancy carried a high morbidity for both the preg-
nant mother and her unborn child in terms of preterm labor
and delivery and fetal loss. However, in the past decade there
has been an improvement in these statistics.145 Recent esti-
mates of the incidence of symptomatic gallstone-related dis-
ease during pregnancy place it at slightly over 0.15%.146

In most series, conservative therapy (hydration, starvation,
bowel rest, and antibiotics) are the mainstay for these women
until after delivery, with surgery required by less than one
half of the women. In some cases, endoscopic techniques have
been employed sucessfully to manage biliary tract disease
during pregnancy.147 Laparoscopic approaches to cholecys-
tectomy and biliary tract operations are increasingly preva-
lent with women who do require surgery. Generally the op-
eration is delayed until the second trimester, if feasible, to
minimize possible fetal teratogenicity more likely in the first
trimester and to minimize technical surgical difficulties and the
risk of preterm labor if performed in the third trimester.146

Symptomatic disease if left untreated will tend to reoccur and
eventually may present as obstructive jaundice and pancreatitis
and sepsis, all which carry a high risk of perinatal morbidity.

Obstetric Management

It is controversial whether to operate on a semiurgent basis
on the pregnant woman with symptomatic gallbladder dis-
ease.148,149 If operation is required, it can be done with the
traditional open surgical approach that requires a larger inci-
sion (increased subsequent incidence of incisional hernias),
more postoperative analgesic requirement by the mother, in-
creased maternal immobility (and subsequent risk of throm-
boembolic phenomenon), and a longer hospital stay. The re-
cent use of laparoscopic surgical approaches has shown
reasonable success rates with low maternofetal morbidity, but
concern still exists over possible uterine trocar-related trauma
and deleterious effects of the pneumoperitoneum on the fetal

environment.150–152 Disturbing reports of fetal acidosis and
tachycardia associated with laparoscopy employed during the
latter half of pregnancy exist.153 Noninsufflation techniques
are considered by some for laparoscopy during pregnancy.
One group has made recommendations regarding the per-
formance of laparoscopic cholecystectomy during pregnancy
that include informed consent about potential risks, the use
of prophylactic tocolytics and pneumatic compression de-
vices, fetal monitoring perioperatively, trocar placement, and
limitations on pneumoperitoneum inflation pressures.145

Anesthetic Management

The main concerns that the anesthesiologist has to address
when providing anesthesia for the pregnant woman with 
gallstone-related disease include the changes in maternal
physiology related to pregnancy, the pregnant airway, and the
challenge of the pnuemoperitoneum if laparoscopy is the sur-
gical approach.23,154,155 Also, adequate fetal monitoring and
surveillance must be provided as appropriate for gestational
age. Precautions should be taken for both the unlikely possi-
bility of anesthetic drug teratogenicity and the more frequent
occurrence of preterm labor in the postoperative period. In
most cases, general anesthesia is chosen for the procedure,
with a rapid sequence induction and intubation sequence. Re-
gional anesthetic techniques are difficult to use successfully
due to the subcostal position of the operative site and retrac-
tor use and also diaphragmatic irritation by the pneumoperi-
toneum. The administration of nitrous oxide is controversial
in pregnancy, but high doses of volatile inhalation agents only
accentuate the hypotensive effects of anesthesia. Extubation
should be performed after the woman has gained full airway
reflexes, for there is a predilection for silent regurgitation 
in pregnancy due to the gastrointestinal changes related to
pregnancy.

After a gestational age of 16 weeks, a wedge should be
placed under the right hip to prevent aortacaval compression
by the gravid uterus and decreased venous return. In non-
pregnant individuals, hemodynamic changes that occur with
laparoscopic cholecystectomy have been a decreased venous
preload and subsequent decrease in cardiac index due to the
head-up position and pneumoperitoneum.156 It would appear
that pregnancy only accentuates these changes, translating
into deleterious effects on uterine blood flow, which is de-
pendent on the mother’s cardiac output for perfusion. The gas
now most commonly used to insufflate the abdomen during
laparoscopy is carbon dioxide, which is readily absorbed into
the circulation. Thus, it is paramount that adequate controlled
ventilation be provided for the mother while she is receiving
general anesthesia, or maternal respiratory acidosis will de-
velop with subsequent fetal acidosis.155 Even though there
does seem to be the potential for fetal compromise if la-
paroscopy is performed during pregnancy, several groups
have performed this procedure successfully with low mater-
nal or fetal morbidity.146,151
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Neonatal Considerations

Several groups have attempted, with variable success, to con-
tinuously monitor the fetus intraoperatively because of atten-
uation of the fetal heart rate signal during laparoscopy by the
insufflated gas, interference with the surgical trocars (Figure
30.1), and fetal movements.145,150 Intraoperative fetal con-
tinuous monitoring may not always be feasible, but it is im-
portant to monitor the baby closely preoperatively and post-
operatively. There is an increased risk of preterm labor after
surgery performed during pregnancy, especially if this occurs
during the third trimester.157 Some centers routinely admin-
ister prophylactic tocolytics to these women.

Liver Transplantation and Pregnancy
Pathophysiology

Liver transplantation is rarely performed during the peripar-
tum period, but when necessary, it is precipitated by acute he-
patic failure and performed as a last resort to save the
mother.116 The incidence is so rare that there are fewer than
30 reported cases. Reports exist for need for liver transplan-
tation on an acute basis secondary to hepatic rupture, AFLP,
fulminant hepatitis, Budd-Chiari syndrome, and other rea-
sons.29,114,115,158,159 In these scenarios, maternal survival has

been much better than fetal, and there are some reports of 
urgent fetal delivery immediately before the transplantation 
procedure.117,160,161 Intrauterine demise may occur as a result 
of the extreme metabolic derangement or significant hyoten-
sion/hypoxemia episode. However, there are a few cases in
which normal infants have been delivered to women who had
undergone liver transplantation earlier in the pregnancy.162,163

Gestational age and maternal condition largely guide the se-
quence of delivery and transplantation.

Obstetric Management

Increasingly, there is the more common management prob-
lem encountered in high-risk obstetric practice of the preg-
nant mother who has had a liver transplant before the current
pregnancy. Six months after liver transplantation, if no graft
rejection is apparent, pregnancy is not contraindicated in these
women. Fertility is the rule rather than the exception in these
women.164,165 In this situation there are the considerations 
of maternal immunosuppression medications and residual 
maternal end-organ disease.166 Maternal hypertension, pre-
eclampsia, anemia, renal insufficiency, and preterm delivery
are reported in these pregnancies, but hepatic graft survival
does not appear to be affected.167 There is a reported increased
incidence of fetal and neonatal problems in these pregnancies
due to an increased incidence of spontaneous abortion, pre-
maturity, low birth weight (intrauterine growth restriction),
and neonatal immunosuppression and infection.165,168 The
majority of newborn outcomes have been favorable. No spe-
cific syndrome attributable to liver transplantation has been
identified. Long-term follow-up is ongoing to best determine
the later life effects on immune function and fertility in the
children born to liver recipients. Chronic exposure to phar-
macotherapies including cyclosporine A, tacrolimus, and
steroids require such a long-term look. Beginning in 1991,
the National Transplantation Pregnancy Registry (NTPR) has
evaluated the pregnancy outcomes in solid organ transplant
patients. Biopsy-proven acute rejection in the liver transplant
parturient appears to pose a greater risk to the newborn and
the mother. A significant number of these mothers may have
recurrent rejection.

Preconception counseling, early consultation, and inten-
sive, coordinated follow-up are necessary to optimize the
pregnancy outcome. Genetic couseling related to the original
etiology of the hepatic failure and medication exposure is in-
dicated.The risk of CMV disease in the recipient and the po-
tential for CMV disease in the fetus may require exposure to
medications such as ganciclovir. The most commonly re-
ported maternal complications include anemia and pregnancy-
related hypertension, followed by preterm premature rupture
of the membranes and preterm delivery. The largest series
have been reported by the University of Pittsburgh in the
United States and another group in France.165,168,169

The discussion of fetal liver transplantation is beyond the
scope of this chapter.

FIGURE 30.1. Placement of trocars for second trimester laparoscopic
cholecystectomy. (From Glascow RE, Visser BC, Mulvihill SJ, et
al. Changing management of gallstone disease during pregnancy.
Surg Endosc 1998;12:244, with permission.)
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Management of Immunosuppressant Medications

It is necessary to continue immunosuppressive medications if
the woman has been taking these medications for liver trans-
plantation during the pregnancy. In general, the risk of these
medications to the fetus is outweighed by the disastrous con-
sequences of allograft rejection if the mother stops the med-
ications.162,170 Many different drugs may be in this regimen
including steroids, azothiaprine, cyclosporine, tracolimus
(FK5096), rapamycin, OKT3, and antilymphocyte globu-
lin.171,172 Table 30.7 shows the different considerations of the
various agents in pregnant transplant recipients. The regimens
differ among the different transplantation centers and with pa-
tient tolerance. These agents may make the mother and her
fetus more susceptible to infection or adrenal suppression, and
close observation for these conditions must be maintained.

Anesthetic Management

In the majority of cases in which transplantation has been per-
formed during the pregnancy or the peripartum period, the ma-
ternal state has been one of rapid hepatic decompensation with
the concomitant encephalopathy, coagulopathy, and near an-
hepatic state. These conditions preclude regional anesthesia and
necessitate the use of general anesthesia after stabilization of the
mother has been attempted by replacement of coagulation fac-
tors and, in some cases, by portocaval shunt procedures.112,113

General anesthesia is administered in many cases after ad-
ministration of bicitra and a modified rapid-sequence induc-
tion with cricoid pressure to guard against maternal aspira-
tion. Fetal intraoperative heart rate monitoring is advocated
but may not be technically feasible. Induction regimens have
employed moderate to high doses of narcotics, etomidate, and
a nondepolarizing muscle relaxant to maintain maternal he-
modynamic stability. After 16 to 20 weeks, a wedge to tilt
the right hip to 30° is advocated to reduce maternal aorto-
caval compression and improve uterine perfusion.23 Many
times, the maternal condition requires preoperative ventila-
tory support and vasopressors as well as bicarbonate and elec-
trolyte administration to maintain acid–base balance and
seizure prophylaxis. In all cases, invasive monitoring is re-
quired, usually in the form of arterial catheterization and pul-

monary artery catheters, although in some cases large-bore
central venous catheters bilaterally (two 8.5F percutaneous
sheaths) have been used.173 Also, there is the requirement for
large-bore venous access to replace potentially massive blood
loss during the transplantation procedure and postoperatively.
Many institutions routinely employ rapid infusion systems to
facilitate replacement of blood loss intraoperatively with the
administration of massive quantities of packed red blood cells,
FFP, cryoprecipitate, and platelets. At the University of Pitts-
burgh, thromboelastography (TEG) is used to assess the clin-
ical clotting profile perioperatively.174,175 Venovenous bypass
has been employed in many cases to provide maternal and fe-
tal hemodynamic support, to decompress the inferior vena
cava and preexisting varices, and to provide metabolic sup-
port in the anhepatic phase.173

The major surgical stages of liver transplantation are tri-
fold. The first stage is the dissection, which may be prolonged
and associated with much bleeding due to coagulopathies or
scarring secondary to previous surgeries. The second stage is
the anhepatic stage in which the portal vein, hepatic artery,
and inferior vena cava are clamped below and above the di-
aphragm. Obviously this stage is associated with the poten-
tial for cardiovascular decompensation. Venovenous bypass
during this time via femoral or portal vein catheters will de-
compress the venous system and augment preload by return-
ing blood to the right atrium via axillary or jugular ap-
proaches. The last stage, the neohepatic stage, may have
transient but profound hemodynamic instability in the form
of hypotension, high ventricular filling pressures, and brady-
cardia, with significant decreases in systemic vascular resist-
ance. In this stage, the new liver graft is perfused, and ade-
quate function of the graft is indicated by correction of the
PT to less than 16 s or, in some centers, by TEG values.173,175

During any of these stages, electrolyte imbalances, hemorhage,
and hemodynamic instability may persist, and vasopressor sup-
port (usually in the form of dopamine infusions) may be nec-
essary. Rapid access to arterial blood gas analysis and electrolyte
determination are necessary intraoperatively due to a tendency
to develop hypocalcemia and potassium abnormalities.162

Intensive care postoperatively is universal in these cases
until they have stabilized. There is a risk of right heart fail-

TABLE 30.7. Implications of immunosuppressive medications for pregnant transplant recipients.

Immunosuppressive
medications Maternal concerns Fetal concerns

Steroids Hypertension, Cushing’s syndrome, wound problems, Premature rupture of membranes, fetal lung immaturity
hyperglycemia

Azothiaprine Pancytopenia, decreased muscle relaxant requirement Intrauterine growth retardation, chromosomal aberrations
Cyclosporine Nephrotoxicity, hypertension, insulin sensitivity, Intrauterine growth retardation, no evidence of 

neurologic deficits teratogenesis
Tracolimus (FK-506) Nephrotoxicity, blocks intraleukin (IL) production and 

T-cell proliferation
Rapamycin Same as FK-506
OKT3 Serum sickness syndrome, vunerable to cytomegalovirus CMV infection from maternal transmission

infection
Antilymphocyte globulin Leukopenia, thrombocytopenia, serum sickness syndrome
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ure after liver transplantation on the basis of preexisting ar-
teriovenous malformations as well as the massive fluid and
blood transfusion requirements, and the persistence of a hy-
perdynamic syndrome of hemodynamic parameters has been
described in some patients.176 Postoperatively, liver recipi-
ents are at great risk for sepsis, graft rejection, bleeding, and
anemia. Significant postoperative pain is associated with this
surgery, which is usually managed with parenteral narcotics;
patient-controlled analgesic pumps may be utilized once the
transplant recipient is awake enough to comprehend how to
use the pump. Many liver recipients require ventilatory sup-
port and anticoagulation (with heparin in the case of preg-
nancy) for a time period to improve graft survival. Postoper-
atively, there may be a need for tocolytic regimens and fetal
monitoring, seizure prophylaxis with magnesium if pre-
eclampsia coexists, and oxytocin administration if a surgical
delivery was performed.

The anesthesia considerations are different if the woman
has undergone a prior liver transplantation, is without evi-
dence of graft rejection, on a stable regimen of antirejection
medications, and otherwise healthy with a viable pregnancy.
In this case a close inspection should be made for evidence
of coexisting preeclampsia, which has an apparent increased
incidence in women who have undergone transplantation pro-
cedures.116 Whether preeclampsia is a primary event or sec-
ondary to side effects of immunosuppression agents (espe-
cially cyclosporine, FK, and steroids) is controversial.177 If
there is any question of superimposed preeclampsia, labora-
tory studies should include a blood count, differential,
platelets, coagulation studies (PT, PTT, INR, TEG), and liver
and renal function studies. In any case there should be an at-
tempt to obtain recent maintainance laboratory studies in these
cases, who are often followed closely by a transplant sevice.
There is some evidence that renal insufficiency is increased
in the women who receive cyclosporine to prevent hepatic re-
jection during their pregnancy.171,178 The airway in these
women should be assessed carefully and handled with care,
because cushionoid changes can superimpose difficulty with
intubation and also increase mucous membrane friability. In
most cases the choice of anesthetic is based on obstetric in-
dications, and there is no reason not to provide a labor epidural
or other regional anesthetic technique if maternal coagulation
profile permits. Regional anesthesia is in fact preferable in
these individuals, because mother and baby receive less sys-
temic medication. If general anesthesia is employed for an ur-
gent cesarean section, there is some evidence that the com-
bination of cyclosporine and muscle relaxants, especially with
the coadministration of magnesium, can prolong neuromus-
cular blockade.171

When considering regional techniques in these women, one
should be aware that both the S� and R� enatiomers have
been found to have a prolonged elimination phase in patients
after liver transplants.179 However, neither enantiomer elim-
ination phase was preferentially prolonged. Epidural or in-
trathecal narcotics are the preferred forms of postoperative

pain relief (if the patient is not coagulopathic) because of a
decreased requirement for systemic medications.180 Ketoro-
lac is contraindicated in these patients because of a propen-
sity for gastrointestinal bleeding disorders.

Summary

The liver is one of the most important organs of the body
which undergoes a significant change during pregnancy. Var-
ious enzymes as well as clotting factors are formed in the
liver; it is also responsible for metabolism of different chem-
icals in the body. Liver disease is associated with clotting ab-
normalities as well as metabolism of drugs given for medical
reasons. These obviously will affect the anesthetic of choice
and technique.
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31
Fetal Distress
Andrew P. Harris and Frank R. Witter

To optimize neonatal outcome, obstetricians strive to identify
those in utero conditions that cause a clinical fetal state which,
if ignored, would result in fetal compromise. This clinical
state is frequently referred to as fetal distress. This term, al-
though widely used to describe various antepartum and in-
trapartum in utero conditions, is rarely well defined. Any dis-
cussion of the pathophysiology, diagnosis, or management of
this condition necessarily centers on the exact definition used.
Although some authors use terms solely related to fetal heart
rate tracing interpretation in their definition of fetal distress,1,2

others relate the term to depressed Apgar scores or fetal aci-
dosis3 or even to a requirement that positive pressure venti-
lation is necessary in the newborn.4

Definition of Fetal Distress

In a recent review, Parer and Livingston5 concluded that fe-
tal distress is best defined through its relationship to asphyxia;
that is, fetal distress is the end result of physiologic and patho-
physiologic responses to an asphyxiated state in utero. They
suggest this definition of fetal distress: “progressive fetal as-
phyxia that, if not corrected or circumvented, will result in
decompensation of the physiologic responses (primarily re-
distribution of blood flow to preserve oxygenation of vital or-
gans) and cause permanent central nervous system damage
and other organs damage or death.” An alternate definition
proposed by Harris6 is “a pathophysiologic condition in which
oxidative metabolic substrate (in acute circumstances, oxy-
gen) becomes available to the fetus in quantities insufficient
to sustain in utero life for a prolonged period of time.” These
definitions, which encompass the physiologic basis for the
clinical patterns readily identified with both fetal distress and
suboptimal outcome, appear to be among the best available.

Incidence

To understand the scope and potential importance of the di-
agnosis of fetal distress, estimates of the incidence must be

made. Such estimates can be derived from qualitative and
quantitative data regarding the in utero fetus as well as out-
come measures. For instance, it has been variously estimated
that approximately 4% to 7% of all infants born in developed
countries can be classified as “growth retarded.”7 Of these,
one third exhibit congenital anomalies. In those without con-
genital anomalies, the impairment of normal in utero growth
patterns can easily be understood to be the result of some ex-
tent of fetal compromise (i.e., fetal distress) occurring in utero
or at some point during gestation. The potential extent of fe-
tal compromise can be surmised from the incidence of one
endpoint, fetal death in utero, in fetuses demonstrating growth
retardation. Clearly, some of these growth-retarded infants
were exposed to life-threatening conditions in utero, because
there is an eightfold increase in stillbirth rate in those fetuses
25% or more underweight (below the 2.5th percentile).8 In a
study of 2 million births in California, rising fetal mortality
occurred with advancing gestational age in fetuses demon-
strating intrauterine growth restriction (IUGR).9 In another
study of cause of death of 765 stillbirths, hypoxia was iden-
tified as the major cause of death in 43%.10 Interestingly, ap-
proximately 80% of in utero deaths of IUGR fetuses occur at
or beyond the 35th week of gestation.11,12 Data such as these
indicate that there are indeed a significant number of infants
who exhibit signs of chronic fetal distress in utero as defined
here.

An estimate of the incidence of intrapartum fetal distress
can be made from data regarding the management of labor
when fetal distress is deemed present. Numerous studies re-
port the rate of operative delivery for the diagnosis of fetal
distress. For example, in the Dublin randomized trial of in-
trapartum fetal heart rate monitoring, in those infants ran-
domized to electronic fetal heart rate monitoring, the inci-
dence of fetal distress (defined by fetal heart rate monitoring
and scalp pH criteria) requiring operative delivery was 3.3%.13

In this trial, 16% of all cesarean sections were performed for
the indication of fetal distress. In the United States, 10% to
15% of all cesarean sections are performed for the diagnosis
of fetal distress.14
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Given these data regarding the antepartum and intrapartum
incidence of fetal distress, the importance of accurately diag-
nosing fetal distress is clear: if delivery of an asphyxiated fe-
tus is achieved before fetal compensatory mechanisms fail,
one would predict that the rate of intact survival (including a
good neurologic outcome) can be improved by avoidance of
severe asphyxia. In the Dublin trial, the diagnosis of fetal dis-
tress by continuous electronic fetal heart monitoring was as-
sociated with a lower incidence of at least one indicator of
poor outcome (i.e., neonatal seizures) secondary to fetal dis-
tress, compared with a group with less stringent intermittent
auscultation.13 In addition to the obvious individual and so-
cietal benefit of diagnosing and treating fetal distress before
permanent organ damage occurs, increasingly scarce health
care resources could be reallocated from chronic care of the
neurologically impaired infant to other health care needs.

The goal of the accurate diagnosis and management of 
fetal distress should be to reduce the risk of both fetal and
neonatal death as well as a lifelong organ system impairment,
especially neurologic impairment. Long-term adverse neuro-
logic outcome can include behavioral difficulties, cerebral
palsy, and mental retardation.14 Although fetal distress can
obviously occur throughout gestation as well as intrapartum,
it is estimated that only a small minority of children with cere-
bral palsy or severe retardation had evidence of fetal distress
during the intrapartum period.15–18

In utero asphyxia almost always precedes and is associated
with fetal distress. Asphyxia is best defined as a pathophysi-
ologic condition in which there is insufficient exchange of
respiratory gases including both carbon dioxide and oxygen.
In the fetus, an isolated decrease in PaO2 separate from an el-
evation in PaCO2 usually is not seen (the postnatal analogy
being that hypoventilation is associated with both increased
PCO2 and decreased PO2). Oxygen and carbon dioxide changes
occur in tandem. Therefore, fetal asphyxia is associated with
hypoxemia, hypercarbia, and a resulting acidosis. This aci-
dosis may be respiratory acidosis secondary to hypercarbia
alone (early) or combined with metabolic acidosis secondary
to accumulation of lactic acid by-products of anaerobic me-
tabolism occurring pursuant to a hypoxemic condition (late).
Because all fetuses have arterial oxygen tensions lower and
arterial carbon dioxide tensions higher than normally seen
postnatally, the term asphyxia, as the terms hypoxemic and
hypercarbic, must only be used to describe fetal conditions
relative to normal in utero fetal physiology. Any discussion
of diagnosis and management of fetal distress (and therefore
asphyxia) must be preceded by discussion of the relevant in
utero fetal physiology.

Normal Fetal Physiology

Normal patterns of fetal physiology differ from postnatal phys-
iology in many ways. These differences must be understood to
recognize deviations that occur as a result of asphyxia in utero.

Fetal metabolism is primarily oxidative, as is seen in post-
natal animals. However, the fetus has a much smaller oxygen
reserve within its body and therefore depends on ongoing
transport of oxygen from the mother through the placenta. A
study of the pathway of oxygen from the ambient environ-
ment to the fetal cell will identify the points along that path-
way at which impairment can occur and cause a hypoxic state
in the fetus (Figure 31.1). The most common areas for inter-
ference with oxygen transport include decreases in uterine
blood flow, alterations in placental function, and compression
of umbilical arteries. The PO2 in each step of this process cas-
cades in such a way that umbilical venous PO2 (which ap-
proximates the PO2 of preductal blood perfusing the brain and
myocardium) is approximately 28 torr.19 Under chronic basal
conditions, the fetus is thus exposed to relatively low oxygen
levels.

Despite this chronic exposure to relatively low in utero PO2,
there is good evidence that the fetus is not normally hypoxic.
That hypoxia is not present at this normal PO2 is evidenced
by these mechanisms: (1) there is net lactate uptake by the
fetus; (2) only small amounts of hydrogen ion are transferred
from fetus to mother; (3) oxygen consumption does not in-
crease when additional oxygen is made available to the fetus;
and (4) the healthy fetus has a normal basal pH.20

Fetal Response to Asphyxia

The fetus, although chronically exposed to relatively low PO2,
nonetheless responds with dramatic circulatory changes to
further decreases in oxygenation that threaten survival. The
physiologic responses to isolated hypoxemia have been
widely studied in fetal sheep. The responses to decreased oxy-
genation include redistribution of blood flow away from the
kidneys, spleen, carcass, and skin and toward the heart, brain,

FIGURE 31.1. Pathway of oxygen to the fetal cell.
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Box 31.1. Risk factors for fetal distress.

Maternal
Cardiopulmonary disease
Renal failure
Extremes of childbearing age
Low socioeconomic class
Small size/stature
Tobacco use
Alcohol use
Drug use (i.e., heroin, cocaine)
Hypertensive and vascular disease
Malnutrition
History of small-for-gestational-age (SGA) infant 

Placental
Retroplacental bleeding (abruption)
Circumvallate placenta
Placental infarct
Chorioangioma

Fetal
Infection
Multiple gestation
Karyotypic anomaly
Long umbilical cord
Fetal anomaly
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placenta, and adrenal glands.21 In the heart and brain, the re-
sulting increase in myocardial and cerebral blood flow can
completely compensate for the decreased oxygen content of
the blood, maintaining myocardial and cerebral oxygen de-
livery even through episodes of relatively severe hypoxemia
(i.e., decreases in arterial oxygen content of 80%).22 At mod-
est levels of hypoxemia, combined ventricular output is not
decreased, and blood pressure and heart rate are unchanged.23

However, at extreme levels of hypoxemia, cardiac output is
decreased secondary to the bradycardic response of chemore-
ceptor stimulation.23 This decrease in cardiac output may be
exacerbated by the presence of acidemia.24 In such extreme
hypoxemic states, when oxygen content is reduced by 80%,
combined blood flow to the heart and brain, which normally
accounts for only 7% to 8% of cardiac output, increases to
approximately 25% of cardiac output.22

During severe fetal hypoxemia, fetal oxygen consumption
may be depressed by as much as 40% in fetal lambs.25 This
decrease is associated with decreased metabolism in the fetal
liver, intestines, and kidney, while cerebral and myocardial
oxygen uptake are unchanged.25–27 Fetal skeletal muscle 
activity (including fetal breathing movements) decreases.
Glycogenolysis occurs, resulting in increased substrate avail-
ability for the brain and heart. If bradycardia occurs in con-
junction with severe fetal hypoxemia, myocardial oxygen
consumption decreases.23 This level of decreased oxygen con-
sumption can be maintained up to 45 min and appears to be
completely reversible with cessation of hypoxemia.5

Other fetal sheep experimental models have studied hy-
poxemia combined with hypercarbia (i.e., asphyxia), the more
clinically relevant scenario. In one study in which fetal as-
phyxia was induced by decreasing uterine blood flow in preg-
nant sheep,24 a 50% decrease in uterine blood flow was as-
sociated with neither a decrease in pH nor a decrease in
myocardial or cerebral blood flow. At extremes of asphyxia,
however, these compensatory mechanisms fail. When uterine
blood flow was further decreased to 25% of normal, my-
ocardial blood flow and cerebral blood flow decreased from
the levels seen with only a 50% decrease in uterine blood flow
to a level below baseline flow. Given the simultaneous fall in
PO2, oxygen delivery to the brain and myocardium decreased
to levels at which life was threatened.

At this extreme level of asphyxia, in contrast to what is ob-
served at lesser levels of asphyxia, vasoconstriction appeared
to occur in all organs (including the heart and brain) except
the adrenal glands. At that extreme level of asphyxia, fetal
pH decreased significantly, and base excess increased, sug-
gesting that normal compensatory mechanisms that had suc-
cessfully compensated for lesser levels of asphyxia were be-
ginning to fail. Parer and Livingston5 thought that this stage
of failing compensatory mechanisms most likely results in
bradycardia, hypotension, and death unless corrected within
a relatively short time. They postulate that it is also during
this phase that irreversible hypoxic organ damage may occur.
Therefore, recognition of less-severe in utero asphyxia before

this stage might allow treating fetal distress more promptly
and effectively.

Conditions Predisposing 
to Fetal Distress

Various conditions at the maternal, fetal, and placental level
are associated with an increased risk of fetal distress devel-
oping during pregnancy and labor (Box 31.1). When these
conditions are suspected, antepartum testing is frequently
used to determine in utero fetal well-being and to plan ap-
propriate treatment strategies for infants suffering chronic fe-
tal distress in utero. For many of these conditions, even if
chronic fetal distress is not seen during pregnancy, the fetus
may be at greatly increased risk of developing fetal distress
during the physiologic stress of labor.

Diagnosis

Clinically, the means of diagnosis of fetal distress are non-
specific and imprecise with low positive predictive values
even in high-risk populations.28 The methods available for in-
trapartum fetal observation, although very rarely incorrect in
identifying the fetus without clinically significant intrapartum
fetal distress, are frequently incorrect when a possibly com-
promised fetus is identified. Intervention is undertaken more
often than absolutely necessary, given that a nonreassuring
fetal observation does not reliably predict perinatal asphyxia.

Asphyxia associated with fetal distress can occur either
chronically antepartum or acutely intrapartum. The diagnosis
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of chronic fetal distress is best made through antepartum 
fetal assessment; these techniques may include evaluation 
of fetal growth, biophysical profile scoring, cordocentesis,
and Doppler ultrasound velocimetry.

Evaluation of fetal growth is undertaken to detect those in-
fants demonstrating IUGR. Identification of fetuses whose
growth does not proceed at a normal rate may indicate chronic
in utero asphyxia. In cases in which asymmetric IUGR is iden-
tified, ongoing in utero placental insufficiency should be 
considered a cause of relatively normal head growth with lag-
ging body growth. When such uteroplacental insufficiency is
chronically present, the fetus is much more likely to experi-
ence intrapartum decompensation of physiologic compensa-
tory mechanisms when asphyxia occurs during labor and re-
sults in fetal distress.29

The biophysical profile score and its components may also
be useful in detecting chronic in utero asphyxial conditions.30

The biophysical profile consists of evaluation of fetal breath-
ing, gross body movements, fetal tone, quantitative amniotic
fluid volume, and reactivity of the fetal heart rate (nonstress
test). The contraction stress test (also called the oxytocin chal-
lenge test) might aid in determining a chronic fetal state that
would lead to acute decompensation during continued gesta-
tion or labor.31

Umbilical venous blood can be sampled directly (via cor-
docentesis) to assess in utero fetal oxygenation and acid–base
status in settings of severe IUGR or when fetal compromise
is suspected. Umbilical blood gas measurements can provide
direct evidence of the presence or absence of in utero chronic
asphyxia; this provides useful guidance regarding further
management.

Doppler ultrasound velocimetry can be used to measure
systolic–diastolic (SD) ratios in the umbilical artery. An in-
creased SD ratio signifies decreased diastolic umbilical arte-
rial flow, which suggests increased placental vascular resist-
ance. This increase in resistance indirectly implies a severe
hypoxemic state because umbilical vasoconstriction occurs as
a relatively late response to asphyxial challenges.24 This de-
creased diastolic flow is found most often in pregnancies com-
plicated by maternal hypertension or IUGR.32,33 Completely
absent diastolic flow suggests either a fetal anomaly or se-
vere fetal growth restriction and indicates the need for im-
mediate evaluation of in utero fetal distress.34

Intrapartum diagnosis of fetal distress can be attempted by
examination of the fetal heart rate trace, fetal blood sampling,
in utero pulse oximetry, and fetal EEG and ECG monitoring.
The first two techniques are widely used; pulse oximetry is
licensed in Europe, and the latter two are still being studied
experimentally. It should be noted that only scalp sampling
or in utero pulse oximetry gives direct evidence of fetal hy-
poxemia or asphyxia. The remaining techniques are all indi-
rect methods that rely on our ability to detect the physiologic
result of decreased oxygenation in the fetus.

Intrapartum electronic fetal heart rate monitoring can
demonstrate patterns that have been associated with an in-
creased incidence of fetal compromise:

1. Severe bradycardia (fetal heart rate less than 80 beats/min
persisting for 3 min or more)

2. Repetitive late decelerations (a symmetric fall in the fetal
heart rate that begins at or after the peak of the uterine con-
traction and returns to baseline after the contraction ends

3. Undulating baseline (a pattern of rapid change between
tachycardia and bradycardia)

4. Any nonreassuring pattern associated with unexplained
poor or absent baseline variability

The interested reader can find further details of the defini-
tions of fetal heart rate patterns in the American College of
Obstetricians and Gynecologists Technical Bulletin on Intra-
partum Fetal Heart Rate Monitoring.35 Recently, the results
of computerized power spectral analysis of fetal heart rate
variability have been shown to be a good predictor of fetal
distress.36

When intrapartum electronic fetal heart rate monitoring is
nonreassuring, the condition of the fetus should be confirmed
by further testing, because 40% of fetuses with recurrent late
decelerations, for example, have normal cord pH values at
birth.37 Intrapartum assessment of fetal acid–base status can
confirm potential fetal compromise, and, if reassuring, it can
reduce the number of unnecessary cesarean sections for sus-
pected fetal distress.38

Indirect assessment of fetal acid–base status through the
noninvasive techniques of vibroacoustic stimulation39 or scalp
stimulation40 should be the initial approach to further testing
when a nonreassuring fetal heart trace is present. An accel-
eration in fetal heart rate in response to these maneuvers in-
dicates that fetal acidosis is not present. Unfortunately, half
of fetuses stimulated do not respond, and direct measure-
ment of fetal acid–base status via scalp blood sampling may
be necessary.

The gold standard for intrapartum assessment of fetal
acid–base remains direct fetal scalp blood sampling, which
requires ruptured membranes and a cervix that is at least 2.5
cm dilated. The fetal vertex must be firmly applied to the
cervix, and the scalp cleansed of possible contaminants. The
scalp is then incised at a point away from the fontanelles with
a long-handled, 2-mm blade. A capillary tube is used to col-
lect fetal blood from the small wound for analysis. Because
scalp blood flow is preductal, and scalp oxygen consumption
is very low, a sample thus obtained is considered arterialized.
A normal scalp pH is above 7.25; values between 7.20 and
7.25 should cause suspicion and should be interpreted in light
of the fetal heart rate pattern and progress in labor. In gen-
eral, fetal scalp blood sampling should be repeated in 15 to
30 min to determine if there is a downward trend in the pH.
A scalp pH less than 7.20 is abnormal and requires medical
or surgical intervention for expeditious delivery.

Intrauterine fetal pulse oximetry has been shown to correlate
with fetal scalp pH. Utilizing fetal pulse oximetry, an arterial
oxygen saturation less than 30% for at least 10 min correlates
with a fetal scalp pH less than 7.20.41 When fetal pulse oxime-
try is added to standard electronic fetal monitoring, the diagno-
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Box 31.2. Management of suspected fetal distress.

Confirm diagnosis of fetal distress
Examine fetal heart rate trace
Consider scalp pH or fetal pulse oximetry
Provide vibroacoustic or tactile stimulation

Conduct pelvic examination to exclude cord prolapse and 
vaginal bleeding

Treat relative or absolute maternal hypovolemia
Avoid venocaval compression
Restore intravascular volume if necessary
Treat maternal hypotension if present
Use �-adrenergic agonist, such as ephedrine

Administer supplemental oxygen

Decrease uterine tone
Discontinue oxytocin
Use a tocolytic agent

Use amnioinfusion if indicated

If none of these measures succeed, plan expeditious medical 
or surgical delivery
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sis of fetal distress is more than halved, from 10.2% to 4.5%.42

This improvement in specificity is similar to the use of fetal scalp
blood sampling. To utilize fetal pulse oximetry, however, the
cervix must be at least 2 cm dilated, and the fetal presenting part
at �2 station or lower with ruptured membranes.

The postpartum diagnosis of fetal distress can be attempted
by evaluation of the Apgar score at birth, the umbilical cord
blood gas values at birth, birth weight of the infant, and neona-
tal neurologic testing. The Apgar score was not designed as
a predictor of neurologic outcome. In term infants with a 5-
min Apgar score of 0 to 3 and a 10-min Apgar score of 4 or
greater, 99% do not subsequently develop cerebral palsy. In
fact, 73% of infants who went on to develop cerebral palsy
had a 5-min Apgar score of at least 7.43 These data demon-
strate that the Apgar score is useful to detect only a small per-
cent of infants with significant intrapartum fetal distress.

Although it would seem that umbilical cord blood gas val-
ues would be quite useful in predicting those infants with clin-
ically significant asphyxia, they are much more useful only
as a means of ruling out the presence of intrapartum fetal dis-
tress in infants with low Apgar scores at birth. In fact, low
pH, like a low Apgar score, is only rarely associated with poor
outcome. In a recent study of 1601 women undergoing elec-
tive cesarean section, 9 infants had an umbilical artery blood
pH of less than 7, yet none of these infants demonstrated any
neonatal morbidity.44 Umbilical blood gas values, through
analysis of base deficit, may yield information regarding the
acuity of fetal acidemia. Such information may be important
because partial asphyxia can be tolerated for some period of
time before compensatory mechanisms begin to fail. Unfor-
tunately, however, the level of base deficit associated with
evidence of failure of compensatory mechanisms is unknown.

For the same reasons that in utero growth and size may be
a marker of chronic fetal distress, decreased size for gestational
age at birth (small for gestational age, SGA) is somewhat cor-
related with outcome. However, Allen45 reviewed develop-
mental outcome in SGA infants and found that, although SGA
infants have a small increased risk for cerebral palsy, most have
normal intelligence and no major neurologic deficits.

Finally, although careful neonatal neurologic testing may be
able to detect those infants who have suffered in utero fetal dis-
tress with resulting impaired neurologic outcome, it cannot dif-
ferentiate antepartum from intrapartum asphyxia. As with the
other postpartum indicators of in utero fetal distress, the post
hoc diagnosis may be of limited usefulness. For this reason, the
major monitoring efforts are turned toward antepartum and in-
trapartum, not postpartum, detection of fetal distress.

Obstetric Management

Once the tentative antepartum or intrapartum diagnosis of fe-
tal distress has been made, treatment modalities include im-
provement of in utero conditions to restore normal respira-
tory gas exchange or delivery of the infant from in utero
conditions (Box 31.2). Improvement of in utero conditions in

a chronic situation might include bedrest with left uterine dis-
placement. In an acute situation, treatment of hypotension, as-
surance of optimal maternal oxygenation and ventilation,
proper maternal positioning, tocolysis, and amnioinfusion are
used. Expedited delivery of the infant is the only option if in
utero improvement cannot be achieved or is deemed futile.
Time is of the essence in such cases, because irreversible dam-
age to the fetus has been shown to occur with as little as 10
min of oxygen deprivation in a primate experimental model.46

Treatment of Maternal Hypotension

Adequate uterine blood flow depends to a large extent on the
maintenance of uterine arterial perfusion pressure. Because
uterine blood flow is not autoregulated47 (i.e., will not in-
crease in response to decreased perfusion pressure), it is es-
sential that maternal arterial blood pressure not be allowed to
fall to extreme levels of hypotension. If maternal blood pres-
sure is low and judged to be contributing to ongoing fetal dis-
tress, various methods can be used to raise maternal blood
pressure. Assuming that left uterine displacement is already
being used, maternal interavascular volume can be restored
toward normal by the rapid intravenous infusion of crystal-
loid solutions. In one study in pregnant sheep,48 intervillous
blood flow increased dramatically following rapid crystalloid
infusion in sheep with signs of intravascular volume deple-
tion. If hemorrhage is a cause of the hypotension, attention
obviously should be paid to intravascular volume repletion as
well as restoration of oxygen-carrying capacity of the blood
through appropriate transfusion. If vasopressors must be used to
restore maternal blood pressure toward normal, the general con-
sensus is to use a predominantly beta-adrenergic agonist such as
ephedrine in preference to a predominantly alpha-adrenergic ag-
onist such as phenylephrine.49 Although two recent studies50,51

suggest that using the alpha-adrenergic agonist phenylephrine
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to restore maternal blood pressure to normal following re-
gional anesthesia for elective cesarean section may not cause
worse fetal acid–base status relative to the use of ephedrine,
these results may be partially explained by the relatively large
fetal reserve present in a healthy fetus before elective cesarean
section. Thus, such results should not be extrapolated with-
out caution to situations in which fetal distress is known or
suspected.

Ensuring Optimal Maternal 
Oxygenation and Ventilation

Decreased maternal PaO2 is rarely the primary cause for fe-
tal distress. Nonetheless, increasing maternal PaO2 above nor-
mal values by the administration of supplemental oxygen may
improve fetal condition. Supplemental maternal oxygen ad-
ministration will increase maternal PaO2 and concurrently in-
crease umbilical venous PaO2 in patients undergoing elective
cesarean section.52,53 Similar results are found in rhesus mon-
key studies.54 This increase in fetal PaO2 appears likely to oc-
cur in conditions associated with fetal distress. Morishima et
al.55 administered supplemental oxygen to laboring primates
whose fetuses were relatively acidotic and hypoxemic and ex-
hibited late decelerations on their fetal heart rate tracings. Fol-
lowing oxygen supplementation, fetal PaO2 increased, and late
decelerations were abolished. Edelstone et al.56 studied the ef-
fect in sheep of increasing maternal oxygenation on fetal PO2

while occluding the umbilical vessels to various degrees. Over
a wide range of umbilical blood flows, increased supplemen-
tal maternal oxygen administration improved fetal PO2. The
best explanation for these uniform results are that even small
changes in fetal PaO2 may be significant, because they are oc-
curring on a relatively steep portion of the oxygen dissocia-
tion curve of fetal hemoglobin.

The administration of supplemental maternal oxygen in the
second stage in the absence of signs of fetal distress has re-
cently come under question. In one study, infants born to
mothers receiving supplemental oxygen versus those born to
mothers receiving no supplemental oxygen during the second
stage had a significantly lower umbilical blood pH at birth.57

The cause and significance of this finding are unclear at this
time and should not be extrapolated to situations where fetal
distress is suspected.

Proper Maternal Positioning

Improper maternal positioning can exacerbate fetal distress
secondary to a partial occlusion of either the inferior vena
cava or the distal aorta.58–60 Occlusion of the aorta, which
may occur in the supine position, results in decreased perfu-
sion pressure in the uterine arteries with a resulting decrease
in uterine blood flow. Partial occlusion of the vena cava al-
most uniformly occurs in the supine position in the latter half
of gestation, and it causes decreased venous return to the heart,
transient hypotension, and increased downstream pressure to

the uterus (thus decreasing uterine perfusion pressure). The
subsequent baroreceptor response, by eliciting catecholamines,
will adversely affect placental perfusion despite return of
blood pressure to normal. Therefore, whenever fetal distress
is present, left uterine displacement or left lateral positioning
should be used.

Tocolysis

Acute fetal distress has been treated successfully in utero with
tocolytic agents. If excessive uterine activity has compro-
mised uteroplacental perfusion, prompt uterine relaxation may
reverse the condition. The first step, however, should be dis-
continuation of oxytocin if it is being administered.

The use of tocolytics to decrease uterine activity has been
referred to as in utero resuscitation. The goal of this approach
is to improve uterine blood flow and allow improved fetal
oxygenation, thereby reversing fetal compromise. Even when
fetal distress is not due to excessive uterine activity but is oc-
curring during active labor, uterine relaxation might tran-
siently help to improve uterine blood flow, thereby improv-
ing fetal status before cesarean delivery.

The �2-sympathomimetic tocolytics ritodrine (as an IV bo-
lus of 6 mg administered over 3 min) and terbutaline (250-
�g IV bolus or subcutaneously) have both been shown to im-
prove fetal acidosis in fetuses showing nonreassuring fetal
heart rate findings confirmed by abnormal fetal pH val-
ues.61,62 However, enthusiasm for this approach must be tem-
pered by the known ability of �2-sympathomimetic infusion
to decrease uterine blood flow in animal studies.63

There are anesthetic considerations for patients receiving
�2-sympathomimetics for acute tocolysis in the setting of fe-
tal distress. The cardiovascular system is affected in several
ways. Neither terbutaline nor ritodrine is entirely �2 selec-
tive; thus, some �1 activity will also occur. Maternal tachy-
cardia is extremely common.64 Increased automaticity of the
sinoartrial node and other intrinsic pacing cells, as well as in-
creased stimulation through the atrioventricular node, may
lead to dangerous supraventricular and ventricular arrhyth-
mias. Patients with preexcitation syndrome (Wolff–Parkinson–
White and Lown–Ganong–Levine) may be especially at risk
for supraventricular tachyarrhythmias caused by increasing
conduction velocity through accessory pathways.65

There are numerous reports of parturients undergoing �2-
sympathomimetic therapy, usually for preterm labor, who
demonstrated ST-T wave depression and/or T-wave flatten-
ing; this often presents within the first 2 h of therapy. Simi-
lar changes have been noted to occur in both asymptomatic
women and in others with symptoms of chest discomfort.
Some have attributed these changes to tachycardia and acute
hypokalemia, while others have suspected subendocardial is-
chemia in symptomatic cases.65 �2-Sympathomimetic therapy
has also been associated with pulmonary edema. In most of
these cases, the etiology appeared to be noncardiogenic. The
exact mechanisms have not been convincingly elucidated.
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Ravindran et al.66 reported the development of pulmonary
edema in a patient who received a single IV dose of 250 �g
terbutaline; fortunately, this resolved within 2 h of the con-
clusion of surgery.

Maternal blood pressure is also affected by �2-sympath-
omimetic agents. Increased inotropy, chronotropy, and pe-
ripheral vasodilation result in variable effects on maternal
blood pressure. Increases in systolic blood pressure, decreases
in diastolic blood pressure, and no significant changes in
blood pressure have all been reported.61,62,64–67 The periph-
eral vasodilation associated with �2-sympathomimetic ther-
apy may be especially dangerous in the hypovolemic woman,
in such cases involving suspected abruption.

Intravenous or sublingual nitroglycerin can also be used for
acute tocolysis. Nitroglycerin 60 to 90 �g IV has been found
effective in relieving intrapartum fetal distress from uterine
hyperactivity.68

Amnioinfusion

When fetal heart rate testing is nonreassuring with deep vari-
able decelerations or in the presence of thick meconium, am-
nioinfusion can improve perinatal outcome.69,70 Variable de-
celerations, most likely caused by cord compression, can be
relieved, and cesarean section rates due to fetal intolerance of
labor can be decreased by amnioinfusion.69–71 In cases of
thick meconium, it can also decrease the incidence of meco-
nium below the vocal cords and meconium aspiration.72,73

Intrapartum amnioinfusion is performed using a transcer-
vical intrauterine pressure catheter. Normal saline or Ringer’s
lactate is infused at 600 mL for the first hour, followed by
180 mL/h until delivery. The choice of fluid has no clinically
significant effect on neonatal electrolytes.74 Intrapartum 
amnioinfusion has been associated with increased risk for
chorioamnionitis and postpartum endometritis.75 Two cases
of fatal amniotic fluid embolism have been reported, compli-
cating intrapartum amnioinfusion.76 However, despite these
risks, amnioinfusion is a worthwhile technique to treat cer-
tain cases of fetal distress.

Anesthetic Management

Antepartum Fetal Distress

The anesthetic management for vaginal delivery or cesarean
section when fetal distress is diagnosed depends on the con-
dition of the fetus and thus the urgency of the situation. When
presumed antepartum fetal distress is present, such as a term
fetus with IUGR and uteroplacental insufficiency, anesthesia
should be planned to minimize any further decrement in oxy-
gen delivery to the fetus during labor.

The methods potentially useful for providing analgesia for
anticipated vaginal delivery in women with chronic fetal dis-
tress include psychoprophylaxis, systemic agents, regional

anesthetics, and major conduction analgesia. Psychoprophy-
laxis, especially education techniques, can be quite instru-
mental in reducing parturient fear and resulting stress of la-
bor. It is now appreciated, from animal experiments,77,78 that
maternal stress adversely affects placental perfusion and fe-
tal oxygenation. Such changes that may be clinically in-
significant in healthy fetuses may prove detrimental in fetuses
with chronic distress. Systemic medication such as narcotics
or sedatives can likewise prove useful in these situations if
they can ameliorate the stress and pain of labor. Unfortu-
nately, they have been proved to provide inferior levels of
analgesia when compared with lumbar epidural analgesia or
spinal anesthesia. When lumbar epidural analgesia is provided
using local anesthesia or a local anesthetic/narcotic mixture,
hypotension should be avoided or treated. Even with the use
of pure narcotic spinal analgesia for labor, the question has
been raised regarding the occurrence of hypotension follow-
ing dosing.

In situations requiring cesarean delivery for chronic fetal
stress, the anesthetic technique of choice is regional anesthe-
sia, either spinal or epidural anesthesia. The relative slow on-
set of epidural anesthesia relative to spinal anesthesia allows
anticipation and treatment of the hypotension that may occur
with sympathetic blockade. The epidural catheter provides the
ability to titrate the sensory level and extend the duration of the
blockade as dictated by surgical circumstances. That being said,
carefully conducted spinal anesthesia is appropriate as well.

When maternal blood pressure is maintained with routine
hydration and ephedrine when necessary, epidural anesthesia
to a T4 sensory level does not appear to significantly alter in-
tervillous blood flow.79,80 Brizgys et al.81 published data on
the incidence of maternal hypotension and neonatal effects of
lumbar epidural anesthesia for cesarean delivery. In this study,
prophylactic intramuscular (IM) ephedrine was not signifi-
cantly effective in reducing the incidence of maternal hy-
potension with lumbar epidural anesthesia. Hypotension oc-
curred in 41% of nonlaboring parturients and in 27% of those
in labor. These authors found no difference between the two
groups of neonates with respect to acid–base status or time to
spontaneous respiration, which was attributed to aggressive
prompt treatment of hypotension. This study also examined
the impact of superimposed maternal hypotension on infants
who were already considered to be in moderate distress by
fetal heart rate (FHR) parameters. When maternal hypoten-
sion was aggressively treated, it did not result in a further de-
terioration of the previously stressed infants.

Anesthesia with Intrapartum Fetal Distress

In the case of acute fetal distress during labor, delivery by
emergency cesarean section is often deemed necessary. In
such cases, anesthesia should be planned to provide the most
rapid, safe anesthetic for both the mother and fetus. In an
emergency cesarean section, the paramount anesthetic deci-
sion is the type of anesthesia. It should be remembered that
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emergency cesarean sections account for the majority of ma-
ternal mortality secondary to anesthesia.82 For this reason, 
decision-making algorithms regarding the type of anesthesia
to be selected should be developed beforehand to avoid con-
fusion during the actual emergency.

A categorization of emergency cesarean section and the
types of anesthetic choices available for each has been sug-
gested by Harris82 (Table 31.1). Cesarean section for acute
fetal distress in labor invariably falls into the second or third
category, that of urgent or immediate cesarean section. The
determination of which category is correct for a given clini-
cal situation depends on the instability of the underlying phys-
iology (i.e., degree of asphyxia present) and whether it is im-
mediately life threatening. When fetal distress is present but
not thought to be immediately life threatening, more anes-
thetic options are available, with the caveat that fetal moni-
toring must be continued during a somewhat longer induction
of epidural anesthesia or spinal anesthesia in comparison 
with general anesthesia. Above all, once the decision has been
made to perform a cesarean section for the diagnosis of fetal
distress, the anesthetic plan should be implementated as
quickly as possible regardless of the technique chosen. In an
attempt to correlate decision-to-delivery interval with neona-
tal admission rate to the neonatal intensive care unit, Dunphy
et al. found that the rate doubled with extension of the in-
terval from 10 to 35 min.83 There is evidence that time-
consuming anesthesia preparatory steps, such as crystalloid
infusion before major regional anesthesia, may be curtailed
to some extent in an emergency without demonstrably in-
creasing fetal risk or worsening outcome.84

In cases of severe persistent fetal distress requiring “stat”
cesarean section (persistent fetal bradycardia or severe fetal
scalp acidosis), the most widely employed anesthetic tech-
nique is general anesthesia. It has become the technique of
choice in these clinical situations because of its speed of on-
set and reliability. Alternatives to general anesthesia for emer-
gent delivery include spinal anesthesia, extension of a labor
epidural that has already been established at least to a T10
level, or local infiltration and field block. In 1984, Marx et
al.85 compared anesthetic technique for emergent cesarean de-

livery in 126 cases. The anesthetic technique was selected by
the anesthesiologist and the parturient undergoing the ce-
sarean delivery; 71 women received general anesthesia, 55 re-
ceived spinal block, and the previously placed lumbar epidu-
rals of 33 were redosed for the cesarean section. Of note, none
of the spinal or epidural anesthesia patients experienced hy-
potension or required vasopressor therapy. This study found
similar umbilical arterial acid–base values between the gen-
eral and regional anesthesia groups. The 1-min Apgar scores
were better in the regional group, but there was no difference
in the 5-min scores. The conclusion in this study was that
spinal anesthesia is a safe approach to emergent cesarean de-
livery for fetal distress when a functioning epidural catheter
is not present.

In another study of regional versus general anesthesia for
emergency cesarean section, Ramanathan et al.86 found that
extension of epidural anesthesia with 2-chloroprocaine for
emergent cesarean delivery for fetal distress did not adversely
affect fetal acid–base status when compared with general
anesthesia. However, both these studies were retrospective
and cannot be used as sole evidence to support a delay to es-
tablish spinal anesthesia (as opposed to general anesthesia)
for an immediate cesarean section without further justifica-
tion. This caveat is especially true in light of a study by
Roberts et al. on the effect of anesthetic techniques on um-
bilical artery blood pH in 1601 patients. They found that
spinal anesthesia was associated with occasionally severe fe-
tal acidemia when compared with epidural anesthesia and gen-
eral anesthesia.44

For stat cesarean delivery, if a continuous labor epidural
has already been placed and is functioning (with a preexist-
ing T10 or greater sensory level), it can be rapidly extended
with 2-chloroprocaine or lidocaine. Simultaneous fluid load-
ing with a nondextrose-containing solution should be admin-
istered to offset the hypotension that may occur with the 
ensuing higher sensory block. If inadequate anesthesia has de-
veloped by the time the obstetricians are ready to begin sur-
gery, intravenous supplementation with ketamine in 10- to 20-
mg increments can be used until delivery of the infant, when
intravenous narcotics (such as fentanyl) can be added.

TABLE 31.1. Categories of emergency cesarean section.

Category Examples Preferred anesthetic

Stable Chronic uteroplacental sufficiency Epidural, spinal
Malpresentation with ruptured membranes (not in labor)
Previous lower-segment cesarean section, even in labor

Urgent Failure to progress Spinal, epidural
Active herpes with rupture of membranes (extended from labor)
Nonbleeding placenta previa in labor

Stat Agonal fetal distress General, local, epidural
Cord prolapse with fetal distress (if T10 or higher level
Massive hemorrhage is present)
Ruptured uterus

Source: Adapted from Harris AP. Emergency cesarean section. In: Rogers MC (ed) Current Practice in Anesthesiology.
St. Louis: Mosby, 1990:361.
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If the maternal airway is suspected to be challenging, and
an epidural is not already in place, spinal anesthesia may be
considered. Although some anesthesiologists maintain that a
difficult airway may be a relative contraindication to spinal
anesthesia, the need to deliver the asphyxiated fetus quickly
may justify its use. Alternatives include an awake intubation
(which can be technically challenging and time consuming)
and local anesthesia infiltration/field block. A local field block
of the abdominal wall for cesarean section was described in
one series of 218 patients using approximately 60 mL 1% pro-
caine with excellent success.87 Despite such reports, many ob-
stetricians are unfamiliar with this technique, thus rendering
it impractical.

General Anesthesia with Intrapartum 
Fetal Distress

Before proceeding with the induction of general anesthesia,
the urgency of the delivery must be weighed against the po-
tential risk of general anesthesia. This consideration requires
close communication between the obstetric and anesthesia
teams.

Inability to secure the maternal airway continues to be a
major cause of maternal and fetal morbidity and mortality.88

The incidence of failed intubation during induction of gen-
eral anesthesia for cesarean section is approximately 1 in
249.89 Preoperative assessment of the airway should include
visual inspection of the face, neck, and oropharynx for soft
tissue swelling. Head and neck flexion and extension, ability
to open the jaw, and temporomandibular joint function as ev-
idenced by the ability to move the lower incisors anterior to
the upper incisors should be assessed. Inadequate hyoid-

mental distance may indicate an anterior larynx and a subse-
quent difficult intubation.90 A Mallampati classification as
modified by Samsoon should be determined, as it predicts dif-
ficult intubation in pregnant women.90 The Mallampati score
increases toward term gestation91 and has been observed to
acutely increase during cesarean hysterectomy.92

If the ability to rapidly secure the airway following a rapid
sequence induction is in serious question, alternative ap-
proaches must be considered; that is, the parturient’s airway
should be secured while the woman is awake. Techniques in
the awake obstetric case include oral fiberoptic intubation and
direct awake laryngoscopy following application of a topical
anesthetic to the airway. The risk of epistaxis from a nasotra-
cheal intubation is significantly higher in the obstetric case sec-
ondary to hyperemic, engorged mucous membranes.

If preoperative assessment of the airway suggests that in-
tubation should not be difficult, a rapid sequence induction is
planned. The clinician should consider the alternative options
in the event of a failed intubation. Emergency airway equip-
ment must be immediately available. Figure 31.2 outlines a
suggested protocol for failed intubation. Such an algorithm
should be reviewed and be available before its use in an emer-
gency setting.

Maternal aspiration is an important concern in obstetric
anesthesia. The complications of maternal aspiration can be
minimized by the use of oral nonparticular antacids within 
1 h of induction.93 A rapid sequence induction and intubtion
with cricoid pressure is normally employed to decrease the
risk of regurgitation and aspiration. The importance of proper
instruction to the person applying cricoid pressure cannot be
overemphasized, because misapplied cricoid pressure can dis-
place the larynx and complicate endotracheal intubation. The

General anesthesia for emergency cesarean section

Awake intubation Rapid sequence IV induction

Cannot
intubate

Cannot
intubate

Can
intubate

Can 
intubate

1. Quick fiberoptic 
intubation if competent

2. Continuous spinal 
with 19 or 20 g catheter

3. Field block

Induce general
anesthesia

Deliver baby

Deliver baby Deliver baby, 
perform 

cricothyrotomy 
for intubation

Bag and mask oxygen
with cricoid pressure, LMA

Can ventilate Cannot ventilate

Anesthesia with 
mask and cricoid
pressure or LMA Wake up patient

Fiberoptic
intubation

Field block,
sedation

N2O/Narcotic/amnestic/
relaxant anesthesia

Awake extubation
FIGURE 31.2. Example of a difficult airway algo-
rithm for immediate emergency cesarean section.
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efficacy of metoclopramide to stimulate gastric emptying and
increase lower esophageal sphincter tone is not guaranteed.
However, Murphy et al.94 demonstrated a significant increase
in gastric emptying in all patients within 1 h of receiving 10
mg intravenous metoclopramide before elective cesarean sec-
tion. Histamine type 2 (H2) blocking agents have also been
shown to be effective in increasing gastric fluid pH and 
decreasing gastric volume.95,96 However, there is almost 
certainly inadequate time for these latter two pharmacologic
methods before a stat cesarean section.

Following antacid prophylaxis in the operating room, left
uterine displacement, continued FHR monitoring, and mater-
nal preoxygenation should be ensured. The widespread prac-
tice of 3 to 5 min of 100% oxygenation before induction may
be replaced by four tidal volume breaths of 100% oxygen over
30 s when time is extremely critical. Norris and Dewan com-
pared these two techniques in parturients undergoing elective
cesarean delivery and demonstrated no difference in mater-
nal blood gas values or umbilical arterial and venous blood
gas values at birth.97

Rapid sequence induction and endotracheal intubation 
are facilitated by rapid-onset muscle relaxation, which is best
achieved by succinylcholine, which also confers the advan-
tage of rapid recovery. Although plasma cholinesterase ac-
tivity is 20% to 30% lower in pregnant women, recovery of
twitch is not delayed.98,99 Rapid recovery from succinyl-
choline neuromuscular blockade may not occur in preeclamp-
tic patients, however, if magnesium sulfate is being adminis-
tered. A defasiculating dose of a nondepolarizing muscle
relaxant is generally not suggested, because it necessitates a
higher dose of succinylcholine and results in a more prolonged
neuromuscular blockade. Rocuronium may be used as an al-
ternative to a depolarizing agent for rapid sequence induction,
but a longer neuromuscular block than necessary for cesarean
section may result from that dose, and the time to adequate
intubating conditions is longer than with succinylcholine. All
nondepolarizing agents produce small amounts of placental
transfer but insignificant effects on the newborn.100–102

Choice of Induction Agents in Fetal Distress

An ideal induction agent for general anesthesia for cesarean
delivery should provide rapid onset, brief duration (to allow
spontaneous recovery of respirations if intubation proved dif-
ficult), minimal maternal hemodynamic effects, and minimal
fetal effects. Maternal and fetal effects of anesthetic agents
are most critical in the setting of fetal physiologic distress in
which much of the fetal reserve has already been depleted.
Several induction agents have been used to induce general
anesthesia for cesarean delivery. The most commonly used
induction agents in obstetric anesthesia are thiopental and ke-
tamine. Etomidate, propofol, midazolam, and narcotic agents
have also been used.

Thiopental is highly lipid soluble and therefore rapidly
crosses the placenta; peak umbilical venous levels are reached

in less than 1 min. The commonly recommended dose of
thiopental, 4 mg/kg, has its origin in a study that compared
dosages from 4 to 8 mg/kg. In this study, Kosaka et al. 
described better Apgar scores in the neonates who received 
4 mg/kg.103

Ketamine is a potent amnestic and analgesic drug with rapid
onset and short duration. In pregnant ewes, Levinson et al.
demonstrated that anesthetic doses of ketamine increased ma-
ternal blood pressure but did not affect fetal acid–base sta-
tus.104 In addition, the use of ketamine was associated with
increased uterine blood flow. Ketamine increases the inten-
sity and frequency of uterine contractions but does not alter
the resting intrauterine pressure. The recommended dose of
ketamine for induction of general anesthesia is 1 mg/kg. In
acidotic lamb models, ketamine is associated with a decrease
in fetal lamb mean arterial pressure (MAP), but the preser-
vation of fetal cerebral and myocardial blood flow is main-
tained.105 Fetal acid–base status was unchanged by this dose
of ketamine. The conclusion in this study was that ketamine
was a safe drug for the induction of general anesthesia in cases
with fetal distress. A dose of 1 mg IV diazepam after induc-
tion with ketamine has been reported to significantly reduce
the incidence of unpleasant postoperative dreams.106

Thiopental 4 mg/kg has been compared with ketamine 1
mg/kg for induction in 62 normotensive patients undergoing
elective cesarean delivery. MAP increased 20% to 30% with
laryngoscopy with both these induction agents. In acidotic fe-
tal sheep, 2 mg/kg ketamine better preserved fetal blood pres-
sure and cerebral blood flow than did 6 mg/kg thiopental for
induction in the presence of fetal asphyxia.107 Thus, both
sodium thiopental (4 mg/kg) and ketamine (1 mg/kg) appear
to be acceptable choices for rapid sequence induction in nor-
motensive patients in the presence of fetal asphyxia.

A few alternative agents have been studied for obstetric ap-
plications. In 1979, Downing et al. compared etomidate 0.3
mg/kg with a historical control group of 3.5 mg/kg thiopen-
tal and found a reduced base deficit in the cord gases in the
etomidate group.108 Midazolam has been studied in patients
undergoing elective cesarean delivery. Bland et al. found that
a significantly higher number of newborns required resusci-
tation following induction with midazolam as compared with
induction with thiopental. This study concluded that midazo-
lam was inferior to thiopental induction for cesarean deliver-
ies.109 This result was confirmed by Ravlo et al., who reported
that infants in the midazolam group scored less well with 
respect to temperature control, general body tone, and arm 
recoil.110

An initial study comparing propofol (2.5 mg/kg) with
thiopental revealed no differences in umbilical blood gases or
neurobehavioral scores.111 Propofol readily crosses the pla-
centa, with a fetal/maternal ratio of approximately 0.25 at time
of delivery following induction with 2 mg/kg.112 Although
propofol has a relaxant effect on smooth muscle, it has a re-
laxant effect on uterine smooth muscle only at concentrations
greater then those observed following an induction dose.113
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Thus, although newer induction agents are being studied,
there are inadequate data to support the routine use of agents
other than thiopental and ketamine in the setting of fetal 
asphyxia.

Anesthetic Maintenance

A high inspired oxygen concentration improves fetal oxygen
stores. Before delivery, the addition of a halogenated volatile
anesthetic as a replacement for nitrous oxide in the traditional
nitrous oxide/oxygen obstetric anesthetic allows the use of
higher inspired oxygen concentration. Animal and human ex-
perimental data indicate that halothane and isoflurane can both
be used for limited times in the setting of fetal distress without
evidence of a significant worsening of fetal condition.114–119

Numerous reports associating prolonged induction of gen-
eral anesthesia to delivery (I-D interval) with newborn depres-
sion were published in the 1960s and 1970s. In 1976, Craw-
ford et al.120 first reported on the relationship between a
prolonged uterine incision to delivery interval (UI-D interval)
and fetal acidosis. They noted an even greater correlation be-
tween fetal acid–base status and UI-D interval than between
fetal acid—base status and I-D interval. Following this report,
Datta et al. studied I-D interval and UI-D interval in 105 pa-
tients undergoing repeat elective cesarean delivery under either
general or spinal anesthesia. With general anesthesia, either an
I-D interval greater than 8 min or an UI-D interval greater than
3 min was correlated with worsening Apgar scores and umbil-
ical acid–base status.121 In the absence of hypotension, a pro-
longed I-D time did not affect either Apgar scores or acid–base
values with spinal anesthesia. However, an UI-D interval
greater than 3 min was associated with higher incidences of
neonatial acidosis. Datta et al. have also observed a correlation
between UI-D interval and fetal norepinephrine levels.122

Hence, a shorter UI-D interval may be beneficial during both
general and regional anesthesia, especially in the presence of
fetal distress.

Following induction of general anesthesia, maintenance of
eucapnia appears to be an important consideration. In a com-
parison of patients undergoing cesarean delivery under gen-
eral anesthesia, parturients were hyperventilated to a PaCO2

of 23 mm Hg or kept eucapnic at a PaCO2 of 39 mm Hg. Sig-
nificantly better values for umbilical vein PO2, fetal acid–base
status, and 1-min Apgar scores were observed in the eucap-
nic group.123 In all cases, the parturient should not be extu-
bated until the return of spontaneous ventilation and adequate
protective airway reflexes.

A team trained in neonatal resuscitation should always be
present to resuscitate the newborn who is born depressed.

Summary

Non-reassuring fetal status confirmed by fetal heart and/or fe-
tal scalp pH sampling is a dire emergency. It is always ben-

eficial to know about the high risk parturients in the obstet-
ric floor and think about the game plan after consulting with
the obstetricians.
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32
Critical Care Anesthesia for 
High-Risk Parturients
Sumedha Panchal and Geeta Sharma

Morbidity and mortality continue to occur in obstetric
cases.1–8 The critically ill pregnant woman poses unique
challenges because of the physiologic changes of pregnancy
and the needs of the fetus. Early involvement of all physi-
cians (obstetrician, anesthesiologist, and critical care spe-
cialist) utilizing a team approach to optimize care may alle-
viate progression of organ dysfunction and improve care.9

Most obstetric cases admitted to the intensive care unit (ICU)
have complications related to pregnancy, but some may have
an underlying medical condition worsened by the pregnancy,
and others may have a nonobstetric etiology (i.e., trauma)
necessitating ICU admission.10 During childbirth, the mater-
nal need for ICU services is not well defined.1 Panchal et al.
found that ICU utilization during hospital admission for de-
livery was low (0.12%).1 Also, the criteria for admission to
the ICU may vary. These factors emphasize the need for ad-
equate coordination of many physicians for optimizing ma-
ternal and fetal outcome. This chapter briefly reviews the
physiologic changes of pregnancy and the general principles
of diagnosis and management of critical illnesses in the ex-
pectant mother.

Physiologic Changes of Pregnancy

Hemodynamic

Numerous cardiovascular changes occur during pregnancy.
Maternal blood volume increases progressively, reaching a
peak level of 40% above baseline by the third trimester.11,12

Plasma volume increases more than red blood cell mass, giv-
ing rise to the physiologic anemia of pregnancy.11 The car-
diac output increases 30% to 50% above baseline by 32 weeks
of gestation; this increase in cardiac output is due to an in-
crease in both stroke volume and heart rate combined with a
decrease in afterload.13,14 Cardiac output increases to 50%
above prepregnancy levels in labor and increases to 75%
above prepregnancy levels after delivery of the placenta as a
result of autotransfusion.15 This autotransfusion may lead to

pulmonary edema in those cases with valvular cardiac disease
because of the abrupt increase in preload secondary to auto-
transfusion. The cardiac output returns to prepregnancy lev-
els by 2 weeks postpartum.16–18

Systemic blood pressure decreases during pregnancy due
to peripheral vasodilation mediated by increased synthesis of
prostacyclin and progesterone.19 Blood pressure slowly in-
creases throughout the third trimester but remains below
prepregnancy levels. Blood pressure returns to prepregnancy
levels shortly after delivery. Systemic and pulmonary vascu-
lar resistances are decreased 20% to 30%.19

Uterine blood flow is approximately 500 to 700 mL/min at
term.20 The enlarged uterus may compress surrounding vas-
cular structures, resulting in aortocaval compression. Aorto-
caval compression, in turn, may compromise uteroplacental
blood flow and decrease venous return with a resultant drop
in stroke volume and cardiac output.

Respiratory

There is evidence of airway mucosal changes during preg-
nancy characterized by mucosal capillary engorgement of the
nasopharynx and mucosal edema. These changes deserve at-
tention when attempting to secure the airway. Thus, smaller
endotracheal tubes (6.0–7.0 mm) and oral tracheal intubation
are recommended based on the airway changes occurring dur-
ing pregnancy.21,22

Oxygen consumption is increased as much as 20% over
nonpregnant values near the end of pregnancy owing to the
increased metabolic demands of the placenta and fetus. In-
creased oxygen consumption is associated with increased car-
bon dioxide production, requiring greater alveolar ventilation.
The augmented alveolar ventilation is attributed to increased
circulating progesterone.23

Minute ventilation increases by as much as 50%, primarily
through an increase in tidal volume with little change in res-
piratory rate. Arterial blood gases reveal a compensated res-
piratory alkalosis with a normal or slightly elevated partial
pressure of oxygen and a decrease in the partial pressure of
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carbon dioxide to approximately 30 to 32 mm Hg. The pH
remains normal owing to increased excretion of bicarbonate
by the kidneys. Decreases in the expiratory reserve volume
and residual volume from elevation of the maternal diaphragm
by the enlarging uterus produce a 20% reduction in functional
residual capacity.24,25

These changes place the pregnant patient at risk for oxy-
gen desaturation and hypoxemia during periods of apnea
such as endotracheal intubation. Thus, adequate preoxy-
genation and denitrogenation before endotracheal intubation
are important.

Renal

Renal blood flow increases throughout the first and second
trimesters to a level 60% to 80% above baseline.19,26–28

Glomerular filtration rate increases early in the first trimester,
reaching a value 50% above prepregnancy levels at 16 weeks
gestation, and remains elevated throughout pregnancy.19,28–29

As a result, the normal serum creatinine level is about 0.5
mg/dL.19,26,29 Creatinine levels considered normal in non-
pregnant patients may actually indicate renal compromise dur-
ing pregnancy.

Coagulation

There is an increased risk of thromboembolism in pregnancy
because of the hypercoagulable state and predisposition to
venous stasis in the lower extremities. Heparin is considered
the anticoagulant of choice in pregnancy, as it does not cross
the placenta.30 Low molecular weight heparin (LMWH) is
another anticoagulant used for thromboprophylaxis during
pregnancy.30

Fetal Oxygenation

Fetal oxygen delivery is dependent upon several factors in-
cluding maternal cardiac output, uterine blood flow, maternal
partial pressure of oxygen (PO2), maternal hemoglobin con-
centration and saturation, and maternal oxygen content. Uter-
ine artery venoconstriction secondary to maternal alkalosis
will decrease fetal oxygen delivery. Sympathetic stimulation
and maternal hypotension are factors associated with uterine
artery vasoconstriction and, therefore, a decrease in fetal oxy-
gen delivery.23

The uterine vasculature is normally maximally dilated and
is not autoregulated. Rather, uterine blood flow, and thus fe-
tal oxygen delivery, is dependent on maternal cardiac output.
Thus, maternal hypotension must be aggressively treated so
as not to compromise fetal well-being. The fetus is protected
from hypoxic insult by the affinity of fetal hemoglobin for
oxygen (leftward shift of the oxyhemoglobin dissociation
curve) and the tolerance of fetal tissues to a low PO2 (�30
mm Hg in the fetal umbilical vein).23

Critical Care Management 
in Pregnancy

Hemodynamic Monitoring

Hemodynamic monitoring can be very helpful in the man-
agement of the critically ill obstetric cases. Pulmonary artery
catheter placement must be individualized and may aid in the
management of the women with severe preeclampsia, septic
shock, or adult respiratory distress syndrome (ARDS). It is
important to note that the hemodynamic findings in pregnancy
vary compared to the nonpregnant patient. Cardiac output 
in pregnancy is increased by 30% to 50%, and systemic and
pulmonary vascular resistances are decreased by 20% to
30%.19,31

Federal Drug Admininstration 
Drug Classification

It is useful to be aware of the U.S. Federal Drug Adminis-
tration (FDA) pregnancy category classifications, because
critically ill pregnant cases may require multiple pharmaco-
logic interventions. Category A drugs are those that have un-
dergone adequate controlled studies in pregnant women and
failed to demonstrate risk to the fetus. Category B drugs are
those with no evidence of fetal risk in human beings (animal
studies demonstrate risk but human studies do not; or animal
studies findings are negative and human studies are inade-
quate). Category C drugs are those in which risk cannot be
ruled out (human studies are lacking, and animal studies are
either positive for fetal risk or lacking; however, potential
benefits may outweigh risk). Category D refers to agents with
positive evidence of fetal risk by virtue of investigational hu-
man data (but in critical illness, potential benefits may out-
weigh risks). Category X includes those drugs that are con-
traindicated in pregnancy.23

Scoring Systems

Potential differences exist among physicians in the criteria for
ICU admissions. Different predictive scoring systems have
been developed to forecast patient outcome in an attempt to
assist physicians in clinical decision making.32–35 The appli-
cation of these scoring systems to the obstetric population has
been controversial, as these scoring systems have not been
validated for these patients. Accurate assessment of the sever-
ity of disease in critically ill obstetric cases would not only
contribute to the quality of parturient care but would also en-
hance risk stratification of pregnant women in the evaluation
of new therapies.32

Radiology Exposure

Irradiation during pregnancy is undesirable because it in-
creases the risk of fetal anomalies. This risk is increased by
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1% to 3% when a woman receives more than 5 rad to the
pelvis during the first trimester. A chest roentgenogram ex-
poses the fetus to 36 mrad; this is further decreased by ab-
dominal shielding with a lead apron.36 Techniques such as
shielding the abdomen with a lead apron and using a well-
collinated X-ray beam can effectively reduce exposure.19,37

Plain chest films necessary for diagnosis and safe manage-
ment of the pregnant patient should not be withheld on the
basis of undue concern over fetal exposure.10,38

Critical Illness in Pregnancy

The pregnant patient may have underlying comorbidities that
become exacerbated by the physiologic changes of pregnancy
resulting in critical illness requiring ICU admission. In addi-
tion, the pregnant woman may present with a critical condi-
tion (i.e., trauma) unrelated to the pregnancy and requiring an
ICU admission.

Respiratory

Airway Management

Difficulties in airway management should be anticipated in
the pregnant patient. The incidence of failed or difficult in-
tubation is 8 to 10 times greater in the obstetric population
compared to the general surgical population, with an esti-
mated occurrence of 1 in 280.39 The presence of nasopha-
ryngeal and laryngeal edema, as well as mucosal capillary en-
gorgement of the upper airway, require the use of smaller
endotracheal tubes (6.0–7.0 mm). In addition, an increased
risk of aspiration may exist because of delayed gastric emp-
tying, increased intraabdominal pressure, and diminished
competence of the gastroesophageal sphincter.19,40–47 The di-
minished functional residual capacity and increased oxygen
consumption in pregnancy lower the oxygen reserve, and sig-
nificant arterial desaturation may occur following a relatively
short period of apnea during intubation.19,48,49 The airway
should be secured early in a controlled setting so that mater-
nal and fetal well-being are not compromised.

Asthma

Asthma is identified by the presence of three characteristic find-
ings: (1) reversible airway obstruction, (2) airway inflamma-
tion, and (3) airway hyperresponsiveness.50,51 The overall
course of asthma has been reported to improve, worsen, or stay
the same during pregnancy.52–54 Acute exacerbations of
asthma should be aggressively treated to preserve maternal
and fetal oxygenation and well-being.55 Pharmacologic ther-
apy of asthma during pregnancy is directed toward avoiding
acute exacerbations and episodes of status asthmaticus.51

Bronchodilators (beta-adrenergic agonists, methylxanthines,
and anticholinergic agents) and antiinflammatory agents (cor-
ticosteroids and cromolyn sodium) are considered safe dur-

ing pregnancy. In severe asthma, consideration may be given
to magnesium sulfate, which has been shown to enhance bron-
chodilation and to improve weaning in asthmatic patients.10,56

Chest radiographic examination helps diagnose precipitating
or complicating conditions such as pneumonia. During acute
exacerbations, arterial blood gas analyses often reveal hy-
poxemia and respiratory alkalosis. After a prolonged severe
episode, arterial carbon dioxide tension rises as a result of fa-
tigue. The most convenient indirect measurement for assess-
ing airway obstruction during pregnancy is the peak expira-
tory flow rate, which can be measured at the bedside.51,57

Ventilatory Failure, Respiratory Failure, 
and Acute Respiratory Distress Syndrome

Many conditions may lead to ventilatory failure, respiratory
failure, and acute respiratory distress syndrome (ARDS).
These conditions may include pulmonary edema due to
preeclampsia or the use of tocolytics, amniotic fluid em-
bolism, infection, pulmonary thromboembolism, hemorrhage,
and aspiration of gastric contents. ARDS is an acute lung in-
jury that results in diffuse bilateral radiographic infiltrates,
marked intrapulmonary shunting, and decreased lung com-
pliance. The clinical course is variable, ranging from rapid
reversal in a few days to delayed reversal requiring prolonged
mechanical ventilation. Overall mortality is 50% to 70%.58–60

Mechanical ventilation should aim at achieving an arterial
partial pressure of carbon dioxide (PCO2) of 28 to 32 mm Hg.
Hyperventilation and respiratory alkalosis should be avoided to
prevent potential decreases in uterine blood flow and to pre-
vent barotraumas (pneumothorax or pneumomediastinum.58 It
is important to maintain these patients with left uterine dis-
placement to minimize decreases in venous return. Mainte-
nance of oxygen delivery to the fetus is also very important.
Progression to ventilatory failure will compromise maternal
and fetal oxygenation and well-being; thus, early institution
of mechanical ventilation is recommended.

Respiratory Infection

Consideration of potential fetal toxicity is important in de-
termining appropriate antimicrobial therapy for respiratory in-
fection during pregnancy.61 Favorable results have been ob-
tained using acyclovir to treat pregnant women with varicella
pneumonia.23

Hemodynamic

Cardiopulmonary Arrest and Arrhythmias

Because of the many anatomic and physiologic changes of
pregnancy, cardiopulmonary resuscitation (CPR) merits spe-
cial consideration in the pregnant patient.25 The gravid uterus
produces significant mechanical obstruction to venous return.
Thus, left manual displacement of the uterus should be at-
tempted. The saphenous and femoral routes for the adminis-
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tration of medications should be avoided, as partial occlusion
of the vena cava by the gravid uterus makes these routes less
efficient for delivery of crucial drugs than venous access
above the level of the diaphragm.25 Perimortem cesarean de-
livery may be indicated when initial attempts at resuscitation
have failed in a woman with a viable fetus.19,62 The duration
from the onset of cardiac arrest to the delivery of the infant
is the single most important prognostic factor.62 Data suggest
that infant survival without neurologic sequelae is greatest if
the perimortem cesarean delivery is initiated within 4 min of
the cardiac arrest, and the fetus is delivered within 5 min of
maternal cardiac arrest.19,62–65

Digoxin and quinidine have been used extensively in preg-
nancy without adverse effects in the fetus. Adenosine is effec-
tive in treating arrhythmias involving the atrioventricular node
and has been successfully used in pregnancy to treat supraven-
tricular tachycardia and Wolff–Parkinson–White syndrome.
There is limited use during pregnancy of disopyridamide, li-
docaine, and flecainide. Long-term use of beta-adrenergic
blocking agents is not advisable in cases of known intrauter-
ine growth restriction. Amiodarone causes the risk of neona-
tal hypothyroidism.10

Obstetric Hemorrhage

Obstetric hemorrhage is a leading cause of maternal and fe-
tal morbidity and mortality.1–7,66 Blood flow to the uterus at
term is approximately 500 to 700 mL/min.20 Etiologies of 
antepartum hemorrhage include placenta previa, placental
abruption, uterine rupture, and vasa previa. Etiologies of post-
partum hemorrhage include uterine atony, genital trauma (cer-
vical or vaginal lacerations), retained products of conception
(including retained placenta, placenta accreta, placenta inc-
reta, and placenta percreta), and uterine inversion. Placenta
accreta is defined as a placenta abnormally adherent to the
myometrium without uterine muscle invasion. Placenta inc-
reta is defined as an abnormally adherent placenta with inva-
sion into the myometrium. Placenta percreta is defined as an
abnormally adherent placenta with invasion into the uterine
serosa or other pelvic structures.67,68 In a prospective study,
Chattopadhyay et al.67,68 noted a 5% incidence of placenta
accreta when placenta previa occurred in patients with an un-
scarred uterus. In women with one previous cesarean section,
the incidence of placenta accreta was 10%, but the incidence
increased to 59% in women with a history of two or more ce-
sarean sections. Two thirds of the cases with placenta previa,
placenta accreta, and a preexisting uterine scar required ce-
sarean hysterectomy.67,68 If a placenta percreta is suspected,
confirmation with a magnetic resonance imaging (MRI) study
is recommended to further delineate pelvic structure involve-
ment and guide appropriate surgical therapy at the time of ce-
sarean delivery.

Patients at increased risk of hemorrrhage should, if possi-
ble, be identified early for establishment of appropriate in-
travenous access and blood products. The initial management

of hemorrhage involves establishment of adequate intra-
venous access and fluid resuscitation with crystalloid or col-
loid until blood products become available. Dilutional co-
agulopathy in massive hemorrhage should be anticipated.
Treatment of massive hemorrhage includes supportive meas-
ures with fluid resuscitation, pharmacologic interventions,
and sometimes surgical interventions. The airway should be
secured for airway protection and to provide adequate oxy-
genation and ventilation.

In the presence of uterine atony, pharmacologic interven-
tion includes the use of oxytocin, ergot derivatives (con-
traindicated in women with hypertension), and 15-F2� methyl
prostaglandin (contraindicated in cases with reactive airway
disease). If pharmacologic interventions fail, surgical inter-
vention is required. The mode of surgical intervention (uter-
ine artery embolization, hypogastric artery ligation, or hys-
terectomy) requires a team approach discussion between the
obstetrician and anesthesiologist.

Septic Shock

Infection is an important cause of maternal morbidity and
mortality.2,6,8,69 Most obstetric sepsis occurs in the postpar-
tum period.19,70 Urinary and genital tract infections from the
uterus, vagina, and episiotomy site are the most common
sources.23,71 Septic shock commonly occurs in the postpar-
tum period, associated with premature rupture of membranes
and the development of chorioamnionitis and postpartum en-
dometritis or as a result of septic abortion.70

Hemodynamic resuscitation with volume expansion and
possibly inotropic therapy is indicated for the management of
septic shock. Initial broad-spectrum antibiotic therapy is es-
sential until culture results become available. Consideration
should be given to the potential for a localized abscess, a re-
sistant organism, or septic pelvic thrombophlebitis in the
management of septic shock in those patients refractory to ap-
propriate antibiotic therapy. Women with septic pelvic throm-
bophlebitis usually present in the early postpartum period,
with an incidence of approximately 0.1%.72 Computerized to-
mography of the pelvis is commonly used to diagnose septic
pelvic thrombophlebitis.73

Preeclampsia/Eclampsia

Preeclampsia is a disorder of pregnancy characterized by the
onset of hypertension with proteinuria after the 20th week of
gestation. The incidence of preeclampsia is approximately 5%
of all pregnancies.74 Risk factors for the development of
preeclampsia include nulliparity at the extremes of reproduc-
tive age, chronic hypertension, multiple gestation, diabetes
mellitus, antiphospholipid syndrome, gestational trophoblas-
tic disease, and family or previous history of preeclampsia.75

Preeclampsia is unpredictable and can progress rapidly to 
produce life-threatening complications.19 Preeclampsia is a 
significant cause of maternal morbidity and mortality and 
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is one of the most common diagnoses associated with ICU
admission.1,2

Three categories define hypertensive disorders of pregnancy.
First, pregnancy-induced hypertension refers to sustained blood
pressure values greater than or equal to 140/90 not associated
with edema, proteinuria, or abnormal end-organ symptoms.
Second, preeclampsia and its variant forms include the classic
triad of hypertension, proteinuria, and edema. Hypertension is
defined as sustained measurements of blood pressure greater
than or equal to 140/90. Preeclampsia can be further classified
as mild, severe, or HELLP syndrome (hemolysis, elevated liver
enzymes, and low platelets). Third, eclampsia refers to the oc-
currence of convulsions or coma associated in association with
signs and symptoms of preeclampsia.75,76

The etiology of preeclampsia is unclear. The vascular
pathology of preeclampsia ensues from the initial insult of ab-
normal placentation. It is believed that the remodeling of the
spiral arterioles during the second wave of trophoblastic in-
vasion is mediated by multifactorial sources.76,77 Genetic, 
immune, and vasoactive-mediated features play a role in 
the dynamic process of normal and abnormal placentation.78

Preeclampsia may be a manifestation of the progression of
genetic susceptibility to inadequate trophoblastic invasion re-
sulting in placental ischemia, endothelial damage, and vaso-
constriction with evidence of platelet and leukocyte activa-
tion and, ultimately, the clinical syndrome of preeclampsia.79

Hematologic Changes

The physiologic anemia of pregnancy may not be apparent in
preeclampsia due to hypovolemia. Hemoconcentration results
from an increase in red blood cell mass without a concomi-
tant increase in plasma volume. Altered perfusion and the
stimulation of cytokines and vasoactive substances create a
cycle of platelet and neutrophil activation and continued 
cytokine release. Endothelial cell injury is a hallmark of
preeclampsia. Platelet activation leads to endothelial cell hy-
perplasia and microthrombi in the placental bed and end or-
gans. Rapid platelet turnover can result in thrombocytopenia.
Disseminated intravascular coagulation and multiorgan fail-
ure can result in severe cases.80–83

Hemodynamic Changes

The suboptimal dilation of the spiral arterioles creates placen-
tal hypoperfusion. Vasoconstriction and an imbalance between
prostacyclin and thromboxane A2 develops.84 Colloid oncotic
pressure is decreased in pregnancy and is further decreased in
preeclampsia84; this may further exacerbate the hypovolemic
state of preeclamptic women. The low colloid oncotic pressure
increases the risk of pulmonary edema in these cases. Pre-
eclamptic women display a decreased stimulation of the renin-
angiotensin-aldosterone system and an associated increase in
vascular sensitivity to angiotensin II and norepinephrine.85

The hemodynamic findings of preeclampsia represent a
clinical spectrum of the severity of the disease. These find-

ings can range from a hyperdynamic state of high cardiac out-
put to a state characterized by a markedly elevated systemic
vascular resistance and severe left ventricular dysfunction.86

There is a very poor correlation between central venous pres-
sure (CVP) and pulmonary capillary wedge pressure (PCWP)
in these cases.87 A recent review of published studies does
not support the use of pulmonary artery catheters in women
with uncomplicated preeclampsia.88,89 Invasive hemody-
namic monitoring in women with preeclampsia must be 
individualized. Consideration for invasive monitoring may 
be needed in those cases with refractory oliguria, refractory 
hypertension, pulmonary edema, or cardiovascular decom-
pensation.90

Renal Changes

Renal plasma flow and glomerular filtration increase in nor-
mal pregnancy due to expanded plasma volume. In preeclamp-
sia, however, the glomerular filtration rate and renal perfu-
sion are decreased secondary to hypovolemia. Elevations in
serum creatinine and uric acid may occur. Oliguria and acute
renal failure may occur in severe cases. Vasospasm, fibrin
deposition, and glomerular injury lead to proteinuria.91

Respiratory Changes

Pulmonary edema is a complication of preeclampsia. The
pathogenesis of pulmonary edema may involve decreased on-
cotic pressure with resultant leaky capillaries, myocardial dys-
function, and rapid plasma volume expansion. A small sub-
set of preeclamptic women may present with severe left
ventricular dysfunction and resultant pulmonary edema. In-
vasive monitoring may be indicated in these cases if inotropic
or vasodialator therapy is instituted.77,92 Upper airway edema
commonly develops in preeclampsia, an important consider-
ation in this population when control of the airway is neces-
sary. Aspiration pneumonia secondary to eclampsia may oc-
cur. In addition, ARDS secondary to prolonged ventilation
may develop in preeclampsia.58

HELLP syndrome is a unique variant of preclampsia char-
acterized by hemolysis, elevated liver enzymes, and low
platelets. Hepatic hypoperfusion results in periportal and fo-
cal parenchymal necrosis and elevated liver enzymes.92 The
incidence of HELLP syndrome in preeclampsia ranges from
2% to 12%.92 Parturients may present with epigastric or right
upper quadrant pain, nausea and vomiting, or nonspecific vi-
ral syndrome-like symptoms.75 Subcapsular liver hematoma
and rupture of the subcapsular liver hematoma are rare com-
plications of HELLP syndrome associated with a high inci-
dence of maternal morbidity and mortality. The presence of
a ruptured subcapsular liver hematoma is a surgical emer-
gency requiring a multidisciplinary approach for intraopera-
tive and postoperative care.75

The management of preclampsia involves stabilization of
the mother and delivery of the fetus. Optimizing end-organ
perfusion with plasma volume expansion is essential to pre-
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vent maternal end-organ damage and to maintain fetal well-
being. Early consideration of invasive monitoring is war-
ranted in those cases with severe preclampsia who do not re-
spond to fluid therapy and show evidence of pulmonary
edema. Evidence of maternal or fetal decompensation man-
dates immediate delivery of the fetus. Early communication
and discussion between the obstetrician and anesthesiologist
is important to formulate an effective management plan for
delivery and postpartum care.

Antihypertensive therapy is used in conjunction with
plasma volume expansion to increase end-organ perfusion and
prevent maternal hypertensive vascular damage. Hydralazine
is a vasodialator commonly used for antihypertensive ther-
apy. Side effects include reflex tachycardia and headache. Hy-
dralazine can be administered as an initial intravenous dose
of 5 mg followed by a second dose of 5 to 10 mg. Labetolol
is a combined alpha- and beta-blocker that can be utilized as
antihypertensive therapy in those women who have a hyper-
dynamic myocardium. Initial intravenous boluses of 5 to 10
mg may be given. Calcium channel blockers are another class
of antihypertensives that may be utilized in preeclampsia.
These agents can be given sublingually, orally, or intra-
venously; they are not recommended in those cases with left
ventricular dysfunction. Concomitant administration of mag-
nesium sulfate may potentiate the hypotensive effects of cal-
cium channel blockers. Nitroglycerin and sodium nitroprus-
side may be used in those cases refractory to the foregoing
antihypertensives. Invasive monitoring is recommended when
nitroglycerin or sodium nitroprusside is administered for care-
ful, continuous blood pressure monitoring to gauge pharma-
cologic therapy. It is important to note that those women re-
ceiving concomitant administration of magnesium sulfate,
labetolol, and calcium channel blockers are at high risk for
the development of pulmonary edema secondary to myocar-
dial depression.75

Seizure prophylaxis with magnesium sulfate is one of the
mainstays of therapy for preeclampsia. The Eclampsia Trial
Collaborative Group showed a significant decrease in risk of
recurrent seizures in eclamptic women who were given in-
travenous magnesium sulfate compared to those women given
phenytoin or diazepam.93 Magnesium sulfate is administered
as an initial intravenous bolus of 4 to 6 g over 20 min fol-
lowed by an infusion of 1 to 3 g/h. Patellar reflexes, respira-
tory status, serum magnesium levels, and urine output must
be monitored during magnesium sulfate therapy. Magnesium
sulfate is continued for 12 to 24 h postpartum until there is
evidence of diuresis and stable maternal hemodynamics.75

Eclampsia

Eclampsia, defined as the occurrence of convulsions or coma
unrelated to other cerebral conditions with signs and symptoms
of preclampsia, is associated with a very high incidence of ma-
ternal and fetal morbidity and mortality.1,2,75 The etiology of
eclamptic seizure is unknown but may be related to cerebral va-

sospasm, ischemia, hypertensive encephalopathy, or cerebral
edema.19,94 Management of eclampsia involves rapid termina-
tion of the seizure, airway control, and maintenance of oxy-
genation and ventilation. Aspiration may occur during an
eclamptic seizure with the potential for pneumonia, prolonged
controlled ventilation, and possibly ARDS. Direct laryngoscopy
and intubation of a preeclamptic should proceed with caution,
as the sympathetic release associated with direct laryngoscopy
and intubation in these cases may precipitate a hypertensive cri-
sis, resulting in a cerebrovascular accident. Pretreatment with
antihypertensives may be necessary to blunt the sympathetic re-
sponse before direct laryngoscopy and intubation. In addition,
laryngeal edema may be encountered in the preeclamptic
women necessitating the use of smaller endotracheal tubes.

Trauma and Burns

Trauma occurs in 5% to 10% of all pregnancies and ranks
first among nonobstetric causes of maternal mortality95,96

Injuries and hemorrhagic shock account for most maternal
deaths secondary to trauma.95 Maternal death and placental
abruption are the most frequent causes of fetal death second-
ary to trauma.95,97,98 More than half the cases of blunt trauma
in pregnancy are related to vehicular accidents, with the re-
maining cases divided approximately equally between falls
and assaults.25,98 Head injury is a leading cause of maternal
death after trauma.99

Trauma to the gravid uterus threatens both the fetus and
the mother. Maternal resuscitation is the most effective
method of assuring fetal circulation. Fetomaternal hemor-
rhage may occur after trauma during pregnancy, especially
when injury to the uteroplacental circulation permits fetal red
blood cells to enter the maternal circulation.95,100,101 Feto-
maternal hemorrhage may cause Rh isosensitization in the Rh-
negative mother. The initial management of the pregnant
trauma patient includes airway assessment and management,
oxygenation and ventilation, and circulatory support with vol-
ume replacement. Early consultation with the obstetrician is
recommended for evaluation and monitoring of the fetus. The
principles of management of the pregnant trauma patient are
shown in Box 32.1.95

Approximately 7% of women of reproductive age who are
seen for treatment of burn injuries are pregnant.102–105 Ma-

Box 32.1. Management of the pregnant trauma patient.

Optimize gas exchange
Restore blood volume and tissue perfusion
Protect the brain and spinal cord
Maintain uteroplacental circulation and fetal oxygenation
Prevent maternal awareness
Detect unrecognized injuries
Correct coagulopathy
Maintain normovolemia
Prevent preterm labor
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ternal and perinatal morbidity and mortality increase as total
body surface area burned increases, with the greatest risk 
occurring with a total body surface area burn greater than
60%.102

Burns are classified as follows: minor burns involve less
than 10% of total body surface area burned, and major burns
involve greater than 10% of total body surface area burned.
Major burns can be further classified as follows: moderate,
10% to 19% total body surface area burned; severe, 20% to
39% total body surface area burned; and critical, more than
40% total body surface area burned. Five factors must be con-
sidered for burn classification: size of burn, depth of burn,
part of body burned, concurrent injuries, and past medical his-
tory.102,106

Burn injuries during pregnancy can lead to preterm labor
and intrauterine fetal death. The risk of preterm labor in-
creases with increasing total body surface area burned. Treat-
ment of hypovolemia, sepsis, hypoxia, and electrolyte imbal-
ance is essential to decrease the potential for fetal demise.102

Inhalation injuries can occur in burn patients. Carbon
monoxide is frequently inhaled in a closed fire and freely
crosses the placenta.102 Fetal hemoglobin has a higher affin-
ity for binding carbon monoxide. Exposure to carbon monox-
ide in utero may affect cardiac development and may produce
fetal cardiac edema.102,107 Oxygenation and ventilation with
100% oxygen is the treatment of choice.

In cases in which the fetus is viable in a pregnant burn pa-
tient, early delivery is advocated and has been associated with
excellent maternal and fetal survival.107,108 In the absence of
maternal sepsis or abruption, and with evidence of a reassur-
ing fetal heart rate, tocolysis may be considered for preterm
labor.

It is important to consider the avoidance of certain thera-
pies in the pregnant woman with burns that may be harmful
to the fetus. Topical povidine-iodine solution for wound
cleaning should be avoided because of adverse effects in the
fetal thyroid gland.102,109 Silver sulfadiazine has been used as
a topical antibiotic.

Amniotic Fluid Embolism

Amniotic fluid embolism is a rare but lethal complication of
pregnancy that occurs in 1 in 8000 to 1 in 30,000 pregnan-
cies.110 Maternal and fetal mortality rates are both approxi-
mately 60%.110 The inciting event is fetal squamous cells in
the maternal vasculature. Amniotic fluid embolism most of-
ten presents during labor but can occur during cesarean de-
livery or even the postpartum period. The clinical picture 
includes acute respiratory compromise, hypotension, seizure
activity, coagulopathy, and cardiopulmonary arrest. Cases
progress rapidly from dyspnea and hypotension to dissemi-
nated intravascular coagulopathy, ARDS, and possibly death
from exsanguination and multiple organ failure.111 The 
precipitous decompensation characteristic is likely caused 
by a convergence of anaphylactic shock and septic shocklike

states.112 The etiology and pathophysiology remain unclear.
Clark et al. have proposed an anaphylactoid reaction to fetal
elements in the maternal circulation, leading to a release of a
cascade of endogenous mediators.113 Hemodynamic features
suggest pulmonary hypertension and ventricular dysfunction.
Early institution of inotropic support guided by a pulmonary
artery catheter is crucial. Transfusion of blood products is re-
quired to control bleeding from coagulopathy. The airway
should be secured and ventilation controlled to ensure ade-
quate oxygenation.

Acute Fatty Liver of Pregnancy

Acute fatty liver of pregnancy (AFLP) occurs in the third
trimester in approximately 1 in 11,000 pregnancies, with ma-
ternal mortality ranging from 0% to 18% and fetal mortality
approaching 47%.19,114 Women can present with right upper
quadrant pain, nausea, vomiting, proteinuria, edema, mild hy-
pertension, jaundice, coagulapathy, encephalopathy, hypo-
glycemia, and elevated serum ammonia levels.114 The clini-
cal distinction between preeclampsia, HELLP syndrome, and
AFLP is confounded by their similar clinical symptoms and
abnormal laboratory values. The distinction between HELLP
and AFLP is made on histopathology, with evidence of mi-
crovesicular fatty infiltration in women with AFLP. The liver
dysfunction in AFLP can rapidly progress to fulminant liver
failure. Maternal stabilization and prompt delivery of the fe-
tus are mainstays of therapy. Supportive therapy includes ad-
ministration of lactulose, vitamin K, and glucose, correction
of coagulopathy, and airway protection in those cases who
become comatose.

Valvular Cardiac Disease and 
Peripartum Cardiomyopathy

A multidisciplinary team approach for parturients with car-
diac disease is essential for maternal and fetal well-being. The
New York Heart Association115 functional classification de-
fines four patient groups to delineate severity of heart disease
based on functional classification. Class I is defined as no
limitation of physical activity; class II is defined as symptoms
with ordinary physical activity; class III is defined as symp-
toms with less than ordinary physical activities; and class IV
is defined as symptoms at rest. Those women in class I or II
have a maternal mortality rate less than 1%, whereas women
in class III or IV have a maternal mortality rate between 5%
and 15%.116,117

The acquired cardiac lesions that present the most concern
in pregnancy are stenotic lesions, because volume fluctuations
and the increase in cardiac output requirement that accom-
pany pregnancy may not be tolerated.19,118 The pregnant car-
diac patient is at most risk for cardiac deterioration during the
following time periods: the second trimester, when the phys-
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iologic changes of pregnancy result in increased blood vol-
ume; in labor and delivery, where an increase in cardiac out-
put occurs secondary to sympathetic stimulation from pain
and anxiety; and immediately postpartum, as a result of the
large increase in venous return after delivery of the placenta.

Mitral stenosis is the most common rheumatic valvular le-
sion encountered in pregnancy.19 Approximately 90% of preg-
nant women with rheumatic heart disease have mitral steno-
sis.119,120 The normal mitral valve area is 4 to 6 cm2; reduction
to 1 cm2 or less is considered severe. Prevention of emptying
of the left atrium due to the stenotic valve results in pulmonary
hypertension and subsequent compensatory right ventricular
hypertrophy. Mitral stenosis is associated with significant ma-
ternal morbidity and mortality. Parturients with symptomatic
mitral stenosis require invasive hemodynamic monitoring dur-
ing labor and delivery. Parturients with mitral stenosis should
not push during the second stage, as the Valsalva maneuver
may result in sudden increased venous return and subsequent
maternal decompensation.119 The principles of anesthetic man-
agement of paturients with mitral stenosis (Box 32.2) are (i)
avoid tachycardia, (ii) maintain sinus rhythm and contractil-
ity, (iii) avoid increases in preload, and (iv) maintain systemic
vascular resistance (SVR) for end-organ perfusion.

Aortic insufficiency is a more common lesion than aortic
stenosis in women of childbearing age.119,120 Rheumatic heart
disease is the etiology for approximately 75% of affected
cases.119 For the anesthetic management of women with re-
gurgitant valvular lesions: (i) avoid bradycardia, (ii) maintain
sinus rhythm and contractility, (iii) avoid increases in SVR,
and (iv) avoid decreases in preload to maintain cardiac out-
put for end-organ perfusion (Box 32.3).

Peripartum cardiomyopathy is a rare disorder occurring in
1 in 10,000 deliveries119,121,122 that presents in the third
trimester of pregnancy or in the early postpartum period. The
etiology is unknown, and the disorder is a diagnosis of ex-
clusion. Maternal mortality has been reported to be as high
as 60%.119

Peripartum cardiomyopathy is more common in women
with multiple gestation, preeclampsia, obesity, and advanced
maternal age.119 Treatment is supportive. Women who sur-
vive peripartum cardiomyopathy do not regain their baseline
cardiac function.119,123,124 If supportive measures fail, cardiac
transplantation is recommended.119,125

Summary

The critically ill pregnant patient poses unique challenges to
the health care provider. A multidisciplinary approach is es-
sential for formulating a clear management plan. This ap-
proach requires good communication and collaboration be-
tween the obstetrician and anesthesiologist to ensure stable
maternal and fetal outcomes.
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33
Intrauterine Fetal Death
Ingrid Browne, Lois Brustman, and Alan Santos

Although many of the risks of pregnancy and childbirth have
been alleviated or minimized during the past century, in-
trauterine fetal demise (IUFD) remains a significant obstetric
problem. IUFD can occur without warning during an un-
complicated pregnancy, or it may be associated with specific
medical conditions and social behaviors. This chapter dis-
cusses the definition, epidemiology, etiology, prevention, and
management of IUFD, with special emphasis on anesthetic
management.

Definition

The study of IUFD has been hampered by two factors: a lack
of consensus with respect to the definition of this event and
the fact that there is no organized mechanism for its report-
ing. In the early 1950s, the World Health Organization
(WHO) defined fetal death as “death occurring prior to the
complete expulsion or extraction from the mother of a prod-
uct of conception, irrespective of duration of pregnancy; the
death is indicated by the fact that after such separation, the
fetus does not breathe or show any evidence of life, such as
beating of the heart, pulsation of the umbilical cord, or de-
finitive movement of voluntary muscles.”1

This definition was adopted to show a distinction between
spontaneous abortion and stillbirth and to allow collection of
statistics based on a consistent standard. However, many is-
sues worldwide continue to preclude our ability to reach con-
sensus on definition. For example, in the United States, the
National Center for Health Statistics has adopted the WHO
definition. In most other nations, registration of a fetal death
is required only if it occurs after the 20th week of gestation.2

Another factor affecting the definition of IUFD has been
the advancement of neonatal medicine and obstetric care,
which continually affects the minimal gestational age at which
fetal viability can occur. For many years, viability was con-
sidered to be possible only with birth after 28 weeks gesta-
tion. It is now possible, in some circumstances, for infants
weighing as low as 500 g, coinciding with 24 weeks gesta-

tion, to survive with a reasonable prognosis and quality of
life.

Overall, the incidence of IUFD in the United States is 6 to
7 per 1000 births; however, inconsistencies in both the defi-
nition of fetal death and in its reporting make it difficult to
accurately estimate the true incidence of this condition. Poor
documentation of IUFD also affects statistics regarding the
causal factors.3 Indeed, as recently as June 2000, WHO
demonstrated that up to 27% of stillbirths are reported with-
out an attributable cause.4

Epidemiology

During the period between 1981 and 1991, there were a total
of 62 million pregnancies in the United States; of these, 62.5%
resulted in live births, 21.9% in legal abortions, 13.8% in
spontaneous abortions, 1.3% in ectopic pregnancies, and 0.5%
in fetal deaths.5 Since 1950, there has been a progressive de-
cline in the crude fetal death rate in the United States, from
18.4 to 6.8 per 1000 total births in 1997.2 Race can be an im-
portant factor in the incidence of fetal death. For instance, fe-
tal death rate is lower for whites (Caucasian patients) as com-
pared to all other racial groups, perhaps due to differences in
gestational weight distribution. Other factors that have been
linked to unexplained fetal death include older maternal age,
low socioeconomic status, poor prenatal care (fewer than four
antenatal visits), prepregnancy weight greater than 68 kg,
primiparity and multiparity (�3), and large-for-gestational-
age fetus.6

A woman’s social behavior and habits can also affect preg-
nancy outcome and affect the incidence of IUFD. For instance,
smoking is associated with a higher incidence of fetal death,
and the effects of smoking are more pronounced during preg-
nancy of older compared to younger women. The risk of fe-
tal mortality is 77% greater when alcohol is consumed during
pregnancy than when no alcohol is consumed.2 Illicit drug
abuse, particularly of crack/cocaine, can have many negative
effects on a pregnancy and can also result in IUFD.7
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Diagnosis

As stated, IUFD is diagnosed when a fetus has no cardiac ac-
tivity, umbilical cord pulsation, or definitive movement of
voluntary muscles.1 Suspicion of fetal death is confirmed by
either radiographic or biochemical tests that identify degen-
erative changes in the fetus resulting from intrauterine death.

A common symptom associated with IUFD is a report that
the mother no longer “feels pregnant.” Fetal movements may
be absent or decreased, and there may be a loss of breast dis-
comfort and nausea. Clinical signs indicative of IUFD may
be a lack of interval examination fundal height growth, in-
ability to auscultate fetal heart tones, maternal weight loss, or
vaginal bleeding. The presence of any of these signs indicates
the need for further evaluation of the fetus by ultrasound to
identify the presence or absence of fetal heart activity.

If fetal heart tones cannot be auscultated, cardiac move-
ment, as determined by real-time ultrasonography, is the
clearest, most direct sign of fetal life. If sonography indi-
cates that an IUFD has occurred, the cause of death may be
subsequently identified by pathologic examination of the fe-
tus and placenta.

Other sonographic signs associated with IUFD are de-
pendent on the gestational age and the time interval since the
fetal death. In addition to the absence of cardiac motion, other
key diagnostic signs suggestive of fetal death are the absence
of fetal limb or trunk movements and the absence of umbili-
cal cord pulsations. In modern practice, fetal movement, par-
ticularly cardiac activity, can be visualized from as early as
8 weeks gestation by transabdominal sonography, but the res-
olution may be affected by maternal body habitus. In contrast,
transvaginal ultrasound has become the preferred modality for
confirming fetal cardiac activity for two reasons. First, the
resolution is not dependent on body habitus, because the ex-
amination is performed with an endovaginal probe; second,
this technique allows for the use a higher-frequency trans-
ducer (6.5 MHz) capable of determining fetal cardiac activ-
ity by the sixth week of gestation. The presence of an in-
trauterine gestational sac with a fetal pole and the absence of
cardiac activity by ultrasound indicate fetal nonviability. In
very early pregnancy, an empty gestational sac without a fe-
tal pole may represent an error in dating the pregnancy rather
than indicating an embryonic demise or blighted ovum. In
such a case, the patient is usually rescanned in 7 to 14 days,
at which time the presence of a normal pregnancy can be dis-
tinguished from a blighted ovum or embryonic demise. Fetal
movements are a less reliable sign of fetal life, as they may
be passive, caused by maternal movement, great vessel pul-
sations, or uterine positioning, or active, originating from the
fetus itself.

After the death of a fetus, secondary signs related to de-
generative changes may be observed by ultrasound. Twelve
hours after IUFD, the intracranial anatomy becomes obscure
due to degeneration of neural tissue. Within 72 hours, the cal-
varia collapses, and the cranial bones overlap. The fetal out-

line is also said to become “fluffy” due to the absorption of
amniotic fluid by the skin, resulting in edema.8

After fetal death, amniotic fluid volume decreases because
of both a lack of production by the fetus and absorption of
the remaining fluid by the mother. As a result, severe oligo-
hydramnios is an associated finding in many cases of IUFD.
However, skeletal deformities, skin edema, and severe oligo-
hydramnios may be also observed in a living fetus with spe-
cific congenital abnormalities. For this reason alone, it must
be emphasized that the only definitive sign of fetal death is
the absence of cardiac motion.

Etiology

Chromosomal Causes

Chromosomal abnormalities are the single most common
cause of pregnancy loss. Up to 50% of first trimester losses
and 5% to 10% of midpregnancy stillbirths are related to chro-
mosomal abnormalities.9 Chromosomal abnormalities vary
with both maternal and gestational age. For instance, the most
common abnormality associated with first trimester preg-
nancy loss is Turner’s syndrome (45X), which is usually
linked to young maternal age. Trisomy is the most frequent
chromosomal abnormality found in fetal deaths at a more ad-
vanced gestational age. For the most part, fetuses with auto-
somal trisomies rarely survive until term; however, trisomies
13, 18, and 21 may be compatible with life. A genetic analy-
sis of fetal tissue is essential because diagnosis of a chromo-
somal abnormality may have major implications in counsel-
ing the family for future pregnancies.

Fetal Malformations

Approximately one in four stillborn infants has a congenital mal-
formation, and half of these are related to a genetic problem.10

Many of the malformations associated with stillbirth are also
commonly seen in spontaneously aborted fetuses. It is often dif-
ficult to determine the exact frequency of a specific malforma-
tion. For instance, some malformations may be underreported
because degenerative changes in the dead fetus preclude accu-
rate identification. Alternatively, rates of some malformations
have been reported to be higher in stillborn fetuses because the
condition is generally more severe and easier to identify.

In order of decreasing frequency, the most common chro-
mosomal common malformations associated with stillbirth are
cardiac defects, urogenital anomalies, polydactyly/syndactyly/
oligodactyly, omphalocele/gastroschisis, hydrocephalus, cleft
lip/palate, microphopthalmia/anopthalmia, intestinal atresia,
and midline brain defects. Nonchromosomal congenital 
defects linked with stillbirth include neural tube defects,
anomalies in infants born to diabetic mothers, amniotic band
syndrome, Potter’s syndrome, gastrointestinal conditions in-
cluding gastroschisis, omphalocele, and dwarfism.11
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Multiple Pregnancies

Recent advances in assisted reproduction have increased the
incidence of multiple-gestation pregnancy, which is associ-
ated with higher maternal and fetal morbidity and mortality
due to intrauterine growth restriction, twin-to-twin transfu-
sion, preeclampsia, preterm delivery, and IUFD. It has be-
come apparent that the true incidence of twin conceptions is
greater than the incidence of living twin births. For instance,
multiple studies using serial ultrasound examinations begin-
ning in the early stages of pregnancy have noted the presence
of twin pregnancy that either reduces to a singleton pregnancy
or aborts completely.12,13

An IUFD of one twin in the second or third trimester oc-
curs in 2.6% to 6.8% of twin pregnancies14–16 and more of-
ten in monochorionic than in dichorionic twins.17 The etiol-
ogy may be umbilical cord insertion abnormalities, such as a
velamentous or a marginal origin of the cord from the pla-
centa. Twin-to-twin transfusion syndrome due to arteriove-
nous anastomosis between the two fetuses may result in fetal
growth restriction of one twin and polycythemia and hydrops
of the other.18 If death of one twin occurs, the surviving fe-
tus may be at increased risk for cerebral necrotic lesions, and
the mother at risk for developing coagulopathy. Uteroplacen-
tal insufficiency, which in itself can result in fetal growth re-
tardation and death, is a potential complication of multiple
gestations.

There are no set recommendations for management of a
multiple pregnancy complicated by fetal death when one or
more fetuses survive. The risk of premature delivery of the
surviving fetus must be balanced against the risk of prolong-
ing the pregnancy versus maternal coagulopathy and fetal
cerebral necrotic syndrome. Numerous retrospective studies
have reported favorable outcomes by allowing the pregnancy
to continue. The incidence of maternal clotting abnormalities
in these studies ranged from 0% to 25%, depending on the
duration of pregnancy following the IUFD.19–21

Maternal Infection

Maternal infection has been a well-recognized cause of fetal
morbidity and mortality. Most infectious pathogens in the
mother can cross the placenta and cause a fetal infection, po-
tentially leading to IUFD. Because infections such as toxo-
plasmosis, rubella, cytomegalovirus, and herpes simplex virus
are known to be a major cause of fetal death, in the past, IgM
and IgG titers were routinely ordered following a diagnosis
of IUFD. Today, however, this practice has been abandoned,
because it is now recognized that the number of pregnant
women exposed to these pathogens before pregnancy is in-
creasing. Thus, in the absence of baseline titers, a single ele-
vated titer cannot confirm the etiology of an IUFD as related
to fetal infection. Indeed, a recent study found no correlation
between elevated IgM antibody titers and placental or autopsy
findings consistent with infection.22

Bacterial infection of the amniotic cavity is also an impor-
tant cause of perinatal mortality and maternal morbidity. Clin-
ical evidence of amnionitis occurs in 0.5% to 10% of preg-
nancies.23 Most cases are related to vaginal pathogens such
as Group B Streptococcus, Escherichia coli, and enterococci
following rupture of membranes. However, transplacental and
hematogenous spread of infection may occur, and unlike vagi-
nal pathogens, these do not require rupture of the membranes.
Amnionitis may also be iatrogenic following cervical cer-
clage, amniocentesis, or intrauterine transfusion.

Listeriosis (Listeria monocytogenes) may be asymptomatic
or result in a flu-like illness in the mother but can prove fa-
tal to the fetus. It is also one of the causes of chorioamnionitis
that can occur even if the amniotic membranes are intact. It
is thought that the immunologic alterations of pregnancy may
make pregnant women more susceptible to this pathogen and
the fetus more prone to infection.24

More recently, other pathogens have been linked with
IUFD. Parvovirus B19 is a common viral infection that has
been increasingly associated with adverse pregnancy outcome
in infected women. It may be asymptomatic or manifest with
fetal anemia, hydrops fetalis, spontaneous abortion, and even
IUFD. Previously, it was thought that parvovirus B19 infec-
tion was mostly linked to second trimester fetal losses. How-
ever, a recent study of IUFDs over a 6-year period suggests
that up to 7.5% of third trimester IUFDs may be the result of
parvovirus B19 infection.25 It is now recommended that par-
vovirus B19 polymerase chain reaction (PCR) testing be in-
cluded in the routine evaluation of an IUFD.

Lyme disease (Borrelia burgdorferi) has also been sug-
gested as a possible cause of IUFD.26,27 Group B Coxsackie
virus infection can also be transmitted across the placenta, but
the magnitude of the risk to the fetus has not been quantified.
For the most part, Coxsackie virus infection has no demon-
strable adverse fetal effects; however, the virus has been iso-
lated from stillborn infants.

Placental Pathology

Placental Abruption

Placental abruption, a partial or complete separation of the
placenta before delivery of the fetus, is estimated to occur in
1.3% to 1.6% of pregnancies and is estimated to be associ-
ated with 5% to 15% of all IUFDs.28–31 Preexisting condi-
tions such as chronic hypertension, pregnancy-induced hy-
pertension, preeclampsia, maternal cocaine use, excessive
alcohol intake, smoking, and a previous history of abruption
are all risk factors associated with placental abruption.

Placental abruption may manifest with vaginal bleeding and
uterine tenderness. However, blood loss can often be under-
estimated due to the potential for substantial hemorrhage that
is concealed behind the placenta. Abruption may be mild,
moderate, or severe depending on the degree of placental sep-
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aration. Separation of the placenta greater than 50% has been
associated with an increased risk of stillbirth.30 Disseminated
intravascular coagulation (DIC) may occur with abruptio pla-
centae. The incidence of DIC may be as great as 30% with
an abruption large enough to result in fetal death.32,33

Obstetric management depends on the severity of bleeding
and fetal status. Large-bore intravenous access should be es-
tablished on admission, and blood samples drawn for base-
line hematocrit, coagulation studies, fibrinogen degradation
products, and blood type and crossmatch. If fetal death has
already occurred, vaginal delivery is preferred to hysterotomy
unless there is severe ongoing hemorrhage. Treatment of as-
sociated DIC involves delivery of the fetus and placenta,
restoration of maternal blood volume, and correction of co-
agulation status with the use of blood components. If an op-
erative procedure is considered necessary, general endotra-
cheal anesthesia is preferable to regional anesthesia in those
women with hemodynamic instability or coagulopathy.

Placenta Previa

Placenta previa occurs when implantation of the placenta is
low in the uterus, either overlying or encroaching on the cer-
vical os. Placenta previa is present in approximately 0.6% of
all pregnancies and is associated with an increased risk of fe-
tal death.34 Placenta previa may be categorized as “total” if
the placenta completely covers the os; “partial” if there is
some encroachment on the os by the placenta; and “marginal”
if the placenta is not covering but is close to the internal os.
The condition is more common in multiparous women, espe-
cially those with a previous cesarean section. Typically, in
contrast to placental abruption, placenta previa presents with
painless vaginal bleeding in the third trimester. Bleeding may
stop spontaneously, in which case conservative management
is recommended. However, if bleeding persists, stabilization
of the mother and delivery of the fetus may be required.

Vasa Previa

Vasa previa is an uncommon placental condition that carries
with it a high fetal mortality.35 It occurs when there is a ve-
lamentous insertion of the umbilical vessels so that they run
through amniotic membranes traversing between the fetal pre-
senting part and the cervical os. These vessels have little sup-
port and are very susceptible to trauma during labor. A diag-
nosis of vasa previa is suspected when vaginal bleeding occurs
immediately on rupturing the amniotic membranes and is ac-
companied by fetal heart rate abnormalities. Because bleed-
ing with vasa previa is fetal rather than maternal in origin,
only a small amount of blood loss may result in fetal demise
unless the problem is recognized quickly and an emergency
cesarean section can be performed immediately.36

Umbilical Cord Accidents

Stillbirth resulting from cord accidents or umbilical cord com-
pression has typically been a diagnosis made in hindsight and

on the basis of exclusion. Conditions that can predispose to
cord accident include polyhydramnios, amniotic bands,
monoamniotic twins, and an unstable fetal lie, all of which
may be identified antenatally by ultrasound.

Uteroplacental Insufficiency

Uteroplacental insufficiency is an important cause of IUFD
in a small, yet significant, number of pregnant women. Re-
duced uteroplacental blood flow may result in decreased oxy-
genation to the fetus, which in turn can result in chronic fe-
tal hypoxia and subsequent intrauterine growth retardation
(IUGR). In general, fetuses manifesting IUGR have a peri-
natal mortality rate approximately 5 to 30 times greater than
infants whose birth weight is appropriate for gestational age.37

IUGR is present if weight is estimated to be less than the 10th
percentile for that gestational age. There is an inverse rela-
tionship between fetal weight percentile and the incidence of
perinatal mortality; perinatal mortality increases exponen-
tially in infants weighing less than the 6th percentile weight
for their gestational age.37 A variety of maternal conditions
can be associated with uteroplacental insufficiency. Identifi-
cation of at-risk women and intensive surveillance and mon-
itoring for suspected IUGR are crucial in decreasing the risk
of IUFD.

There is a twofold to threefold increase in the incidence of
IUGR in pregnant women with chronic hypertension as com-
pared with normotensive pregnant women.38 It has been sug-
gested that IUGR in these women may be the result of va-
sospasm causing a reduction in uterine blood flow or related
to an observed increase in the incidence of preeclampsia.39

With maternal diabetes, the risk of IUGR increases with
the duration and severity of the disease. Damage to the ma-
ternal microcirculation due to diabetes results in uteropla-
cental insufficiency and IUGR. IUGR may also be associated
with an increased frequency of preeclampsia as noted in dia-
betic women during pregnancy. Although the reason is un-
clear, systemic lupus erythematosus (SLE) is associated with
a decrease in uteroplacental perfusion, and IUGR may occur
in up to 23% of pregnancies complicated by SLE.40

Abnormalities of the placenta, such as placenta previa or
abruption, can cause an increased incidence of IUGR due to
an abnormal maternal–placental transfer interface. Conditions
such as multiple gestation, grand multiparity, and structural
uterine abnormalities can also result in placental insuffi-
ciency, IUGR, and IUFD due to limited uterine surface.

Conditions that may impair maternal oxygen delivery, such
as severe sickle cell anemia and cyanotic heart disease, are
also associated with IUGR and IUFD, because a decrease in
uteroplacental perfusion may occur as a result of a chronic
maternal hypoxic state. Behavioral habits such as smoking
and drug abuse decrease placental perfusion related to an in-
crease in the release of maternal catecholamines. With ciga-
rette smoking, fetal oxygenation may be further compromised
by carbon monoxide, which decreases the oxygen-carrying
capacity of fetal hemoglobin. In women who already have un-
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derlying uteroplacental insufficiency, smoking and drug abuse
can worsen the fetal prognosis even further.

Intensive surveillance of the fetus with suspected IUGR is
believed to decrease the risk of subsequent IUFD when the
fetus is in jeopardy by allowing for an earlier delivery. It is
important to identify patients at risk for IUGR before preg-
nancy so that gestational age can be accurately determined by
ultrasound evaluation. Thereafter, serial ultrasound examina-
tions of the fetus will be more reliable to ensure adequate
growth of the fetus and should be useful in identifying a lag
in fetal growth late in pregnancy.

Normal umbilical artery flow indices are indicative of fe-
tal well-being, whereas increased resistance to blood flow is
associated with IUGR. A meta-analysis by Nielson et al.
demonstrated that the use of umbilical artery flow velocity
studies identifies those IUGR fetuses at risk and reduces the
risk of perinatal death.41 Determination of the fetal biophys-
ical profile (BPP) is also recommended as a means of moni-
toring fetal well-being in a suspected IUGR fetus. Vintzileos
et al. demonstrated that the specific components of the BPP
become abnormal at different levels of fetal hypoxemia.42 For
example, an early indication of IUGR on the BPP is a loss of
nonstress test reactivity and the absence of fetal breathing.

Oligohydramnios is often associated with severe fetal
growth restriction. With chronic fetal hypoxemia, there is a
compensatory diversion of fetal blood flow in the hypoxic fe-
tus from the kidneys to more vital organs. As a result, fetal
urine output and amniotic fluid volumes are decreased. Ac-
cordingly, oligohydramnios in the presence of IUGR may be
suggestive of fetal compromise and therefore may indicate
that immediate delivery of the fetus is necessary.

Although the data are inconclusive, maternal bedrest and
oxygen therapy may improve umbilical PaO2 in the hypoxic
growth-retarded fetus and thus may improve the perinatal out-
come.43 Maternal low-dose aspirin administration has not
been proven to be effective in reducing the incidence of IUGR
in at-risk pregnancies. Cessation of smoking, alcohol use, and
illicit drug use are particularly required in at-risk women, be-
cause these are clearly preventable causes of IUGR and IUFD.

Postdates Gestation

Postmature pregnancy (greater than 42 weeks) is associated
with an increased risk of perinatal morbidity and mortality
because fetal demands exceed the ability of the placenta to
provide adequate nutrient supply and gas exchange.44 Post-
dates pregnancy is also associated with a higher incidence of
placental infarcts and areas of calcification, intervillous
thrombus formation, arterial thrombosis, and endarteritis.45

The incidence of fetal death in all postdates pregnancy is
estimated to be 0.1%. However, after 41 weeks gestation,
there is a significant increase in odds ratio (OR) for fetal death
occurring, particularly if IUGR is present.46

The management of a postdates pregnancy remains con-
troversial. A recent study comparing active versus expectant
management of postterm pregnancy demonstrated no dis-

cernible improvement in fetal outcome with elective induc-
tion of labor at 41 weeks gestation as compared to serial fe-
tal monitoring of the fetus to identify those who require ur-
gent delivery.47 To reduce the incidence of fetal death, close
monitoring of the postdates pregnancy is advised. Fetal non-
stress test and amniotic fluid index measurements should be
performed twice weekly. Some practitioners also recommend
monitoring of fetal growth over a 10- to 14-day interval to
screen for the occurrence of IUGR, which may complicate
postdates pregnancy.

Immunologic and 
Rheumatologic Diseases

Systemic Lupus Erythematosus

Systemic lupus erythematosus (SLE) is an autoimmune dis-
ease commonly associated with a poor pregnancy outcome.
It is a multisystem inflammatory disease characterized by an-
tibody and complement-fixing immune complex deposition
within body tissues. This condition has a prevalence of 1 in
700 in women 15 to 65 years old and is predominantly seen
in young females.48 Immunosuppression with steriods is the
preferred treatment and may be used to control exacerbations
of SLE flare-ups during pregnancy.

Women with SLE often have poor obstetric outcome and
higher incidences of spontaneous abortion, preterm labor,
preeclampsia, IUGR, and stillbirth. The risk of IUFD is eight
times greater in women with SLE as compared to normal
women.39 The presence of active disease or a recent flare-up
has been associated with poor perinatal outcome, specifically
an increased risk of stillbirth. However, in a recent large
prospective study comparing pregnant women with active ver-
sus inactive SLE, there was no statistically significant differ-
ence in the rate of stillbirth between the two groups, 6.0%
and 3.9%, respectively.49,50

When SLE is complicated by renal involvement or hyper-
tension, a higher risk of stillbirth may be present. Gimovsky
et al. reported that 12.5% of women with lupus nephritis had
an IUFD as compared with 2.5% in women having SLE with-
out nephritis.51 In addition, these women are also predisposed
to develop gestational hypertension or preeclampsia, which
in itself can also increased the risk of fetal morbidity and mor-
tality.52 Women who have SLE should be counseled not to
become pregnant unless there is optimal control of their dis-
ease for at least 6 months before conception and renal func-
tion is near normal (indicated by serum creatinine of 1.5 mg
or less, creatinine clearance of 60 mL/mm or more, or pro-
teinuria of less than 3 g/day).53

Antiphospholipid Syndrome

Antiphospholipid syndrome (APS), or Hughes syndrome, is
a condition in which circulating antibodies (lupus anticoagu-
lant or anticardiolipin) react with negatively charged phos-
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pholipids. It can occur as an isolated entity or in conjunction
with SLE and other autoimmune diseases. Pregnancy outcome
is generally worse in patients having APS in conjunction with
another autoimmune disease.54 The syndrome is usually
asymptomatic in women of reproductive age. However, it is
suspected and usually diagnosed in those women with throm-
botic phenomena or poor obstetric history. The concurrence
of thrombocytopenia and severe preeclampsia in women with
APS heralds poor maternal and fetal prognosis.

The reason for fetal demise with APS remains unclear, but
it is thought to result from thrombosis of the placental ves-
sels causing areas of infarction and fetal hypoxia. The treat-
ment of choice is anticoagulation with heparin and aspirin.
Both low molecular weight and unfractionated heparin may
be used for antithrombotic prophylaxis, usually in combina-
tion with low-dose aspirin; this regimen has been shown to
result in more favorable obstetric outcome than treatment with
aspirin alone.55 Activated partial thromboplastin time (aPPT)
may be used to assess heparin activity but may be impossi-
ble to interpret in the presence of circulating lupus anticoag-
ulant.56 For that reason, the thrombin time may be preferred
to the aPPT. Measurement of whole blood heparin may be
useful in managing such women during the peripartum pe-
riod. Therapy with anticoagulants may be a contraindication
to the use of regional anesthesia.

Patients on low molecular weight heparin (LMWH) pro-
phylaxis therapy can be assumed to have altered coagulation.
A single-dose spinal anesthetic may be the safest neuraxial
technique in such patients, but epidural techniques may also
be used. The timing of regional anesthesia is controversial.
There should be a time interval of at least 10 to 12 h between
the last dose of LMWH and needle placement. For continu-
ous epidural techniques, the concentration of local anesthetic
in the anesthetic solution used for analgesia should be mini-
mized, because higher concentrations may interfere with neu-
rologic assessment by causing numbness and weakness.57

Rheumatologic conditions, which are fortunately rare in
pregnant women, include scleroderma, progressive systemic
sclerosis, rheumatoid arthritis, mixed connective tissue dis-
eases, polymyositis, dermatomyositis, Sjogrën’s syndrome,
and polyarteritis nodosa. These diseases, which are also au-
toimmune in nature, may be associated with a potentially in-
creased rate of IUFD.58

Endocrine Disorders

Diabetes Mellitus

Type 1 diabetes mellitus (DM) occurs in less than 0.5% of
all pregnancies. Before the introduction of insulin, high ma-
ternal and neonatal morbidity was associated with DM. In the
past, sudden unexplained fetal death was reported to occur in
10% to 30% of all pregnancies complicated by type 1 dia-
betes.59 However, in current practice, insulin therapy, im-

proved maternal glycemic control, and intensive fetal moni-
toring have decreased the incidence of IUFD to 2% to 4%.60,61

Nevertheless, unexplained stillbirths and congenital abnor-
malities still occur in pregnancies complicated by DM. In fact,
one study has suggested that the rate of IUFD was nine times
higher in mothers having DM during pregnancy as compared
to a control group of nondiabetic mothers.62 The greatest risk
to the fetus of IUFD occurred after 36 weeks gestation, es-
pecially in mothers with inadequate glycemic control.

Type 1 diabetes often manifests with generalized vascu-
lopathy, which can interfere with uteroplacental perfusion and
have an adverse effect on fetal nutrient and oxygen supply.
Chronic fetal hypoxia is thought to cause IUFD because ev-
idence of extramedullary hematopoiesis is often noted on au-
topsy.63 With diabetic ketoacidosis, fetal loss is reported to
be as high as 50% if it is not treated promptly.64 IUFD may
also be related to a reduction in uterine and placental blood
flow due to maternal hypovolemia.

Congenital anomalies occur more frequently in pregnan-
cies of mothers complicated by pregestational diabetes and
are thought to be related to poor preconception glycemic con-
trol.65 A percentage of these anomalies may result in still-
birth. Fetal hypertrophic cardiomyopathy is a potential cause
of sudden IUFD in poorly controlled diabetic pregnancies. Fe-
tuses of diabetic mothers, especially those with gestational di-
abetes, are at risk for developing macrosomia, a condition of
organomegaly. Macrosomia is associated with increased risk
of birth trauma and neonatal metabolic disturbances. On the
other hand, there is also a risk of IUGR occurring in preg-
nancies complicated by DM as a result of vasculopathy and
placental insufficiency.66 Diabetic mothers also have an in-
creased rate of coexistent conditions such as hypertension,
preeclampsia, and infections, all of which may also increase
the risk of IUFD.

The key to managing pregnancy of the diabetic woman is
to achieve optimal glycemic control during pregnancy. In-
tensive fetal surveillance during the third trimester is essen-
tial in reducing the incidence of IUFD and other related ob-
stetric complications of diabetic women.67

Thyroid Diseases

Thyroid disease is a relatively common disorder during preg-
nancy. Thyroid disorders are considered to be autoimmune dis-
eases and, in the past, have been associated with an increased
incidence of stillbirth if left untreated. Hypothyroidism occurs
in approximately 0.2% of all pregnancies.68 It is most often
caused by Graves’ disease, which is an autoimmune illness as-
sociated with increased thyroid-stimulating antibody (TSAb)
activity. Before the introduction of antithyroid therapy, a high
incidence of IUFD was reported to occur with Graves’ dis-
ease.69 However, with early diagnosis and treatment, fetal out-
come is now excellent. Medications used to treat Graves’ dis-
ease are not associated with an increased risk of congenital
defects and are well tolerated by the expectant mother.70,71
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Rarely, transplacental passage of TSAbs may cause fetal hy-
perthyroidism and result in tachycardia in the fetus, which
may be fatal if severe and left untreated.72

Thyrotoxicosis, and in particular thyroid storm, occurs in
up to 2% of all thyrotoxic patients. The potential for mater-
nal hypertension and hyperthermia with thyrotoxicosis in-
creases the risk of IUFD.68 Thyroid storm may be triggered
by preeclampsia, hemorrhage, infection, and induction of la-
bor. Under these conditions, admission of the mother to an
intensive care unit is advisable. Treatment should be directed
at inhibiting thyroid hormone production (i.e., thiourea com-
pounds) and controlling clinical manifestations such as tachy-
cardia and hypertension with beta-adrenergic blockers. Con-
tinuous fetal heart rate monitoring should be performed until
thyroid storm abates.

The most common cause of hypothyroidism in pregnant
women is autoimmune thyroiditis. Hypothyroidism carries a
twofold-increased risk of miscarriage, congenital and devel-
opmental abnormalities, and stillbirth.73 The exact cause for
the increased risk of miscarriage is not fully understood but
may be related to direct toxic effects of antithyroid antibod-
ies on the fetus.74 A prospective study of 68 pregnant women
demonstrated that there was a significant increase in the in-
cidence of gestational hypertension in women with hypothy-
roidism as compared to the general population. Pregnancy
outcome is generally good and comparable to the general pop-
ulation in women with hypothyroidism who are maintained
in an euthyroid state.75

Hematologic Disorders

Hematologic disorders, such as hemoglobinopathies (sickle
cell, thallasemia), thrombocytopenia, polycythemia rubra
vera, and thrombocytopenic purpura may occur during preg-
nancy and increase the risk of fetal growth retardation related
to uteroplacental insufficiency. Appropriate therapy specific
to each condition in conjunction with close clinical monitor-
ing is required to improve maternal and fetal outcome.76

Hemolytic Disease

Rhesus (Rh) isoimmunization may occur if an Rh-negative
woman receives an Rh-positive transfusion or if she is ex-
posed to Rh-positive fetal red cells. The latter may occur dur-
ing pregnancy or after spontaneous or induced abortion. When
Rh sensitization occurs during pregnancy, Rh-positive red
blood cells are destroyed by maternal Rh-IgG antibodies, re-
sulting in fetal anemia and a greater production of fetal eryth-
ropoietin. In turn, extramedullary hematopoiesis occurs to
compensate for maternal antibody-induced fetal red blood cell
destruction. If severe and untreated, hydrops fetalis occurs
with high-output cardiac failure and ascites, generalized
edema, and pleural and pericardial effusions.

A rhesus-negative woman who is sensitized has a greater
than 40% chance of having a stillbirth with a subsequent 

rhesus-positive pregnancy unless there is obstetric interven-
tion. In Rh-sensitized pregnancy, 21% of stillbirths occurred
between 33 and 35 weeks gestation, 15% between 26 and 37
weeks, and 45% at 37 weeks gestation.77 Fortunately, 
Rh-isoimmunization is no longer considered to be a major
cause of perinatal morbidity and mortality since the intro-
duction of screening for and appropriate therapy of rhesus in-
compatibility. However, to be successful, therapy must occur
well before there is a maternal immune response to fetal Rh-
positive cells.

ABO incompatibility is the most common cause of he-
molytic disease in newborns. Approximately 20% of all in-
fants have an ABO maternal blood group incompatibility, but
only 5% will show overt signs of hemolytic disease.78 Most
cases are subclinical and generally require no treatment. In
some affected pregnancies, mild hyperbilirubinemia may oc-
cur in the neonate. Hydrops and mortality are extremely rare
consequences of ABO incompatibility.

Inherited Coagulopathies

The inherited coagulopathies are autosomal dominant condi-
tions that are major causes of thromboembolic disease in pre-
disposed women. The most common conditions are deficien-
cies of antithrombin III (At III), protein C, protein S, and
factor V Leiden mutation that cause resistance to protein C.
Women with these genetic thrombophilias have an increased
incidence of serious obstetric complications.79 The hyperco-
agulable state that naturally occurs during pregnancy may ex-
acerbate the pathologic effects of these diseases and result in
an increased risk of maternal thromboembolism, IUGR, se-
vere preeclampsia, and fetal loss. Women with inherited co-
agulopathies have a threefold increase in the rate of sponta-
neous abortion.80

Factor V Leiden mutation is the most common inherited
coagulopathy. This single-point mutation confers resistance
to normal inactivation of factor V by protein C or protein S.
The risk of thromboembolism during an affected patient’s
lifetime is 30%. Pregnancy normally reduces protein S lev-
els, thus potentially worsening the thrombotic effects of fac-
tor V Leiden mutation. Patients who are heterozygous for the
mutation have a 5- to 10-fold-increased risk of having a
thromboembolic event during their lifetime; however, during
pregnancy, the risk increases to 50 fold higher than for those
without the factor V Leiden mutation. The risk of throm-
boembolism is even higher in the patient who is homozygous,
but fortunately this condition is rare.81

One study reported an eightfold increase in recurrent spon-
taneous abortions and IUFDs in women with factor V Leiden
mutation as compared to women without the mutation.82

However, another study found no significant difference in the
rate of miscarriage and stillbirth in women with factor V Lei-
din disease compared with a control group. There also ap-
pears to be a high incidence of miscarriage and placental in-
farcts80 when the fetus itself carries the mutation.
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Antithrombin III deficiency is associated with the greatest
risk of thrombotic disease of the inheritable thrombophilias,
with a greater than 70% risk of a thrombotic event during the
lifetime of the patient. Fortunately, this disease is rare, rep-
resenting only about 1% of patients with thromboembolism.79

Women with antithrombin III deficiency have almost a
twofold higher rate of miscarriage and a fivefold higher rate
of stillbirth than those without inherited coagulopathies.80

Deficiency of protein C or protein S is also associated with
thromboembolic events during pregnancy and a threefold in-
crease in the rate of stillbirth compared to the general popula-
tion.80 Other rare, inherited coagulopathies, such as a mutation
of the prothrombin gene, appear to be associated with an in-
creased risk of stillbirth, IUGR, and thromboembolic events.

In general, women with inherited coagulopathies and a poor
obstetric history should receive prophylactic heparin dur-
ing gestation, particularly those cases with AT III deficiency.
Prophylactic heparin therapy should be strongly considered
in women with factor V Leiden, protein S, and protein C de-
ficiencies and other inheritable coagulation disorders, even
though they are asymptomatic (Table 33.1).

Hypertension

Hypertensive diseases during pregnancy may have adverse ef-
fects on maternal and fetal well-being. A retrospective study
found that women with chronic hypertension had the highest
risk of fetal loss after 28 weeks gestation as compared to
women with eclampsia or pregnancy-induced hypertension.83

Shah and Reed have suggested that the severity and duration
of hypertension correlates with the incidence of adverse peri-
natal outcomes.84 Other studies, however, have suggested that
women with mild to moderate chronic hypertension have peri-
natal outcomes similar to those of normotensive women.85,86

Placental abruption, or fetal asphyxia due to chronic pla-
cental insufficiency, are the most frequent causes of IUFD in
pregnant women with chronic hypertension. Early diagnosis
of hypertension and adequate medical therapy may help re-
duce the risk of stillbirth.

Drug Abuse, Alcohol, and Smoking

Drug Abuse

Illicit drug use among women of reproductive age has in-
creased during the past decade. In 1994, the National Insti-

tute on Drug Abuse (NIDA) estimated that an alarming 5%
of American women used illicit drugs during pregnancy.87,88

In fact, women who abuse drugs often receive little or no an-
tenatal care, which further increases the risk of maternal and
fetal morbidity and mortality, as does the drug use itself. The
prevalence of antepartum cocaine use was reported to be as
high as 68% among unregistered women as compared to the
registered population of women seeking routine antenatal care
at an urban hospital. Polysubstance abuse is also common
among unregistered women.89

Cocaine use during pregnancy is associated with an in-
creased risk of early spontaneous abortion, preterm labor, pla-
cental abruption, uterine rupture, and IUFD.90 Cocaine, be-
cause of its sympathomimetic effects, reduces uteroplacental
blood flow, results in IUGR, and may even cause fetal death.
Thrombocytopenia related to cocaine use may also place
women at an increased risk for epidural or spinal hematoma
following placement of regional anesthesia.91 There may also
be an enhanced response to succinylcholine and ephedrine re-
sistance in cocaine-abusing parturients.92,93 In women with
polysubstance abuse, extreme care should be exercised if us-
ing opioid antagonists such as naloxone, because maternal
drug withdrawal, fetal distress, or even fetal death may en-
sue.7 Beta blockade can precipitate unopposed alpha stimu-
lation, which may precipitate a hypertensive crisis and have
an impact on the fetus.94

Alcohol and Smoking

Chronic alcohol consumption during pregnancy has been as-
sociated with harmful effects on the fetus, including an in-
creased risk of spontaneous abortion, IUGR, and fetal death.95

Fetal alcohol syndrome may also occur with alcohol use dur-
ing pregnancy.

Smoking during pregnancy has been associated with spon-
taneous abortion, growth restriction, premature rupture of
membranes, placenta previa, placental abruption, and sudden
infant death syndrome.96,97 Placental blood flow may be de-
creased by the vasoconstrictor effects of nicotine. Placental
abruption and placenta previa also occur with greater fre-
quency in smokers.98

Environmental and Occupational Exposures

Women exposed to high doses of radiation may be at in-
creased risk for spontaneous abortion and fetal malformations.

TABLE 33.1. Prevalence of adverse pregnancy outcome associated with inherited coagulopathies.

Coagulopathy Prevalence of SAB (%) Risk of SAB (X) Prevalence of IUFD (%) Risk of IUFD (X)

Factor V Leiden 10 0.9 1.2 2.0
AT III 17 1.7 2.3 5.0
Protein C 16 1.4 1.2 2.0
Protein S 15 1.2 1.9 3.0

SAB, spontaneous abortion, IUFD, intrauterine fetal death; AT III, antithrombin III.
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However, there is no apparent association between adverse
obstetric outcome and the diagnostic use of X-ray.99

An increased risk of spontaneous abortions during the first
trimester has been reported in medical personnel and is pos-
sibly related to occupational exposure to anesthetic agents,
such as nitrous oxide (N2O), and antineoplastic drugs.100

However, other studies have failed to demonstrate such a re-
lationship.101,102 Today, most operating rooms have scav-
enging systems, thus decreasing the risk. Women working in
the metal, electrical, and chemical industries as well as those
women exposed to low-level pesticides in the workplace have
an increased risk of stillbirth.103

Prescription Medications

Many prescription medications have been associated with
congenital malformations if taken during the first trimester.
Warfarin, aminopterin, and methotrexate (folic acid antago-
nists) and other chemotherapeutic agents have been linked to
fetal loss if used during pregnancy.104,105

Trauma

Injury related to trauma occurs in up to 6% to 7% of all preg-
nancies and is perhaps the most common cause of nonob-
stetric maternal mortality.106–108 Motor vehicle accidents are
responsible for the majority of injuries, followed by domes-
tic abuse and, to a lesser extent, falls.109,110 The fetal death
rate after maternal injury ranges from 4% to as high as 61%,
depending on the severity and magnitude of the injury.111 In
contrast to nonpregnant women, abdominal injuries are more
likely than head injury in pregnant women.110

The direct causes of fetal death with trauma are maternal
death, placental abruption, or direct fetal injury. Placental
abruption is reported to occur in 1.6% to 4.4% of trauma cases
and is associated with a fetal mortality greater than
50%.109,112–114

Rapid assessment, hemodynamic stabilization, and treat-
ment of maternal injuries are essential for fetal survival. It is
important to remember that the anatomic and physiologic
changes associated with pregnancy may cause the clinician to
underestimate the true extent of hypovolemia. For instance,
shock in a pregnant woman may not be clinically evident un-
til 25% to 30% of the maternal blood volume is lost, at which
point the fetus may already be in jeopardy. In hemorrhagic
shock, maternal blood is shunted away from the uterus to pre-
serve perfusion to vital maternal organs at the expense of the
fetus, thus causing fetal hypoxemia and even death.115

Fetal heart rate should be determined as early as possible
during initial maternal assessment; fetal bradycardia or tachy-
cardia are possible indicators of fetal jeopardy. Ultrasonog-
raphy may help to confirm placental abruption; however, it is
not sufficiently sensitive to exclude that diagnosis.116 Con-
tinuous fetal cardiotocography is considered to be a more sen-
sitive indicator of impending fetal compromise and should be

used routinely in the continuous assessment of the fetus in
pregnant patients following trauma injury.117

Obstetric and Anesthetic Management
of Intrauterine Fetal Demise

When spontaneous abortion occurs in the first trimester, di-
latation and sharp or suction curettage is usually performed.
The anesthetic options include local (paracervical block), re-
gional, or general anesthesia. The optimal anesthetic tech-
nique chosen may depend on individual maternal preferences
and on physical as well as psychologic condition. The gesta-
tional age at which endotracheal intubation becomes neces-
sary is a controversial subject. Often it is difficult to predict
true gestational age with certainty at the time of the proce-
dure; therefore, precautions should be taken to prevent gas-
tric acid aspiration. Volatile anesthetic agents may cause uter-
ine relaxation in a dose-related manner and increase the
potential for blood loss.118 Indeed, greater blood loss has been
shown to occur with the use of volatile agents for suction ter-
mination of pregnancy as compared to propofol alone.119–121

For second trimester fetal demise, dilatation and evacua-
tion (D&E) may be required. This technique involves the use
of specialized instruments due to the larger fetal size and in-
creased tissue mass. Gastric acid aspiration prophylaxis in-
cluding rapid-sequence induction of general endotracheal
anesthesia is necessary after the first trimester.

Induction of labor may be an alternative option to D&E in
a woman with a second trimester fetal demise. A variety of
prostaglandin derivatives, such as PGE2�, may be used for
cervical ripening and for the initiation of labor. Higher doses
of PGE2� and intravenous oxytocin solutions may be required
at early stages of gestations. Hygroscopic or osmotic cervi-
cal dilators (laminaria japonicum) may also be used.122 Anes-
thesiologists should be aware of the potential side effects of
prostaglandins, such as nausea, vomiting, diarrhea, and hy-
potension. With the use of PGE2, there have also been iso-
lated reports of hypertension and arterial vasospasm,123 pos-
sibly related to the central effects of prostaglandins.

In cases of IUFD that are closer to term, intravenous oxy-
tocin is often used for both induction and augmentation of la-
bor. The uterine response to oxytocin depends on gestational
age. A gradual increase in responsiveness occurs between 20
and 30 weeks of gestation and once again from 34 weeks on-
ward until term of pregnancy.124

Special consideration is required in the management of a
multiple pregnancy where one or more fetuses have died and
at least one survives. As discussed earlier, this is a compli-
cated issue for which no clear guidelines have been estab-
lished. Zorlu et al. suggested taking an expectant approach
unless risks develop to the mother or the surviving fetus.125

The risk of complications for the surviving fetus is high, vary-
ing from 0% to 46%.126 The incidence of maternal clotting
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abnormalities may be as high as 25% depending on the in-
terval after IUFD.20,127,128

Complications related to premature delivery of the surviv-
ing fetus must be balanced against both the hazards of leav-
ing the surviving twin in utero and the risks of maternal com-
plications such as coagulopathy and sepsis. Recent studies are
inconclusive regarding the incidence of the woman develop-
ing a coagulopathy when the dead fetus remains in utero for
a prolonged period.20,129,130 It has been proposed that the sur-
viving twin and the placenta act as a filter for thromboplas-
tin, preventing its entry into the maternal circulation and thus
reducing the likelihood of DIC131 (see coagulopathies).

Analgesia

Effective analgesia and rapid progression of labor are desir-
able for mothers with an IUFD to lessen the woman’s psy-
chologic anguish. In the absence of coagulopathy or other
contraindications to regional anesthesia, planned epidural
catheter placement before induction of labor provides safe and
effective analgesia without interfering with the labor
process.132 In fact, the first stage of labor has been shown to
be shortened in women with a fetal demise who had epidural
analgesia for their labor as compared to a similar group of
women given meperidine and promethazine.133

In addition, the epidural is available for use should a post-
partum operative intervention be required (i.e., for retained
placenta), thus potentially avoiding the risks of general anes-
thesia.134 Alternatives to regional anesthesia may include par-
enteral opioids administered as needed or with the use of an
intravenous patient-controlled analgesia device. Nausea, itch-
ing, and maternal somnolence may occur, especially when
opioids are combined with phenothiazines. Somnolence may
be regarded as a benefit by some women, whereas other moth-
ers want to be as awake as possible to begin the grieving
process immediately.

Coagulopathy

Coagulopathy may occur in up to 13% of women with an
IUFD. In 1950, Weiner et al. first used the term dead fetus
syndrome to refer to the association of DIC with IUFD.135 It
is now known that DIC can occur independently of the etiol-
ogy of fetal demise. The incidence of DIC may be higher
when coexistent conditions such as placental abruption or
uterine perforation are present.20,136–138

Mechanism

The proposed mechanism for coagulopathy associated with
IUFD involves the release of phospholipids from the retained
dead fetus that act as thromboplastins once in the maternal
circulation, activating the maternal coagulation cascade and
causing intravascular consumption of platelets and clotting
factors. Microvascular thrombosis may result in tissue isch-

emia and subsequent organ damage. As a result, excess
amounts of plasmin are produced, causing systemic and lo-
cal firbinolysis in an attempt to maintain vascular patency.
There may also be associated hypofibrinogenemia, thrombo-
cytopenia, and primary or secondary fibrinolysis.139,140

Current Statistics

Since the 1950s, there has been a progressive reduction in the
incidence of DIC associated with fetal demise,141 which is a
result of both earlier diagnosis of IUFD and changes in ob-
stetric management. For instance, mothers who have experi-
enced an IUFD are no longer managed expectantly. Current
obstetric practice is to induce labor once the diagnosis of
IUFD is made to reduce the risk of maternal complications
such as coagulopathy and infection and also to lessen the emo-
tional trauma for the mother.136,137

Diagnosis and Treatment

The recurrence of DIC with fetal demise still remains a seri-
ous challenge with major anesthetic and obstetric implica-
tions. The main goal of treatment is removal of the dead fe-
tus and replenishment of depleted blood components. The
diagnosis of DIC is made on clinical grounds. However, sev-
eral laboratory tests are available to confirm the diagnosis of
DIC. Coagulation status of patients with IUFD should be de-
termined on admission to provide a baseline before obstetric
or anesthetic interventions. Routine coagulation studies
should include a prothrombin time (PT), activated partial
thromboplastin time (aPPT), fibrinogen, platelet count, fibrin
degradation products, and AT III activity. PT and PPT may
remain within normal limits in pregnant women with DIC.142

However, as the factors required for clot formation are even-
tually consumed, these values will become abnormal. In cases
where fetal death is caused by placental abruption or uterine
rupture, there is an even greater risk of coagulopathy, which
should be considered in developing an obstetric and anesthetic
management plan.

In emergency situations, if laboratory test results are still
pending, the clot observation test is a useful bedside test of
general coagulation status. Approximately 5 mL blood is
drawn from the woman and placed in a dry 10-mL round-
bottom glass tube. If the blood clots within 5 to 6 min and
remains so for 30 min, coagulopathy is unlikely. If the blood
fails to form a clot, the presence of a coagulation defect can
be assumed.

The main goal of treatment of DIC is removal or correc-
tion of the underlying cause with restoration of circulating
blood volume and replacement of blood components and clot-
ting factors as indicated. The American Society of Anesthe-
siologists (ASA) has developed guidelines regarding blood
component therapy.143 Their recommendations for red blood
cell (RBC) transfusion include transfusion of RBC when he-
moglobin falls below 6 g/dL, especially when blood loss is
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acute. Transfusion of RBC for hemoglobin (Hb) levels be-
tween 6 and 10 mg/dL should be based on the woman’s risk
for complications because of reduced oxygenation. Transfu-
sion of one unit of packed red cells generally increases Hb
by 1 g/dL or the hematocrit by 3%. Platelet transfusion is rec-
ommended in surgical and obstetric cases with a platelet count
less than 50,000/�l if microvascular bleeding is present. With
abnormal coagulation and low levels of fibrinogen, replace-
ment of coagulation factors is necessary. Fresh-frozen plasma
(FFP), 15 mL/kg, contains all the necessary clotting factors.
If FFP transfusion cannot maintain fibrinogen levels above
0.5 g/L, cryoprecipitate, which contains a greater portion of
fibrinogen than FFP, should also be given. The administra-
tion of cryoprecipitate for treatment of DIC associated with
placental abruption has been shown to increase plasma fib-
rinogen levels.143 Heparin therapy is rarely, if ever, used
nowadays in the management of DIC.

Psychologic Issues

Miscarriage or fetal loss is a devastating event for any fam-
ily, irrespective of how early in gestation the loss occurs. Par-
ents go through a multiple-stage grieving process: initial
shock and disbelief, searching and yearning for their dead
baby, and then confusion and disinterest with eventual reso-
lution.144 After the diagnosis of fetal death is established by
real-time ultrasound, it should be openly discussed with the
mother and her support person.

It is important to allow and encourage parents to express
their feelings. Many women have feelings of guilt and self-
blame for the loss, and it is essential to assist them in ver-
balizing and dealing with these feelings appropriately. It is
possible that some mothers and family may express their grief
as anger toward medical and nursing staff; this should not be
confronted immediately but discussed at a later time.

There should be regular communication between attending
physicians, residents, nursing staff, and social workers in-
volved in these cases to ensure that conflicting information is
not given to grieving parents. Early supportive therapy is ad-
visable, with referral and access to a 24-h perinatal bereave-
ment counseling service. Religious support should be made
available if requested.

The process of labor should be fully explained to the fam-
ily, so they can psychologically prepare themselves for the im-
pending delivery. Following delivery, couples often gain com-
fort in seeing and holding their baby; this opportunity should
be extended openly. Parents often name their baby. Social
workers and staff should encourage parents to compile a mem-
ory package of photographs, a lock of hair, a copy of baby
footprints, a crib card, a hat, and an identity band. Memorial
services and burial or cremation ceremonies can aid in reso-
lution of grief; therefore, such options should be discussed
with parents. Support for the family’s children should also be
considered. Referral to parent, volunteer, and support groups
and genetic counseling services should be offered.

Further Causative Diagnosis

Performance of an autopsy and pathologic examination of the
placenta aid in establishing the diagnosis of IUFD, helping
the family find closure, and possibly providing information
on which to base future plans for pregnancy. The benefit of
autopsy should be discussed with the parents, their choices
outlined, and their individual wishes respected. If they do not
want a full autopsy, an alternative may be a limited exami-
nation of major organs or a less invasive needle biopsy ex-
amination of key organs.145 Nonetheless, an autopsy is im-
portant in identifying the presence of malformations and/or
inherited or acquired conditions that may indicate a cause for
fetal death. Negative findings may be suggestive of a cord ac-
cident, which is equally important in counseling parents about
future pregnancy.146 The placenta should be carefully exam-
ined for significant placental lesions, infection, or umbilical
cord abnormalities that may have caused the fetal death. How-
ever, placental changes observed at autopsy might not be in-
dicative of the true cause of the IUFD but may be secondary
to fetal demise.147

Follow-up office visits in the weeks after discharge from
the hospital enable the obstetrician to discuss postmortem
findings and possible causes of the IUFD with the woman and
her family. The likelihood of a recurrence of loss should be
addressed for each abnormality found, as this is often the
question that continues to plague the family. Ongoing sup-
port and counseling should be available from a local perina-
tal bereavement support group.

Summary

There are several important causes of IUFD. The anesthesi-
ologists are involved in most of the cases. Because of the ex-
pected grief, special care is necessary while looking after these
women.
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A
ABO incompatibility, hemolytic disease

due to, 521
Abortion

in amiodarone use, 171
amniotic fluid embolism following, 356
association with maternal congenital

heart disease, 184
in diabetic parturients, 339
in disseminated intravascular

coagulation, 318–319
in Eisenmenger’s syndrome, 187
in hemoglobin Bart’s hydrops fetalis

management, 262
in maternal hyperparathyroidism,

222–223
in maternal tetralogy of Fallot, 186
in primary pulmonary hypertension, 189
with propranolol use, 219
rate of, in smokers, 150, 407
in renal disease, 210
in renal transplant patients, 211
in �-thalassemia, 260, 323
in tobacco use, 425
venous air embolism following, 361
in warfarin use, 183
See also Fetal loss/death

Abruptio placentae
antepartum hemorrhage in, 89–94
as a cause of third trimester hemorrhage,

87
in smokers, 150

Abscess, epidural, incidence of, 435
Achondroplasia, 236
Acid-base physiology, fetal

acidemia, association with spinal
anesthesia, 498

acidosis
anesthetic contribution to, 342
from hyperinsulinemia, 334
metabolic, response to, 19

assessing, 494

See also Acidosis/alkalosis
Acidosis/alkalosis

maternal, effect on uterine and umbilical
blood flow, 38–39

pH of fetal scalp blood, correlation with
fetal heart rate pattern, 19

pH of umbilical arterial blood, in obese
women, 56–57

pregnancy-induced, 207
respiratory, 4

fetal, due to decreased carbon dioxide
elimination, 6

fetal, from maternal hypercapnia, 148
See also Acid-base physiology, fetal

Activated partial prothrombin time (aPTT),
371

following, to modify heparin use before
delivery, 373

Acute fatty liver of pregnancy (AFLP),
473–474, 511

mortality in, 463
in preeclampsia, 281

Acute hepatic failure, in pregnancy,
469–470

Acute interstitial necrosis (AIN), acute
renal failure due to, 208–209

Acute left heart failure, differentiating
from amniotic fluid embolism, 358

Acute normovolemic hemodilution (ANH),
99–100

Acute renal failure (ARF), 208–209
in placental abruption, 92–93

Acute respiratory distress syndrome
(ARDS), 507

Acute tubular necrosis (ATN), acute renal
failure due to, 208–209

Acyclovir
for herpes simplex virus infection,

393–394
for varicella zoster virus infection, 399

Adaptation, cardiovascular, during
gestation, 155–158

Addiction
defined, 403
and drug use in pregnancy, 404–410
See also Drug abuse

Addison disease, 224–225
Adenomas

parathyroid, and hyperthyroidism in
pregnancy, 223

pituitary
Cushing’s disease due to, 225
prolactin-secreting, 228–229

Adenosine
for treating atrial tachycardia, 168–169
for treating paroxysmal supraventricular

tachycardia, 170–171
Adrenalectomy, for pheochromocytoma, in

the second trimester, 197
Adrenal gland disease, 224–226
Adrenergic agonists

�-, for managing asthma during
pregnancy, 146

�-, for maternal hypotension
management, 495–496

for preterm labor management, 293
�2-, for managing asthma during

pregnancy, 145
for tocolysis, physiologic responses

to, 297–298
Adrenocorticotropic hormone (ACTH),

effect of, on fetal breathing
movements, 5

Adult respiratory distress syndrome
(ARDS), 147–148

in pyelonephritis during pregnancy,
439–440

Advisory Committee on Immunization
Practices (ACIP), on hepatitis B
screening for pregnant women, 477

Age, maternal, and incidence of amniotic
fluid embolism, 355

Agglutinin disease, cold, effects of cool
operating rooms on, 276
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AIDS Clinical Trials Group (ACTG), on
antiviral medications for
parturients, 392

AIDS-dementia complex (ADC). See
Human immunodeficiency virus
(HIV) infection

Air embolism
differentiating from amniotic fluid

embolism, 358
venous, 360–363

Airway changes, 505
with obesity, 54
during parturition, 124
with pregnancy, 88

Airway management
difficulty with, in pregnancy, 507
fetal, obstruction of, 37

Alanine aminotransferase (ALT), as an
indicator of hepatocellular
dysfunction, 465

Albumin, infusion of, for pregnant patients
with hepatic disease, 467–468

Albuminuria, effects of, on
pharmacokinetics of protein-bound
drugs, 212

Alcohol
association with fetal death, 515, 522
liver disease from use of, 481

Aldomet, depression associated with use
of, 448

Aldosterone, effects of
on heart rate, 5
systemic, 224

Algorithms
for breech delivery, 72
for emergency cesarean section, 499
for regional anesthesia in the heparinized

parturient, 373
for �-thalassemia management, 258

Alkaline phosphatase, levels of, in the third
trimester of pregnancy, 463

Alkalosis. See Acidosis/alkalosis
Alloimmune thrombocytopenia (AIT),

315–316
Alpha-blockers, for managing

pheochromocytoma in pregnancy,
227–228

Alpha fetoprotein (AFP), measuring to
detect fetal anomalies, 10, 25

Amanita phalloides mushrooms,
hepatotoxins of, 475

American Academy of Pediatrics (AAP),
on hepatitis B screening for
pregnant women, 477

American College of Obstetricians and
Gynecologists

on adolescent pregnancy, 451
on cesarean delivery after maternal

cardiopulmonary arrest, 243
definition of postpartum hemorrhage by,

112

on epidural anesthesia for external
cephalic version, 73

on heparin administration for deep
venous thrombosis, 372

on hepatitis B screening for pregnant
women, 391, 477

Intrapartum Fetal Heart Rate
Monitoring, Technical Bulletin on,
494

preeclampsia definition by, 325
on screening for gestational diabetes,

340
on seat belts for pregnant women,

239–240
American Heart Association

on prophylactic antibiotic use, in mitral
valve prolapse, 176

on resuscitation protocols, 167
American Society of Anesthesiologists

(ASA), guidelines of
for blood component therapy, 524–525
for conservation of blood and blood

products, 98
for managing unexpected airway

difficulty, 62
Aminoglycosides, effects of, on the fetus,

434
Amiodarone

for controlling ventricular rate, in
patients with atrial fibrillation or
flutter, 168

risks and benefits of use in pregnancy,
171

Ammonia, metabolism of, and liver
dysfunction, 465

Amniocentesis, 8
to diagnose hemoglobin Bart’s hydrops

fetalis, 261
uses and risks of, 24

Amnioinfusion, intrapartum, to treat fetal
distress, 497

Amnionitis, as a cause of fetal death, 517
Amnioreduction, to manage twin-twin

transfusion syndrome, 79
Amniotic fluid embolism, 354–360

mortality in, 511
Amniotic membranes, rupture of, due to

trauma, 242
Amoxicillin, for treating Lyme disease,

395
Amphetamines, abuse of, 423
Ampicillin, with gentamycin

for treating Listeria infection in
neonates, 394

for treating pyelonephritis, 210
Amrinone, for treating refractory heart

failure, 175
Amyl nitrate, for uterine and cervical

relaxation, 75
Analgesia

in intrauterine fetal demise, 524

patient-controlled
in labor after spine surgery, 236
for von Willenbrand’s disease Type 3

patients, 314
postoperative, for diabetic parturients,

343
regional

in Addison disease, 225
in coarctation of the aorta, 195
in drug-abusing patients, 410
in hyperadrenocorticism, 225–226
in primary pulmonary hypertension,

190
in von Willenbrand’s disease, Type 1,

314
See also Anesthesia

Anaphylactic shock, in amniotic fluid
embolism, 511

Anatomic changes
affecting respiration, 143
of the kidney, during pregnancy, 207
and trauma to the pregnant woman,

237–238
Anemia

life-threatening symptoms in, 275
physiologic, of pregnancy, 111, 157,

309–310
as a limitation on autologous blood

donation, 126
in renal disease, and choice of

anesthesia, 211–212
Anencephaly, predicting with the Triple

Screen blood test, 10
Anesthesia

caudal
and decreased neonatal morbidity in

breech births, 74
and increased neonatal morbidity in

twin births, 82–83
in factor V Leiden mutation, 325–326
general versus regional, in breech

cesarean delivery, 75
in lithium use, 459
local, in labor with a breech

presentation, 74
in malignant hyperthermia, 250
for managing uterine relaxation, 28
in patients with pneumonia, 149
for smokers, 150
for uterine inversion management, 129
See also Epidural analgesia/anesthesia;

General anesthesia; Regional
anesthesia; Spinal anesthesia

Anesthetic management
for achondroplasia patients, 236
in acute fatty liver of pregnancy, 474
in adult respiratory distress syndrome,

148
in alcoholic liver disease, 481
of alcoholic patients, 412–413
in alloimmune thrombocytopenia, 316
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of amphetamine users, 423
in ankylosing spondylitis, 274
in anticoagulation medication patients,

375–377
in antiphospholipid antibodies syndrome,

269, 325
in aortic coarctation, uncorrected, 195
in aortic insufficiency, 178–179
in aortic stenosis, 178
in asthma, 146–147
in autoimmune hemolytic anemia, 276
of barbiturate-addicted patients, 413
in Bernard-Soulier syndrome, 314–315
in breech delivery, 72–75
in cardiovascular disease, 162–166
in cardioversion, 172
in cerebral hemorrhage, 139
in chorioamnionitis, 438
of cocaine users, 422
in common neuropathies, 140–141
in complicated pregnancies, 1
critical care, for high-risk parturients,

505–514
in cystic fibrosis, 150–156
in dermatomyositis/polymyositis,

271–272
for diabetic parturients, 341–342
in disseminated intravascular

coagulation, 319
in drug addiction, 409–410
in Eisenmenger’s syndrome patients,

187–189
in electroconvulsive therapy

management, 454
in epilepsy, 135
in factor XI deficiency, 321
in the febrile parturient, 434–437
in fetal distress, 497–501
in fetal interventions, 38–41
in gallstone-related disease, 483
in gestational thrombocytopenia,

310–311
in Glanzmann’s thrombasthenia, 315
in group B �-hemolytic streptococcus

infection, 386–389
in heart transplant patients, 198
in HELLP syndrome, 317–318, 473
in hemoglobin Bart’s hydrops fetalis,

delivery of the fetus, 262
in hemolytic uremic syndrome and

thrombotic thrombocytopenia
purpura, 318

for hemophilia A carriers, 320
in hepatic disease, 467–469
in hepatic failure, fulminant, 480–481
in hepatic hematoma, 472
in hepatitis infection, 391, 442–443, 477
in herpes simplex virus infection, 394,

438–439
in human immunodeficiency virus

infection, 392, 441–442

in hyperadrenocorticism, 225–226
in hypercoagulable syndromes, 326–328
in hyperemesis gravidarum, 482
in hyperparathyroidism, 223
in hypertrophic cardiopathy, 173
in hypoadrenocorticism, 225
in hypoparathyroidism, 224
in hypothyroidism, 221–222
in idiopathic thrombocytopenic purpura,

275, 311–312
in infection, 382
in intrahepatic cholestasis of pregnancy,

482
in intrauterine fetal demise management,

523–524
in iron deficiency anemia, 322
in late-stage syphilis, 397
in liver failure, acute, 470
in liver transplantation in pregnancy,

485–486
in lower back pain, 234
in Lyme disease, 395
in malignant hyperthermia, 443
in Marfan syndrome patients, 194–195
in marijuana use, 417
in mitral regurgitation, 178
in mitral stenosis, 182
in mitral valve prolapse, considerations

in complicated pregnancies,
176–177

in multiple gestations, 82–84
in multiple sclerosis, 134–135
in myasthenia gravis, 136, 270–271
in myocardial infarction, 192–194
in myotonic disorders, 137
of narcotics users, 415–416
in obese patients, 57–63
in panhypopituitarism, 230
in peripartum cardiomyopathy, 175
of phencyclidine users, 424
in pheochromocytoma, 227–228
in pituitary gland disease, 229
in placenta accreta, 103–104
in placental abruption, 91–92
in placenta previa, 97–98
in pneumonia in pregnancy, 440
in postdate pregnancy and delivery,

304–305
in postpartum hemorrhage, managing,

123–125
in preeclampsia, 286–287
in preterm labor, 295–299
in primary pulmonary hypertension

patients, 189–190
in prolactinoma, 229
and psychotropic drug use in pregnancy,

454–460
in pulmonary embolism, 350–352
in renal disease, 211–214
in rheumatoid arthritis, 266
in scleroderma, 273

in scoliosis, 235–236
in septic shock, 441
in sickle cell disease, 322–323
specific fetal conditions affected by,

28–30
in spinal cord injury, 138
in systemic lupus erythematosus, 268
in Takayasu arteritis, 195
in teenage pregnancies, 48–49
in tension or migraine headaches, 134
in tetralogy of Fallot, maternal, 186
in thalassemia, 323
in thromboembolism, 353–354
in thyrotoxic patients, 220
in tobacco smoking, 426
in toxoplasmosis, evaluation of clotting

parameters, 397–398
in trauma to the pregnant woman,

241–242
in tuberculosis patients, 398
in urinary tract infection, in pregnancy,

440
in uterine atony, 102
in varicella zoster virus infection or

reactivation, 399
in venous air embolism, 362–363
in von Willenbrand’s disease, 314

Anesthetics
choice of

in hepatic disease, 466, 468
for preterm delivery, 296–297

halogenated, as a trigger for malignant
hyperthermia, 247

interactions with tricyclic
antidepressants, 455

Aneuploidies, chromosomal, detecting, 27
Aneurysm, cerebral, management of during

pregnancy, 139
Angiotensin-converting enzyme (ACE)

inhibitors
contraindications to use of during

pregnancy, 174–175, 282–283
for renal crisis management, 272

Animal studies
of amphetamine use in pregnancy, 423
of cocaine

effects on the fetus, 422
in pregnancy, 419

of narcotic effects on the fetus, 414, 422
Ankylosing spondylitis, 273–274
Anomalies. See Congenital

abnormalities/anomalies
Antibiotic prophylaxis

for cesarean delivery after trauma to the
pregnant woman, 241–242

for infective endocarditis, in women
with cardiovascular disease, 162

for outflow obstruction patients during
labor and delivery, 173

before regional anesthesia, in patients
with infections, 382
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Antibody-dependent cell-mediated
cytotoxicity (ADCC),
corticosteroids for treating, 275

Anticardiolipin antibodies (ACA)
association with pregnancy loss, 268,

519–520
diagnosis of hypercoagulation using, 371
role in hypercoagulable syndromes,

324–325
Anticholinergics

for managing asthma during pregnancy,
145

teratogenicity of, 458–459
Anticholinesterases, for myasthenia gravis

management, 135–136
Anticoagulant therapy, 326–327

in antiphospholipid antibodies syndrome,
520

in cardiovascular disease, 160–161
duration of, 351
management of the patient in, 369–380
in peripartum cardiomyopathy, 175
in pulmonary embolism, 350–352

Antidiuretic hormone, response of, in
pregnancy, 208

Antihistamines, for managing asthma
during pregnancy, 145–146

Antihypertensive therapy, in preeclampsia,
510

Antiinflammtory agents, for managing
asthma, 145

Antinuclear antibodies (ANA), in systemic
lupus erythematosus, 267

Antiphospholipid antibody syndrome
(APS), 268–269, 323

anticoagulation in, 369
pregnancy outcome in, 519–520
as a risk factor for a thrombotic event,

324–325
thromboembolism associated with, 371

Antipsychotics, effects of, maternal, 458
Antithrombin III, deficiency of

and hypercoagulability, 326–327
risk of stillbirth in, 522

Anxiety disorders
generalized, managing in pregnancy, 449
relationship with previous perinatal loss,

451
Aortic insufficiency (AI), 178–179, 512
Aortic stenosis, 179–180
Apgar score

correlation with fetal blood pH, 19
correlation with maternal obesity, 

56–57
and fetal distress, 495

Apt test, for fetal hemoglobin, use in
diagnosing vasa previa, 100–101

Arnold-Chiari type II malformation,
association with myelomeningocele,
38

Arrhythmia
fetal, and anesthesia, 29
under general anesthesia, effects of

cocaine on, 422
during pregnancy, 168–172

in mitral regurgitation, 177
Arterial embolization, for postpartum

hemorrhage treatment, 117–118
Arteries, vasoconstriction of, and

postpartum hemorrhage, 111–112
Arteriography, morbidity in, 350
Arteriovenous malformations

fistula, postpartum hemorrhage caused
by, 117–118

risk of bleeding from, during labor and
delivery, 139

Aspartate aminotransferase (AST), as an
indicator for hepatic dysfunction,
465

Asphyxia, fetal, 492–493
during labor and delivery, 7
and perinatal mortality, 8
See also Hypoxemia; Hypoxia

Aspiration
adult respiratory distress syndrome

associated with, 147–148
of gastric contents, differentiating from

amniotic fluid embolism, 358
risk of, in renal disease patients during

induction of anesthesia, 211–212
Aspirin

for anticoagulation, in pregnancy with
antiphospholipid syndrome, 520

antithrombotic activities of, 352–353, 377
for managing anticardiolipin antibodies

in pregnancy, 324–325
for managing preeclampsia, studies of,

285
risks in use of, in the third trimester of

pregnancy, 266
Assessment

fetal
during delivery, 1
techniques for, 8–13

initial, after trauma, 239
of renal function, 33–34

Asthma, in pregnancy, 507
management of, 143–147

Asymmetric septal hypertrophy (ASH). See
Hypertrophic cardiomyopathy

Atenolol, effect of, on intrauterine growth,
283

Atracurium, metabolic profile of, in hepatic
disease, 468

Atrial fibrillation, treating, 168, 370–371
in patients with hypertrophic

cardiomyopathy, 173
Atrial flutter, managing in pregnancy, 168
Atrial septal defect, secundum type, effect

of pregnancy in, 184–186

Atrial tachycardia, treating, 168
Atrioventricular block, second-degree and

third-degree, 170
Atrioventricular node-dependent

tachycardias, treating, 170
Australasian Society for the Study of

Hypertension in Pregnancy
(ASSHP), classification system,
279–280

Autoantibodies
coagulation factor, in systemic lupus

erythematosus, 268
platelet destruction by, in idiopathic

thrombocytopenic purpura, 311
See also Autoimmune disorders

Autoimmune disorders, 265–277
Addison disease, 224–225
lymphoid hypophysitis,

panhypopituitarism associated with,
229–230

myasthenia gravis, 135–136
thyroid disease

association with fetal death, 521
effects of pregnancy on, 217–218

See also Antiphospholipid antibody
syndrome (APS)

Autonomic hyperreflexia syndrome, 137
Autopsy, in fetal death, value of, 525
Autoregulation

of blood flow, fetal, 3
renal, effect of anesthetic agents on, 212

Autotransfusion, following delivery, 111,
126

B
Bacille Clamette-Guérin (BCG) vaccine,

effect on tuberculosis in children,
398

Backache, 233–234
Bacterial infections, maternal, not specific

to pregnancy, 439–441
Bacteriuria, asymptomatic

rate of progression to clinical infection
in pregnancy, 210

treating in pregnancy, 387
Barbiturates, addiction to, in pregnancy,

413
Baroreflex, fetal, 3
Becker’s muscular dystrophy, transmission

patterns, 137
Beclomethasone, for managing asthma

during pregnancy, 145
Bell’s palsy, 140
Benzodiazepines

clefts associated with diazepam use, 459
maternal and neonatal effects of use of,

416
Bernard-Soulier syndrome, 314–315
Beta-adrenergic agents, effects of, in

uterine atony, 121
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Beta-agonists, effects of, in trauma to the
pregnant woman, 242

Beta-blockers
for atrial tachycardia management, 168
for cardiac arrhythmia treatment, 171,

176
for pheochromocytoma management, in

pregnancy, 227
for Takayasu arteritis treatment, 195
for thyroid crisis management, effect on

fetal growth, 219
Bingeing, on cocaine, fetal effects of,

417–418
Biophysical profile (BPP)

fetal, 10–11, 494
in postdate pregnancy, 304

for monitoring, 341, 519
Bioprosthetic valves, porcine, for women

of childbearing age, 182–183
Bipolar (manic depressive) disorder,

448–449
Birth defects, due to substance abuse by

mothers, 407. See also Congenital
abnormalities/anomalies

Birthrate, age-specific, 45–47
Bleeding, into the spinal canal, as a

complication of spinal or epidural
anesthetics, 375. See also
Hemorrhage

Bleeding time test, 287
predictive value of, in epidural

hematoma formation, 377
Blood-brain barrier, disturbed, in renal

disease, 213
Blood components

changes in, during pregnancy, 89,
237–238

gas measurements, changes in values
during pregnancy, 143

Blood flow
placental, effect of drug abuse on, 406
uterine, during pregnancy, 505

Blood pressure
changes in, during pregnancy, 88–89,

157, 505
managing, during anesthesia in

pheochromocytoma patients, 228
monitoring during labor and delivery,

57–60
in cardiovascular disease patients, 163
effect of anesthetics on, 286–287
in Marfan syndrome patients, 194

See also Hypertension; Hypotension
Blood sampling

fetal, from the scalp, 494
maternal, to identify congenital fetal

disorders, 25
Blood transfusion

alternatives to, in obstetric patients,
98–100

autologous, 126
Blunt trauma, causes of, 239–240
B-Lynch procedure, for managing uterine

atony, 101–102
Body mass index (BMI)

defined, 53
maternal, correlation with cesarean

delivery, 305
Body movements, fetal, and fetal heart

rate, 6
Bohr effect, relationship between partial

pressure of oxygen and pH, 4
Bone marrow transplantation, allogeneic,

for managing �-thalassemia, 261
Bone metabolism, in hyperadrenocorticism,

225–226
Borrelia burgdorferi, infection by,

394–395
as a cause of fetal loss, 517

Brachial plexus palsy, association with
shoulder dystocia, 306

Bradyarrhythmia, chronic fetal,
implications of, 29

Bradycardia
fetal

association with hypoglycemia, 337
after esmolol use, 283

as a response
to aortic insufficiency, 179
to hypoxia or asphyxia, 14

Brain
early involvement of, in human

immunodeficiency virus infection,
391

fetal, maintenance of oxygen delivery to,
493

neoplasms of, 138–139
Brazelton Neonatal Behavioral Assessment

Scale, 414
Breathing

fetal, 5–6
maternal, alteration during pregnancy, 88
See also Respira- entries

Breech presentation, 67–70
cesarean versus vaginal delivery in,

295–296
Bromocriptine, for managing

prolactinomas, 229
Bronchitis, managing in pregnancy, 148
Bronchodilators, for managing asthma

during pregnancy, 145
Bronchopulmonary sequestration (BPS),

diagnosis of, 34
Brow presentation, 76–77
Bupivacaine

for analgesia in labor, with a breech
presentation, 74

effect of, on the preterm fetus, 296
Burn injuries, in pregnancy, 240–241,

510–511

Busprenorphine maintenance, in
pregnancy, 415

C
Calcium

effect of, on preeclampsia risk, 285
maintenance of homeostasis, 222–224

Calcium antagonists
effects of, in uterine atony, 121
risks and benefits of, 171

Calcium channel blockers
for antihypertensive therapy in

preeclampsia, 510
interaction of, with inhalational

anesthetics, 299
Canadian Multicenter Postterm Pregnancy

Trial, on management of postdate
pregnancy, 304

Carbamazepine, in pregnancy, risk of fetal
abnormalities, 459–460

Carboprost (15-methyl prostaglandin F2�),
for treating postpartum hemorrhage,
116

Cardiac adjustment, in diabetic parturients,
337

Cardiac arrhythmias, management of,
during pregnancy, 170–172

Cardiac delivery, description of, 180
Cardiac dysfunction, in postpartum

hemorrhage, 125
Cardiac output

change in, during pregnancy, 89
fetal, 2

response to hypoxemia, 493
maternal

during gestation, 155–157, 505
in the neonate, 7

Cardiac surgery, during pregnancy,
166–167, 371

Cardiac transplant, effect of, on pregnancy
after, 197–198

Cardiac valves
diseases of, 175–179
prosthetic, thromboembolism associated

with, 371
Cardioactive drugs, for conversion of fetal

supraventricular tachycardia, 29
Cardiomyopathy

hypertrophic, 172–175
peripartum, 511–512

termination of pregnancy in, 166
in systemic lupus erythematosus, 268

Cardiopulmonary arrest, 507–508
resuscitation during pregnancy, 

167–168
Cardiopulmonary bypass (CPB) surgery

in amniotic fluid embolism, for treating
postpartum shock, 359

in maternal cardiac arrest, 168
during pregnancy, 166, 192
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Cardiopulmonary collapse, in amniotic
fluid embolism, 356

Cardiothoracic ratio, for identifying Bart’s
hydrops fetalis, 260

Cardiovascular system
changes during pregnancy, and trauma

to the pregnant woman, 238
changes in obesity, 55

morbid, 53
collapse of, in uncontrolled diabetes,

336
disease of

accompanying Marfan syndrome, 194
during pregnancy, 155–206

fetal, 1–3
postpartum remodeling in, 159

Cardioverter-defibrillator, implantable, to
manage ventricular arrhythmias,
172

Carpal tunnel syndrome, 140
Carriers, of �-thalassemia, identifying,

256–259
Catecholamine, effect on levels of, in

electroconvulsive therapy, 453–454
Catheter, epidural, placement of, in the

obese patient, 59–60
Cefazolin, for treating pyelonephritis, 210
Ceftriaxone, for treating Lyme disease with

neurologic manifestations, 395
Centers for Disease Control and Prevention

on hepatitis B screening for pregnant
women, 391

on sexually transmitted diseases, 47
Central core disease (CCD), association of,

with malignant hyperthermia, 247
Central nervous system (CNS)

effects on, of renal disease, 212
transmission of infection to, in hepatic

disease, 469
Central venous pressure, monitoring

for parturients with cardiovascular
disease, 163

in placental abruption, 92
in postpartum hemorrhage, 124

Central venous pressure catheter versus
pulmonary artery catheter, 163–164

Cephalexin, for urinary tract infections in
pregnancy, 210

Cephalic presentations, abnormal, 75–77
Cerebral hemorrhage, 139
Cerebral necrotic syndrome, fetal, after the

death of a twin, 517
Cerebrovascular accident, differentiating

from amniotic fluid embolism, 358
Cervix

dilation in spinal-epidural analgesia, 
435

injury to, during delivery, 123
length of, and risk of preterm delivery,

291–292

Cesarean delivery
anesthesia for

in alcoholic parturients, 412–413
in cocaine use, 422
for diabetic parturients, 343
in drug abuse, 410
in hyperadrenocorticism, 226

of a breech-presenting fetus, 75
in cardiovascular disease, risks of, 162
elective, for hypertrophic

cardiomyopathy patients, 173
emergency, categories of, 498
in fetal distress, 491
in human immunodeficiency virus

infection, 392, 441–442
with hysterectomy, in placenta accreta,

103
indications for, 28
in malignant hyperthermia, 250
in mitral valve prolapse, 177
in multiple gestations, 83–84
for narcotics abusers, 415–416
in nonreassuring fetal testing, 293
for obese patients, 57–63
perimortem, 242–243

in cardiac arrest, 167
after failure of resuscitation, 508

in peripartum cardiomyopathy, 175
in renal disease patients, anesthesia for,

213–214
versus vaginal delivery, in myocardial

infarction in pregnancy, 192
in vasa previa, 101
venous air embolism associated with,

360–361
Chemical analysis, to identify abused

drugs, 404
Chemoprophylaxis, in pregnancy, table,

383
Chemoreceptor reflex, fetal, 3
Chemoreceptors, fetal, effect on heart rate,

5
Chickenpox, 399
Children’s Hospital of Pennsylvania, data

on in utero repair of
myelomeningocele, 38

Child-Turcotte classification, of hepatic
disease, 465–467

Chloroprocaine, effect of, on the preterm
fetus, 296

Chloropropamide, for treating nephrogenic
diabetes insipidus, 229

Cholecystitis, 483–484
Cholestatic dysfunction, 465
Cholestatic liver disease, 481–486
Cholinergic crisis, management of, 270
Chorioamnionitis, 437–438
Choriocarcinoma, association with

pregnancy, 138
Chorionic villus sampling (CVS), 9

to identify Bart’s hydrops fetalis,
260–261

to identify congenital abnormalities, 27
uses and risks of, 24–25

Chromatography, for identifying illegal
drugs, 404

Chromosomes/chromosomal abnormalities,
23

12, von Willebrand’s factor on, 320
15q, FBN1 gene of encoding fibrillin-1,

194
16, �-globin genes of, and hydrops

fetalis, 253
19, site of the gene for malignant

hyperthermia, 245
as a cause of fetal death, 516–517
chorionic villus sampling to identify, 9
X, factor VIII on, 320
See also Congenital

abnormalities/anomalies; Down
syndrome; Trisomy; Turner’s
syndrome

Chvostek’s sign, in hypoparathyroidism,
223–224

Cigarette smoking. See Smoking
Circadian rhythm, in fetal breathing

activity, 5–6
Circulation

access to, during fetal surgery, 41
in pregnancy, 88–89
responses to untreated hemorrhage, 124

Cirrhosis, liver, 477–478
Classification

of asthma severity, 144
of burns, 511
Cobb, of scoliosis, 234
of diabetes in pregnancy, 339–340
of emergency cesarean sections, 498
of hemorrhage in a parturient, 87,

113–114
of hormone effects, 217
of hypertension in pregnancy, 279–280
of preeclampsia, 280
of von Willenbrand’s disease, 313

Clinical course
of aortic stenosis, 179
of peripartum cardiomyopathy, 174

Clinical presentation
of mitral stenosis, 181
of mitral valve prolapse, 176
of pheochromocytoma, 196
of preeclampsia, 281–282
See also Symptoms

Clonazepam, birth defects associated with,
459

Clotting cascade, in hemostasis
primary, 309–310
secondary, 323

Clozapine, side effect of, agranulocytosis,
458
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Coagulation
changes in pregnancy, 506
and obesity, 55

Coagulation cascade dysfunction in hepatic
disease, 465

Coagulopathy
association with postpartum hemorrhage,

124
consumptive, in postpartum hemorrhage,

128
dilutional, in replacement of blood with

crystalline and packed red blood
cells, 127–128

hemorrhage and death due to, 309
in hepatic disease, 465, 480
inherited, 521–522
in intrauterine fetal demise, 524
and success of uterine artery ligation,

120
Coarctation of the aorta, 195
Cocaine (benzoylmethylecgonine),

417–419
intoxication with, 421–422
myocardial infarction induced by, 191
use of during pregnancy, and fetal death,

522
Cochrane Collaboration review

of antiplatelet agents for managing
preeclampsia, 285

of external cephalic version, 71
Collagen vascular disease, association with

chronic fetal bradyarrhythmia, 29
Combined spinal-epidural (CSE), in

cesarean delivery in hemoglobin
Bart’s hydrops fetalis, 262

Communicating vessels, laser occlusion of,
to manage twin-twin transfusion
syndrome, 79

Complete breech, risk associated with,
69–70

Complications
in arterial embolization, 118
cardiac

associated with anticardiolipin
antibodies, 325

in hypothyroidism, 222
of cocaine use, list, 418
delayed

in fetal rubella infection, 396
in fetal toxoplasmosis, 397

in external cephalic version, 71–72
fetal

in hypoparathyroidism, maternal, 224
in pheochromocytoma, maternal, 226
in syphilis, 396–397

in hemolytic uremic syndrome and
thrombotic thrombocytopenia
purpura, 318

in hyperparathyroidism, 223
in hyperthyroidism in pregnancy, 218

in hypothyroidism in pregnancy,
220–221

during labor or delivery, and risk for
postpartum depression, 448

in Listeria infection, 394
maternal

of Cushing’s disease, 225
secondary to hydrops fetalis, 261–262

medical and obstetric, in narcotic
abusers, 415

in myocardial infarction in pregnancy,
after delivery, 193–194

of neuraxial anesthetic techniques,
neurologic damage, 309

in parenteral drug abuse, limitation on
anesthetic options, 409–410

in percutaneous balloon mitral
valvuloplasty, 181

in placental abruption, 92–94
of postdate pregnancy, 303–304
of pregnancy

antepartum hemorrhage, 87–88
in human immunodeficiency virus

infection, 392
in renal transplant patients, 211

in pulmonary artery catheterization,
163–164

in varicella zoster virus infection, in
adults, 399

Compound presentation, 76–77
Computed tomography

for pelvimetry, in breech delivery, 70
for prolactinoma diagnosis in pregnancy,

229
Congenital abnormalities/anomalies

association of
with amphetamine abuse, 423
with anticonvulsants, 459–460
with diabetes mellitus, 520
with epilepsy, 135
with maternal congenital heart

disease, 184
with maternal myasthenia gravis, 269

autosomal dominant, Marfan Syndrome,
194

cardiac, incidence of, in infants of
diabetic mothers, 344

due to cocaine use, 420
due to diltiazem use, 171
face presentation associated with, 76
fetal, 27–31

due to rubella infection, 396
types of, 23

and glycemic control, 338
heart lesions, specific, 184–186
due to hypothyroidism, 221
malformations associated with fetal

death, 516
myotonic dystrophy, 136
perinatal mortality associated with, 8

thrombophilias, effect in pregnancy, 348,
369–370

ultrasonography for detecting, 24
in varicella syndrome, 399
from warfarin use, 183
See also Chromosomes/chromosomal

abnormalities
Congenital cystic adenomatoid

malformation (CCAM) of the lung,
34–35

Congenital diaphragmatic hernia (CDH),
35–36

Congenital heart disease (CHD)
Eisenmenger’s syndrome related to

untreated conditions, 186–187
incidence of

in pregnancy, 155, 183–186
Congenital high airway obstruction

syndrome (CHAOS), 37
Congestive heart failure

association of
with antenatally diagnosed

arrhythmias, 29
with cystic fibrosis in pregnancy, 1

50
with mitral stenosis, 181

improvement in, after cesarean delivery,
192

Consensus Development Conference, on
perioperative red cell transfusion,
98, 125

Consumptive coagulopathy, in placental
abruption, 93–94

Continuous infusion pump, for heparin
administration, 352

Continuous positive airway pressure
(CPAP), for obese patients after
upper abdominal surgery, 63–64

Continuous spinal anesthesia, 164–165
Continuous subcutaneous insulin infusion

(CSII), 338
Contraceptives

oral
contraindication in primary pulmonary

hypertension patients, 189
and risk of myocardial infarction, 190

use of, by adolescents, 45–46
Contraction stress test, 12–13

for determining fetal distress, 494
Contraindications

to electroconvulsive therapy, 453
to fibrinogen scanning with 125I in

pregnancy, 350
to intramuscular injection, in patients on

heparin therapy, 351
medications harmful in pregnancy, 434
to radioactive iodine use, in pregnancy,

218–219
to regional anesthesia

in cardiovascular disease patients, 165
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Contraindications (Continued)
in pregnancy, 124
therapeutic anticoagulation as, 327

to spinal-epidural anesthesia, in
anticoagulated patients, 376–377

to succinylcholine use, for renal disease
patients, 213

Convulsions
in amniotic fluid embolism, 357–358
eclamptic, differentiating from amniotic

fluid embolism, 358
in preeclampsia, managing, 287–288
from toxic reaction to anesthetics,

differentiating from amniotic fluid
embolism, 358

Coomb’s test, for antibody detection, 275
Cordocentesis

to assess fetal oxygenation and acid-base
status, 494

to diagnose hemoglobin Bart’s hydrops
fetalis, 261

uses and risks of, 25
Coronary vasculitis, in rheumatoid arthritis,

265
Cortical vein thrombosis, 139–140
Corticosteroids

for antibody-dependent cell-mediated
cytotoxicity (ADCC) treatment, 275

association with cleft lip, 270
for dermatomyositis/polymyositis, 271
for the mother, to promote fetal lung

maturity, 241
replacement of, for panhypopituitarism

patients during pregnancy, 230
Cortisol

functions of, 224
neonatal withdrawal, due to maternal

Cushing’s syndrome, 225
Coumadin, for managing

thromboembolism in pregnancy,
351

Counseling
after diagnosis of hemoglobin Bart’s

hydrops fetalis, 261
preconceptual, for women with

cardiovascular disease, 159
Creatinine, clearance of, during pregnancy,

207–208
Crista dividens, control of oxygenated

blood flow by, 1–2
Critical care, management of, in

pregnancy, 506–507
Critical illness, in pregnancy, 507–511
Cromolyn sodium, for managing asthma

during pregnancy, 145
Cross-dependent drugs, 403–404

alcohol with central nervous system
depressants, 410

Cross-tolerance, alcohol with marijuana,
416

Cryoprecipitate
for renal disease patients on dialysis,

before delivery, 212
for treating von Willenbrand’s disease,

Types 2 and 3, 313
Curettage, to empty the uterus, in

management of postpartum
hemorrhage, 117

Cushing’s disease, 225–226
Cyclooxygenase inhibitors, effects of, on

uterine contraction, 299
Cycloserine, contraindication to use in

pregnancy, 398
Cyclosporin, association with spontaneous

abortion and preterm delivery, 
270

Cystic fibrosis (CF), effects of, on
pregnancy, 150

Cystitis, treating in pregnancy, 210
Cytomegalovirus (CMV), 389–390

D
Dantrolene, for treating malignant

hyperthermia, 245, 248–250
Dapsone, for treating idiopathic

thrombocytopenic purpura, 275
Decongestants, for managing asthma

during pregnancy, 146
Deep venous thrombosis (DVT)

managing with heparin, 372
in pregnancy, 347

risks of, 369–370
Defibrillation, protection of the fetus in,

167
Delayed air embolism, 362
Delivery

effect of
on myocardial ischemia and

congestive heart failure, 192
on preeclampsia, 285

management of, 57–60
for diabetic gravidas, 341

Demography
of cardiovascular disease in pregnancy,

155
of drug abuse, 405

Dependence, on drugs, defined, 403–404
Depression

incidence of, by gender, 447
major, 447–448
paternal, after perinatal loss, 451

Dermatomyositis (DM), 271–272
Desensitization, to penicillin, 397
Desflurane, comparison with isoflurane, in

general anesthesia, 63
Desmopressin, for managing von

Willenbrand’s disease, Type 1,
312–313

Desmopressin response test, for diagnosing
diabetes insipidus, 229

Detoxification, prior to pregnancy and
early in pregnancy, 412, 414

Diabetes in Early Pregnancy project,
National Institute of Child Health
and Human Development
(NICHD), 338

Diabetes insipidus, management of, in
pregnancy, 229

Diabetes mellitus
association with obesity, 56
risk of intrauterine growth restriction in,

518
risk of myocardial infarction in

pregnancy in, 190
type 1, effect on fetal death rate, 520
uncontrolled, effects on metabolism, 336
in women with cystic fibrosis, 150

Diabetic ketoacidosis (DKA), 334–336
risk of fetal death in, 520

Diabetic parturient, 333–345. See also
Diabetes mellitus

Diagnosis
of abruptio placentae, 90–91
of amniotic fluid embolism, 357–358
of antiphospholipid syndrome, 268–269
of depression, criteria for, 447–448
of diabetic ketoacidosis, 336
of fetal congenital abnormalities, 27–28
of fetal death, 516

accompanied by disseminated
intravascular coagulation, 524

of fetal distress, 493–495
of hemoglobin Bart’s hydrops fetalis, 261
of herpes simplex virus infection,

393–394
in hyperthyroidism in pregnancy, 218
of ischemic heart disease, in pregnant

women, 191
of placenta accreta, placenta increta and

placenta percreta, 102
of placenta previa, 95–96
of polymyositis, 271
of preeclampsia, 279
prenatal, of fetal disorders, 23–26
of preterm labor, 292–293
of pseudocyesis, 452
of pulmonary embolism, 349–350
of �-thalassemia, 258–259
of twin gestation, 80
of uterine rupture, 104–105
of vasa previa, 100–101
of venous air embolism, 362
of viral hepatitis, 390

Diagnostic peritoneal lavage (DPL), in
trauma, 239, 241–242

Dialysis, renal, rate of spontaneous
abortion in, 211

Diazepam, for convulsions in
preeclampsia, 287–288

Dichorionic-diamniotic placentation, 77
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Diet
effects of, on preeclampsia, 285
restrictions on, in acute renal failure,

209
Differential diagnosis

of amniotic fluid embolism, 358
in cardiopulmonary arrest, pregnancy-

related, 167–168
of hypotension, 124–125
of malignant hyperthermia, 443
of placental abruption, 91
of placenta previa, 96
of postpartum fever, in malignant

hyperthermia susceptible patients,
250–251

of preeclampsia, 281
of pulmonary embolism, 370

Digoxin, for treating atrial tachycardia, 168
Diltiazem, congenital anomalies produced

by, 171
Dilutional coagulopathy, in placental

abruption, 94
Diphenhydramine, teratogenicity of, 458
2,3-Diphosphoglycerate (2,3-DPG), effect

on oxygen binding by hemoglobin,
333–334

Disseminated intravascular coagulation
(DIC), 318–319

in amniotic fluid embolism, 356–357
and anesthesia in placental abruption,

242
arterial embolization for managing,

117–118
in fetal death, 524
in HELLP syndrome, potential results

of, 317
in placenta accreta, decision about

epidural catheter removal in, 104
in placental abruption, 93–94, 240, 518
in postpartum hemorrhage, 128
as a predictor of fetal mortality, 238

Diuretics, effects of, on the fetus, 283
Dizygotic twinning, risk factors for, 77
DNA studies, in diagnosis of 

�-thalassemia-1
of parents, 259
of the fetus, 261

Doppler ultrasound velocimetry, for fetal
assessment, 9

Double setup, for examination in placenta
previa, 97–98

Down syndrome
history of identification, 23
maternal serum screening to detect, 27
testing to identify, 10

Doxycycline, for treating Lyme disease,
395

Drug abuse
addiction to barbiturates, in pregnancy,

413

association of
with depressive symptoms, 447
with fetal death, 515, 522
with hepatic disease, 518–519

detecting, 404
maternal, fetal distress in, 407

Drug use studies, limitations of, 405
Dubin-Johnson syndrome, 482
Duchenne’s muscular dystrophy,

transmission pattern, 137
Ductal constriction, due to indomethacin

administration, 299
Ductus arteriosus

closure of, 7
Ductus venosus, closure of, 7
Dührssen’s incisions, to facilitate delivery

in fetal head entrapment, 70
Dyspnea, in pregnancy, reasons for, 143
Dysrhythmia, cardiac, monitoring for, in

hypoparathyroidism, 224
Dystocia, and fetal weight, 69–70
Dystrophin, analysis of, to diagnose

muscular dystrophy, 137

E
Eating disorders, managing in pregnancy,

449
Ebstein’s anomaly

effects of, in pregnancy, 185
risk for, in lithium exposure of the fetus,

459
Echocardiographic criteria, defining

peripartum cardiomyopathy, 173
Echocardiography

for cardiac monitoring in placental
abruption, 93

transesophageal
in amniotic fluid embolism, 358
in Marfan syndrome, 194

Echogenic bowel, fetal, anomalies
associated with, 260–261

Eclampsia, 279–290
morbidity and mortality in, 510

Eclampsia Trial Collaborative Group, on
risk of seizures, studies of drugs
used in preeclampsia, 510

Edrophonium, for evaluating crises in
myasthenia gravis patients,
136–137

Eisenmenger’s syndrome, 186–189
risks of pregnancy in, 166
risks of pulmonary artery catheter use

in, 164
Electrical cardioversion, 171–172
Electrical system, cardiac, diseases of,

168–172
Electrocardiogram, for monitoring heart

transplant patients, 198
Electroconvulsive therapy (ECT), in

pregnancy, 453–454

Electrolytes, urinary, levels of and fetal
renal function, 33–34

Embolectomy, pulmonary, criteria for use
of, 352

Embolism, 347–367
amniotic fluid, 511

Embryopathy, from warfarin use, 183
Encephalopathy, in hepatic disease, 479
Endocarditis, association of

with aortic stenosis, 180
with mitral regurgitation, 177
with mitral valve prolapse, 176

Endocrine disorders, 217–231
association with fetal death, 520–522
changes with obesity, 55
See also Hormones

End-stage renal disease (ESRD),
progression to, in pregnancy, 209

Environmental exposures, and fetal death,
522–523

Enzyme-linked immunosorbent assay
(ELISA)

for diagnosing Lyme disease, 395
for diagnosing toxoplasmosis, 397

Enzyme-mediated immunotechnique
(EMIT), for identifying illegal
drugs, 404

Ephedrine, for hypotension
in �-agonist therapy, 298
maternal, 495–496
in mitral regurgitation patients, 178
in regional anesthesia, 165

Epidemiology
of adolescent pregnancy, 45–46
of adult respiratory distress syndrome,

147
of asthma in pregnancy, 143
of fetal death, 515
of smoking, 149
of �-thalassemia, 254
of trauma to the pregnant woman, 238

Epidural analgesia/anesthesia
advantages of, for diabetic parturients,

343
for cardiovascular disease patients,

164–165
for cocaine users in labor, 422
continuous

for mitral valve prolapse patients, 177
for myocardial infarction patients, 193

contraindication to, in placental
abruption, 92

for delivery of a breech-presenting fetus
by cesarean section, 75

effect of
on fetal heart rate, 18
on maternal temperature, 7

for external cephalic version, 73
for fetal head entrapment delivery, 75
for hepatic disease patients, 468–469
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Epidural analgesia/anesthesia (Continued)
in hip surgery, incidence of deep venous

thrombosis and pulmonary
embolism, 353

in hypertrophic cardiomyopathy, 173
for labor

for drug abusers, 409–410
in pheochromocytoma, 227–228

for mitral regurgitation patients, 178
for morbidly obese patients, 61
in multiple sclerosis, 134–135
neurologic dysfunction from

hemorrhagic complications in, 375
new-onset back pain following use of,

233
for obese patients, 58–59
for obstetrical patients with cystic

fibrosis, 150
for opiate abusers, 415–416
for placenta accreta management, 104
planning for, in preterm labor, 295–296
in renal failure, for patients undergoing

hemodialysis, 213
risks of

at delivery in multiple gestations, 83
after lumbar spine surgery, 235

in spinal cord injuries, 138
for the teenaged obstetrical patient, 48
temperature regulation in, maternal,

435–436
for thyrotoxic patients, in labor, 220
and timing of twin deliveries, 82–83

Epidural blood patch (EBP), for managing
dural puncture, 236–237

Epidural hematoma, incidence of, 309
Epidural morphine, advantages of, after

surgery, 63–64
Epilepsy, 135
Epinephrine

effects on heart rate, 5
in management of anesthesia

for hypertrophic cardiomyopathy
patients, 173

after treatment for fetal arrhythmias,
29

release of, from the adrenal medulla,
224

in renal disease, contraindication to use
of, 213

Episiotomy, likelihood of, and fetal
macrosomia, 305–306

Epoprostenol, for managing primary
pulmonary hypertension, 189

Ergot alkaloids
contraindication to

in malignant hyperthermia sensitive
patients, 247

during pregnancy, 133–134
effects of, on postpartum hemorrhage,

115–117

Erythroblastosis fetalis, 253
intervention in, history of, 33

Erythrocytes
hemoglobin of, affinity for oxygen in

the fetus, 4
increase in the mass of, during

pregnancy, 157
salvage of, in placenta previa, 100

Erythropoiesis, hemoglobins involved in ,
255–256

Erythropoietin, for managing an anemic
patient with placenta previa, 98–99

Esmolol, effect of
on fetal heart rate, 171
in thyroid storm, 220

Esophageal varices, 479
Estrogen, association with thrombosis,

324
Ethambutol, for treating tuberculosis, 398
Ethanol

effect on pregnancy and delivery,
410–413

as a tocolytic agent, 293
See also Alcohol

Ethionamide, contraindication to use in
pregnancy, 398

Ethnicity, and teenaged birthrate, 45
Etiology

of acute renal failure, 208–209
of amniotic fluid embolism, 355–356
of ankylosing spondylitis, 273
of antiphospholipid syndrome, 268–269
of cholestatic liver disease, 481–482
of fetal death, 516–517
of hypothyroidism, 221
of idiopathic thrombocytopenic purpura,

274
of mitral regurgitation, 177–178
of myasthenia gravis, 269–271
of obstetric hemorrhage, 87
of postpartum hemorrhage, 113
of preterm labor, 291–292
of scleroderma, 272
of systemic lupus erythematosus, 267
of thromboembolic disease, 347–348
of venous air embolism, 361

Etomidate, for induction of general
anesthesia, 500

in a morbidly obese parturient, 62
in placental abruption, 92
in placenta previa, 98

European Malignant Hyperthermia Group,
protocol for contracture testing, 245

Euvolemia, maintaining, in hypertrophic
cardiomyopathy patients, 173–175

Evaluation
of drug use, in prenatal care, 408–409
in placental abruption, 92
See also Assessment; Diagnosis

Evans myopathy, 246–247

Expiratory reserve volume (ERV),
reduction of, and obesity, 54

External cephalic version (ECV)
anesthesia for, 73
for delivering the second of twins,

80–81
at term, for transverse or oblique

presentations, 71–72
Extracorporeal membrane oxygenation

(ECMO), for managing the fetus
with lung masses and
diaphragmatic hernia, 35–36

Ex utero intrapartum treatment (EXIT)
procedure, for managing congenital
abnormalities, 35–37, 39

F
Face presentation, 75–76
Factor deficiencies, 319–321
Factor V Leiden (FVL)

association with thromboembolism in
pregnancy, 370

resistance to activated protein C due to,
325

as a risk factor for pregnancy-related
thrombosis, 327, 521–522

Famciclovir, for herpes simplex virus
infection, 393

Fascioscapulohumeral dystrophy, limb
girdle dystrophy, 137

Febrile parturient, 433–445
Federal Drug Administration (FDA), drug

classification by, 506
Fenoldopam, in placental abruption with

acute renal failure, 93
Fentanyl

as an alterative to monoamine oxidase
inhibitors, 458

for analgesia in labor
with a breech presentation, 74
effects on neonatal respiration,

188–189
effects on the fetus, 165
in back pain patients, 236
in von Willenbrand’s disease patients,

314
Fertility, and renal disease, 210
Fetal abnormalities, nonviable, anesthetic

implications for the patient, 30
Fetal alcohol syndrome (FAS), 407, 412, 481
Fetal distress, 491–503

defined, 491
in maternal drug abuse, 407

Fetal head entrapment, anesthesia in the
presence of, 74–75

Fetal heart rate (FHR)
effect of esmolol on, 171
monitoring, in maternal cardiac surgery,

167
patterns in, 13–19

ak
us

he
r-li

b.r
u



Index 539

Fetal hydrops. See Hydrops fetalis
Fetal loss/death

association of
with amniotic fluid embolism, 355
with anticardiolipin antibodies,

324–325
with cocaine use, 420
with diabetic ketoacidosis, 334–336
with narcotic use, 414
with protein C deficiency, 326

in factor V Leiden carriers, 325
intrauterine, 515–528
after monitoring diabetic parturients for

fetal well-being, 341
See also Abortion; Intrauterine fetal

demise; Mortality, fetal
Fetus

activity of, maternal assessment of, 10
anesthesia for, in fetal interventions,

39–41
effects on

of anesthetics, 296
of antiarrhythmic drugs, 168–172
of cocaine, 420
of hepatic dysfunction, 466–467
of marijuana, 416
of maternal alcohol abuse, 411
of maternal fever, 436
of maternal hemorrhage, 88
of maternal substance abuse, 407
of narcotic abuse, 414
of tobacco smoking, 425

half-life of indomethacin in, 299
management of, in hypertensive

disorders, 471–472
risk to, of malignant hyperthermia, 

246
Fever, pathogenesis of, 433
Fibrinogen, as an indicator of disseminated

intravascular coagulation, 94
Fibrin split products (FSP), effects on

levels of, of placental abruption,
93–94

Fibronectin, fetal, in cervicovaginal
secretions, and premature delivery,
292

Fick principle, using to calculate
oxygenation levels, 4

Filters, inferior vena caval, to prevent
pulmonary embolization from deep
venous thrombosis, 352

Finnegan scale, for rating symptoms of
neonatal abstinence, 414

Fish oils, effects of, on preeclampsia, 285
Floppy infant syndrome, association with

benzodiazepines, 459
Fluid injection, association of, with

amniotic fluid embolism, 356
Fluid management, in renal disease

patients, 214

Fluorescent in situ hybridization (FISH),
for identifying chromosomal
aneuploidies, 27

Fluoxetine (Prozac), effects of, on the
fetus, 454–455

Footling breech, risk associated with, 69–70
Foramen ovale, closure of, 7
Forceps delivery

anesthesia for, perineal, 343
in myocardial infarction in pregnancy,

193
Fresh-frozen plasma (FFP), clotting factors

of, use in postpartum hemorrhage,
127

Fulminant hepatic failure, 480–481
Functional residual capacity (FRC),

reduction of
and obesity, 54
in pregnancy, 88

G
Gas exchange

fetal, 1
placental, and fetal oxygenation, 3–4

Gastrointestinal changes
in obesity, 54–56
in trauma, 238

General anesthesia
for cesarean delivery

of cocaine-abusing parturients, 422
of diabetic parturients, 343
of morbidly obese patients, 61–63
of multiple gestations, 83

for drug abusers, 410
in Eisenmenger’s syndrome patients, 188
for the febrile parturient, 436–437
in hip replacement, incidence of

thrombosis and pulmonary
embolism, 353

in hypertrophic cardiomyopathy, 173
in intrapartum fetal distress, 499–500
in management of placenta accreta,

103–104
in management of placenta previa,

97–98
morbidity and mortality associated with

in multiple gestations, 83
in pheochromocytoma, 228

Genetic counseling, in hemoglobin Bart’s
hydrops fetalis, 259–260

Genetic factors, in preeclampsia, 279
Genetic risk, for placental abruption, 90
Genetics, of malignant hyperthermia, 245
Genetic testing, for cystic fibrosis patients,

150
Genital infections, association with preterm

delivery, 292
Genital tract trauma

postpartum hemorrhage due to, 113,
122–123

repair of, after resuscitation, 129
Genitourinary changes, in pregnancy,

effect of trauma on, 237
Genome project, and identification of fetal

disorders, 23–26
Genotype, in hemoglobin Bart’s hydrops

fetalis, 253
Geographic patterns, of drug choice, 405
Gestation

higher-order, 81–84
multiple, association with fetal deaths, 8

Gestational diabetes, 340–341
in twinning, 78

Gestational hypertension, 196
Glanzmann’s thrombasthenia, 315
Glomerular filtration rate (GFR), increase

in, during pregnancy, 207–208, 
506

Glucocorticoids
for managing HELLP syndrome,

316–317
for managing idiopathic

thrombocytopenic purpura, 274
replacement therapy, for perioperative

thyroid storm patients, 220
Glucose, blood levels of, and breathing

fetal movement, 6
Glucosuria, normal, in pregnancy, 207
Glycogenolysis, in response to fetal

hypoxemia, 493
Glycoproteins, platelet membrane

autoantibodies to, in idiopathic
thrombocytopenic purpura, 274

defects of, in Glanzmann’s
thrombasthenia, 315

Goiter, fetal, from maternal lithium
ingestion, 459

Gonorrhea infection, age-specific rates of,
47

Graves’s disease, maternal
anesthesia management in, 29
causing neonatal disease, 218
fetal death associated with, 520–521

Great arteries, diseases of, 194–195
Grieving, in perinatal loss, 450–451
Growth restriction, fetal

in maternal congenital heart disease, 
184

in maternal Eisenmenger’s syndrome,
187

in maternal primary pulmonary
hypertension, 189

in maternal tobacco smoking, 425
in tetralogy of Fallot, 186
See also Intrauterine growth restriction

Guidelines
for electroconvulsive therapy, 453
for transfusion, 125–126
See also American Society of

Anesthesiologists, guidelines
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H
Hair analysis, to identify nicotine and

cocaine use, 404
Haloperidol, 458
Halothane, effects of, on the fetus, 41
Handicaps, severe, and multiple gestations,

82
HbH disease

defined, 253
genetic counseling in, 260

Headache, 133–134
Head entrapment, fetal, 70–71
Head injury, mortality from, 240
Head’s reflex, 8
Hearing loss, congenital, from

cytomegalovirus infection, 390
Heart failure, association with

hyperthyroidism in pregnancy, 218
Heart rate

change in, during pregnancy, 156
fetal, 4–5

monitoring of, 13–18
See also Bradycardia; Tachycardia

Hematocrit, high, in infants of diabetic
mothers, 344

Hematologic disorders, 309–332
in preeclampsia, 509
relationship with fetal death, 521–522
relationship with human

immunodeficiency virus infection,
392

Hematomas
epidural

incidence of, 309
after regional anesthesia, 354, 376

genital tract, identifying and managing,
122–123

hepatic, 472
spinal, risk in aspirin ingestion, 377
spinal-epidural, 375–377

Hemodialysis, indications for, in acute
renal failure, 209

Hemodynamic changes
monitoring of

in mitral stenosis, 182
in pregnancy, 506–507

in preeclampsia, 509
in pregnancy, 155–156, 505–507

Hemoglobin
Alc, glycemic control assessment in

terms of, 333–334
electrophoretic analysis of, to diagnose

�-globin chain abnormalities, 258
S, amino acid substitution in, 322

Hemoglobin Bart’s hydrops fetalis
syndrome, nonimmune hydrops
fetalis due to, 253–264

Hemoglobinopathies, 322–323
Hemolysis, fetal, from maternal

autoimmune antibodies, 275

Hemolysis, elevated liver enzymes, and
low platelets (HELLP) syndrome,
281, 316–318, 472–473

preeclampsia variant, 509
Hemolytic disease, fetal death in, 521
Hemolytic uremic syndrome (HUS), 318,

471
Hemophilia A (factor VIII deficiency),

319–320
Hemophilia B (Christmas disease), 320
Hemorrhage

and anesthetic management in placenta
previa, 97–98

antepartum, 87–109
from anticoagulant therapy, in

Eisenmenger’s syndrome, 187
avoiding, with cesarean delivery versus

active labor, 295
cerebral, 139
fetal

intracranial, in alloimmune
thrombocytopenia, 315

in warfarin therapy, 351
fetomaternal, and rhesus

isoimmunization, 240
in heparin therapy, 351

maternal risk of, 372
neonatal intraventricular, in vaginal

breech delivery, 69–70
obstetric, mortality in, 309
postpartum, 111–132

in multifetal pregnancy, 80–81
in myotonic disorders, 136–137
in von Willenbrand’s disease, 313

uterine, effect of, on asthma control,
143–144

Hemorrhagic shock, differentiating from
amniotic fluid embolism, 358

Hemostasis
postpartum, and uterine retraction, 112
primary, defined, 309–310

Heparin
actions of, on clotting, 350–351
for anticardiolipin antibody management

in pregnancy, 324–325
for antiphospholipid syndrome

management, 520
benefits and risks of during pregnancy,

327, 369
in maternal cardiovascular disease,

161, 371–374
in peripartum cardiomyopathy, 175

thromboelastography to assess
anticoagulation in therapy with, 378

use of, in pregnancy, 506
Heparin-induced extracorporeal LDL

plasmapheresis (HELP),
thrombocytopenia due to, 128

Hepatic disease, 463–489
Hepatic rupture, from trauma, 240

Hepatitis, 390–391, 442–443, 474–477
toxic, from anesthetics for patients with

liver disease, 468
Hepatorenal syndrome, 470

mortality in, 465
Hereditary disorders

autosomal dominant
achondroplasia, 236
coagulopathies, 521–522
hypertrophic myopathy, 172–173
malignant hyperthermia, 245–252
Marfan syndrome, 194
osteogenesis imperfecta, 236
von Willenbrand’s disease, 312–314

autosomal recessive
Bernard-Soulier syndrome, 314–315
factor XI deficiency, 320–321
Glanzmann’s thrombasthenia, 315

hereditary hemorrhagic telangiectasia,
478

X-linked recessive
hemophilia A, 319–320
hemophilia B, 320–321
muscular dystrophies, 137

See also Chromosomes/chromosomal
abnormalities; Congenital
abnormalities/anomalies

Herpes simplex virus infection, 393–394,
438–439

Herpes zoster infection, defined, 399
Herring Breuer inflation reflex, 7–8
Hippocrates, description of pseudocyesis

by, 452
History, medical, to determine

susceptibility to malignant
hyperthermia, 246

Hormones
association of, with panic disorders, 449
effects of, on fetal heart rate, 5
effects of, in postpartum depression, 448
effects on, of narcotic abuse in

pregnancy, 413–414
response of, to hypoglycemia in

pregnant diabetic women, 337
steroid therapy in asthma, effect on fetal

well-being, 144
See also Endocrine disorders

Hughes syndrome. See Antiphospholipid
antibody syndrome

Human immunodeficiency virus (HIV)
infection, 441–442

in adolescents, 47
in drug users, 406, 419
in pregnancy, 391–393, 409

interaction of methadone with
zidovudine, 415

Hydralazine
in labor, for mitral regurgitation patients,

177
for vasodilation in preeclampsia, 510
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Hydration, preoperative, in
electroconvulsive therapy, 454

Hydrocephalus
maternal, with shunt, 140
and risks in vaginal breech delivery, 70

Hydrocortisone
for managing Addison disease, 225
for managing pulmonary vasospasm and

pulmonary edema, 359
Hydrops fetalis, 253–264

due to �-thalassemia, 323
association with fetal lung masses,

34–35
intervention in, history of, 33
nonimmune, 30
prognosis in, 34

Hyperadrenocorticism, 225–226
Hyperbilirubinemia, association with

preterm labor, 467
Hypercalcemia, fetal, 222
Hypercapnia, maternal, fetal respiratory

acidosis from, 148
Hypercoagulable state

in pregnancy, 309–310
syndromes of, 324–325

Hyperemesis gravidarum, incidence of,
482–483

Hyperextension, of the fetal neck, and
vaginal breech delivery, 70

Hyperglucagonemia, in diabetic
ketoacidosis, 334–336

Hyperglycemia
causing diabetic ketoacidosis, 334–336
due to �-agonist use, 298

Hyperhomocysteinemia, venous
thromboembolism associated with,
348

Hyperinsulinemia, fetal, effect on oxygen
demand, 334

Hyperkalemia
in renal disease, and anesthesia, 212
as a sign of malignant hyperthermia,

during labor, 248
following the use of succinylcholine,

437
Hyperparathyroidism, 222–223
Hypertension/hypertensive disorders

association of
with abruption of the placenta, 92
with aneurysmal bleeding, 139

and body mass index, 54
categories of, in pregnancy, 509
chronic, 196

and obesity in pregnancy, 56
in Cushing’s disease, 225
in diabetic gravidas, 336
effect of, on asthma, 143–144
under general anesthesia, effects of

cocaine on, 422
gestational, defined, 279

in pregnancy, 196–197
classification of, 470–472

pulmonary, association with pulmonary
emboli, 349

as a relative contraindication of
ketamine use, 63

in renal disease, effect on choice of
anesthesia, 212

and risk of fetal death, 522
and risk of myocardial infarction, 190
systemic, from ergot alkaloids, 115–116
treatment of, effects on the mother,

284–285
See also Pulmonary hypertension

Hyperthermia, fetal, in
methylenedioxymethamphetamine
use, 424

Hyperthyroidism, 218–220
Hypertrophic cardiomyopathy (HOCM),

172–173
as a cause of fetal death in diabetic

pregnancies, 520
Hyperventilation, maternal respiratory

alkalosis due to, 6
Hypoadrenocorticism, 224–225
Hypoalbuminemia of pregnancy, 207
Hypocalcemia

effect of, on myometrial contraction, 127
neonatal, due to maternal

hyperparathyroidism, 223
Hypogastric arteries, ligation of, in

postpartum hemorrhage, 119
Hypoglycemia, in diabetic parturients,

336–337
Hypoinsulinemia, in diabetic ketoacidosis,

334–336
Hypokalemia, with �-agonist use, 298
Hypoparathyroidism, 223
Hypotension

differential diagnosis of, 124–125
due to hemorrhage in placenta accreta,

104
maternal

in amniotic fluid embolism, 359
and fetal acidosis, 342
in regional anesthesia, 298
treatment of, 495–496

in thyrotoxic patients, phenylephrine for,
220

in use of spinal anesthesia, 497
in multiple gestations, 83

Hypothermia
in hypovolemic shock, 125
from surgical epidural anesthesia, 435
threat of, in open fetal procedures, 41

Hypothyroidism, 220–222
maternal, and fetal death, 520–521
neonatal, from amiodarone use, 171

Hypothyroxemia, maternal, outcomes of
untreated condition, 221

Hypovolemia, correcting, in prerenal acute
renal failure, 208

Hypovolemic shock
and massive hemorrhage, 125
in postpartum hemorrhage, angiographic

treatment for, 117–118
Hypoxemia

during apnea, in parturients and obese
parturients, 62

in microembolization, 349
as a source of ischemic hepatitis, 468

Hypoxia
as a cause of stillbirth, 491
effect of, on fetal breathing movements, 5
effect on, of aortic chemoreceptors, 3
fetal

due to calcium channel blockers, 
283

due to hyperinsulinemia, 334
during labor and delivery, 7

maternal, as a cause of fetal death,
518–519

Hysterectomy
cesarean, in placenta accreta, 103
requirement for, in postpartum

hemorrhage, 113, 120

I
Iatrogenic conditions, in intractable

hypotension, 125
Idiopathic hypertrophic subaortic stenosis

(IHSS). See Hypertrophic
cardiomyopathy

Idiopathic thrombocytopenic purpura
(ITP), 274–275

platelet destruction by autoantibodies in,
311–312

Immunoglobulins
anti-D, in fetomaternal hemorrhage, 240
in hepatitis A infection, 475–476
IgG

antiplatelet antibodies, risk to fetus for
thrombocytopenia from, 275, 311

in Lyme disease, 395
in parvovirus B19 infection, 395
in toxoplasmosis, 397

IgM
in autoimmune hemolytic anemia, 275
in parvovirus B19 infection, 395, 397
in toxoplasmosis, 397

in peripartum cardiomyopathy,
retrospective study, 175

varicella, for perinatal exposure to
varicella zoster, 399

Immunologic diseases, and risk of fetal
death, 519–520

Immunosuppressant medications,
management of, in pregnancy, 485

Impedance plethysmography, to detect
venous thrombosis, 350
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Implantable cardioverter-defibrillator
(ICD), preconception implantation
of, 172

Incidence
of amniotic fluid embolism, 355
of cocaine use by pregnant women, 418
of deep venous thrombosis, during

pregnancy, 347–354
or drug abuse in pregnancy, reported,

404–405
of ethanol abuse, maternal, 411
of fetal distress, 491–492
of hepatitis A virus infection in

pregnancy, 475
of herpes zoster virus infection in

pregnancy, 399
of placental abruption, 90
of postdate pregnancy, 303
of postpartum hemorrhage, 112
of syphilis, 396–397
of venous air embolism, 360–361

Indications
for amniocentesis, 8
for anticoagulant therapy in pregnancy,

369–371
for Cesarean delivery, 28
maternal, for delivery in HELLP

syndrome, 316–317
for postpartum blood transfusion, 120
for postpartum hysterectomy, 120

Indirect fluorescent antibody (IFA) test
for diagnosing Lyme disease, 395
for diagnosing toxoplasmosis, 397

Indomethacin
contraindications to use of, in trauma to

the pregnant woman, 242
inhibition of prostaglandin synthesis by,

299
Induction agents, in fetal distress, 500–501
Infarction, hepatic, mortality in, 472
Infection

infective endocarditis in pregnancy,
161–162

intraamniotic, treating in pregnancy, 387
maternal

and adult respiratory distress
syndrome, 147–148

as a cause of fetal death, 517
incidence of, in labor, 435
not specific to pregnancy, 439–443
specific to pregnancy, 437–439
with twins delivered by cesarean

section, 81
Infectious diseases, 381–402

herpes simplex virus, 438–439
renal, 210
risk of transmission in blood transfusion,

126
See also Hepatitis; Human

immunodeficiency virus

Infiltration anesthesia, in morbidly obese
patients, 61

Inhalation agents, effects of, for patients
with renal disease, 212

Inhalation injuries, in burn patients, 511
Inotropic agents, for peripartum

cardiomyopathy management, 175
Insulin

postpartum requirement for, by diabetic
mothers, 342

therapy with, for diabetic parturients,
338

Insulin reactions, in early pregnancy, in
diabetic women, 337

Intensive therapy unit (ITU), admission to,
for postdelivery care for
preeclamptics, 288–289

Interferon-�, therapy for hepatitis B, C,
and D, 390, 476

Interferon-�, for managing multiple
sclerosis, 134

Internal podalic version, in breech
extraction of a second twin, 81

Interventions, in placenta accreta,
nonsurgical, 103

Intoxication, from methylenedioxy-
methamphetamine use, 424

Intracardiac shunts, management of,
184–185

Intracranial bleeding, fetal, with warfarin
use, 183

Intrahepatic cholestasis of pregnancy
(ICP), 481–482

Intraoperative blood salvage, in massive
hemorrhage and cesarean
hysterectomy, 126–127

Intrapartum management
in cocaine abuse, 421–422
in phencyclidine abuse, 423–424
in substance abuse, 409

Intrapartum monitoring, 1–22
Intraspinal hematoma, accompanying

hemorrhage in placenta accreta,
management of, 104

Intrauterine fetal demise (IUFD), 515–528
Intrauterine growth restriction (IUGR), 30

association of, with systemic lupus
erythematosus, 267

evaluating with Doppler ultrasound
velocimetry, 9

as an indication of in utero asphyxia,
494

due to substance abuse, 407
See also Growth restriction

Intravascular volume, changes in, during
pregnancy, 157

Intravenous heparin, therapeutic, for
venous thrombosis, 372

Intravenous immunoglobulin (IVIG)
for alloimmune thrombocytopenia, 316

for idiopathic thrombocytopenia purpura,
274

Intrinsic hepatic dysfunction, 474–475
Intubation

under elective conditions, to assure
control of the airway, 124

fiberoptic, before induction of general
anesthesia, 62

of morbidly obese patients, difficulty
with, 62

positioning a patient for, prior to
cesarean surgery, 60–61

of preeclamptic patients, difficulty with,
88

In utero resuscitation, 496
In utero transfusion, in hemoglobin Bart’s

hydrops fetalis, 262
In vitro contracture test (IVCT), for

malignant hyperthermia diagnosis,
245–246

Ionizing radiation, exposure to, from
diagnostic procedures, 157

Ion trapping, of anesthetics in the fetus,
296

Iron deficiency anemia, 321–322
laboratory diagnosis of, in pregnant

women, 258
Isoflurane, inorganic fluoride levels in

serum after anesthesia with, 63
Isoniazid, for tuberculosis treatment, 398
Isovolemia, maintaining, in acute obstetric

hemorrhage, 124
Isovolemic hemodilution, in postpartum

hemorrhage management, 126

K
Ketamine

for analgesia in labor, in von
Willenbrand’s disease patients, 
314

for induction of general anesthesia, 500
in a morbidly obese parturient, 62
in placental abruption, 92
in placenta previa, 98

Ketoacidosis, diabetic, 334–336
Kidneys, excretion of bicarbonate by, in

compensation for reduced CO2 in
pregnancy, 143

Kleihauer-Betke test, for fetomaternal
hemorrhage in RhD-negative
patients, 240

Klinefelter syndrome, chromosome
distribution in, 23

L
Labetalol, for managing

pheochromocytoma in pregnancy,
227

Labetolol, for antihypertensive therapy in
preeclampsia, 510
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Labor
analgesia during

for an expectant vaginal breech
delivery, 73–74

in multiple gestations, 82–83
in renal disease, 213

chorioamnionitis presenting during, 438
management of, 57–60

monitoring for malignant
hyperthermia, 248

in patients with asthma, 146
stage of

fourth, 112
third, active management in, 122
third, physiology of, 112

See also Premature labor; Preterm labor
Laboratory assessment, of postpartum

hemorrhage, 128
Labor induction

indications for
in obese women, 57–60
in postdate pregnancy, 303–304

means of, in postdate pregnancy, 304
practice in postdate pregnancy, 305

Lacerations, postpartum hemorrhage due
to, 113, 122–123

�-Lactams, for pneumonia during
pregnancy, 148

Lactate dehydrogenase (LDH), for
monitoring hemolytic uremic, and
thrombotic thrombocytopenic
purpura, 281

Laminectomy, decompressive, in epidural
hematoma formation, 376

Laparoscopy, in cholecystectomy, 483
Laparotomy, exploratory, for assessing

trauma to the pregnant woman,
241–242

Laser occlusion, of communicating vessels,
in twin-twin transfusion syndrome,
79

Lecithin/sphingomyelin ratio (L/S),
assessing lung maturity by
measuring, 10

Left ventricular hypertrophy (LVH)
and morbid obesity, 54
in renal disease, effect on choice of

anesthesia, 212
Lidocaine

effect of, on the preterm fetus, 296
for managing ventricular arrhythmias,

171
Life expectancy, in aortic stenosis, severe,

179
Life support protocol, advanced cardiac,

167
Limb reduction, in hemoglobin Bart’s

hydrops fetalis, 261
Listeria monocytogenes, 394, 517
Listeriosis

as a cause of fetal death, 517
treating in pregnancy, 388

Lithium, use in pregnancy, 459
Liver cell adenoma, maternal and fetal

mortality associated with, 478
Lobectomy, for managing hydrops fetalis,

35
“Loss of resistance with air”, in epidural

anesthesia, venous air embolism
due to, 363

Low back pain (BLP), 233
Low birth weight (LBW) births, incidence

of, 46
in placental abruption, 90

Low-dose heparin, prophylactic, and risk
of spinal hematomas in epidural or
spinal anesthesia, 375–376

Low-dose heparin, prophylactic, in risk of
thromboembolic disease, 372

Low-dose methadone maintenance, in
pregnancy, 414

Low molecular weight heparin (LMWH)
in Eisenmenger’s syndrome,

management in the perinatal period,
188

prophylaxis with, risk of spinal
hematoma in, 376

risks of, during pregnancy, 183, 351
use of, 369, 373–374

Lumbar disc herniation, 234
Lumbar surgery, prevalence of, 235
Lung, fetal

assessment of the maturity of, 10
masses in, 34–35

Lung elastic properties, infant, effect of
tobacco smoking on, 425

Lung maturity testing, for infants of
diabetic mothers, 341

Lung-to-head ratio (LHR), and prognosis
in congenital diaphragmatic hernia,
35

Lupus anticoagulant (LAC)
association with hypercoagulation,

324–325
association with pregnancy loss, 268
See also Antiphospholipid antibody

syndrome; Systemic lupus
erythematosus

Lyme disease, 394–395
association with fetal death, 517

M
Macrolide antibiotics, for pneumonia

during pregnancy, 148
Macrosomia

in diabetic parturients, 339, 520
in postdate pregnancy, 305–306

Magnesium, serum levels of, and muscle
relaxants, 212

Magnesium sulfate

contraindication to, in trauma to the
pregnant woman, 242

for control of seizures, 288
effect of

on preeclampsia, 286, 510
on pregnant patients, 39
on uterine relaxation, 121

for pheochromocytoma management,
228

for preterm labor management, 293,
298–299

Magnetic resonance angiography (MRA),
for diagnosis of pulmonary
embolism, 350

Magnetic resonance imaging (MRI), for
diagnosis

of deep venous thrombosis, 370
of epidural hematomas, 376
of fetal disorders, 25
of pheochromocytoma, 226
of placenta accreta, 121
of placenta previa, 96

Magnetic resonance imaging (MRI), for
diagnosis, of sacroiliac dysfunction
versus lumbar disk herniation, 234

Maintenance therapy, after narcotic
detoxification, 413

Malaria, treating in pregnancy, 388
Malignant hyperthermia (MH), 137,

245–252, 443
Malignant Hyperthermia Association of the

United States (MHAUS), treatment
recommended by, 249

Mallampati score, correlation with weight
gain in pregnancy, 88

Malpresentation, 67–77
Management

intrapartum, of twin gestation, 80–81
of peripartum cardiomyopathy, 174–175

Manipulation, intrauterine fetal, 33–44
March of Dimes Multicenter Prematurity

Prevention Trial, 292
Marfan syndrome (MFS), 194

mitral valve prolapse associated with,
176

risks of pregnancy in, 166
Marginal sinus abruption, 89–90
Marijuana, 416–417
Markers, biochemical, of preterm birth,

291–292
Masseter muscle rigidity (MMR),

association with malignant
hyperthermia, 247

Maternal mirror syndrome, 261–262
in hydrops fetalis, 34

Mean cell volume (MCV), screening for
thalassemias using, 256–257

Mechanical changes, respiratory, and
obesity, 54

Mechanical valve prostheses, 182–183
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Meconium, composition of, and amniotic
fluid embolism, 356–357

Meconium testing, to identify drug
exposure, 404

Medical management
of aortic insufficiency, 178
of aortic stenosis, 179–180
of cardiovascular disease in pregnancy,

160
of Eisenmenger’s syndrome, 187
of heart transplant patients, 197
of hypertension, 283–284
of idiopathic thrombocytopenic purpura,

274–275
of mitral regurgitation, 177
of mitral stenosis, 181
of myocardial infarction in pregnancy,

191–192
of pheochromocytoma, 196–197
of postpartum hemorrhage, 117
of smoking in pregnancy, 149
of tetralogy of Fallot, 185–186

Medications
adjusting dosages of, in pregnancy, 434
for ankylosing spondylitis, 273
antiepileptic, teratogenic effect of, 135
for asthma management during

pregnancy, 145–146
cardiac, effects on the mother and fetus,

169
congenital malformations and fetal loss

associated with, 523
for dermatomyositis/polymyositis, 271
diuretics, list, 284
experimental, for severe pulmonary

hypertension, 189
for hypertension treatment, 282–284

list, 284
for myasthenia gravis management, 270
preanesthetic, for teenagers, 49
psychotropic, list, 456–457
for rheumatoid arthritis, 266–267
for scleroderma management, 272
sensitivity to, in human

immunodeficiency virus infection,
393

Meperidine, for analgesia in labor, in back
pain patients, 236

Meralgia paresthetica, 141
Metabolic acidosis, in renal disease, and

anesthesia, 212
Metabolic problems, in liver disease,

465–466
Metabolic status, in acute renal failure, 209
Metabolic tolerance to drugs, defined,

403–404
Metabolism

of alcohol, 410
of cocaine, 417

Methadone, interaction with zidovudine,
415

Methadone maintenance, in pregnancy,
414–415

Methimazole, for hyperthyroidism in
pregnancy, 219

Methylenedioxymethamphetamine
(MDMA) (ecstasy), 424

Methylergonovine (Methergine), 115–116
contraindication to, in maternal

hypertension, 317
for managing uterine bleeding, in

amniotic fluid embolism, 359
for utero-tonic therapy in hypertrophic

cardiomyopathy, 173
Methylprednisolone, for short-term

management of multiple sclerosis,
134

Methylprednisone, for managing idiopathic
thrombocytopenia purpura, 311

Metoclopramide, to stimulate gastric
emptying, 500

Metoprolol, for controlling ventricular rate,
in patients with atrial fibrillation or
flutter, 168

Michigan Alcohol Screening Test (MAST),
411

Microadenomas, pituitary, 228–229
Microangiopathy in pregnancy, 316–318
Microembolization, hemodynamic changes

due to respiration, 349
�2-Microglobulin, urinary, levels of and

fetal renal function, 33–34
Midazolam, for induction of general

anesthesia, 500
in a morbidly obese parturient, 62–63
in thyroid storm, 220

Migraine headache, 133
Minute ventilation, during pregnancy, 88,

143, 505–506
Misoprostol, to control excessive blood

loss
in placenta accreta, 103
postpartum, 116, 122

Mitral regurgitation, 176–178
Mitral stenosis (MS), 180–182

rheumatic, mortality in, 175, 512
Mitral valve prolapse (MVP), 176–177

association with scoliosis, 235
Mobilization, of obese patients after

surgery, 63
Monamine oxidase inhibitors (MAOIs),

455–458
Monitored anesthetic care (MAC), for

cardioversion, 172
Monitoring
antenatal

for fetal well-being, 341
in postdate pregnancy, 304

of blood glucose in diabetic parturients,
338

of coagulopathy, in placental abruption,
94

during delivery, after myocardial
infarction in pregnancy, 193

of Eisenmenger’s syndrome patients,
188

fetal, in adult respiratory distress
syndrome, 147–148

of fetal heart rate patterns, electronic, 18
of heart transplant patients, 198
invasive

in acute renal failure, 209
during anesthesia in Addison disease,

225
during labor and delivery

in cardiovascular disease, 163–164
in pheochromocytoma patients, 228

maternal
in placental abruption, 92
with pretreatment for fetal

supraventricular tachycardia, 29
perioperative, in hepatic disease, 469

Monochorionic-diamniotic twins, twin-twin
transfusion syndrome in, 79

Monochorionic twins, vascular
communications between, 78–79

Mononeuropathies, in the parturient,
management of, 140–141

Monozygotic twinning, 77
Mood disorders, 447–449
Morbidity

in antepartum thromboembolism, 371
in arteriography, 350
fetal, in insulin use to treat depression,

453
in myocardial infarction in pregnancy,

191
neonatal

in cytomegalovirus infection, 390
in herpes simplex virus infection,

393–394
in myasthenia gravis, 136

in pancreatitis in pregnancy, 223
perinatal, in fetal macrosomia, 306
in peripartum cardiomyopathy, 174
in rheumatic heart disease, 175–176
in vena cava interruption, 352

Morphine
as an alterative to monoamine oxidase

inhibitors, 458
subarachnoid, postpartum and

postoperative use of, 49–50
Mortality

in acute fatty liver of pregnancy, 511
in acute respiratory distress syndrome,

507
in adult respiratory distress syndrome, 147
in agranulocytosis from clozapine, 458
in amniotic fluid embolism, 355
anesthetic-related, during delivery, 49
in antepartum thromboembolism, 371
in aortic stenosis, 180
in bipolar disorder, 448–449
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in congenital tuberculosis, 398
from embolectomy, 352
fetal

in acute fatty liver of pregnancy, 474
association with intrauterine growth

restriction, 491
association with oral anticoagulant

use, 351
in burn injuries, 241
in chorionic villus sampling, 261
in cordocentesis, 261
from endocarditis in pregnancy, 162
in maternal uncorrected coarctation of

the aorta, 195
in placental abruption, 238
in smokers, 150
in surgery for maternal heart disease,

166
in uterine rupture, 238–239

in hemolysis, elevated liver enzymes,
and low platelets syndrome, 472

in hemolytic uremic and thrombotic
thrombocytopenic purpura
syndromes, 281

in hepatic rupture, 472
in hepatitis D, 476
in hydrops fetalis, 253
maternal

in abdominal versus regional
anesthesia, 436–437

association with esophageal varices,
479

from cardiovascular disease, 155
in cerebral hemorrhage, 139
in Eisenmenger’s syndrome, 187
from endocarditis in pregnancy, 162
from hemorrhage, 87–88, 111–132,

309
in hepatitis E, 476–477
in hyperadrenocorticism, 225
in Marfan syndrome, 194
in pheochromocytoma, 196
in placenta previa, 95
in pneumonia, 440
from pneumonia in pregnancy, 148
in preeclampsia, 279
in primary pulmonary hypertension,

189
in thyroid storm, 219–220
in trauma, 238
in varicella pneumonitis, 399

of monoamniotic twins, 79–80
from motor vehicle accidents, 239–240
in myocardial infarction in pregnancy,

191
neonatal

in amphetamine use, 423
in herpes simplex virus infection,

393–394
in myasthenia gravis, 136

in obstetric hemorrhage, 508

perinatal, 8
associated with maternal cystic

fibrosis, 150
in breech presentation, 67–68
in compound presentation, 77
in face presentation, 76
in fetal macrosomia, 306
in fulminant hepatic failure, 481
in hyperadrenocorticism, 225
from Listeria infection, 394
in preterm infants, comparison of

delivery procedures, 295–296
due to tobacco exposure, 407, 425
with warfarin versus heparin use, 161

in peripartum cardiomyopathy, 174
in pheochromocytoma, 226
in rheumatic heart disease, 175
in septic shock, 440
for singletons, twins and triplets,

comparison, 82
in twin-twin transfusion syndrome, 79
in uterine inversion, 123
in vena cava interruption, 352

Mother
anesthetic management of, in fetal

interventions, 38–39
condition of, and anesthesia after failed

intubation, 62
infection in, when twins are delivered by

cesarean section, 81
risk to, in twinning, 78

Multidisciplinary team, for monitoring
pregnancy

in Eisenmenger’s syndrome patients, 187
in pheochromocytoma, 196

Multifetal gestation, 77–84
management of fetal death, with one or

more survivors, 523–524
Multiorgan failure (MOF), association with

adult respiratory distress syndrome,
147

Multiple-gestation pregnancy, morbidity
and mortality in, 517

Multiple sclerosis, 134–135
Muscle relaxants

cautions about use of, in myasthenia
gravis, 270

interaction with cocaine, 422
reversal of, in renal disease patients,

213–214
Muscle rigidity, as a sign of malignant

hyperthermia, during labor, 248
Muscular disease, 133–142
Muscular dystrophy, 137
Mutations

deletional, in �-thalassemia, 254–256
prothrombin G20210A polymorphism,

325–326
spontaneous, in achondroplasia, 236
See also Congenital

abnormalities/disorders

Myasthenia gravis (MG), 135–136,
269–271

neonatal, prevalence with maternal
myasthenia gravis, 269

Mycobacterium tuberculosis, infection by,
398

Myelomeningocele (MMC), 38
Myocardial function, fetal, 2
Myocardial infarction (MI)

association with nifedipine use for
cocaine toxicity, 421–422

during pregnancy, causes of, 190–194
Myocardial ischemia

causes of, during pregnancy, 190
symptoms of, in cardiac transplant

patients, 198
Myocardium, diseases of, 172–175
Myometrium

contraction of, after delivery, 111
devascularization of, survival after

delivery, 118–119
Myopathies, association with malignant

hyperthermia, 246–247
Myotonic disorders, 136–137

N
Nalmefene, reversal of narcotic

intoxication with, 413
Naloxone, reversal of intoxication with,

412–413
Narcotics, abuse of, and pregnancy,

413–416. See also Drug abuse
National Center for Health Statistics, 8

fetal death as defined by, 515
National Heart, Lung, and Blood Institute,

workshop on peripartum
cardiomyopathy, 173–175

National High Blood Pressure Education
Program, preeclampsia defined by,
316

National Institute of Child Health and
Human Development (NICHD)

Diabetes in Early Pregnancy project, 338
Maternal-Fetal Medicine Units Network,

on training for vaginal breech
delivery, 67

National Institute on Drug Abuse (NIDA),
estimate of illicit drug use during
pregnancy, 522

National Institutes of Health
consensus definition of obesity, 53
Heart, Lung, and Blood Institute,

evaluation of autologous
transfusion, 100

Natural childbirth, for the obese mother,
58–59

Neonatal abstinence syndrome, 407
in narcotic abuse, 414

Neonatal effects
of cocaine, 420–421
of drug abuse, 407–408
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Neonatal effects (Continued)
of ethanol, 412
of marijuana, 416
of tobacco smoking, 425

Neonatal purpura fulminans, 326
Neonate, transition to, from the fetal state,

7–8
Nephrolithiasis, urinary tract obstruction

due to, 211
Nephropathy, diabetic, special monitoring

for patients with, 343–344
Nephrotic syndrome, association with

preeclampsia, 324
Neural tube defects, maternal serum

analysis to detect, 9–10, 27
Neuraxial anesthesia. See Regional

anesthesia
Neuraxial block

caution about, for hypertrophic
cardiomyopathy patients, 173

for cesarean delivery in Eisenmenger’s
syndrome patients, 188

Neurobehavioral testing, assessing the
effects of cocaine use, 421

Neuroleptic malignant syndrome (NMS),
459

phenothiazines as triggers for, 247
Neurologic disease/dysfunction, 133–142

assessing spina bifida patients for, 237
association of, with cocaine use, 420
due to maternal drug abuse, 407–408
fetal, impairment associated with

tobacco use, 425
incidence of, from hemorrhagic

complications of epidural or spinal
anesthetics, 375

Neuromuscular transmission, effect on, of
magnesium, 298–299

New York Heart Association
classification of heart disease by, 511
scale, for mitral stenosis, 181–182

Nicardipine, risks and benefits of, 171
Nicotine, pharmacology of, 424
Nicotinic acetylcholine receptor,

involvement in myasthenia gravis,
135–136

Nifedipine
for managing aortic insufficiency, 178
for managing cocaine toxicity, and

perioperative myocardial infarction,
421–422

for managing preterm labor, 293
interaction with inhalational

anesthetics, 299
Nitric oxide (NO)

for Eisenmenger’s syndrome patients,
187–188

for primary pulmonary hypertension, 189
Nitrofurantoin, for urinary tract infections

in pregnancy, 210

Nitroglycerin
for hypertension, in preeclampsia, 510
for intrapartum fetal distress due to

uterine hyperactivity, 497
for tocolysis, 299
for uterine and cervical relaxation, 75

in multiple deliveries, 83
for uterine inversion management, 129

Nonimmune hydrops fetalis (NIHF),
pathogenesis of, 253

Non-mood disorders, 449
Nonreassuring fetal status

defined, 18
as an indication for cesarean delivery,

293
Nonsteroidal antiinflammatory drugs

(NSAIDs), 266
effect of, on postoperative analgesic

requirements, 306
Nonstress test (NST)

for monitoring diabetic parturients, 341
to predict fetal outcome, 11–12

Norcocaine, product of cocaine
metabolism, 417

Norepinephrine, effects on heart rate, 5
North American Malignant Hyperthermia

Group, protocol for testing, 245
Nuchal translucency (NT), in Bart’s

hydrops fetalis, 260

O
Obesity

defined, 53
morbid, in the pregnant woman, 53–66
as a risk factor for postdate pregnancy,

305
Oblique presentation, vaginal delivery in,

70–71
Obsessive/compulsive disorders, managing

in pregnancy, 449
Obstetric management

in achondroplasia, 236
in acute fatty liver of pregnancy, 474
in acute hepatic failure, 469–470
in Addison disease, 225
in adult respiratory distress syndrome,

147–148
in alloimmune thrombocytopenia, 315–316
in amniotic fluid embolism, 358–360
in amphetamine abuse, 423
in ankylosing spondylitis, 273–274
in anticardiolipin antibody presence, 324
in anticoagulation, 374–375
in antiphospholipid syndrome, 269,

324–325
in aortic insufficiency, 178
in aortic stenosis, 180
in asthma during pregnancy, 146
in autoimmune hemolytic anemia,

275–276

in backache, 234
in barbiturate addiction, 413
in Bell’s palsy, 140
in Bernard-Soulier syndrome, 314
in brain neoplasms, 138
in cardiac transplant, maternal, 197
in cardiovascular disease, 162

hypertrophic cardiomyopathy,
172–173

in carpal tunnel syndrome, 140
in cerebral hemorrhage, 139
in cholecystitis, 483
in cocaine abuse, 421
of complications related to protein S,

protein C and antithrombin III
deficiencies, 326

of congenital abnormalities, 28
in cortical vein thrombosis, 139–140
in cystic fibrosis, 150
in dermatomyositis/polymyositis, 271
in diabetes insipidus, 229
of diabetic parturients, 338–341
in disseminated intravascular

coagulation, 319
in drug abuse, 408–409
in Eisenmenger’s syndrome, 187
in epilepsy, 135
in ethanol abuse, 412
in factor V Leiden, 325
in factor XI deficiency, 321
of the febrile parturient, 433–434
in fetal distress, 495–497
in gestational thrombocytopenia, 310
in Glanzmann’s thrombasthenia, 315
in headache during pregnancy, 133–134
of heart transplant patients, 197–198
in HELLP syndrome, 316–317, 473
in hemophilia A, 320
in hemorrhage, 508
in hepatic disease, 467
in hepatic hematoma, 472
in hydrocephalus, maternal, 140
in hyperadrenocorticism, 225
in hyperemesis gravidarum, 482
in hyperparathyroidism, 223
in hyperthyroidism, 219
in hypoparathyroidism, 224
in hypothyroidism, 221
in idiopathic thrombocytopenic purpura,

275, 311
in inherited thrombophilias, 327
in intrahepatic cholestasis of pregnancy,

482
in intrauterine fetal demise, 523–524
in iron deficiency anemia, 321–322
in liver transplantation in pregnancy,

484
in lupus anticoagulant presence, 324
in Marfan syndrome, 194
in marijuana use, 416–417
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in maternal tetralogy of Fallot, 186
in meralgia paresthetica, 141
in mitral regurgitation, 177
in mitral stenosis, 181–182
in mitral valve prolapse, 176
in multiple sclerosis, 134
in muscular dystrophy, 137
in myasthenia gravis, 136, 270
in myocardial infarction, intrapartum,

192
in myotonic disorders, 136–137
in narcotic abuse, 414–415
of the obese patient, 57–58
in panhypopituitarism, 230
in peripartum cardiomyopathy, 175
in pheochromocytoma, 197, 227
in phencyclidine use, 423–424
in placenta accreta, antepartum, 103
in placental abruption, 91
in placenta previa, 96–97
in postdate pregnancy, 303–304
in postpartum hemorrhage, 116–123
in preeclampsia, 284–286

with hepatic involvement, 471
in preterm labor, 292–295
in primary pulmonary hypertension, 189
in prolactinomas, 229
in psychotropic drug use, 454–460
in pulmonary embolism, 350–352
in retained placenta, 121–122
in rheumatoid arthritis, 266
in scleroderma, 272–273
in scoliosis, 235
in sickle cell disease, 322
in smoking during pregnancy, 149–150
in spinal cord injuries, 138
in systemic lupus erythematosus,

267–268
of teenagers, 47–48
in thalassemia, 323
in thrombotic thrombocytopenia purpura

and hemolytic uremic syndrome,
318

in tobacco use, 425–426
in trauma to the pregnant woman,

241–242
in uterine atony, 101–102, 120–121
in uterine inversion, 123
in uterine rupture, 105
in vasa previa, 101
in venous air embolism, 362–363
in von Willenbrand’s disease patients,

313–314
Occupational exposure, and fetal death,

523
Olanzapine, 458
Oligohydramnios, association with fetal

growth restriction, 519
Opioid-based anesthesia

for patients with cardiac transplants, 198

for patients with cardiovascular disease,
164–165

for patients with Eisenmenger’s
syndrome, 188–189

Opioids
intravenous postoperative, for renal

disease patients, 214
for postpartum pain, 306

Orthopedic problems, 233–244
Osteogenesis imperfecta, 236
Osteoporosis, risk of, in heparin therapy,

161
Outcomes

of breech deliveries, vaginal and
cesarean, 68–69

of congenital heart disease, maternal,
183–184

of maternal narcotic abuse, 414
perinatal

of fetal cocaine exposure, 420
of maternal congenital heart disease,

184
of scoliosis in pregnancy, 235
of spinal or epidural bleeding, 376

Oxygen/oxygenation
consumption of, 193

during parturition, 158
during pregnancy, 143, 505

fetal, 506
and placental respiratory gas

exchange, 3–4
during labor, for patients with mitral

valve prolapse, 177
maternal, 496
partial pressure of, in pregnancy and

obesity, 55–56
transport of

to the fetus, steps in, 3–4
relationship with glycosylation of

hemoglobin, 333–334
and uterine uptake, 4

Oxygen therapy
for managing labor and delivery in

cystic fibrosis, 150
for managing pulmonary embolism,

350–352
Oxyhemoglobin dissociation curves, fetal

versus maternal, 4–5
Oxytocin

effect of
on postpartum hemorrhage, 

114–115
on uterine contraction in the fourth

stage of labor, 112
on uterine rupture rates, 104

in obstetric management of postpartum
hemorrhage, 117, 120–121

prophylactic administration of, 80–81
in placenta accreta, 103
study of reduced blood loss in, 122

P
Pacemakers

intrinsic, of the fetus, 5
maternal, effect on fetal bradycardia, 170

Pain
chest, in venous air embolism, 362
control of, in early labor with stillbirth,

450
in neonates, 41
postpartum, association with fetal

macrosomia, 305–306
and posttraumatic stress disorder,

451–452
See also Analgesia; Anesthesia

Pancreatic insufficiency, association with
cystic fibrosis, 150

Panhypopituitarism, 229–230
Panic disorders, managing in pregnancy,

449
Panniculus, cephalad retraction of, in

morbidly obese parturients, 61
Parathyroid disease, 222–224
Parathyroid hormone (PTH), 222
Paroxysmal supraventricular tachycardia,

adenosine for treating, 170–171
Partial thromboplastin time (PTT),

maintaining a target level of in
labor and delivery, 353

Parturition, cardiovascular effects of, 158
Parvovirus B19 infection, 395

association with fetal loss, 517
Patent ductus arteriosus, effects of, in

pregnancy, 185
Patent foramen ovale, “paradoxical”

embolism in, 363
Pathogenesis

of fever, 433
of peripartum cardiomyopathy, 174
of septic shock, 440

Pathology, placental, and fetal death,
517–519

Pathophysiology
of amniotic fluid embolism, 356–357
of antiphospholipid syndrome, 268–269
of aortic insufficiency, 178
of aortic stenosis, 179
of autoimmune hemolytic anemia, 275
of Bell’s palsy, 140
of brain neoplasms, 138
of cerebral venous thrombosis, 139–140
of cholecystitis, 483
of cholestatic liver disease, 481–482
of cocaine use, 418–419
of cystic fibrosis, 150
of dermatomyositis, 271
of Eisenmenger’s syndrome, 186–187
of epilepsy, 135
of ethanol abuse, 410–411
of fetal congenital abnormalities, 27

�-thalassemia, 254–255
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Pathophysiology (Continued)
of headache during pregnancy, 133–134
of hyperemesis gravidarum, 482
of idiopathic thrombocytopenic purpura,

274
of liver function in pregnancy, 464–465
of liver transplantation, 484
of malignant hyperthermia, 245
of maternal diabetes, 333–338
of mitral regurgitation, 177
of mitral stenosis, 181
of mitral valve prolapse, 176
of morbid obesity, 53–55
of multiple sclerosis, 134
of muscular dystrophy, 137
of myasthenia gravis, 135–136, 269
of myocardial infarction in pregnancy,

190–191
of myotonic disorders, 136
of patients with hydrocephalus with

shunt, 140
of pulmonary thromboembolism,

348–349
of scleroderma, 272
in smoking, 149
of spinal cord injury, 137–138
of systemic lupus erythematosus, 267
of venous air embolism, 361–362
of viral hepatitis, 475–477

Patient-controlled analgesia (PCA), for
substance abusers, 410

Peabody Developmental Motor Scales, 412
Peak expiratory flow (PEF), measuring to

monitor asthma, 144
during delivery, 146

Pediatrician, attendance at delivery
in maternal cardiac arrest, 167–168
in maternal cardiovascular disease, 162

Pelvic inflammatory disease (PID), treating
in pregnancy, 388

Penetrating trauma, perinatal mortality in,
240

Penicillin
for treating Lyme disease with

neurologic manifestations, 395
for treating syphilis, 397

Percutaneous balloon valvuloplasty
for aortic stenosis, 179–180
for mitral stenosis, 181

Percutaneous transluminal coronary
angioplasty (PTCA), during
pregnancy, 192

Percutaneous umbilical blood sampling
(PUBS)

risks of, 25
uses of, 28

Perfusion, of fetal organs, 4
Perinatal death, maternal response to,

450–451
Perinatal Mortality Counseling Program,

450

Perioperative management, in cardiac
surgery during pregnancy, 166–167

Peripartum cardiomyopathy (PPCM),
173–175

Personality disorders, in pregnancy, 449
PFA-100 test, for measuring platelet

function in preeclampsia, 317
pH

of fetal scalp blood, correlation with
fetal heart rate pattern, 19

of umbilical arterial blood, in obese
women, 56–57

Pharmaceuticals. See Medications
Pharmacodynamic tolerance to drugs,

defined, 403–404
Pharmacokinetics, changes in, during

pregnancy, 381
Pharmacologic interventions

for hyperparathyroidism, risks of, 223
for postpartum hemorrhage, 114–116
for preterm labor, 293–295
for uterine atony, 101
See also Medications

Pharmacology
of amphetamines, 423
of cocaine, 417
of drug abuse, 403–405
of intravenous agents, in patients with

renal dysfunction, 212
of marijuana, 416–417
of narcotics, 413
of phencyclidine, 423
of tobacco, 424–425

Phencyclidine (PCP), 423–424
Phenobarbital, effects on the fetus, 413
Phenothiazines, risk of congenital

anomalies in maternal use of, 458
Phenoxybenzamine, for

pheochromocytoma management in
pregnancy, 227

Phenylephrine
effect on peripheral vascular resistance,

165–166
for hypotension

in �-agonist therapy, 298
from anesthesia, 170

in management of anesthesia
in heart transplant patients, 198
in hypertrophic cardiomyopathy

patients, 173
after treatment for fetal arrhythmias,

29
in postpartum hemorrhage, 124
in thyrotoxic patients, 220

Phenytoin, for treating digitalis-induced
tachyarrhythmias, 171

Pheochromocytoma, 226–228
differentiating from hypertension,

196–197
Phlebothrombosis, preventing in obese

patients after surgery, 63

Physiologic changes
in pregnancy, 505–506

from drug use, 406
normal, 463–464
normal, hemodynamic, 281

in thrombophilias, 323–324
and trauma to the pregnant woman,

237–238
Physiology

endocrine, 217
fetal

normal, 492
of the parathyroid, 222
of the thyroid, 218

of gestation, parturition, and the
puerperium, 155–159

maternal
of the parathyroid, 222
in the postpartum period, 111–112
of the thyroid, 217–218

of pregnancy
effect on the kidneys, 207–208
effect on the respiratory system, 143
and hemorrhage, 88–89

respiratory, in diabetic parturients,
333–334

of the transplanted heart, 197
Pickwickian syndrome, 54
Piper forceps, for breech delivery, 69–70
Pitocin, use of, in face presentation, 76
Pituitary adenoma, Cushing’s disease due

to, 225
Pituitary gland disease, 228
Placenta

effects of tobacco smoking on, 425
effects on drug metabolism, 405
manual extraction of, 117
permeability of, to immunoglobulin G

autoantibodies, 275
retention of

management of, 128–129
and postpartum hemorrhage, 121

separation of, and changes in the fetus,
7–8

thickness of, to detect hemoglobin Bart’s
hydrops fetalis, 260

Placenta accreta
defined, 102–104
diagnosis of, 101

Placental abruption
amniotic fluid embolism associated with,

355, 357
as a complication of cocaine use, 422
as a contraindication to tocolysis, 242
drug abuse associated with, 406–407
HELLP syndrome associated with, 317
perinatal mortality associated with, 8,

517–518
following trauma to the pregnant

woman, 237, 523
fetal mortality in, 238
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Placental perfusion, changes in diabetic
women, 333

Placental thrombosis, antiphospholipid
antibodies associated with, 324

Placental transfer, of cocaine, alcohol, and
tobacco, 406

Placenta percreta, defined, 102–104
Placenta previa, 94–100

as a cause of fetal death, 518
as a cause of third trimester hemorrhage,

87
epilepsy associated with, 135
placenta accreta associated with, 121
in smokers, 150
and uterine artery ligation to control

hemorrhage, 120
venous air embolism associated with,

361
Placentation, of twins, 77–80
Planning

for crises, in pregnancy accompanied by
cardiovascular disease, 159–160

for postpartum hemorrhage management,
114

preanesthetic preparation for parturients
with renal disease, 212

Plasma concentrate, for treating von
Willenbrand’s disease, Types 2 and
3, 313

Plasmapheresis, in thrombotic
thrombocytopenia purpura (TTP),
318

Plasma volume, expansion of, in
preeclampsia, 285–286

Platelets
count of

and choice of anesthetic, 286–287
in idiopathic thrombocytopenic

purpura, 274
for monitoring hemolytic uremic, and

thrombotic thrombocytopenic
purpura, 281

disorders of, in pregnancy, 310–316
donor, indications for transfusing in

postpartum hemorrhage, 127
dysfunction in

relationship with thyroid deficiency,
221

reversible, from indomethacin, 299
effects of, in primary hemostasis,

309–310
secretion of, disorders in, 315

Pneumonia, in pregnancy, 148–149, 440
Polymerase chain reaction techniques, for

diagnosing �-thalassemia, 259
Polymyositis (PM), 271–272
Portal hypertension, in pregnancy, 478–479
Positional change, and venous air

embolism, 361
Positional hypotension, in pregnancy,

157–158

Positioning, maternal, effect on fetal
distress, 496

Positive end-expiratory pressure (PEEP), to
improve oxygenation in obese
patients, 63

Postdate pregnancy, 303–307
Postdelivery care

for the neonate, in preterm delivery, 300
in preeclampsia, 288–289

Postoperative care, of morbidly obese
patients, 63–64

Postpartum back pain (PPBP), 233
Postpartum care

blood transfusion, indications for, 120
in diabetic parturients, 344
in Eisenmenger’s syndrome patients, 189
in malignant hyperthermia, 250–251
for teenagers, 49–50

Postpartum depression
risk factors for, 447
tension headache as a marker for, 133

Postpartum endometritis, treating in
pregnancy, 387

Postpartum hemorrhage, 111–132
secondary, 114

Postpartum hysterectomy, indications for,
120

Postpartum psychosis, 449–450
Postrenal etiology, for acute renal failure,

209
Posttraumatic stress disorder, after

childbirth, 451–452
Potassium, alteration of levels of, in

diabetic ketoacidosis, 336. See also
Hyperkalemia

Prazocin, for managing pheochromocytoma
in pregnancy, 227

Prediction, of preterm labor, 291–292
Prednisone, for managing autoimmune

hemolytic anemia, 275
Preeclampsia, 279–290, 508–510

in adolescent pregnancies, 47
association of

with activated protein C resistance,
325

with Bart’s hydrops, 260
with epilepsy, 135
with systemic lupus erythematosus,

267
defined, 280

National High Blood Pressure
Education Program, 316

in diabetic patients
with hypertension, 336
special monitoring for, 343–344

effect of, on asthma, 143–144
evaluating with Doppler ultrasound

velocimetry, 9
with hepatic involvement, 471
incidence of, in obese pregnant women,

56

maternal mirror syndrome type of,
261–262

thrombocytopenia due to, 128
in twinning, 78

Preexcitation syndromes, 168–170
Pregnancy

adolescent, 451
effects on

of amphetamine use, 423
of ankylosing spondylitis, 273
of cocaine use, 418–419
of marijuana use, 416
of phencyclidine use, 423

effects of
on antiphospholipid syndrome, 268
on myasthenia gravis, 269
on polymyositis/dermatomyositis, 271
on rheumatoid arthritis, 265
on systemic lupus erythematosus, 

267
on Takayasu arteritis, 195

and ethanol abuse, 411–412
implications in

of asthma, 144
of obesity, 55–56

postmature, risk to the fetus in, 519
in renal transplant patients, 211
in scleroderma, 272

Pregnancy-induced hypertension (PIH)
obesity associated with, 56
perinatal mortality associated with, 8

Prehospital care, after trauma, 239
Premature beats, atrial and ventricular,

during pregnancy, 168
Premature delivery, association with

hypertension, 336
Premature labor

association with epilepsy, 135
after cardiac surgery, 167

Premature rupture of membranes (PROM),
chorioamnionitis associated with,
437–438

Prematurity
association of

with malpresentation, 67
with primary pulmonary hypertension,

189
with retained placenta, 122
with sexually transmitted diseases, 47

and perinatal morbidity
in multiple gestations, 81–82
in twins, 78

and perinatal mortality, 8
Prenatal care

for adolescents, 46
for drug-abusing parturients, 408–409
in opiate abuse, 414

Prenatal diagnosis
of Bart’s hydrops, 260–261
of fetal disorders, 23–26

Prepartum monitoring, 1–22
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Prerenal etiology, of acute renal failure,
208

Presentation, noncephalic, 67–75
Preterm births

in hyperadrenocorticism, 225
in maternal congenital heart disease, 184
in maternal tetralogy of Fallot, 186
in maternal trauma, 242
in myasthenia gravis, 269
in scleroderma, 272
in systemic lupus erythematosus, 267

Preterm infant, planning delivery of,
295–296

Preterm labor, 291–302
in asthma, 144
in Bart’s hydrops, 260
in burn injury, 511
incidence of, in substance abuse, 407
in maternal hyperbilirubinemia, 467
in myasthenia gravis, 136
in pneumonia, 148

Prevalence
of cardiovascular disease in pregnancy,

155
of cytomegalovirus infection in pregnant

women, 389–390
of multiple sclerosis, 134
of systemic lupus erythematosus, 267

Primary postpartum hemorrhage, 113
Primary pulmonary hypertension,

mortality, 189–190
Procainamide

for controlling ventricular rate, 171
in patients with atrial fibrillation or

flutter, 168
for treating atrial tachycardia, 168–169

Progesterone, effect of
on gastric emptying, 337
on respiratory alkalosis, 3, 143

Prolactinomas, 228–229
Prophylaxis, in inherited thrombophilia,

327. See also Antibiotic
prophylaxis

Propofol
comparison with isoflurane, in general

anesthesia, 63
for induction of general anesthesia in a

morbidly obese parturient, 62
Propranolol

for controlling ventricular rate, in
patients with atrial fibrillation or
flutter, 168

for treating hyperthyroidism, abortion
associated with, 219–220

Propylthiouracil (PTU), for treating
hyperthyroidism in pregnancy, 219

Prostacyclin analogues, for treating
Raynaud’s phenomenon, 272

Prostaglandin agonists
for inducing myometrial contraction, 116

for managing uterine atony, 117,
120–121

Prostaglandins
circulating, in the fetus, 3
E1

analogue of, for treating postpartum
hemorrhage, 116, 122

depletion of, by alcohol, 410
E2

effect on fetal breathing movements, 5
effect on uterine contraction, 299

F2�

effect on asthmatic patients, 146
effect on postpartum hemorrhage, 122

for primary pulmonary hypertension
management, 189

release of, in burn injury, 241
Protamine, to reverse heparin activity,

351–352, 373
Protein C

activated, resistance to, due to factor V
Leiden, 325, 369–370

deficiency of, and hypercoagulability,
326, 522

Protein S, deficiency of, and
hypercoagulability, 326, 522

Prothrombin G20210A polymorphism,
325–326

Prothrombin time, increase in, in dilutional
coagulopathy, 127

Protocol
culture-based, for treating Group B �-

hemolytic streptococcus, 386
for heparin therapy, continuous, 351
risk factor-based, for treating Group B

�-hemolytic streptococcus, 386
See also Algorithms

Pseudoaneurysms, postpartum hemorrhage
caused by, 117–118

Pseudocyesis, 452
Pseudomonas aerugiosa, infection by,

association with cystic fibrosis, 150
Psychiatric disease, 447–462
Psychologic issues, in fetal death, 525
Psychosocial effects

of drug use in pregnancy, 406
in support for pregnant teenagers, 48

Psychotropic drugs, 454–460
Puerperium

cardiovascular changes in, 158–159
venous air embolism in, 361

Pulmonary angiography, for diagnosing
pulmonary embolism, 370

Pulmonary artery catheter, for monitoring
in cardiovascular disease, 163–164
in Eisenmenger’s syndrome,

contraindications to, 188
in primary pulmonary hypertension, 

190
Pulmonary artery thromboembolectomy, in

amniotic fluid embolism, for
treating postpartum shock, 359

Pulmonary capillary wedge pressure
(PCWP), for measuring
hemodynamic trends, in mitral
stenosis patients, 182

Pulmonary changes
in morbid obesity, 54
in pregnancy, and trauma, 238

Pulmonary edema
from �-agonists, 297–298
in amniotic fluid embolism, 357
in hepatic disease, postpartum

development of, 473
in obstetric patients receiving

nitroglycerin, 39
in obstetric patients with mitral stenosis,

181
Pulmonary embolism

causes of, in pregnancy, 369
detecting, with a ventilation/perfusion

scan, 350
incidence of, during pregnancy, 347, 370
in obese patients after surgery, 63

Pulmonary function, impairment in
scoliosis, 235

Pulmonary hypertension
in amniotic fluid embolism, 356
as a complication of portal hypertension,

480
primary, 189–190
secondary, 186–189
See also Eisenmenger’s syndrome,

187–188
Pulmonary vascular resistance (PVR), in

Eisenmenger’s syndrome, 186–187
Pulmonary vasodilator therapy, for primary

pulmonary hypertension, 189
Pulmonic stenosis, 182
Pulse oximetry, for monitoring

in cardiovascular disease, 163
in Eisenmenger’s syndrome, 188
of fetal heart rate, 19
of fetal heart rate during surgery, 41
of fetal scalp pH, 494–495
of obese women, 57–60

Pyelonephritis, in pregnancy, 210
symptoms of, 439–440

Pyelonephritis, treating in pregnancy, 387
Pyridostigmine (Mestinon), for myasthenia

gravis treatment, 136
Pyridoxine, for preventing peripheral

neuropathy in isoniazid treatment,
398

Pyrogens, exogenous and endogenous, 433

Q
QT syndrome, long, risks of, 170
Quinalones, contraindication to, in

pregnancy, 210
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Quinidine
for controlling ventricular rate, 168
for treating atrial tachycardia, 168

R
Race

and fetal death rate, 515
and risk of preeclampsia, 47
and teenaged birthrate, 45

Radiation, exposure to
while placing an implantable

cardioverter-defibrillator, 172
during pregnancy, 506–507
and studies of the causes of fever, 434

Radiofrequency thermal ablation, for
treating fetal lung masses, 34–35

Radiologic evaluation, in trauma to the
pregnant woman, 239

Radionuclide venography, with
99mtechnetium particles, to detect
deep venous thrombosis, 350

Receptors, for oxytocin, changes in during
pregnancy, 114–115

Red cell indices, of �-thalassemia, 256
Regional anesthesia

for anticoagulated parturients, 354
for aortic insufficiency patients, 179
for aortic stenosis patients, 180
in cardiovascular disease, 164–165
for cesarean delivery, 49

in myasthenia gravis, 270
in tetralogy of Fallot, 186

for delivery in Marfan syndrome, 194
for the febrile parturient, 434–437
in human immunodeficiency virus

infection, 441–442
in hypoparathyroidism, 224
in myasthenia gravis, 136
in myocardial infarction, 193
in preeclampsia, 281–282
See also Analgesia, regional

Remifentanil
for cesarean delivery, in women with

cardiovascular disease, 165
for coarctation of the aorta patients, 195
for Eisenmenger’s syndrome patients,

188
Renal blood flow (RBF), increase in,

during pregnancy, 207–208
Renal changes

in preeclampsia, 509
in pregnancy, 506

Renal crisis, in scleroderma patients, 272
Renal development, effect on, of

angiotensin converting enzyme
inhibitors, 282–283

Renal disease, 207–215
irreversible, in systemic lupus

erythematosus, 267
nephrogenic diabetes insipidus, 229

reversible, in premature infants, due to
nonsteroidal antiinflammatory
drugs, 266

Renal failure
acute, in placental abruption, 92–93
in hepatic disease, 465–466
in hepatorenal syndrome, 479

Renal parenchymal disease, classification
of, 209–210

Renal transplants, 211
diabetic recipients of, 344

Renin-aldosterone system, stimulation of,
in pregnancy, 157

Renin-angiotensin system, fetal, 3
Respiration, changes in

at delivery, 7–8
in hypothyroidism, and anesthetic

management, 221
and obesity, in pregnancy, 54–56
in preeclampsia, 509–510
in pregnancy, 505–506
in pulmonary thromboembolism, 349

Respiratory disease, 143–153
association with ankylosing spondylitis,

274
managing infections in pregnancy, 507

Respiratory distress syndrome (RDS)
diagnosing in newborns, 344
in infants of diabetic mothers, 341
perinatal mortality associated with, 8
predicting, with surfactant

measurements, 10
Resuscitation

in amniotic fluid embolism, 359
cardiopulmonary, during pregnancy,

167–168
neonatal, for infants of diabetic mothers,

344
protocol for fetal surgery patients, 41

Retroperitoneal bleeding, morbidity and
mortality in, 240

Retroperitoneal hematomas, symptoms of,
123

Rhesus (Rh) isoimmunization
fetal death associated with, 521
and fetomaternal hemorrhage, 240

Rhesus (Rh) sensitization, detecting with
maternal system analysis, 9–10

Rheumatic fever
aortic insufficiency subsequent to, 178
and heart disease, 175–176

Rheumatic heart disease (RHD)
decline in, 155
mitral stenosis associated with, 180–181

Rheumatoid arthritis, 265–266
Rheumatologic diseases, and risk of fetal

death, 519–520
Rifampin, for treating tuberculosis, 398
Right heart failure, after liver

transplantation, 485–486

Right ventricle, air trapped in, in venous
air embolism, 361–362

Risk factors
for adolescent pregnancy, 45–51
for adverse perinatal outcome, due to

maternal obesity, 53
for alloimmune thrombocytopenia,

315–316
for amniotic fluid embolism, 355
for coronary artery disease, in pregnant

women, 190
for eclampsia, 279
for fetal distress, 493–495
for gestational diabetes, 340
for hyperemesis gravidarum, 482
for peripartum cardiomyopathy, 174
for placenta accreta, 102
for placental abruption, 90
for placenta previa, 95
for preeclampsia, 279, 508
for preterm birth, 291–292
for shoulder dystocia, 305–306
for spinal-epidural hematoma, 375
for thromboembolism, 347, 352–353,

370
venous, list, 348

for thrombosis, protein S and protein C
deficiencies, 326

for uterine atony, 101
for uterine rupture, 104–105
for vasa previa, 100
for venous thromboembolism, 369–370

Risks
of amniocentesis and chorionic villus

sampling, 24–25
of cardiovascular disease

effect on choice of anesthesia,
165–166

in pregnant women, stratification, 156
of hemorrhage from a retained placenta,

122
of heparin use in pregnancy, 372
of infectious disease transmission by

blood transfusion, 126
in twinning, 78–80
in uterine rupture, in spontaneous versus

induced labor, 104
Risperidone, 458
Ristocetin-induced platelet aggregation

(RIPA), for von Willenbrand’s
disease, 312

Ritodrine
for managing acute fetal distress, 496
maternal side effects in use of, 297

Rocuronium
metabolic profile of, in hepatic disease,

468
for rapid induction of anesthesia, in

malignant hyperthermia
susceptibility, 250
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Ropivacaine, for analgesia in labor, with a
breech presentation, 74

Rubella, 395–396
Ryanodine, for in vitro contracture testing

for malignant hyperthermia, 246
Ryanodine receptor (RYR), defect in, in

malignant hyperthermia, 245

S
Sacrococcygeal teratoma (SCT), 37
Sacroiliac joint, dysfunction of, and

backache, 233–234
Safety considerations, in occupational

exposure to human
immunodeficiency virus infection,
442

St. John’s wort, effects of, in pregnancy,
460

Scalp sampling, of fetal blood, 19
Schizophrenia, treating in pregnancy, 458
Sciatica, prevalence of, 234
Scleredema, diabetic, 338
Scleroderma, 272–273
Scoliosis, 234–236
Scoring systems, for intensive care

admissions, 506
Screening, for pheochromocytoma, 226
Seizures, maternal, effect on the fetus, 135
Selective serotonin reuptake inhibitors

(SSRIs), effects of, in pregnancy,
454–455

Septic shock, 440–441
management of, 508

Serum, maternal, analysis to detect
anomalies, 9–10, 27

Sexual abuse, history of, and adolescent
pregnancy, 48

Sexually transmitted diseases (STDs)
in adolescents, 46–47
treatment of, during pregnancy, 384–386

Shear stress, vascular, managing in Marfan
syndrome patients, 194

Sheehan’s syndrome, 229–230
Shoulder dystocia, risk of, in fetal

macrosomia, 305–306
Shunts, fetal, closure of, 7
Sickle cell disease (SSD), 322–323
Side effects

of anticoagulants, 372
of dantrolene, 250
of desmopressin, 314
of education about drug effects in

pregnancy, 408
of ergot alkaloids, 115–116, 122
of interferon-alpha in treating hepatitis,

390
of magnesium sulfate, 298–299
of monoamine oxidase inhibitors,

455–458
of phenothiazines, 458

of prolonged tocolytic therapy, 293
of prostaglandin agonists, 116
of radiologic contrast dye, 349
of �2-sympathomimetic therapy,

496–497
of tricyclic antidepressants, maternal,

455
Sleep apnea, and hypothyroidism, 221
Smoking

cigarette, effects of, on pregnancy,
149–150

of cocaine, pathophysiology of, 418
and fetal death, 515, 518–519, 522
rate of abortion attributed to, 150
and risk of myocardial infarction in

pregnancy, 190
Smooth muscle, vascular, effects of

oxytocin on, 114–115
Social use of drugs, defined, 403
Socioeconomic status, and teenaged

birthrate, 45
Sodium balance, in pregnancy, 208
Sonographic visualization, in Bart’s

hydrops fetalis, 260
Sotalol, for treating atrial tachycardia, 168
Southern hybridization analysis, for

diagnosing �-thalassemia, 259
Spina bifida, 237
Spinal anesthesia

in breech deliveries, 74
in cocaine use, 422
in HELLP patients, 317
in morbidly obese patients, 61
in multiple sclerosis, 134–135
neurologic dysfunction from

hemorrhagic complications of, 375
in preeclampsia patients, 286
in preterm delivery, 296–297
in renal failure, for patients undergoing

hemodialysis, 213
in repair of femoral neck fractures,

incidence of deep venous
thrombosis, 354

risks of, in multiple gestations, 83
Spinal cord injury, 137–138
Spinal epidural anesthesia, for morbidly

obese patients, 60
Spiral computed tomography angiography

(SCTA), contrast enhanced, for
diagnosing pulmonary embolism,
350

Spiramycin, for treating toxoplasmosis in
pregnancy, 397

Spirometry, for evaluating asthma patients,
144

Splenectomy
for managing hemolytic uremic

syndrome and thrombotic
thrombocytopenic purpura, 318

for managing idiopathic

thrombocytopenic purpura, 274,
312

Splenic rupture, 240
Stanazolol, for treating Raynaud’s

phenomenon, 272
Stenotic valve lesions, 179–183
Stent placement, during pregnancy, 192
Stiff joint syndrome, anesthetic

considerations in, 337–338, 343
Stillbirth, association with growth

retardation, 491. See also Fetal
death/loss; Intrauterine fetal demise

Streaming, and oxygen delivery to fetal
tissue, defined, 1–2

Streptococcus agalactiae (Group B �-
hemolytic streptococcus), effect on
neonates, 382–389

Streptococcus pneumoniae, pneumonia
from, during pregnancy, 148–149

Streptococcus viridans, infective
endocarditis caused by, 162

Streptokinase, for thrombolytic therapy,
352

Streptomycin, contraindication to use in
pregnancy, 398

Stress, fetal, 7
acute patterns of, 17–18
defined, 1
effect on vasopressin secretion, 3
physiologic response to, role of the

adrenal medulla, 224
in surgery, 41

Subarachnoid hemorrhage, 139
Substance abuse, 403–431

defined, 403
See also Drug abuse

Succinylcholine
in hepatic disease, 468–469
hyperkalemia associated with use of,

437
for induction of general anesthesia, 500

in a breech presentation, 75
in a morbidly obese parturient, 63

as a malignant hyperthermia trigger, 247
Sudden infant death syndrome (SIDS)

in cocaine use, 420
in malignant hyperthermia, 247
in maternal drug abuse, 407
in maternal tobacco smoking, 425

Sulfonamides, contraindications to use in
pregnancy, 434

Sumatriptan, effects of, animal studies,
133–134

Supine hypotensive syndrome (SHS), in
pregnancy, 157–158

Surgery/surgical management
of aortic stenosis, 179–180
to correct scoliosis, 235
fetal, for congenital diaphragmatic

hernia, 36
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of fetal anomalies, 33–38
of hyperadrenocorticism, 225
of mitral stenosis, 181
of pheochromocytoma, 196–197, 227
of postpartum hemorrhage management,

118–119
of tetralogy of Fallot, 185–186
of uterine atony, 101
for weight reduction, fertility and

pregnancy rates following, 57
Surveillance, fetal, in managing asthma,

146
Suxamethonium, atypical response to, in

dermatomyositis/polymyositis,
271–272

Swedish Medical Birth Registry, data on
the effects of breech delivery,
vaginal versus cesarean, 68

Sympathectomy
anesthesia-induced, 165–166
association with neuraxial local

anesthetics, 124
Sympathetic nervous system, effect of, on

fetal heart rate, 5
�2-Sympathomimetic drugs, for managing

fetal distress, 496
Sympathomimetic effects, of cocaine use,

418
Symptoms

of amniotic fluid embolism, 357–358
of bipolar disorder, 448–449
of chorioamnionitis, 437
of deep venous thrombosis, 370
of epidural hematomas, 376
of hepatitis, 390
of herpes simplex virus infection,

393–394
of Lyme disease, 395
of malignant hyperthermia, monitoring

in labor, 250
of nephrolithiasis, 211
of panhypopituitarism, 229–230
of pseudocyesis, 452
of pulmonary embolism, 349, 370
of pyelonephritis, 439
of septic shock, 440
of syphilis, 396–397
of toxoplasmosis, 397
of varicella zoster virus infection, 399
See also Clinical presentation

Syncytiotrophoblastic cells,
immunohistochemical analysis
identifying, in amniotic fluid
embolism, 358

Syphilis, 396–397
Systemic hypertension, from ergot

alkaloids, 115–116. See also
Hypertension

Systemic inflammatory response syndrome
(SIRS), 147

Systemic lupus erythematosus (SLE),
267–268

anticardiolipin antibodies syndrome
associated with, 325

placental insufficiency in, 518
pregnancy outcome in, 519–520

Systemic vascular resistance, 89

T
Tachycardia

with �1- and �2-adrenergic agonists, 297
fetal, causes of, 14
oxygen demand in, 193
reflex, in decreased venous return due to

hemorrhage, 124
supraventricular, in utero conversion of,

drugs for, 29
Takayasu arteritis (TA), 195
Teenagers, pregnant, 45–51
Temperature

fetal, regulation of, 6–7
maternal

monitoring in cardiovascular disease,
163

regulation of, 433
regulation of, in regional anesthesia,

435
Teratogenic agents

carbamazepine, 460
cyclophosphamide, 267
exposure to, and normal fetal growth, 39
infections as, 381–382
monoamine oxidase inhibitors as,

455–458
phenytoin, 171
valproic acid, 460

Terbutaline
for acute fetal distress, 496
maternal side effects in use of, 297
for pulmonary complications in amniotic

fluid embolism, 359
Termination of pregnancy, in

cardiovascular disease patients, 166.
See also Abortion

Tetralogy of Fallot (TOF)
association with carbamazepine use in

pregnancy, 460
effects of, in pregnancy, 185–186

Thalassemias, 323
�-, 253–264
�-, management of, 261
Theophylline, protein binding change in

pregnancy, 144–145
Thermography, to detect deep venous

thrombosis, 350
Thionamides, for treating

hyperthyroidism in pregnancy, 219
Thiopental, as an induction agent for

general anesthesia, 500
Thiopentone

for convulsions in preeclampsia,
287–288

for induction of general anesthesia in a
morbidly obese parturient, 62

Thiothixene, 458
Thompson, Tommy G., on community

grants to manage teenaged
pregnancies, 451

Thoracic motor function, effect on, of
spinal anesthesia, 61

Thoracotomy, in maternal cardiac arrest,
168

Thromboaortopathy, occlusive, 195
Thrombocytopenia

association of, with cocaine use, 419
in Bernard-Soulier syndrome, 314
fetal, in human immunodeficiency virus

infection, 392
fetal alloimmune, in maternal

Glanzmann’s thrombasthenia, 315
in heparinized patients, 372
in pregnancy, 310–311

incidence of, 288
in von Willenbrand’s disease, Type 2B,

313
Thromboelastogram (TEG)

for assessing anticoagulation due to 
low molecular weight heparin use, 
374

for assessing anticoagulation status,
377–378

for assessing coagulation defects, 94
for assessing functional hemostasis, 89

effects of platelet count, 287
in preeclampsia, 317

for measuring platelet function, in
patients on aspirin therapy, 266

R-time, correlation with heparin test
results, 328

Thromboembolic disease, 347–354
Thromboembolism, association of

with Eisenmenger’s syndrome, 187
with mitral regurgitation, in pregnancy,

177
with mitral stenosis, 181
with primary pulmonary hypertension,

189
with prosthetic valves, 182

Thrombolysis, in management of acute
myocardial infarction, 192

Thrombophilias, 323–326
Thrombophlebitis, risk factors for, in

pregnancy, 348
Thromboprophylaxis, 352–353
Thrombosis, factors in the development of,

369–380
Thrombotic microangiopathy, 318
Thrombotic pulmonary embolism,

differentiating from amniotic fluid
embolism, 358
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Thrombotic thrombocytopenia purpura
(TTP), 318

Thyroid diseases/disorders, 217–218
association with fetal death, 520–521
thymomas, association with myasthenia

gravis, 135–136
thyroid storm in pregnancy, 219–220

Thyroidectomy, hypoparathyroidism
subsequent to, 223

Thyroxin, for panhypopituitarism patients
during pregnancy, 230

Thyroxine-binding globulin (TBG),
elevation of levels of, during
pregnancy, 217–218

Tidal volume ventilation, for obese
patients, 63

Timing, of the delivery of a second twin,
81

Tissue plasminogen activator (TPA),
intrapartum therapy with, in
myocardial infarction in pregnancy,
192

Tobacco abuse, 424–426
association with depressive symptoms,

447
See also Smoking

Tocolysis/tocolytic agents
contraindications to, in trauma to the

pregnant woman, 242
for fetal distress management, 496–497
interaction of agents for, with

anesthetics, 297–299
list, with dosage and side effects, 294
in placenta previa with hemorrhage,

96–97
in preterm labor, 292–295

Tolerance, to drugs, defined, 403–404
Toxicity

of amniotic fluid, 356–357
of halothane, enflurane, isoflurane, and

sevoflurane, 468–469
of isoniazid, 398

Toxoplasma gondii, infection by, 397–398
Toxoplasmosis, 397–398

congenital, percutaneous umbilical blood
sampling to detect, 28

Transcutaneous electrical nerve stimulation
(TENS), in treating lower back
pain, 234

Transfusion
in amniotic fluid embolism management,

359
of blood products, in disseminated

intravascular coagulation, 319
incidence of reactions to, 126
of platelets, in HELLP syndrome, before

delivery, 317
in postpartum hemorrhage, 125–127

Transjugular intrahepatic portal-systemic

shunts (TIPSS), to reduce
esophageal venous pressures, 479

Transmission
of hepatitis B to the fetus, 475
of hepatitis C to the fetus, 476
of parvovirus B19, transplacental, 395

Transplantation, liver, and pregnancy,
484–486

Transverse presentation, mortality in,
70–71

Trauma
adult respiratory distress syndrome

associated with, 147–148
mortality due to, fetal and maternal, 523
in the pregnant woman, 237–243, 510

Treponema pallidum, infection by,
396–397

Trial of labor (TOL), 104–105
Tricuspid regurgitation, 178–179
Tricuspid valve, streaming control by, 2
Tricyclic antidepressants, studies of effects

on the fetus, 455
Trimethoprim with sulfa, effect on the

fetus, 210
Triple screen test, 10

defined, 25
to predict risk of fetal congenital

abnormalities, 31
Trisomy

13, malformations in, 23
18

malformations in, 23
maternal serum screening to detect, 27

as a cause of fetal death, 516
See also Chromosomes/chromosomal

abnormalities; Down syndrome
Trophoblastic disease, gestational, 217–218
Trousseau sign, in hypoparathyroidism,

224
Tuberculosis, treating in pregnancy, 389,

398
Turner’s syndrome

chromosome distribution in, 23
fetal death due to, 516

Twins, 77–81
Twin-to-twin transfusion syndrome (TTS),

37–38, 79
risks to the mother and a surviving twin

in, 517

U
Ultrasonography

Doppler
to detect air embolism, 362
to detect popliteal, femoral, or iliac

thromboses, 350
for fetal assessment, 494

for fetal assessment, 9–11, 23–24
in Bart’s hydrops fetalis, 260

of congenital abnormalities, 27–28
detection of cardiac movement, 516
establishing gestational age, 303
in fetal hydrops, 30
for malpresentation confirmation, 67
in multiple gestation, 80
in trauma to the pregnant woman, 

239
in vasa previa, 100–101

for pheochromocytoma diagnosis, 226
for placental fragment identification and

removal, 117
placental separation phases observed

with, 121
for placenta previa diagnosis, 96
real-time, for diagnosing deep venous

thrombosis, 370
renal, for confirming nephrolithiasis, 

211
for thyroid visualization, 217
transvaginal, to identify placenta accreta,

121
Umbilical blood sampling, percutaneous, 9
Umbilical cord accidents, fetal death due

to, 518
Umbilical vein, oxygen saturation in the

blood of, 1–2
University of Michigan Health System,

anesthetic management for teenaged
mothers at, 48

Urethral valves, endoscopic ablation of, in
fetal obstructive uropathy, 33–34

Urinary system
changes in, during pregnancy, 207–208
infections of, 433–434, 439–440

Urine output, as an indicator for extent of
hemorrhage, 87

Urokinase, for thrombolytic therapy, 352
Urolithiasis, urinary tract obstruction due

to, 210
Uropathy, fetal obstructive, surgical

management of, 33–34
Uterine artery, ligation of, in postpartum

hemorrhage, 119–120
Uterine atony, 101–102

hemorrhage due to, 112–113
postpartum, 120–121

management of, 128
outcome of hypogastric ligation in

women with, 119
Uterine contractions

effect of dantrolene on, 249
in ergot alkaloid administration,

115–116
and fetal assessment and monitoring, 10
pharmacologic manipulation of, 297–298
precipitation of autonomic hyperreflexia

by, in patients with spinal cord
injury, 138
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Uterine inversion, 123
management of, 129

Uterine manipulation
association with venous air embolism,

361
for uterine atony, 101

Uterine packing, in postpartum
hemorrhage, 117

Uterine relaxation
agents causing, withdrawal in

postpartum hemorrhage, 121
in general anesthesia, 39
to permit delivery

in fetal head entrapment, 70
in multiple gestations, avoiding early

placental separation, 83
Uterine retraction, and hemostasis, 112
Uterine rupture, 104–105

fetal mortality in, 238–239
Uterine vessels

laceration of, in amniotic fluid
embolism, 356

vulnerability to air embolism, 361
Uteroplacental effects

of cocaine, 419
of electroconvulsive therapy, 454
of narcotics, 414
of substance abuse, 406–407
of tobacco smoking, 425

Uteroplacental insufficiency, in diabetes,
333–334

intrauterine fetal demise due to, 518–519
Uterus, enlarged, as a cause of acute renal

failure, 209

V
Vaginal delivery

analgesia during, in multiple gestations,
82–83

breech, 69–70
of a second twin, 81

after a cesarean delivery, 104
Vagus nerve, control of fetal heart rate

through, 5
Valacyclovir, for herpes simplex virus

infection, 393
Valproic acid, as a teratogen, 460
Valvular cardiac disease, 511–512
Varicella zoster virus (VZV), infection by,

399
Vasa previa, 100–101

fetal death in, 518

Vascular necrosis, panhypopituitarism due
to, 229–230

Vascular steal syndrome, in sacrococcygeal
teratoma, 37

Vasoocclusion, in sickle cell disease, 
322

Vasopressin, release of, in pregnancy,
207–208

Vecuronium, metabolic profile of, in
hepatic disease, 468

Venography, ascending, to identify deep
venous thrombi, 349

Venous flow, placenta to the fetal heart,
1–2

Venous thromboembolic disease,
indications for anticoagulant
therapy in pregnancy, 369–370

Ventilation, postoperative, in myasthenia
gravis, 270

Ventilation/perfusion scan, for diagnosing
pulmonary emboli, 350

Ventilatory failure, 507
Ventricular septal defect (VSD), effects of,

in pregnancy, 184–185
Ventricular tachycardia, in pregnancy, 

170
Verapamil

for controlling ventricular rate, in
patients with atrial fibrillation or
flutter, 168

effects of, on the fetus, 171
for treating atrial tachycardia, 168

potential risks of, 170
Vesicoamniotic shunting, percutaneous, in

fetal obstructive uropathy, 33–34
Vesicostomy, fetoscopic, in fetal

obstructive uropathy, 33–34
Viral infections, 441–443
Viral infections. See also Human

immunodeficiency virus (HIV)
infection

Virchow’s triad, of risk factors for
thromboembolism, 347–348, 369

Vitamin K (phytonadione), reversal of
warfarin with, 374

Volume replacement, for managing
diabetic ketoacidosis, 336

Volume restriction, in preeclampsia,
285–286

von Willebrand’s disease, 312–314
relationship with thyroid deficiency,

221–222

von Willebrand’s factor
risk of postpartum hemorrhage in

deficiency of, 127
synthesis and storage of, 312

Vulvovaginal candidiasis, treating in
pregnancy, 387–388

W
Warfarin

benefits and risks of, during pregnancy,
369

for prosthetic heart valve patients, use in
pregnancy, 183

risk of congenital malformation with use
of, 160–161, 327, 351, 374

Water retention, normal, in pregnancy,
207–208

Western immunoblot test, for Lyme
disease, 395

White’s classification
of diabetes in pregnancy, 339–340
relationship with prematurity and

hypertensive complications, 336
Wilson’s disease, managing in pregnancy,

478
Withdrawal from drugs

cocaine, 417
defined, 403–404
life-threatening responses in ethanol

withdrawal, 410–411
narcotic, 413
neonatal

from benzodiazepines, 459
due to maternal drug abuse, 407

Wolff-Parkinson-White syndrome,
168–170

World Health Organization (WHO)
definition of fetal death by, 515–528
study of misoprostol for prophylaxis

against postpartum hemorrhage,
122

study of oxytocin for prophylaxis
against postpartum hemorrhage,
103

Wright stain, for diagnosing vasa previa,
100–101

Z
Zidovudine, to retuce maternal

transmission of human
immunodeficiency virus to the
fetus, 409, 415ak
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