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CHAPTER 1

Placental Anatomy
and Physiology∗

Graham J. Burton, Colin P. Sibley, and Eric R.M. Jauniaux

KEY POINTS

• The mature human placenta is a discoid organ that consists of
an elaborately branched fetal villous tree bathed directly by
maternal blood of the villous hemochorial type. Normal term
placental weight averages 450 g and represents approximately
one seventh (one sixth with cord and membranes) of the fetal
weight.

• Continual development throughout pregnancy leads to
progressive enlargement of the surface area for exchange (12
to 14 m2 at term) and reduction in the mean diffusion distance
between the maternal and fetal circulations (approximately 5 to
6 μm at term).

• The maternal circulation to the placenta is not fully established
until the end of the first trimester; hence organogenesis takes
place in a low-oxygen environment of approximately 20 mm Hg,
which may protect against free radical–mediated teratogenesis.
Uterine blood flow at term averages 750 mL/min, or 10% to
15% of maternal cardiac output.

• During the first trimester, the uterine glands discharge their
secretions into the placental intervillous space and represent an
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important supply of nutrients, cytokines, and growth factors
prior to the onset of the maternal-fetal circulation.

• The exocoelomic cavity acts as an important reservoir of
nutrients during early pregnancy, and the secondary yolk sac is
important in the uptake of nutrients and their transfer to the
fetus.

• Oxygen is a powerful mediator of trophoblast proliferation and
invasion, villous remodeling, and placental angiogenesis.

• Ensuring an adequate maternal blood supply to the placenta
during the second and third trimesters is an essential aspect of
placentation and is dependent upon physiologic conversion of
the spiral arteries induced by invasion of the endometrium by
extravillous trophoblast during early pregnancy. Many
complications of pregnancy, such as preeclampsia, appear to
be secondary to deficient invasion.

• All transport across the placenta must take place across the
syncytial covering of the villous tree, the syncytiotrophoblast,
the villous matrix, and the fetal endothelium, each of which may
impose its own restriction and selectivity. Exchange will occur
via one of four basic processes: (1) bulk flow/solvent drag, (2)
diffusion, (3) transporter-mediated mechanisms, and (4)
endocytosis/exocytosis.

• The rate of transplacental exchange will depend on many
factors, such as the surface area available, the concentration
gradient, the rates of maternal and fetal blood flows, and the
density of transporter proteins. Changes in villous surface area,
diffusion distance, and transporter expression have been linked
with IUGR.

• The placenta is an important endocrine gland that produces
both steroid and peptide hormones, principally from the
syncytiotrophoblast. Concentrations of some hormones are
altered in pathologic conditions—for example, human chorionic
gonadotropin in trisomy 21—but in general, little is known
regarding control of endocrine activity.
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Placental Anatomy
Overview of the Delivered Placenta (Fig.
E1.1)

▪ Macroscopically, the placenta consists of two surfaces or
plates: the chorionic plate, to which the umbilical cord is
attached, and the basal plate that abuts the maternal
endometrium.

▪ The fetal component comprises a series of elaborately
branched villous trees that arise from the inner surface of
the chorionic plate and project into the cavity of the
placenta.

▪ Each lobule represents an individual maternal-fetal
exchange unit. Near term, the continual elaboration of the
villous trees almost fills the cavity of the placenta, which is
reduced to a network of narrow spaces collectively referred
to as the intervillous space (IVS).

Placental Development

▪ The wall of the blastocyst comprises an outer layer of
unicellular epithelial cells, the trophoblast, and an inner
layer of extraembryonic mesodermal cells derived from the
inner cell mass; together these layers constitute the chorion.

▪ By the time implantation is complete, the conceptus is
surrounded entirely by a mantle of syncytiotrophoblast
(Fig. E1.2A). Vacuolar spaces begin to appear within the
mantle and gradually coalesce to form larger lacunae, the
forerunners of the IVS. As the lacunae enlarge, the
intervening syncytiotrophoblast is reduced in thickness and
forms a complex lattice of trabeculae (see Fig. E1.2B). On
reaching their tips approximately 2 days later, the cells
spread laterally and establish contact with those from other
trabeculae to form a new layer interposed between the
mantle and the endometrium, the cytotrophoblastic shell (see
Fig. E1.2C). The original wall of the blastocyst becomes
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the chorionic plate, the cytotrophoblastic shell is the
precursor of the basal plate, and the lacunae form the IVS
(Fig. E1.2D).
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FIG. E1.1  Diagrammatic cross section through a
mature placenta shows the chorionic and basal plates

that bound the intervillous space. The villous trees
arise from stem villi attached to the chorionic plate and
are arranged as lobules centered over the openings of
the maternal spiral arteries. MC, maternal circulation.
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FIG. E1.2  Schematic representation of early placental
development between days 9 and 16 postfertilization.
ECC, extracoelomic cavity; EE, extraembryonic; IVS,
intervillous space; SYS, secondary yolk sac; YS, yolk

sac.

▪ Initially, villi form over the entire chorionic sac, but toward
the end of the first trimester, they regress from all except
the deep pole, where they remain as the definitive discoid
placenta. Abnormalities in this process may account for the
persistence of villi at abnormal sites on the chorionic sac
and, hence, the presence of accessory or succenturiate lobes.
Also, excessive asymmetric regression may result in the
umbilical cord being attached eccentrically to the placental
disc.

Amnion and Yolk Sac
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▪ The inner cell mass differentiates and gives rise to the
amnion, the yolk sac, and the bilaminar germ disc.

▪ The secondary yolk sac is the first structure that can be
detected ultrasonographically. Its diameter reaches a
maximum of 6 to 7 mm and then decreases slightly (see Fig.
E1.2, D).

Maternal-Fetal Relationship During the First
Trimester

▪ For the placenta to function efficiently as an organ of
exchange, it requires adequate and dependable access to the
maternal circulation.

▪ Direct vision into the IVS during the first trimester with a
hysteroscope reveals the cavity to be filled with a clear fluid
rather than with maternal blood. Perfusion of pregnant
hysterectomy specimens with radiopaque and other media
demonstrates little flow into the IVS during the first
trimester. The oxygen concentration within the IVS is low
(<20 mm Hg) prior to 10 weeks of pregnancy, and it rises
threefold between weeks 10 and 12.

Extravillous Trophoblast Invasion and
Physiologic Conversion of the Spiral Arteries

▪ During the early weeks of pregnancy, a subpopulation of
trophoblast cells migrates from the deep surface of the
cytotrophoblastic shell into the endometrium referred to as
extravillous trophoblast (EVT).

▪ EVT activities are associated with the physiologic conversion
of the maternal spiral arteries from small-caliber
vasoreactive vessels into funnel-shaped flaccid conduits.

▪ In early pregnancy, the volume of the migrating
endovascular cells is sufficient to occlude, or plug, the
terminal portions of the spiral arteries as they approach the
basal plate (Fig. E1.3).1 It is the dissipation of these plugs
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toward the end of the first trimester that establishes the
maternal circulation to the placenta.

▪ It is essential that the process is correctly regulated;
excessive invasion can result in complete erosion of the
endometrium and the condition known as placenta accreta.

▪ Recent evidence indicates that a degree of activation of the
natural killer cells is necessary for successful pregnancy,
most likely because of the release of factors that mediate
spiral artery remodeling.

▪ The terminal dilations of the arteries will substantially
reduce both the rate and pressure with which that maternal
blood flows into the IVS, which facilitates exchange and is
important to prevent compression and collapse of the fetal
capillary network.

▪ In the most severe cases of preeclampsia associated with
major fetal growth restriction, only 10% of the arteries may
be fully converted compared with 96% in normal
pregnancies.

▪ Placental oxidative stress is a key factor in the pathogenesis
of preeclampsia.

Role of the Endometrium During the First
Trimester

▪ Signals from the uterine epithelium and secretions from the
endometrial glands play a major role in regulating
receptivity at the time of implantation.

▪ Ultrasonographic measurements suggest that an
endometrial thickness of 8 mm or more is necessary for
successful implantation.

Topology of the Villous Trees

▪ One of the principal functions of the placenta is diffusional
exchange.

▪ The rate of diffusion of an inert molecule is governed by
Fick’s law, so it is proportional to the surface area for
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exchange divided by the thickness of the tissue barrier. A
large surface area will therefore facilitate exchange; this is
achieved by repeated branching of the villous trees
throughout pregnancy.

▪ The connections to the chorionic plate become remodeled to
form stem villi, which represent the supporting framework
of each villous tree. The main functional units of the villous
tree are, however, the terminal villi.
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FIG. E1.3  During early pregnancy, the tips of the
maternal spiral arteries are occluded by invading

endovascular trophoblast cells, which impedes flow
into the intervillous space. The combination of

endovascular and interstitial trophoblast invasion is
associated with physiologic conversion of the spiral

arteries. Both processes are deficient in preeclampsia,
and the retention of vascular smooth muscle may

increase the risk of spontaneous vasoconstriction and
hence may result in an ischemia-reperfusion type
injury to the placenta. MC, maternal circulation.

Placental Histology
▪ The syncytiotrophoblast is highly polarized, and one of its

most conspicuous features is the presence of a dense
covering of microvilli on the apical surface. In the first
trimester, the microvilli are relatively long, but as
pregnancy advances, they become shorter and more
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slender.
▪ The syncytiotrophoblast has a high metabolic rate,

consuming approximately 40% of the oxygen taken up by
the fetoplacental unit.2 The syncytiotrophoblast is generated
by the recruitment of progenitor cytotrophoblast cells.

▪ Nuclei that are transcriptionally inactive are sequestered
together into aggregates known as syncytial knots. Syncytial
knots become more common in later pregnancy and are a
marker of syncytial well-being, the so-called Tenney-Parker
change.

Integrity of the Villous Membrane

▪ Isolated areas of syncytial damage, often referred to as sites
of focal syncytial necrosis, are a feature of all placentae,
although they are more common in those from pathologic
pregnancies.

Placental Vasculature

▪ The development of the fetal vasculature begins during the
third week after conception (the fifth week of pregnancy)
with the de novo formation of capillaries within the villous
stromal core.

▪ Angiogenesis continues until term and results in the
formation of capillary sprouts and loops. Both of these
processes contribute to the elaboration of terminal villi.

▪ Vascular changes are observed in many complications of
pregnancy.

Placental Physiology
Physiology of the Secondary Yolk Sac
and Exocoelomic Cavity

▪ The yolk sac membrane is an important zone of transfer
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between the extraembryonic and embryonic compartments
(see Figs. E1.2 and E1.4).

Placental Metabolism and Growth

▪ The critical function of the placenta is illustrated by its high
metabolic demands.

▪ Glucose is the principal substrate for oxidative metabolism
by placental tissues.

▪ Normal term placental weight averages 450 g, which
represents approximately one seventh (one sixth with cord
and membranes) of the fetal weight.

▪ In humans, an increased ratio of placental size to fetal
weight is associated with increased morbidity for the
offspring, both in the neonatal period and subsequently.

▪ Insulin-like growth factor (IGF)-1 and IGF-2 are
polypeptides with a high degree of homology to human
proinsulin, and they are 50 times more potent than insulin
in stimulating cell growth.

▪ Exposure to chronic hypoxia at high altitudes, nutrient
deprivation, infection, and malperfusion due to deficient
remodeling of the spiral arteries all lead to a small placenta
and fetal intrauterine growth restriction (IUGR).
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FIG. E1.4  Onset of the maternal circulation (MC) starts
in the periphery of the placenta (arrows), where

trophoblast invasion—and hence plugging of the spiral
arteries—is least developed. The high local levels of

oxidative stress are thought to induce villous
regression and formation of the chorion laeve. AC,

amniotic cavity; D, decidua; ECC, exocoelomic cavity;
P, placenta; M, myometrium; SYS, secondary yolk

sac. Modified from Jauniaux E, Cindrova-Davies T, Johns J, et al. Distribution

and transfer pathways of antioxidant molecules inside the first trimester human

gestational sac. J Clin Endocrinol Metab. 2004;89:1452-1459.
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Placental Transport

▪ The syncytiotrophoblast is the transporting epithelium and
is considered to be the major locus of exchange selectivity
and regulation.

▪ Maternal-fetal exchange across the placenta may occur,
broadly, by one of four mechanisms: (1) bulk flow/solvent
drag, (2) diffusion, (3) transporter-mediated mechanisms,
and (4) endocytosis/exocytosis.

A Selective Barrier

▪ In addition to facilitating maternal-fetal transfer, the
placenta also acts as a selective barrier that prevents certain
substances and maternal hormones from either crossing to
the fetus or crossing in an active form (e.g., a range of
cytochrome P450 enzymes).

Substance-Specific Placental Transport
Respiratory Gases

▪ The transfer of the primary respiratory gases, oxygen and
carbon dioxide, is likely to be flow limited.

▪ Proportionate O2 uptake increases and O2 consumption
remains unchanged over a fairly wide range of blood flows.

▪ Carbon dioxide is carried in the fetal blood both as dissolved
carbon dioxide and as bicarbonate. CO2 likely diffuses from
fetus to mother in its molecular form, and [HCO3

−] does not
contribute significantly to fetal CO2 elimination.

Glucose

▪ The primary human placental glucose transporter is GLUT1,
a sodium-independent facilitated transporter.

▪ Modification of transporter expression within the placenta
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also occurs in response to maternal diabetes.

Amino Acids

▪ Amino acid concentrations are generally higher in fetal
umbilical cord plasma than in maternal plasma.

▪ Multiple class-specific transporter proteins mediate neutral,
anionic, and cationic amino acid transport into the
syncytiotrophoblast. These include both sodium-dependent
and sodium-independent transporters.4

▪ The sodium gradient is maintained by Na+/K+ATPase located
on the basal or fetal side of the syncytiotrophoblast.

▪ More than one protein may mediate each transport activity
within a single tissue.

Lipids

▪ Fatty acids may also be oxidized within the placenta as a
source of energy.

▪ Essential fatty acids are, in general, transferred more
efficiently than are nonessential fatty acids.5

▪ The fetus is significantly enriched in long-chain
polyunsaturated fatty acids.

▪ Fatty acids transferred to the fetus reflect maternal serum
lipids and diet.

▪ Leptin may promote maternal lipolysis, thus providing both
placenta and fetus the means by which to ensure an
adequate lipid supply.

Water and Ions

▪ Water transfer from mother to fetus is determined by a
balance of osmotic, hydrostatic, and colloid osmotic forces
at the placental interface.

▪ Colloid osmotic pressure differences and active solute
transport probably represent the main determinants of net
water fluxes—approximately 20 mL/day.
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Calcium

▪ Ionized calcium levels are higher in fetal than in maternal
blood. Higher fetal calcium levels are due to a
syncytiotrophoblast basal membrane ATP-dependent Ca2+

transport system that exhibits high affinity (nanomolar
range) for calcium.

Placental Nutrient Supply and Intrauterine
Growth Restriction

▪ In IUGR, the surface area of the exchange barrier is
decreased and its thickness decreased. Considerable
evidence now shows that the activity and expression of
transporter proteins in the syncytiotrophoblast are altered
in IUGR.

Vasomotor Control of the Umbilicoplacental
Circulation

▪ There must be local control of vascular resistance within the
fetal placental vascular bed performed by local paracrine
factors. Nitric oxide, carbon monoxide, and hydrogen
sulfide have been identified as having powerful
vasodilatory effects.6

Placental Endocrinology

▪ Two major groups of hormones are produced: the steroid
hormones, progesterone and the estrogens, and peptide
hormones, such as human chorionic gonadotropin (hCG)
and hPL.

Progesterone
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▪ Principal actions of the hormone are to maintain quiescence
of the myometrium, although it may have
immunomodulatory and appetite stimulatory roles as well.

Estrogens

▪ The human placenta lacks the enzymes required to
synthesize estrogens directly from acetate or cholesterol,
and so it uses the precursor dehydroepiandrosterone sulfate
supplied by the maternal and fetal adrenal glands in
approximately equal proportions near term.

Human Chorionic Gonadotropin

▪ Secreted by the trophoblast at the blastocyst stage, its
principal function is to maintain the corpus luteum until the
placenta is sufficiently developed to take over production of
progesterone.

▪ Concentrations of the hCG dimer in maternal blood rise
rapidly during early pregnancy, peak at 9 to 10 weeks, and
subsequently decline to a nadir at approximately 20 weeks.

▪ Reduced levels of hCG-H are linked with miscarriage and
poor obstetric outcome.

Placental Lactogen

▪ Secreted by the syncitiotrophoblast, hPL has low growth-
promoting but high lactogenic effects.

▪ hPL promotes lipolysis, increases circulating free fatty acid
levels, and is thought to act as an insulin antagonist,
thereby raising maternal blood glucose concentrations.

▪ Placental lactogen also promotes growth and differentiation
of mammary tissue.

Placental Growth Hormone

▪ In contrast to hPL, placental growth hormone has high
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growth-promoting but low lactogenic activities.
▪ Key regulator of maternal insulin sensitivity and IGF-I

concentrations. Powerful influence on fetal growth through
its effects on maternal metabolism, maternal-fetal nutrient
portioning, placental transporter expression, and placental
growth and blood flow.

Leptin

▪ Pregnancy is a state of central leptin resistance that increases
maternal adipose reserves.

Pregnancy-Associated Plasma Protein A

▪ Key regulator of IGF bioavailability, which is essential for
normal fetal development. Low maternal serum levels are
associated with a higher risk of preeclampsia and poor fetal
growth during the second half of pregnancy.

Sex Differences in Placental Function

▪ Increasing evidence suggests sex differences in placental
development and function, in particular to its responses to
various stressors.
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CHAPTER 2

Fetal Development
and Physiology∗

Michael G. Ross, and M. Gore Ervin

KEY POINTS

• Mean amniotic fluid volume increases from 250 to 800 mL
between 16 and 32 weeks and decreases to 500 mL at term.

• Fetal urine production ranges from 400 to 1200 mL/day and is
the primary source of amniotic fluid.

• The fetal umbilical circulation receives approximately 40% of
fetal combined ventricular output (300 mL/mg/min).

• Umbilical blood flow is 70 to 130 mL/min after 30 weeks’
gestation.

• Fetal cardiac output is constant over a heart rate range of 120
to 180 beats/min.

• The fetus exists in a state of aerobic metabolism, with arterial
PO2 values in the 20 to 25 mm Hg range.

• Glucose, amino acids, and lactate are the major substrates for
fetal oxidative metabolism.

• Approximately 20% of the fetal oxygen consumption of 8
mL/kg/min is required in the acquisition of new tissue.

• By week 12 of gestation, thyrotropin-releasing hormone is
present in the fetal hypothalamus.
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• Fetal activity periods in late gestation are often termed active or
reactive and quiet or nonreactive.

Umbilical Blood Flow
▪ The relationship between flow and perfusion pressure is

linear in the umbilical circulation.
▪ Relative to the uteroplacental bed, the fetoplacental

circulation is resistant to vasoconstrictive effects of infused
pressor agents, and umbilical blood flow is preserved
unless cardiac output decreases. Umbilical blood flow is
maintained over a relatively wide range of oxygen tensions.

Amniotic Fluid Volume
▪ Mean amniotic fluid volume (AFV) increases from 250 to 800

mL between 16 and 32 weeks of gestation and then declines
to about 500 mL at 42 weeks (Fig. E2.1).

▪ AFV is maintained by a balance of fetal fluid production (lung,
liquid, and urine) and fluid resorption (fetal swallowing and
flow across the amniotic and/or chorionic membranes to the
fetus or maternal uterus).1

▪ Lung fluid likely serves to maintain lung expansion and
facilitate pulmonary growth.

▪ Lung fluid must decrease at parturition for the transition to
respiratory ventilation. The absence of this process explains
the increased incidence of transient tachypnea of the
newborn in infants delivered by cesarean section in the
absence of labor.

▪ Fetal urine is the primary source of amniotic fluid, and
outputs at term vary from 400 to 1200 mL/day. Fetal
swallowing is believed to be a major route of amniotic fluid
resorption.
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Fetal Growth and Metabolism
Substrates

▪ Nutrients are utilized by the fetus for two primary purposes:
oxidation for energy and tissue accretion. Under normal
conditions, glucose is an important substrate for fetal
oxidative metabolism.
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FIG. E2.1  Normal range of amniotic fluid volume in
human gestation. From Beall MH, van den Wijngaard JP, van Gemert MJ,

Ross MG. Amniotic fluid water dynamics. Placenta. 2007;28:816-823.

▪ Lactate also is a substrate for fetal oxygen consumption.
Thus, the combined substrates—glucose, amino acids, and
lactate—essentially provide the approximately 87 kcal/kg
required daily by the growing fetus.

▪ Because many of the necessary enzymes for conversion of
carbohydrate to lipid are present in the fetus, fat acquisition
reflects glucose utilization in addition to placental fatty acid
uptake.

Hormones

▪ Growth hormone appears to have little role in regulating
fetal growth.
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▪ The increase in insulin-like growth factor-1 (IGF-1) levels
directly correlates with increase in fetal size, and a
reduction in IGF-1 levels is associated with growth
restriction.

▪ A role for insulin in fetal growth is suggested from the
increases in body weight and in heart and liver weights in
infants of diabetic mothers.2

▪ As in the adult, β-adrenergic receptor activation increases
fetal insulin secretion, whereas β-adrenergic activation
inhibits insulin secretion. Fetal glucagon secretion also is
modulated by the β-adrenergic system. However, the fetal
glycemic response to glucagon is blunted, probably caused
by a relative reduction in hepatic glucagon receptors.

▪ Corticosteroids are essential for fetal growth and maturation,
and levels in the fetus rise near parturition in step with
maturation of fetal organs, such as the lung, liver, kidneys,
and thymus, and with slowing of fetal growth. Exogenous
maternal steroid administration during pregnancy also has
the potential to diminish fetal growth.

▪ The fetal thyroid also is not important for overall fetal
growth but is important for central nervous system
development.

▪ Growth factors and cytokines exert their functions locally,
promoting proliferation and differentiation through their
autocrine and/or paracrine mode of actions.

▪ Epidermal growth factor (EGF) is involved in embryonal
implantation, it stimulates syncytiotrophoblast
differentiation in vitro, and it modulates production and
secretion of human chorionic gonadotropin and human
placental lactogen.

▪ Imprinted genes play a particularly important role in
controlling fetal growth.

Fetal Cardiovascular System
Development
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▪ During weeks 5 to 8, a single-lumen tube is converted into
the definitive four-chambered heart through a process of
cardiac looping (folding), remodeling, and partitioning.

▪ The ductus arteriosus functions as a right-to-left shunt by
redistributing right ventricular output from the lungs to the
aorta and fetal and placental circulations.

▪ In humans, the venous pathways are rearranged during
embryonic weeks 4 to 8, and only the left umbilical vein is
retained. Subsequent rearrangement of the vascular plexus
associated with the developing liver forms the ductus
venosus, a venous shunt that allows at least half of the
estimated umbilical blood flow to bypass the liver and enter
the inferior vena cava.3

▪ This stream of well-oxygenated ductus venosus blood is
preferentially directed into the foramen ovale by the valve
of the inferior vena cava and the crista dividens on the wall
of the right atrium. This shunts a portion of the most highly
oxygenated ductus venosus blood through the foramen
ovale (Figs. E2.2 and E2.3). Left atrial filling results
primarily from umbilical vein–ductus venosus blood, with
a small contribution from pulmonary venous flow. Blood
with the highest oxygen content is delivered to the left
atrium and left ventricle and ultimately supplies blood to
the upper body and limbs, carotid and vertebral
circulations, and the brain.
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FIG. E2.2  Anatomy of the fetal heart and central
shunts. CA, carotid artery; DA, ductus arteriosus; FA,
femoral artery; FO, foramen ovale; IVC, inferior vena

cava; LA, left atrium; LV, left ventricle; RA, right atrium;
RV, right ventricle; SVC, superior vena cava; TA,

thoracic aorta. From Anderson DF, Bissonnette JM, Faber JJ, Thornburg

KL. Central shunt flows and pressures in the mature fetal lamb. Am J Physiol.

1981;241:H60-H66.
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FIG. E2.3  Anatomy of the umbilical and hepatic
circulation. Arrows represent nutrient-rich and oxygen-
rich blood. LHV, left hepatic vein; RHV, right hepatic
vein. From Rudolph AM. Hepatic and ductus venosus blood flows during fetal

life. Hepatology. 1983;3:254-258.

Fetal Heart

▪ The fetal right and left ventricles function as two pumps that
operate in parallel, rather than in series, and cardiac output
is described as the combined ventricular output. Right
ventricular output exceeds 60% of biventricular output4 and
is primarily directed through the ductus arteriosus to the
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descending aorta (see Fig. E2.3). Because of the high
pulmonary vascular resistance,4 the pulmonary circulation
receives only 5% to 10% of the combined ventricular output.

▪ The placenta receives ∼40% of the combined ventricular
output,5 and a single umbilical vein conducts this volume
toward the fetus.

▪ Coronary blood flow to the myocardium reflects the greater
stroke volume of the right side, and right ventricle free wall
and septal blood flows are higher than in the left ventricle.
Fetal ventricular wall thickness is greater on the right
relative to the left.

▪ The contribution of Starling mechanisms to increasing right
heart output in the fetus is limited. In contrast, decreases in
venous return and right atrial pressure decrease stroke
volume.

▪ The fetal heart rate (FHR) decreases during the last half of
gestation. The FHR averages more than twofold above
resting adult heart rates.

▪ Because ventricular stroke volumes decrease with increasing
heart rate, fetal cardiac output remains constant over a
heart rate range of 120 to 180 beats/min.

▪ At birth, major changes in vascular distribution occur with
the first breath. Alveolar expansion and the associated
increase in alveolar capillary oxygen tension induce a
marked decrease in pulmonary microvascular resistance.

▪ This local increase in ductus arteriosus oxygen tension alters
the ductus response to prostaglandins and causes a marked
localized vasoconstriction. Concurrent constriction (or
clamping) of the umbilical cord stops placental blood flow,
reduces venous return, and perhaps augments the decrease
in right atrial pressure.

Regulation of Cardiovascular Function
Autonomic Regulation

▪ Through reflex stimulation of peripheral baroreceptors,
chemoreceptors, and central mechanisms, the sympathetic
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and parasympathetic systems have important roles in the
regulation of FHR, cardiac contractility, and vascular tone.

▪ The fetal sympathetic system develops early, whereas the
parasympathetic system develops somewhat later.

▪ Opposing sympathetic and parasympathetic inputs to the
fetal heart contribute to R-R interval variability from one
heart cycle to the next and to basal heart rate variability
over periods of a few minutes.

▪ Fetal baroreflex sensitivity more than doubles in late
gestation.

▪ Peripheral arterial chemoreceptors are important in fetal
reflex responses to hypoxia; the initial bradycardia is not
seen without functional chemoreceptors.

Hormonal Regulation

Arginine Vasopressin

▪ Significant quantities of arginine vasopressin (AVP) are
present in the human fetal neurohypophysis by completion
of the first trimester. Ovine fetal plasma AVP levels increase
appropriately in response to changes in fetal plasma
osmolality induced directly in the fetus or via changes in
maternal osmolality.

▪ Hypoxemia is the most potent stimulus known for fetal AVP
secretion.

▪ The cardiovascular response pattern to AVP infusion
includes dose-dependent increases in fetal mean blood
pressure and decreases in heart rate at plasma levels well
below those required for similar effects in the adult.

Renin–Angiotensin II

▪ Fetal plasma renin levels are typically elevated during late
gestation.

▪ Although fetal plasma angiotensin II levels increase in
response to small changes in blood volume and hypoxemia,
fetal angiotensin II and aldosterone levels do not increase in

73



proportion to changes in plasma renin activity.

Fetal Hemoglobin

▪ The fetus exists in a state of aerobic metabolism, with arterial
blood PO2 values in the 20 to 35 mm Hg range but with no
evidence of metabolic acidosis.

▪ The basis for increased oxygen affinity of fetal whole blood
resides in the interaction of fetal hemoglobin with
intracellular organic phosphate 2,3-diphosphoglycerate.

▪ The proportion of hemoglobin F to hemoglobin A changes
between 26 and 40 weeks’ gestation linearly from 100% to
about 70%.

Fetal Kidney
▪ Overall fetal water and electrolyte homeostasis is primarily

mediated by fetal-maternal exchange across the placenta.
Urine production by the fetal kidney is essential to
maintenance of AFV and composition. Although absolute
glomerular filtration rate (GFR) increases during the third
trimester, GFR per gram of kidney weight does not change
because GFR and fetal kidney weight increase in parallel.

▪ Although fetal GFR is low, the daily urine production rate is
substantial, equaling 60% to 80% of the AFV. The large
urine output results from the significant portion of the
filtered water (20%) that is excreted in the form of
hypotonic urine.

▪ The reduced concentrating ability of the fetal kidney
primarily reflects reductions in proximal tubular sodium
reabsorption, short juxtamedullary nephron loops of Henle,
and limited medullary interstitial urea concentrations.

▪ Atrial natriuretic factor granules are present in the fetal
heart, and fetal plasma atrial natriuretic factor levels are
elevated relative to the adult.
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Fetal Gastrointestinal System
Gastrointestinal Tract

▪ About 10% to 15% of fetal nitrogen requirements may result
from swallowing of amniotic fluid protein. Intragastric
ovine fetal nutrient administration partially ameliorates
fetal growth restriction induced by maternal malnutrition.

▪ With pronounced hypoxemia, fetal intestinal oxygen
consumption falls as blood flow decreases, and the oxygen
content difference across the intestine fails to widen. The
result is a metabolic acidosis in the blood that drains the
mesenteric system.

Liver

▪ Near term, the placenta is the major route for bilirubin
elimination. The fetal metabolic pathways for bilirubin and
bile salts remain underdeveloped at term.

▪ The fetal liver accounts for about 20% of total fetal oxygen
consumption.

▪ Hypoxia severe enough to decrease fetal oxygen
consumption selectively reduces right hepatic lobe oxygen
uptake, which exceeds that of the fetus as a whole. In
contrast, oxygen uptake by the left lobe of the liver is
unchanged.

Fetal Adrenal and Thyroid Glands
Adrenal Glands

▪ The fetal anterior pituitary secretes adrenocorticotropic
hormone (ACTH) in response to stress, which includes
hypoxemia. The associated increase in cortisol exerts
feedback inhibition of the continued ACTH response.

▪ On a body weight basis, the fetal adrenal gland is an order of
magnitude larger than in the adult. This increase in size is
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due to the presence of an adrenal cortical definitive zone
and a so-called fetal zone that constitutes 85% of the
adrenal at birth. Cortisol and mineralocorticoids are the
major products of the fetal definitive zone, and fetal cortisol
secretion is regulated by ACTH but not human chorionic
gonadotropin.

▪ Resting fetal plasma norepinephrine levels exceed
epinephrine levels approximately tenfold.

Thyroid Gland

▪ By week 12 of gestation, thyrotropin-releasing hormone
(TRH) is present in the fetal hypothalamus, and TRH
secretion and/or pituitary sensitivity to TRH increase
progressively during gestation.

▪ Fetal liver free thyroxine metabolism is immature,
characterized by low free triiodothyronine levels until week
30. In contrast, reverse free triiodothyronine levels are high
until 30 weeks and decline steadily until term.

Fetal Central Nervous System
▪ Clinically relevant indicators of fetal central nervous system

function are body movements and breathing movements.
Fetal activity periods in late gestation are often termed
active or reactive and quiet or nonreactive. Fetal heart period
variability refers to deviations in the model heart rate period
averaged over short periods (seconds) and is distinct from
beat-to-beat variability. In the last 6 weeks of gestation, the
fetus is in an active state 60% to 70% of the time.

▪ Fetal breathing patterns are rapid and irregular in nature
and are not associated with significant fluid movement into
the lung. The central medullary respiratory chemoreceptors
are stimulated by CO2 and fetal breathing is maintained
only if central hydrogen ion concentrations remain in the
physiologic range.
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▪ Glucose is the principal substrate for oxidative metabolism
in the fetal brain under normal conditions.
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CHAPTER 3

Maternal Physiology∗

Kathleen M. Antony, Diana A. Racusin, Kjersti Aagaard, and Gary A. Dildy III 

KEY POINTS

• The “healthy” amount of weight to gain during pregnancy is BMI
specific.

• Maternal cardiac output increases 30% to 50% during
pregnancy. Supine positioning and standing are both
associated with a fall in cardiac output, which is highest during
labor and in the immediate postpartum period.

• As a result of the marked fall in systemic vascular resistance
and pulmonary vascular resistance, pulmonary capillary wedge
pressure does not rise despite an increase in blood volume.

• Maternal BP decreases early in pregnancy. The diastolic BP
and the mean arterial pressure reach a nadir at midpregnancy
(16 to 20 weeks) and return to prepregnancy levels by term.

• Maternal plasma volume increases 50% during pregnancy. Red
blood cell volume increases about 18% to 30%, and the
hematocrit normally decreases during gestation but not below
30%.

• Pregnancy is a hypercoagulable state that is accompanied by
increases in the levels of most of the procoagulant factors and
decreases in the fibrinolytic system and in some of the natural
inhibitors of coagulation.

• PaO2 and PaCO2 fall during pregnancy because of increased
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minute ventilation. This facilitates transfer of CO2 from the fetus
to the mother and results in a mild respiratory alkalosis.

• Blood urea nitrogen and creatinine normally decrease during
pregnancy as a result of the increased glomerular filtration rate.

• Plasma osmolality decreases during pregnancy as a result of a
reduction in the serum concentration of sodium and associated
anions. The osmolality set points for AVP release and thirst are
also decreased.

• Despite alterations in thyroid morphology, histology, and
laboratory indices, the normal pregnant woman is euthyroid,
with levels of free T4 within nonpregnant norms.

• Pregnancy is associated with a peripheral resistance to insulin,
primarily mediated by tumor necrosis factor alpha and human
placental lactogen. Insulin resistance increases as pregnancy
advances; this results in hyperglycemia, hyperinsulinemia, and
hyperlipidemia in response to feeding, especially in the third
trimester.

• Physiologic changes in the vagina interact with the vaginal
microbiome to protect against infection and promote pregnancy
maintenance.

TABLE E3.1

Gestational Weight Gain Recommendations

Total Weight
Gain

Mean (Range) in Lb/Wk After First
Trimester

Underweight prepregnancy BMI
(<18.5 kg/m2)

28–40 lb 1 (1–1.3)

Normal prepregnancy BMI (18.5–
24.9 kg/m2)

25–35 lb 1 (0.8–1)

Overweight prepregnancy BMI (25.0–
29.9 kg/m2)

15–25 lb 0.6 (0.5–0.7)

Obese prepregnancy BMI (≥30 kg/m2) 11–20 lb 0.5 (0.4–0.6)

BMI, body mass index.

From Rasmussen KM, Yaktine AL, eds. Committee to Reexamine IOM Pregnancy
Weight Guidelines, Institute of Medicine, National Research Council. Weight Gain
During Pregnancy: Reexamining the Guidelines. Washington DC: The National
Academies Press; 2009.
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Overview
Gestational Weight Gain

▪ Studies on the mean gestational weight gain of normal-
weight women giving birth to term infants ranged from
22.0 to 36.8 lb during pregnancy.1

▪ See Table E3.1.

Cardiovascular System
Heart

▪ It is important to confirm the diagnosis of cardiomegaly with
an echocardiogram.

Cardiac Output

▪ Cardiac output (CO) peaks between 25 and 30 weeks.
▪ Most of the increase in CO is directed to the uterus, placenta,

and breasts.
▪ CO is the product of stroke volume (SV) and heart rate (HR;

CO = SV × HR), both of which increase during pregnancy
and contribute to the overall rise in CO.

▪ CO is highest in the knee-chest and lateral recumbent
positions.

▪ In both the standing and the supine positions, decreased CO
results from a fall in SV secondary to decreased blood
return to the heart.

Arterial Blood Pressure and Systemic
Vascular Resistance

▪ Maternal blood pressure is decreased until later in
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pregnancy as a result of a decrease in SVR that reaches its
nadir at midpregnancy and is followed by a gradual rise
until term.

▪ Gant and colleagues2 showed that nulliparous women who
later develop preeclampsia retain their response to
angiotensin II before the appearance of clinical signs of
preeclampsia.

▪ In the ambulatory setting, blood pressure should be
measured in the sitting position, and the Korotkoff 5 sound
should be used.

TABLE E3.2

Data are presented as mean ± standard deviation. Although data on pulmonary
artery pressures are not presented, they were not significantly different.

NS, not significant.
∗ P < .05.

Modified from Clark S, Cotton D, Lee W, et al. Central hemodynamic assessment of
normal term pregnancy. Am J Obstet Gynecol. 1989;161:1439.

Venous Pressure

▪ Venous pressure in the upper extremities remains
unchanged in pregnancy but rises progressively in the
lower extremities.

Central Hemodynamic Assessment

▪ CO, HR, SVR, and pulmonary vascular resistance change
significantly with pregnancy (Table E3.2).

▪ Pregnant women can experience pulmonary edema at
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pulmonary capillary wedge pressures of 18 to 20 mm Hg,
which is significantly lower than the nonpregnant threshold
of 24 mm Hg.

Normal Changes That Mimic Heart Disease

▪ Unlike cardiac dyspnea, pregnancy-related dyspnea does
not worsen significantly with advancing gestation.

▪ Symptoms that should not be attributed to pregnancy and
that need a more thorough investigation include
hemoptysis, syncope or chest pain with exertion,
progressive orthopnea, or paroxysmal nocturnal dyspnea.

▪ Pregnancy also alters normal heart sounds.

Effect of Labor and the Immediate
Puerperium

▪ Anatomic and functional changes in cardiac function
crescendo during labor.

▪ Changing position from supine to lateral recumbent
increases CO.

▪ It is important to avoid the supine position in laboring
women and to give a sufficient fluid bolus before an
epidural to maintain an adequate preload.

▪ In the immediate postpartum period (10 to 30 min after
delivery), with a further rise in cardiac output of 10% to
20%, CO reaches its maximum.

Cardiac Rhythm

▪ The effect of pregnancy on cardiac rhythm is limited to an
increase in HR and a significant increase in isolated atrial
and ventricular contractions.

Hematologic Changes
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Plasma Volume and Red Cell Mass

▪ Maternal blood volume and plasma volumes begin to
increase at about 6 weeks’ gestation. The average expansion
of blood volume is 40% to 50%. The plasma volume
increases at a steady pace until it plateaus at 30 weeks’
gestation; the increase is 50%.

▪ Supplemental iron increases red blood cell (RBC) mass
accumulation to 400 to 450 mL, or 30%.

▪ Because plasma volume increases more than RBC mass,
maternal hematocrit falls.

▪ Vaginal delivery of a singleton infant at term is associated
with a mean blood loss of 500 mL; an uncomplicated
cesarean delivery, about 1000 mL; and a cesarean
hysterectomy, 1500 mL.3

▪ An overall diuresis of the expanded water volume occurs
postpartum.

▪ If the postpartum hematocrit is lower than the prelabor
hematocrit, either the blood loss was greater than
appreciated or the hypervolemia of pregnancy was less
than normal, as in preeclampsia.3

Iron Metabolism

▪ Iron absorption from the duodenum is limited to its ferrous
(divalent) state, the form found in iron supplements.

▪ Iron requirements of gestation are about 1000 mg. This
includes 500 mg to increase the maternal RBC mass (1 mL
of erythrocytes contains 1.1 mg iron), 300 mg transported to
the fetus, and 200 mg to compensate for maternal daily iron
losses.

Platelets

▪ In addition to the mild decrease in the mean platelet count,
about 8% of gravidas develop gestational
thrombocytopenia with platelet counts between 70,000 and
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150,000/mm3. This is not associated with an increase in
pregnancy complications.

Leukocytes

▪ The peripheral white blood cell (WBC) count rises
progressively during pregnancy.

▪ Because of the normal increase of WBCs in labor, the WBC
count should not be used clinically in determining the
presence of infection.

Coagulation System

▪ Pregnancy places women at a fivefold to sixfold increased
risk for thromboembolic disease (see Chapter 45).

▪ Pregnancy has been shown to cause a significant decrease in
the levels of total and free protein S, but it has no effect on
protein C and antithrombin III.4

▪ If a workup for thrombophilias is performed during
gestation, the clinician should use caution when attempting
to interpret these levels if they are abnormal.

▪ Most coagulation testing is unaffected by pregnancy.

Respiratory System
Upper Respiratory Tract

▪ During pregnancy, the mucosa of the nasopharynx becomes
hyperemic and edematous with hypersecretion of mucus
due to increased estrogen. Nasal decongestants should be
avoided because of the risk for hypertension and rebound
congestion.

Mechanical Changes

▪ Respiratory muscle function is not affected by pregnancy,
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and maximal inspiratory and expiratory pressures are
unchanged.

Lung Volume and Pulmonary Function

▪ The alterations in chest wall configuration and in the
diaphragm lead to changes in static lung volumes (Fig.
E3.1).

▪ Both spirometry and peak flowmeters can be used to
diagnose and manage respiratory illness.
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FIG. E3.1  Lung volumes in nonpregnant and pregnant
women. ERV, expiratory reserve; FRC, functional

residual capacity; IC, inspiratory capacity; IRV,
inspiratory reserve; RV, residual volume; TLC, total

lung capacity; TV, tidal volume; VC, vital capacity. From

Cruickshank DP, Wigton TR, Hays PM. Maternal physiology in pregnancy. In

Gabbe SG, Niebyl JR, Simpson JL, eds. Obstetrics: Normal and Problem

Pregnancies, 3rd ed. New York: Churchill Livingstone; 1996, p 94.

Gas Exchange

▪ Chronic mild hyperventilation results in increased alveolar
oxygen (PaO2) and decreased arterial carbon dioxide (PaCO2)
from normal levels.

▪ The low maternal PaCO2 results in a chronic respiratory
alkalosis.

▪ Maternal oxygen consumption is 20% to 40% above
nonpregnant levels and as a result of this and because the
functional residual capacity is decreased, a lowering of the
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maternal oxygen reserve occurs. Therefore the pregnant
patient is more susceptible to the effects of apnea, such as
during intubation, when a more rapid onset of hypoxia,
hypercapnia, and respiratory acidosis is seen.

Sleep

▪ Pregnancy causes both an increase in sleep disorders and
significant changes in sleep profile and pattern that persist
into the postpartum period.

▪ Women with excessive daytime sleepiness, excessive
snoring, and witnessed apneas should be evaluated for
obstructive sleep apnea with overnight polysomnography.

Urinary System
Anatomic Changes

▪ Pelvicalyceal dilation by term averages 15 mm on the right
and 5 mm on the left.

▪ Dilation of the ureters and renal pelvis is maximal by the
middle of the second trimester, when ureteric diameter may
be as much as 2 cm.

▪ Smooth muscle relaxation is caused by progesterone.
▪ Three percent of gravidas have idiopathic hematuria.

Renal Hemodynamics

▪ Glomerular filtration rate (GFR) is 50% higher than in the
nonpregnant state

▪ The creatinine clearance (CCl) in pregnancy is greatly
increased to values of 150 to 200 mL/min (normal, 120
mL/min).

▪ GFR is best estimated in pregnancy using a 24-hour urine
collection for CCl.

▪ Serum creatinine decreases from a nonpregnant level of 0.8
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to 0.5 mg/dL by term.

Renal Tubular Function and Excretion of
Nutrients

▪ Glucose excretion increases in almost all pregnant women.
However, gravidas with repetitive glycosuria should be
screened for diabetes mellitus if not already tested.

▪ Urinary protein and albumin excretion increase during
pregnancy, with an upper limit of 300 mg of proteinuria
and 30 mg of albuminuria in a 24-hour period.5

Body Water Metabolism
▪ The increase in total body water is 6.5 to 8.5 L by the end of

gestation.
▪ Additional water is accounted for by expansion of the

maternal blood volume by 1500 to 1600 mL, plasma volume
by 1200 to 1300 mL, and RBCs by 300 to 400 mL.

▪ Pregnancy is a condition of chronic volume overload with
active sodium and water retention secondary to changes in
osmoregulation and the renin-angiotensin system.

Osmoregulation

▪ Water retention exceeds sodium retention.
▪ Increased clearance results from a circulating vasopressinase

synthesized by the placenta that rapidly inactivates both
AVP and oxytocin.

▪ Increased AVP clearance can unmask subclinical forms of
diabetes insipidus.

Salt Metabolism

▪ Pregnancy increases the preference for sodium intake, but
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the primary mechanism is enhanced tubular sodium
reabsorption.

Renin-Angiotensin-Aldosterone System

▪ Normal pregnancy is characterized by a marked increase in
all components of the renin-angiotensin-aldosterone
system.

Atrial and Brain Natriuretic Peptide

▪ Elevated levels of atrial natriuretic peptide (ANP) and brain
natriuretic peptide (BNP) are found in both physiologic and
pathologic conditions of volume overload and can be used
to screen for congestive heart failure outside of pregnancy
in symptomatic patients.

▪ A meta-analysis showed that ANP levels were 40% higher
during gestation and 150% higher during the first
postpartum week. BNP can be used to screen for congestive
heart failure in pregnancy.

Clinical Implications of Pregnancy-Related
Renal and Urologic Changes

▪ From 2% to 8% of pregnancies are complicated by
asymptomatic bacteriuria and 30% of these progress to
pyelonephritis.

Alimentary Tract
Appetite

▪ The recommended dietary allowance calls for an additional
300 kcal/day.

▪ Pica, a bizzare craving for strange foods, is relatively
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common among gravidas.

Mouth

▪ The pH and the production of saliva are probably
unchanged during pregnancy.

Stomach

▪ Although gastric emptying is not delayed in pregnancy, an
increased delay is seen in labor with the etiology ascribed to
the pain and stress of labor.

▪ Pregnancy reduces the risk for peptic ulcer disease, but it
increases gastroesophageal reflux disease and dyspepsia in
30% to 50% of individuals.

Intestines

▪ Perturbations in the small intestines and colon motility are
common in pregnancy, resulting in an increased incidence
of constipation in some and diarrhea in others.

Gallbladder

▪ By delivery, up to 10% of women have gallstones on
ultrasonographic examination.

Liver

▪ Although total body protein increases, serum albumin and
total protein levels fall progressively during gestation as a
result of hemodilution.

▪ Alkaline phosphatase activity rises during the third
trimester; however, other liver function tests are unaffected
by pregnancy.
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▪ The fasting bile acid levels are unchanged, and the
measurement of a fasting level appears to be the best test
for diagnosing cholestasis of pregnancy.

Nausea and Vomiting of Pregnancy

▪ Nausea and vomiting complicates up to 70% of pregnancies.
Ten percent to 25% of women still experience symptoms at
20 to 22 weeks’ gestation, and some women will have
symptoms throughout the gestation.6

▪ ACOG states that the use of either vitamin B6 alone or in
combination with doxylamine (Unisom) is safe and
effective and is a first-line medical treatment.

Endocrine Changes
Thyroid

▪ A clinically apparent goiter during pregnancy is abnormal
and should be evaluated.

▪ Total thyroxine and total triiodothyronine levels increase as
a result of increased production of thyroxine-binding
globulin. The free fractions, normally about 0.04% for free
thyroxine (T4) and 0.5% for free triiodothyronine, are the
major determinants of whether an individual is euthyroid.

▪ In most gravidas, free T4 concentrations are in the normal
nonpregnant range (Fig. E3.2). The free thyroxine index is a
more accurate method for measuring free T4.

▪ Thyroid-stimulating hormone concentrations decrease in the
first trimester and rise to prepregnant levels by the end of
this trimester remaining stable.

▪ In some women, the thyrotropic effects of human chorionic
gonadotropin can cause a transient form of
hyperthyroidism called transient gestational thyrotoxicosis
(see Chapter 42).

▪ The fetus is critically dependent on the maternal T4 for
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neurologic development.7 The human fetus cannot
synthesize thyroid hormones until after 12 weeks’ gestation.
Fetal requirement before this time is dependent on maternal
transfer.

▪ Maternal hypothyroidism during pregnancy results in
slightly lower IQ scores in children tested at ages 7 to 9
years. The Endocrine Society recommends universal
screening, whereas ACOG does not support this position.

▪ Radioactive iodine crosses the placenta if given after 12
weeks’ gestation.
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FIG. E3.2  Relative changes in maternal thyroid
function during pregnancy. hCG, human chorionic

gonadotropin; T4, thyroxine; TBG, thyroxine-binding
globulin; TSH, thyroid-stimulating hormone. From Burrow G,

Fisher D, Larsen P. Maternal and fetal thyroid function. N Engl J Med

1994;331:1072.

Adrenals

▪ Pregnancy results in increased serum levels of aldosterone,
deoxycorticosterone, corticosteroid-binding globulin,
adrenocorticotropic hormone, cortisol, and free cortisol,
causing a state of physiologic hypercortisolism.

▪ The levels of total cortisol rise and by the end of pregnancy
reach levels in the range seen in Cushing syndrome.

▪ Corticotropin-releasing hormone is also produced by the
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placenta and fetal membranes and is secreted into the
maternal circulation.

▪ The diagnosis of Cushing syndrome during pregnancy is
difficult (see Chapter 43).

Pituitary

▪ The enlargement of the pituitary gland and subsequent
increased intrasellar pressure make it more susceptible to
alterations in blood supply and hypotension and increases
the risk for postpartum infarction (Sheehan syndrome)
should a large maternal blood loss occur.

▪ The principal function of prolactin in pregnancy is to
prepare the breasts for lactation (see Chapter 24).

Pancreas and Fuel Metabolism
Glucose

▪ Pregnancy results in fasting hypoglycemia, postprandial
hyperglycemia, and hyperinsulinemia.

Proteins and Lipids

▪ A gradual twofold to threefold rise in triglyceride levels
occurs by term, and levels of 200 to 300 mg/dL are normal.
Total cholesterol and low-density lipoprotein levels are also
higher such that by term, a 50% to 60% increase is observed.

Skeleton
Calcium Metabolism

▪ Maternal total calcium levels decline throughout pregnancy.
However, the physiologically important fraction, serum
ionized calcium, is unchanged and constant.
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▪ Fetal calcium needs are met mainly through increased
intestinal calcium absorption.

▪ Levels of 25[OH]D represent the best indicator of vitamin D
status.

▪ Controversy exists over recommendations to institute
universal screening during pregnancy by measuring serum
levels of 25[OH]D. Levels less than 32 ng/mL indicate
vitamin D deficiency, with recommendations to increase
vitamin D supplementation if such a deficiency is
diagnosed.

Skeletal and Postural Changes

▪ Both pregnancy and lactation cause reversible bone loss, and
this loss is increased in women who breastfeed for longer
intervals.

▪ Most current studies indicate that calcium supplementation
does not decrease the amount of bone loss, although
maternal intake of 2 g/day or greater is modestly protective.
This is greater than the recommended dietary allowance of
1000 to 1300 mg/day during pregnancy and lactation.

▪ Marked widening of the pubic symphysis occurs by 28 to 32
weeks’ gestation.

Skin
▪ The high estrogen state of pregnancy also enhances the

appearance of telangectasias and palmar erythema.

Central Nervous System
Eyes

▪ Corneal changes persist for several weeks postpartum, and
patients should be advised to wait before obtaining a new
eyeglass or contact lens prescription.

95



Lower Reproductive Tract
Vagina and Cervix

▪ A combination of hormonal and microbiotic changes
contributes to alterations in the vagina. Unlike the body of
the uterus, cervical tissue has little smooth muscle; the
major component is connective tissue, which consists of
collagen, elastin, proteoglycans, and a cellular portion.

Microbiome
▪ The human microbiome encompasses the totality of the

microbes living on and within our bodies. The microbes
and their human hosts have co-evolved as a physiologic
community composed of unique, body-site specific niches,
meaning that the composition of microbes present at any
body site is distinct from other body sites.

▪ The body site–specific changes in the microbiome during
pregnancy may serve to maintain pregnancy, prepare the
body for parturition, or establish the neonatal microbiome
at the time of parturition.

Placental Microbiome

▪ Composition of the microbiome was different among
women with term versus preterm birth and was also
different among women with or without a remote antenatal
infection, such as pyelonephritis.8
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CHAPTER 4

Maternal-Fetal
Immunology
Kristina M. Adams Waldorf

KEY POINTS

• The innate immune system uses fast, nonspecific methods of
pathogen detection to prevent and control an initial infection
and includes macrophages, NK cells, the complement system,
and cytokines. Macrophages have critical scavenger functions
that likely help to prevent bacteria from establishing an
intrauterine infection during pregnancy. Decidual NK (dNK) cells
are thought to play a major role in remodeling of the spiral
arteries to establish normal placentation.

• Proinflammatory cytokines such as IL-1β, TNF-α, and IL-6 have
been identified in the amniotic fluid, maternal and fetal blood,
and vaginal fluid of women with intraamniotic infection at much
higher levels than those observed during normal pregnancy.
These cytokines not only serve as a marker of intraamniotic
infection, they trigger preterm labor and can lead to neonatal
complications.

• Adaptive immunity results in the clonal expansion of
lymphocytes (T cells and B cells) and an increase in antibodies
against a specific antigen. Although slower to respond, adaptive
immunity targets specific components of a pathogen and is
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capable of eradicating an infection that has overwhelmed the
innate immune system.

• The function of B cells is to protect the extracellular spaces in
the body (e.g., plasma, vagina) through which infectious
pathogens usually spread by secreting antibodies
(immunoglobulins). Antibodies control infection by several
mechanisms, including neutralization, opsonization, and
complement activation. Autoantibodies produced by B cells
against angiotensin receptor 1 are thought to play a role in
inducing hypertension and proteinuria in women with
preeclampsia and intrauterine fetal growth restriction.

• When pathogens replicate inside cells (all viruses, some
bacteria, and parasites), they are inaccessible to antibodies and
must be destroyed by T cells. A variety of T cells are
recognized based on their expression of different cell surface
markers that include those of CD8+ (effector or cytotoxic T
cells), CD4+ (helper T cells), and CD4+CD25+ (TREG cells). CD8+

T cells kill cells directly, whereas helper T cells activate B cells
to produce antibodies. TREG cells are now recognized as master
regulators of the immune system that work by downregulating
antigen-specific T-cell responses to diminish tissue damage
during inflammation and to prevent autoimmunity.

• The fetal immune system, even very early in gestation, has
innate immune capacity. Acquired immunity, particularly the
capacity to produce antibodies, develops more slowly and is not
completely functional until well after birth. CD71+ cells appear to
protect the neonate from excessive inflammation that would
occur from commensal microbes during bacterial colonization of
the gut at the expense of impairing neonatal immunity to
systemic infections.

• Fetal blood contains a high number of hematopoietic stem cells,
making it an ideal source of cells for hematopoietic stem cell
transplantation. The estimated need for the use of privately
banked cord blood is between 1 in 1000 and 1 in 200,000,
which is cost effective only for children with a very high
likelihood of needing a transplant.

• Maintaining tolerance to the fetus requires several immunologic
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mechanisms, both at the maternal-fetal interface and in the
maternal periphery. A critical interface is within the secondary
lymphoid organs (lymph nodes and spleen), where fetal
antigens are presented to maternal immune cells. Some of
these mechanisms include generation of paternal-specific TREG

and BREG cells in the maternal periphery, T-cell deletion,
tryptophan depletion, presence of FasL or TNF-related
apoptosis-inducing ligand/Apo-2L on trophoblast cells, HLA-G
expression by the placenta, and inhibition of complement
activation by the placenta.

• Among the many mechanisms identified to maintain tolerance
of the fetus, TREG cells are unique because fetal antigen–
specific TREG cells are maintained after delivery, which may
benefit the next pregnancy. TREG cells suppress antigen-specific
immune responses and are elevated in the maternal circulation
of women and mice during pregnancy. Pregnancy selectively
drives expansion of maternal TREG cells (>100-fold), which are
maintained after delivery and are rapidly expanded in
subsequent pregnancies. In addition, hCG acts as a
chemoattractant for TREG to the maternal-fetal interface and, in
the mouse, stimulates TREG cell numbers and their suppressive
activity.

• Unexplained preterm fetal death has been linked to a loss of
fetal tolerance and chronic chorioamnionitis, which refers to an
influx of T cells into the fetal membranes. A related observation
in mice connects maternal T-cell infiltration of the placenta with
a loss of maternal TREG cells and perinatal death during infection
with L. monocytogenes.

• A pregnant woman with a solid organ transplant has at least
three and possibly more sources of small foreign cell
populations (Mc) to which she must maintain tolerance: fetal
Mc, maternal Mc (her own mother’s cells that entered when she
was a fetus), and cells from the donor allograft. In a few cases,
transplant rejection has been linked to antifetal antibodies that
developed during pregnancy.

• Remarkably, uterine transplantation has now been performed in
at least 11 women with one live birth reported following
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transplantation.
• Pregnancy has a remarkable effect on the disease course of

some autoimmune or inflammatory diseases, such as RA and
multiple sclerosis, that results in a temporary amelioration or
remission of symptoms. Amelioration of RA during pregnancy
may occur as a secondary benefit from the maternal T- and B-
cell tolerance that develops to fetal antigens during pregnancy.

Introduction
▪ Pregnancy poses unique immunologic challenges to the

mother, who must become tolerant to a genetically foreign
fetus yet remain immunocompetent to fight infection.

▪ Microchimerism Mc: Small populations of fetal cells in the
mother and maternal cells in the fetus can persist for
decades after pregnancy.1

Immune System Overview: Innate and
Adaptive Immunity

▪ The immune system is classically divided into two arms, the
innate and adaptive immune systems.

▪ Innate immunity consists of immune cells such as
macrophages, dendritic cells (DCs), natural killer (NK) cells,
eosinophils, and basophils.

Innate Immunity: First Line of Host
Defense

▪ After a pathogen enters the tissues, it is often recognized and
killed by phagocytes, a process mediated by macrophages
and neutrophils. Toll-like recptors, a family of pattern-
recognition receptors on the surface of macrophages and
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other innate immune and epithelial cells, represent a
primary mechanism of pathogen detection.

Antimicrobial Peptides

▪ Defensins are a major family of antimicrobial peptides that
protect against bacterial, fungal, and viral pathogens.

▪ Elevated concentrations of vaginal and amniotic fluid
defensins have been associated with intraamniotic infection
and preterm birth.

Macrophages

▪ Uterine macrophages represent up to one third of the total
leukocytes in pregnancy-associated tissue during the later
parts of pregnancy and perform many critical functions to
support the pregnancy.

Natural Killer Cells

▪ NK cells differ from T and B cells in that they do not express
clonally distributed receptors for foreign antigens and can
lyse target cells without prior sensitization.

▪ During pregnancy, dNK cells are the predominant decidual
immune cell with peak levels (∼85%) in early pregnancy.2

Toll-Like Receptors

▪ Toll-like receptors are now recognized as the principal early
sensors of pathogens that can activate both the innate and
adaptive immune system (Fig. 4.1).

Complement System

▪ An important component of the innate immune system is the
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complement system, which consists of a large number of
plasma proteins that cooperate to destroy and facilitate the
removal of pathogens.

Cytokines

▪ The release of cytokines and chemokines by macrophages
and other immune cells represents an important induced
innate immune response.

▪ These cytokines are often referred to as proinflammatory
because they mediate fever, lymphocyte activation, tissue
destruction, and shock.

▪ The fetal inflammatory response syndrome describes the
connection between elevated proinflammatory cytokines in
fetal blood, preterm labor, and increased adverse fetal
outcomes.3

▪ Interleukin (IL)-1β and TNF-α serve a primary role in the
induction of infection-associated preterm birth.

▪ IL-6 plays a role in triggering normal parturition, perhaps in
activation of labor pathways.

FIG. 4.1  Toll-like receptor 4 (TLR4) recognition of
lipopolysaccharide (LPS). Recognition of LPS by TLR4
occurs through several steps. (1) LPS is released from
intact or lysed bacteria. (2) LPS binds to LPS-binding
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protein (LBP). (3) The LPS-LBP complex is recognized
by a cell surface receptor complex TLR4, CD14, and
MD-2. Binding of LPS-LBP to the TLR4-CD14-MD-2
receptor recruits the intracellular adapter molecule,
myeloid differentiation factor 88 (MyD88). Binding of
MyD88 promotes the association of IL-1 receptor–
associated protein kinase 4 (IRAK). Next, tumor

necrosis factor receptor–associated kinase 6 (TRAF6)
initiates a signaling cascade that results in degradation

of lκ-B, which releases nuclear factor κB (NF-κB), a
transcription factor, into the cytoplasm. (4) NF-κB

translocates into the nucleus and activates cytokine
gene expression. Although the figure depicts TLR4

activation in a macrophage, many other immunologic
and epithelial cells express TLR4 and induce cytokine

production (5) through this mechanism.

Chemokines

▪ Chemokines are a class of cytokines that act primarily as
chemoattractants that direct leukocytes to sites of infection.

▪ Increases in IL-8 levels have been described in the amniotic
fluid, maternal blood, and vaginal fluid with infection-
associated preterm birth.4 IL-8 and CCL2 have also been
implicated in uterine stretch-induced preterm labor thought
to occur in multiple gestation.

Adaptive Immunity
▪ The function of the adaptive immune system is to eliminate

infection as the second line of immune defense and to
provide increased protection against reinfection through
immunologic “memory.” Adaptive immunity comprises
primarily B cells and T cells (lymphocytes).

Major Histocompatibility Complex
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▪ The ability of a lymphocyte to distinguish self from nonself
is based on the expression of unique major
histocompatibility complex molecules on a cell’s surface,
which present small peptides from within the cell.

Humoral Immune Responses: B Cells and
Antibodies

▪ Antibodies control infection by several mechanisms that
include neutralization, opsonization, and complement
activation.

▪ Overall, pregnancy is associated with profound changes in
the numbers of B cells in several compartments.
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FIG. 4.2  Structure of immunoglobulin.
Immunoglobulins are produced by B cells to neutralize
foreign substances, such as bacteria and viruses. They

are large, Y-shaped proteins found in the serum and
plasma. CH, constant domain of the heavy chain; CL,

constant domain of the light chain; VH, variable domain
of the heavy chain; VL, variable domain of the light

chain.

Antibody Isotypes

▪ Antibodies share the same general structure produced by the
interaction and binding of four separate polypeptides (Fig.
4.2). These include two identical light chains (23 kDa) and
two identical heavy chains (55 kDa).
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▪ The first antibody to be produced during an immune
response is immunoglobulin M (IgM).

▪ IgM is highly efficient at activating the complement system,
which is critical during the earliest stages of controlling an
infection.

▪ IgG represents about 75% of serum immunoglobulin in
adults and is further divided into four subclasses: IgG1,
IgG2, IgG3, and IgG4. IgG1 and IgG3 are transported across
the placenta and are important for the fetus after birth.

▪ IgA is the principal antibody in breast milk, which provides
the neonate with humoral immunity from the mother.

T Cells

▪ T cells are lymphocytes responsible for the cell-mediated
immune responses of adaptive immunity, which require
direct interactions between T lymphocytes and cells bearing
the antigen that the T cells recognize.

▪ Cytotoxic T cells kill infected cells directly and express a
variety of cell surface antigen and specific receptors.

▪ HIV uses multiple strategies to disable T-cell responses,
mainly by targeting CD4+ T cells.

Helper T-Cell Subsets

▪ CD4+ T cells were originally classified into T-helper 1 (Th1)
and T-helper 2 (Th2) subsets depending on whether their
main function involved cell-mediated responses and
selective production of interferon-γ (Th1) or humoral-
mediated responses with production of IL-4 (Th2).

▪ The Th1 subset is important in the control of intracellular
bacterial infections such as Mycobacterium tuberculosis and
Chlamydia trachomatis.

Regulatory T Cells
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▪ TREG cells are now recognized as master regulators of the
immune system.

▪ TREG cells are unique among the many mechanisms
identified to maintain tolerance of the fetus, because fetal
antigen-specific TREG cells are maintained in the maternal
circulation after delivery.5

▪ The function of TREG cells during pregnancy may be critical
for fetal tolerance but could also underlie the susceptibility
of pregnant women to L. monocytogenes.

Fetal Immune System
▪ The neonatal immune system has unique challenges at the

time of birth when the newborn is no longer protected from
pathogens by the placenta and maternal immune system.

▪ CD71+ cells appear to protect the neonate from excessive
inflammation that would occur from commensal microbes
during bacterial colonization of the gut at the expense of
impairing neonatal immunity to systemic infections.

Cord Blood Transplantation

▪ The American Congress of Obstetricians and Gynecologists
recommends that if a patient requests information
regarding collection and banking of umbilical cord blood,
balanced and accurate information regarding the
advantages and disadvantages of public versus private
banking should be provided.

▪ The obstetrician-gynecologist can play an important role in
improving the availability of cord blood units
internationally by encouraging pregnant women to donate
to a public cord blood bank.

Maternal Tolerance of the Fetus
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▪ Pregnancy is a unique immunologic phenomenon in which
the normal immune rejection of foreign tissues does not
occur.

▪ Achieving fetal tolerance requires changes to maternal
immunity in multiple locations and by many different cell
types because maternal and fetal cells are in direct contact
with each other (Fig. 4.3).

▪ The complex nature of the cells and many locations of the
maternal-fetal interface necessitate a number of different
immune mechanisms to prevent fetal rejection.

Tolerance Through Regulation of Maternal T
Cells

▪ Maternal T cells acquire a state of tolerance for fetal
alloantigens during pregnancy.

▪ Several mechanisms exist to suppress maternal T-cell
responses.

▪ Pregnancy selectively drives expansion of maternal TREG cells
(>100-fold), which are maintained after delivery and are
rapidly expanded in a subsequent pregnancy.5 This
preexisting pool of fetal-specific maternal TREG cells is
poised to impart tolerance and benefit the next pregnancy.
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FIG. 4.3  Mechanisms that promote maternal-fetal
tolerance. Many different mechanisms and cell types

have been identified that prevent rejection or
dangerous immune responses during pregnancy. We

have illustrated some of these mechanisms that
operate within the maternal-fetal interface, maternal B-

and T-cell populations, secondary lymphoid organs,
and the fetus. The term maternal-fetal interface may
refer to several locations where maternal and fetal
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cells come into direct contact, including the decidua
and the intervillous space.

Tolerance Through Regulation of Maternal B
Cells

▪ An important cofactor for BREG cells is hCG, and the rise of
hCG in early pregnancy is likely to stimulate proliferation
of BREG cells to support early tolerance of the fetus.

Tolerance Through Dendritic Cells and
Antigen Presentation

▪ Dendritic cells (DCs) present antigen to naïve T cells and
initiate T-cell expansion and polarization to foreign
antigens. This could represent a problem for fetal tolerance
but fortunately, DCs are relatively rare in the decidua.

Tolerance Through Human Leukocyte
Antigens

▪ The expression of major histocompatibility complex
molecules by fetal trophoblast cells is limited to class I
antigens—primarily class Ib HLA-G, HLA-E, and HLA-F.

▪ Expression of HLA-G by fetal trophoblast cells is thought to
protect the invasive cytotrophoblast from killing by dNK
cells and is also thought to contain placental infection.

Tolerance Through Regulation of
Complement, Chemokines, and Cytokines

▪ Local inhibition of complement in the placenta may be
important in preventing fetal rejection or preterm labor,
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particularly in the setting of inflammation or infection.
▪ Several studies suggest that inhibition of complement

activation may contribute significantly to fetal tolerance,
particularly in the setting of inflammation.

Fetal Rejection

▪ Unexplained preterm fetal death has been linked to a loss of
fetal tolerance and chronic chorioamnionitis, which
describes an influx of T cells into the fetal membranes.

▪ In chronic chorioamnionitis, a large number of CD3+ and
CD8+ T cells are found in the fetal membranes in addition to
some CD4+ T cells.

▪ The conclusion that maternal tolerance of the fetus can be
impaired is also supported by recent observations and
hypotheses surrounding perinatal infections (e.g., L.
monocytogenes) through an infection-associated reduction in
TREG leading to maternal T-cell infiltration of the placenta.
Once maternal-fetal tolerance is sufficiently impaired to
allow maternal T cells into the placenta, inflammation can
then facilitate pathogenic invasion of the fetus and fetal
death.

Solid Organ Transplantation in
Pregnancy

▪ Microchimerism (Mc). A pregnant woman with a solid organ
transplant has at least three, and possibly more, sources of
Mc that include fetal Mc, maternal Mc from her own
mother’s cells that entered when she was a fetus, and cells
from the donor allograft.

Amelioration of Rheumatoid Arthritis
in Pregnancy
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▪ Nearly three quarters of pregnant women with RA
experience improvement in symptoms during the second
and third trimesters with a return of symptoms postpartum.
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CHAPTER 5

Developmental
Origins of Adult
Health and Disease
Michael G. Ross, and Mina Desai

KEY POINTS

• Maternal influences on the in utero environment (nutrition,
hormonal, metabolic, stress, environmental toxins, and drugs)
are critical determinants of fetal growth and influence a wide
variety of metabolic, developmental, and pathologic processes
in adulthood.

• Both ends of the growth spectrum (i.e., both low and high
birthweight) are associated with increased risk of adult obesity,
metabolic syndrome, cardiovascular disease, insulin resistance,
and neuroendocrine disorders.

• The mechanisms that link early developmental events to the
later manifestation of disease states involve “programmed”
changes in organ structure, cellular responses, gene
expression, the epigenome, and/or stem cells.

• Gestational programming events may have immediate effects or
are deferred and expressed at a later age, with potential
transmission to multiple generations.
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• Transmission of gestational programming effects to multiple
generations may occur via epigenomic modulation that causes
heritable and persistent changes in gene expression without
altering the DNA sequence.

• Prenatal care is evolving to provide essential goals to optimizing
maternal, fetal, and neonatal health and prevent or reduce the
long-term consequences on adult health and adult-onset
diseases.

• Guiding policies regarding optimal pregnancy nutrition and
weight gain, management of low- and high-fetal-weight
pregnancies, use of maternal glucocorticoids, and newborn
feeding strategies, among others, have yet to be
comprehensively integrated in prenatal management protocols.

Introduction
▪ An understanding of the developmental origins of adult

health and disease provides an appreciation of the critical
role of perinatal care and may ultimately guide our
treatment paradigms.

▪ A variety of mechanisms may “program” the phenotype of
the offspring via aberrations in cellular signaling or
epigenetic function.

Epigenetics and Programming
▪ “Gestational programming” signifies that the nutritional,

hormonal, and metabolic environment provided by the
mother may permanently alters organ structure, cellular
responses, and gene expression that ultimately impact the
metabolism and physiology of her offspring (Fig. 5.1).
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FIG. 5.1  Impact of gestational programming on
organ systems.

▪ Epigenetic phenomena are fundamental features of
mammalian development that cause heritable and
persistent changes in gene expression without altering
DNA sequence.

▪ DNA methylation is a primary epigenetic mechanism.
▪ Changes in epigenetic markers are associated with

inflammation and multiple human diseases, including
many cancers and neurologic disorders.

▪ Another essential mechanism of gene expression and
silencing is the packaging of chromatin into open
(euchromatic) or closed (heterochromatic) states,
respectively. Chromatin consists of DNA packaged around
histones into a nucleoprotein complex.

▪ Noncoding RNAs are emerging as a potential third
epigenetic mediator.

▪ Both human and animal studies provide evidence of
epigenomic modulation by the maternal milieu, which is
implicated in the transmission of gestational programming
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effects to multiple generations.1

Fetal Nutrition and Growth
▪ Nutrition is unquestionably one of the cornerstones of

health.
▪ Good evidence suggests that appropriate nutritional

supplementation before conception and during pregnancy
may reduce the risk of some birth defects. For example,
iodine deficiency–induced cretinism and folate deficiency
are linked to the development of spina bifida and
anencephaly (see Chapters 6 and 7).

▪ Obesity now represents a major public health problem and is
considered a health epidemic (see Chapter 41).

▪ The risks of obesity in metabolic syndrome can be markedly
influenced by early life events, particularly prenatal and
neonatal growth and early childhood environmental
exposures.

▪ Nutritional insufficiency during embryonic and fetal
development results in latent disease, including obesity, in
adulthood.

▪ The relationship between birthweight and adult obesity,
cardiovascular disease, and insulin resistance is in fact a U-
shaped curve, with increasing risks at both the low and
high ends of the birthweight spectrum.

▪ The field of developmental origins of adult disease has
grown from studying short-term toxic or teratogenic effects
to evaluating the long-term adult sequelae of low or high
birthweight and, more recently, at the impact of
environmental toxins (e.g., bisphenol A [BPA]).

Energy-Balance Programming
▪ Obesity results from an imbalance in energy intake and

expenditure as regulated by appetite, metabolism,
adipogenic propensity, and energy utilization.
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▪ In response to an impaired nutrient supply in utero, the
growing fetus adapts to maximize metabolic efficiency
because it will increase its survival likelihood in the
postnatal environment.

▪ Low birthweight (LBW) appears to predispose to excess
central adiposity and thus increases the risk of obesity, a
phenotype specifically associated with a high risk for
cardiovascular disease.

▪ Contrary to current practice, it may be advisable to limit
rapid weight gain or “catch-up growth” in the neonatal and
early childhood period among the LBW infants.

▪ Breastfeeding results in a lower obesity risk compared with
formula feeding.2

▪ Obesity, glucose intolerance, and a high-fat diet—and their
outcomes (large for gestational age [LGA]) may
individually contribute to the programming of adult
obesity.

Programming by Environmental Agents

▪ BPA levels are associated strongly with levels of the
adipokines adiponectin and leptin. Higher BPA urinary
concentrations are associated with increased adiposity at 9
years of age.3

▪ Low-dose maternal BPA exposure has been shown to
accelerate neurogenesis and neuronal migration in mice
and results in aberrant neuronal network formation.

▪ Gender-specific effects of BPA are well documented; in utero
BPA exposure has been found to alter offspring rat brain
structure and behavior, including sexually dimorphic
behaviors, with effects more apparent in females than in
males.

Mechanisms of Programmed Obesity: Appetite and
Adiposity

▪ Early-life leptin exposure is likely to be a putative
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programming mechanism in small-for-gestational-age and
LGA human newborns.

▪ Leptin binding to its receptor activates proopiomelanocortin
neurons and downstream anorexigenic pathways. Obesity
is often associated with leptin resistance, which results in an
inability to balance food intake with actual energy needs.

▪ Mechanisms that regulate adipose tissue development and
function (lipogenesis) may be a key factor in the
development of programmed obesity. LBW preadipocytes
exhibit early differentiation and premature induction of
adipogenic genes, because the signaling pathways of
adipogenesis and lipogenesis are upregulated prior to the
development of obesity.4,5

▪ The potential transdifferentiation of white adipose tissue
toward a brown-fat phenotype, which can expend energy
via thermogenesis, offers an alternative preventive strategy
for programmed obesity.

Hepatic Programming

▪ Children and adolescents now have an increased risk of
developing nonalcoholic fatty liver disease (NAFLD), or
nonalcoholic steatohepatitis, and type 2 diabetes.

▪ Cases of cirrhosis associated with NAFLD in obese children
have been described recently.

▪ Poor weight gain in infancy is associated with altered adult
liver function.

▪ An undiagnosed increase in liver adiposity may exist among
normal-weight offspring of mothers exposed to Western,
high-fat diets.

Pancreatic Programming

▪ In utero nutrition and environmental exposures directly
impact the pancreas. LGA human neonates have pancreatic
β-cell hyperplasia and increased vascularization, whereas
SGA infants have reduced plasma insulin concentrations
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and pancreatic β-cell numbers.6
▪ Reduced β-cell growth and insulin secretion have been

observed in LBW offspring,7 whereas accelerated β-cell
mass and excess insulin secretion was observed in offspring
of obese pregnant women.8

▪ In humans, growth in utero is directly associated with fetal
insulin levels. Beyond the regulation of glucose uptake,
insulin has important developmental functions in systems
that include skeletal and connective tissues and neural
development.

▪ Extremes in weight are critical because the risk of insulin
resistance in adult life is twofold greater among men who
weighed less than 8.2 kg at 1 year of age and in those who
weighed 12.3 kg or more.9

▪ Approximately 25% of individuals with normal glucose
tolerance have insulin resistance similar to that seen in type
2 diabetes, but they compensate for this with enhanced
insulin secretion.

▪ Antenatal exposure to betamethasone may result in insulin
resistance in adult offspring. No differences in body size,
blood lipids, blood pressure, or cardiovascular disease have
been observed among those exposed to betamethasone or
placebo. However, offspring exposed to betamethasone
demonstrated higher plasma insulin concentrations at 30
minutes in a 75 g oral glucose tolerance test, and lower
glucose concentrations were observed at 120 minutes.10

▪ Maternal gestational diabetes and the resultant intrauterine
hyperglycemia can transmit the diabetogenic phenotype to
a subsequent generation (“transgeneration diabetogenic
effect”).11 Consequently, the incidence of mothers who
exhibit gestational diabetes has increased.12

▪ There is an association between birthweight and adult
coronary heart disease. Small body size at birth and low
weight gain during infancy followed by a rapid gain in
body mass index during childhood is associated with an
increase in coronary heart disease as adults.

▪ The association between LBW and coronary heart disease
has been replicated among men and women throughout
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North America, the Indian subcontinent, and Europe.
▪ Left ventricular hypertrophy has also been reported in

growth-restricted infants.
▪ Poor body growth in utero and throughout infancy,

followed by a persistent small body size at adolescence,
result in an increased risk of stroke and an atherogenic lipid
profile. Prevention of fetal growth restriction, rather than
modulation of infant growth rates, is key in preventing
these adult diseases.

▪ Preterm birth also significantly affects the elastin content
and viscoelastic properties of the vascular extracellular
matrix in human arteries.

▪ Evidence suggests that maternal betamethasone treatment of
preterm infants is associated with long-term adverse
cardiac outcomes, including hypertrophic
cardiomyopathy.13

▪ Prenatal cocaine exposure has been demonstrated to have
significant effects on cardiac function in newborns and
potentially a longer-term impact on cardiac function in
adults.

Osteoporosis Programming

▪ Bone mass in the elderly is largely determined by peak bone
mass that occurs much earlier in life; thus fetal and neonatal
life may be a critical factor in the development of
osteoporosis.

▪ The mechanisms by which the fetal and neonatal period can
influence peak bone mineral content include the interaction
between vitamin D and calcium and additional factors, such
as fetal and neonatal growth hormone, cortisol, and insulin-
like growth factor 1.

▪ Low maternal fat stores, maternal smoking or increased
physical exercise in late pregnancy, and low maternal
birthweight all predict lower whole-body bone marrow
content in the neonate.14
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Brain Programming

▪ In utero exposure to cocaine, and perhaps
methamphetamine, demonstrates a number of cerebral
effects.15

▪ Prenatal cocaine use may affect the development of brain
systems involved in the regulation of attention and
response inhibition.15 Heavy cocaine use is related to worse
outcome in regard to behavior, language, and IQ in
offspring.15

▪ Animal studies have indicated that prenatal nicotine or
cocaine exposure targets specific neurotransmitter receptors
in the fetal brain and elicits abnormalities in cell
proliferation and differentiation and thus leads to reduced
neurogenesis and altered synaptic activity.16 The underlying
mechanism may involve increased apoptosis of neuronal
cells.

Maternal Stress and Anxiety
▪ Maternal nurturing impacts the offspring’s epigenome and

behavior.
▪ Neonates of mothers with high anxiety demonstrate altered

auditory evoked responses, which suggests differences in
attention allocation. Prenatal anxiety has also been
associated with childhood asthma, whereas stress-related
maternal factors have been linked to increased eczema
during early childhood.

▪ Children of mothers with posttraumatic stress disorder
during pregnancy display altered cortisol levels
accompanied by signs of behavioral distress during the first
9 months of life.17

▪ The role of the maternal hypothalamic-pituitary-adrenal
(HPA) axis is recognized as contributing to maternal stress-
mediated effects on fetal development.

▪ A reduction in placental 11β-HSD2 may increase fetal
exposure to maternal cortisol levels and thus may have
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secondary effects on brain maturation and development.
▪ A generational effect of fetal programming on the HPA axis

is suggested by findings that LBW babies have elevated
cortisol concentrations in umbilical cord blood and have
elevated urinary cortisol secretion in childhood.18

Glucocorticoids and Prematurity
▪ Children exposed to multiple doses of dexamethasone

before term because of a high prenatal risk of congenital
adrenal hyperplasia who are born at term have increased
emotionality, general behavioral problems, and
impairments in verbal working memory.19

▪ Offspring of women given multiple doses of antenatal
glucocorticoids have reduced head circumference and
significantly increased aggressive violent behavior and
attention deficits.20

▪ Infants delivered preterm are exposed to increased
endogenous cortisol prior to the time at which they would
normally experience this increase—that is, at term.

▪ In view of the consequences of exogenous and endogenous
glucocorticoids, maternal glucocorticoid use should be
directed only at fetuses most likely to benefit and those
most likely to deliver preterm.

▪ High exposure to glycyrrhiza from maternal licorice
ingestion increases the risks of deficits in verbal and visual
spatial abilities and in narrative memory. They also increase
the incidence of externalizing symptoms and in aggression-
related problems.

▪ Women who were born before 37 weeks of gestational age
have a 2.5-fold increased risk of developing gestational
hypertension in their own pregnancies.21

▪ LBW predicts depression in adolescent girls (38.1% vs. 8.4%
among girls with normal birthweight) but not boys. LBW is
associated with an increased risk of social phobia,
posttraumatic stress symptoms, and generalized anxiety
disorder—all of which are far more common in girls than in
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boys.22

Immune Function
▪ Prenatal stress may influence the developing immune

system, particularly as related to asthma and atopic
diseases.

▪ Responses to typhoid vaccination are positively associated
with birthweight. These findings suggest that atopy-related
immune function may be enhanced in either LBW offspring
or offspring associated with maternal prenatal stress,
although LBW may well result in significant impairment in
offspring infectious disease–related immune function.

▪ Both the maternal allergic phenotype and the maternal
environmental exposures during pregnancy affect the risk
of subsequent allergic disease in childhood.

▪ Maternal exposure to microbials may influence fetal immune
competence.

▪ Factors that determine fetal growth may also be associated
with wheezing in childhood.

Other Programming
Endocrine Programming

▪ Reduced fetal growth results in exaggerated adrenarche,
early puberty, and small ovarian size with the subsequent
development of ovarian hyperandrogenism.23

▪ Children who present with precocious puberty, particularly
those with a history of LBW, have an increased risk of
developing ovarian hyperandrogenism and other features
of polycystic ovary syndrome during or soon after
menarche.23

▪ LBW does not appear to advance the age of menopause in
women.24
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Sexuality Programming

▪ Significant research demonstrates a major role for gonadal
steroidal androgens in regulating sexual dimorphism in the
brain and subsequent behavior.

▪ The fraternal birth order effect indicates that homosexual men
have a greater number of older brothers than heterosexual
men do, with the estimated odds of being homosexual
increasing by 33% with each older brother.25

▪ Little conclusive evidence exists of specific
neurodevelopmental mechanisms that produce
homosexuality or heterosexuality.

Renal Programming

▪ Select genes that regulate renal signaling and transcription
permutation have been associated with renal hypoplasia.
Thus most congenital renal anomalies have an inheritable
component.

▪ Environmental exposures and stresses are well
demonstrated to alter nephron number. The developmental
impact on nephron number may play an important role in
programmed hypertension.

▪ Low glomerular number and high glomerular size have been
associated with the development of hypertension,
cardiovascular diseases, and an increased susceptibility to
renal disease in later life.

▪ Very LBW infants exhibit a high rate of hypertension during
adolescence.26

▪ Nephrotoxic drugs, including nonsteroidal antiinflammatory
drugs (NSAIDs), ampicillin/penicillin, and
aminoglycosides, may lead to renal hypoperfusion during
critical nephrogenic periods, resulting in cystic changes in
developing nephrons.27

▪ Whether a reduced nephron number is etiologic of
hypertension, a consequence of hypertension, or a
coincident finding may depend upon the individual.
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CHAPTER 6

Preconception and
Prenatal Care
Kimberly D. Gregory, Diana E. Ramos, and Eric R.M. Jauniaux

KEY POINTS

• The breadth of prenatal care includes both preconception and
postpartum care, which extends up to 1 year after the infant’s
birth.

• Interconception care is defined as care provided between the
end of a woman’s pregnancy to the beginning of her next
pregnancy and is an opportunity to assess risk, promote healthy
lifestyle behaviors, and identify and treat medical and
psychosocial issues that could impact pregnancy and the
lifetime health of the mother and child.

• During the interconception period, intensive interventions are
provided to women who have had a previous pregnancy that
ended in an adverse outcome (i.e., fetal loss, PTB, LBW, infant
death, or birth defect).

• When specific conditions are detected such that pregnancy is
not recommended or intended, reliable contraception should be
prescribed, and the importance of compliance should be
reinforced. Many women with complex medical problems who
are advised against pregnancy conceive unintentionally and/or
do not use contraception because of a low perceived risk of
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conceiving.
• Age, weight (BMI), and changes in weight during pregnancy

and over time impact pregnancy outcome and long-term
maternal health.

• All reproductive-age women should be current with
immunizations as recommended by ACIP and the CDC.

• The time to screen appropriate populations for genetic disease-
carrier status, congenital malformations, or familial diseases
with major genetic components is before pregnancy. If patients
screen positive, referral for genetic counseling is indicated
because consideration of additional preconception options may
be warranted.

• Smoking and alcohol and drug use by pregnant women are all
harmful to the developing fetus, but because these substances
are often used in combination, teasing apart the specific
contributions of each substance to adverse child outcomes can
prove difficult. Overall, the risks to the neonate include IUGR,
birth defects, altered neuropsychological behavior, and for
some drugs, withdrawal symptoms. Subsequent behavior,
development, and neurologic function may also be impaired
from health problems that started during the preconception
period.

• A study based on the National Health and Nutrition Examination
Survey demonstrated that all pregnant women are exposed to
and have detectable levels of chemicals that can be harmful to
reproduction or human development. Because exposure to
environmental agents can be mitigated or prevented, it is
important for women to be made aware of known toxic
substances and to inform them as to how to access resources
to gain additional information.

• Clear evidence shows that for some conditions—such as
diabetes mellitus, phenylketonuria, and inflammatory bowel
disease—medical disease management before conception can
positively influence pregnancy outcome. Medical management
should be discussed with the patient, and appropriate
management plans should be outlined before conception.
Advice should also be given about specific medications to avoid
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during the first trimester (e.g., isotretinoin).
• All the problems that arise in pregnancy, whether common

complaints or more hazardous diseases, convey some risk to
the pregnancy that will depend on how these problems are
managed by the patient and her care provider. It has been
shown that most women and infants who suffer morbidity and
mortality will come from a small segment of women with high-
risk factors; by reassessing risk factors before and during
pregnancy and again in labor, the ability to identify those at
highest risk improves.

• Most patients should be seen approximately 6 weeks
postpartum, sooner for complicated or cesarean deliveries. The
goal of this visit is to evaluate the physical, psychosocial, and
mental well-being of the mother; to provide support and referral
for breastfeeding; to initiate or encourage compliance with the
preferred family planning option; and to initiate preconception
care for the next pregnancy.

• An important goal of the postpartum visit and interconception
care is to encourage birth spacing—specifically, to educate
women about the importance of waiting at least 24 months after
delivery to conceive again because this interval has been
associated with a decreased risk of preterm birth and LBW, and
it decreases the risk for uterine rupture among women who
attempt a vaginal birth after a cesarean delivery.

Definition and Goals of Prenatal Care
▪ The aim of preconception care is to promote the health of

women before conception in order to reduce preventable
adverse pregnancy outcomes by facilitating risk screening,
health promotion, and effective interventions as part of
routine health care.

▪ During the interconception period, intensive interventions
are provided to women who have had a previous
pregnancy that ended in an adverse outcome (i.e., fetal loss,
preterm birth [PTB], low birthweight [LBW], birth defects,
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or infant death).
▪ Specifically, for those planning pregnancy,

preconception/interconception visits provide an
opportunity for teachable moments, and data suggest
couples planning pregnancy are more likely to change
behaviors.

Components of Preconception Care
and Well-Woman Visits

▪ Preconception care is included as a preventive health service
in well-woman visits covered by the Patient Protection and
Affordable Care Act.

▪ Table 6.1 lists representative examples of potential topic
areas pertinent for a preconception care visit, and it gives
examples of medical conditions that could be optimized
prior to conception, assuming pregnancy is planned.

Preconception Health Counseling
Advanced Maternal Age

▪ The average maternal age at first birth has been steadily
increasing over the past three decades in developed
countries and is a contributing factor to maternal mortality.

▪ With advancing maternal age comes an increased likelihood
of preexisting chronic medical diseases such as arthritis,
hypertension, and diabetes.

▪ Women aged 50 years or more are at increased risk for
preeclampsia and gestational diabetes mellitus (GDM), and
the vast majority of them can expect to deliver via cesarean
delivery.

TABLE 6.1
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ACE, angiotensin-converting enzyme; ARB, angiotensin II receptor blockers; BMI,
body mass index; DVT, deep vein thrombosis; NTD, neural tube defect; NYHA, New
York Hospital Association; PE, pulmonary embolism; STI, sexually transmitted
infection; SLE, systemic lupus erythematosus; TORCH, toxoplasmosis, other
infections, rubella, cytomegalovirus, herpes.

Teen Pregnancies

▪ A higher risk of prematurity has been consistently reported
by other authors and seems to be the only significant
obstetric risk of late teen pregnancy.

▪ Adolescent parenthood is associated with a range of adverse
outcomes for young mothers, including mental health
problems such as depression, substance abuse, and
posttraumatic stress disorder (PTSD).
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Weight Gain

▪ In the United States, the total weight gain recommended in
pregnancy is 11 to 16 kg (25 to 35 lb) for women at a healthy
weight.

▪ Underweight women can gain up to 18 kg (40 lb), but
overweight women should limit weight gain to 7 kg (15 lb),
although they do not need to gain any weight if they are
morbidly obese.

▪ Inadequate weight gain is associated with an increased risk
of an LBW infant.

▪ When excess weight gain is noted, patients should be
counseled to avoid foods that are high in fats and
carbohydrates, to limit sugar intake, and to increase their
physical activity.

Immunizations

▪ All reproductive-age women should be current with
immunizations recommended by the Advisory Committee
on Immunization Practices (ACIP) and the CDC.

▪ This is the time to draw and document protective titers for
rubella, varicella, and hepatitis B and to immunize the
susceptible patient against influenza and tetanus,
diphtheria and pertussis.

Genetic and Family History

▪ The time to screen appropriate populations for genetic
disease-carrier status and multifactorial congenital
malformations or familial diseases with major genetic
components is before pregnancy.

▪ If patients screen positive, referral for genetic counseling is
indicated, and consideration of additional preconception
options may be warranted (see Chapter 10).
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Substance Abuse and Other Hazards

▪ Smoking and use of alcohol and drugs by pregnant women
are all harmful to the developing fetus, but because these
substances are often used in combination, teasing apart the
specific contributions of each substance to adverse child
outcomes can prove difficult when analyzing epidemiologic
data (see Chapter 8).

▪ Overall, the risks to the neonate include IUGR, birth defects,
altered neuropsychological behavior, and, for some drugs,
withdrawal symptoms.

▪ Subsequent behavior, development, and neurologic function
may also be impaired by behaviors that occurred during the
preconception period.

Active and Passive Smoking

▪ In many countries, smoking has replaced poverty as the
most important risk factor for PTB, IUGR, and sudden
infant death syndrome (SIDS).

▪ The use of or exposure to tobacco products by pregnant
women is associated with placenta previa, placental
abruption, placenta accreta, pregnancy bleeding of
unknown origin, and preterm premature rupture of
membranes.

▪ Because most of the placental and fetal damage is done in
the first trimester of pregnancy, helping women to quit
smoking before conceiving should be a primary objective in
prepregnancy counseling.

Alcohol

▪ Alcohol is a well-established teratogen, and alcohol used
during pregnancy can lead to fetal alcohol syndrome, which
includes specific morphologic features, such as
microcephaly, and long-term abnormal neuropsychological
outcomes.
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▪ The main issue with alcohol use during pregnancy is that no
amount of alcohol consumption has been found to be safe
during pregnancy.

Other Substance Abuse

▪ Cannabis use can lead to IUGR and withdrawal symptoms in
the neonate.

▪ A recent case-control study has also found that cannabis use,
cigarette smoking, illicit drug use, and apparent exposure
to second-hand cigarette smoke separately or in
combination during pregnancy were associated with an
increased risk of stillbirth.

▪ Cocaine use in pregnancy can lead to spontaneous abortion,
PTB, placental abruption, and preeclampsia. Neonatal
issues include poor feeding, lethargy, and seizures.

▪ Poor obstetric outcomes can be up to six times higher in
patients who abuse opiates such as heroin and methadone.

Mercury Exposure

▪ Data regarding the accumulation of mercury in fish has led
to warnings advising pregnant women to avoid or decrease
fish consumption since mercury has been associated with a
dose-dependent impact on neurologic development.

Environmental Exposures

▪ A study based on the National Health and Nutrition
Examination Survey demonstrated that all pregnant women
are exposed to and have detectable levels of chemicals that
can be harmful to reproduction or human development.

▪ Because exposure to environmental agents can be mitigated
or prevented, it is important for women to be made aware
of known toxic substances and to be informed as to how to
access resources to gain additional information.
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Screening for Chronic Disease,
Optimizing Care, and Managing
Medication Exposure

▪ Clear evidence shows that for some conditions—such as
diabetes mellitus, phenylketonuria, and inflammatory
bowel disease—medical disease management before
conception can positively influence pregnancy outcome.

▪ Medical management to normalize the intrauterine
biochemical environment should be discussed with the
patient, and appropriate management plans should be
outlined before conception; advice can also be given about
avoiding specific medications in the first trimester (e.g.,
isotretinoin).

Prenatal Care
Components of Prenatal Care

▪ Prevention of morbidity and mortality is now the goal of
prenatal care.

▪ Obstetricians must optimize their efforts by resourceful use
of other professionals and support groups that include
nutritionists, childbirth educators, public health nurses,
nurse practitioners, family physicians, nurse midwives, and
specialty medical consultants.

▪ Education about pregnancy, childbearing, and childrearing
is an important part of prenatal care, as are detection and
treatment of abnormalities.

Risk Assessment

▪ All the problems that arise in pregnancy, whether common
complaints or more hazardous diseases, convey some risk
to the pregnancy depending on how they are managed by
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the patient and her care provider.
▪ It has been shown that most women and infants who suffer

morbidity and mortality will come from a small segment of
those with high-risk factors; by reassessing risk factors
before pregnancy, during pregnancy, and again in labor,
the ability to identify those at highest risk increases.

Initial Prenatal Visit

▪ The initial visit should include a detailed history (medical,
surgical, obstetric, reproductive), family history along with
physical and laboratory examinations.

▪ If a patient has a history of a previous neonatal death,
stillbirth, or PTB, records should be carefully reviewed so
that the correct diagnosis is made and recurrence risk is
appropriately assessed.

▪ A history of drug abuse or recent blood transfusion should
be elicited.

Repeat Prenatal Visits

▪ Traditionally, this has been every 4 weeks for the first 28
weeks of pregnancy, every 2 to 3 weeks until 36 weeks, and
weekly thereafter if the pregnancy progresses normally.

▪ If any complications are present, the intervals can be
increased appropriately. The goal of subsequent pregnancy
visits is to assess fetal growth and maternal well-being (i.e.,
blood pressure, proteinuria, bacteriuria).

Common Patient-Centered Issues

▪ Most patients are able to maintain their normal activity
levels in pregnancy; however, heavy lifting and excessive
physical activity should be avoided.

▪ In the absence of medical or obstetric complications, current
ACOG recommendations advocate for 30 minutes or more
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of moderate exercise daily.
▪ If the job presents hazards no greater than those encountered

in daily life, healthy pregnant women may work until their
delivery.

▪ A pregnant woman should be advised against prolonged
sitting during car or airplane travel because of the risk of
venous stasis and possible thromboembolism.

▪ Nausea and vomiting are common in pregnancy and affect
approximately 75% of pregnancies.

▪ Hyperemesis gravidarum is an extreme form characterized
by vomiting, dehydration, and weight loss that frequently
results in hospitalization. These patients may benefit from
enteral or parenteral nutrition.

▪ Back pain is a common complaint in pregnancy that affects
over 50% of women. Backache can be prevented to a large
degree by avoidance of excessive weight gain and a regular
exercise program before pregnancy.

Prepared Parenthood and Support Groups

▪ Routine classes on newborn child care and parenting should
be part of the prenatal care program.

Prenatal Record

▪ The prenatal care record should describe the comprehensive
care provided and should allow for systematic
documentation of coordinated services.

Components of the Postpartum Visit
▪ Most patients should be seen approximately 6 weeks

postpartum, sooner for complicated deliveries and cesarean
deliveries.

▪ The goal of this visit is to evaluate the physical,
psychosocial, and mental well-being of the mother; to
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provide support and referral for breastfeeding; and to
initiate or encourage compliance with the preferred family
planning option and preconception care for the next
pregnancy.

Birth Spacing

▪ An important goal of the postpartum visit and
interconception care is to encourage birth spacing—
specifically, to educate women about the importance of
waiting at least 24 months to conceive again to decrease the
risk of PTB/LBW and risk for uterine rupture among
women attempting a vaginal birth after a cesarean delivery.

▪ Educating women on the most appropriate contraception
based on medical conditions and discharging patients with
an effective contraception method is essential to assist
women in achieving the recommended 24-month interval.

Counseling Regarding Medical Conditions
and Obstetric Complications

▪ Follow-up is needed for medical complications such as heart
disease, hypertension, diabetes, and depression—
conditions that may have been exacerbated by pregnancy—
as well as thyroid disease and epilepsy, conditions in which
postpartum medication adjustments may be required.

▪ Women with a history of PTB, preeclampsia, and GDM
should be informed that they are at increased risk of
recurrence with subsequent pregnancies in addition to
being at risk for subsequent development of hypertension,
cardiovascular disease, and type 2 diabetes.
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CHAPTER 7

Nutrition During
Pregnancy
Elizabeth Horvitz West, Lisa Hark, and Patrick M. Catalano

KEY POINTS

• Pregnant women may need as much as an additional 300
kcal/day for the entire pregnancy, but requirements may vary
among individuals.

• The IOM recommendations for gestational weight gain for
women are set by weight category: underweight (BMI <18.5; 28
to 40 lb), normal weight (BMI 18.5 to 24.9; 25 to 35 lb),
overweight (BMI 25.0 to 29.9; 15 to 35 lb), and obese (BMI >30;
11 to 20 lb).

• Protein requirements during pregnancy increase from 0.8
g/kg/day for nonpregnant women to 1.1 g/kg/day during
pregnancy.

• The daily recommended intake for folate in women of
childbearing age is 400 μg/day; for pregnant women, it is 600
μg/day. Women whose fetuses are at high risk of an NTD
should be prescribed a higher dose of folate (4 mg/day) both
before conception and in early pregnancy.

• Iron supplementation is often prescribed during pregnancy
because of the (20% to 30%) expanded maternal red cell mass
as well as for fetal and placental tissue production. Iron
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supplements can cause gastrointestinal side effects such as
constipation.

• Vitamin D supplementation is often required during pregnancy
in particular for those with minimal exposure to sunlight, in
vegan women, and those from minority populations with dark
skin. To evaluate vitamin D concentrations before and during
pregnancy, check serum 25(OH)D levels and aim for
concentrations of 25(OH)D of greater than 20 nmol/L. The DRI
for vitamin D is 600 IU/day in all pregnant and reproductive-age
women.

• The DRI for calcium in nonpregnant and pregnant women 19 to
50 years of age is 1000 mg/day, and it is 1300 mg/day for
females 9 to 19 years of age.

• Many common gastrointestinal problems during pregnancy—
such as heartburn, nausea and vomiting, and constipation—are
improved with proper nutritional counseling.

Overview
▪ The increase in obesity disproportionately affects minority

populations, such as Hispanics and blacks, and especially
women.1

▪ Excessive weight gain during pregnancy significantly
increases the risk of postpartum weight retention and
contributes to the accretion of excess adipose tissue in the
fetus and diabetes in subsequent pregnancy and later in life.

Integrating Nutrition Into the Obstetric
History

▪ The purpose of this assessment is to identify the quality of a
patient’s diet and to assess any nutritional risk factors that
could jeopardize her health or the health of her developing
baby.
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▪ A patient’s diet can be assessed by asking about intake over
the previous 24 hours or by administering a diet history
questionnaire in the waiting room.

▪ Women with a short interpregnancy interval (e.g., <1 year
between pregnancies) may have depleted nutrient reserves,
which is associated with increased preterm birth,
intrauterine growth restriction, and maternal morbidity and
mortality.2,3

Maternal Weight Gain
Recommendations

▪ There are many general recommendations regarding diets
for pregnant women to avoid problems such as excessive
gestational weight gain and potential complications such as
gestational diabetes and fetal overgrowth.

▪ Consuming healthy food is the goal to meet the Institute of
Medicine (IOM) gestational weight guidelines and address
the individual needs of the patient.

Low or Underweight Preconception Body
Mass Index

▪ Based on the available data, there is strong support that
women with low pregnancy body mass index (BMI) and
low gestational weight gain have an increased risk (<10%)
for having small-for-gestational-age infants, preterm birth,
and perinatal mortality.4

Overweight and Obese Prepregnancy Body
Mass Index

▪ Approximately 60% of reproductive-age women are
overweight (BMI >25 kg/m2), and of these, half are obese
(BMI >30 kg/m2). BMI varies widely within the United
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States (Fig. 7.1).
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FIG. 7.1  Adult obesity in the United States in
2013. From Behavioral Risk Factor Surveillance System [BRFSS],

Centers for Disease Control and Prevention. Available at

http://www.cdc.gov/obesity/data/prevalence-maps.html.

▪ The 2009 IOM guidelines recommend that overweight
women with a singleton pregnancy gain a total of 15 to 25
lb during pregnancy (compared with 25 with 35 lb for
normal-weight women). Obese women are advised to gain
only 11 to 20 lb during the course of their pregnancy.

Maternal Weight Gain
Recommendations for Special
Populations
Multiple Gestations

▪ For twin pregnancy, the IOM recommends a gestational
weight gain of 37 to 54 lb for women of normal weight, 31
to 50 lb for overweight women, and 25 to 42 lb for obese
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women.
▪ For triplet and higher-order gestations, the data on ideal

gestational weight gain are insufficient and thus there are
no specific recommendations.

Adolescents

▪ Approximately 17% of teenage girls ages 12 through 19 are
obese in America, and these obese teens face the same
obstetric risks that adult obese women face.

▪ The 2009 IOM recommendations state that adolescents
should follow the adult BMI categories to guide their
weight gain.

Other Groups

▪ There are no specific recommendations for gestational
weight gain in women of short stature, specific racial or
ethnic groups, or those who smoke cigarettes.

Maternal Nutrient Needs: Current
Recommendations
Energy

▪ The total maternal energy requirement for a full-term
pregnancy is estimated at 80,000 kcal. This accounts for the
increased metabolic activity of the maternal and fetal
tissues as well as for the growth of the fetus and placenta

▪ Later in pregnancy, the basal or fasting contribution of
carbohydrates to oxidative metabolism increases. Fetal
growth and lactation are dependent on energy
preferentially derived from carbohydrates.5

Proteins
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▪ Maternal protein synthesis increases to support expansion of
the blood volume, uterus, and breast tissue and thus
additional protein is required during pregnancy for fetal,
placental, and maternal tissue development.

▪ Protein recommendations are therefore increased from 46
g/day for an adult, nonpregnant woman to 71 g/day during
pregnancy. This represents a change in protein
recommendation from 0.8 g/kg/day for nonpregnant
women to 1.1 g/kg/day during pregnancy.6

Omega-3 Fatty Acids

▪ The U.S. Food and Drug Administration recommends that
pregnant women consume 200 to 300 mg/day of DHA,
which can be achieved by consuming 1 to 2 servings (8 to 12
ounces) of fish per week. However, the average pregnant or
lactating woman consumes only 52 mg/day of
docasahexaenoic acid and 20 mg/day of eicosapentaenoic
acid.7

▪ Avoid fish with the highest mercury concentration—
specifically, tilefish, shark, swordfish, and king mackerel.
They should also limit consumption of white albacore tuna
to 6 oz/week.8

▪ The best evidence in support of polyunsaturated fatty acid
(PUFA) supplementation comes from studies that show a
positive relationship between PUFA supplementation and
neurodevelopmental outcomes in children.9,10

▪ Maternal Fetal Medicine Network trial did not find evidence
that fish oil supplementation decreased the risk of preterm
delivery in high-risk patients.11

Vitamin and Mineral Supplementation
Guidelines
Dietary Reference Intakes
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▪ The daily recommended intakes (DRIs) provide a range for
safe and appropriate intake, as well as tolerable upper limit,
based on the available research. The DRIs include four
dietary reference values for every life stage and gender
group.12

Tolerable Upper Intake Level

▪ Most health care providers prescribe a prenatal vitamin and
mineral supplement because many women do not meet
their nutritional requirements during the first trimester,
especially with regard to folic acid and iron.

Vitamins
Vitamin A

▪ Over-the-counter multivitamin supplements may contain
excessive doses of vitamin A and therefore should be
discontinued during pregnancy if above the recommended
daily intake.

▪ Topical creams that contain retinol derivatives, commonly
used to treat acne, should be avoided during pregnancy
and in women trying to conceive (see Chapter 8).

Vitamin D

▪ During pregnancy, vitamin D is also critically important for
fetal growth and development as well as for regulation of
genes associated with normal implantation and
angiogenesis.

▪ Vitamin D supplementation is advised for women who are
strict vegetarians, those with limited exposure to sunlight,
and those from minority populations with dark/black skin.
To evaluate vitamin D levels during a preconception or
prenatal visit, serum 25-hydroxy-D levels may be
evaluated.
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Vitamins C and E

▪ The hypothesis that oxidative stress contributes to
development of preeclampsia has spurred interest in the
use of antioxidants such as vitamins C and E for prevention
of the disease.

▪ Several large, randomized placebo-controlled studies and a
Cochrane review have shown no benefit.13 Thus
supplementation with antioxidant vitamins C and E for the
prevention of preeclampsia is not recommended.14

Vitamin B6

▪ Research shows that supplemental vitamin B6 is effective at
relieving nausea and vomiting during pregnancy.15

▪ Because excessive amounts of vitamin B6 can cause
numbness and nerve damage, the tolerable upper intake
level for pregnant women was established at 100 mg/day.

Vitamin K

▪ The DRI for vitamin K is 90 mg for pregnant and
nonpregnant women and the tolerable upper intake has not
been established.

Folate

▪ Adequate levels of dietary folate are important for fetal and
placental development and are needed to support rapid cell
growth, replication, cell division, and nucleotide synthesis.

▪ Because embryonic neural tube closure is complete by 18 to
28 days after conception, it is critical that pregnant women
consume adequate folate before and during the first 4
weeks of embryologic development (6 weeks gestational
age by last menstrual period).

▪ The DRI for folate in women of childbearing age is 400
µg/day; for pregnant women it is 600 µg/day.

150



Folate and Neural Tube Defects

▪ The etiology of NTDs is thought to be insufficient folate
intake coupled with the increased folate demands of
pregnancy.

▪ The early formation and the detrimental effects of folate
deficiency on neural tube formation are the basis behind the
recommendation that folate supplementation begin prior to
conception and be continued at least through the first
trimester of pregnancy.16

Folate Supplementation

▪ Several randomized, controlled, and observational trials
have shown that periconceptional and early pregnancy
consumption of folate supplements can reduce a woman’s
risk for having an infant with an NTD by as much as 50% to
70%.17

▪ In women with a previous pregnancy affected by an NTD,
research has shown that supplementation with 4000 µg/day
(4 mg/day) of folate initiated at least 1 month prior to
attempting to conceive and continued throughout the first
trimester of pregnancy reduced the risk of a repeat NTD by
72%.18

▪ No definitive evidence proves that other high-risk groups
such as close family members of affected individuals,
diabetics, or women on antiseizure medications will benefit
from higher levels of supplementation; many experts
recommend a higher dose of folate, at least 1000 µg/day
before conception and in early pregnancy.

Minerals
Iron

▪ Additional iron is needed to expand maternal red cell
volume by 20% to 30%, and iron is also required for fetal
and placental tissue production.
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▪ As shown in Table 7.1, hemoglobin less than 11 g/dL or
hematocrit below 33% in the first or third trimester
indicates anemia. Hemoglobin less than 10.5 g/dL or
hematocrit below 32% in the second trimester also indicates
anemia.

▪ Prenatal care providers generally recommend daily iron
supplementation with 30 mg of elemental iron in the form
of simple salts beginning around the twelfth week of
pregnancy for women who have normal preconception
hemoglobin measurements (Table 7.2).

▪ Women with severe iron deficiency, those who cannot
tolerate oral iron, or those with malabsorption syndromes,
parenteral iron can be used. Parenteral iron is especially
valuable for increasing hemoglobin levels faster than oral
iron.

TABLE 7.1

Data from U.S. Centers for Disease Control and Prevention (www.cdc.gov).

TABLE 7.2

Oral Iron Supplements

Oral Supplement Elemental Iron
Ferrous fumarate 106 mg/tablet
Ferrous sulfate 65 mg/tablet
Ferrous gluconate 28-36 mg/tablet

Data from the American College of Obstetricians and Gynecologists. ACOG practice
bulletin No. 95: Anemia in pregnancy. Obstet Gynecol. 2008;112(1):201-207.

Calcium

▪ Large quantities of calcium are essential for the development
of the fetal skeleton, fetal tissues, and hormonal adaptations
during pregnancy. Evidence has also shown that calcium
supplementation reduces the risk of developing

152

http://www.cdc.gov/


hypertension during pregnancy, but only in women who
did not have adequate calcium intake prior to
supplementation.

▪ The DRI for calcium in pregnant women 19 to 50 years old is
1000 mg/day; and 1300 mg/day for adolescent females age 9
to 19 years. Adolescents may need additional calcium
during pregnancy since their own bones still require
calcium deposition to ensure adequate bone density.

▪ The standard prenatal vitamin typically contains 150 to 300
mg per tablet.

Zinc

▪ More than 100 enzymes require zinc, and maternal zinc
deficiency can lead to prolonged labor, intrauterine growth
restriction, teratogenesis, and embryonic or fetal death.19

▪ The DRI for pregnant women is 11 mg/day and may be
higher for vegetarians or vegans since phytates from whole
grains and beans bind with zinc and can reduce absorption.

Choline

▪ Adequate choline is needed for normal fetal neural
development, function, and memory.20 Choline is derived
not only from the diet, but also from de novo synthesis.

▪ The current recommendation for choline during pregnancy
is 450 mg/day and 550 mg/day for breastfeeding patients.

Nutrition-Related Problems During
Pregnancy
Nausea and Vomiting

▪ Women with hyperemesis may vomit multiple times
throughout the day, lose more than 5% of their
prepregnancy body weight, and usually require

153



hospitalization for dehydration and electrolyte replacement.
▪ Strategies for managing nausea and vomiting during

pregnancy are shown in Box 7.1. After following these
recommendations, vitamin B6 (10 to 25 mg three times
daily) can be considered as first-line treatment for nausea
and vomiting during pregnancy.

Heartburn and Indigestion

▪ Heartburn and indigestion affect two-thirds of pregnant
women.

▪ Strategies for managing nausea and vomiting during
pregnancy are shown in Box 7.1.

Constipation

▪ Fifty percent of pregnant women experience constipation at
some point during their pregnancy.

▪ Strategies for managing constipation during pregnancy are
shown in Box 7.2.

Food Contamination

▪ Pathogens of special concern during pregnancy include
Listeria monocytogenes, Toxoplasma gondii, Salmonella species,
and Campylobacter jejuni.

▪ To avoid listeriosis, pregnant women should be advised to
wash vegetables and fruits well, cook all meats to minimum
safe internal temperatures, avoid processed, precooked
meats (cold cuts, smoked seafood, pâté) and soft cheeses
(brie, blue cheese, Camembert, and Mexican queso blanco),
and to consume only pasteurized dairy products.

▪ Toxoplasmosis can be passed to humans by water, dust, soil
and eating contaminated foods. Cats are the main host of T.
gondii. Toxoplasmosis most often results from eating raw or
uncooked meat or unwashed fruits and vegetables, cleaning
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a cat litter box, or handling contaminated soil.

 
BOX 7.1 Strategies for Managing Nausea,
Vomiting, Heartburn, and Indigestion in
Pregnancy

▪ Eat small, low-fat meals and snacks (fruits, pretzels, crackers,
nonfat yogurt).

▪ Eat slowly and frequently.
▪ Avoid strong food odors by eating room temperature or cold

foods and using good ventilation while cooking.
▪ Drink fluids between meals rather than with meals.
▪ Avoid foods that may cause stomach irritation such as

spearmint, peppermint, caffeine, citrus fruits, spicy foods,
high-fat foods, or tomato products.

▪ Wait 1-2 hours after eating a meal before lying down.
▪ Take a walk after meals.
▪ Wear loose-fitting clothes.
▪ Brush teeth after eating to prevent symptoms.

Courtesy Lisa Hark, PhD, RD.

 
BOX 7.2 Strategies for Managing Constipation
in Pregnancy

▪ Increase fluid intake by drinking water, herbal teas, and
noncaffeinated beverages.

▪ Increase daily fiber intake by eating high-fiber cereals, whole
grains, legumes, and bran.

▪ Use a psyllium fiber supplement (e.g., Metamucil).
▪ Increase consumption of fresh, frozen, or dried fruits and

vegetables.
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▪ Participate in moderate physical activity such as walking,
swimming, or yoga.

▪ Take stool softeners in conjunction with iron
supplementation.

Courtesy Lisa Hark, PhD, RD.

Special Nutritional Considerations
During Pregnancy
Caffeine

▪ Moderate caffeine consumption (less than 200 mg per day) is
not a major contributing factor to miscarriage or preterm
birth.

Vegetarian and Vegan Diets

▪ Vegan diets—those that exclude all animal products,
including eggs and dairy—may provide insufficient iron,
essential amino acids, trace minerals (zinc), vitamin B12,
vitamin D, calcium, and PUFAs to support normal
embryonic and fetal development.

▪ It is recommended that patients who follow a vegan diet
meet with a dietitian early during the pregnancy to analyze
their nutritional intake and assess any necessary
supplementation that should be added.

Herbal Supplements

▪ Whereas countless other herbs and supplements certainly
hold potential benefits, more research is needed before any
of these supplements can be safely recommended in
pregnancy.
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CHAPTER 8

Drugs and
Environmental
Agents in Pregnancy
and Lactation

Teratology and Epidemiology

Jennifer R. Niebyl, Robert J. Weber, and Gerald G. Briggs

KEY POINTS

• The critical period of organ development extends from day 31 to
day 71 after the first day of the LMP.

• Infants of epileptic women taking certain anticonvulsants, such
as valproic acid, have double the rate of malformations of
unexposed infants. The risk of fetal hydantoin syndrome is less
than 10%.

• The risk of malformations after in utero exposure to isotretinoin
is 25%, and an additional 25% of infants will develop mental
retardation.
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• Heparin is the drug of choice for anticoagulation during
pregnancy except for women with artificial heart valves, who
should receive coumadin despite the 5% risk of warfarin
embryopathy.

• Angiotensin-converting enzyme inhibitors and angiotensin
receptor blockers can cause fetal renal failure in the second
and third trimesters, leading to oligohydramnios and hypoplastic
lungs.

• Vitamin B6 25 mg three times a day is a safe and effective
therapy for first-trimester nausea and vomiting. Doxylamine
12.5 mg three times a day is also effective in combination with
B6.

• Most antibiotics are generally safe in pregnancy, although
aminoglycosides are known to be ototoxic to the fetus.
Trimethoprim may carry an increased risk in the first trimester,
and tetracyclines taken in the second and third trimesters may
cause tooth discoloration.

• Aspirin in analgesic doses inhibits platelet function and prolongs
bleeding time, increasing the risk of peripartum hemorrhage but
is not associated with congenital defects.

• Fetal alcohol syndrome occurs in infants of mothers who drink
heavily during pregnancy. A safe level of alcohol intake during
pregnancy has not been determined.

• Cocaine has been associated with increased risk of
miscarriage, abruptio placentae, and congenital malformations,
in particular, microcephaly and limb defects.

• Most drugs are safe during lactation because subtherapeutic
amounts, approximately 1% to 2% of the maternal dose, appear
in breast milk. Short-term (<2 days) use of codeine is safe
during breastfeeding.

• Only a small amount of prednisone crosses the placenta, so it is
the preferred corticosteroid for most chronic maternal illnesses
such as lupus. In contrast, betamethasone and dexamethasone
readily cross the placenta and are preferred for acceleration of
fetal lung maturity.

• Exposure to high-dose ionizing radiation at any stage during
gestation causes microcephaly and mental retardation
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Diagnostic exposures below 5 rads after 12 weeks of gestation
do not pose increased teratogenic risks.

• Lead levels in blood have decreased in recent years in all
except some immigrant populations. Blood levels below 25
μg/dL in women of reproductive age minimizes the risk of fetal
growth restriction during pregnancy.

• Mercury in high levels deleteriously affects the fetal nervous
system. For this reason pregnant and nursing women should
avoid shark, swordfish, king mackerel, and tilefish. Exposures
to mercury can further be limited by restricting ingestion of
certain other seafood (shrimp, canned tuna, salmon, pollock,
catfish) to 12 oz/week.

Overview
▪ Virtually all drugs cross the placenta to some degree, with

the exception of large molecules such as heparin and insulin
but also vaccines.

▪ The incidence of major malformations in the general
population is 2% to 3%.1

▪ The classic teratogenic period is from day 31 after the last
menstrual period (LMP) in a 28-day cycle to 71 days from
the LMP. During this critical period, organs are forming,
and teratogens may cause malformations that are usually
overt at birth.

▪ Before day 31, exposure to a teratogen produces an all-or-
none effect.

▪ FDA categories lists five categories of labeling for drug use
during pregnancy. The risk increases from A (controlled
studies show no risk) to X (contraindicated during
pregnancy). These categories were designed for prescribing
physicians and not to address inadvertent exposure. For
example, isotretinoin and oral contraceptives are both
category X based on lack of benefit for oral contraceptives
during pregnancy, yet oral contraceptives do not have any
teratogenic risk with inadvertent exposure.
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Basic Principles of Teratology
▪ Wilson’s six general principles of teratogenesis2 provide a

framework for understanding how structural or functional
teratogens may act.

Genotype and Interaction With
Environmental Factors

▪ The first principle is based on the concept that susceptibility
to a teratogen depends on the genotype of the conceptus and
on the manner in which the genotype interacts with
environmental factors. Not all fetuses exposed to a specific
drug at a similar dose and gestational age will develop
congenital malformations.

Timing of Exposure

▪ The second principle is that susceptibility of the conceptus to
teratogenic agents varies with the developmental stage at
the time of exposure. Most structural defects occur during
the second to the eighth weeks of development after
conception, during the embryonic period.

Mechanisms of Teratogenesis

▪ The third principle is that teratogenic agents act in specific
ways—that is, via specific mechanisms—on developing cells
and tissues in initiating abnormal embryogenesis
(pathogenesis).

Manifestations

▪ The fourth principle is that irrespective of the specific
deleterious agent, the final manifestations of abnormal

163



development are malformation, growth restriction,
functional disorder, and death.

Agent

▪ The fifth principle is that access of adverse environmental
influences to developing tissues depends on the nature of
the influence (agent).

Dose Effect

▪ The final principle is that manifestations of abnormal
development increase in degree from the no-effect level to
the lethal level as dosage increases.

Medical Drug Use
Effects of Specific Drugs
Estrogens and Progestins

▪ Studies have not confirmed any teratogenic risk for oral
contraceptives or progestins.

Androgenic Steroids

▪ Androgens may masculinize a developing female fetus.

Spermicides

▪ A meta-analysis of reports of spermicide exposure has
concluded that the risk of birth defects is not increased.4

Antiepileptic Drugs

▪ Women with epilepsy who take antiepileptic drugs (AEDs)
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during pregnancy have approximately double the general
population risk of malformations in offspring.

▪ Valproic acid and carbamazepine each carry approximately
a 1% risk of neural tube defects (NTDs) and other
anomalies.

▪ Fewer than 10% of offspring show the fetal hydantoin
syndrome, which consists of microcephaly, growth
deficiency, developmental delays, mental retardation, and
dysmorphic craniofacial features.

▪ Valproate should not be used as a first-choice drug in
women of reproductive age.

▪ Of 1532 infant exposures to newer-generation antiepileptic
drugs, 1019 were to lamotrigine, and 3.7% presented with
major birth defects. Of 393 infants exposed to
oxcarbazepine, the rate was 2.8%, and for 108 exposed to
topiramate, the rate was 4.6%. None of these differences
were statistically different from controls.

▪ Most authorities agree that the benefits of AEDs during
pregnancy outweigh the risks of discontinuation of the
drug if the patient is first seen during pregnancy.

Isotretinoin

▪ Isotretinoin is a significant human teratogen.
▪ The risk of structural anomalies in patients studied

prospectively is now estimated to be about 25%, and an
additional 25% have mental retardation alone.

▪ In 88 pregnancies prospectively ascertained after
discontinuation of isotretinoin, no increased risk of
anomalies was noted.

Vitamin A

▪ Cases of birth defects have been reported after exposure to
levels of 25,000 IU or more of vitamin A during pregnancy.

Psychoactive Drugs
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▪ No clear risk has been documented for most psychoactive
drugs with respect to overt birth defects.

Lithium

▪ A prospective study of 148 women exposed to lithium in the
first trimester showed no difference in the incidence of
major anomalies compared with controls.5 Polyhydramnios
may be a sign of fetal lithium toxicity.

▪ Discontinuation of lithium may pose an unacceptable risk of
increased morbidity in women who have had multiple
episodes of affective instability. These women should be
offered appropriate prenatal diagnosis with ultrasound,
including fetal echocardiography.

▪ We recommend that women exposed to lithium be offered a
detailed fetal ultrasound examination including fetal
echocardiography.

Antidepressants

▪ No increased risk of major malformations has been found
after first-trimester exposure to fluoxetine in several
studies.6 However, one study showed a twofold increased
risk of ventricular septal defects and two other studies
found an increased risk of cardiac defects after exposure to
paroxetine.7

▪ When considering the use of antidepressant drugs during
pregnancy, it should be noted that among women who
maintained their medication throughout pregnancy, 26%
relapsed compared with 68% who discontinued
medication.8

▪ Fetal alcohol spectrum disorders are 10 times more common
in offspring exposed to selective serotonin reuptake
inhibitors than in unexposed offspring.

Anticoagulants

▪ Warfarin embryopathy occurs in about 5% of exposed
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pregnancies and includes nasal hypoplasia, bone stippling
seen on radiologic examination, ophthalmologic
abnormalities including bilateral optic atrophy, and mental
retardation.

▪ The risk for pregnancy complications is higher when the
mean daily dose of warfarin is more than 5 mg.

▪ Because heparin does not have an adverse effect on the fetus,
it should be the drug of choice for patients who require
anticoagulation during pregnancy, except in women with
artificial heart valves.

▪ Women with mechanical heart valves, especially the first-
generation valves, require warfarin anticoagulation because
heparin is neither safe nor effective.

▪ Low-molecular-weight heparins may have substantial
benefits over standard unfractionated heparin. Enoxaparin
is cleared more rapidly during pregnancy, so twice-daily
dosing is advised.

Thyroid and Antithyroid Drugs

▪ Methimazole has been associated with scalp defects in
infants and choanal or esophageal atresia.9

▪ In 2009 the FDA released a black box warning highlighting
serious liver injury with propylthiouracil (PTU) treatment,
to a greater extent than with methimazole. The Endocrine
Society is now advocating treatment with PTU only during
the first trimester and switching to methimazole for the
remainder of the pregnancy.10, 11

▪ It is recommended that women with hypothyroidism
increase their levothyroxine dose by approximately 30% as
soon as pregnancy is confirmed (two extra doses each
week) and then have dosing adjustments based on thyroid-
stimulating hormone levels.12

Digoxin

▪ Digoxin has not been associated with significant teratogenic
effects.
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Antihypertensive Drugs

▪ Antihypertensive drugs are used for treatment of chronic
hypertension in pregnancy. In particular α-methyldopa has
been widely used and no unusual fetal effect has been
observed.

Sympathetic Blocking Agents

Angiotensin-Converting Enzyme Inhibitors and Angiotensin
Receptor Blockers

▪ Angiotensin-converting enzyme inhibitors inhibitors such as
enalapril and captopril and angiotensin II receptor
antagonists such as valsartan can cause fetal renal tubular
dysplasia in the second and third trimesters, leading to
oligohydramnios, fetal limb contractures, craniofacial
deformities, and hypoplastic lung development.

▪ Women taking these medications who plan a pregnancy
should be switched to other agents before conception.

Antineoplastic Drugs and Immunosuppressants

▪ Mycophenolate mofetil carries a moderate teratogenic
risk.13

▪ Methotrexate, a folic acid antagonist, appears to be a human
teratogen, although experience is limited.

Antiasthmatics

▪ Terbutaline, cromolyn sodium, isoproterenol, and
metaproterenol have not been associated with significant
teratogenic effects.

▪ A meta-analysis of chronic exposure to corticosteroids in the
first trimester showed an odds ratio of 3.0 for cleft lip
and/or cleft palate.

▪ Iodide is found in some cough medicines and may produce
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a fetal goiter.

Antiemetics

▪ None of the current medications used to treat nausea and
vomiting have been found to be teratogenic except possibly
methylprednisolone when used before 10 weeks of
gestation.

▪ Vitamin B6 has not been associated with significant
teratogenic effects in randomized controlled trials.

▪ Doxylamine is an effective antihistamine for nausea and
vomiting of pregnancy and can be combined with vitamin
B6 to produce a therapeutic effect similar to Diclegis.

Meclizine, Dimenhydrinate, Diphenhydramine, and
Phenothiazines

▪ These drugs have not been associated with significant
teratogenic effects.

Metoclopramide

▪ Of 3458 infants exposed to metoclopramide during the first
trimester, no increased risk of malformations, low
birthweight, or preterm delivery was reported.14

Ondansetron

▪ This drug has not been evaluated in large studies for
teratogenicity.

Methylprednisolone

▪ This drug should not be use before 10 weeks because of the
potential risks of cleft lip and palate.

Ginger
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▪ Ginger has been used with success for treating nausea,
vomiting, and hyperemesis in the outpatient setting with no
evidence of fetal effects.

Acid-Suppressing Drugs

▪ These drugs have not been associated with significant
teratogenic effects.

Antihistamines and Decongestants

▪ Most of these drugs have not been associated with
significant teratogenic effects. Terfenadine may be
associated with fetal polydactyly.

Antibiotics and Antiinfective Agents

▪ Penicillins are safe during pregnancy.
▪ When clavulanate is added to amoxicillin, it increases the

risks of necrotizing enterocolitis in premature newborns;
thus these preparations should be avoided in women at risk
for preterm delivery.

▪ Cephalosporins are considered safe during pregnancy.
▪ Sulfonamides have not been associated with significant

teratogenic effects.
▪ In one retrospective study of trimethoprim with

sulfamethoxazole, the odds ratio for birth defects was 2.3,
whereas in another study it was 2.5 to 3.4.

▪ Nitrofurantoin has not been associated with significant
teratogenic effects.

▪ Tetracyclines readily cross the placenta and are firmly bound
by chelation to calcium in developing bone and tooth
structures. This produces brown discoloration of the
deciduous teeth, hypoplasia of the enamel, and inhibition of
bone growth. The staining of the teeth takes place in the
second or third trimesters of pregnancy, whereas bone
incorporation can occur earlier.

▪ First-trimester exposure to doxycycline is not known to carry
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any risk. First-trimester exposure to tetracyclines was not
found to have any teratogenic risk in 341 women in the
Collaborative Perinatal Project or in 174 women in another
study. Alternative antibiotics are currently recommended
during pregnancy.

▪ Aminoglycosides have not been associated with significant
teratogenic effects.

▪ Antituberculosis drugs have not been associated with
significant teratogenic effects.

▪ Erythromycin has not been associated with significant
teratogenic effects.

▪ Clarithromycin has not been associated with significant
teratogenic effects.

▪ Fluoroquinolones have not been associated with significant
teratogenic effects.

▪ Metronidazole has not been associated with significant
teratogenic effects during early or late gestation

Antiviral Agents

▪ Antiviral agents such as acyclovir have not been associated
with significant teratogenic effects.

▪ Lindane is not associated with obvious fetal damage but it is
a potent neurotoxin and should be avoided during
pregnancy.

Antiretroviral Agents

▪ Agents such as zidovudine have not been associated with
significant teratogenic effects.

▪ Efavirenz is associated with malformations in monkeys and
should be avoided during pregnancy.

▪ Zidovudine should be included as a component in the
antiretroviral regimen whenever possible because of its
record of safety and efficacy.

Antifungal Agents
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▪ These agents have not been associated with significant
teratogenic effects.

Induction of Ovulation

▪ These drugs have not been associated with significant
teratogenic effects.

Mild Analgesics

Aspirin

▪ Aspirin does have significant perinatal effects, however,
because it inhibits prostaglandin synthesis. Uterine
contractility is decreased, and patients taking aspirin in
analgesic doses have delayed onset of labor, longer
duration of labor, and an increased risk of a prolonged
pregnancy.

▪ Aspirin also decreases platelet aggregation, which can
increase the risk of bleeding before as well as at delivery
but has not been associated with significant teratogenic
effects.

Acetaminophen

▪ In contrast to aspirin, bleeding time is not prolonged with
acetaminophen but is not toxic to the fetus.

Other Nonsteroidal Antiinflammatory Agents

▪ Codeine has not been associated with significant teratogenic
effects but can cause addiction and newborn withdrawal
symptoms if used to excess perinatally.

▪ Sumatriptan has not been associated with significant
teratogenic effects and may be used during pregnancy for
women whose severe headaches do not respond to other
therapy.15
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Drugs of Abuse
▪ Tobacco and nicotine products are associated with increased

risks of miscarriage, abruptio placentae, placenta previa,
premature labor and IUGR, leading to high perinatal
mortality rates.

Nicotine

▪ Maternal smoking is the most preventable cause of
premature delivery in the United States, and nicotine
medications are indicated for patients with nicotine
dependence.

▪ Although the propriety of prescribing nicotine during
pregnancy might be questioned, cessation of smoking
eliminates many other toxins, including carbon monoxide;
nicotine blood levels are not increased over that of smokers.

Alcohol

▪ In heavy drinkers (average daily intake of 3 oz of 100-proof
liquor or more), 32% of the infants have anomalies.

▪ Heavy drinking remains a major risk to the fetus, and
reduction even from midpregnancy can benefit the infant.16

▪ Fetal alcohol syndrome occurs in 6% of infants of heavy
drinkers, and less severe birth defects and neurocognitive
deficits occur in a larger proportion of children whose
mothers drank heavily during pregnancy.

Cannabis/Marijuana

▪ This drug has not been associated with significant
teratogenic effects.

Cocaine
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▪ Cocaine-using women have a higher rate of miscarriage than
controls. Other studies have suggested an increased risk of
congenital anomalies after first-trimester cocaine use, most
frequently those of the cardiac and central nervous systems,
limb defects and IUGR.

▪ Abruptio placentae has been reported to occur immediately
after nasal or IV administration.17

▪ The most common brain abnormality in infants exposed to
cocaine in utero is impairment of intrauterine brain growth
as manifested by microcephaly.18

Narcotics and Methadone

▪ Narcotics addicts are at increased risk for miscarriage,
premature birth, and IUGR. Withdrawal should be watched
for carefully in the neonatal period.19

Other Substances
Caffeine

▪ No evidence of teratogenic effects of caffeine in humans has
been found.

▪ In one report that controlled for smoking and other habits,
demographic characteristics, and medical history, no
relationship was found between malformations, low birth
weight, or short gestation and heavy coffee consumption.

▪ The American College of Obstetricians and Gynecologists
concluded that moderate caffeine consumption (less than
200 mg/day) does not appear to be a major contributing
factor in miscarriage or preterm birth, but the relationship
to intrauterine growth restriction remains undetermined.20

Aspartame

▪ This chemical has not been associated with significant
teratogenic effects.
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Drugs in Breast Milk
▪ Most drugs are detected in breast milk at low levels and

short-term effects, if any, of most maternal medications on
breastfed infants are mild and pose little risk to the
infants.21

Drugs Commonly Listed as Contraindicated
During Breastfeeding

▪ Drugs of abuse for which adverse effects on the infant
during breastfeeding have been reported include
amphetamines, cocaine, heroin, marijuana, and
phencyclidine and are thus contraindicated.

▪ Radiopharmaceuticals require variable intervals of
interruption of breastfeeding.

Drugs With Unknown Effects on Nursing
Infants but Possibly of Concern

▪ Sertraline causes a decline in 5-hydroxytryptamine levels in
mothers but not in their breastfed infants.22 This implies
that the small amount of drug the infant ingests in breast
milk is not enough to have a pharmacologic effect. Infants
of mothers taking psychotropic drugs should be monitored
for sedation during use and for withdrawal after cessation
of the drug.

▪ The benefits of nursing should be weighed against the
negative effect on bonding that would result from
untreated postpartum depression.

Drugs Associated With Significant Effects
(Administer With Caution)

▪ Administer bromocriptine, ergotamine, and lithium to
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nursing mothers with caution.

Drugs Usually Compatible With
Breastfeeding

▪ Narcotics, sedatives, and anticonvulsants
▪ Cold preparations
▪ Antihypertensives:

▪ Thiazides
▪ β-Blockers
▪ Angiotensin-converting enzyme inhibitors
▪ Calcium channel blockers

▪ Corticosteroids
▪ Digoxin
▪ Antibiotics
▪ Acyclovir
▪ Antifungal agents
▪ Oral contraceptives
▪ H2–Receptor blockers
▪ Anticoagulants are generally safe but require careful

monitoring of maternal prothrombin time, so that the
dosage is minimized, and of neonatal prothrombin times to
ensure lack of drug accumulation. Warfarin may be safely
administered to nursing mothers.

▪ Alcohol, when used occasionally, has not been associated
with significant harmful effects on the infant.

▪ Propylthiouracil (PTU) is preferred to methimazole because
of low breast milk concentrations; mothers taking PTU can
thus continue nursing with close supervision of the infant.

▪ Caffeine has been reported to have no adverse effects on the
nursing infant, even if the mother consumes five cups of
coffee per day.

▪ Nicotine and its metabolite cotinine enter breast milk.

Occupational and Environmental
Hazards
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Ionizing Radiation

▪ Ionizing radiation has mutagenic effects that are sometimes
manifested years after birth such as infant leukemia.

▪ The greatest number of children with microcephaly, mental
retardation, and growth restriction were found in the group
of pregnant women exposed at 15 weeks’ gestation or
earlier.

▪ Effects of chronic low-dose radiation on reproduction have
not been identified in animals or humans.

▪ Virtually no single diagnostic test produces a substantive
risk.

▪ Video display terminals use does not increase the risk of
adverse reproductive outcomes.

Lead

▪ In high concentrations, lead has been associated with IUGR
and NTDs.

▪ Ideally, the maternal blood lead level should be less than 10
µg/dL to ensure that a child begins life with minimal lead
exposure. A dose-response relationship is strongly
supported by numerous epidemiologic studies of children
showing a reduction in IQ with increasing blood lead
concentrations above 10 µg/dL.

▪ Other neurologic impairments associated with increased
blood lead concentrations include attention-
deficit/hyperactivity disorder, hearing deficits, and learning
disabilities. Shorter stature has also been noted.

Mercury

▪ Pregnant women, those who may become pregnant, and
nursing mothers should avoid shark, swordfish, king
mackerel, and tilefish because they contain high levels of
mercury.23
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CHAPTER 9

Obstetric Ultrasound

Imaging, Dating, Growth, and
Anomaly

Douglas S. Richards

KEY POINTS

• Sonographers should become familiar with the basic physics of
ultrasound, equipment controls, and scanning techniques to
optimize ultrasound images.

• All of the elements of the standard obstetric ultrasound exam
are important for clinical management and should not be
neglected.

• Because most birth defects occur in fetuses of low-risk women,
all standard exams should include a full anatomic survey.

• Physicians who perform and interpret obstetric ultrasound
examinations should have appropriate training and experience.

• Appropriate documentation of ultrasound studies is important
for good medical care.

• Pregnancy dating by ultrasound measurements is most
accurate early in pregnancy. Guidelines have been established
for when ultrasound dates should be used in preference to
menstrual dates.
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• Ultrasound for fetal weight estimation is of limited usefulness for
the prevention of shoulder dystocia and other complications
associated with fetal macrosomia.

• The AIUM and ACOG strongly discourage nonmedical use of
ultrasound for entertainment purposes.

• It is not expected that all birth defects will be diagnosed by
prenatal ultrasound.

• The sensitivity of ultrasound for the detection of birth defects
depends on the level of training of examiners and the
maintenance of a structured approach to the fetal examination.

• Performance of the first-trimester ultrasound component of the
aneuploidy screen requires formal training and certification.

• Individuals who perform prenatal sonography should be aware
of conditions that can be detected with a standard examination.

Biophysics of Ultrasound
▪ The underlying basis of ultrasound image production relies

on the piezoelectric effect: when electrical impulses are
applied to certain ceramic crystals, mechanical oscillations
are induced.

▪ Ultrasound machines used in obstetrics operate at
frequencies between about 2 and 9 MHz.

▪ Highly reflective tissues, such as bone, generate relatively
more intense echoes.

Optimizing the Ultrasound Image
Frequency

▪ The highest frequency probe that allows adequate
penetration should be used.

▪ For obese patients, a lower-frequency probe must be chosen.
The frequency for most transabdominal obstetric probes is
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about 3 to 5 MHz. and transvaginal probes usually operate
at a frequency of 5 to 10 MHz.

Power

▪ Increasing power output increases the amplitude of energy
waves in the ultrasound beam and results in stronger
returning echoes.

Gain

▪ Signals from the weak echoes returning to the transducer
elements must be amplified before being used for display.
The amplification is referred to as gain.

Attenuation

▪ Attenuation of ultrasound waves is affected by the medium
through which the sound waves pass. Virtually no pulses
pass through gas. This is why there must be a coupling
agent (e.g., ultrasound gel).

▪ In patients with a thick, dense abdominal wall, image
quality is greatly reduced.

Focus

▪ Image resolution is optimal when the structure of interest
lies within the zone of optimal focus, which can be adjusted
by the sonographer.

Depth and Zoom

▪ Limiting the size of the scanned area allows a higher frame
rate and resolution. Honing-in on the area of interest draws
attention to important detail within that scanned area.

182



Special Ultrasound Modalities
M-mode

▪ M-mode is sometimes used for specialized
echocardiography applications.

Color and Pulse-Wave Doppler

▪ Doppler ultrasound is primarily used to demonstrate the
presence, direction, and velocity of blood flow. Flow
velocity waveforms are used to calculate the
systolic/diastolic ratio, the pulsatility index, and the
resistance index. These indexes are primarily used to assess
downstream resistance in the vessel being interrogated.
When screening for fetal anemia, the peak flow velocity in
the fetal middle cerebral artery is measured, as this
correlates with the degree of fetal anemia.

Three-Dimensional Ultrasound

▪ Despite the demonstrated capabilities of 3D ultrasound, no
proof exists of an advantage of this technology over
standard 2D imaging for prenatal diagnosis.

Scanning Technique
Orientation

▪ The probe is held in such a way that the image on the screen
is properly oriented. For sagittal views, the right of the
screen corresponds to the inferior aspect of the patient. For
transverse views, the patient’s right is shown on the left of
the screen.

▪ To establish the position of the fetus, the orientation of the
probe must obviously be correct.
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Using Natural Windows

▪ Thickness is also decreased lateral to the central pannus.
▪ Scanning through amniotic fluid improves the image quality

below or deep to the amniotic fluid.

First-Trimester Ultrasound
▪ Transvaginal ultrasound is almost always superior to

transabdominal ultrasound for evaluation very early in
pregnancy.

▪ At 10 to 12 weeks’ gestation, the uterus has grown enough
and the fetus is far enough away from the transducer that
advantages of transvaginal scanning are lost.

First-Trimester Normal Findings

▪ M-mode ultrasound is used to document cardiac activity
during this time.

▪ The cerebral falx is visible at 9 weeks, and the appearance
and disappearance of physiologic gut herniation are noted
between 8 and 11 weeks. The diagnosis of an abdominal
wall defect should be made with caution at this age.

▪ Until 12 weeks, the crown-rump length (CRL) should be
measured for gestational age determination.

First-Trimester Abnormal Findings

▪ When cardiac activity has been demonstrated, the
miscarriage rate is reduced to 2% to 3% in asymptomatic
low-risk women.1

▪ In younger women who present with bleeding, only 5%
miscarry if the ultrasound is normal and shows a live
embryo.

▪ If there are borderline findings and uterine evacuation is
being considered, it is prudent to repeat the ultrasound in 7
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to 10 days to be absolutely sure that a viable pregnancy is
not interrupted.

▪ First-trimester ultrasound findings predictive of a
chromosome abnormality include a thick nuchal
translucency, absent nasal bone, abnormally fast or slow
fetal heart rate, and some structural malformations.2

Second- and Third-Trimester
Ultrasound
Types of Examinations

▪ Components of a standard obstetric examination are shown
in Box 9.1.

▪ Limited ultrasound examinations are used to obtain a
specific piece of information about the pregnancy.

▪ All the aspects of the standard obstetric examination listed in
Box 9.1 are important for clinical management and should
not be neglected.

 
BOX 9.1 Suggested Components of the
Standard Obstetric Ultrasound Performed in
the Second and Third Trimesters

• Standard biometry
• Fetal cardiac activity (present or absent, normal or abnormal)
• Number of fetuses (if multiples, document chorionicity,

amnionicity, comparison of fetal sizes, estimation of amniotic
fluid normality in each sac, and fetal genitalia)

• Presentation
• Qualitative or semiquantitative estimate of amniotic fluid

volume
• Placental location, especially its relationship to the internal

os, and placental cord insertion site
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• Evaluation of the uterus that includes fibroids, adnexal
structures, and the cervix

• Cervix when clinically appropriate and technically feasible
• Anatomic survey to include:

Head and neck
• Cerebellum
• Choroid plexus
• Cisterna magna
• Lateral cerebral ventricles
• Midline falx
• Cavum septum pellucidum
• Fetal lip
• Nuchal skin fold may be helpful for

aneuploidy risk
Chest

• Four-chamber view of the heart
• Outflow tracts (if possible)

Abdomen
• Stomach (presence, size, and situs)
• Kidneys
• Bladder
• Umbilical cord insertion into the abdomen
• Number of umbilical cord vessels

Spine
• Extremities (presence or absence of legs

and arms)
Gender

Data from American College of Obstetricians and Gynecologists. ACOG Practice
Bulletin No. 101: ultrasonography in pregnancy. Obstet Gynecol. 2009; 113:451-461;
American Institute of Ultrasound in Medicine (AIUM). AIUM practice guidelines for the
performance of an antepartum obstetric ultrasound examination. J Ultrasound Med.
2003;22:1116-1125; and Reddy UM, Abuhamad AZ, Levine D. Saade GR. Fetal imaging:
executive summary of a joint Eunice Kennedy Shriver National Institute of Child Health
and Human Development, Society for Maternal-Fetal Medicine, American Institute of
Ultrasound in Medicine, American College of Obstetricians and Gynecologists,
American College of Radiology, Society for Pediatric Radiology, and Society of
Radiologists in Ultrasound Fetal Imaging Workshop. Obstet Gynecol. 2014;123:1070-1082.
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Qualifications for Performing and
Interpreting Diagnostic Ultrasound
Examinations

▪ The AIUM has published guidelines on the training and
experience needed for physicians to perform or interpret
ultrasound examinations.

Components of the Examination
▪ Confirming the absence of a heartbeat with color or pulse-

wave Doppler is recommended.
▪ When a multiple pregnancy is diagnosed, the number of

amnions and chorions should always be determined.
Determination of chorionicity is most easily accomplished
in early pregnancy. The presence of unlike sex twins,
separate placentae, or a thick membrane dividing the sacs
with a twin peak or “lambda sign” all indicate the presence
of two chorions.

▪ In all twin pregnancies, periodic ultrasound examinations
should be performed to assess fetal growth.

Amniotic Fluid Volume

▪ The amniotic fluid index (AFI) is the sum of the
measurements of the deepest vertical pocket of fluid in each
of the uterine quadrants. The line between the calipers
should not cross through loops of cord or fetal parts.

▪ Polyhydramnios and oligohydramnios can be defined either
by an AFI greater than 24 cm or less than 5 cm, respectively.
A simpler semiquantitative method is to diagnose
polyhydramnios when the single deepest pool measures
greater than 8 cm and oligohydramnios when the shallowest
pool measures less than 2 cm in two dimensions.

▪ Deficit of amniotic fluid that occurs before the mid second
trimester can result in the oligohydramnios sequence,
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which includes pulmonary hypoplasia, fetal deformations,
and flexion contractures of the extremities.

▪ With less than a 1-cm pocket of fluid, perinatal mortality
increased 40-fold. The incidence of intrauterine growth
restriction is also much higher.

▪ In 2014, ACOG recommended using a deepest vertical
pocket of 2 cm or less as the definition of oligohydramnios.
This method has been shown to reduce the rate of obstetric
interventions for oligohydramnios with no difference in
perinatal outcomes compared with using an AFI of less
than 5.3

▪ The chance of a malformation or genetic syndrome being
present with mild, moderate, or severe polyhydramnios is
approximately 8%, 12%, and 30%, respectively. The chance
of a fetus with polyhydramnios having aneuploidy is 10%
when other anomalies are present.

▪ With polyhydramnios, an increase in preterm birth is
observed when the patient has diabetes (22%) or the fetus
has anomalies (39%) but not when it is idiopathic.

▪ At the time of the routine screening ultrasound (beyond 18
weeks), it should be determined whether the placenta
covers the internal cervical os. If the placenta and the cervix
are not seen clearly, or if it appears that the edge of the
placenta is close to the cervix, vaginal ultrasound should be
used liberally to clarify this relationship (Fig. 9.1).

▪ For pregnancies greater than 16 weeks, if the placental edge
ends 2 cm or more from the cervix, the placental location
should be reported as normal.

▪ Repeated ultrasound examinations should be performed
until the placenta moves well away from the cervix or until
it becomes clear that the previa will persist.
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FIG. 9.1  Marginal placenta is clearly visible, and
the edge of the placenta (Plac edge) extends 1.5
cm over the internal os (Int cx os). Calipers are

not shown.

▪ The fetal mortality rate is high when vasa previa is not
diagnosed before labor.

▪ Documentation of the cord insertion onto the placenta is
good practice, and it is recommended when technically
possible.

▪ A single umbilical artery is present in about 0.5% of all
newborns. Because of the increased incidence of associated
malformations, especially those that involve the kidneys
and heart, this finding should prompt a detailed fetal
survey.

Uterus and Adnexa

▪ With any obstetric ultrasound, including those performed in
the first trimester, the adnexal and uterine morphology
should be evaluated. Multiple fibroids in the lower uterus
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can greatly complicate a low transverse cesarean delivery;
ultrasound may help predict the need for a classical
incision.

▪ Masses with features of malignancy—such as large size,
multiple cystic cavities, thick septa, internal papillae, or
solid areas—require careful evaluation and may require
operative removal.

Cervix

▪ The value of universal screening is unproven, and ACOG
currently does not recommend this practice.4

Anatomic Survey

▪ Systematic evaluation of fetal anatomy is critical.
▪ All standard examinations (see Box 9.1) should include a full

anatomic survey.

Documentation

▪ AIUM guidelines in regard to record keeping state
“Adequate documentation of the study is essential for high-
quality patient care. This should include a permanent
record of the sonographic images, incorporating whenever
possible…measurement parameters and anatomic
findings.”4

Ultrasound for Determining
Gestational Age

▪ It has become routine in developed countries to offer at least
one ultrasound examination in the first half of pregnancy to
accurately establish the gestational age.4
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Standard Measurements

▪ Because the fetus is often in a flexed position (Fig. 9.2), the
CRL becomes less accurate after the first trimester and
should not be used after it reaches 84 mm.

Gestational Age Determination

▪ The measurement of the early embryo, either as the maximal
embryo length or CRL, is commonly accepted as the best
sonographic method for gestational age determination (see
Fig. 9.2).

When to Use Ultrasound Dating

▪ In a 2014 reaffirmation of a 2009 ACOG practice bulletin,4 it
was suggested that ultrasound dates should take
precedence over the menstrual dates if an ultrasound
performed in the first trimester is more than 7 days
different or an ultrasound exam before 20 weeks is
discrepant by more than 10 days.

▪ Importantly, the committee opinion and the 2009 ACOG
practice bulletin both note that in the third trimester
aberrant growth is relatively common, so changing certain
menstrual dates in favor of a late ultrasound date risks
missing the presence of a significant growth disorder, and
decisions about changing dates require careful
consideration and close surveillance.4

Assessing Fetal Growth

▪ Because insufficient or excessive growth can be associated
with significant fetal morbidity, recognition of growth
abnormalities is one of the primary aims of prenatal care
and is an important aspect of ultrasound examinations.
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FIG. 9.2  Measurement of the crown-rump length
(CRL). This is a sagittal view of the fetus with the

crown of the head to the right and the rump to the left.

Estimating Fetal Weight

▪ All formulas incorporate the abdominal circumference
because this is the standard measurement most susceptible
to the variations in fetal soft tissue mass.

▪ It has been shown that the addition of measurements
beyond the standard set does not significantly improve
weight estimations. See Box 9.2 for a description of images
for fetal biometry (Figs. 9.3 to 9.5).

 
BOX 9.2 Description of Images for Fetal
Biometry

193



Head

• Image is from side, not front or back.
• Head is oval rather than round.
• Midline structures are centered, not displaced to the side.
• Measure at the level of thalamus and cavum septum

pellucidum.
• Image should not include the top of the orbits or any part of

the brainstem or cerebellum.
• Measure outer edge of the proximal skull to the inner edge of

the distal skull.
• Head circumference is measured at the level of the biparietal

diameter, around the outer perimeter of the skull.

Abdomen

• Abdomen is nearly round, not oval or squashed.
• Obtain a true transverse image, not oblique.
• Images of ribs should be similar on both sides.
• Measure at the level where the umbilical vein joins the portal

sinus.
• Calipers are all the way to the skin surface, not at the rib,

liver, or spine edge.

Femur

• Femur should be perpendicular to direction of insonation.
• Ends should be sharply visible, not tapered or fuzzy.
• The measurement should exclude the distal epiphysis.
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FIG. 9.3  Image of the fetal head for biparietal diameter
and head circumference measurements. The cavum
septum pellucidum (CSP) and the thalami (Thal) are

indicated. Criteria for an appropriate image are listed in
Box 9.2.
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FIG. 9.4  Proper image for measurement of the
abdominal circumference. Criteria for an appropriate
image are listed in Box 9.2. The umbilical vein (UV) is
seen at the level of the portal sinus. The stomach (St)

and spine (Sp) are also labeled.
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FIG. 9.5  In the left image, the entire diaphysis of the
femur is not clearly shown. This will give an

inappropriately short measurement. The ends should
be distinct, as shown in the image on the right. FL,

femur length.

Diagnosing Abnormal Growth

▪ If the estimated fetal weight is less than the 10th or greater
than the 90th percentile, the fetus is said to be small or large
for the gestational age.

Macrosomia

▪ The term macrosomia implies growth beyond a specific
weight, usually 4000 or 4500 g.

Safety of Ultrasound
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▪ Mechanical energy from the sound waves can cause the
formation of microbubbles, resulting in a phenomenon
called cavitation.

Quantifying Machine Power Output

▪ The thermal index denotes the potential for increasing the
temperature of tissue being insonated with that power
output.

▪ The AIUM propounds the “as low as reasonably achievable”
principle. This means that the potential benefits and risks of
each examination should be considered, and equipment
controls should be adjusted to reduce as much as the
possible the acoustic output from the transducer.

Ultrasound Diagnosis of
Malformations

▪ Summarizing the results of large studies and systematic
reviews, the Workshop on Fetal Imaging concluded that the
range of detection rates for anomalies overall is wide, from
16% to 44% prior to 24 weeks of gestation, with a detection
rate of 84% for major and lethal anomalies.5 In the hands of
a well-trained examiner, the detection rate of some
anomalies should approach 100%.

▪ ACOG and the AIUM now recommend that attempts should
be made to obtain these views in all second- and third-
trimester scans.4

Screening for Aneuploidy
First Trimester

▪ The most important sonographic component of first-
trimester screening is the nuchal translucency measurement
(Fig. 9.6). The presence or absence of a visible nasal bone is
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another important ultrasound finding.

Second Trimester

▪ “Soft markers” of Down syndrome include a thick nuchal
fold, short nasal bone, cerebral ventriculomegaly, short
femur or humerus, echogenic intracardiac focus, echogenic
bowel, and pelviectasis.

“Entertainment” Ultrasound
Examinations

▪ The use of ultrasound for nondiagnostic purposes has been
condemned by the AIUM and the ACOG.
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FIG. 9.6  Midsagittal view of a 12-week fetus showing
the nuchal translucency (NT) and nasal bone (NB).

References
1. Tongsong T, Srisomboon J, Wanapirak C, et al. Pregnancy

outcome of threatened abortion with demonstrable fetal
cardiac activity: a cohort study. J Obstet
Gynaecol. 1995;21:331–335.

2. Nicolaides K.H. Nuchal translucency and other first-
trimester sonographic markers of chromosomal
abnormalities. Am J Obstet Gynecol. 2004;191:45–67.

3. American College of Obstetricians and
Gynecologists. ACOG Practice bulletin no. 145: antepartum
fetal surveillance. Obstet Gynecol. 2014;124:182–192.

4. American College of Obstetricians and
Gynecologists. ACOG Practice Bulletin No. 101:

200



ultrasonography in pregnancy. Obstet
Gynecol. 2009;113:451–461.

5. Reddy U.M, Abuhamad A.Z, Levine D, Saade G.R,  invited
participants, . Fetal imaging: executive summary of a joint
Eunice Kennedy Shriver National Institute of Child Health
and Human Development, Society for Maternal-Fetal
Medicine, American Institute of Ultrasound in Medicine,
American College of Obstetricians and Gynecologists,
American College of Radiology, Society for Pediatric
Radiology, and Society of Radiologists in Ultrasound Fetal
Imaging workshop. Obstet Gynecol. 2014;123:1070–1082.

201



CHAPTER 10

Genetic Screening
and Prenatal Genetic
Diagnosis
Deborah A. Driscoll, Joe Leigh Simpson, Wolfgang Holzgreve, and Lucas Otaño

KEY POINTS

• About 3% of liveborn infants have a major congenital anomaly
due to a chromosome abnormality, single-gene mutation or
multifactorial/polygenic inheritance, or exogenous factors (i.e.,
teratogens).

• Noninvasive screening tests for the common autosomal
trisomies should be offered at any age, providing patient-
specific aneuploidy risks. First-trimester screening using serum
analytes (free hCG and pregnancy-associated plasma protein
A) and an NT measurement has a detection rate of 85% to 87%
with a false-positive rate of 5%. For women at high risk for
trisomy 21, cfDNA analysis is available as early as 10 weeks’
gestation, with a detection rate of greater than 99%; however,
confirmatory invasive diagnostic testing is recommended.

• Second-trimester noninvasive screening with four analytes—
hCG, AFP, uE3, and inhibin A—has an 80% detection rate and
can be performed in conjunction with first-trimester screening to
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yield a higher detection rate of 95%.
• Invasive prenatal diagnosis with chromosome microarrays

allows comprehensive analysis of the entire genome at a finer
resolution than a routine karyotype and is capable of detecting
trisomies and unbalanced translocations as well as
submicroscopic deletions and duplications of the genome
(CNVs). It has several advantages over conventional
cytogenetic testing, especially in the fetus with a structural
malformation. Clinically significant CNVs were detected in 6%
of the fetuses with a normal karyotype and suspected structural
anomalies or growth abnormalities.

• Screening for carriers for β-thalassemia and α-thalassemia can
be inexpensively performed on the basis of an MCV less than
80% followed by hemoglobin electrophoresis, once iron
deficiency has been excluded.

• Cystic fibrosis (CF) is found in all ethnic groups, but the
heterozygote frequency is higher in non-Hispanic whites of
northern European (1 in 25) or Ashkenazi Jewish origin (1 in
24) than in other ethnic groups (black 1/61, Hispanic 1/58,
Asian 1/94). More than 1500 mutations have been identified in
the gene for CF, but carrier screening is obligatory only for a
specified panel of 23 mutations. In northern European white
and Ashkenazi Jewish individuals, the heterozygote detection
rate using the specified panel is 88% and 94%, respectively. In
other ethnic groups, detection rates are lower (64% in blacks,
72% in Hispanics, and 49% in Asian Americans).

• Most single-gene disorders can now be detected by molecular
methods if fetal tissue is available, given that the location of the
causative mutant gene is known for most disorders. Linkage
analysis can be applied if the gene has been localized but not
yet sequenced or if the mutation responsible for the disorder in
a given family remains unknown despite sequencing.

• Amniocentesis (15 weeks or later) and CVS (10 to 13 weeks)
are equivalent in safety (1 in 300 to 500 loss rate) and
diagnostic accuracy. Amniocentesis before 13 weeks is not
recommended because of an unacceptable risk for pregnancy
loss and clubfoot (talipes equinovarus).
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• Congenital malformations that involve a single organ system
(e.g., spina bifida, facial clefts, cardiac defects) are considered
multifactorial or polygenic. After the birth of one child with a
birth defect that involves only one organ system, the recurrence
risk in subsequent offspring is 1% to 5%. Many of these
congenital anomalies can be diagnosed in utero using
ultrasonography or fetal echocardiography.

• NTDs may be detected by either ultrasonography or MSAFP
screening in the second trimester.

• PGD requires removal of one or more cells (polar body
blastomere, trophectoderm) from the embryo. Diagnosis uses
molecular techniques to detect single-gene disorders and either
fluorescence in situ hybridization or chromosome array
comparative genome hybridization to detect chromosome
abnormalities (e.g., trisomy). PGD also allows for avoidance of
clinical pregnancy termination, fetal (embryonic) diagnosis
without disclosure of parental genotype (e.g., Huntington
disease), and selection of human leukocyte antigen–compatible
embryos.

Genetic History
▪ Obstetricians/gynecologists should attempt to take a

thorough personal and family history to determine whether
a woman, her partner, or a relative has a heritable disorder,
birth defect, mental retardation, or psychiatric disorder that
may increase their risk of having an affected offspring.

▪ A positive family history of a genetic disorder may warrant
referral to a clinical geneticist or genetic counselor who can
accurately assess the risk of having an affected offspring
and review genetic screening and testing options.

▪ Data do not indicate that the risk of having aneuploid
liveborns is increased based on paternal age.

Genetic Counseling
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▪ Obstetricians should be able to counsel patients before
performing screening tests for aneuploidy and neural tube
defects (NTDs), carrier screening, and diagnostic
procedures such as amniocentesis.

Chromosome Abnormalities
▪ The incidence of chromosome aberrations is 1 in 160

newborns. In addition, more than 50% of first-trimester
spontaneous abortions and at least 5% of stillborn infants
exhibit chromosome abnormalities.

▪ Autosomal trisomy can recur and has a recurrence risk of
approximately 1% following either trisomy 18 or 21.

Trisomy 21

▪ Trisomy 21, or Down syndrome, is the most frequent
autosomal chromosome syndrome

▪ Translocations (sporadic or familial) most commonly
associated with Down syndrome involve chromosomes 14
and 21.

Autosomal Deletions and Duplications

▪ Well-described genetic disorders have been associated with
deletions or duplications of a number of chromosomes
(Table 10.1). Although some of these may be diagnosed on a
routine karyotype, most will only be detected by
microarray analysis (MA) capable of detecting deletions
and duplications smaller than 5 Mb (5 million base pairs).

▪ Most deletions and duplications occur sporadically because
of nonallelic homologous recombination mediated by low-
copy repetitive sequences of DNA during meiosis or mitosis
and are not related to parental age. Hence, although the
recurrence risk is low (<1%), it still may be elevated above
baseline as a result of germline mosaicism.

205



▪ It is important to note that the phenotype of many deletion
and duplication syndromes is highly variable, and even
within the same family, this can range from mild to severe.

TABLE 10.1

Common Deletion Syndromes

Chromosome
Region Syndrome Clinical Features

4p16.3 Wolf-Hirschhorn IUGR, failure to thrive, microcephaly, developmental
delay, hypotonia, cognitive deficits, seizures, cardiac
defects, GU abnormalities

5p15.2 Cri du chat Microcephaly, SGA, hypotonia, catlike cry, cardiac
defects

7q11.23 Williams Supravalvular aortic stenosis, hypercalcemia,
developmental delay, mild to moderate intellectual
disability, social personality, attention-deficit disorder,
female precocious puberty

15q11.2q13 Prader-Willi
Angelman

Prader-Willi: Hypotonia, delayed development, short
stature, small hands and feet, childhood obesity,
learning disabilities, behavioral problems, delayed
puberty
Angelman: Developmental delay, intellectual
disability, impaired speech, gait ataxia, happy
personality, seizures, microcephaly

17p11.2 Smith-Magenis Mild to moderate intellectual disability, delayed speech
and language skills, behavioral problems, short stature,
reduced sensitivity to pain and temperature, ear and eye
abnormalities

20p12 Alagille Bile duct paucity, peripheral pulmonary artery stenosis,
cardiac defects, vertebral and GU anomalies

22q11.2 DiGeorge
(velocardiofacial)

Cardiac defects, hypocalcemia, thymic hypoplasia,
immune defect, renal and skeletal anomalies, delayed
speech, learning difficulties, psychological and
behavioral problems

GU, genitourinary; IUGR, intrauterine growth restriction; SGA, small for gestational
age.

Sex Chromosome Abnormalities
Monosomy X (45,X)

▪ Monosomy X, or Turner syndrome, accounts for 10% of all
first-trimester abortions; therefore it can be calculated that
more than 99% of 45,X conceptuses are lost early in
pregnancy.
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▪ Common features include primary ovarian failure, absent
pubertal development due to gonadal dysgenesis (streak
gonads), and short stature (<150 cm).

Klinefelter Syndrome

▪ About 1 in 1000 males are born with Klinefelter syndrome,
the result of two or more X chromosomes (47,XXY;
48,XXXY; and 49,XXXXY). Characteristic features include
small testes, azoospermia, elevated follicle-stimulating
hormone and luteinizing hormone levels, and decreased
testosterone.

Polysomy X in Girls (47,XXX; 48,XXXX; 49,XXXX)

▪ About 1 in 800 liveborn girls has a 47,XXX complement.

Polysomy Y in Boys (47,XYY and 48,XXYY)

▪ 47,XYY boys are more likely than 46,XY boys to be tall and
are at increased risk for learning disabilities, speech and
language delay, and behavioral and emotional difficulties.

Screening for Aneuploidy
First-Trimester Screening

▪ First-trimester screening can be performed between 11 and
14 weeks using a combination of biochemical markers,
pregnancy-associated plasma protein A and free β–human
chorionic gonadotropin (β-hCG), and ultrasound
measurement of the nuchal translucency (NT), a sonolucent
space present in all fetuses behind the fetal neck. The
detection rate for trisomy 21 is greater than 80% with a
false-positive rate of 5% compared with a 70% detection
rate based on NT measurement alone.1

▪ First-trimester screening is comparable or superior to
second-trimester screening alone and, most importantly, it
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provides parents with the option of earlier diagnostic
testing in the event the screen indicates that the fetus is at
high risk for aneuploidy.

▪ Women with an NT that exceeds 4 mm should be offered
diagnostic testing without needing to undergo further
analyte analysis.2

▪ A targeted ultrasound examination during the second
trimester and fetal echocardiography are recommended
when the NT measurement is 3.5 mm or greater and the
fetal karyotype is normal.

Second-Trimester Serum Screening

▪ The most widely used second-trimester aneuploidy
screening test is the so-called quad screen, which utilizes
four biochemical analytes—alpha-fetoprotein (AFP), hCG,
unconjugated estriol (uE3), and dimeric inhibin A (INHA).
Performed between 15 and 22 weeks’ gestation, the
detection rate for trisomy 21 is about 75% in women who
are less than 35 years of age and over 80% in women 35
years or older, with a false-positive rate of 5%.

▪ Serum hCG and INHA levels are increased in women
carrying fetuses with Down syndrome. Levels of AFP and
uE3 in maternal serum are lower in pregnancies affected
with Down syndrome compared with unaffected
pregnancies.

First- and Second-Trimester Screening

▪ Several approaches have been proposed using the
combination of both first- and second-trimester screening to
increase the detection rate over that achieved by screening
in either trimester alone, with detection rates of 88% to 96%
with false-positive rates of 5% reported.

Cell-Free DNA Analysis
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▪ The newest screening test for aneuploidy uses maternal cell-
free DNA (cfDNA).

▪ The American College of Obstetricians and Gynecologists
(ACOG) and the American College of Medical Genetics
(ACMG) recommend that women be offered aneuploidy
screening, and both acknowledge that noninvasive prenatal
testing is one of the screening options for women at
increased risk for aneuploidy.3,4

▪ Patients need to be counseled that a negative cfDNA test
does not ensure an unaffected pregnancy and cannot
provide the diagnostic accuracy of an invasive prenatal
diagnostic test, especially if fetal structural anomalies exist
or with a family history of a genetic disorder.

Aneuploidy Screening in Multiple Gestation

▪ Down syndrome screening using multiple serum markers is
less sensitive in twin pregnancies than in singleton
pregnancies.

Ultrasound Screening for Aneuploidy

▪ There is a significant association between the thickness of the
fetal nuchal skin fold and the presence of trisomy 21.

▪ Other markers commonly used in the genetic sonogram
include the nasal bone length, short femur or humerus,
echogenic intracardiac focus, echogenic bowel, and
pyelectasis.

▪ Most of these markers perform poorly as individual
predictors of Down syndrome and have a very low
sensitivity and a high rate of false-positive results.5

▪ Women should be informed that the absence of markers
does not rule out the possibility of Down syndrome or other
chromosome abnormalities.

Prenatal Diagnostic Testing for Chromosome
Abnormalities
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Cytogenetic Testing

▪ The gold standard for prenatal cytogenetic testing has been
the G-banded karyotype.

▪ ACOG recommends that women who desire an invasive
prenatal diagnostic test be offered microarray (MA) as an
option. Recent studies also support the use of MAs for the
evaluation of the fetus with a structural malformation.

▪ Chromosome MAs allow comprehensive analysis of the
entire genome at a finer resolution than a routine karyotype
and are capable of detecting trisomies and submicroscopic
deletions and duplications of the genome (copy number
variants; CNVs).

▪ In addition, clinically significant CNVs were detected in 6%
of fetuses with a normal karyotype and suspected structural
anomalies or growth abnormalities.

▪ One of the major concerns with MA is the identification of
variants of uncertain significance. One National Institute for
Child Health and Human Development study detected
variants of uncertain significance in 3.4% of cases with a
normal karyotype.

Fluorescence in Situ Hybridization

▪ DNA sequences unique to the chromosome in question are
labeled with a fluorochrome and are hybridized to a
metaphase chromosome or interphase nuclei (Fig. 10.1).

▪ Fluorescence in situ hybridization uses interphase cells and
thus permits rapid or same-day diagnosis of aneuploidy.
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FIG. 10.1  Fluorescence in situ hybridization (FISH)
performed on interphase nuclei obtained from

peripheral blood lymphocytes. Dual-color FISH has
been performed using Vysis (Abbott Molecular) locus-

specific probes for chromosome 13 (green) and
chromosome 21 (red). Chromosomal DNA is stained

with DAPI (blue). Two signals for each indicates
disomy (normal numbers) for these two

chromosomes. Courtesy Helen Tempest, Florida International University,

Miami.

Accuracy of Prenatal Cytogenetic Diagnosis

▪ Amniotic fluid analysis and chorionic villi analysis are
highly accurate for the detection of numeric chromosome
abnormalities.

▪ One vexing concern is that chromosome abnormalities
detected in villi or amniotic fluid sometimes may not reflect
fetal status.
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▪ True mosaicism is more likely when the same abnormality is
present in more than one clone or culture flask.

▪ Sometimes mosaicism is present in the placenta but not in
the embryo; this is called confined placental mosaicism (CPM).

▪ Two potential adverse effects associated with CPM should
be considered: intrauterine growth restriction (IUGR) and
uniparental disomy.

Implications of De Novo Structural Abnormalities

▪ The risk for the fetus being abnormal has been tabulated at
6% for a de novo reciprocal inversion and 10% to 15% for a
de novo translocation.

▪ Thus, when a de novo structural abnormality is present, an
MA should be performed to determine whether a gain or
loss has occurred at the breakpoint as a result of the
abnormality.

Single-Gene or Mendelian Disorders
▪ Approximately 1% of liveborn infants are phenotypically

abnormal as result of gene mutations.
▪ Carrier screening is performed to determine whether an

individual has a mutation in one of two copies
(heterozygous carrier) of the gene of interest.

▪ ACOG recommends population carrier screening for
selected disorders in families amenable to prenatal
diagnosis in which no previously affected individual has
been born (Table 10.2).

▪ A cost-effective approach to carrier screening begins with
testing the partner at risk (e.g., family history of the disease
of interest) or the mother. However, it is also acceptable to
test both concurrently. If one member of the couple has a
mutation for an autosomal recessive disorder, the next step
is to test the partner. When both parents are carriers for an
autosomal recessive disorder, the risk of having an affected
offspring is 25%.
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TABLE 10.2

CFTR, cystic fibrosis transmembrane conductance regulator; MCV, mean
corpuscular volume.

Ashkenazi Jewish Genetic Diseases

▪ A number of genetic conditions are very prevalent among
individuals of Ashkenazi Jewish ancestry (Table 10.3).
Heterozygote or carrier detection rates for each condition
are 95% to 99%.

▪ ACOG recommends carrier screening for Ashkenazi couples
for Tay-Sachs, cystic fibrosis (CF), Canavan disease, and
familial dysautonomia and also recommends that couples
be made aware of the availability of carrier screening for
other less prevalent and less severe diseases.6 These
disorders include mucolipidosis IV, Niemann-Pick disease
type A, Fanconi anemia type C, Bloom syndrome, and
Gaucher disease.

Hemoglobinopathies

▪ Approximately 1 in 12 individuals with African ancestry are
carriers of a single copy (heterozygous) of the mutation
associated with sickle cell anemia and have sickle cell trait.
Hemoglobin electrophoresis is the recommended screening
test because it can detect other abnormal forms of
hemoglobin and thalassemia.

▪ ACOG recommends a complete blood count (mean
corpuscular volume [MCV]) and hemoglobin
electrophoresis to detect thalassemia.7 MCV values of less
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than 80% are indicative of either iron deficiency anemia or
thalassemia heterozygosity; therefore it is necessary to test
for iron deficiency. If a deficiency is not found, an elevated
hemoglobin A2 and hemoglobin F will confirm β-
thalassemia. DNA-based testing is necessary to detect α-
globin deletions, which cause α-thalassemia.7

TABLE 10.3

Genetic Screening for Selected Disorders in Ashkenazi Jews

Disorders Carrier (Heterozygote)
Frequency

Carrier (Heterozygote) Detection
Rate (%)

Tay-Sachs 1/25 99
Canavan syndrome 1/40 97
Familial
dysautonomia

1/35 99.5

Cystic fibrosis 1/25 96
Niemann-Pick
disease

1/70 95

Fanconi anemia,
type C

1/90 95

Bloom syndrome 1/100 95
Mucolipidosis type
IV

1/125 96

Gaucher disease,
type I

1/19 95

Cystic Fibrosis

▪ Carrier screening for CF was initially recommended by
ACOG and ACMG in 2001.8,9 CF is more common in whites
of Northern European and Ashkenazi Jewish ancestry.

▪ CF may be diagnosed by the chloride sweat test or suspected
on a newborn screening test, but mutation testing or DNA
sequencing is used to confirm the diagnosis.

▪ One mutation—ΔF508, a deletion of phenylalanine (F) at
codon 508—accounts for about 75% of CF mutations in
whites who are not Ashkenazi Jews. ACOG and ACMG
recommend using a panethnic panel of 23 mutations as a
screening test to identify CF carriers.8
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Newborn Screening

▪ The ACMG and the March of Dimes have recommended
screening for a core panel of 31 conditions, including inborn
errors of metabolism amenable to treatment such as
phenylketonuria, galactosemia, and homocystinuria;
endocrine conditions such as hypothyroidism and 21-
hydroxylase deficiency; sickle cell anemia; and congenital
hearing loss.

Multifactorial and Polygenic Disorders
▪ It is postulated that some congenital malformations,

especially those that involve a single organ system, are the
result of the cumulative effects of more than one gene
(polygenic) and gene-environment interactions
(multifactorial).

▪ After the birth of one child with a defect involving only one
organ system, the recurrence risk in subsequent offspring is
1% to 5%.

Screening for Neural Tube Defects

▪ Maternal serum AFP (MSAFP) is a useful screening test for
open NTDs.

▪ Approximately 3% to 5% of women have an elevated
MSAFP depending on the threshold set and accuracy of
pregnancy dating; most are false-positive results.

▪ MSAFP is greater than 2.5 MoM in 90% of pregnancies with
anencephaly and in 80% with open spina bifida. With
ultrasound alone, it is possible to achieve very high
detection rates for NTDs (90% or higher in experienced
centers), and this has led some centers to utilize
ultrasonography as the primary screening test,
acknowledging limitations that exist for the detection of
small spinal defects.
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▪ Ultrasound is recommended in twin gestations for
assessment of NTDs.

Procedures for Prenatal Genetic
Diagnosis
Amniocentesis

▪ Genetic amniocentesis is usually performed after 15 weeks’
gestation. Early amniocentesis before 14 weeks’ gestation,
especially before 13 weeks’ gestation, should be avoided
because of higher rates of pregnancy loss, amniotic fluid
leakage, and talipes equinovarus.

▪ The risk of amniocentesis is very low in experienced hands:
approximately 1 in 300 to 500 procedure-related losses or
less.

Amniocentesis in Twin Pregnancies

▪ In multiple gestations, amniocentesis can usually be
performed on all fetuses. It is important to assess and
record chorionicity, placental location, fetal viability,
anatomy, and gender and to carefully identify each sac,
should selective termination be desired at a later date. A
simple and reliable technique to ensure that the same sac is
not sampled twice is to inject 2 to 3 mL of indigo carmine
following aspiration of amniotic fluid from the first sac,
before the needle is withdrawn.

Chorionic Villus Sampling

▪ CVS is performed between 10 and 13 weeks’ gestation by
either a transcervical or transabdominal approach.

▪ CVS is a relatively safe procedure. Several studies, including
randomized studies in the United States and Italy, reported
that the risk for pregnancy loss is similar to that of second-
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trimester amniocentesis.
▪ The consensus of most studies is that limb reduction defects

are not a major concern when CVS is performed at 10 to 13
weeks of gestation by experienced individuals.

Fetal Blood Sampling

▪ One of the most common indications for percutaneous
umbilical blood sampling is a fetal malformation detected
during the second and third trimesters. However, placental
biopsy is a safer, easier, and faster alternative that has
replaced fetal blood sampling in many centers.

▪ Collaborative data from 14 North American centers
sampling 1600 patients at varying gestational ages for a
variety of indications found an uncorrected fetal loss rate of
1.6%.10

Preimplantation Genetic Diagnosis
▪ At present, the preferred approach for PGD involves biopsy

of the trophectoderm in the 5- to 6-day blastocyst.
▪ PGD is the only prenatal genetic diagnostic approach

available for couples who wish to avoid an abnormal fetus
yet are opposed to pregnancy termination for religious or
other reasons.

▪ Viability is reduced by 10% when a single blastomere is
removed.

▪ Available data indicate no increased rate of birth defects in
liveborn infants who had been subjected as embryos to
PGD.
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CHAPTER 11

Antepartum Fetal
Evaluation
Mara B. Greenberg, and Maurice L. Druzin

Abstract
Antepartum fetal evaluation is employed to decrease perinatal
mortality and permanent neurologic injury. However, despite
advances in antepartum fetal surveillance and the widespread use of
fetal testing programs, the ability of these tests to improve pregnancy
outcomes remains unproven in many cases. A variety of antepartum
fetal tests may be employed in the management of pregnancies
believed to be at risk for fetal compromise.

Keywords
antepartum fetal testing; biophysical profile; non-stress test

KEY POINTS

• Although the PMR has fallen steadily in the United States since
1965, the number of fetal deaths has not changed substantially
in the past decade.

• Perinatal events play an important role in infant mortality and
long-term disability of survivors in addition to their contribution

219



to fetal death.
• At least 20% of fetal deaths have no obvious fetal, placental,

maternal, or obstetric etiology, and this percentage increases
with advancing gestational age.

• The prevalence of an abnormal condition (i.e., fetal death) has
great impact on the predictive value of antepartum fetal tests.

• Few of the antepartum tests commonly used in clinical practice
today have been subjected to large-scale prospective and
randomized evaluations that can speak to the true efficacy of
testing.

• Fetal adaptation to hypoxemia is mediated by changes in heart
rate and redistribution of cardiac output.

• The decrease in fetal movement with hypoxemia makes
maternal assessment of fetal activity a potentially simple and
widely applicable method of monitoring fetal well-being.
However, prospective trials of this method for prevention of
perinatal mortality have failed to conclusively show benefit.

• The CST has a low false-negative rate but a high false-positive
rate and is cumbersome to perform and thus is used less
frequently in common practice than other testing modalities.

• The observation that accelerations of the fetal heart rate in
response to fetal activity, uterine contractions, or stimulation
reflect fetal well-being is the basis for the NST.

• Use of VAS for a nonreactive NST or equivocal BPP does not
increase the false-negative rate and may reduce the likelihood
of unnecessary obstetric intervention.

• The NST has a low false-negative rate, although higher than
that of CST, and a high false-positive rate.

• Fetal biophysical activities can be evaluated with real-time
ultrasonography by BPP, and those fetal biophysical activities
that are present earliest in fetal development are the last to
disappear with fetal hypoxia.

• The mBPP performs comparably to the full BPP. Both
modalities have a false-negative rate, or rate of fetal death
within 1 week of a normal test, of 0.8 per 1000.

• Most amniotic fluid tests of fetal pulmonary maturation
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accurately predict pulmonary maturity, but results should be
taken in context with anticipated total neonatal maturity as
indicated by gestational age.

• Condition-specific testing involves modifying the frequency,
type, and initiation of antenatal tests according to maternal
high-risk conditions.

• Both costs and benefits should be considered when using a
particular testing strategy, taking into account competing risks
of fetal death and postnatal morbidity.

• The goal of evidence-based antepartum fetal evaluation is to
decrease perinatal mortality and permanent neurologic injury
through judicious use of reliable and valid methods of fetal
assessment without acting prematurely to modify an otherwise-
healthy pregnancy or providing a false sense of well-being in
cases of impending morbidity.

Defining the Problem of Perinatal
Mortality

▪ The National Center for Health Statistics provides two
different definitions for perinatal mortality

▪ Although the perinatal mortality rate (PMR) has fallen
steadily in the United States since 1965, the number of fetal
deaths has not changed substantially in the past decade
(Fig. 11.1).

Characteristics of Fetal Death

▪ Perinatal events play an important role in infant mortality.

Causes of Fetal Death

▪ In addition to declining frequency in PMR over time, the
overall pattern of perinatal deaths in the United States has
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changed considerably during the past 40 years.
▪ In summary, based on available data, about 30% of

antepartum fetal deaths may be attributed to asphyxia
(intrauterine growth restriction [IUGR], prolonged
gestation), 30% to maternal complications (placental
abruption, hypertension, preeclampsia, and diabetes
mellitus), 15% to congenital malformations and
chromosome abnormalities, and 5% to infection. At least
20% of fetal deaths have no obvious fetal, placental,
maternal, or obstetric etiology, and this percentage
increases with advancing gestational age.
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FIG. 11.1  U.S. trends in fetal mortality rates over time
by period of gestation, 1990 through 2006. Data from the

Centers for Disease Control and Prevention/National Center for Health Statistics,

National Vital Statistics System, August 2012.

Timing of Fetal Death

▪ Antepartum fetal death is much more common than
intrapartum fetal death, and unexplained fetal death occurs
far more commonly than unexplained infant death.

Identifying Those at Risk

▪ See Table 11.1.

TABLE 11.1
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BMI, body mass index; PAPP-A, pregnancy associated plasma protein A.
∗ For stillbirths, 37 weeks’ gestation.

Modified from Signore C, Freeman RK, Spong CY. Antenatal testing: a reevaluation.
Executive Summary of a Eunice Kennedy Shriver National Institute of Child Health
and Human Development Workshop. Obstet Gynecol . 2009;113:687-701; and Fretts
RC. Stillbirth epidemiology, risk factors, and opportunities for stillbirth prevention.
Clin Obstet Gynecol . 2010;53:588-596.

Maternal Characteristics
Maternal Age

▪ A J-shaped curve relationship exists between maternal age
and fetal deaths, with the highest rates in teenagers and
women older than 35 years.

▪ See Fig. 11.2.
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Maternal Race

▪ Factors that contribute to increased rates of fetal death
among black women compared with white women include
disparities in socioeconomic status, access to health care,
and preexisting medical conditions.

Maternal Comorbidities
Obesity

▪ Prepregnancy obesity is associated with increased perinatal
mortality especially in late gestation.

Diabetes Mellitus

▪ Although historically insulin-dependent diabetes has been a
major risk factor for fetal death, the fetal death rate in
women with optimal glycemic control now approaches that
of women without diabetes.

Hypertensive Disorders

▪ Increased perinatal mortality is most often related to
complicated hypertension with sequelae of placenta
insufficiency and IUGR.

Thrombophilia

▪ No demonstrable link has been found between inherited
thrombophilia and risk for fetal death. The presence of
circulating maternal antiphospholipid antibodies has been
associated with a variety of adverse pregnancy outcomes
including fetal loss.

225



FIG. 11.2  Relationship of fetal death and maternal age
across gestation. (From Reddy UM, Ko CW, Willinger M. Maternal age

and the risk of stillbirth throughout pregnancy in the United States. Am J Obstet

Gynecol. 2006;195:764-770.)

Intrahepatic Cholestasis

▪ The cause of fetal death in women with gestational
cholestasis remains unknown, and timing and predictive
features of impending fetal death remain unpredictable.

Renal Disease and Systemic Lupus Erythematosus

▪ With renal disease, fetal loss is often related to coexisting
hypertension. In women with SLE, fetal loss is also related
to coexisting hypertension as well as circulating
autoantibodies.

Fertility History and Assisted Reproductive
Technology

▪ An independent association between in vitro fertilization
and fetal death exists.
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▪ Nulliparity and high parity are both associated with fetal
death.

▪ Increased perinatal mortality is related to complications
unique to twins such as twin-twin transfusion syndrome as
well as fetal growth restriction.

Early Pregnancy Markers

▪ First- and second-trimester serum markers for aneuploidy,
when abnormally low or elevated, have been associated to
varying degrees with adverse perinatal outcomes even in
the absence of aneuploidy.

Amniotic Fluid Abnormalities

▪ The increased risk for fetal death is related to associations
with other conditions such as diabetes and fetal growth
restriction.

Fetal Growth Restriction

▪ Placenta malfunction is commonly implicated in
nonmalformed and chromosomally normal IUGR fetuses.

Postterm Pregnancy

▪ The pathophysiology is related to impaired placental oxygen
exchange and is often associated with oligohydramnios.

Fetal Malformations

▪ Pregnancies complicated by structural fetal anomalies are at
increased risk of stillbirth independent of coexisting fetal
growth restriction.

Potential Utility of Antepartum Fetal
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Testing
▪ Unfortunately, few of the antepartum tests commonly used

in clinical practice today have been subjected to large-scale
prospective and randomized evaluations that can speak to
the true efficacy of testing.

▪ The prevalence of the abnormal condition has great impact
on the predictive value of antenatal fetal tests.

▪ The number needed to evaluate and treat to prevent one
fetal death decreases as the risk for fetal death increases in
the population being tested.

▪ In interpreting the results of studies of antepartum testing,
the obstetrician must consider the application of that test to
his or her own population.

What Do These Tests Tell Us About
the Fetus?
Fetal State

▪ Regarding fetal biophysical characteristics, it must be
appreciated that during the third trimester, the normal fetus
can exhibit marked changes in its neurologic state.

▪ Fetal adaptation to hypoxemia is mediated through changes
in heart rate and redistribution of cardiac output.

▪ Fetal movement is a more indirect indicator of fetal oxygen
status and central nervous system function, and decreased
fetal movement is noted in response to hypoxemia.

Biophysical Techniques of Fetal
Evaluation
Maternal Assessment of Fetal Activity

▪ The decrease in fetal movement with hypoxemia makes
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maternal assessment of fetal activity a potentially simple
and widely applicable method of monitoring fetal well-
being. However, prospective trials of this method for
prevention of perinatal mortality have failed to conclusively
show benefit.

▪ About 80% of all mothers are able to comply with a program
of counting fetal activity.

▪ See Fig. 11.3.

Contraction Stress Test

▪ The contraction stress test (CST), also known as the oxytocin
challenge test, was the first biophysical technique widely
applied for antepartum fetal surveillance.

▪ An adequate CST requires uterine contractions of moderate
intensity that last about 40 to 60 seconds with a frequency
of 3 in 10 minutes. A positive CST demonstrates late
decerations with at least 50% of contractions. A negative
CST includes no late or significant variable decelerations.

FIG. 11.3  Maternal assessment of fetal activity is a
valuable screening test for fetal condition. Should the

mother report decreased fetal activity, a nonstress test
is performed. In this situation, most nonstress tests are

reactive.

Predictive Value of the Contraction Stress Test
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▪ A negative CST has been consistently associated with good
fetal outcome.

▪ The CST, like most methods of antepartum fetal
surveillance, cannot predict acute fetal compromise.

▪ The high incidence of false-positive CSTs is one of the
greatest limitations of this test because such results could
lead to unnecessary premature intervention.

Nonstress Test

▪ Accelerations of the fetal heart rate in response to fetal
activity, uterine contractions, or stimulation reflect fetal
well-being formed the basis for the nonstress test (NST). A
reactive NST is defined as a test with at least two
accelerations with a peak of 15 beats/min and total duration
of 15 seconds in a 20-minute window of monitoring (Fig.
11.4).

Fetal Heart Rate Patterns Observable on the Nonstress
Test

▪ In summary, when accelerations of the baseline heart rate
are seen during monitoring in the late second and early
third trimesters, the NST has been associated with fetal
well-being.

▪ Most fetuses that exhibit a nonreactive NST are not
compromised but simply fail to exhibit heart rate reactivity
during the 40-minute period of testing.

▪ In summary, vibroacoustic stimulation may be helpful in
shortening the time required to perform an NST and may
be especially useful in centers where large numbers of NSTs
are done.

Other Nonstress Test Patterns or Findings

Sinusoidal Pattern
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▪ This undulating pattern with virtually absent variability has
been associated with fetal anemia and asphyxia as well as
congenital malformations and certain narcotic medications.

Bradycardia

▪ If a bradycardia is observed, an ultrasound examination
should be performed to assess amniotic fluid volume and to
detect the presence of anomalies.

Tachycardia

▪ The most common etiology of fetal tachycardia is maternal-
fetal fever secondary to maternal-fetal infection such as
chorioamnionitis.

FIG. 11.4  A reactive nonstress test. Accelerations of
the fetal heart greater than 15 beats/min and that last
longer than 15 sec can be identified. When the patient
appreciates a fetal movement, she presses an event
marker on the monitor, which creates arrows on the

lower portion of the tracing.

Arrhythmia

▪ Most arrhythmias are tachyarrhythmias (90%) representing
either supraventricular tachycardia or atrial flutter. Fetal
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bradycardia with aventricular rate less than 100 beats/min
may be due to atrioventricular block.

Deceleration

▪ In most cases, mild variable decelerations are not associated
with poor perinatal outcome.

Predictive Value of the Nonstress Test

▪ The NST is most predictive when it is normal or reactive.
▪ In selected high-risk pregnancies, the false-negative rate

associated with a weekly NST may be unacceptably high.

Fetal Biophysical Profile

▪ See Table 11.2.
▪ The use of real-time ultrasonography to assess antepartum

fetal condition has enabled the obstetrician to perform an in
utero physical examination and evaluate dynamic functions
that reflect the integrity of the fetal central nervous system.1

▪ Fetal biophysical activities that are present earliest in fetal
development are the last to disappear with fetal hypoxia.

▪ The biophysical profile (BPP) correlates well with fetal acid-
base status.

Predictive Value of the Biophysical Profile

▪ To summarize the results of multiple studies, the false-
negative rate of a normal BPP is less than 0.1%, or less than
1 fetal death per 1000 within 1 week of a normal BPP.2

Doppler Ultrasound

▪ This method of fetal assessment has only been demonstrated
to be of value in reducing perinatal mortality and
unnecessary obstetric interventions in fetuses with
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suspected IUGR and possibly other disorders of
uteroplacental blood flow.

TABLE 11.2

Management Based on Biophysical Profile

Score Interpretation Management
10 Normal; low

risk for chronic
asphyxia

Repeat testing at weekly to twice-weekly intervals.

8 Normal; low
risk for chronic
asphyxia

Repeat testing at weekly to twice-weekly intervals.

6 Suspect
chronic
asphyxia

If ≥36-37 wk gestation or <36 wk with positive testing for fetal
pulmonary maturity, consider delivery; if <36 wk and/or fetal
pulmonary maturity testing is negative, repeat biophysical profile in 4-
6 hr; deliver if oligohydramnios is present.

4 Suspect
chronic
asphyxia

If ≥36 wk gestation, deliver; if <32 wk gestation, repeat score.

0-2 Strongly
suspect chronic
asphyxia

Extend testing time to 120 min; if persistent score is 4 or less, deliver
regardless of gestational age.

Modified from Manning FA, Harman CR, Morrison I, et al. Fetal assessment based
on fetal biophysical profile scoring. Am J Obstet Gynecol . 1990;162:703; and
Manning FA. Biophysical profile scoring. In Nijhuis J, ed: Fetal behaviour . New York,
Oxford University Press; 1992:241.

Clinical Application of Tests of Fetal
Well-Being

▪ Our ability to detect and prevent impending fetal death or
injury depends not only on the predictive value of the tests
used and the population selected for testing but also on our
ability to respond to abnormal test results.

▪ The approach to prescribing testing modalities must take
into account gestational age, medical comorbidities, and
sociodemographic risk factors.

▪ The frequency with which to use specific tests will depend
on a number of features, including the predictive value of
the test and the underlying condition prompting the test.
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▪ Initiating testing at 32 to 34 weeks of gestation has
historically been prescribed for most high-risk pregnancies,
with earlier testing recommended for cases with multiple
comorbidities or particularly worrisome features.

▪ The basis for antepartum testing relies on the premise that
the fetus whose oxygenation in utero is challenged will
respond with a series of detectable physiologic adaptive or
decompensatory signs as hypoxemia or frank metabolic
academia develop.

Evidence for Condition-Specific Testing

▪ The authors acknowledge that no ideal single test or testing
strategy exists for all high-risk pregnancies but that
clinician judgment and logic, as well as evidence from
observational trials, should guide testing strategies for each
patient (Fig. 11.5).
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FIG. 11.5 Flow chart for antepartum fetal surveillance in
which the nonstress test (NST) and amniotic fluid index

(AFI) are used as the primary methods for fetal
evaluation. A nonreactive NST and decreased AFI are

further evaluated using either the contraction stress
test (CST) or the biophysical profile (BPP). AF,

amniotic fluid. ∗If the fetus is mature and amniotic fluid
volume is reduced, delivery should be considered

before further testing is undertaken. Modified from Finberg HJ,

Kurtz AB, Johnson RL, et al. The biophysical profile: a literature review and
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reassessment of its usefulness in the evaluation of fetal well-being. J Ultrasound

Med 1990;9:583.
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CHAPTER 12

Normal Labor and
Delivery
Sarah Kilpatrick, and Etoi Garrison

KEY POINTS

• Labor is a clinical diagnosis that includes regular painful uterine
contractions and progressive cervical effacement and dilation.

• Labor has three stages: the first stage is from labor onset until
full dilation of the cervix, the second stage is from full cervical
dilation until delivery of the baby, and the third stage begins
with delivery of the baby and ends with delivery of the placenta.
The first stage of labor is divided into two phases: the first is the
latent phase and the second is the active phase.

• Active labor is diagnosed as the time when the slope of cervical
change increases, which is more difficult to identify in nulliparas
and may not occur until at least 6 cm dilation.

• The ability of the fetus to successfully negotiate the pelvis
during labor and delivery is dependent on the complex
interaction of three variables: uterine force, the fetus, and the
maternal pelvis.

• Labor length is affected by many variables that include parity,
epidural use, fetal position, fetal size, and maternal body mass
index.
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• Upright, rather than recumbent, positioning during labor is
associated with a significantly shorter first stage of labor, less
epidural use, and a reduction in the risk of cesarean delivery by
30%.

• The presence of a labor doula is associated with a significant
reduction in the use of analgesia, oxytocin, and operative
vaginal delivery or cesarean delivery and an increase in patient
satisfaction.

• Routine midline episiotomy is associated with a significant
increase in the incidence of severe perineal trauma and should
be avoided.

• Active management of the third stage of labor is associated with
a significant reduction in blood loss greater than1000 mL and
therefore a lower risk of maternal anemia.

• Ultrasound may be a useful adjunct to the clinical examination
in the peripartum period.

Overview

Labor: Definition and Physiology
▪ Labor is defined as the process by which the fetus is expelled

from the uterus. More specifically, labor requires regular,
effective contractions that lead to dilation and effacement of
the cervix.

▪ The four phases of labor from quiescence to involution are
outlined in Fig. 12.1.1
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FIG. 12.1  Regulation of uterine activity during
pregnancy and labor. Modified from Challis JRG, Gibb W. Control of

parturition. Prenat Neonat Med. 1996;1:283.

Mechanics of Labor
▪ Labor and delivery are not passive processes in which

uterine contractions push a rigid object through a fixed
aperture. The ability of the fetus to successfully negotiate
the pelvis during labor and delivery depends on the
complex interactions of three variables: uterine activity, the
fetus, and the maternal pelvis. This complex relationship
has been simplified in the mnemonic powers, passenger,
passage.

Uterine Activity (Powers)
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▪ The powers refer to the forces generated by the uterine
musculature. Uterine activity is characterized by the
frequency, amplitude (intensity), and duration of
contractions.

▪ The most precise method for determination of uterine
activity is the direct measurement of intrauterine pressure
with an intrauterine pressure catheter.

▪ Classically, three to five contractions in 10 minutes has been
used to define adequate labor; this pattern has been
observed in approximately 95% of women in spontaneous
labor.

▪ Tachysystole is defined as more than five contractions in 10
minutes averaged over 30 minutes. If tachysystole occurs,
documentation should note the presence or absence of fetal
heart rate decelerations. The term hyperstimulation should
no longer be used.2

Fetus (Passenger)

▪ Fetal macrosomia is defined by the American College of
Obstetricians and Gynecologists (ACOG) as birthweight
greater than or equal to the 90th percentile for a given
gestational age or greater than 4500 g for any gestational
age.3

▪ Fetal lie refers to the longitudinal axis of the fetus relative to
the longitudinal axis of the uterus.

▪ Presentation refers to the fetal part that directly overlies the
pelvic inlet.

▪ Position of the fetus refers to the relationship of the fetal
presenting part to the maternal pelvis; it can be assessed
most accurately on vaginal examination.

▪ Station is a measure of descent of the bony presenting part of
the fetus through the birth canal (Fig. 12.2).

Maternal Pelvis (Passage)

▪ In current obstetric practice, radiographic CT and MRI
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pelvimetry are rarely used given the lack of evidence of
benefit and some data show possible harm (increased
incidence of cesarean delivery [CD]); instead, a clinical trial
of the pelvis (labor) is used.
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FIG. 12.2  The relationship of the leading edge of
the presenting part of the fetus to the plane of the

maternal ischial spines determines the station.
Station +1/+3 (old classification), or +2/+5 (new

classification), is illustrated.

▪ Clinical pelvimetry is currently the only method of assessing
the shape and dimensions of the bony pelvis in labor.4

▪ An adequate trial of labor is the only definitive method to
determine whether a fetus will be able to safely negotiate
through the pelvis.
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Cardinal Movements in Labor
▪ Although labor and birth comprise a continuous process,

seven discrete cardinal movements are described: (1)
engagement, (2) descent, (3) flexion, (4) internal rotation, (5)
extension, (6) external rotation or restitution, and (7)
expulsion (Fig. 12.3).

Engagement

▪ Engagement refers to passage of the widest diameter of the
presenting part to a level below the plane of the pelvic inlet
(Fig. 12.4).

▪ With a cephalic presentation, engagement is achieved when
the presenting part is at zero station on vaginal
examination.

Descent

▪ Descent refers to the downward passage of the presenting
part through the pelvis. Descent of the fetus is not
continuous; the greatest rates of descent occur in the late
active phase and during the second stage of labor.

Flexion

▪ Flexion of the fetal head occurs passively as the head
descends owing to the shape of the bony pelvis and the
resistance offered by the soft tissues of the pelvic floor.

▪ The result of complete flexion is to present the smallest
diameter of the fetal head (the suboccipitobregmatic
diameter) for optimal passage through the pelvis.

Internal Rotation

244



▪ Internal rotation refers to rotation of the presenting part from
its original position as it enters the pelvic inlet (usually
occiput transverse) to the AP position as it passes through
the pelvis.

Extension

▪ Extension occurs once the fetus has descended to the level of
the introitus.

External Rotation

▪ External rotation, also known as restitution, refers to the
return of the fetal head to the correct anatomic position in
relation to the fetal torso.

Expulsion

▪ Expulsion refers to delivery of the rest of the fetus.
▪ The anterior shoulder is delivered in much the same manner

as the head, with rotation of the shoulder under the
symphysis pubis.
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FIG. 12.3  Cardinal movements of labor.
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FIG. 12.4  Engagement of the fetal head.

Normal Progress of Labor
▪ Progress of labor is measured with multiple variables. With

the onset of regular contractions, the fetus descends in the
pelvis as the cervix both effaces and dilates. With each
vaginal examination to judge labor progress, the clinician
must assess not only cervical effacement and dilation but
fetal station and position. This assessment depends on
skilled digital palpation of the maternal cervix and the
presenting part. As the cervix dilates in labor, it thins and
shortens—or becomes more effaced—over time. Cervical
effacement refers to the length of the remaining cervix and
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can be reported in length or as a percentage. If percentage is
used, 0% effacement at term refers to at least a 2 cm long or
a very thick cervix, and 100% effacement refers to no length
remaining or a very thin cervix.

▪ Labor occurs in three stages: the first stage is from labor onset
until full dilation of the cervix; the second stage is from full
cervical dilation until delivery of the baby; and the third
stage begins with delivery of the baby and ends with
delivery of the placenta. The first stage of labor is divided
into two phases: the first is the latent phase, and the second
is the active phase.

▪ The active phase of labor is defined as the period in which the
greatest rate of cervical dilation occurs.

▪ Recent analysis of contemporary labor from several studies
challenges our understanding of the cervical dilation at
which active labor occurs and suggests that the transition
from the latent phase to the active phase of labor is a more
gradual process.5

▪ Labor progress in nulliparous women who ultimately had a
vaginal delivery is in fact slower than previously reported
until 6 cm of cervical dilation.6

▪ It would be more appropriate to utilize a threshold of 6 cm
cervical dilation to define active phase labor onset and that
the rate of cervical dilation for nulliparas at the 95th
percentile of normal may be greater than the 1 cm/h
previously expected.

▪ A Cochrane meta-analysis of 11 randomized control trials
(RCTs) did not identify a statistically significant difference
in the mean length of the first stage of labor in women
randomized to epidural analgesia compared with those
who went without.
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FIG. 12.5  Modern labor graph. Characteristics of
the average cervical dilation curve for nulliparous

labor. B, Zhang labor partogram. The 95th
percentiles of cumulative duration of labor from

admission among singleton term nulliparous
women with spontaneous onset of labor. Accel.,

acceleration; Decel., deceleration; Max.,
maximum; Sec., seconds. Modified from Friedman EA. Labor:

Clinical Evaluation and Management, ed 2. Norwalk, CT: Appleton-

Century-Crofts; 1978.

▪ Factors significantly associated with a prolonged second
stage include induced labor, chorioamnionitis, older
maternal age, occiput posterior position, delayed pushing,
nonblack ethnicity, epidural analgesia, and parity of five or
more.7,8

▪ Epidural use significantly increases the mean duration of the
second stage.

▪ An epidural was associated with an increase in the 95th
percentile duration of the second stage in nulliparous
women by 94 minutes.

▪ For multiparous women with a spontaneous vaginal
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delivery, an epidural increased the 95th percentile duration
of the second stage by 102 minutes.

▪ In a case series of nearly 13,000 singleton vaginal deliveries
at greater than 20 weeks’ gestation, the median third-stage
duration was 6 minutes and exceeded 30 minutes in only
3% of women.9 However, third stages lasting greater than
30 minutes were associated with significant maternal
morbidity that included an increased risk of blood loss
greater than 500 mL, a decrease in postpartum hematocrit
by greater than or equal to 10%, need for dilation and
curettage, and a sixfold increased risk of postpartum
hemorrhage.9,10 These data suggest that if spontaneous
separation does not occur, manual removal and/or
extraction of the placenta should be considered after 30
minutes to reduce the risk of maternal hemorrhage.

Interventions That Affect Normal Labor
Outcomes

▪ A well-designed randomized trial11 of over 1000 low-risk
women in early labor at 3- to 5-cm cervical dilation
compared ambulation with usual care and found no
differences in the duration of the first stage, need for
oxytocin, use of analgesia, neonatal outcomes, or route of
delivery.

▪ Upright rather than recumbent positioning during labor was
associated with a significantly shorter first stage of labor by
1 hour and 22 minutes.

▪ The presence of a labor doula was associated with a
significant reduction in the use of analgesia, oxytocin, and
operative vaginal delivery.

▪ Continuous labor support with a friend or family member
should be encouraged.

▪ The available data suggest that IV fluid is beneficial in labor.

Active Management of Labor
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▪ Dystocia refers to a lack of progress of labor for any reason,
and it is the most common indication for CD in nulliparous
women and the second most common indication for CD in
multiparous women.

▪ Protocols for active management included (1) admission
only when labor was established, evidenced by painful
contractions and spontaneous rupture of membranes, 100%
effacement, or passage of blood-stained mucus; (2) artificial
rupture of membranes on diagnosis of labor; (3) aggressive
oxytocin augmentation for labor progress of less than 1
cm/h with high-dose oxytocin (6 mIU/min initial dose,
increased by 6 mIU/min every 15 minutes to a maximum of
40 mIU/min); and (4) patient education.12

▪ In a recent Cochrane review,13 a meta-analysis of 11 trials
(7753 women) concluded that early oxytocin augmentation
in women with spontaneous labor was associated with a
significant decrease in CD.

▪ Perhaps the most important factor in active management is
delaying admission until active labor has been established.

Second Stage of Labor

▪ Abnormal progress in fetal descent is the dystocia of the
second stage.

▪ No specific threshold maximum second-stage duration exists
beyond which all women should undergo operative vaginal
delivery.14 However, a direct correlation has been found
between second-stage duration, adverse maternal outcomes
(hemorrhage, infection, perineal lacerations), and the
likelihood of a successful vaginal delivery.15

▪ Second-stage lengths of greater than 3 hours were associated
with increased maternal and neonatal morbidity.16

▪ The benefits of vaginal delivery with second-stage
prolongation must be weighed against possible small but
significant increases in neonatal risk.15 Although less
frequent, adverse neonatal outcomes for multiparous
women with a prolonged second-stage duration have also
been reported.15,17,18
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▪ Allow at least a 3- to 4-hour second-stage duration for
nulliparous women and at least a 2- to 3-hour second-stage
duration for multiparas, if maternal and fetal conditions
permit.14

▪ A meta-analysis of 12 RCTs found that delayed pushing was
associated with an increased rate of vaginal delivery.
However, this benefit was not statistically significant
among the quality studies reviewed.19–23

▪ Delayed pushing is not associated with fewer cesarean or
operative deliveries and may have maternal risks.
Additional studies are needed to determine whether
delayed pushing is associated with increased neonatal risk.

▪ Nonrecumbent positioning in the second stage should be
considered.

Spontaneous Vaginal Delivery
▪ When the fetal head crowns and delivery is imminent, gentle

pressure should be used to maintain flexion of the fetal
head and to control delivery, potentially protecting against
perineal injury. Once the fetal head is delivered, external
rotation (restitution) is allowed. If a shoulder dystocia is
anticipated, it is appropriate to proceed directly with gentle
downward traction of the fetal head before restitution
occurs. During restitution, nuchal umbilical cord loops
should be identified and reduced; in rare cases in which
simple reduction is not possible, the cord can be doubly
clamped and transected. The anterior shoulder should then
be delivered by gentle downward traction in concert with
maternal expulsive efforts; the posterior shoulder is
delivered by upward traction. These movements should be
performed with the minimal force possible to avoid
perineal injury and traction injuries to the brachial plexus.

▪ No evidence shows that DeLee suction reduces the risk of
meconium aspiration syndrome in the presence of
meconium; thus this should not be performed.24

▪ The timing of cord clamping is usually dictated by
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convenience and is commonly performed immediately after
delivery. However, an ongoing debate exists about the
benefits and risks to the newborn of late cord clamping.

▪ In 2012, ACOG issued a committee opinion affirming the
practice of delayed cord clamping for preterm infants in
light of the up to 50% reduction in the risk of
intraventicular hemorrhage reported for these infants when
delayed cord clamping is performed.25 However, for term
infants, ACOG determined that evidence was insufficient to
either confirm or refute the benefits of delayed cord
clamping.

▪ Keeping the infant warm is particularly important, and
because heat is lost quickly from the head, placing a hat on
the infant is appropriate.

▪ Immediate or early skin-to-skin contact increases the
likelihood of breastfeeding initiation at 1 to 4 months.

▪ There is a significant reduction in neonatal mortality,
nosocomial infection and sepsis, and hypothermia as well
as improvements in measures of infant growth,
breastfeeding, and mother-infant attachment with kangaroo
care compared with conventional methods for low-
birthweight infants.26

Delivery of the Placenta and Fetal
Membranes

▪ Placental separation is heralded by lengthening of the
umbilical cord and a gush of blood from the vagina,
signifying separation of the placenta from the uterine wall.

▪ Implementation of active management strategies in the third
stage of labor can significantly decrease the risk of
postpartum hemorrhage.

▪ Routine manual exploration of the uterus after delivery is
unnecessary unless retained products of conception or a
postpartum hemorrhage is suspected.
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Episiotomy and Perineal Injury and
Repair

▪ Following delivery of the placenta, the vagina and perineum
should be carefully examined for evidence of injury.

▪ A first-degree tear is defined as a superficial tear confined to
the epithelial layer; it may or may not need to be repaired
depending on size, location, and amount of bleeding. A
second-degree tear extends into the perineal body but not into
the external anal sphincter. A third-degree tear involves
superficial or deep injury to the external anal sphincter,
whereas a fourth-degree tear extends completely through the
sphincter and the rectal mucosa. All second-, third-, and
fourth-degree tears should be repaired.

▪ A recent Cochrane review of eight RCTs that compared
restrictive to routine use of episiotomy showed a significant
reduction of severe perineal tears, suturing, and healing
complications in the restrictive group.27

▪ Based on the lack of consistent evidence that episiotomy is of
benefit, routine episiotomy has no role in modern
obstetrics.27–31 In fact, a recent evidence-based review
recommended that episiotomy should be avoided if
possible, based on U.S. Preventive Task Force quality of
evidence.32

▪ The relationship of episiotomy to subsequent pelvic
relaxation and incontinence has been evaluated, and no
studies suggest that episiotomy reduces risk of
incontinence.

▪ No data suggest that episiotomy protects the woman from
later incontinence; therefore avoidance of fourth-degree
tearing should be a priority.

Ultrasound in Labor and Delivery
▪ Ultrasound is a useful adjunct to the clinical examination in

the peripartum period.
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▪ The association between sonographic cervical length at term
and labor outcome has also been studied.

▪ An association has been found between cervical parameters
at term and successful labor induction.33–35

▪ Fetal head position and station during labor are best
determined by careful digital pelvic examination.
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CHAPTER 13

Abnormal Labor and
Induction of Labor
Lili Sheibani, and Deborah A. Wing

KEY POINTS

• Labor is a clinical diagnosis defined as uterine contractions that
result in progressive cervical effacement and dilation.

• The most common causes of protraction or arrest disorders are
inadequate uterine activity and abnormal positioning of the fetal
presenting part.

• Under new guidelines, neither a protracted active phase nor
arrest of dilation should be diagnosed in a nullipara before 6 cm
cervical dilation.

• Before a diagnosis of active-phase arrest is made, rupture of
membranes should have occurred and the cervix must be
dilated at least 6 cm, with either 4 hours or more of adequate
contractions (e.g., more than 200 Montevideo units) or 6 hours
or more of inadequate contractions and no cervical change.

• Induction of labor should be undertaken when the benefits of
delivery to either mother or fetus outweigh the risks of
pregnancy continuation.

• Studies have demonstrated that routine induction of labor at 41
weeks’ gestation is not associated with an increased risk of
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cesarean delivery regardless of parity, state of the cervix, or
method of induction.

• If elective induction is undertaken for nonmedical reasons,
women should have pregnancies of 39 weeks’ gestation or
more.

• Induction of labor with IV oxytocin, intravaginal prostaglandin
compounds, and expectant management (with defined time
limits) are all reasonable options for women and their infants in
the face of premature rupture of the membranes at term
because they result in similar rates of neonatal infection and
cesarean delivery.

Diagnosis
Abnormal Labor at Term

▪ The diagnosis of labor protraction and arrest should be
considered based on the level of cervical dilation (Table
13.1).

Disorders of the Latent Phase

▪ Because the duration of latent labor is highly variable, even
in the setting of a prolonged latent phase, expectant
management is appropriate because most women will
ultimately enter the active phase.

TABLE 13.1

Data from Zhang J, Troendle J, Mikolajczyk R, et al. The natural history of the normal
first stage of labor. Obstet Gynecol. 2010;115(4):705.

260



Data presented in hours as median (95th percentile).

Disorders of the Active Phase

▪ Based on Friedman’s work, the active phase begins once
cervical dilation progresses at a minimum rate of 1.2 cm/h
for nulliparous women and 1.5 cm/h for multiparous
women.

▪ The threshold for the active phase of labor is now cervical
dilation of 6 cm.

▪ The diagnosis of arrest (i.e., no cervical change) in the first
stage of labor should be reserved for women at or beyond 6
cm cervical dilation with membrane rupture and one of the
following: 4 hours or more of adequate contractions (e.g.,
more than 200 Montevideo units) or 6 hours or more of
inadequate contractions.1

▪ The most common cause of a protraction disorder is
inadequate uterine activity.

▪ An intrauterine pressure catheter is frequently used when
inadequate uterine activity is suspected owing to a
protraction or arrest disorder. It can also be used to titrate
oxytocin augmentation of labor to the desired effect,
particularly when an external monitor cannot effectively
record contractions.

Disorders of the Second Stage

▪ Evidence shows that maternal morbidities—including
perineal trauma, chorioamnionitis, instrumental delivery,
and postpartum hemorrhage—increase with second stages
that last greater than 2 hours.

▪ Nevertheless, a specific absolute maximum length of time
spent in the second stage of labor beyond which all women
should undergo operative delivery has not been identified.

Disorders of the Third Stage
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▪ The interval between delivery of the infant and delivery of
the placenta and fetal membranes is usually less than 10
minutes and is complete within 15 minutes in 95% of
deliveries.

▪ Because of the associated increased incidence of hemorrhage
after 30 minutes, most practitioners diagnose retained
placenta after this time interval has elapsed.

▪ Compared with expectant management of the third stage,
active management has been associated with a reduced risk
of postpartum hemorrhage.

Induction of Labor
Elective Induction of Labor

▪ Elective induction of labor refers to the initiation of labor for
convenience in an individual with a term pregnancy who is
free of medical or obstetric indications.

Failed Induction

▪ No universal standard exists for what constitutes a failed
induction.

▪ Membrane rupture and oxytocin administration should in
most cases be a prerequisite before diagnosis of failed
induction of labor. Additionally, experts have proposed
waiting at least 24 hours in the setting of both oxytocin and
ruptured membranes before diagnosing failed induction of
labor.2

Techniques for Cervical Ripening and
Labor Induction
Oxytocin

▪ The plasma half-life of oxytocin is estimated at 3 to 6
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minutes, and steady-state concentrations are reached within
30 to 40 minutes of initiation or dose change.

▪ At this time, no one oxytocin protocol has demonstrated its
superiority in both efficacy and safety over another.

Prostaglandins

▪ Local administration of prostaglandin E2 is effective in
enhancing cervical effacement and dilation thus shortening
the induction-to-delivery interval, and reducing oxytocin
use and cesarean delivery for failure to progress.

▪ Administration of prostaglandin E1 for preinduction cervical
ripening is considered a safe and effective off-label use by
ACOG.3

Transcervical Balloon Catheter

▪ Use of a transcervical balloon catheter has been shown to be
as effective as prostaglandins for cervical ripening.
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CHAPTER 14

Operative Vaginal
Delivery
Peter E. Nielsen, Shad H. Deering, and Henry L. Galan

KEY POINTS

• Rates of cesarean delivery have risen in the United States,
reaching a rate of approximately 25% of all deliveries, whereas
rates of forceps deliveries have declined from 17.7% in 1980 to
4% in 2000.

• Treat the vacuum extractor with the same respect as the
forceps. The prerequisites for application of forceps or vacuum
extractor are identical.

• When using vacuum extraction, descent of the fetal head
should occur with each pull. If no descent occurs after three
pulls, the operative attempt should be stopped.

• The risks of fetal injury associated with operative vaginal
delivery are generally instrument specific: vacuum deliveries
account for higher rates of cephalohematoma and subgaleal
and retinal hemorrhages, and forceps deliveries account for a
nonsignificantly higher rate of scalp and facial injuries.

• The sequential use of vacuum extraction and forceps increases
the likelihood of adverse maternal and neonatal outcomes more
than the sum of the relative risks of each instrument.
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Operative Vaginal Delivery
Classification, Prerequisites, and
Indications

▪ In 1988, ACOG revised the classification1 of forceps
operations to address two significant shortcomings of the
previous system: that midforceps was too widely defined
and outlet forceps was too narrowly defined.

▪ Investigators validated the 1988 ACOG classification scheme
by demonstrating that the higher station and more complex
deliveries carried a greater risk of maternal and fetal injury
compared with those that were more straightforward.

▪ The prerequisites for application of either forceps or vacuum
extractor are listed in Box 14.1.

▪ When these prerequisites have been met, the following
indications are appropriate for consideration of either
forceps delivery or vacuum extraction: (1) prolonged
second stage, (2) suspicion of immediate or potential fetal
compromise, or (3) shortening of the second stage of labor
for maternal benefit (i.e., maternal exhaustion, maternal
cardiopulmonary or cerebrovascular disease).

Operative Vaginal Delivery
Instruments
Forceps Instruments

▪ Except when used at cesarean delivery, forceps are paired
instruments and are broadly categorized according to their
intended use as classic forceps, rotational forceps, and
specialized forceps designed to assist vaginal breech
deliveries.

▪ Classic forceps instruments are typically used when rotation
of the vertex is not required for delivery.

▪ Forceps instruments used for rotation are characterized as
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having a cephalic curve amenable to application to the
molded vertex and either only a slight pelvic curve or none
at all. The absence of a pelvic curve in these instruments
facilitates rotation of the vertex without moving the handles
of the instrument through a wide arc, as is necessary when
using one of the classic instruments to accomplish rotation.

▪ Forceps to assist with delivery of the aftercoming head
during vaginal breech delivery (Piper forceps) have a
cephalic curve, a reverse pelvic curve, long parallel shanks,
and an English lock (see Fig. 14.1).

 
BOX 14.1 Prerequisites for Forceps or Vacuum
Extractor Application

▪ Fetal vertex is engaged.
▪ Membranes have ruptured.
▪ Cervix is fully dilated.
▪ Position is precisely known.
▪ Assessment of maternal pelvis reveals adequacy for the

estimated fetal weight.
▪ Adequate maternal analgesia is available.
▪ Bladder is drained.
▪ Operator is knowledgeable.
▪ Operator is willing to abandon the procedure if necessary.
▪ Informed consent has been obtained.
▪ Necessary support personnel and equipment are present.

Vacuum Extraction Devices

▪ A vacuum extractor is essentially a cup connected to a
handle grip with tubing that connects them both to a
vacuum source (Fig. 14.2). The vacuum generated through
this tubing attaches the fetal scalp to the cup and allows
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traction on the vertex. The vacuum force can be generated
either from wall suction or by a handheld device with a
pumping mechanism.

▪ Data are limited to provide evidence-based support for the
maximum duration of safe vacuum application, the
maximum number of pulls required before delivery of the
fetal head, and the maximum number of pop-offs or cup
detachments before abandonment of the procedure. There
is a general consensus, however, that descent of the fetal
bony vertex should occur with each pull, and if no descent
occurs after three pulls, the operative attempt should be
stopped.

Risks of Operative Vaginal Delivery
▪ The sequential use of vacuum and forceps requires

particular attention because use in this manner is associated
with a maternal and neonatal risk that is greater than the
sum of the individual risks of these instruments.

Maternal Risks

▪ The focus of recent attention regarding operative vaginal
delivery has been the risk of perineal trauma and
subsequent pelvic floor dysfunction. The principal risks
appear to be those of urinary and fecal incontinence.
However, the difficulty in establishing the precise risks of
this dysfunction in patients who have had an operative
vaginal delivery compared with those who have not is
confounded by many factors, including the indication for
the operative delivery, number of deliveries, maternal
weight, neonatal birthweight and head circumference,
perineal body length, episiotomy, and the effects of
maternal aging.
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FIG. 14.1  Classification of forceps.

▪ The precise association between mode of vaginal delivery
(spontaneous, forceps, or vacuum) and urinary
incontinence remains unclear at this time.

▪ Overall rates of anal sphincter injury noted at the time of
vaginal delivery in nulliparous patients are reported to be
between 7% and 11.5%. Operative vaginal delivery has been
associated with an increased risk of perineal injury,
specifically third- and fourth-degree lacerations.
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FIG. 14.2  M-style mushroom vacuum extractor cup
with a centrally located stem and handle.

Fetal Risks

▪ The risks of fetal injury are generally instrument specific,
and vacuum deliveries account for significantly higher rates
of cephalohematoma and subgaleal and retinal
hemorrhages, and forceps deliveries account for a
nonsignificantly higher rate of scalp and facial injuries.

▪ Data suggest that subgaleal hemorrhage occurs nearly
exclusively with the vacuum device.

▪ Rates of clinically significant intracranial hemorrhage for
vacuum, forceps, and cesarean delivery during labor are
similar (1/860, 1/664, and 1/907, respectively) but are higher
than those for cesarean delivery without labor (1/2750) and
for spontaneous vaginal delivery (1/1900).2

▪ No long-term effect of operative vaginal delivery on
cognitive development is apparent.

▪ ACOG reports that most experts in operative vaginal
delivery limit the vacuum procedure to fetuses beyond 34
weeks’ gestation.3
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CHAPTER 15

Intrapartum Fetal
Evaluation
David Arthur Miller

Abstract
Normal labor consists of uterine contractions which intermittently
interrupt the transplacental passage of oxygen from the mother to the
fetus. These brief episodes are well tolerated in most labors, however
in a small number of cases, severe oxygen deficiency may occur and
result in fetal hypoxic injury or even death. Many causes of fetal injury
are not related to intrapartum interruption in fetal oxygenation, yet
fetal monitoring is commonly employed to assess the adequacy of fetal
oxygenation during labor. Evidence of the interruption of fetal
oxygenation can alert the clinician as to the need for further evaluation
and interventions to improve oxygen delivery to the fetus. The goal of
such interventions is to prevent the potential consequences of fetal
hypoxia.

Keywords
fetal heart rate monitoring; intrapartum fetal assessment; intrapartum fetal monitoring

KEY POINTS

• The goal of intrapartum FHR monitoring is to assess the
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adequacy of fetal oxygenation during labor so that timely and
appropriate steps can be taken when necessary to avoid fetal
hypoxic injury.

• Fetal oxygenation involves the transfer of oxygen from the
environment to the fetus. Oxygen is transported by maternal
and fetal blood along the oxygen pathway, which includes the
maternal lungs, heart, vasculature, uterus, placenta, and
umbilical cord.

• The consequences of interruption of fetal oxygenation can lead
sequentially to fetal hypoxemia (low oxygen content in the
blood), fetal hypoxia (low oxygen content in the tissues),
metabolic acidosis (accumulation of lactic acid in the tissues),
metabolic acidemia (accumulation of lactic acid in the blood),
and eventually injury or death.

• The FHR monitor provides reliable information regarding
interruption of the oxygen pathway. The observation of an FHR
deceleration that reaches its nadir in less than 30 seconds
(variable deceleration) suggests compression of the umbilical
cord. However, the mere fact that a deceleration reaches its
nadir in less than 30 seconds does not exclude interruption of
the oxygen pathway at other points, such as the lungs
(hypoxemia), heart (poor cardiac output), vasculature (acute
hypotension), uterus (uterine rupture, uterine contraction), or
placenta (placental abruption). A late deceleration, by definition,
reaches its nadir in 30 seconds or more. Historically, late
decelerations have been attributed to uteroplacental
insufficiency, which suggests interruption of the oxygen
pathway at the level of the uterus or placenta. However, the fact
that a deceleration takes 30 seconds to reach its nadir does not
exclude the possibility of interruption of the oxygen pathway at
other points, such as the maternal lungs (hypoxemia), heart
(poor cardiac output), or vasculature (hypotension). A
prolonged deceleration can result from interruption of the
oxygen pathway at any point. For the purposes of practical FHR
interpretation, all clinically significant FHR decelerations that
have any potential impact on fetal oxygenation (variable, late, or
prolonged decelerations) have the same common trigger:
interruption of the oxygen pathway at one or more points. This
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unifying concept helps reduce conflict and controversy and
offers the additional benefits of standardization, simplicity,
factual accuracy, and ease of articulation.

• In addition to providing practical information regarding
interruption of the oxygen pathway, the FHR monitor provides
useful information regarding the adequacy of fetal oxygenation.
Moderate FHR variability or accelerations reliably exclude fetal
hypoxic injury at the time they are observed; however, the
converse is not true. The absence of moderate variability and/or
accelerations does not indicate the presence of hypoxic injury.

• The negative predictive value of electronic FHR monitoring is
excellent. A normal test virtually precludes fetal hypoxic injury at
the time it is observed.

• The positive predictive value of electronic FHR monitoring is
poor. Abnormal FHR monitoring accurately predicts CP
approximately one time out of 500, yielding a false-positive rate
above 99%. Except in extreme cases, no FHR pattern or
combination of patterns has been demonstrated to predict
hypoxic neurologic injury with a meaningful degree of accuracy.

• Even in the setting of abnormal FHR monitoring, the pathway
from intrapartum hypoxic-ischemic injury to subsequent CP
must progress through neonatal encephalopathy. The absence
of neonatal encephalopathy is inconsistent with hypoxic-
ischemic neurologic injury near the time of delivery.

• No randomized controlled trials, cohort studies, case-control
studies, or other peer-reviewed studies in the literature support
the hypothesis that fetal head compression caused by uterine
contractions or maternal pushing efforts can cause local
cerebral ischemia and hypoxic-ischemic injury in the absence of
the established mechanism of global hypoxia. Similarly, no
predictors of perinatal ischemic stroke are known upon which to
base prevention strategies, and no known relationship exists
between FHR monitoring and local cerebral hypoxic injury or
stroke that can be used to identify, predict, or prevent such
injuries.

• In the United States, standard FHR terminology has been
proposed by the NICHD and is endorsed by virtually all major
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organizations that represent providers of obstetric care.
Consistent use of standard terminology helps to ensure
effective communication and optimize outcomes.

Direct Fetal Heart Rate and Uterine
Activity Monitoring

▪ An appropriately calibrated intrauterine pressure catheter
permits accurate assessment of the frequency, duration, and
intensity of uterine contractions as well as the baseline
uterine tone between contractions.

Indirect Fetal Heart Rate and Uterine
Activity Monitoring

▪ When properly positioned on the maternal abdomen, the
external tocodynamometer permits assessment of the
relative frequency and duration of uterine contractions.
However, it does not directly measure intrauterine pressure
and therefore does not provide a reliable assessment of
uterine contraction intensity or resting tone between
contractions.

Physiologic Basis for Electronic Fetal
Heart Rate Monitoring
Transfer of Oxygen From the Environment
to the Fetus

▪ Oxygen is transferred from the environment to the fetus by
maternal and fetal blood along a pathway that includes the
maternal lungs, heart, vasculature, uterus, placenta, and
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umbilical cord (Fig. 15.1).

External Environment

▪ By the time oxygen reaches fetal umbilical venous blood, the
partial pressure may be as low as 30 mm Hg. After oxygen
is delivered to fetal tissues, the PO2 of deoxygenated blood
in the umbilical arteries returning to the placenta is
approximately 15 to 25 mm Hg.1-3
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FIG. 15.1  The oxygen pathway.

Maternal Lungs

▪ Inspiration carries oxygenated air to the distal lung (alveoli)
where the alveolar PO2 is approximately 100 to 105 mm Hg.
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Maternal Blood

▪ In general, the tendency for hemoglobin to release oxygen is
increased by factors that signal an increased requirement
for oxygen.

Maternal Heart

▪ In a healthy obstetric patient, the most common cause of
reduced cardiac output is reduced preload resulting from
hypovolemia or compression of the inferior vena cava by
the gravid uterus.

Maternal Vasculature

▪ Interruption of oxygen transfer from the environment to the
fetus at the level of the maternal vasculature commonly
results from hypotension caused by regional anesthesia,
hypovolemia, impaired venous return, impaired cardiac
output, or medication.

Uterus

▪ Interruption of oxygen transfer from the environment to the
fetus at the level of the uterus commonly results from
uterine contractions that compress intramural blood vessels
and impede the flow of blood.

Placenta

▪ At term, the umbilical arteries receive 40% of fetal cardiac
output.

▪ Oxygen is transferred from the intervillous space to the fetal
blood by a process that depends upon the PaO2 of maternal
blood perfusing the intervillous space, the flow of
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oxygenated maternal blood into and out of the intervillous
space, the chorionic villous surface area, and the rate of
oxygen diffusion across the placental blood-blood barrier.

Intervillous Space PaO2

▪ The average intervillous space PaO2 is in the range of 45 mm
Hg.

Intervillous Space Blood Flow

▪ At term uterine perfusion accounts for 10% to 15% of
maternal cardiac output or 700 to 800 mL/min.

Chorionic Villous Surface Area

▪ This area may be limited by conditions that affect placenta
architecture such as infarction, thrombosis, inflammation,
infection or insufficient placental growth.

Diffusion Across the Blood-Blood Barrier

▪ At term, the placental blood-blood barrier is very thin, and
the diffusion distance is short.

Interruption of Placental Blood Vessels

▪ Damaged chorionic vessels can allow leakage of fetal blood
into the intervillous space, leading to fetal maternal
hemorrhage.

Summary of Placental Causes of
Interrupted Oxygenation
Fetal Blood
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▪ Although fetal PO2 and hemoglobin saturation values are
low in comparison to adult values, adequate delivery of
oxygen to the fetal tissues is maintained by a number of
compensatory mechanisms such as greater hemoglobin
concentration in the fetus as well as affinity for oxygen.

Umbilical Cord

▪ Interruption of the transfer of oxygen from the environment
to the fetus at the level of the umbilical cord can result from
simple mechanical compression.

Fetal Response to Interrupted Oxygen
Transfer

▪ When oxygen is in short supply, tissues may be forced to
switch from aerobic to anaerobic metabolism, which
generates energy less efficiently and results in the
production of lactic acid. Accumulation of lactic acid in the
tissues results in metabolic acidosis.

▪ It is critical to distinguish between respiratory acidemia,
caused by accumulation of CO2, and metabolic acidemia,
caused by accumulation of lactic acid in excess of buffering
capacity. Respiratory acidemia is relatively common and
clinically benign.

Mechanisms of Injury
Injury Threshold

▪ It has become apparent that most cases of cerebral palsy (CP)
are unrelated to intrapartum events and therefore cannot be
prevented by modification of intrapartum management,
including fetal heart rate (FHR) monitoring.

▪ It is important to recognize that even when significant
metabolic acidemia is present, neonatal encephalopathy
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and fetal neurologic injury are uncommon.
▪ Conditions such as epilepsy, mental retardation, and

attention-deficit/hyperactivity disorder do not result from
intrapartum fetal hypoxia in the absence of CP.

▪ A 2014 report further concluded that “unless the newborn
has accumulated significant metabolic acidemia, the
likelihood of subsequent neurologic and cardiovascular
morbidities attributable to perinatal events is low,” and “in
a fetus exhibiting either moderate variability or
accelerations of the FHR, damaging degrees of hypoxia-
induced metabolic acidemia can reliably be excluded.”

Pattern Recognition and
Interpretation

▪ The clinical application of electronic FHR monitoring
consists of three independent elements: (1) definition, (2)
interpretation, and (3) management.

2008 National Institute of Child Health
and Human Development Consensus
Report (Table 15.1)
Physiology

▪ The 2008 NICHD consensus report concluded that moderate
variability reliably predicts the absence of fetal metabolic
acidemia at the time it is observed. However, the converse
is not true; minimal or absent variability does not confirm
the presence of fetal metabolic acidemia or ongoing hypoxic
injury.

▪ The 2014 Neonatal Encephalopathy Task Force consensus
report4 identified moderate variability as one of the features
of the FHR tracing that reliably excludes “damaging
degrees of hypoxia-induced metabolic acidemia.”
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▪ The NICHD report concluded that accelerations reliably
predict the absence of fetal metabolic academia. However,
the converse is not true. The absence of accelerations does
not confirm the presence of fetal metabolic acidemia or
ongoing hypoxic injury.

▪ The 2014 Neonatal Encephalopathy Task Force concluded
that the presence of FHR accelerations reliably excludes
“damaging degrees of hypoxia-induced metabolic
academia.”

▪ Accelerations can be provoked with a variety of methods
that include vibroacoustic stimulation, transabdominal
halogen light stimulation, and direct fetal scalp stimulation.
Accelerations provoked by external stimuli have the same
clinical significance as spontaneous accelerations.

▪ Early decelerations are not associated with interruption of fetal
oxygenation or adverse neonatal outcome and are considered
clinically benign.

▪ A late deceleration is a reflex fetal response to transient
hypoxemia during a uterine contraction.

TABLE 15.1

FHR, fetal heart rate.

▪ If interruption of fetal oxygenation is sufficient to result in
metabolic acidemia, a late deceleration may result from
direct hypoxic myocardial depression during a contraction,

▪ Regardless of the underlying mechanism, all late decelerations
reflect interruption of oxygen transfer from the environment to
the fetus at one or more points along the oxygen pathway.
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▪ Variable decelerations represent a fetal autonomic reflex
response to transient mechanical compression or stretch of
the umbilical cord.

▪ For the purposes of standardized FHR interpretation, a
prolonged deceleration reflects interruption of oxygen
transfer from the environment to the fetus at one or more
points along the oxygen pathway.

▪ Although the pathophysiologic mechanism of a sinusoidal
pattern is unknown, this pattern is classically associated
with severe fetal anemia.

A Standardized “ABCD” Approach to Fetal
Heart Rate Management
Assess the Oxygen Pathway

▪ Initial assessment of the maternal lungs, heart, and
vasculature usually is accomplished by reviewing the vital
signs, including respiratory rate, heart rate, and blood
pressure. Uterine activity is assessed by palpation or by
review of the information provided by a tocodynamometer
or intrauterine pressure catheter. Suspected uterine rupture
or placental abruption requires immediate attention and
targeted evaluation. Finally, umbilical cord prolapse
usually can be excluded by visualization or examination. If
rapid evaluation of these steps suggests that further
investigation is warranted, it should be undertaken as
necessary.

Begin Corrective Measures as Indicated

▪ The choice of appropriate corrective measures is based on
interpretation of the FHR tracing as a whole. Selection of
the most appropriate corrective measures can be refined by
acknowledging some specific associations. For example, in
the setting of variable decelerations, initial attention may
focus on umbilical cord compression or prolapse. In the
setting of late decelerations, initial attention may focus on
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maternal cardiac output, blood pressure, and uterine
activity.

▪ Conservative corrective measures may include supplemental
oxygen, maternal position changes, IV fluid administration,
reduction of uterine activity, and amnioinfusion.

▪ During the second stage of labor maternal expulsive efforts
can be associated with FHR decelerations. Open glottis
rather than Valsalva-style pushing may be implemented or
pushing less frequently may be helpful as a corrective
measure.

Reevaluate the Fetal Heart Rate Tracing

▪ The tracing should be reevaluated after corrective measures.
The decision to perform routine or heightened surveillance
is based on clinical judgment. If the FHR progresses to
category 3, despite corrective measures, delivery is
expedited as quickly as possible. Tracings that remain in
category 2 warrant additional evaluation (Fig. 15.2).

Clear Obstacles to Rapid Delivery

▪ This does not constitute a commitment to a particular time
or method of delivery. Instead, this step serves as a forcing
function to systematically address common sources of
unnecessary delay so that important factors are not
overlooked and decisions are made in a timely manner.
This is accomplished by considering information relevant to
the next action and communicating proactively with other
members of the team.

Determine Decision-to-Delivery Time

▪ After appropriate conservative measures have been
implemented, it is reasonable to make a good-faith estimate
of the time needed to accomplish delivery in the event of a
sudden deterioration of the FHR. This step can be facilitated
by systematically considering individual characteristics of
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the facility, staff, mother, fetus, and labor.

Expectant Management Versus Delivery

▪ The decision balances the likelihood of safe vaginal delivery
against the potential for fetal hypoxic injury. In 2013, Clark
and colleagues proposed a standardized approach to the
management of persistent category 2 FHR tracings. As
illustrated in Fig. 15.2, the algorithm emphasizes the
reliability of moderate variability or accelerations to exclude
ongoing hypoxic injury.
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FIG. 15.2  Algorithm for management of category
II fetal heart rate tracings.

∗Have not resolved with appropriate conservative
corrective measures, which may include

supplemental oxygen, maternal position changes,
intravenous fluid administration, correction of
hypotension, reduction or discontinuation of
uterine stimulation, administration of uterine
relaxant, amnioinfusion, and/or changes in

second-stage breathing and pushing techniques.
OVD, operative vaginal delivery. Clark SL, Nageotte MP,

Garite TJ, et al. Intrapartum management of category II fetal heart rate

tracings: towards standardization of care. Am J Obstet Gynecol.

2013;209[2]:89-97.

▪ Recommended management of prolonged decelerations
includes discontinuation of the algorithm and initiation of
appropriate corrective measures. In the setting of moderate
variability or accelerations and normal progress in the
active phase or second stage of labor, the algorithm permits
continued expectant management with close observation in
most cases, regardless of the presence of decelerations. One
exception is the scenario in which conservative measures
fail to correct recurrent significant decelerations remote
from delivery. Another is the setting in which vaginal
bleeding and/or previous cesarean section introduces the
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risks of placental abruption or uterine rupture. In such
situations, further evaluation may be necessary, and
adherence to the algorithm should be individualized.

Umbilical Cord Blood Gas Determination

▪ No contraindications exist to obtaining cord gases. The
ACOG Committee on Obstetric Practice recommends that
physicians should attempt to obtain umbilical venous and
arterial blood samples in the following situations:
cesarean delivery for fetal compromise, low 5-minute
Apgar, severe intrauterine growth restriction, abnormal
FHR tracing, maternal thyroid disease, intrapartum fever,
and multiple gestations.

▪ A much lower pH (7.0) has been defined as the threshold of
potential injury. Acidemia is categorized as respiratory,
metabolic, or mixed. Isolated respiratory acidemia is
diagnosed when the umbilical artery pH is less than 7.20,
the PCO2 is elevated, and the base deficit is less than 12
mmol/L. This reflects interrupted exchange of blood gases,
usually as a transient phenomenon related to umbilical cord
compression. Isolated respiratory acidemia is not associated
with fetal neurologic injury. Isolated metabolic acidemia is
diagnosed when the pH is less than 7.20, the PCO2 is
normal, and the base deficit is at least 12 mmol/L. Metabolic
acidemia can result from recurrent or prolonged
interruption of fetal oxygenation that has progressed to the
stage of peripheral tissue hypoxia, anaerobic metabolism,
and lactic acid production in excess of buffering capacity.

▪ Mixed acidemia (respiratory and metabolic) is diagnosed
when the pH is below 7.20, the PCO2 is elevated, and the
base deficit is 12 mmol/L or greater. The clinical significance
of mixed acidemia is similar to that of isolated metabolic
academia.

Benefits of Electronic Fetal
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Monitoring
▪ Nonrandomized studies in the 1970s reported significantly

lower perinatal mortality rates in electronically monitored
women. In subsequent years, only one randomized
controlled trial was able to replicate these observations. In
appropriately selected patients, electronic FHR monitoring
and intermittent auscultation can be expected to perform
similarly with respect to maternal and perinatal morbidity
and mortality.

Limitations of Electronic Fetal
Monitoring

▪ Electronic FHR monitoring is not a diagnostic test for
hypoxic neurologic injury, but instead is a screening test
that detects transient intrapartum interruption of fetal
oxygenation, which may be a precursor to hypoxic
neurologic injury.
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CHAPTER 16

Obstetric Anesthesia
Joy L. Hawkins, and Brenda A. Bucklin

KEY POINTS

• Analgesia during labor can reduce or prevent potentially
adverse stress responses to the pain of labor, including
postpartum depression.

• Parenteral opioids for labor analgesia work primarily by
sedation and, except at high doses, result in minimal reduction
of maternal pain. Side effects include maternal nausea and
respiratory depression in both the mother and newborn. The
routine use of promethazine in conjunction with opioids should
be avoided.

• Placental transfer of a drug between mother and fetus is
governed by the characteristics of the drug, including its size,
lipid solubility, and ionization; maternal blood levels and uterine
blood flow; placental circulation; and the fetal circulation.

• Continuous neuraxial (epidural or spinal) analgesia is the most
effective form of intrapartum pain relief currently available and
has the flexibility to provide additional anesthesia for
spontaneous or instrumented delivery, cesarean delivery, and
postoperative pain control.

• Spinal opioids as part of a combined spinal-epidural technique
provide excellent analgesia during much of the first stage of
labor, and they decrease or avoid the risks of local anesthetic
toxicity, high spinal anesthesia, and motor block. Most patients
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need additional analgesia with epidural local anesthetics later in
labor and during the second stage.

• Side effects and complications of neuraxial anesthesia include
hypotension, local anesthetic toxicity, total spinal anesthesia,
neurologic injury, and spinal headache. Personnel who provide
anesthesia must be competent and available to treat these
problems.

• Epidural analgesia does not increase the rate of cesarean
delivery but may increase oxytocin use and the rate of
instrument-assisted vaginal deliveries. The duration of the
second stage is increased by 15 to 30 minutes.

• Epidural analgesia is associated with an increased rate of
maternal fever during labor, although the mechanism is
unknown. This does not alter the rate of documented neonatal
sepsis. Other neonatal implications are unclear.

• General anesthesia is used for less than 5% of elective and
roughly 25% of emergent cesarean deliveries. Although safe for
the newborn, general anesthesia can be associated with failed
intubation and aspiration, causes of anesthesia-related
maternal mortality.

• Aspiration of gastric contents is most detrimental when food
particles are present or the pH is less than 2.5; therefore
patients should be encouraged not to eat during labor, and
acid-neutralizing medications should be used before operative
deliveries.

• The use of neuraxial anesthesia is not absolutely
contraindicated in cases of nonreassuring fetal testing; the
method of anesthesia should be chosen based on the degree of
fetal compromise and maternal safety.

Personnel
▪ A communication system should be in place to encourage

contact between obstetric providers, anesthesiologists, and
other members of the multidisciplinary team.1
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Pain Pathways
▪ During cesarean delivery anesthesia is required to the level

of thoracic spinal nerve 4 (T4) to completely block
peritoneal discomfort.

Effects of Pain and Stress
▪ Animal studies indicate that both epinephrine and

norepinephrine can decrease uterine blood flow in the
absence of maternal heart rate and blood pressure changes,
which contributes to occult fetal asphyxia.

Analgesia for Labor
Systemic Opioid Analgesia

▪ All opioids provide sedation and a sense of euphoria, but
their analgesic effect in labor is limited, and their primary
mechanism of action is sedation.

▪ All opioids freely cross the placenta to the newborn and
decrease beat-to-beat variability in the fetal heart rate.

▪ An important and significant disadvantage of opioid
analgesia is the prolonged effect of these agents on maternal
gastric emptying.

Patient-Controlled Analgesia

▪ IV patient-controlled analgesia is often used for women who
have a contraindication to neuraxial analgesia (e.g., severe
thrombocytopenia).

▪ Fentanyl, remifentanil,2 and meperidine are the opioids most
commonly used.

▪ Normeperidine is an active metabolite of meperidine and
potentiates meperidine’s depressant effects in the newborn.
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Sedatives

▪ Sedatives such as barbiturates, phenothiazines, and
benzodiazepines do not possess analgesic qualities. All
sedatives and hypnotics cross the placenta freely.

▪ Two major disadvantages of benzodiazepines are that they
cause undesirable maternal amnesia and may disrupt
thermoregulation in newborns.

Inhaled Nitrous Oxide

▪ Nitrous oxide is safe for the mother and the fetus and does
not diminish uterine contractility; the main side effects are
nausea and dizziness. It can also be used for short painful
procedures such as perineal repair or manual removal of
the placenta.3

Placental Transfer

▪ Essentially, all analgesic and anesthetic agents except highly
ionized muscle relaxants cross the placenta freely.

Neuraxial Analgesic and Anesthetic
Techniques

▪ Neuraxial analgesic and anesthetic techniques—spinal,
epidural, or a combination—use local anesthetics to provide
sensory blockade.

Lumbar Epidural Analgesia/Anesthesia

▪ Epidural analgesia offers the most effective form of pain
relief4 and is used by the majority of women in the United
States.
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Complications of Neuraxial Blocks

Hypotension

▪ Treatment of hypotension begins with prophylaxis.
▪ Hypotension is corrected by increasing the rate of IV fluid

infusion and left uterine displacement. If these simple
measures do not suffice, a vasopressor is indicated.

▪ Phenylephrine may be given to safely treat hypotension
during neuraxial anesthesia for cesarean delivery and leads
to higher umbilical artery pH values.

Local Anesthetic Toxicity

▪ Local anesthetic reactions have two components: central
nervous system and cardiovascular.

▪ Resuscitation of patients who receive an intravascular
injection of bupivacaine is extremely challenging.

▪ Bupivacaine and all local anesthetics should be administered
by slow, incremental injection.

▪ IV lipid emulsion may be an effective therapy for cardiotoxic
effects of lipid-soluble local anesthetics such as bupivacaine
or ropivacaine.

Allergy to Local Anesthetics

▪ A true allergic reaction to an amide-type local anesthetic is
extremely rare.

High Spinal or “Total Spinal” Anesthesia

▪ This complication occurs when the level of anesthesia rises
dangerously high and results in paralysis of the respiratory
muscles, including the diaphragm (C3-C5).

▪ Numbness and weakness of the fingers and hands indicates
that the anesthesia has reached the cervical level (C6-C8).

Nerve Injury

294



▪ The incidence of claims for nerve injury has increased and is
now the most common cause of liability in obstetric
anesthesia.5

▪ When nerve damage follows neuraxial analgesia during
obstetric or surgical procedures, the anesthetic technique
must be suspected, although causation is rare. Other
potential etiologies include incorrectly positioned stirrups,
difficult forceps applications, or abnormal fetal
presentations.

▪ The risks of epidural hematoma and epidural abscess are 1
case per 168,000 women and 1 per 145,000 respectively.

Spinal Headache

▪ Spinal headache usually occurs when, during the process of
administering an epidural block, the dura is punctured with
a large-bore needle (“wet tap”).

▪ A spinal headache is more severe in the upright position and
is relieved by the supine position. The epidural blood patch
is remarkably effective and nearly complication free,
despite the fact that it is an iatrogenic epidural hematoma.

Back Pain

▪ The incidence of back pain after childbirth is the same
whether women had neuraxial analgesia for their delivery
or not.

Effects on Labor and Method of Delivery

▪ Neuraxial techniques are the most effective and least
depressant treatments for labor pain. Epidural analgesia
does not increase the risks of cesarean delivery. 6

Progress of Labor and Cesarean Delivery Rate

▪ Epidural analgesia is associated with a significant increase in
the use of oxytocin after the initiation of epidural analgesia.
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▪ Effective neuraxial analgesia prolongs the second stage of
labor by 15 to 30 minutes.7

▪ Potential strategies for decreasing the risk of instrument-
assisted delivery include reduced density of neuraxial
analgesia during the second stage, delayed pushing, and
avoiding arbitrary definitions of a prolonged second stage.

Paracervical Block

▪ Paracervical block should be used cautiously and should not
be used in the presence of nonreassuring fetal heart rate
monitoring or suspected uteroplacental insufficiency.

Anesthesia for Instrumented Vaginal
Delivery or Perineal Repair
Local Anesthesia

▪ In the form of perineal infiltration, local anesthesia is widely
used and very safe.

Pudendal Nerve Block

▪ The potential for local anesthetic toxicity is higher with
pudendal block, compared with perineal infiltration,
because of large vessels proximal to the injection site.

Monitored Anesthesia Care with Sedation

▪ For urgent or unanticipated instrumented deliveries, an
anesthesiologist, anesthesiologist assistant, or nurse
anesthetist may administer nitrous oxide or IV analgesia
while maintaining protective laryngeal and cough reflexes.
The obstetrician should add local infiltration or a pudendal
block.
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Spinal (Subarachnoid) Block

▪ A saddle block is a spinal block in which the level of
anesthesia is limited to little more than the perineum.

Anesthesia for Cesarean Delivery
▪ In the United States, general anesthesia is used for about

10% of cesarean births (depending on the size of the
hospital), and spinal, epidural, or combined spinal-epidural
anesthetics are used for approximately 90% of these
deliveries.

Aspiration and Aspiration Prophylaxis

▪ Aspiration of partially digested food produces the most
severe physiologic and histologic alterations.

▪ Use of a clear antacid is considered routine for all parturients
prior to surgery. Additional aspiration prophylaxis using
an H2-receptor blocking agent and metoclopramide may be
given to parturients with risk factors such as morbid
obesity, diabetes mellitus, or a difficult airway or for those
who have previously received opioids.

Left Uterine Displacement

▪ Aortocaval compression is detrimental to both mother and
fetus.

General Anesthesia

▪ The term balanced general anesthesia refers to a combination of
various agents.

Preoxygenation
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▪ Preoxygenation is especially important in pregnant patients.

Induction

▪ Induction agents that may be used are propofol, etomidate,
and ketamine.

▪ Pressure on the cricoid compresses the esophagus and is
extremely important.

Intubation

▪ In approximately 1 in 533 obstetric patients, intubation is
difficult, delayed, or impossible.

▪ When the obstetrician recognizes airway abnormalities,
patients should be referred for an early preoperative
evaluation by the anesthesiologist.

Failed Intubation

▪ Rarely, in situations of dire fetal compromise, the
anesthesiologist and obstetrician may jointly decide to
proceed with cesarean delivery while the anesthesiologist
provides oxygenation, ventilation, and anesthesia by face
mask ventilation or laryngeal mask airway, with an
additional person maintaining continuous cricoid pressure.

Agents

Nitrous Oxide and Oxygen

▪ These agents are usually added to provide analgesia and
amnesia.

Volatile Halogenated Agent

▪ Uterine relaxation does not result from low concentrations of
these agents, and bleeding should not be increased
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secondary to their addition.

Extubation

▪ To prevent aspiration, the patient must be awake and
conscious.

Neuraxial Anesthesia

▪ If the fetal status permits and no maternal contraindications
exist, neuraxial anesthesia is preferred for cesarean delivery
(Box 16.1).

 
BOX 16.1 Advantages and Disadvantages of
Neuraxial Anesthesia
Advantages

▪ The patient is awake and can participate in the birth of her
child.

▪ There is little risk of drug depression or aspiration and no
intubation difficulties.

▪ Newborns generally have good neurobehavioral scores.
▪ The father is more likely to be allowed in the operating room.
▪ Postoperative pain control using neuraxial opioids may be

superior to intravenous patient-controlled anesthesia.

Disadvantages

▪ Patients may prefer not to be awake during major surgery.
▪ A block that provides inadequate anesthesia may result.
▪ Hypotension, perhaps the most common complication of

neuraxial anesthesia, occurs during 25% to 85% of spinal or
epidural anesthetics.

▪ Total spinal anesthesia may occur, which necessitates airway
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management.
▪ Local anesthetic toxicity may occur.
▪ Although extremely rare, permanent neurologic sequelae may

occur.
▪ Several contraindications exist.

Postoperative Care

▪ The addition of nonsteroidal antiinflammatory drugs
significantly improves pain scores with neuraxial morphine
and reduces use of patient-controlled opioids.
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CHAPTER 17

Malpresentations
Susan M. Lanni, Robert Gherman, and Bernard Gonik

KEY POINTS

• Fetal lie refers to the orientation of the fetal spine relative to that
of the mother. Normal fetal lie is longitudinal and by itself does
not connote whether the presentation is cephalic or breech.

• Fetal malpresentation requires timely diagnostic exclusion of
major fetal or uterine malformations and/or abnormal
placentation.

• A closely monitored labor and vaginal delivery is a safe
possibility with face or brow malpresentations. However,
cesarean delivery is the only acceptable alternative if normal
progress toward spontaneous vaginal delivery is not observed.

• External cephalic version of the infant in breech presentation
near term is a safe and often successful management option.
Use of tocolytics and epidural anesthesia may improve
success.

• Appropriate training and experience is a prerequisite to the safe
vaginal delivery of selected infants in breech presentation.

• In experienced hands, women with twins presenting
vertex/nonvertex can undergo a trial of labor because this
management has maternal and perinatal outcomes similar to a
planned cesarean delivery.

• A simple compound presentation may be permitted a trial of
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labor as long as labor progresses normally with reassuring fetal
status. However, compression or reduction of the fetal part may
result in injury.

Overview
▪ The word malpresentation suggests the possibility of adverse

consequences, and malpresentation is often associated with
increased risk to both the mother and the fetus.

▪ In contemporary practice, cesarean delivery has become the
recommended mode of delivery in the malpresenting fetus.

Clinical Circumstances Associated
With Malpresentation

▪ Generally, factors associated with malpresentation include
(1) diminished vertical polarity of the uterine cavity, (2)
increased or decreased fetal mobility, (3) obstructed pelvic
inlet, (4) fetal malformation, and (5) prematurity.

Abnormal Axial Lie
▪ The fetal lie indicates the orientation of the fetal spine

relative to the spine of the mother. The normal fetal lie is
longitudinal and by itself does not indicate whether the
presentation is cephalic or breech.

▪ Great parity, prematurity, contraction or deformity of the
maternal pelvis, and abnormal placentation are the most
commonly reported clinical factors associated with
abnormal lie.

▪ The sensitivity of Leopold maneuvers for the detection of
malpresentation is only 28%, and the positive predictive
value was only 24% compared with immediate ultrasound
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verification.
▪ The ready availability of ultrasound in most clinical settings

is of benefit, and its use can obviate the vagaries of the
abdominal palpation techniques. In all situations, early
diagnosis of malpresentation is of benefit.

▪ Cord prolapse occurs 20 times as often with abnormal lie as
it does with a cephalic presentation.

Management of a Singleton Gestation
▪ External cephalic version (ECV) is recommended at 36 to 37

weeks to help diminish the risk of adverse outcome.
▪ ECV has been found to be safe and relatively efficacious.1

▪ A low transverse (Kerr) uterine incision has many surgical
advantages and is generally the preferred approach for
cesarean delivery for an abnormal lie (see Chapter 19).

▪ In the uncommon case of a transverse or oblique lie with a
poorly developed lower uterine segment, when a transverse
incision is deemed unfeasible or inadequate, a vertical
incision (low vertical or classical) may be a reasonable
alternative.

Face Presentation
▪ A face presentation is characterized by a longitudinal lie and

full extension of the fetal neck and head with the occiput
against the upper back (Fig. 17.1). The fetal chin (mentum)
is chosen as the point of designation during vaginal
examination.
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FIG. 17.1  This fetus with the vertex completely
extended on the neck enters the maternal pelvis
in a face presentation. The cephalic prominence

would be palpable on the same side of the
maternal abdomen as the fetal spine.

▪ All clinical factors known to increase the general rate of
malpresentation have been implicated in face presentation;
many infants with a face presentation have malformations.

▪ Face presentation is more often discovered by vaginal
examination.
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Mechanism of Labor

▪ The labor of a face presentation must include engagement,
descent, internal rotation generally to a mentum anterior
position, and delivery by flexion as the chin passes under
the symphysis (Fig. 17.2).

▪ The prognosis for labor with a face presentation depends on
the orientation of the fetal chin.

▪ Persistence of the mentum posterior position with an infant
of normal size, however, makes safe vaginal delivery less
likely. Overall, 70% to 80% of infants with a face presenting
can be delivered vaginally, either spontaneously or by low
forceps in the hands of a skilled operator, whereas 12% to
30% require cesarean delivery.
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FIG. 17.2  Engagement, descent, and internal
rotation remain cardinal elements of vaginal

delivery in the case of a face presentation, but
successful vaginal delivery of a term-size fetus
presenting a face generally requires delivery by
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flexion under the symphysis from a mentum
anterior position, as illustrated here.

▪ Prolonged labor is a common feature of face presentation
and has been associated with an increased number of
intrapartum deaths.

▪ There is a tenfold increase in fetal compromise with face
presentation.

▪ If external Doppler heart rate monitoring is inadequate and
an internal electrode is recommended, placement of the
electrode on the fetal chin is often preferred.

▪ Fetal laryngeal and tracheal edema that results from the
pressure of the birth process might require immediate
nasotracheal intubation.

Brow Presentation
▪ A fetus in a brow presentation occupies a longitudinal axis

with a partially deflexed cephalic attitude midway between
full flexion and full extension (Fig. 17.3). The frontal bones
are the point of designation.

▪ Fewer than 50% of brow presentations are detected before
the second stage of labor, and most of the remainder are
undiagnosed until delivery.

▪ Most brow presentations convert spontaneously by flexion
or further extension to either a vertex or a face presentation
and are then managed accordingly.

Compound Presentation
▪ Whenever an extremity, most commonly an upper

extremity, is found prolapsed beside the main presenting
fetal part, the situation is referred to as a compound
presentation (Fig. 17.4). The combination of an upper
extremity and the vertex is the most common.

▪ When intervention is necessary, cesarean delivery appears to
be the only safe choice.
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▪ Cord prolapse occurs in 11% to 20% of cases, and it is the
most frequent complication of this malpresentation.

▪ The prolapsed extremity should not be manipulated.
However, it may spontaneously retract as the major
presenting part descends.

▪ Cesarean delivery is the only appropriate clinical
intervention for cord prolapse and nonreassuring fetal heart
rate (FHR) patterns because both version extraction and
repositioning the prolapsed extremity are associated with
adverse outcome and should be avoided.
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FIG. 17.3  This fetus is in a brow presentation in a
frontum anterior position. The head is in an

intermediate deflexion attitude.
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FIG. 17.4  The compound presentation of an
upper extremity and the vertex illustrated here
most often spontaneously resolves with further

labor and descent.

▪ Persistent compound presentation with parts other than the
vertex and hand in combination in a term-sized infant has a
poor prognosis for safe vaginal delivery, and cesarean
delivery is usually necessary.
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Breech Presentation
▪ Prematurity, fetal malformation, müllerian anomalies, and

polar placentation are commonly observed causative
factors.

Mechanism and Conduct of Labor and
Vaginal Delivery

▪ The two most important elements for the safe conduct of
vaginal breech delivery are continuous electronic FHR
monitoring and noninterference until spontaneous delivery
of the breech to the umbilicus has occurred.

▪ Engagement has occurred when the bitrochanteric diameter
of the fetus has progressed beyond the plane of the pelvic
inlet, although by vaginal examination, the presenting part
may be palpated only at a station of −2 to −4 (out of 5).

▪ The point of designation in a breech labor is the fetal sacrum.
▪ Premature or aggressive intervention may adversely affect

the delivery in at least two ways. First, complete cervical
dilation must be sustained for sufficient duration to retard
retraction of the cervix and entrapment of the aftercoming
fetal head. Rushing the delivery of the trunk may result in
cervical retraction. Second, the safe descent and delivery of
the breech infant must be the result of uterine and maternal
expulsive forces only in order to maintain neck flexion. Any
traction by the provider in an effort to speed delivery
would encourage deflexion of the neck and result in the
presentation of the larger occipitofrontal fetal cranial profile
to the pelvic inlet (Fig. 17.5). Such an event could be
catastrophic. Rushed delivery also increases the risk of a
nuchal arm, with one or both arms trapped behind the head
above the pelvic inlet.
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FIG. 17.5  The fetus emerges spontaneously (A),
whereas uterine contractions maintain cephalic

flexion. Premature aggressive traction (B)
encourages deflexion of the fetal vertex and

increases the risk of head entrapment or nuchal
arm entrapment.

▪ Primary cesarean delivery is often advocated for nonfrank
breech presentations.

Contemporary Management of the Term
Breech

▪ The practical reality today is that intentional vaginal breech
delivery is rare.

Further Discussion of Delivery for the Term
Frank or Complete Breech

▪ Breech outcomes relate to degree of prematurity, maternal
pregnancy complications, and fetal malformations as well
as to birth trauma or asphyxia.

▪ Breech-presenting fetuses are at increased risk for neurologic
adversity, even when controlled for birth order,
prematurity, smallness for gestational age, assisted
reproduction, sex, and route of delivery.

▪ In no case should a woman with an infant presenting as a

313



breech be allowed to labor unless (1) anesthesia coverage is
immediately available, (2) cesarean delivery can be
undertaken promptly, (3) continuous FHR monitoring is
used, and (4) the delivery is attended by a pediatrician and
two obstetricians, of whom at least one is experienced with
vaginal breech birth.

Term Breech Trial
▪ One of the most influential publications was the multicenter

prospective study known as the Term Breech Trial.
▪ For countries with both low and high perinatal mortality

rates (PMRs), the occurrence of perinatal mortality or
serious neonatal morbidity (defined within the report) was
significantly lower in the planned cesarean delivery group
than in the planned vaginal delivery group (relative risk,
0.33; 95% confidence interval [CI], 0.19 to 0.56; P < .0001). In
countries with an already low PMR, a proportionately
greater risk reduction in PMR was found in the planned
cesarean delivery. No differences existed in maternal
mortality or serious maternal morbidity between the
groups.2

▪ Mode of delivery and birthweight were both significantly
associated with adverse fetal outcome without a significant
degree of interaction of these variables. Essentially, smaller
infants (less than 2800 g) were at greatest risk (odds ratio,
2.13; 95% CI, 1.2 to 3.8; P = .01).

▪ A prelabor cesarean delivery is associated with the lowest
rates of adverse outcome compared with vaginal breech
delivery.3

▪ To summarize the Term Breech Trial, if a trial of labor is
attempted and is successful, infants born by planned
vaginal delivery have a small but significant risk of dying
or sustaining a debilitating insult in the short term
compared with a planned cesarean delivery. If they survive,
no difference is seen in the mortality rate or in the presence
of developmental delay when compared with children born
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by planned cesarean delivery.
▪ Currently, 17% of cesarean deliveries are performed for

breech.4 In the United States, the cesarean delivery rate for
breech presentation increased from 11.6% to 85% as of
2003.5–7

Special Clinical Circumstances and Risks:
Preterm Breech, Hyperextended Head, and
Footling Breech

▪ The premature breech, the breech with a hyperextended
head, and the footling breech are categories that have high
rates of fetal morbidity or mortality. Complications
associated with incomplete dilation and cephalic
entrapment may be more frequent. For these three breech
situations, in general, cesarean delivery appears to optimize
fetal outcome and is therefore recommended.

▪ Hyperextension of the fetal head during vaginal breech
delivery has been consistently associated with a high (21%)
risk of spinal cord injury.

▪ The footling breech carries a prohibitively high (16% to 19%)
risk of cord prolapse during labor.

Breech Second Twin

▪ Approximately one-third of all twin gestations present as
cephalic/breech—that is, first twin is a cephalic presentation
and the second is a breech (see also Chapter 32). The
management alternatives in the case of the cephalic/breech
twin pregnancy in labor include cesarean delivery, vaginal
delivery of the first twin, and either attempted ECV or
internal podalic version (IPV) and breech extraction of the
second twin.

▪ The Twin Birth Study,8 a multicenter randomized trial,
showed that cesarean delivery of twins demonstrated
neither a decrease nor an increase in the rate of fetal or
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neonatal death or morbidity compared with vaginal
delivery. The authors of this study advocate that patients
seek out providers who are skilled in the vaginal birth of
the second twin.

▪ If internal podalic version/extraction of the second twin is to
be performed, it can be facilitated by ultrasonic guidance.

▪ A uterine relaxing agent may be used, with nitroglycerin 50
to 200 µg intravenously being one of the fastest acting,
safest agents in appropriately selected patients.

External Cephalic Version

▪ ECV is recommended for the breech fetus at 36 to 37 weeks’
gestation.1,9

▪ Reported success with ECV varies from 60% to 75%, and a
similar percentage of these remain vertex at the time of
labor.1

▪ Outcomes of pregnancies after ECV prove that it is a safe
and effective intervention.1

▪ Gentle, constant pressure applied in a relaxed patient with
frequent FHR assessments are elements of success stressed
by all investigators.9

▪ Terbutaline before ECV is recommended.
▪ Regional anesthesia in combination with tocolysis

demonstrated more successful ECVs than the tocolytic drug
alone (relative risk, 0.67; 95% CI, 0.51 to 0.89), but no
difference was noted in either the rate of cesarean delivery
or cephalic presentation in labor, and no difference in the
occurrence of fetal bradycardia was observed. Data were
insufficient to determine the efficacy of vibroacoustic
stimulation, amnioinfusion, opioids, nitric oxide donors, or
calcium channel blockers for improving ECV success rate.10

▪ Rh-negative unsensitized women should receive RhD
immune globulin.

Shoulder Dystocia
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▪ Shoulder dystocia occurs when the fetal shoulders are
obstructed at the level of the pelvic inlet. Shoulder dystocia
results from a size discrepancy between the fetal shoulders
and the pelvic inlet, which may be absolute or relative,
because of malposition.

▪ The percentage of deliveries complicated by shoulder
dystocia for unassisted births not complicated by diabetes
was 5.2% for infants weighing 4000 to 4250 g, 9.1% for those
between 4250 and 4500 g, 14.3% for those 4500 and 4750 g,
and 21.1% for those 4750 to 5000 g.11 It must be remembered
that approximately 50% to 60% of shoulder dystocias occur
in infants who weigh less than 4000 g. Moreover, even if the
birthweight of the infant is over 4000 g, shoulder dystocia
will complicate only 3.3% of the deliveries.12

▪ Recurrence risks for shoulder dystocia have been reported to
range from approximately 10% to 25%.13

▪ The American College of Obstetricians and Gynecologists
recommends that planned cesarean delivery may be
considered with estimated fetal weights that exceed 5000 g in
women without diabetes and 4500 g in women with
diabetes.14

▪ Unilateral brachial plexus palsies are the most common
neurologic injury sustained by the neonate.

▪ Approximately one-third of brachial plexus palsies will be
associated with a concomitant bone fracture, most
commonly of the clavicle (94%).15

▪ In addition to research within the obstetric community, the
pediatric, orthopedic, and neurologic literature now stresses
that the existence of brachial plexus paralysis does not
constitute a priori proof that exogenous forces were the
cause of the injury.16

▪ Clinical diagnosis of shoulder dystocia results from failure of
delivery of the fetal shoulder(s) after an initial traction
attempt.

▪ When shoulder dystocia is clinically diagnosed, the first
order of business should be to stop all endogenous and
exogenous forces until an attempt is made to alleviate the
obstruction.

317



▪ Whenever extraction (exogenous) forces are applied by the
delivering clinician, the fetal head should be maintained in
an axial position, and rotation of the head should be
avoided.

▪ The McRoberts maneuver is a simple, logical, and effective
measure and is typically considered as the first-line
treatment for shoulder dystocia.

▪ It is reasonable to consider performing delivery of the
posterior shoulder/arm as the next maneuver in this
sequence (Fig. 17.6).

▪ Posterior arm delivery required the least exogenous force to
effect delivery and resulted in the lowest brachial plexus
stretch.

▪ Delivery of the posterior shoulder was the most successful
maneuver (84.4%) to alleviate shoulder dystocia, and the
Woods maneuver (72%), Rubin maneuver (66%), and
suprapubic pressure (62.2%) also showed high rates of
delivery.

▪ Rotational maneuvers routinely performed include the
Rubin or Woods corkscrew maneuvers.
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FIG. 17.6  Rotation of the anterior shoulder
forward through a small arc or of the posterior

shoulder forward through a larger one will often
lead to descent and delivery of the shoulders.

Forward rotation is preferred, because it tends to
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compress and diminish the size of the shoulder
girdle, whereas backward rotation would open the

shoulder girdle and increase its size.

▪ The need for cutting a generous episiotomy must be based
on clinical circumstances, such as a narrow vaginal
fourchette in a nulliparous patient. Episiotomy can allow
for greater access to the vagina for the performance of the
internal manipulations necessary for the rotational
maneuvers or for delivery of the posterior shoulder.17

▪ Contemporaneous documentation of the management of
shoulder dystocia is recommended to record significant
facts, findings, and observations about the shoulder
dystocia event and its sequelae. Although no standard has
been defined as to what exactly should be documented, a
useful guideline is the ACOG Patient Safety Checklist.18
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CHAPTER 18

Antepartum and
Postpartum
Hemorrhage
Karrie E. Francois, and Michael R. Foley

Abstract
Obstetric hemorrhage is a worldwide leading cause of maternal
morbidity and mortality. The obstetrician and other care providers
must have a thorough understanding of the hemodynamic changes of
pregnancy and maternal adaptations that occur with excessive blood
loss as well as the management algorithm that is used in cases of
obstetric hemorrhage.

Keywords
antepartum bleeding; obstetric hemorrhage; placenta previa; placental abruption;
postpartum hemorrhage

KEY POINTS

• Understanding the hemodynamic changes of pregnancy and
the physiologic responses that occur with hemorrhage assists in
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appropriate management. Clinicians should recognize the four
classes of hemorrhage to allow for rapid intervention.

• Placental abruption is diagnosed primarily by clinical findings
and is confirmed by radiographic, laboratory, and pathologic
studies. Management of placental abruption is dependent on
the severity, gestational age, and maternal-fetal status.

• Placenta previa is typically diagnosed with sonography.
Placenta previa remote from term can be expectantly managed,
and outpatient management is possible in selected cases.

• Placenta previa in association with a prior cesarean delivery is a
major risk factor for placenta accreta.

• Placenta accreta is best managed with a multidisciplinary
approach. Scheduled preterm delivery at 34 to 35 weeks of
gestation is recommended.

• Antenatal detection of vasa previa is possible with sonography
and significantly improves perinatal outcomes.

• Postpartum hemorrhage complicates 1 in 20 to 1 in 100
deliveries. Every obstetrician and birth attendant needs to have
a thorough understanding of normal delivery-related blood loss
in order to recognize postpartum hemorrhage.

• Management of uterine atony should follow a rapidly initiated
sequenced protocol that may include bimanual massage,
uterotonic therapy, uterine tamponade, selective arterial
embolization, or surgical intervention.

• Coagulopathy mandates treatment of the initiating event and
rapid replacement of consumed blood products. Transfusion of
blood components should not be delayed, and replacement
protocols should be followed.

Pregnancy-Related Hemodynamic
Changes

▪ Pregnancy is associated with five significant hemodynamic
changes: plasma volume expansion, increase in red blood
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cell mass, increased maternal cardiac output, fall in
systemic vascular resistance, and an increase in fibrinogen
and the majority of procoagulant blood factors.

Physiologic Adaptation to
Hemorrhage

▪ There is a defined sequence of physiologic adaptations that
occurs with hemorrhage (Fig. 18.1).
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FIG. 18.1  Relationships among systemic vascular
resistance, blood pressure, and cardiac output in the

face of progressive blood volume deficit.

TABLE 18.1

Modified from Baker RJ. Evaluation and management of critically ill patients. Obstet
Gynecol Annu. 1977;6:295; and Bonnar J. Massive obstetric haemorrhage. Baillieres
Best Pract Res Clin Obstet Gynaecol. 2000;14:1.

Classification of Hemorrhage
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▪ See Table 18.1.
▪ Understanding the physiologic responses that accompany

varying degrees of volume deficit can assist the clinician
when caring for hemorrhaging patients.

▪ The average 70-kg pregnant woman maintains a blood
volume of 6000 mL by 30 weeks of gestation (85 mL/kg).

▪ Class 1 hemorrhage corresponds to approximately 1000 mL of
blood loss (15% volume deficit).

▪ Class 2 hemorrhage is characterized by 1500 mL of blood loss,
or a 20% to 25% volume deficit. Tachypnea and tachycardia
are present as well as often a narrowing of pulse pressure.
Orthostatic hypotension is present.

▪ Class 3 hemorrhage is defined as a blood loss of 2000 mL and
corresponds to a volume deficit of 30% to 35%. Signs
include tachycardia and tachypnea as well as overt
hypotension, pallor, and cool extremities.

▪ Class 4 hemorrhage is characterized by more than 2500 mL of
blood loss (40% of blood volume). It is accompanied by
absent distal pulses, shock, air hunger, and oliguria.

Antepartum Hemorrhage
Placental Abruption
Definition and Pathogenesis

▪ Placental abruption, or abruptio placentae, refers to the
premature separation of a normally implanted placenta
from the uterus prior to delivery of the fetus.

▪ Whereas some placental abruptions may occur acutely after
a sudden mechanical event (e.g., blunt trauma, sudden
uterine decompression, or motor vehicle accident), most
cases result from more chronic processes.

Incidence

▪ The overall incidence of placental abruption is
approximately 1 in 100 births.
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▪ About one-third of all antepartum bleeding can be attributed
to placental abruption, which peaks in the third trimester;
40% to 60% of abruptions occur prior to 37 weeks of
gestation.

Clinical Manifestations

▪ Several factors determine the clinical manifestations of
placental abruption, including temporal nature of the
process and severity.

▪ The amount of vaginal bleeding correlates poorly with the
extent of placental separation and its potential for fetal
compromise. Concealed abruption occurs in 10% to 20% of
cases.

▪ Chronic abruption may be insidious in its presentation and
is often associated with ischemic placental disease.

Risk Factors

▪ Increasing parity and maternal age
▪ Maternal substance abuse (e.g., cigarette smoking, cocaine

use)
▪ Blunt or penetrating trauma
▪ Maternal diseases (e.g., hypertension)
▪ Preterm premature rupture of membranes
▪ Rapid uterine decompression associated with multiple

gestations and polyhydramnios
▪ Uterine and placental factors (e.g., uterine anomalies,

synechiae, fibroids, cesarean scars)
▪ Prior abruption (recurrence risk is 5% to 15%)

Diagnosis

▪ Clinical diagnosis is supported by radiographic, laboratory,
and pathologic studies.

Radiology
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▪ Ultrasound.
▪ Three predominant locations for placental abruption

(subchorionic, retroplacental, and prepalcental).
▪ See Fig. 18.2.
▪ Retroplacental hematomas are associated with a worse

prognosis for fetal survival than subchorionic hemorrhage.
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FIG. 18.2  The classification system of placental
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abruption. A, Retroplacental abruption. The bright red
area represents a blood collection behind the placenta
(dark red). B, Subchorionic abruption. The bright red

area represents subchorionic bleeding, which is
observed to dissect along the chorion. C, Preplacental

abruption. The bright red area represents a blood
collection anterior to the placenta within the amnion

and chorion (subamniotic). Modified from Trop I, Levine D.

Hemorrhage during pregnancy: sonography and MR imaging. AJR Am J

Roentgenol. 2001;176:607.

Laboratory Findings

▪ Hypofibrinogenemia and evidence of consumptive
coagulopathy may accompany severe abruption.

Management

▪ Both maternal and fetal complications may occur with
placental abruption. Maternal complications include blood
loss, consumptive coagulopathy, need for transfusion, end-
organ damage, cesarean delivery, and death. Fetal
complications include intrauterine growth restriction,
oligohydramnios, prematurity, hypoxemia, and stillbirth.

▪ Typically, management of placental abruption depends on
the severity, gestational age, and maternal-fetal status.

▪ Management consists of insuring availability of blood
products, serial laboratory assessment (complete blood cell
count, and coagulation studies), continuous fetal heart rate
and contraction monitoring, and communication with
operating room and neonatal personnel.

▪ Small placental abruptions remote from term (<34 weeks)
may be managed expectantly.

▪ Women who present at or near term with a placental
abruption should undergo delivery. Induction or
augmentation of labor is not contraindicated in the setting
of an abruption; however, close surveillance for any
evidence of maternal or fetal compromise is advised.
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Neonatal Outcome

▪ Tenfold increased risk for perinatal death.
▪ Greater risk for adverse long-term neurobehavioral

outcomes.
▪ Hypoxia-associated periventricular leukomalacia and

sudden infant death syndrome are more common in
newborns delivered after placental abruptions.

Placenta Previa
Definition and Pathogenesis

▪ Placenta previa is defined as the presence of placental tissue
over or adjacent to the cervical os.

▪ Recent revised classification of placenta previa consists of
two variations: true placenta previa, in which the internal
cervical os is covered by placental tissue, and low-lying
placenta, in which the placenta lies within 2 cm of the
cervical os but does not cover it.

Incidence

▪ The overall reported incidence of placenta previa at delivery
is 1 in 200 births. In the second trimester, placenta previa
may occur in up to 6% of pregnancies. The term placental
migration has been used to explain this “resolution” of
placenta previa that is noted near term.

Clinical Manifestations

▪ Placenta previa typically presents as painless vaginal
bleeding in the second or third trimester.

▪ 70% to 80% of patients with placenta previa will have at least
one bleeding episode.

Risk Factors
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▪ Increasing parity, age, and race
▪ Cigarette smoking and cocaine use
▪ Prior placenta previa
▪ Prior uterine surgery and prior cesarean delivery

TABLE 18.2

Potential for Placenta Previa at Term by Gestational Age at Diagnosis

Gestational Age at Diagnosis (wk) Previa at Term (%)
15-19 12
20-23 34
24-27 49
28-31 62
32-35 73

From Dashe JS, McIntire DD, Ramus RM, et al. Persistence of placenta previa
according to gestational age at ultrasound detection. Obstet Gynecol. 2002;99:692.

Diagnosis

▪ Most cases are detected antenatally with ultrasound.

Radiology

▪ Transabdominal and transvaginal ultrasound provide the
best means for diagnosing placenta previa.

▪ If a placenta previa or low-lying placenta is diagnosed in the
second trimester, repeat sonography should be obtained in
the early third trimester at 32 weeks. More than 90% of the
cases of placenta previa diagnosed in the second trimester
resolve by term.

▪ See Table 18.2.

Management

▪ Serial ultrasounds to assess placental location and fetal
growth, avoidance of cervical examinations and
intercourse, activity restrictions, counseling regarding labor
symptoms and vaginal bleeding, and early medical
attention if any vaginal bleeding occurs.
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Asymptomatic Placenta Previa

▪ Asymptomatic women with placenta previa may be
managed expectantly as outpatients.

▪ Candidates for outpatient management must (1) be
compliant, (2) live within a short commute from the
hospital, (3) have 24-hour emergency transportation to the
hospital.

Bleeding Placenta Previa

▪ Acute vaginal bleeding requires hospitalization and
immediate evaluation to assess maternal-fetal stability.

▪ Antenatal corticosteroids (less than 34 weeks).
▪ Tocolysis may be used if the vaginal bleeding is preceded by

or associated with uterine contractions.
▪ Rh0(D) immune globulin should be given to all Rh-negative

unsensitized women with third-trimester bleeding from
placenta previa.

Delivery

▪ Cesarean delivery is indicated for all women with
sonographic evidence of placenta previa and most women
with low-lying placenta. Blood should be available for
transfusion.

▪ Cesarean delivery of asymptomatic placenta previa should
occur between 360/7 and 370/7 weeks of gestation. In cases of
complicated placenta previa (bleeding associated with
nonreassuring fetal heart pattern, life-threatening
hemorrhage), delivery should occur immediately regardless
of gestational age.

Placenta Accreta
Definition and Pathogenesis

▪ Placenta accreta represents the abnormal attachment of the
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placenta to the uterine lining due to an absence of the
decidua basalis and an incomplete development of the
fibrinoid layer.

Incidence and Risk Factors

▪ The overall incidence of placenta accreta or one of its
variations is 3 per 1000 deliveries.

▪ Significant risk factors are placenta previa and prior cesarean
delivery.

▪ Increasing parity and maternal age, submucosal uterine
fibroids, prior uterine surgery, cesarean scar, and
endometrial defects are other risk factors.1,2

Clinical Manifestations

▪ Profuse bleeding usually follows attempted manual
placental separation. Hematuria can be a feature of placenta
percreta with bladder invasion.

Diagnosis

▪ Most cases of placenta accreta are diagnosed antenatally by
advanced radiographic techniques (ultrasound is the
preferred technique).

▪ MRI can be used in conjunction with sonography to assess
abnormal placental invasion.

▪ Placenta accreta is confirmed by the pathologic examination
of a hysterectomy specimen.

Management

▪ Placenta accreta accounts for a large percentage of
peripartum hysterectomies.3 A multidisciplinary team
approach is the ideal way to manage these cases.

▪ Delivery recommended at 340/7 to 356/7 weeks.
▪ Adequate IV access with two large-bore catheters and ample

337



blood product availability are mandatory.
▪ It is recommended that the uterus be incised above the

placental attachment site and that the placenta be left in situ
after clamping the cord because disruption of the
implantation site may result in rapid blood loss.

Vasa Previa
Definition and Pathogenesis

▪ Vasa previa is defined as the presence of fetal vessels over
the cervical os.

▪ Velamentous cord insertion may occur without vasa previa
and can occasionally exist as fetal vessels that run between
a bilobed or succenturiate-lobed placenta.

Incidence and Risk Factors

▪ The overall incidence of vasa previa is 1 in 2500 deliveries.
▪ Bilobed and succenturiate-lobed placentas, pregnancies that

result from assisted reproductive technology, multiple
gestations, and history of second-trimester placenta previa
or low-lying placenta are risk factors.4-6

Clinical Manifestations

▪ Acute onset of vaginal bleeding from a lacerated fetal vessel
following artificial rupture of membranes.

Diagnosis

▪ The diagnosis is confirmed by documenting umbilical
vessels over the cervical os using color and pulsed Doppler
imaging.

Management
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▪ When diagnosed antenatally, vasa previa should be
managed similarly to placenta previa.

▪ Cesarean delivery is recommended between 340/7 to 360/7

weeks of gestation.7,8

Postpartum Hemorrhage

▪ Postpartum hemorrhage is an obstetric emergency that
complicates between 1 in 20 and 1 in 100 deliveries.

Normal Blood Loss and Postpartum Hemorrhage

▪ Postpartum hemorrhage is defined as blood loss in excess of
500 mL for vaginal delivery and 1000 mL for a cesarean
delivery.

Etiologies

▪ The etiologies of postpartum hemorrhage can be categorized
as primary (early or within 24 hours of delivery) or
secondary (late or more than 24 hours and up to 12 weeks
postpartum).

Uterine Atony
Definition and Pathogenesis

▪ Uterine atony is the most common cause of primary
postpartum hemorrhage.

Incidence and Risk Factors

▪ Uterine atony complicates 1 in 20 deliveries and is
responsible for 80% of postpartum hemorrhage cases.

▪ Uterine overdistention, labor induction, rapid or prolonged
labor, grand multiparity, uterine infection, uterine
inversion, retained products of conception, abnormal
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placentation, and use of uterine-relaxing agents are risk
factors.

Clinical Manifestations and Diagnosis

▪ Rapid uterine bleeding associated with a lack of myometrial
tone and an absence of other etiologies for postpartum
hemorrhage.

Prevention and Management

▪ Three preventive methods for atonic postpartum
hemorrhage are (1) active management of the third stage of
labor, (2) spontaneous placental separation during cesarean
delivery, and (3) prolonged postpartum oxytocin infusion.

Bimanual Uterine Massage

▪ The uterus should be compressed between the external,
fundally placed hand and the internal, intravaginal hand.

Uterotonic Therapy

▪ See Table 18.3.
▪ The genital tract should be carefully inspected for lacerations

before proceeding with therapeutic measures.

Uterine Tamponade

▪ Uterine packing is a safe, simple, and effective way to
control postpartum hemorrhage. Various balloon catheters
may be placed in the uterus to tamponade bleeding.

Selective Arterial Embolization

▪ Selective arterial embolization is an option for
hemodynamically stable patients with postpartum
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hemorrhage (success rates 90% to 97%).

Surgical Intervention

▪ The goal of arterial ligation is to decrease uterine perfusion
and subsequent bleeding.

▪ Bakri has described a newer technique for bilateral uterine
artery ligation in combination with tamponade balloon
placement.

Bilateral Looped Uterine Vessel Sutures

▪ Uterine compression sutures include B-Lynch suture,
Hayman vertical sutures, Pereira transverse and vertical
sutures, and multiple square sutures.9,10

▪ Hysterectomy is used for refractory bleeding,

Genital Tract Lacerations
Definition and Pathogenesis

▪ Genital tract lacerations may occur with both vaginal and
cesarean deliveries.

▪ The most common lower genital tract lacerations are
perineal, vulvar, vaginal, and cervical. Upper genital tract
lacerations are typically associated with broad ligament and
retroperitoneal hematomas.

Incidence and Risk Factors

▪ Genital tract lacerations are a leading cause of postpartum
hemorrhage. Risk factors include instrumented vaginal
delivery, fetal malpresentation or macrosomia, episiotomy,
precipitous delivery, prior cerclage placement, Dührssen
incisions, and shoulder dystocia.

Clinical Manifestations and Diagnosis
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▪ For diagnosis, it is best to evaluate the lower genital tract
superiorly from the cervix and to progress inferiorly to the
vagina, perineum, and vulva.

Management

▪ Once a genital tract laceration is identified, management
depends on its severity and location.

Vulvar Hematoma

▪ Vulvar hematomas usually result from lacerated vessels in
the superficial fascia of the anterior or posterior pelvic
triangle.

▪ Surgical drainage is the primary treatment for most vulvar
hematomas.

Vaginal Hematoma

▪ Vaginal hematomas result from delivery-related soft tissue
damage.

▪ Vaginal hematomas may or may not require surgical
drainage.

▪ Selective arterial embolization may be considered.

TABLE 18.3

IM, intramuscular; IU, intrauterine; IV, intravenous; PO, per os; PR, per rectum; SL,
sublingual.

Retroperitoneal Hematoma
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▪ Retroperitoneal hematomas are the most serious and life-
threatening.

▪ These hematomas usually occur after a vessel laceration
from the internal iliac (hypogastric) arterial tre

▪ Treatment of a retroperitoneal hematoma typically involves
laparotomy, hematoma evacuation, and arterial ligation. In
some situations, selective arterial embolization may be used
as a primary or adjunctive treatment.

Retained Products of Conception
Definition and Pathogenesis

▪ Retained products of conception—namely, placental tissue
and amniotic membranes—can inhibit the uterus from
adequate contraction and can result in hemorrhage.

Incidence and Risk Factors

▪ Retained products of conception complicate 0.5% to 1% of
deliveries. Risk factors include midtrimester delivery,
chorioamnionitis, and accessory placental lobes.

Clinical Manifestations and Diagnosis

▪ Retained products of conception typically present with
uterine bleeding and associated atony.

▪ Transabdominal or transvaginal ultrasound may be used for
diagnosis.

Management

▪ Manual extraction and uterine curettage are used.

Uterine Rupture
Definition and Pathogenesis
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▪ Uterine rupture refers to the complete nonsurgical
disruption of all uterine layers—endometrium,
myometrium, and serosa.

Incidence and Risk Factors

▪ The overall incidence of uterine rupture (scarred and
unscarred uterus) is 1 in 2000 deliveries. Uterine rupture is
most common in women with a scarred uterus, including
those with prior cesarean delivery and myomectomy.

▪ Risk factors for women undergoing a trial of labor after
cesarean section may include multiple prior cesarean
deliveries, no previous vaginal delivery, induced or
augmented labor, term gestation, thin uterine scar
identified by ultrasound, multiple gestation, fetal
macrosomia, postcesarean delivery infection, single-layer
closure of hysterotomy incision, and short interpregnancy
interval.

Clinical Manifestations and Diagnosis

▪ Uterine rupture is associated with both fetal and maternal
clinical manifestations.

▪ Fetal bradycardia with or without preceding variable or late
decelerations.

▪ Loss of fetal station in labor.
▪ Acute vaginal bleeding, constant abdominal pain or uterine

tenderness, change in uterine shape, cessation of
contractions, hematuria.

▪ Signs of hemodynamic instability.
▪ Uterine rupture is suspected clinically but confirmed

surgically.

Management

▪ Site of rupture should be assessed to determine whether it
can be repaired.
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Uterine Inversion
Definition and Pathogenesis

▪ Uterine inversion refers to the collapse of the fundus into the
uterine cavity and is classified by degree and timing. With
regard to degree, uterine inversion may be first degree
(incomplete), second degree (complete), third degree
(prolapsed), or fourth degree.

▪ The two most commonly proposed etiologies for uterine
inversion include excessive umbilical cord traction with a
fundally attached placenta and fundal pressure in the
setting of a relaxed uterus.

Incidence and Risk Factors

▪ Uterine inversion is a rare event that complicates about 1 in
1200 to 1 in 57,000 deliveries.11

▪ Risk factors include uterine overdistention, fetal
macrosomia, rapid labor and delivery, congenital uterine
malformations, uterine fibroids, invasive placentation,
retained placenta, short umbilical cord, use of uterine-
relaxing agents, nulliparity, manual placental extraction,
and Ehlers-Danlos syndrome.

Clinical Manifestations and Diagnosis

▪ Brisk vaginal bleeding, inability to palpate the fundus
abdominally, and maternal hemodynamic instability.

Management

▪ Once diagnosed, uterine inversion requires rapid
intervention to restore maternal hemodynamic stability and
control hemorrhage.

Coagulopathy
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Definition and Pathogenesis

▪ Coagulopathy represents an imbalance between the clotting
and fibrinolytic systems.

▪ See Fig. 18.3.

Incidence and Risk Factors

▪ Massive antepartum or postpartum hemorrhage; sepsis;
severe preeclampsia; hemolysis, elevated liver enzymes,
low platelets syndrome; amniotic fluid embolism; fetal
demise; placental abruption; septic abortion; and acute fatty
liver of pregnancy.

Clinical Manifestations and Diagnosis

▪ The primary clinical manifestations of consumptive
coagulopathy include bleeding, hypotension out of
proportion to blood loss, microangiopathic hemolytic
anemia, acute lung injury, acute renal failure, and ischemic
end-organ tissue damage.

▪ Consumptive coagulopathy is a clinical diagnosis that is
confirmed with laboratory data.
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FIG. 18.3  Pathophysiology and clinical manifestations
of consumptive coagulopathy.

Management

▪ The most important factor in the successful treatment of
coagulopathy is identifying and correcting the underlying
etiology.

▪ Delivery of the fetus initiates resolution of the coagulopathy.
▪ Have two large-bore IV catheters for fluid and blood

component therapy; laboratory studies should be drawn
serially every 4 hours until resolution.

▪ Maintain adequate oxygenation and normothermia.
▪ Vitamin K, recombinant activated factor VII, human

recombinant factor VIIa for consumptive coagulopathy, and
hemostatic agents may be used in individual cases.

Fluid Resuscitation and Transfusion

Volume Resuscitation
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▪ Warmed crystalloid solution in a 3:1 ratio to the estimated
blood loss should be rapidly infused.

Packed Red Blood Cells

▪ Each packed red blood cell (RBC) unit contains
approximately 300 mL of volume (250 mL RBCs and 50 mL
of plasma). In a 70-kg patient, one unit of packed RBCs will
raise the hemoglobin by 1 g/dL and the hematocrit by 3%.

Platelet Concentrates

▪ Transfusion of platelets should be considered when the
platelet count is less than 20,000/mm3 after a vaginal
delivery or less than 50,000/mm3 after a cesarean delivery,
or when coagulopathy is evident.

Fresh Frozen Plasma

▪ Each unit contains approximately 250 mL.
▪ Fresh frozen plasma (FFP) should raise the fibrinogen level

by 5 to 10 mg/dL.

Cryoprecipitate

▪ Cryoprecipitate is the precipitate that results from thawed
FFP.

▪ Cryoprecipitate can be measured clinically by the fibrinogen
response, which should increase by 5 to 10 mg/dL per unit.
Unlike FFP, each unit of cryoprecipitate provides minimal
volume (10 to 15 mL).
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CHAPTER 19

Cesarean Delivery
Vincenzo Berghella, A. Dhanya Mackeen, and Eric R.M. Jauniaux

KEY POINTS

• In 1970, the CD rate was about 5%. By 2008, it had reached
32.8%, the highest rate ever recorded in the United States. The
rates of vaginal births after cesarean delivery have plummeted,
from a peak of 28.3% in 1996 to 8.5% in 2008, contributing to
the rise in CD. Most recently, CD rates have stabilized around
32% to 33% in the United States.

• Factors that have contributed to the rise in CD during the past
decades include (1) continued increase in primary CDs for
dystocia, failed induction, and abnormal presentation; (2) an
increase in the proportion of women with obesity, diabetes
mellitus, and multiple gestations; (3) increased use of planned
CD; and (4) limited use of TOLAC because of both safety and
medicolegal concerns.

• Single-dose, preoperative prophylactic antibiotics are of clear
benefit in reducing the frequency of postcesarean
endomyometritis and wound infection.

• Mechanical prophylaxis with graduated compression stockings
or a pneumatic compression device during and after all
cesarean deliveries should be considered.

• Horizontal skin incision is preferred because vertical skin
incision is associated with long-term postoperative
complications, such as wound dehiscence and abdominal
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incisional hernia, and it is also cosmetically less pleasing.
• A low transverse uterine incision is preferred for almost all CDs.
• Blunt uterine extension is associated with decreased blood loss

and is therefore preferred.
• Delayed cord clamping should be done for 30 to 120 seconds

for all infants delivered at less than 37 weeks’ gestation.
• IV oxytocin, 10 to 80 IU in 1 L crystalloid, should be given

prophylactically after the infant is delivered in all CDs.
• Several randomized controlled trials have demonstrated greater

blood loss and a higher rate of endometritis with manual
extraction of the placenta at CD. Thus spontaneous expulsion
of the placenta with gentle cord traction is preferred.

• The uterine incision can be repaired in a single layer if the
patient has completed child-bearing, such as a bilateral tubal
ligation performed concurrently with CD. Consider double-layer
closure otherwise.

• When closing the abdomen after a CD, the subcutaneous tissue
is closed if its thickness exceeds 2 cm. This approach
significantly reduces the risk for wound disruption.

• The skin should be closed with sutures, not staples.
• Postcesarean endomyometritis remains the most common

complication of CD. With the use of appropriate prophylactic
antibiotics as described previously, its frequency is usually less
than 5%.

Incidence
▪ Cesarean delivery (CD) rates have risen in the United States

in a dramatic fashion from less than 5% in the 1960s to
32.7% by 2013, with stable rates around 32% to 33% in the
past 5 years.1

▪ Among the reasons for this increase are (1) a continued
increase in primary CDs for dystocia, failed induction, and
malpresentation; (2) an increase in the proportion of women
with obesity, diabetes mellitus, and multiple gestation,
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which predispose to CD; (3) increased practice of CD on
maternal request; and (4) limited use of a trial of labor after
cesarean (TOLAC) delivery due to both safety and
medicolegal concerns.

▪ The World Health Organization has proposed an incidence
of CD between 10% and 15% as a target to optimize
maternal and perinatal health.

▪ Maternal and perinatal morbidity and mortality should be
the outcomes monitored to ensure best quality of care.

▪ Instead of setting goals or limits for overall CD rates, it is
most important to monitor maternal and perinatal health
outcomes.

▪ Two populations often targeted for comparison include
nulliparous women with a singleton vertex gestation at 37
weeks or greater without other complications and women
with one prior low transverse CD delivering a single vertex
fetus at 37 weeks or greater without other complications.2

Indications for Cesarean Delivery
Maternal-Fetal Indications

▪ The suggestions for definitions of arrest of labor in the first
and second stage and failed induction, shown in Box 19.1,
should be followed for management as long as maternal
and fetal conditions are reassuring.

Fetal Indications

▪ Fetal indications are primarily recognized by nonreassuring
FHR testing with the potential for long-term consequences
of metabolic acidosis.

Maternal Indications

▪ Maternal indications for CD are relatively few and can be
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considered as medical or mechanical in nature (see Box
19.2).

Cesarean Delivery on Maternal Request

▪ The lack of specificity of the term “elective” suggests the
most reasonable and prudent course of action is to not use
it, but rather to document the specific indication—whether
medical or nonmedical—for the intervention or procedure
(i.e., CD on maternal request).3

▪ Women who desire several children should be advised
against non–medically indicated CD because of the direct
association with an increasing number of CDs and
increasing life-threatening complications such as placenta
previa, placenta accreta, and the need for cesarean
hysterectomy.4

▪ Perinatal mortality has been reported to be several times
lower with a planned CD compared with labor and vaginal
birth.

▪ CD also presents a risk for future placental abnormalities,
including placenta previa and placenta accreta. These risks
increase with the increasing number of CDs performed for
each woman and are substantial with more than three
operations. Thus the decision to undergo CD on request
must include thoughtful consideration of future
childbearing plans.

 
BOX 19.1 Safe Prevention of Cesarean
Delivery
First Stage of Labor

▪ A prolonged latent phase (>20 h in NP women and >14 h in
MP women) should not be an indication for CD. (Grade 1B)

▪ Slow but progressive labor in the first stage rarely should be
an indication for CD. (Grade 1B)
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▪ As long as fetal and maternal status are reassuring, cervical
dilation of 6 cm should be considered the threshold for the
active phase in most laboring women. Thus before 6 cm of
dilation is achieved, standards of active-phase progress
should not be applied. (Grade 1B)

▪ CD for active-phase arrest in the first stage of labor should be
reserved for women at or beyond 6 cm of dilation with
ruptured membranes who fail to progress despite 4 h of
adequate uterine activity or at least 6 h of oxytocin
administration with inadequate uterine activity and no
cervical change. (Grade 1B)

Second Stage of Labor

▪ A specific absolute maximum length of the second stage of
labor above which all women should be delivered
operatively has not been identified. (Grade 1C)

▪ Before diagnosing arrest of labor in the second stage, if the
maternal and fetal conditions permit, allow for the following:

▪ At least 2 h of pushing in MP women (Grade 1B)
▪ At least 3 h of pushing in NP women (Grade 1B)

Longer durations may be appropriate on an individualized
basis (e.g., with the use of epidural analgesia or with fetal
malposition) as long as progress is being documented. (Grade 1B)

▪ Operative vaginal delivery in the second stage of labor should
be considered an acceptable alternative to CD. Training in,
and ongoing maintenance of, practical skills related to
operative vaginal delivery should be encouraged. (Grade 1B)

▪ Manual rotation of the fetal occiput in the setting of fetal
malposition in the second stage of labor is a reasonable
alternative to operative vaginal delivery or CD. To safely
prevent CD in the setting of malposition, it is important to
assess fetal position throughout the second stage of labor.
(Grade 1B)
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Fetal Heart Rate Monitoring

▪ Amnioinfusion for repetitive variable fetal heart rate
decelerations may safely reduce the CD rate. (Grade 1A)

▪ Scalp stimulation can be used as a means of assessing fetal
acid-base status when abnormal or indeterminate
(nonreassuring) fetal heart patterns (e.g., minimal variability)
are present, and it is a safe alternative to CD in this setting.
(Grade 1C)

Induction of Labor

▪ Induction of labor generally should be performed based on
maternal and fetal medical indications and after informed
consent is obtained and documented. Inductions at 410/7

weeks of gestation and beyond should be performed to
reduce the risk of CD and the risk of perinatal morbidity and
mortality. (Grade 1A)

▪ Cervical ripening methods should be used when labor is
induced in women with an unfavorable cervix. (Grade 1B)

▪ If the maternal and fetal status allow, CDs for failed induction
of labor in the latent phase can be avoided by allowing
longer durations of the latent phase (up to 24 h or longer)
and requiring that oxytocin be administered for at least 18 h
after membrane rupture before deeming the induction a
failure. (Grade 1B)

Fetal Malpresentation

▪ Fetal presentation should be assessed and documented
beginning at 360/7 weeks of gestation to allow for external
cephalic version to be offered. (Grade 1C)

Suspected Fetal Macrosomia

▪ CD to avoid potential birth trauma should be limited to
estimated fetal weights of at least 5000 g in women without
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diabetes and at least 4500 g in women with diabetes. The
prevalence of birthweight of 5000 g or more is rare, and
patients should be counseled that estimates of fetal weight,
particularly late in gestation, are imprecise. (Grade 2C)

▪ Women should be counseled about the IOM maternal weight
guidelines in an attempt to avoid excessive weight gain.
(Grade 1B)

Twin Gestations

▪ Perinatal outcomes for twin gestations in which the first twin
is in cephalic presentation are not improved by CD. Thus
women with either cephalic/cephalic-presenting twins or
cephalic/noncephalic-presenting twins should be counseled
to attempt vaginal delivery. (Grade 1B)

Other

▪ Individuals, organizations, and governing bodies should
work to ensure that research is conducted to provide a better
knowledge base to guide decisions regarding CD and to
encourage policy changes that safely lower the rate of
primary CD. (Grade 1C)

CD, cesarean delivery; IOM, Institute of Medicine; MP,
multiparous; NP, nulliparous.
Modified from the American College of Obstetricians and Gynecologists, Society for
Maternal-Fetal Medicine, Caughey AB, Cahill AG, Guise JM, Rouse DJ. Safe prevention
of the primary cesarean delivery. Am J Obstet Gynecol. 2014;210(3):179-193.

 
BOX 19.2 Selected Indications for Cesarean
Delivery by Category
Maternal-Fetal

Cephalopelvic disproportion
Placental abruption
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Placenta previa
Repeat cesarean delivery
Cesarean delivery on maternal request

Maternal

Specific cardiac disease (e.g., Marfan syndrome with dilated
aortic root)

Fetal

Nonreassuring fetal status
Breech or transverse lie
Maternal herpes

Technique of Cesarean Delivery
Precesarean Antibiotics

▪ Prophylactic preoperative antibiotics are of clear benefit in
reducing the frequency of postcesarean endomyometritis
and wound infection in both laboring and nonlaboring
CDs.5

▪ For women with clinical chorioamnionitis, treatment with
combination antibiotic therapy is recommended.

Precesarean Thromboprophylaxis

▪ Because venous thromboembolism is the leading cause of
maternal mortality in developed countries, and CD
increases this risk, thromboprophylaxis should be
considered in all CDs.

▪ Urinary bladder catheterization for CD is prudent until
evidence can delineate that eliminating this practice will not
result in an increase in bladder or ureteral injury.
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Site Preparation

▪ Hair does not have to be removed from the operative site.
▪ Incision-site preparation is accomplished in the operating

room through application of a surgical scrub. CD wounds
are considered to be clean contaminated. Chlorhexidine-
alcohol scrub has been associated with a lower incidence of
wound infection compared with povidone-iodine scrub.6

▪ Drapes should not be adhesive.

Abdominal Skin Incision and Abdominal
Entry

▪ The surgeon has a choice of a transverse or vertical skin
incision, with the transverse Pfannenstiel being the most
common incision type in the United States. Factors that
influence the type of incision include the urgency of the
delivery, placental disorders such as anterior complete
placenta previa and placenta accreta, prior incision type,
and the potential need to explore the upper abdomen for
nonobstetric pathology. Although some still prefer a
vertical incision in emergency situations, a Pfannenstiel
incision actually adds only 1 minute of extra operative time
in primary and 2 minutes in repeat cesareans, differences
that are not associated with improved neonatal outcome
compared with that of a vertical incision.7

▪ The Joel-Cohen and the Pfannenstiel are the recommended
cesarean technique skin incisions.

Bladder Flap

▪ Creation of a bladder flap versus a direct uterine incision
above the bladder fold has been compared in four
randomized trials of 581 women.8 Bladder flap
development was associated with a longer incision-to-
delivery interval of 1.27 minutes without any differences in

358



bladder injury, total operating time, blood loss, or hospital
length of stay.8 It is important to note that emergency CDs
were excluded from the studies, and the majority of
pregnancies were over 32 weeks’ gestation.

Uterine Incision

▪ The low transverse incision is preferred to a vertical incision
because it is associated with less blood loss, is easier to
perform and repair, and provides for the option of
subsequent TOLAC because the rate of subsequent rupture
is lower than with incisions that incorporate the upper
uterine segment.9

▪ A vertical uterine incision may need to be performed if the
lower uterine segment is poorly developed or if the fetus is
in a back-down transverse lie; in cases of an anterior
placenta previa or accreta, often in combination with a
hysterectomy (Chapter 21); or if leiomyomas obstruct the
lower segment.

Delivery of the Fetus

▪ When the vertex is wedged in the maternal pelvis, usually in
advanced second-stage arrest, reverse breech extraction (the
“pull” method) has been associated with shorter operating
time, less extension of the uterine incision, and postpartum
endometritis compared with vaginal displacement of the
presenting part upward.10

▪ Delayed cord clamping is recommended for all CDs done
before 37 weeks.

Prevention of Postpartum Hemorrhage

▪ Studies suggest that 10 to 80 IU of oxytocin in 1 L crystalloid
infused over 4 to 8 hours significantly prevents uterine
atony and postpartum hemorrhage.11
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Placental Extraction

▪ Removal of the placenta by spontaneous expulsion with
gentle cord traction has been shown by several randomized
controlled trials to be associated with less blood loss and a
lower rate of endometritis than manual extraction.12–14

Therefore spontaneous expulsion with gentle cord traction
and uterine massage should be performed for delivery of
the placenta. Intraoperative glove change has not been
shown to decrease the risk of endometritis after CD.13

Uterine Repair

▪ The first layer of uterine closure is performed using
continuous suturing. This technique is associated with less
operating time and reduced blood loss compared with
interrupted sutures.15 The locking of the primary layer of
closure facilitates hemostasis but may not be necessary if
the incision is fairly hemostatic before closure. Size 1-0 or 0-
0 synthetic suture is used. Full-thickness repair that
includes the endometrial layer is associated with improved
healing as evidenced by ultrasound 6 weeks after CD.16,17

Abdominal Closure

▪ The subcutaneous tissue is closed if it will facilitate skin
closure or if the fat thickness is at least 2 cm. Closure of the
subcutaneous tissue of at least 2 cm with sutures is
associated with fewer wound complications—such as a
hematoma, seroma, wound infection, or wound separation
—compared with no closure.18

▪ The transverse cesarean skin incision should be closed with
subcuticular suture, rather than staples, because suture
closure significantly decreases by 57% the risks of wound
complications (from 10.6% to 4.9%) and specifically wound
separation (from 7.4% to 1.6%).19,20 Staple closure is
approximately 7 minutes faster than suture closure.21
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Evidence is insufficient to make a recommendation for
closure method for CDs performed using vertical skin
incisions.19,20

Complications of Cesarean Delivery
Intraoperative Complications
Uterine Lacerations

▪ Most lacerations are myometrial extensions that can be
closed with a running locking suture independently or in
conjunction with closure of the primary uterine incision.
High lateral extensions may require unilateral ascending
uterine artery branch ligation.

Bladder Injury

▪ Bladder dome lacerations are generally repaired with a
double-layer closure technique using 2-0 or 3-0 Vicryl
suture. The mucosa may be avoided with closure, although
this is not imperative.

Ureteral Injury

▪ Most ureteral injuries follow attempts to control bleeding
from lateral extensions into the broad ligament. Opening
the broad ligament before suture placement may reduce the
risk for this complication.

Maternal Mortality

▪ Similar rates of maternal death have been reported among
women delivered by CD versus those delivered vaginally
when adjusting for maternal age and the presence of severe
preeclampsia.
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Maternal Postoperative Morbidity
Endomyometritis

▪ Postcesarean endomyometritis remains the most common
complication of CD. With the use of appropriate
prophylactic antibiotics as described previously, its
frequency is usually less than 5%,22,23 much reduced from
preantibiotic times.

▪ The diagnosis of postpartum endomyometritis is based on
fever with either fundal tenderness or foul-smelling
discharge in the absence of any other source.

▪ A regimen of clindamycin and an aminoglycoside such as
gentamicin is associated with better safety and efficacy
compared with other regimens.

Wound Infection

▪ Wound infection complicates about 1% to 5% of cesarean
deliveries.24 Most CD wounds are considered clean
contaminated owing to the interface with the lower
reproductive tract. Emergent CDs and those associated with
chorioamnionitis are considered contaminated and have
higher wound infection rates.

▪ Extreme wound discoloration, extensive infection, gangrene,
bullae, or anesthesia of the surrounding tissue should
prompt consideration of necrotizing fasciitis, a life-
threatening surgical emergency that has been reported to
develop in 1 in 2500 women undergoing primary CD.

Thromboembolic Disease

▪ The incidence of deep vein thrombosis was reported at
0.17%, and that of pulmonary embolism at 0.12%, in women
undergoing CD.

Septic Pelvic Thrombophlebitis
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▪ Septic pelvic thrombophlebitis is most often a diagnosis of
exclusion established in refractory cases of women being
treated for endomyometritis. A pelvic CT scan may aid in
the diagnosis, although the sensitivity and specificity of this
technique are clearly difficult to establish.

Tubal Sterilization
Modified Pomeroy

▪ The Pomeroy technique as originally described included
grasping the fallopian tube at its midportion, creating a
small knuckle, and then ligating the loop of tube with a
double strand of catgut suture.
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CHAPTER 20

Vaginal Birth After
Cesarean Delivery
Mark B. Landon, and William A. Grobman

KEY POINTS

• VBAC rates have plummeted from a peak of approximately 30%
in 1996 to 5% in 2010.

• Two-thirds of women with a prior low transverse CD are
candidates for TOLAC and should be counseled about and
offered this option.

• The success rate for TOLAC is influenced by prior indication for
cesarean delivery, history of vaginal delivery, demographic
characteristics such as maternal age and body mass index, the
occurrence of spontaneous labor, and cervical status at
admission.

• Oxytocin may be used for induction, as well as augmentation, of
labor in women undergoing TOLAC.

• The use of misoprostol for cervical ripening is contraindicated in
women undergoing TOLAC.

• The most consistent sign associated with uterine rupture is fetal
heart rate abnormalities that include prolonged variable
decelerations and bradycardia.
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Trends
▪ It has been suggested that about two-thirds of women with a

prior cesarean delivery (CD) are actually candidates for a
trial of labor after cesarean (TOLAC) delivery and most
planned repeat operations are influenced by physician
discretion and patient choice.

▪ Despite two recent large-scale contemporary multicenter
studies that attest to their relative safety,1,2 there is
restriction of a women’s access to TOLAC or vaginal birth
after cesarean (VBAC) delivery, The National Institutes of
Health held a consensus development conference
concerning VBAC in 2010. The panel at that conference
concluded that TOLAC is a reasonable birth option for
many women with a previous CD. The panel also found
that existing practice guidelines and the medical liability
climate were restricting access to TOLAC-VBAC and that
these factors need to be addressed.3

Candidates for TOLAC
The following are selection criteria suggested by ACOG4 for
identifying candidates for TOLAC:

▪ One or two previous low-transverse CDs
▪ Clinically adequate pelvis
▪ No other uterine scars or previous rupture
▪ Physicians immediately available throughout active labor

capable of monitoring labor and performing an emergency
cesarean delivery

▪ A TOLAC should not be attempted in the following
circumstances:

▪ Previous classical or T-shaped incision, or extensive
transfundal uterine surgery

▪ Previous uterine rupture
▪ Medical or obstetrical complications that preclude

vaginal delivery
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FIG. 20.1  Graphic nomogram used to predict
probability of vaginal birth after cesarean (VBAC). The

nomogram is used by locating each patient
characteristic and finding the number of points on the

uppermost scale to which that characteristic
corresponds. The sum of total points predicts the
probability of VBAC on the lower scale. BMI, body

mass index. Modified from Grobman WA, Lai Y, Landon MB, et al, for the

National Institute of Child Health and Human Development [NICHD] Maternal Fetal

Medicine Units Network [MFMU]. Development of a nomogram for prediction of

vaginal birth after cesarean delivery. Obstet Gynecol. 2007;109:806-812.
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Success Rates for TOLAC

▪ The overall success rate for a population of women
undergoing TOLAC appears to be in the 60% to 80% range.4

▪ Several authors have developed models for predicting
VBAC (Fig. 20.1).

Maternal Demographics

▪ Race, age, body mass index, and insurance status have all
been demonstrated to be associated with the success of
TOLAC.5

Prior Indication for Cesarean Delivery

▪ Prior cesarean delivery for cephalopelvic disproportion or
failure to progress has been associated with success rates
that range from 50% to 67%.

Prior Vaginal Delivery

▪ Women with a prior vaginal delivery had an 87% TOLAC
success rate, compared with a 61% success rate in women
without a prior vaginal delivery.

Birthweight

▪ Birthweight greater than 4000 g in particular is associated
with a higher risk for failed VBAC.6

Labor Status and Cervical Examinations

▪ An 86% success rate in women who presented in labor with
cervical dilation greater than 4 cm. Conversely, the VBAC
success rate dropped to 67% if the cervix was dilated less
than 4 cm on admission.

▪ A 67.4% success rate in women who underwent induction
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versus 80.5% in those who underwent spontaneous labor.7

Previous or Unknown Incision Type

▪ Women whose previous incision type is unknown have
VBAC success rates similar to those of women with
documented prior low transverse incisions.5 Similarly,
women with previous low vertical incisions do not appear
to have lower VBAC success rates.8

Multiple Prior Cesarean Deliveries

▪ Women with more than one prior CD have been
demonstrated to have a lower likelihood of achieving
VBAC.

Postterm Pregnancy

▪ TOLAC success rates may be lower for women at or beyond
40 weeks of gestation when compared with those who are
prior to 40 weeks of gestation.

Twin Gestation

▪ Success rates for women undergoing TOLAC with twins are
not different than for those with singleton gestations.2,5

Risks Associated With a Trial of Labor
After Cesarean
Uterine Rupture

▪ It is important to differentiate between uterine rupture and
uterine scar dehiscence. This distinction is clinically relevant
because dehiscence most often represents an occult scar
separation observed at laparotomy in women with a prior
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CD.
▪ The large multicenter MFMU Network Study1 reported a

0.69% frequency of uterine rupture, with 124 symptomatic
ruptures occurring in 17,898 women undergoing TOLAC.

▪ Women with a prior low vertical uterine incision are not at
significantly increased risk for rupture compared with
women with a prior low transverse incision.

▪ In counseling women with an unknown scar, the physician
should attempt to understand whether a prior CD had been
performed under circumstances in which it was more likely
that a different type of incision had been used.

▪ An overall rate of rupture-related perinatal death of 0.11 per
1000 TOLACs.

Risk Factors For Uterine Rupture

▪ Rates of uterine rupture vary significantly depending on a
variety of associated risk factors. In addition to the type of
uterine scar, characteristics of the obstetric history that
include the number of prior cesarean and vaginal
deliveries, the interdelivery interval, and the uterine closure
technique have been reported to be associated with the risk
for uterine rupture.

TABLE 20.1

CI, confidence interval; N, number of women with multiple prior cesarean sections
attempting vaginal birth after cesarean; RR, relative risk.

Number of Prior Cesarean Deliveries

▪ It thus appears that even if having had more than one prior
cesarean section is associated with an increased risk for
uterine rupture, the magnitude of any additional risk is
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fairly small (Table 20.1). ACOG considers it reasonable to
offer TOLAC to women with more than one prior CD and
to counsel such women based on the combination of other
factors that affect their probability of achieving a successful
VBAC.4

Prior Vaginal Delivery

▪ Prior vaginal delivery, either before or after a prior CD,
appears to be highly protective against uterine rupture in
the setting of TOLAC.

Uterine Closure Technique

▪ No association between the number of layers closed and
uterine rupture has been found.9 Thus it remains unclear
whether the single-layer closure technique increases the risk
for rupture.

Interpregnancy Interval

▪ No increased risk for uterine rupture with an interdelivery
interval of less than 18 months.10

Induction Of Labor

▪ The risk for uterine rupture for women undergoing
induction is elevated nearly threefold. Although the
attributable risk of rupture related to labor induction is
relatively small (1.0% vs. 0.4%), those with only one prior
low transverse cesarean delivery showed an increase in
uterine rupture compared with those undergoing induction
who had no prior vaginal delivery. There is no increased
risk of uterine rupture with labor induction among women
who had a TOLAC with a history of prior vaginal delivery.

▪ The need for cervical ripening does seem to affect the
frequency of uterine rupture. However, it remains unclear
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whether induction increases the risk for uterine rupture in
comparison to expectant management—the clinical
alternative for women who desire a TOLAC.

▪ Conflicting data have also been reported concerning
whether various induction methods increase the risk for
uterine rupture (Table 20.2). At present, based on the
limited data that do exist, ACOG suggests that misoprostol
(prostaglandin E1) not be used for third-trimester cervical
ripening or labor induction in women who have had a CD
and that sequential use of prostaglandin E2 and oxytocin be
avoided in women undergoing TOLAC.

TABLE 20.2

Labor Augmentation

▪ Data as to whether oxytocin used for labor augmentation
during TOLAC in contemporary obstetric practice is
associated with an increased risk of uterine rupture are
conflicting.

▪ There is a possible dose-response relationship between
maximal oxytocin dose and the risk for rupture among
women who attempt TOLAC. Thus oxytocin may be used
in women undergoing TOLAC, although higher infusion
rates should be used with caution.

Sonographic Evaluation of the Uterine Scar

▪ Ultrasound measurement of the thickness of residual
myometrium in the lower uterine segment as well as the
width, depth, and length of the hypoechoic interface at the
site of the prior cesarean have been assessed but appear to
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be no value in clinical practice to predict the integrity of the
uterine scar during labor.

Other Risks Associated With a Trial of Labor After
Cesarean Delivery

▪ Maternal death attributable to uterine rupture is exceedingly
rare, and in the population of the MFMU Cesarean Registry,
maternal death was not significantly more common with
planned repeat cesarean delivery.1 However, the study was
not powered to detect a difference between this group and
women attempting a TOLAC.

Management of a Trial of Labor After
Cesarean

▪ The optimal management of labor in women undergoing a
TOLAC is based on not randomized trials but primarily on
opinion.

▪ Continuous electronic fetal monitoring is recommended and
studies that have examined fetal heart rate patterns before
uterine rupture consistently report that nonreassuring
signs, particularly prolonged decelerations or bradycardia,
are the most common finding accompanying uterine
rupture.11, 12

▪ Epidural analgesia is not a contraindicated in the setting of
TOLAC and does not appear to affect success rates.5

▪ Because uterine rupture may be a catastrophic event, ACOG
continues to recommend that it is optimal to attempt
TOLAC in institutions equipped to respond to emergencies,
with physicians immediately available to provide
emergency care.

Counseling for TOLAC

▪ Regardless of the approach to delivery, a pregnant woman
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with a previous CD is at risk for both maternal and
perinatal complications. Complications associated with
both procedures should be discussed, and an attempt
should be made to include an individualized risk
assessment for the likelihood of successful VBAC (Box 20.1).

▪ It is essential to make an effort to obtain records of the prior
CD to ascertain the previous uterine incision type. This is
particularly relevant to cases in which it is more likely that
a non–low transverse uterine incision was used.

▪ Based on the available evidence, TOLAC should continue to
remain an option for most women with a prior CD,
particularly when the low absolute risks that accompany
TOLAC are considered. The attributable risk for a serious
adverse perinatal outcome (perinatal death or hypoxic-
ischemic encephalopathy) at term appears to be about 1 per
2000 TOLACs.

▪ Combining an independent risk for hysterectomy
attributable to uterine rupture at term with the risk for
newborn HIE indicates the chance of one of these adverse
events occurring to be about 1 in 1250 cases.

▪ Following informed consent detailing the most relevant risks
and benefits for the individual woman, the delivery plan
should be formulated using a shared decision-making
process by both the patient and physician. There should be
clear recognition that this plan may change depending on
clinical circumstances including events during the labor
process.

 y

BOX 20.1 Risks Associated With Trial of Labor
After Cesarean Delivery
Uterine Rupture and Related Morbidity

Uterine rupture (0.5-1.0/100)
Perinatal death and/or encephalopathy (0.5/1000)
Hysterectomy (0.3/1000)
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Increased Maternal Morbidity With Failed TOLAC

Transfusion
Endometritis
Length of stay

Other Risks With TOLAC

Potential risk for perinatal asphyxia with labor (cord
prolapse, abruption)

Potential risk for antepartum stillbirth beyond 39 weeks’
gestation

TOLAC, trial of labor after cesarean.

Cost-Effectiveness of TOLAC

▪ TOLAC was found to be cost effective over a wide variety of
circumstances, even when women had a probability of
VBAC as low as 43%.
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CHAPTER 21

Placenta Accreta
Eric R.M. Jauniaux, Amar Bhide, and Jason D. Wright

KEY POINTS

• Prior CD is the most important factor associated with PA, and
the risk of PA increases with the number of prior CDs.

• Suspected PA on prenatal imaging allows planned
management of the condition and has been associated with a
reduced rate of maternal morbidity.

• Ultrasound imaging is superior to MRI for routine screening of
PA in at-risk women, but the degree of invasion to adjacent
pelvic tissues and organs may be better ascertained with MRI.

• The optimum time for planned delivery for a woman with
suspected PA and placenta previa is approximately 34 weeks,
following a course of corticosteroid injections.

• When a PA is suspected, it is best to avoid disturbing the
placenta and to leave it attached at the time of cesarean
delivery.

• The role of interventional radiology at the time of primary
caesarean delivery and hysterectomy remains uncertain.

• A pregnancy following a previous PA that was treated with
conservative management is at increased risk for adverse
maternal outcomes such as recurrent PA, uterine rupture, PPH,
and peripartum hysterectomy.
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Overview
▪ The term placenta increta is used to describe deep myometrial

invasion by trophoblast villi; placenta percreta refers to villi
perforating through the full thickness of the myometrium
and uterine serosa with possible involvement of adjacent
organs. The difference between placenta accreta, increta,
and percreta is related to the extent of invasion, and the
umbrella term disorders of invasive placentation is used to
encompass all three (Fig. 21.1).

▪ When placenta accreta (PA) is present, the failure of the
entire placenta to separate normally from the uterine wall
after delivery is typically accompanied by severe
postpartum hemorrhage.

Pathogenesis
▪ Total or partial absence of decidua is the characteristic

histologic feature of PA and is relatively clear-cut in cases of
implantation on a uterine scar. This results in the absence of
the normal plane of cleavage above the decidua basalis,
thus preventing placental separation after delivery.
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FIG. 21.1  Uteroplacental relationships found with
invasive placentation.

 
BOX 21.1 Primary and Secondary Uterine
Pathologies Associated With Placenta Accreta
Primary Uterine Pathology

Major uterine anomalies
Adenomyosis
Submucous uterine fibroids
Myotonic dystrophy

Secondary Uterine Pathology
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Cesarean delivery
Uterine curettage
Manual removal of the placenta
Cavity-entering myomectomy
Hysteroscopic surgery (endometrial resection)
In vitro fertilization procedures
Uterine artery embolization
Chemotherapy and radiotherapy

Epidemiology
▪ With the rapid increase in the incidence of cesarean delivery

(CD) over the past several decades, this procedure has
become associated with most cases of PA, whereas other
factors are now responsible for a relatively small proportion
of PA (Box 21.1).

Ultrasound Imaging

▪ Ultrasound has become the primary screening tool for
women at risk of PA. Grayscale ultrasound features
suggestive of PA include the loss of the myometrial
interface or retroplacental clear space, reduced myometrial
thickness, and chaotic intraplacental blood flow and
intraplacental lacunae (Figs. 21.2 to 21.5).

▪ The most common sonographic finding associated with PA
is the loss of myometrial interface with enlargement of the
underlying uterine vasculature.
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FIG. 21.2  Transabdominal grayscale ultrasound
longitudinal view of the lower uterine segment at 10
weeks’ gestation in a patient with placenta previa

major covering the cervix. The basal plate is missing,
over an area of 3 cm in diameter, and the placental

tissue above it is distorted by a large intervillous lake
or lacuna.
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FIG. 21.3  Transvaginal grayscale ultrasound
longitudinal view of the lower uterine segment at 22
weeks’ gestation in a patient with placenta previa

major covering the cervix. The basal plate is missing,
and the placental anatomy is distorted by large

intervillous lakes, or lacunae, which gives the placenta
a “moth-eaten” appearance.

Magnetic Resonance Imaging

▪ The degree of invasion to adjacent pelvic tissues and organs
may be better ascertained with MRI than with ultrasound.

Management
▪ Delivery at approximately 34 weeks of gestation among

women with a placenta previa and suspected PA, even
without confirmation of fetal lung maturity, is the
gestational age associated with optimal overall maternal
and perinatal outcomes.
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FIG. 21.4  Transabdominal color mapping
ultrasound longitudinal view of the lower uterine
segment at 20 weeks’ gestation in a patient with
anterior placenta previa covering the cervix after
previous cesarean delivery and a delivery defect

detected before pregnancy showing chaotic
intraplacental blood flow, the presence of altered

blood flow in the retroplacental space, and
aberrant vessels crossing between placental

surfaces.
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FIG. 21.5  Transabdominal color mapping
ultrasound longitudinal view of the lower uterine
segment at 38 weeks’ gestation in a patient with
anterior placenta previa after previous cesarean
delivery showing the presence of altered blood
flow in the retroplacental space and aberrant

vessels crossing between placental surfaces. AC,
amniotic cavity; P, placenta; U, uterus.

▪ Women with placenta accreta, increta, or percreta for whom
no attempt is made to remove any part of their placenta
have reduced levels of hemorrhage and a reduced need for
blood transfusion.

▪ Women with PA managed by a multidisciplinary care team,
compared with standard obstetric care, are less likely to
require large-volume blood transfusion and reoperation
within 7 days of delivery for bleeding complications.

Surgical Management

▪ Hysterectomy remains the most commonly performed
procedure for the control of postpartum hemorrhage (PPH;
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see Chapter 20).
▪ Prior to skin incision, blood products should be made

available (see Chapter 18).
▪ The role of interventional radiology at the time of primary

CD and hysterectomy remains uncertain.
▪ The genitourinary tract is at substantial risk for injury

during these procedures.
▪ Retrograde ureteral stents can be placed via cystoscopy to

facilitate ureteral identification.

Conservative Management

▪ The conservative surgical approach often involves the use of
a fundal/classical incision to deliver the fetus without
disturbing the placenta. The uterine incision is closed after
delivery, and the placenta is left in situ.

▪ The utility of embolization and balloon occlusion catheters
remains controversial, and it has not been demonstrated
that the routine use of these interventions has benefits that
outweigh the risks.

Reproductive Outcomes Following Placenta
Accreta

▪ Women are at increased risk for adverse maternal outcomes
that include recurrent PA, uterine rupture, PPH, and
peripartum hysterectomy.
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PART IV

Postpartum Care
OUTLINE

Chapter 22. The Neonate
Chapter 23. Postpartum Care and Long-Term Health
Considerations
Chapter 24. Lactation and Breastfeeding
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CHAPTER 22

The Neonate
Paul J. Rozance, and Adam A. Rosenberg

KEY POINTS

• Surfactant maintains lung expansion on expiration by lowering
surface tension at the air-liquid interface in the alveolus.

• Antenatal corticosteroids accelerate fetal lung maturation and
decrease neonatal mortality and RDS in preterm infants. In
addition, corticosteroids are associated with a decrease in
intracranial hemorrhage and necrotizing enterocolitis.

• Transition from intrauterine to extrauterine life requires removal
of fluid from the lungs, switching from fetal to neonatal
circulation

• The most important step in neonatal resuscitation is to achieve
adequate expansion of the lungs.

• Meconium aspiration syndrome is likely the result of intrauterine
asphyxia with mortality related to associated persistent
pulmonary hypertension.

• The best predictor of neurologic sequelae of birth asphyxia is
the presence of hypoxic-ischemic encephalopathy in the
neonatal period. The neurologic sequelae of birth asphyxia is
CP. However, the great majority of CP is of unknown origin or
has some etiology other than perinatal asphyxia.

• The major neurologic complications seen in premature infants
are periventricular hemorrhage/intraventricular hemorrhage and
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periventricular leukomalacia.
• Hypoglycemia is a predictable and preventable complication in

the newborn.
• With improved methods of neonatal intensive care, survival has

increased—in particular for infants weighing less than 1000 g—
but it comes at the price of medical and neurodevelopmental
sequelae.

Cardiopulmonary Transition
Pulmonary Development

▪ Five stages of morphologic lung development have been
identified in the human fetus.1

▪ Several million alveoli will form before birth, which
emphasizes the importance of the last few weeks of
pregnancy to pulmonary adaptation.

▪ Because of the development of high surface forces along the
respiratory epithelium when breathing begins, the
availability of surfactants in terminal airspaces is critical to
postnatal lung function. As the radius of the alveolus
decreases, surfactant serves to reduce surface tension,
which prevents collapse of the alveolus.

▪ Surfactant deficiency is characterized by high opening
pressure, low maximal lung volume, and lack of deflation
stability at low pressures.
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FIG. 22.1  Composition of pulmonary surfactant.
SP, surfactant protein. Modified from Jobe AH. Lung

development and maturation. In Fanaroff AA, Martin RJ [eds]: Neonatal-

Perinatal Medicine: Diseases of the Fetus and Infant, 7th ed. St Louis:

Mosby; 2002:973.

▪ Natural surfactant contains mostly lipids, phospholipids
specifically, and some protein (Fig. 22.1).

▪ A significant reduction of about 50% in the incidence of
respiratory distress syndrome (RDS) is seen in infants born
to mothers who received antenatal corticosteroids. The
effects of antenatal corticosteroids and postnatal surfactant
appear to be additive in terms of decreasing the severity of
RDS and the mortality caused by it.2

Fetal Breathing

▪ Respiratory activity is essential to the development of chest
wall muscles, including the diaphragm, and serves as a
regulator of lung fluid volume and thus lung growth.
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Mechanics of The First Breath

▪ With its first breaths, the neonate must overcome several
forces that resist lung expansion: (1) viscosity of fetal lung
fluid, (2) resistance provided by lung tissue itself, and (3)
the forces of surface tension at the air-liquid interface.

▪ Normal expansion and aeration of the neonatal lung is
dependent on removal of fetal lung liquid.3 Once labor is
initiated, a reversal of liquid flow occurs across the lung
epithelium.

Circulatory Transition

▪ The diversion of right ventricular output away from the
lungs through the ductus arteriosus is caused by the high
pulmonary vascular resistance (PVR) in the fetus.

▪ With delivery, a variety of factors interact to decrease PVR
acutely; these include mechanical ventilation, increased
oxygen tension, and the production of endothelium-derived
relaxing factor or nitric oxide.

▪ With occlusion of the umbilical cord, the low-resistance
placental circulation is interrupted, which causes an
increase in systemic pressure. This coupled with the
decrease in PVR serves to reverse the shunt through the
ductus arteriosus to a predominantly left-to-right shunt.

▪ Ductal closure occurs in two phases: constriction and
anatomic occlusion.

Abnormalities of Cardiopulmonary
Transition
Birth Asphyxia

▪ A variety of circumstances can result in respiratory
depression in the infant, including (1) acute interruption of
umbilical blood flow, as occurs during cord compression;
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(2) premature placental separation; (3) maternal
hypotension or hypoxia; (4) any of the above-mentioned
problems superimposed on chronic uteroplacental
insufficiency; and (5) failure to execute a proper
resuscitation.

Delivery Room Management of The Newborn

▪ A number of situations during pregnancy, labor, and
delivery place the infant at increased risk for asphyxia: (1)
maternal diseases, such as diabetes mellitus and
hypertension; (2) fetal conditions, such as prematurity,
growth restriction, fetal anomalies; and (3) conditions
related to labor and delivery, including fetal distress, breech
presentation, and administration of anesthetics and
analgesics.

▪ The steps in the resuscitation process are described by the
American Heart Association and American Academy of
Pediatrics.4

▪ Most neonates can be effectively resuscitated with a bag and
face mask.

▪ Normal healthy term infants require approximately 10 to 15
minutes to achieve oxygen saturations above 90%. Overall,
2% to 9% of children born through meconium-stained fluid
are diagnosed with meconium aspiration.

Sequelae of Birth Asphyxia

▪ The incidence of birth asphyxia is about 0.1% in term infants.
Hypothermia (whole-body or selective head cooling)
improves outcomes at 6 to 7 years of age.

▪ Low Apgar scores at 1 and 5 minutes are not predictive, but
infants with low scores that persist at 15 and 20 minutes
after birth have a 50% chance of manifesting cerebral palsy
(CP) if they survive. Cord pH is predictive of adverse
outcome only if the pH is less than 7. The best predictor of
outcome is the severity of the neonatal neurologic
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syndrome.5
▪ To attribute CP to peripartum asphyxia, there must be an

absence of other demonstrable causes, substantial or
prolonged intrapartum asphyxia (fetal heart rate
abnormalities, fetal acidosis), and clinical evidence during
the first days of life of neurologic dysfunction in the infant
(Box 22.1).

Birth Injuries
▪ Factors that predispose to birth injury include macrosomia,

cephalopelvic disproportion, shoulder dystocia, prolonged
or difficult labor, precipitous delivery, abnormal
presentations (including breech), and use of operative
vaginal delivery.

▪ Primary subarachnoid hemorrhage is the most common
variety of neonatal intracranial hemorrhage.

▪ Brachial plexus injuries are caused by stretching of the
cervical roots during delivery, usually when shoulder
dystocia is present. Upper arm palsy (Erb-Duchenne
paralysis), the most common brachial plexus injury, is
caused by injury to the fifth and sixth cervical nerves; lower
arm paralysis (Klumpke paralysis) results from damage to
the eighth cervical and first thoracic nerves.

 
BOX 22.1 Relationship of Intrapartum Events
and Cerebral Palsy
Neonatal Signs Consistent With an Acute Peripartum
or Intrapartum Event

▪ Evidence of a metabolic acidemia in fetal umbilical cord
arterial blood obtained at delivery (pH <7.00 and base deficit
≥12 mmol/L)

▪ Apgar score of <5 at 5 and 10 minutes
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▪ Neuroimaging evidence of acute brain injury seen on brain
magnetic resonance imaging or magnetic resonance
spectroscopy consistent with hypoxia-ischemia

▪ Presence of multisystem organ failure consistent with
hypoxic-ischemic encephalopathy

Type and Timing of Contributing Factors Consistent
With an Acute Peripartum or Intrapartum Event

▪ Sentinel hypoxic or ischemic event occurring immediately
before or during labor and delivery such as a severe
placental abruption

▪ Fetal heart rate monitor patterns consistent with an acute
peripartum or intrapartum event

▪ Timing and type of brain injury patterns based on imaging
studies consistent with an etiology of an acute peripartum or
intrapartum event

▪ No evidence of other proximal or distal factors that could be
contributing factors

▪ Developmental outcome is spastic quadriplegia or dyskinetic
cerebral palsy

Modified from American College of Obstetricians and Gynecologists (ACOG),
American Academy of Pediatrics (AAP). Neonatal Encephalopathy and Neurologic
Outcome. Washington DC: ACOG; 2014.

Neonatal Thermal Regulation
▪ The range of environmental temperatures over which the

neonate can survive is narrower than that of an adult. This
range narrows with decreasing gestational age.

▪ Nonshivering thermogenesis is the most important means of
increased heat production in the cold-stressed newborn.

▪ Heat transfer from the surface to the environment involves
four routes: radiation, convection, conduction, and
evaporation.
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Clinical Applications
Delivery Room

▪ Room temperature can be elevated as an added precaution
for the low-birthweight (LBW) infant.

Nursery

▪ Adequate thermal protection of the LBW infant is essential.
▪ The most economical means of thermal support for the LBW

infant is skin-to-skin contact with a parent.

Infant Feeding
▪ Breast milk remains the standard on which formulas are

based. Breast milk’s immunochemical and cellular
components provide protection against infection.

Neonatal Hypoglycemia

▪ Glucose falls over the first 1 to 2 hours after birth. Low
glucose concentrations can be defined as less than 45 mg/dL.
Infants at risk for low blood glucose concentrations and in
whom glucose should be monitored include preterm
infants, small for gestational age (SGA) infants,
hyperinsulinemic infants (infant of a diabetic mother), large
for gestational age (LGA) infants, and infants with perinatal
stress or asphyxia. Because of the risk of subsequent brain
injury, hypoglycemia should be aggressively treated.

Necrotizing Enterocolitis

▪ This is the most common acquired gastrointestinal
emergency in the NICU.

398



▪ Antenatal betamethasone may decrease the incidence.

Neonatal Jaundice

▪ The most common problem encountered in a term nursery
population is jaundice.

▪ Pathologic jaundice during the early neonatal period is
indirect hyperbilirubinemia.

▪ Recent descriptions of bilirubin encephalopathy in breastfed
infants, and in late preterm infants in particular, with
dehydration and hyperbilirubinemia in whom an adequate
supply of breast milk has not been established mandates
close follow-up of all breastfeeding mothers.

Neonatal Hematology
Anemia

▪ Normal hemoglobin levels at term range from 13.7 to 20.1
g/dL.

Polycythemia

▪ Although 50% of polycythemic infants are average for
gestational age, the proportion of polycythemic infants is
greater in the SGA and LGA populations.

Thrombocytopenia

▪ Neonatal thrombocytopenia can be isolated or it can occur
associated with deficiency of clotting factors.

▪ Vitamin K1 oxide (1 mg) should be given intramuscularly to
all newborns to prevent hemorrhagic disease caused by a
deficiency in vitamin K–dependent clotting factors (II, VII,
IX, X).
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Perinatal Infection
Early-Onset Bacterial Infection

▪ Maternal colonization with group B Streptococcus, rupture of
membranes for more than 12 to 18 hours, and
chorioamnionitis increase the risk of infection.6

Respiratory Distress
▪ The presentation of respiratory distress is among the most

common symptom complexes seen in the newborn and may
be secondary to both noncardiopulmonary and
cardiopulmonary etiologies (Table 22.1).

▪ The two presentations of serious structural heart disease in
the first week of life are cyanosis and congestive heart
failure. It is now recommended that all newborns have
pulse oximetry screening at 24 hours to identify critical
heart disease.

▪ The lungs represent the most common primary site of
infection in the neonate.

▪ Hyaline membrane disease remains the most common
etiology for respiratory distress in the neonatal period. The
major long-term consequences are chronic lung disease that
requires prolonged ventilator and oxygen therapy and
includes bronchopulmonary dysplasia and significant
neurologic impairment.

TABLE 22.1
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Intraventricular Hemorrhage and
Periventricular Leukomalacia

▪ Periventricular/intraventricular hemorrhage and
periventricular leukomalacia are the most common
neurologic complications of prematurity.

▪ The other important clinical correlate with periventricular
leukomalacia is maternal chorioamnionitis and neonatal
infection.

▪ Antenatal corticosteroids decrease the frequency of these
complications and likely represent the most important
antenatal strategy to prevent intracranial hemorrhage.7

Nursery Care
▪ Level I nurseries care for infants presumed healthy, with an

emphasis on screening and surveillance.
▪ Level II nurseries can care for infants at more than 32 weeks’

gestation who weigh at least 1500 g but who require special
attention but will probably not need subspecialty services.

▪ Level III nurseries care for all newborn infants who are
critically ill regardless of the level of support required.

Care of The Parents
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▪ Klaus and Kennell have outlined the steps in maternal-infant
attachment. The 60- to 90-minute period after delivery is a
very important time. Mothers with high-risk pregnancies
are at increased risk for subsequent parenting problems.

Kangaroo Care

▪ In the LBW population (<2500 g), kangaroo care improves
rates of mortality, nosocomial infection/sepsis, and length
of hospital stay.

Outcome of Neonatal Intensive Care
and Threshold of Viability

▪ Predictions of survival can be significantly improved by
consideration of clinical data in addition to birthweight and
gestational age. Data from the National Institute of Child
Health and Human Development can be referenced as well.

▪ The rate of severe neurologic disability is fairly constant at
10% of all very-LBW survivors from 1000 to 1500 g.

▪ If the end point of survival without major disability is
considered, this occurs in 0% at 22 weeks, less than 10% at
23 weeks, approximately 20% to 25% at 24 weeks, and
approximately 45% to 50% at 25 weeks.8

Late Preterm Infant
▪ Compared with term infants, late preterm infants have a

higher mortality and prevalence of acute neonatal problems
that include respiratory distress, temperature instability,
hypoglycemia, apnea, jaundice, and feeding difficulties.
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CHAPTER 23

Postpartum Care and
Long-Term Health
Considerations
Michelle M. Isley, and Vern L. Katz

KEY POINTS

• By 6 weeks postpartum, only 28% of women have returned to
their prepregnant weight.

• About 50% of parturients experience diminished sexual desire
during the 3 months that follow delivery.

• Postpartum uterine bleeding of sufficient quantity to require
medical attention occurs in 1% to 2% of parturients. Of patients
who require curettage, 40% will be found to have retained
placental tissue.

• Long-acting reversible contraceptive methods are the most
effective contraceptive available and are safe methods for
postpartum women, including those who are breastfeeding.

• In nonbreastfeeding postpartum women, combined hormonal
contraceptive methods (pill, patch, ring) should not be used
prior to 21 days because of the risk of venous
thromboembolism; in postpartum women with additional risk
factors, combined hormonal contraceptives should not be used
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until after 42 days.
• Breastfeeding results in 98% contraceptive protection when the

woman is exclusively breastfeeding on demand both day and
night, is amenorrheic, and the infant is less than 6 months old.

• Progestin-only contraceptives do not diminish lactation
performance.

• Postpartum major depression occurs in 8% to 20% of
parturients; if possible, risk factors should be considered to
identify patients for increased screening and surveillance.

• Puerperal hypothyroidism often presents with symptoms that
include mild dysphoria; consequently, thyroid function studies
are suggested in the evaluation of patients with suspected
postpartum depression that occurs 2 to 3 months after delivery.

Physiologic Changes
Uterus

▪ The specific time course of uterine involution has not been
fully elucidated, but within 2 weeks after birth the uterus
has usually returned to the pelvis; by 6 weeks, it is usually
normal size as estimated by palpation.

▪ Hemostasis immediately after birth is accomplished by
arterial smooth muscle contraction and compression of
vessels by the involuting uterine muscle.

▪ Frequently, a sudden but transient increase is observed in
uterine bleeding between 7 and 14 days postpartum.
Although it can be profuse, this bleeding episode is usually
self-limited and requires nothing more than reassurance of
the patient.

▪ In cases of abnormal postpartum bleeding, ultrasound
examination may be a useful adjunct in detecting patients
who have retained tissue or clot and who will therefore
benefit from uterine evacuation and curettage.
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Ovarian Function

▪ Ovulation occurs as early as 27 days after delivery, with the
mean time being about 70 to 75 days in nonlactating
women. Among women who are breastfeeding their
infants, the mean time to ovulation is about 6 months.

▪ In a woman exclusively breastfeeding, the likelihood of
ovulation within the first 6 months postpartum is 1% to 5%.

Weight Loss

▪ For most women, weight loss postpartum does not tend to
compensate for weight gain during gestation. By 6 weeks
postpartum, only 28% of women will have returned to their
prepregnant weight.

Thyroid Function

▪ Postpartum thyroiditis (PPT) is an autoimmune disease that
may present with hyperthyroid or hypothyroid symptoms,
and it occurs in 2% to 17% of women with a mean incidence
of about 10%. PPT occurs in up to 25% of women with type
1 diabetes.

▪ From 5% to 30% of women with PPT eventually develop
hypothyroidism.

Cardiovascular System, Immunity, and
Coagulation

▪ Even 1 year after delivery, a significantly higher cardiac
output was observed in both nulliparous and multiparous
women compared with prepregnancy values.

▪ A large multicenter study1 over a 4.5-year period in
California found that in 1,688,000 primiparous deliveries,
the incidence of thrombotic events was higher in the first 6
weeks after delivery compared with the same period 1 year
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later (odds ratio, 10.8; 95% confidence interval, 7.8 to 15.1).
▪ Autoimmune thyroiditis, multiple sclerosis, and lupus

erythematosus are examples of some of the diseases that
may show an increase in disease activity in the first few
months postpartum.

Urinary Tract and Renal Function

▪ Because of the variable changes in renal clearance, mothers
who take medications whose dosages have been changed
because of the physiologic adaptations of pregnancy will
need to have medication levels rechecked. This should be
done at 4 to 6 weeks postpartum.

Management of the Puerperium
▪ Home nursing visits can be helpful in providing support,

education, and advice to mothers in selected situations.
▪ Before discharge, women should be offered any vaccines

that may be necessary to protect immunity.
▪ As recommended in 2012 by the Centers for Disease Control

and Prevention, Tdap should be administered during
pregnancy to all pregnant women, regardless of the interval
since the last Tdap.2 If Tdap was not given during
pregnancy, it should be given immediately after delivery.
The varicella vaccine should be initiated postpartum in
those with a negative varicella titer.

▪ Physical activity such as walking up and down stairs, lifting
moderately heavy objects, riding in or driving a car, and
performing muscle-toning exercises can be resumed
without delay if the delivery has been uncomplicated.

▪ Sexual activity may be resumed when the perineum is
comfortable and when bleeding has diminished.

▪ Cesarean delivery is associated with a decreased incidence
of dyspareunia compared with vaginal birth only for the
first 6 months, after which the rates become similar.

▪ Similar to the return to exercise and sexual activity, the
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return to work should be individualized.

Health Maintenance
▪ The postpartum visit is scheduled at the time of discharge

and routinely occurs 4 to 6 weeks after delivery. Some
women may benefit from a visit sooner, such as women at
risk for depression, those with a more complicated labor
and delivery, and women who underwent a cesarean
section for delivery.

▪ At the routine postpartum visit, questions regarding
depression, energy, sexuality, contraception, and future
pregnancies should be addressed.

▪ Women with chronic medical diseases such as collagen
vascular disease, autoimmune disorders, and neurologic
conditions should be considered for visits at closer intervals
because many patients with these disorders experience
flare-ups of their symptoms after delivery.

Perineal and Pelvic Care

▪ Urinary and anal incontinence is a significant problem in
women after delivery.

▪ If symptoms of either urinary or flatal incontinence persist
for more than 6 months, evaluation should be undertaken
to define the specific neuromuscular or anatomic
abnormality so that the appropriate treatment can be
initiated.

Delayed Postpartum Hemorrhage and
Postpartum Anemia

▪ Delayed postpartum uterine bleeding of sufficient volume to
require medical attention occurs in 1% to 2% of patients.
One of the most common causes of postpartum hemorrhage
seen 2 to 5 days after delivery is von Willebrand disease.

408



▪ In the management of patients with heavy delayed bleeding,
ultrasound examination can be used to help determine
whether a significant amount of retained material is
present, although it is sometimes difficult to distinguish
between blood clot and retained placental fragments (Fig.
23.1).

Postpartum Infection

▪ The most common cause of postpartum fever is
endometritis, which occurs after vaginal delivery in about
2% of patients and after cesarean delivery in about 10% to
15%.

409



410



FIG. 23.1  A, Sonogram of a normal postpartum uterus.
B, Postpartum uterus with retained tissue. From Poder L.

Ultrasound evaluation of the Uterus. In Callen PW: Ultrasonography in Obstetrics

and Gynecology, 5th ed. Philadelphia: Saunders; 2000:939, 940.

Maternal-Infant Attachment

▪ It is now recognized that constant opportunities should be
provided for parents to be with their newborns, particularly
from the first few moments after birth and as frequently as
possible during the first days thereafter. Immediate skin-to-
skin contact is recommended.

▪ Delaying the first bath, eliminating well-baby nurseries,
putting the baby onto the mother’s chest in skin-to-skin
contact (even during cesarean delivery), and keeping the
baby in the room with the mother during the first pediatric
evaluation are all steps to support and promote that
interaction.

Pregnancy Prevention
▪ A recent meta-analysis found that birth intervals shorter

than 18 months are significantly associated with small size
for gestational age, preterm birth, and infant death in the
first year of life.3

▪ If a woman is exclusively breastfeeding on demand both day
and night, is amenorrheic, and the infant is less than 6
months old, the contraceptive efficacy of lactational
amenorrhea is 98%.

Long-Acting Reversible Contraception

▪ Long-acting reversible contraception methods, which
include intrauterine devices and contraceptive implants, are
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the most effective reversible methods available to women,
with failure rates of less than 1%.

▪ The use of a single-rod implant in postpartum women does
not result in changes in milk volume, milk constituents, or
infant growth rates.

Injectable Contraception

▪ Use of depot medroxyprogesterone acetate immediately
after delivery does not result in higher rates of postpartum
depression.

Oral Hormonal Contraception

▪ In nonbreastfeeding postpartum women, combined
hormonal contraceptive methods (pill, patch, ring) should
not be used prior to 21 days because of the risk of venous
thromboembolism; in postpartum women with additional
risk factors, combined hormonal contraceptives should not
be used until after 42 days.

▪ Progestin-only contraceptives do not diminish lactation
performance.

Sterilization

▪ Male and female sterilization are the most frequently used
methods of contraception in the United States, used by 37%
of all contraceptive users.

▪ Obstetricians must remember that vasectomy is often a more
advisable and desirable alternative for a couple considering
sterilization.

▪ Most women who choose sterilization do not regret their
decision.

Barrier Methods
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▪ Because of the physical changes of pregnancy and delivery, a
diaphragm should not be fitted until 6 weeks postpartum.

Natural Family Planning Methods

▪ Typical use failure rates for natural family planning methods
range from 12% to 25%.

Postpartum Psychological Reactions
▪ The psychological reactions experienced following childbirth

include the common, relatively mild physiologic and
transient “maternity blues” (occurring in 50% to 70% of
women), true depression (occurring in 8% to 20% of
women), and frank puerperal psychosis (occurring in 0.14%
to 0.26% of women).

▪ When a patient and her family experience a loss associated
with a pregnancy, special attention must be given to the
grieving patient and her family.

Postpartum Posttraumatic Stress Disorder

▪ Posttraumatic stress disorder may occur after any physical
or psychological trauma. The disorder commonly occurs
after a labor and delivery experience in which a woman is
confronted with circumstances (pain, loss, trauma) that her
defenses or sense of well-being cannot overcome.

▪ Whenever an emergency procedure is indicated, debriefing
afterward—both early and a few weeks later—may help to
decrease the incidence of this problem.
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CHAPTER 24

Lactation and
Breastfeeding
Edward R. Newton

KEY POINTS

• The WHO, the U.S. Surgeon General, the American Academy
of Pediatrics, the American Academy of Family Practice,
ACOG, and the Academy of Breastfeeding Medicine endorse
breastfeeding as the gold standard for infant feeding.1,2

• Breastfeeding accrues many health benefits for the infant,
including protection against infection, fewer allergies, better
growth, better neurologic development, and lower rates of
chronic diseases, such as type 1 diabetes and childhood
cancer.

• Breastfeeding accrues more health benefits for the mother,
including faster postpartum involution, improved postpartum
weight loss, less premenopausal breast cancer, lower rates of
cardiovascular disease, less type 2 diabetes mellitus, and better
mother-infant bonding. Breastfeeding also decreases the
economic burden.

• Formula lacks key components of breast milk, including
defenses against infection, hormones and enzymes to aid
digestion, polyunsaturated fatty acids necessary for optimal
brain growth, and adequate composition for efficient digestion.
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• Prolactin is the major promoter of milk synthesis, and oxytocin is
the major initiator of milk ejection. The release of prolactin and
oxytocin results from the stimulation of the sensory nerves that
supply the areola and nipple.

• Oxytocin released from the posterior pituitary can be operantly
conditioned and is influenced negatively by pain, stress, or loss
of self-esteem.

• Contact with the breast within 30 minutes of birth increases the
duration of breastfeeding. A frequency of nursing greater than
eight feedings per 24 hours, night nursing, and a duration of
nursing longer than 15 minutes are needed to maintain
adequate prolactin levels and milk supply.

• Poor lactation is the major cause of nipple injury and poor milk
transfer. Perceived or real lack of milk transfer is the major
reason for the discontinuation of nursing.

• Milk production is reduced by an autocrine pathway through a
protein that inhibits milk production by the alveolar cells and by
distention and pressure against the alveolar cells.

• Breastfeeding and breast milk are the global standard for infant
feeding in undeveloped and developed countries. Exclusive
breastfeeding is recommended for the first 6 months and
continued breastfeeding at least through 12 months with
subsequent weaning as a mutual decision by the mother and
infant dyad in the subsequent months and years.

• Women of lower socioeconomic status, those with less
education, and teenagers initiate breastfeeding at about half to
two-thirds the rate of mature high school graduates of middle
and upper socioeconomic statuses.

Breast Anatomy and Development
▪ The adequacy of glandular tissue for breastfeeding is

ascertained by inquiring whether a woman’s breasts have
enlarged during pregnancy.

▪ The tip of the nipple contains the openings (0.4 to 0.7 mm
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diameter) of 15 to 20 milk ducts (2 to 4 mm diameter).
▪ The alveoli are the critical units in the production and

ejection of milk. The alveolar cells are stimulated by
prolactin to produce milk.

▪ The most common site for accessory breast tissue is the
axilla.

Physiology of Lactation
▪ The physiology of lactation has three major components: (1)

the stages of lactogenesis, (2) endocrinology of lactogenesis,
and (3) nursing behavior/milk transfer.

Stages of Lactogenesis

▪ Colostrum has more protein, especially secretory
immunoglobulins, and more lactose; it also has a lower fat
content than mature milk.

▪ The secretion of milk is copious, 500 to 700 mL/day when the
milk “comes in.”

Endocrinology of Lactogenesis

▪ The alveolar cell is the principal site for the production of
milk. Glucose is the major substrate for milk production.

▪ Given that milk is produced during the nursing episode,
variation in content during a feed is expected.

▪ If a woman limits feedings to less than 4 minutes but nurses
more frequently, the calorie density of the milk is lower and
the infant’s hunger may not be satiated.

▪ Moderate dieting and weight loss postpartum (4.5 lb/month)
are not associated with changes in milk volume, nor does
aerobic exercise have any adverse effect.3

▪ By 14 days, the breast-fed infant should have returned to its
birthweight.

▪ The prolactin and oxytocin travel to their target cells:
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prolactin goes to the alveolar epithelium in the breast, and
oxytocin goes to the myoepithelial cells that shroud the
alveolar epithelium.

▪ If nursing frequency is maintained the prolactin levels will
suppress the luteinizing hormone surges and ovarian
function. Oxytocin levels also rise with nipple stimulation.

▪ Uterine involution is enhanced with breastfeeding.

Milk Transfer

▪ The milk is extracted not by negative pressure but by a
peristaltic wave from the tip to the base of the tongue.
Audible swallowing of milk is a good sign of milk transfer.

▪ From 80% to 90% of the milk is obtained in the first 5
minutes the infant nurses on each breast, but the fat-rich
and calorie-dense hind milk is obtained in the remainder of
the time sucking at each breast, usually less than 20 minutes
total.

▪ The football hold and side-lying positions are more
comfortable when the mother has an abdominal incision.

▪ Breast milk has the nutritional content to satisfy the growth
needs of the infant for at least 6 months postpartum.

▪ One of the errors in Western child care is the early, forced
introduction of solids.

▪ Inhibition of the let-down reflex and failure to empty the
breasts completely leads to ductal distention and
parenchymal swelling from extravascular fluid. This is
termed engorgement.

Breast Milk: The Gold Standard
▪ One of the most common misconceptions by physicians and

the lay public, and marketed by the formula industry, is
that “formulas” are equivalent to breast milk.

Overview
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▪ Artificial breast milk manufacturers add constituents (e.g.,
palm- or coconut-based oils) to make artificial breast milk
appear rich and creamy.

▪ Current formulas have major differences in the total
quantities and qualities of proteins, carbohydrates,
minerals, vitamins, and fats compared with human milk.

▪ Breast-fed infants have faster linear and head growth,
whereas formula-fed infants tend to have greater weight
gain and fat deposition.

▪ Regardless of the cause, formula has important adverse
effects on the metabolic competence of the child, adolescent,
and future adult (Table 24.1).

▪ Breastfeeding enhances cognitive development.4
▪ Breastfeeding enhances infant responses to infection and

reduces allergic disease. The major mechanisms for the
protective properties of breast milk include active
leukocytes, antibodies, antibacterial products, competitive
inhibition, enhancement of nonpathogenic commensal
organisms, and suppression of proinflammatory immune
responses.

▪ The neonate must rely on an innate host defense system to
provide an immediate but controlled response during the
first critical 7 days of breastfeeding.

▪ One of the most important breast milk constituents in the
innate host defense system are human-specific
oligosaccharides.

▪ Iron and vitamin B12 are two essential nutriments for
pathogenic bacteria. The free-iron form of lactoferrin
competes with siderophilic bacteria for ferric iron and thus
disrupts the proliferation of these organisms.

▪ Hormonal changes of lactation favor a reduction in maternal
reproductive cancers.

▪ Breastfeeding enhances mother-infant bonding and reduces poor
social adaptation.

▪ Infants were more likely to be breastfed if they have early
skin-to-skin contact.

▪ Early skin-to-skin contact was a better predictor of duration
of exclusive breastfeeding than the timing of the first
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sucking episode.5

▪ The adjusted odds ratio for maternal maltreatment cases
among children fed exclusively formula was increased
versus any breastfeeding.6 Exclusive feeding with formula
is associated with a dramatic increase in perceived
childhood anxiety.

▪ Breastfeeding is cost effective for the family and society.8

Increase in acute medical diseases will manifest as
increased costs of medical care.7–11 Data demonstrate fewer
days for sick leave in women who work.

TABLE 24.1

Effects of Infant Feeding on Somatic Growth and Cardiovascular Pathophysiology in
Developed Countries

Benefit of Breastfeeding
Adjusted OR (95% CI)

Risk of “Formula” Adjusted
OR (95% CI)

Childhood obesity 0.81 (0.77-0.84) 1.23 (1.14-1.3)
Child type 2 diabetes 0.61 (0.44-0.85) 1.64 (1.18-2.27)
Maternal
cardiovascular disease

0.72 (0.53-0.97) 1.39 (1.03-1.89)

Maternal hypertension 0.87 (0.82-0.92) 1.15 (1.09-1.22)
Maternal vascular
calcifications

0.19 (0.05-0.68) 5.26 (1.47-20.0)

Maternal myocardial
infarction

0.77 (0.62-0.94) 1.3 (1.06-1.61)

Maternal type 2
diabetes

0.84 (0.78-0.91) 1.19 (1.10-1.28)

In general, odds ratio (OR) was adjusted for age, parity, race, and socioeconomic
status.

CI, confidence interval.

Role of the Obstetrician and
Gynecologist

▪ Interventions that included individual-level professional
support and lay counselors had the most impact.

▪ The 36-week visit is a good time to address medications and
breastfeeding.

▪ In 1989, the essential 10 steps (Box 24.1) in protecting,
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promoting, and supporting breastfeeding were published in
a joint statement by the WHO and the United Nations
Children’s Fund (UNICEF).12 The WHO Ten Steps have
become institutionalized in the Baby-Friendly Hospital
Initiative accreditation process.

▪ When the obstetrician remains a verbal participant in the
mother’s breastfeeding experience at the 4- to 6-week
postpartum visit, the likelihood that the mother will
continue to breastfeed at 16 weeks is almost doubled.13

Focused Issues in the Successful
Management of Breastfeeding

▪ Several issues are in the domain of the obstetric care
provider: anatomic abnormalities of the breast, the impact
of breast surgeries, labor and delivery management, breast
milk expression, breast and nipple pain, maternal nutrition
and exercise during lactation, mastitis and breast abscess
and masses, milk transfer and infant growth,
galactogogues, maternal disease, back-to-work issues,
contraception, and weaning.

 
BOX 24.1 10 Steps to Successful Breastfeeding

1. Have a written policy to support breastfeeding.
2. Train all health care providers in Baby-Friendly Hospital

Initiative protocols.
3. Inform all pregnant women about the benefits of

breastfeeding.
4. Initiate breastfeeding within 1 hour after birth.
5. Show mothers how to express breast milk and maintain

lactation even if they are separated from their infants.
6. Give newborn infants no food or drink other than breast

milk unless medically indicated.
7. Allow mothers and infants to remain together 24 hours a
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day (i.e., rooming in).
8. Encourage breastfeeding on demand.
9. Give no artificial teats or pacifiers.

10. Foster the establishment of breastfeeding support groups
and refer mothers to them on discharge from the hospital or
clinic.

Modified from WHO/UNICEF. Protecting, promoting, and supporting breastfeeding:
the special role of maternity services, a joint WHO/UNICEF statement. Geneva: World
Health Organization; 1989.

Anatomic Abnormalities of the Breast
▪ Excluding inverted nipples, congenital abnormalities of the

breasts are rare and occur in fewer than 1 in 1000 women.
The most significant defect is glandular hypoplasia.

Previous Breast Surgeries

▪ Women who have had breast biopsy or breast or chest
surgery, including augmentation, have a threefold higher
incidence of unsuccessful breastfeeding.

▪ A circumareolar incision was the dominant predictor of
insufficient lactation.

▪ Silicone implants have not shown excess adverse events.

Labor and Delivery Management
▪ Epidural anesthesia with local anesthetic agents seems to be

better for breastfeeding than parenteral narcotics.
▪ The five basic principles of lactation physiology are (1) early

imprinting, (2) frequent nursing, (3) good latch-on, (4) a
confident and comfortable mother, and (5) no
supplementation unless medically indicated.

▪ Nursing technique should be evaluated in three areas: (1)
presentation and latching on, (2) maternal-infant
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positioning, and (3) breaking of the suction.

Breast Milk Expression

▪ The mechanical, preferably electric breast pump is a
critically important adaptation when breastfeeding is
expected to be difficult or impossible.

Maternal Nutrition During Lactation
▪ The mother must consume an extra 794 kcal/day unless

stored energy is used.
▪ The appropriate intake of vitamins can be ensured by

continuing prenatal vitamins with 1 mg of folic acid
throughout lactation.

▪ Calcium and vitamin D are of special importance in women
whose infants are breastfeeding exclusively.

Breast and Nipple Pain
▪ Breast pain, nipple injury, and/or breast infection were the

cited reasons in the majority of women who stopped
breastfeeding early.

▪ Engorgement causes a dull, generalized discomfort in the
whole breast that gets worse just before a feeding and is
then relieved by it.

▪ The use of soaps, alcohol, and other drying agents on the
nipples tends to increase nipple trauma and pain. The
nipples should be air dried for a few minutes after each
feeding; clean water is sufficient to cleanse the breast, if
necessary.

Mastitis and Breast Abscess
▪ The management of mastitis includes (1) breast support, (2)
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intake of fluids, (3) nursing technique assessment, (4)
nursing first on the uninfected side to establish let-down,
(5) the infected side emptied by nursing with each feeding
(a breast pump helps ensure complete drainage), and (6)
dicloxacillin 250 mg every 6 hours for 14 days.
Erythromycin may be used in patients allergic to penicillin.

▪ The management of a breast abscess is similar to that for
mastitis except that drainage of the abscess is indicated.

Milk Transfer and Infant Growth
▪ A healthy and successfully breastfeeding mother can supply

enough nutrition through breast milk alone for 6 months.

Jaundice in the Newborn
▪ See Chapter 22.
▪ It has been clearly demonstrated that feeding frequency

greater than eight feedings per 24 hours is associated with
lower bilirubin levels.

Galactogogues: Drugs to Improve
Milk Production

▪ Metoclopramide (Reglan) is used to prolactin levels.
Domperidone increases prolactin levels and milk supply
twofold to threefold. Sulpiride is a selective dopamine
antagonist. Intranasal oxytocin has been studied in preterm
deliveries.

Maternal Disease
▪ The four acute infections in which breastfeeding is
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contraindicated are (1) herpes simplex lesions of the breast;
(2) acute maternal varicella in the first 3 days of the
neonate’s life; (3) untreated active tuberculosis; and (4)
human immunodeficiency virus disease when it occurs in
developed countries.

Breast Masses During Lactation
▪ The prognosis for breast cancer diagnosed during pregnancy

or lactation is poorer than for breast cancer diagnosed at
other times. The delay in diagnosis and the greater size at
diagnosis in lactating women is a failure of the obstetric
care provider and/or the lactating woman to aggressively
pursue the evaluation of a breast mass.

Back-to-Work Issues
▪ In March 2011, federal law amended Section 7 of the Fair

Labor Standards Act to require employers to provide
“reasonable break time for an employee to express breast
milk for her nursing child for 1 year after the child’s birth
each time such employee has need to express the milk.”

Contraception
▪ Women not using long-acting reversible contraception were

22 times more likely to have an unintended pregnancy than
women using long-acting reversible contraception.
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CHAPTER 25

Surgery During
Pregnancy
Nadav Schwartz, and Jack Ludmir

Abstract
Non obstetric surgery complicates 1 in 500 pregnancies. Evaluation of
pregnant women requiring surgery is often confounded by various
changes in maternal physiology, concern for fetal well-being, and the
potential risk for continuing the pregnancy. Among the considerations
in the pregnant woman with a surgical condition are fetal risks
associated with ionizing radiation accompanying diagnostic imaging
as well as surgical anesthesia. Recently, laparoscopic approach to
several surgical conditions has become more commonly employed
during pregnancy.

Keywords
appendicitis in pregnancy; laparoscopy in pregnancy; surgery in pregnancy

KEY POINTS

• Care of the pregnant surgical patient requires a multidisciplinary
approach with an understanding of the physiologic changes that
accompany normal pregnancy.
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• Expansion of maternal blood volume during pregnancy may
mask signs of maternal hemorrhage, and clinically significant
blood loss can occur before hemodynamic changes are evident.

• Delay in surgical intervention can result in increased maternal
and fetal morbidity and mortality, which significantly increases
the risk for preterm labor and fetal loss.

• Diagnostic doses of radiation (<5 cGy) from radiographs and CT
scans are unlikely to pose any significant harm to the
developing fetus. MRI and ultrasound can be safely used when
appropriate to further minimize radiation exposure.

• No significant increased risk is apparent for congenital
malformations in women who require nonobstetric surgery
during pregnancy. Although the risk for preterm birth, low
birthweight, and neonatal death may be increased, this may be
due to the underlying illness rather than the surgical procedure.

• Although laparoscopy as a first approach to abdominal surgery
in pregnancy seems reasonable, its safety continues to be
studied. Abdominal insufflation pressures should be kept below
15 mm Hg whenever possible, and the Society of American
Gastrointestinal and Endoscopic Surgeons guidelines should be
followed. The use of a laparoscopic approach in the latter
stages of pregnancy should be individualized based on
indications and experience of the surgeon.

• Adnexal masses are commonly encountered in pregnancy,
although most ovarian masses are benign. Pregnant women
diagnosed with an adnexal mass should be counseled about
the signs and symptoms of ovarian torsion. Surgical resection
can generally be reserved for symptomatic women or for
masses suspicious for malignancy.

• Data are lacking to recommend routine continuous fetal heart
rate monitoring during surgery in pregnant women. In most
cases, preoperative and postoperative fetal heart rate
monitoring is appropriate.

• Preoperative corticosteroid administration to promote fetal lung
maturity should be based on gestational age and the nature and
risks of the planned surgery.

• Thromboembolic prophylaxis with pneumatic compression
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devices should be considered for all gravid surgical patients.
• Obesity presents unique management considerations during the

perioperative period, most notably related to anesthesia risk,
intraoperative risk, antibiotic prophylaxis, and thromboembolic
prophylaxis. Early ambulation should be encouraged. If early
ambulation is not possible, subcutaneous heparin prophylaxis
should be considered.

• Bariatric surgery with subsequent weight loss may reduce the
risk for medical complications in pregnancy. However, it may
increase the risk for preterm delivery and intrauterine growth
restriction. Women who have undergone bariatric surgery
should be evaluated for nutritional deficiencies.

• The gravid patient with a history of bariatric surgery who
presents with vague abdominal complaints should be critically
evaluated because delay in diagnosis of internal hernias, bowel
obstruction, or anastomosis leaks can often lead to catastrophic
events.

• Approximately 1 in 500 women will require nonobstetric surgery
during pregnancy. The care of the pregnant surgical patient
requires a multidisciplinary approach that involves the
obstetrician, surgeon, anesthesiologist, and pediatrician.

Maternal Physiology
▪ Pregnancy-induced changes in maternal physiology and

anatomy can confuse the clinical picture when evaluating
the gravid patient who presents with abdominal symptoms.

▪ However, despite the altered location, the most consistent
and reliable symptom in pregnant women with
appendicitis remains right lower quadrant pain.1,2

▪ The gravid uterus may also limit diagnostic imaging of
abdominal organs. After the first trimester, the maternal
adnexa are displaced cephalad and may be difficult to
image with ultrasound.

430



Diagnostic Imaging
Ionizing Radiation

▪ The overwhelming concern related to diagnostic imaging is
exposure of the developing fetus to ionizing radiation. The
critical factors that determine the risk to the fetus are the
dose of radiation to which the fetus is exposed and the
gestational age at the time of the exposure.

▪ When evaluating a pregnant woman who presents with
significant symptoms, the patient should be reassured that
the radiation exposure to the fetus from diagnostic imaging
does not confer a significant risk for fetal harm.3,4

▪ The “as low as reasonably achievable” principle applies to
both mother and baby.

▪ Although patients should be counseled that no single
diagnostic test should be considered harmful to the fetus,
justification of the need for imaging should be confirmed
with respect to maternal benefit.

▪ Exposure to less than 50 mGy (5 rads) has not been
associated with an increase in fetal anomalies or pregnancy
loss.

Ultrasound

▪ Overall, the safety and versatility of ultrasonography makes
it the first-line diagnostic tool during pregnancy whenever
appropriate to address the clinical question at hand.

Magnetic Resonance Imaging

▪ There are numerous advantages to MRI use during
pregnancy. Like ultrasound, MRI does not use ionizing
radiation, and no harmful effects to the mother or fetus
have been reported.
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Contrast in Pregnancy

▪ Low-osmolarity iodinated contrast media does cross the
placenta. However, the small quantities and transient
exposure is not believed to be teratogenic.

Anesthesia and Teratogenicity

▪ Most studies have been reassuring and have concluded that
a significant risk for congenital malformations is unlikely
when surgery is performed during the first trimester.5

▪ It may be preferable to defer most surgical interventions
until the second trimester, when the theoretic risk of
teratogenicity—as well as the established risk of
spontaneous miscarriage—is further decreased.

Anesthesia and Pregnancy Physiology

▪ Therefore strategies to decrease the risk for aspiration are
essential, such as preoperative fasting, antacid prophylaxis
(e.g., 30 mL of sodium citrate), and airway protection.

▪ The Mallampati airway examination is often used to assess
the airway and predict the degree of difficulty of
intubation, with progression from low-risk airways (class I)
to high-risk airways (class IV) A 34% increase in the
frequency of class IV Mallampati airways is seen at term
compared with the first trimester. These changes are more
pronounced in the third trimester, in obese women, and in
women with preeclampsia.

Nonobstetric Surgery and Pregnancy
Outcome

▪ The rate of adverse perinatal outcome is relatively low for
women undergoing surgery during pregnancy. In addition,
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although the risk for low birthweight, preterm birth, and
neonatal demise exists, these risks may be associated with
complications related to the underlying indication for
surgery.

▪ The early second trimester is considered the optimal time for
elective surgery that cannot be safely deferred until after
the pregnancy.

Fetal Monitoring
▪ ACOG recommends that at a minimum, fetal monitoring

should be conducted before and after the procedure in cases
with a viable fetus. However, in select cases, intraoperative
monitoring may be performed after consultation with an
obstetrician who can properly counsel the pregnant woman
facing surgery and individualize the decision based on
factors such as gestational age, type of surgery, and
facilities available.

Laparoscopy in Pregnancy
▪ The intraabdominal pressure required to obtain adequate

laparoscopic visualization during surgery can have
significant physiologic effects for both the pregnant woman
and the fetus.

▪ Similar studies have shown significant changes in both
maternal and fetal physiology at pressures greater than 15
mm Hg.

Laparoscopy and Pregnancy Outcome

▪ In summary, no definitive data support a significantly
increased risk for adverse pregnancy outcome using the
laparoscopic approach for appendectomy during
pregnancy.
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Adnexal Masses in Pregnancy
▪ Fortunately, most adnexal masses encountered in pregnancy

are benign and spontaneously resolve during the course of
pregnancy. In fact, rates of spontaneous resolution have
been reported to be as high as 72% to 96%.

▪ Although most adnexal masses encountered in pregnancy
are benign, the rare possibility of malignancy should not be
discounted. Between 1% and 3% of masses removed in
pregnancy are found to be malignant.6,7

▪ Several sonographic features have been associated with an
increased risk for malignancy, such as size greater than 7
cm, heterogeneity with solid and cystic components,
papillary excrescences or mural nodules, thick internal
septations, irregular borders, increased vascularity, and
low-resistance blood flow.

▪ Another potential complication of an adnexal mass is
ovarian torsion, which is estimated to occur in up to 7% of
adnexal masses in pregnancy; 60% of torsions occur in the
first trimester.

▪ Women with persistent adnexal masses in pregnancy should
be counseled about the signs and symptoms of ovarian
torsion, with surgical resection reserved for symptomatic
patients and those in whom there is a suspicion of
malignancy.

▪ Although pregnancy data are more limited, several reports
are available of successful management of ovarian torsion
in pregnancy with preservation of the ovary.

▪ Ultimately, the decision to untwist and preserve the torsed
ovary should be individualized based on intraoperative
findings and risk factors for recurrence.

Obesity, Bariatric Surgery, and
Pregnancy

▪ Bariatric surgery is an increasingly common and effective
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treatment for obesity and has been associated with a
significant improvement in overall health and a reduction
in adverse pregnancy outcomes.

▪ Regional anesthesia should be considered if possible to
avoid some of these risks, although the type of surgery and
difficulty accomplishing regional anesthesia may not allow
for this approach in some cases.

▪ Obesity is also an independent risk factor for venous
thromboembolism in the postoperative period; therefore
early ambulation should be encouraged. Prophylaxis with
pneumatic compression devices should be undertaken until
full ambulation is achieved. Subcutaneous heparin should
also be considered. In addition, given the increased risk for
wound infection and dehiscence in obese patients, adequate
antibiotic prophylaxis is recommended.8

▪ The reduced absorptive capacity of the stomach and
proximal small bowel often leads to deficiencies in several
essential nutrients, including iron, vitamins B12 and D,
folate, and calcium. Unfortunately, long-term compliance
with vitamin supplementation is poor among bariatric
surgery patients. Obtaining a baseline evaluation of these
nutrients before conception or early in pregnancy is
recommended. In addition, consultation with a nutritionist
should be considered.9

▪ Complications associated with bariatric surgery including
anastomotic leaks, obstruction, and hernias first manifest
with symptoms commonly experienced during normal
pregnancy—such as nausea, vomiting, and abdominal
discomfort—so the potential exists for accurate diagnosis of
these complications to be delayed in a pregnant patient, and
maternal deaths have been reported.

▪ With the increasing prevalence of surgical treatment of
obesity among young women, clinicians should familiarize
themselves with some of the unique concerns that arise
when managing these patients during pregnancy, and they
should educate and monitor such patients for potential
preterm delivery and intrauterine growth restriction.
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CHAPTER 26

Trauma and Related
Surgery in Pregnancy
Haywood L. Brown

Abstract
Traumatic injury complicates 6% to 8% of all pregnancies and is a
leading cause of nonobstetric maternal death. Traumatic injuries may
increase the risk for fetal death, premature rupture of membranes,
uterine rupture, placental abruption, and emergent cesarean delivery.
Motor vehicle accidents (MVA) are the most common cause of trauma
associated fetal loss. Only 1% of minor MVAs are associated with
abruption, whereas 40% to 50% abruption rates are observed in severe
blunt trauma. Women who have sustained trauma during pregnancy
require a defined period of fetal and maternal monitoring depending
upon their signs and symptoms following an accident.

Keywords
motor vehicle accident in pregnancy; penetrating trauma in pregnancy; trauma in
pregnancy

KEY POINTS

• Maternal trauma is the most frequent cause of nonobstetric
maternal death.
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• In cases of significant trauma, such as motor vehicle accidents,
maternal stabilization and evaluation in the emergency
department should occur prior to transfer to labor and delivery.

• Fetal monitoring should occur as soon as possible while
maternal evaluation takes place.

• Abruptio placentae complicates 1% to 2% of cases of minor
blunt abdominal trauma and up to 40% of cases of severe
abdominal trauma.

• Following cases of blunt trauma, fetal monitoring is
recommended for a period of 4 to 24 hours depending on the
findings.

• Placental abruption is the most frequent cause of fetal death
after trauma.

• Most abruptions occur within 24 hours of an accident, but
delayed abruption can occur.

• RhoGAM should be administered to Rh-negative women who
experience trauma.

• Kleihauer-Betke testing is recommended for Rh-negative
women who experience trauma beyond 20 weeks of gestation.

• Concerns about fetal effects of ionizing radiation should not
delay imaging necessary to care for pregnant trauma victims.

• Seatbelt use may reduce adverse fetal outcome resulting from
trauma by as much as 84%.

• All pregnant women should be screened for domestic violence
during each trimester.

Incidence of Trauma in Pregnancy
▪ Traumatic injury has been reported to complicate 6% to 8%

of all pregnancies and is the leading cause of nonobstetric
maternal death.1-3

▪ In addition to risk for maternal morbidity and mortality,
traumatic injuries can have significant fetal effects that
include an increased risk for fetal death and other adverse
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outcomes. The incidence of spontaneous abortion, preterm
birth, preterm premature rupture of membranes, uterine
rupture, cesarean delivery (CD), placental abruption, and
stillbirth are all increased.

Anatomic and Physiologic Changes of
Pregnancy

▪ The importance of maternal physiologic changes during
pregnancy and an understanding of fetal physiology are
critical to effective resuscitation of the injured pregnant
woman. This is especially important relative to the maternal
response to stress and hypovolemia in the setting of
trauma.

Trauma Considerations During Pregnancy

▪ The leading cause of blunt abdominal trauma in pregnancy
is motor vehicle accidents.

▪ Maternal mortality risk with penetrating trauma is more
favorable than with blunt trauma because nonreproductive
viscera are provided some protection by the gravid uterus,
which absorbs the projectile objects.

Maternal Anatomic and Physiologic Changes

▪ The dramatic increase in uterine blood flow, up to 600
mL/min, may result in rapid exsanguination in the event of
an avulsion or injury to the uterine vasculature or rupture
of the uterus. Retroperitoneal hemorrhage from remarkably
hypertrophied pelvic vasculature is a common complication
of pelvic fracture.

Blunt Trauma
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▪ Blunt trauma to the maternal abdomen is an important cause
of abruptio placentae. This is because blunt trauma exposes
the gravid uterus to acceleration-deceleration forces that
have a differential effect on the uterus and the attached
placenta.

▪ As such, seemly minor or nonseverely injured pregnant
women are at increased risk for placental abruption.
Abruption may occur immediately after the abdominal
impact or may be delayed for several hours after the trauma
episode.

Motor Vehicle Crashes

▪ Motor vehicle crashes (MVCs) are the most common cause of
trauma-associated fetal loss in the United States. The
likelihood that an MVC will result in fetal loss is directly
related to crash severity and to the severity of the maternal
injury. Only about 1% of minor MVCs will result in
abruptio placentae, whereas clinically evident abruption
occurs in as many as 40% to 50% of cases of severe blunt
maternal trauma.

Falls

▪ 25% of pregnant women experience a fall at some time
during pregnancy. Like MVCs, falls expose the placenta to
the shearing forces associated with blunt trauma. However,
compared with MVCs, the likelihood that a fall may result
in placental abruption and fetal death is low.

Domestic Violence and Intimate Partner
Violence

▪ The period prevalence of intimate partner violence during
pregnancy has been reported to range from 6% to 22%, and
up to 45% of pregnant women report a history of domestic
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abuse at some time during their lifetime.
▪ This analysis of pregnancy-associated homicides found that

intimate partner homicides were most likely to occur
during the first 3 months of pregnancy. In a United States
study, 5% of female homicide victims were pregnant.

Specific Injuries
Fractures

▪ Fractures are the most common type of maternal injury to
require hospitalization during pregnancy, and the lower
extremities are the most common site of fractures that
complicate pregnancy. Although pelvic fractures are less
frequent than fractures of the extremities, pelvic fractures
are most likely to result in adverse outcomes of pregnancy,
including placental abruption and perinatal and infant
mortality

▪ Pelvic fractures may also be associated with bladder and
urethral trauma. Pelvic fractures are not a contraindication
to vaginal delivery unless the fracture results in obstruction
of the birth canal or if the pelvic fracture is unstable; more
than 80% of women who have sustained pelvic fractures
can deliver vaginally.

Penetrating Trauma

▪ Gunshot and stab wounds are the most frequent types of
penetrating trauma during pregnancy.4,5 Penetrating
trauma in a pregnant woman is less likely to result in death
than penetrating trauma in a nonpregnant individual
owing to the protective effect of the gravid uterus when
penetrating wounds occur in the upper abdomen.

▪ However, penetrating trauma poses major risk for complex
maternal bowel injury because of the compartmentalization
of the bowel in the upper abdomen by the enlarged uterus.

▪ Gunshot wounds to the abdomen require exploratory
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surgery to determine the degree of abdominal viscera injury
and debridement of damaged tissues.

▪ A stab wound in a pregnant woman should be managed the
same as in a nonpregnant woman.

Thermal Injuries (Burns)

▪ Maternal and fetal prognosis after thermal injury is a
reflection of the percentage of body surface involved.

▪ Significant burns of 50% or more of the body surface have
been associated with high maternal and fetal mortality.

Direct Fetal Injuries

▪ Direct fetal injuries are uncommon because of the protection
by the uterus and amniotic fluid. Fetal injury complicates
fewer than 1% of pregnancies with blunt trauma but are
most likely to occur with both direct and severe abdominal
or pelvic impact and also in later pregnancy, when the fetal
head is engaged in the maternal pelvis.

Predictors of Fetal Mortality

▪ Abruptio placentae is by far the leading cause of fetal death
in published series and accounts for between 50% and 70%
of all fetal losses due to trauma. Placental abruption
complicates about 1% to 2% of cases of maternal trauma
with low injury severity scores and up to 40% of severe
maternal abdominal trauma. If a placental abruption occurs,
the risk of fetal mortality has been reported to be as high as
50% to 80%.4

▪ MVCs (82%) are the most frequent mechanism of injury
leading to fetal death, followed by gunshot wounds (6%)
and falls (3%).4 In particular, lack of seatbelt use is a
substantial risk factor for poor fetal outcome, morbidity,
and mortality.
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▪ Because minor injuries are much more common than severe
injuries, they are responsible for 60% to 70% of fetal losses
attributable to trauma, even though a severe injury is much
more likely to result in fetal loss than a nonsevere injury.

Management Considerations
Initial Approach

▪ The Centers for Disease Control and Prevention (CDC) has
provided published guidelines for first responders and
emergency medical personnel who provide care in the field
to injured pregnant women. Guidelines for emergency medical
personnel include displacing the uterus from the inferior vena
cava by positioning the mother in the lateral decubitus position.
The CDC panel recommended that, if possible, women with a
pregnancy of at least 20 weeks’ gestation be transported to a
trauma center with access to obstetric care.

▪ All pregnant women who sustain or who are suspected to
have sustained serious injuries should be first evaluated in
the emergency department (ED) with the principle that
maternal well-being is prioritized over fetal concerns.

▪ Stabilization of the mother with identification of the
maternal injury is the initial priority. Fetal evaluation and
interventions can be conducted in the ED as needed.

Evaluation on Labor and Delivery

▪ After clearance for severe maternal injury has been
completed in the ED, the obstetrics team should provide a
more thorough physical and obstetric assessment.

▪ Depending on the labor and delivery gestational age criteria
for assumption of care at the facility, the stable patient with
trauma at or beyond 23 weeks’ gestation (the threshold of
fetal viability) should be admitted to labor and delivery for
further observation and monitoring for signs and
symptoms of placental abruption and preterm labor.
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Fetal Monitoring

▪ Fetal and uterine contraction monitoring is the most
sensitive method for detecting abruptio placentae following
trauma. In pregnant women who are beyond 23 to 24
weeks’ gestation, frequent uterine contractions are nearly
always present in women who develop placental abruption
following trauma.

▪ Uterine contraction monitoring is unquestionably more
sensitive than ultrasound in detecting placental abruption,
and ultrasound detects only about 40% of abruptio
placentae in the setting of trauma.

▪ The fetal heart rate tracing has been called the “fifth vital
sign” because it may provide the earliest evidence of
maternal hypovolemia or hypotension.

▪ The time within which a pregnant woman with trauma
should receive fetal monitoring is variable. The rationale for
a prolonged period of monitoring is the concern for delayed
abruption, which has been reported up to 6 days after a
traumatic event.6 If uterine contractions occur less
frequently than every 15 minutes over 4 hours of
observation, placental abruption is unlikely to occur.7-9

▪ Therefore if the fetus is at or beyond 24 weeks’ gestation, the
recommended minimal time for monitoring is at least 4
hours from the occurrence of the trauma. Monitoring
should be continued if uterine tenderness, contractions, or
irritability; abnormal fetal heart activity; or vaginal bleeding
are evident.

▪ If frequent contractions are noted (every 15 minutes or more
often) even though no other signs and symptoms for
abruption are present, 24 hours of monitoring is
recommended because delayed abruptio placentae has been
reported up to 48 hours or longer after maternal trauma.

Laboratory Testing

▪ Laboratory tests that may be helpful in the evaluation of
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trauma include a complete blood count with platelets, type,
and Rhesus factor (Rh) testing; evaluation of coagulation
function if abruptio placentae is a concern; and a Kleihauer-
Betke (KB) test in the Rh-negative woman.

▪ The KB test may be used to determine whether additional
vials of Rh immune globulin are required to prevent
sensitization in Rh-negative women who experience
trauma. For approximately 90% of pregnant women who
experience trauma, fetal-maternal hemorrhage will be less
than 30 mL, and 1 vial of Rh immune globulin will be
sufficient to prevent sensitization.

Diagnostic Imaging
▪ Suggested guidelines for radiologic evaluation of trauma are

provided in Fig. 26.1.

Exploratory Surgery for Traumatic
Injuries During Pregnancy

▪ When nonobstetric surgery is necessary in a pregnant
woman, attention to adequate maternal oxygenation, blood
volume, and uterine perfusion is important in providing an
environment to prevent fetal hypoxia. Penetrating trauma is
the most common indication for nonobstetric surgery for
traumatic injuries during pregnancy.

▪ Indications for surgical exploration include penetrating
trauma to the upper abdomen, gunshot wounds to the
abdomen, clinical evidence of active intraabdominal
hemorrhage, or suspicion for bowel injury.

▪ In the event that fetal death has occurred prior to surgical
exploration, vaginal delivery after induction of labor may
be a preferable approach, although some recommend
surgical uterine evacuation while the mother is under a
current anesthetic if there is abruption and potential for
coagulopathy.
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▪ If the pregnancy is at or beyond 24 weeks, fetal monitoring
should be carried out intermittently during the surgical
procedure. If nonreassuring fetal status is detected during
the procedure, in most instances it can be alleviated by
attention to and correction of maternal hypovolemia or
hypoxemia. If these supportive measures are not effective,
CD may be necessary.

Uterine Rupture

▪ Both blunt and penetrating injuries can result in uterine
rupture, which occurs in approximately 0.6% to 1% of
instances of maternal trauma.

▪ Uterine rupture most often results from direct abdominal
impact and may occur at any gestational age, although the
risk increases as the uterus becomes an abdominal organ
later in pregnancy.1,10

Implications of Cardiac Arrest and
Perimortem Cesarean Section

▪ The chance of maternal survival after cardiac arrest despite
aggressive attempts at resuscitation is significantly
diminished compared with the nonpregnant state.
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FIG. 26.1  Algorithm with suggested plan for
diagnostic imaging studies for pregnant women

who experience trauma. CT, computed
tomography; IV, intravenous; MRI, magnetic

resonance imaging; US, ultrasound. Modified from Patel

SJ, Reede DL, Katz DS, et al. Imaging the pregnant patient for

nonobstetric conditions: algorithms and radiation dose considerations.

Radiographics. 2007;27:1719.

▪ Long-term outcomes for children born after maternal cardiac
arrest are more likely to be favorable if the child is
delivered within 5 minutes of cessation of maternal
circulation.

▪ Perimortem cesarean section should be considered early in
the resuscitation process in the trauma victim. If the
pregnancy has extended beyond an acceptable gestation of
viability, the decision to perform a perimortem cesarean
section should be immediate and decisive.

▪ If the pregnancy is at or beyond fetal viability (23 to 24
weeks’ gestation), perimortem CD should commence
within 4 minutes after maternal cardiac arrest if
resuscitation has not restored maternal circulation.11
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Prevention of Trauma

▪ Education and reinforcement of seatbelt use during
pregnancy should be undertaken as a routine part of
prenatal education and care.

▪ The National Highway Traffic Safety Administration
(NHTSA) recommends that pregnant women wear their
seatbelts with the shoulder harness portion positioned over
the collarbone between the breasts and the lap belt portion
under the pregnant abdomen as low as possible on the hips
and across the upper thighs and not above or over the
abdomen.

▪ The NHTSA recommends that when a pregnant woman
rides in front of an airbag, the airbag should be at least 10
inches away from the dashboard or steering wheel and the
seat should be moved back from the gravid uterus as the
pregnant abdomen grows.
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CHAPTER 27

Early Pregnancy Loss
and Stillbirth
Joe Leigh Simpson, and Eric R.M. Jauniaux

KEY POINTS

• About 50% to 70% of conceptions are lost, most in the first
trimester. Losses in preimplantation embryos are especially
high: 25% to 50% of morphologically normal and 50% to 75% of
morphologically abnormal embryos.

• Sporadic pregnancy loss is age dependent, and 40-year-old
women have twice the loss rate of 20-year-old women. Most of
these pregnancies are lost before 8 weeks’ gestation.

• At least 50% of clinically recognized pregnancy losses show a
chromosomal abnormality, and those in miscarriages differ from
those found in liveborn infants, although autosomal trisomies
still account for 50% of abnormalities.

• A balanced translocation is present in 5% of couples with
REPL. Many nongenetic causes of REPL have been proposed,
but very few are proven. Efficacy of treatment in these cases
often remains uncertain.

• Uterine anomalies are accepted causes of second-trimester
losses, but their role in first-trimester losses is less clear.
Couples who experience a second-trimester loss may benefit
from metroplasty or hysteroscopic resection of a uterine
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septum.
• Drugs, toxins, and physical agents are uncommon causes of

early pregnancy loss, especially repetitive loss. It should not be
assumed that exposures to toxicants explain repetitive losses.
Passive and active smoking and illicit drug use are associated
with higher rates of both early pregnancy loss and stillbirth.

• Antiphospholipid syndrome (antibodies to lupus anticoagulant,
antiphospholipid, and anti–β2-glycoprotein) is an accepted
cause of second-trimester losses but its role in first-trimester
losses is arguable. Strict ACOG criteria exist for applying the
diagnosis of antiphospholipid syndrome to a woman who had
had repeated first-trimester REPL.

• In REPL, the overall prognosis is good even without therapy.
The live birth rate is 60% to 70% even with up to four losses
and no prior liveborn infants. Women who have had more than
four losses are less likely to have a cytogenetic explanation and
may have a different prognosis.

• An efficacious therapeutic regimen for REPL should show
success rates greater than these expected background rates.

• The frequency of chromosomal abnormalities and
nonchromosomal genetic factors (e.g., syndromes) in stillbirths
(losses after 20 weeks’ gestation or weighing at least 350 g) is
underevaluated. Cultures initiated from postdelivery products
(placenta or fetal skin) often lead to unsuccessful culture and
thus tissue for cytogenetic studies should be obtained by
amniocentesis or chorionic villus sampling when possible.

• A major effort should be exerted to obtain full autopsy and
imaging on all stillbirths because findings can alter
management in future pregnancies. If a couple declines an
autopsy, whole-body radiographs, magnetic resonance
imaging, and other noninvasive imaging should be pursued.

• Adverse first-trimester events or complications in a current or
previous pregnancy may interfere with normal placentation and
increases the risks for placental-related obstetric complications
such as preeclampsia and/or inrauterine growth restriction.
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Introduction
▪ About 50% to 70% of spontaneous conceptions are lost

before completion of the first trimester, most before
implantation or during the first month after the last
menstrual period. These very early losses are often not
recognized as conceptions. Of clinically recognized
pregnancies, 10% to 15% are lost.

Frequency and Timing of Pregnancy
Loss

▪ Fewer than half of preimplantation embryos persist, as
witnessed by assisted reproductive technology success rates
rarely exceeding 30% to 40% of cycles initiated. Even
immediately after implantation, judged preclinical or
chemical by the presence of β-human chorionic
gonadotropin (β-hCG) in maternal serum, about 30% of
pregnancies are lost.1 After clinical recognition, 10% to 12%
are lost. Most clinical early pregnancy loss (EPL) occurs
before 8 weeks.

▪ After the first trimester, pregnancy losses occur at a slower
rate. Loss rates are only 1% in women confirmed by
ultrasound to have viable pregnancies at 16 weeks.

▪ Maternal age is positively correlated with pregnancy loss
rates at any gestational age. Prior pregnancy loss also
increases loss rates, but far less than once believed.

▪ The clinical consequence of the above epidemiology facts is
that in order to be judged efficacious in preventing
recurrent early pregnancy loss (REPL), therapeutic
regimens must show success rates substantially greater than
70%. Essentially no therapeutic regimen can make this
claim.

Placental Anatomic Characteristics of
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Successful and Unsuccessful
Pregnancies

▪ As judged by adult tissue criteria, the human fetus develops
in a low-oxygen environment.

▪ Toward the end of the first trimester, the intrauterine
environment undergoes radical transformation in
association with onset of the maternal arterial circulation
and the switch to hemotrophic nutrition (see Chapter 1).

▪ In about two-thirds of EPL, anatomic evidence of defective
placentation is apparent.

▪ In about 80% of missed miscarriages, the onset of the
maternal placental circulation is both precocious and
generalized throughout the placenta.

Numerical Chromosomal
Abnormalities: Most Frequent Cause
of Early Pregnancy Loss

▪ Chromosomal abnormalities are the main cause of both
preimplantation and clinically recognized pregnancy loss.
At least 50% of clinically recognized pregnancy losses result
from a chromosomal abnormality.2

Types of Numerical Chromosomal
Abnormalities
Autosomal Trisomy

▪ Autosomal trisomies represent the largest single class (about
50%) of chromosomal complements in cytogenetically
abnormal early pregnancy failure.

▪ Aneuploidy usually results from errors at maternal meiosis
I, and these are associated with advanced maternal age.3,4
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▪ Errors in paternal meiosis account for 10% of acrocentric (13,
14, 15, 21, and 22) trisomies.3

Polyploidy

▪ Nonmosaic triploidy (3n = 69) and tetraploidy (4n = 92) are
common in EPL. Tetraploidy is uncommon, rarely
progressing beyond 2 to 3 weeks of embryonic life.

▪ An association exists between diandric (paternally inherited)
triploidy and partial hydatidiform mole. This chromosomal
abnormality can also be associated with persistent
trophoblastic disease and thus needs to be identified in
order to offer hCG follow-up.

Sex Chromosome Polysomy (X or Y)

▪ The complements 47,XXY and 47,XYY each occur in about 1
per 800 live-born male births; 47,XXX occurs in 1 per 800
female births but is increased in pregnancies conceived by
intracytoplasmic sperm injection.

Monosomy X

▪ Monosomy X is the single most common chromosomal
abnormality among early pregnancy failure, accounting for
15% to 20% of abnormal specimens (Table 27.1).

Relationship Between Recurrent Losses and
Numerical Chromosomal Abnormalities

▪ In a given family, successive EPL is likely to be either
recurrently normal or recurrently abnormal.

Genetic Counseling and Management for
Recurrent Aneuploidy
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▪ Couples predisposed to recurrent aneuploidy are at
increased risk not only for aneuploid EPL but also for
aneuploid liveborn neonates.

▪ If the complement of the first miscarriage is abnormal,
recurrence usually involves aneuploidy, although not
necessarily of the same chromosome.

▪ Selective transfer of euploid embryos following
preimplantation genetic diagnosis decreases the rate of
clinical miscarriages in couples with REPL and live-born
trisomies.

Chromosomal Rearrangements
Translocations

▪ Translocations are the most common structural
rearrangement and are found in about 5% of couples who
experience REPL.

▪ Individuals with balanced translocations are phenotypically
normal, but their offspring may show chromosomal
duplications or deficiencies as result of normal meiotic
segregation.

▪ Women are about twice as likely as men to carry a balanced
translocation.5

▪ Reciprocal translocations involve not centromeric fusion but
rather interchanges between two or more chromosomes.
Overall, the risk is 12% for offspring of either female
heterozygotes or male heterozygotes.6,7

▪ Detecting a chromosomal rearrangement thus profoundly
affects subsequent pregnancy management. Antenatal
cytogenetic studies should be offered.

▪ Preimplantation genetic diagnosis of embryos from couples
who have a balanced translocation reveals that most
embryos are unbalanced: 58% in robertsonian
translocations and 76% in reciprocal translocations.8

TABLE 27.1
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Chromosomal Completion in Spontaneous Abortions Recognized Clinically in the
First Trimester

Chromosomal Complement Frequency Percent
Normal 46,XX or 46,XY 54.1
Triploidy: 7.7
69,XXX 2.7
69,XYX 0.2
69,XXY 4.0
Other 0.8
Tetraploidy: 2.6
92,XXX 1.5
92,XXYY 0.55
Not stated 0.55
Monosomy X 18.6
Structural abnormalities 1.5
Sex chromosome polysomy: 0.2
47,XXX 0.05
47,XXY 0.15
Autosomal monosomy (G) 0.1
Autosomal trisomy for chromosomes: 22.3
1 0
2 1.11
3 0.25
4 0.64
5 0.04
6 0.14
7 0.89
8 0.79
9 0.72
10 0.36
11 0.04
12 0.18
13 1.07
14 0.82
15 1.68
16 7.27
17 0.18
18 1.15
19 0.01
20 0.61
21 2.11
22 2.26
Double trisomy 0.7
Mosaic trisomy 1.3
Other abnormalities or not specified 0.9

100.0

Data from Simpson JL, Bombard AT. Chromosomal abnormalities in spontaneous
abortion: frequency, pathology and genetic counseling. In: Edmonds K (ed).
Spontaneous Abortion. London: Blackwell; 1987.
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Inversions

▪ Inversions are uncommon parental chromosomal
rearrangements where the order of the genes is reversed
but are responsible for REPL at a rate similar to
translocations.

▪ Women with a pericentric inversion have a 7% risk for
abnormal liveborn infants, whereas men carry a 5% risk.9

Mosaics
▪ Mosaicism may be restricted to the placenta, the fetus per se

being normal. This phenomenon is termed confined placental
mosaicism.

Nonchromosomal Causes of Early
Pregnancy Loss
Luteal Phase Defects

▪ Once almost universally accepted as a common cause of
EPL, luteal phase defects are now generally considered an
uncommon explanation.

▪ The current consensus is that luteal phase defects are either
an arguable entity or not proved to be treated successfully
with progesterone or progestational therapy.

Thyroid Abnormalities

▪ Decreased conception rates and increased fetal losses are
associated with overt hypothyroidism or hyperthyroidism
(see Chapter 42).

Diabetes Mellitus
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▪ Women whose diabetes mellitus is poorly controlled are at
increased risk for fetal loss during the entire pregnancy.

Intrauterine Adhesions (Synechiae)

▪ Intrauterine adhesions can interfere with implantation or
early embryonic development.

▪ If adhesions are detected in a woman experiencing REPL,
lysis under direct hyperoscopic visualization should be
performed.

Müllerian Fusion Defects

▪ Müllerian fusion defects are an accepted cause of second-
trimester losses and pregnancy complications. REPL may be
related to müllerian fusion defects, but other explanations
are more likely even when such a defect is found.

▪ Losses are more likely to be associated with a uterine septum
than a bicornuate uterus.10

▪ Women experiencing second-trimester abortions may benefit
from uterine reconstruction, but reconstructive surgery is
not necessarily advisable for REPL.

Leiomyomas

▪ Location of leiomyomas is probably more important than
size.

▪ More often, however, leiomyomas have no etiologic
relationship to pregnancy loss.

▪ Surgical procedures to reduce leiomyomas may occasionally
be warranted in women experiencing repetitive second-
trimester pregnancy losses for women whose fetuses were
both phenotypically and karyotypically normal and in
whom viability until at least 9 to 10 weeks was
documented.
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Cervical Insufficiency

▪ Characterized by painless dilation and effacement of the
cervix between 16 and 28 weeks of gestation, cervical
insufficiency usually occurs during the middle second or
early third trimester and usually follows traumatic events,
although the etiology may be genetic. Indications for
surgery and techniques to correct cervical insufficiency are
discussed in Chapter 28.

Infections

▪ Infections are a known cause of late fetal losses and a rare
cause of early fetal losses, but infection as a cause of REPL
is unlikely.

Thrombophilias
Acquired

▪ An association between second-trimester pregnancy loss and
certain autoimmune diseases is well accepted11 (see Chapter
46). For first-trimester losses, consensus holds that a less
significant relationship exists.

▪ Antiphospholipid syndrome includes lupus anticoagulant
antibodies, anticardiolipin antibody, or anti-β2–
glycoprotein.

▪ In the most recent ACOG bulletin on the topic,12 three or
more losses before the tenth week of pregnancy are
considered to fulfill diagnostic criteria for antiphospholipid
syndrome in the sense of justifying prophylactic heparin
therapy.

Inherited

▪ Inherited maternal hypercoagulable states are unequivocally
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associated with increased fetal losses in the second
trimester but less convincingly in the first trimester (see
Chapter 45).

▪ There is an association between recurrent (two or more) fetal
losses earlier than 13 weeks for thrombophilias related to
factor V Leiden (G1691A), activated protein-C resistance,
prothrombin (20210A0 gene), and protein-S deficiency but
none for MTHFR, protein C, and antithrombin deficiencies.

Exogenous Agents
▪ Various exogenous agents have been implicated in fetal

losses, although studies fail to stratify these by sporadic and
recurrent losses (see Chapter 8).

▪ Physicians should be cautious about attributing pregnancy
loss to exogenous agents.

Radiation and Chemotherapeutic Agents

▪ Irradiation and antineoplastic agents in high doses are
acknowledged abortifacients. It is therefore prudent for
pregnant hospital workers to avoid handling
chemotherapeutic agents and to minimize radiation
exposures during diagnostic imaging.

Alcohol

▪ Alcohol consumption should be avoided during pregnancy
for reasons independent of pregnancy; thus women should
not attribute a pregnancy loss to social alcohol exposure
during early gestation.

Caffeine

▪ In general, reassurance can be given concerning moderate
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caffeine exposure and pregnancy loss.

Contraceptive Agents

▪ Oral contraceptive use before or during pregnancy is not
associated with fetal loss.

Chemicals

▪ Various chemical agents have been claimed to be associated
with fetal losses, but only a few are accepted as potentially
causative.13

Cigarette Smoking

▪ Active and passive maternal smoking has a damaging effect
in every trimester of human pregnancy. Cigarette smoke
contains scores of toxins that exert a direct effect on the
placental and fetal cell proliferation and differentiation and
can explain the increased risk for miscarriage, fetal growth
restriction, stillbirth, preterm birth, and placental abruption.

▪ Secondhand (passive) smoke exposure during pregnancy
increases the risk of miscarriage by 11%.

Trauma

▪ The temptation to attribute a loss to minor traumatic events
should be avoided.

Psychological Factors

▪ Some studies have reported a beneficial effect of
psychological well-being on REPL.

Common Medications
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▪ Nonsteroidal antiinflammatory drugs are widely used
during pregnancy but are not associated with an increased
risk of early pregnancy loss.

Management of Recurrent Early
Pregnancy Loss

▪ Two main concepts have dominated the literature on this
topic in the past 2 decades: (1) that REPL is mainly caused
by aneuploid conceptions and other genetic errors and that
the recurrence rate can be explained by the combination of
chance and increased risk; and (2) that maternal
thrombophilic, endocrine, or immune system abnormalities
play a main role in causing loss of euploid conceptions.

When is Formal Evaluation Necessary?

▪ A couple who experiences even one loss should be
counseled and provided with recurrence risk rates.
However, not every couple needs formal assessment and a
battery of tests.

▪ Although a firm scientific basis for waiting until three losses
is lacking, this is the benchmark for the Royal College of
Obstetricians and Gynecologists and the European Society
of Human Reproduction and Embryology.14 The ACOG
defines recurrent loss as either two or three consecutive
losses.

▪ Any couple who has a stillborn or anomalous liveborn infant
should undergo cytogenetic studies unless the stillborn was
known to have a normal chromosomal complement.

Recommended Evaluation

▪ Couples experiencing only one first-trimester loss should
receive relevant information, but not necessarily be
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evaluated formally.
▪ Investigation may or may not be necessary after two

spontaneous miscarriages, depending on the patient’s age
and personal desires. After three spontaneous EPLs,
evaluation is usually indicated.

▪ Detection of a trisomic conceptus suggests recurrent
aneuploidy, justifying prenatal cytogenetic studies in future
pregnancies.

▪ Women with either acquired or inherited thrombophilias
have an increased risk for late first-trimester REPL and
should be tested accordingly.

Late Pregnancy Loss (Stillbirth)
▪ Stillbirth is the term used to describe pregnancy loss at 20

weeks’ gestation or greater.
▪ Stillbirth occurs more often in primiparous women of a

given age than in multiparous women of comparable age.
▪ Risks for stillbirth are highest (twofold) in women delivered

of a growth-restricted infant earlier than 32 weeks’
gestation.15,16

Genetic Factors

▪ Chromosomal abnormalities or significant copy number
variants (microdeletions, microduplications) are detected in
8% to 13% of stillbirths.17–19 Thus special effort should be
made to determine chromosomal status of a stillborn.

▪ Successful culture for chromosomal analysis occurs in 80%
when amniocentesis is used to obtain cells.

▪ The major yield of autopsy for a stillborn fetus is detection of
an unrecognized mendelian explanation.

Polygenic/Multifactorial Disorders

▪ The multiple malformation syndrome could indicate
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mendelian etiology.

 
BOX 27.1 Maternal Laboratory Tests
Recommended by the American College of
Obstetricians and Gynecologists After
Stillbirth
All Mothers of Stillborn Infants

• Complete blood count
• Kleihauer-Betke or other test for fetal cells in the maternal

circulation
• Human parvovirus-B19 immunoglobulin G; immunoglobulin

M antibody
• Syphilis
• Lupus anticoagulant
• Anticardiolipin antibody
• Thyroid-stimulating hormone

Selected Mothers of Stillborn Infants

• Thrombophilia:
• Factor V Leiden
• Prothrombin gene mutation
• Antithrombin III
• Homocysteine (fasting)

• Protein-S and protein-C activity
• Parental karyotypes
• Indirect Coombs test
• Glucose screening (oral glucose tolerance test, hemoglobin

A1c)
• Toxicology screen

Data from the American college of obstetricians and gynecologists (ACOG). Practice
bulletin: management of stillbirth. No. 102:1. Washington, DC: ACOG; 2009.
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Maternal Evaluation

▪ Certain maternal laboratory tests are recommended by
ACOG (Box 27.1).

Management in Subsequent Pregnancies

▪ High-quality ultrasound and vigilant fetal surveillance are
universally recommended. Induction is recommended at 38
weeks.

Obstetric Outcome After Early
Pregnancy Complications

▪ Recent meta-analyses and reviews have indicated an
increased risk for adverse outcome in ongoing pregnancies
after an early pregnancy event.

▪ In particular, the risk for premature labor and delivery is
increased after most first-trimester complications.
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CHAPTER 28

Cervical
Insufficiency
Jack Ludmir, John Owen, and Vincenzo Berghella

KEY POINTS

• Cervical insufficiency is primarily a clinical diagnosis
characterized by recurrent painless dilatation and spontaneous
midtrimester loss.

• Cervical insufficiency is rarely a distinct and well-defined clinical
entity, but only one component of the larger and more complex
spontaneous preterm birth syndrome.

• Current evidence suggests that cervical competence functions
along a continuum, influenced by both endogenous and
exogenous factors, such as uterine contractions and
decidual/membrane activation.

• The traditional nomenclature of cerclage type as prophylactic,
therapeutic, and emergent should be replaced by history-
indicated, ultrasound-indicated, and physical examination–
indicated cerclage.

• There is no objective preconceptional diagnostic test for cervical
insufficiency.

• History-indicated cerclage for patients with a clinical history of
cervical insufficiency remains a reasonable approach.
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• Cervical ultrasound for cervical insufficiency has been proven to
be a clinically useful screening and diagnostic tool in selected
high-risk populations such as those with a prior sPTB who may
have a treatable component of cervical insufficiency.

• In the vast majority of women with prior sPTBs, and even those
with nonclassic clinical histories of cervical insufficiency, serial
sonographic evaluations of the cervix may be an acceptable
alternative approach to history-indicated cerclage.

• Physical examination–indicated cerclage may be beneficial in
reducing PTB in a subgroup of patients without markers of
infection.

• Abdominal cerclage may be considered for those rare patients
with a history of failed vaginal cerclage.

• Ultrasound-indicated cerclage in twin gestation should not be
performed because of the possible increase risk for preterm
delivery with this intervention.

• There is a need for randomized studies to evaluate alternative
treatments for cervical insufficiency such as pharmacologic
therapy and vaginal pessary.

Overview
▪ The incidence of cervical insufficiency in the general

obstetric population is reported to vary between
approximately 1/100 and 1/2000.1 If women with a singleton
gestation, a prior spontaneous preterm birth (sPTB), and a
current transvaginal ultrasound (TVU) cervical length (CL)
less than 25 mm are labeled as having cervical insufficiency,
the incidence is about 3% to 4%.2

▪ Cervical insufficiency, as classically defined, is recurrent
painless cervical dilation that leads to three or more
midtrimester births.3

▪ In a proposed model of cervical competence as a continuum,
a poor obstetric history attributed to cervical insufficiency
likely results from a process of premature cervical ripening
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induced by myriad underlying processes that include
infection, inflammation, local or systemic hormonal effects,
or even genetic predisposition.

Short Cervix
▪ A new description defines cervical insufficiency by the

presence of both (1) TVU cervical length less than 25 mm
and/or cervical changes detected on physical examination
before 24 weeks of gestation and (2) prior sPTB at less than
37 weeks.

▪ TVU CL screening should be done using the technique
described by the Cervical Length Education and Review
program4 and the Society for Maternal-Fetal Medicine
through its Perinatal Quality Foundation.

▪ The sensitivity of a short CL is much higher, about 70%, in a
singleton pregnancy with a prior sPTB.5

Risk Factors for Cervical Insufficiency
▪ Risk factors include prior cervical destructive surgery (e.g.,

trachelectomy, loop electrosurgical excision procedure,
large loop excision of the transformation zone, laser
conization, or cold-knife cone biopsy), in utero
diethylstilbestrol exposure, prior induced or spontaneous
first- and second-trimester abortions, uterine anomalies,
multiple gestations, or even prior sPTBs that did not meet
typical clinical criteria for cervical insufficiency.

Tests for Cervical Insufficiency
▪ Because no universally applicable standard exists for the

diagnosis of cervical insufficiency, and because the results
of such tests were never evaluated and linked to a proven
effective treatment, their clinical utility was at best
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theoretic. Because no test for cervical insufficiency in the
nonpregnant patient has been validated, none of these tests
are in common use today.

Clinical Diagnosis of Cervical
Insufficiency
Patient History

▪ Cervical insufficiency has primarily been a clinical diagnosis
characterized by a history of recurrent painless dilation and
spontaneous midtrimester (16 to 24 weeks) birth of a
nonanomalous living fetus that usually suffers neonatal
death or serious long-term morbidities from extreme
prematurity.

▪ The physician managing a patient who experiences a
spontaneous midtrimester birth is in the optimal position to
assess and document whether the clinical criteria for
cervical insufficiency were met (e.g., hourglassing
membranes without painful regular uterine contractions)
and to rule out other causes of midtrimester birth (e.g.,
placental abruption, antecedent fetal death, or fetal
anomaly).

Sonographic Diagnosis of Cervical
Insufficiency

▪ The relative risk of sPTB increases steadily as the measured
CL shortened.

▪ Cervical sonography has a lower sensitivity (about 30% to
40%) as a screening test in low-risk women (i.e., singleton
gestations without prior sPTB),6 but it appears to have
significant utility for identifying clinically significant
cervical pathology in women with a prior early sPTB.5,7

471



Diagnosis of Cervical Insufficiency on
Physical Examination

▪ Uncommonly, a patient in the midtrimester will present
with vague pelvic symptoms such as increased pressure
and vaginal discharge with increased urinary frequency but
without other symptoms of urinary tract infection.

▪ Fetal parts or the umbilical cord might be seen behind the
membranes or even contained in the prolapsing sac.

▪ This is termed acute cervical insufficiency. Presumably, these
findings were antecedent events in most if not all cases of
midtrimester birth later attributed to cervical insufficiency
based on historic criteria. However, this presentation
provides a unique clinical opportunity to witness the
natural history of cervical insufficiency, explore possible
etiologies, and consider the effectiveness of different
interventions (Box 28.1).

Treatment
Cerclage Technique
History-Indicated Cerclage

▪ Owing to its simplicity and effectiveness, a McDonald
technique is recommended as the first-line procedure.

▪ Currently, no evidence suggests that placing two sutures
results in better outcomes than placing one.

▪ It appears that for a history-indicated cerclage, the rate of
subclinical intraamniotic infection is very low, and
amniocentesis does not seem justifiable.

▪ The suture is usually removed electively at 36 to 37 weeks.
▪ In patients with a prior failed vaginal cerclage, an abdominal

cerclage has been recommended.8
▪ Cesarean delivery is necessary, and the suture is left in place

if future fertility is desired.
▪ In the past few years, a laparoscopic abdominal approach to
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the cervix has been described using the same principles as
an abdominal cerclage.9

Physical Examination–Indicated Cerclage

▪ Although some clinicians offer this therapeutic modality up
to 28 weeks, we do not advocate the use of cerclage beyond
24 weeks’ gestation because of concerns about fetal viability
should the procedure contribute to a preterm delivery.10

▪ Although clinicians have been reluctant to offer cerclage in
patients with protruding membranes, some reports have
suggested a salvage rate in excess of 70% despite advanced
cervical dilation, with only 40% delivering before 35
weeks.11

 
BOX 28.1 Criteria for the Diagnosis of Cervical
Insufficiency on Physical Examination

▪ Midtrimester cervical dilation and membranes visible at or
beyond the external os in the absence of clinically defined
antecedent labor or overt intrauterine infection

▪ Significant (serial) asymptomatic cervical dilation detected by
palpation at midtrimester

Cerclage in the Presence of Premature Rupture of
Membranes or Preterm Labor

▪ Decisions to remove the suture at the time of ruptured
membranes should be individualized until more
information becomes available.

Effectiveness Based on Evidence

History-Indicated Cerclage
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▪ Because of its unproven efficacy in randomized clinical trials
and the attendant surgical risks, the recommendation for
history-indicated cerclage should be limited to women with
multiple midtrimester sPTBs when a careful history and
physical examination suggest a dominant cervical
component. Unless the physical examination confirms a
significant cervical anatomic defect consistent with
disruption of its circumferential integrity, the clinician
should assess the history for other components of the PTB
syndrome. Cervical insufficiency remains a diagnosis of
exclusion.

Ultrasound-Indicated Cerclage

▪ A patient-level analysis confirmed significant benefit of
ultrasound-indicated cerclage for CLs less than 25 mm
observed before 24 weeks’ gestation in women with prior
sPTB. Cerclage reduced PTB at cutoffs of less than 37, 35,
32, 28, and 24 weeks, and composite neonatal mortality and
morbidity were also significantly lower (relative risk, 0.64;
95% confidence interval, 0.45 to 0.91).

▪ Collective results have established the utility of cervical
length screening and ultrasound-indicated cerclage for a
short cervix less than 25 mm in women with a prior sPTB
(Box 28.2).

Physical Examination–Indicated Cerclage

▪ Although not currently standard practice, the evaluation of
amniotic fluid for markers of infection and/or inflammation
appears to have important prognostic value, but it is still
unclear whether and to what extent the results should
direct patient management.

▪ Although physical examination–indicated cerclage may
benefit some, patient selection remains largely empiric. The
earlier the gestational age at presentation, the more
advanced the cervical dilation, and the presence of
prolapsed membranes and intraamniotic infection imparts
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greater risk of poor neonatal outcome.

Activity Restriction

▪ The validity of bed rest for treatment has not been
scientifically proven, and some data suggest worse
outcomes in patients placed on bed rest.12

 
BOX 28.2 Patient at Risk for Cervical
Insufficiency: History-Indicated Versus
Ultrasound-Indicated Cerclage

▪ Preterm births will occur regardless of strategy chosen.
▪ Both strategies have similar rates of preterm birth.
▪ Fewer cerclages are performed with the ultrasound-indicated

cerclage strategy.
▪ It seems reasonable to follow at-risk patients with sonography

and to perform a cerclage based on sonographic findings.

Pessary

▪ We must await the results of ongoing trials and assess the
need for further prospective, randomized trials that
compare pessary, cerclage, and progesterone before
conclusions regarding the efficacy of any of these
interventions can be established.

Progesterone

▪ Further research is necessary to evaluate the possible
cumulative effects of other interventions for short TVU CL,
including not only cerclage and progesterone but also
perhaps nonsteroidal antiinflammatory agents, other
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tocolytics, and other pharmacologic agents.
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CHAPTER 29

Preterm Labor and
Birth
Hyagriv N. Simhan, Jay D. Iams, and Roberto Romero

KEY POINTS

• More than 70% of fetal, neonatal, and infant morbidity and
mortality occurs in infants born preterm.

• The rate of PTB peaked in 2006 as the result of the increased
use of assisted reproductive technology, ultrasound dating, and
indicated preterm births. It has since declined largely because
of the adoption of fertility practices to reduce the multifetal
gestations associated with infertility treatment.

• Major risk factors for PTB are a history of previous preterm
delivery, multifetal gestation, and bleeding after the first
trimester of pregnancy; however, most women who deliver
preterm have no apparent risk factors; therefore every
pregnancy is potentially at risk.

• Four interventions have been shown to reduce perinatal
morbidity and mortality: (1) transfer of the mother and fetus to
an appropriate hospital before PTB; (2) administration of
maternal antibiotics to prevent neonatal GBS infection; (3)
administration of maternal corticosteroids to reduce neonatal
RDS, IVH, and neonatal mortality; and (4) administration of
maternal magnesium sulfate at the preterm delivery at less than
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32 weeks to reduce the incidence of CP.
• The risk of recurrent PTB may be reduced in women with a prior

PTB with 17-α-hydroxyprogesterone caproate and in women
with a short cervix (<20 mm) by administration of prophylactic
supplemental progesterone. Cervical cerclage should be
indicated for women with a prior PTB and a short cervix.

Overview
▪ Complications related to preterm birth (PTB) account for

more newborn and infant deaths than any other cause.1
Although advances in neonatal care have led to increased
survival and reduced short- and long-term morbidity for
infants born preterm, surviving infants have increased risks
of visual and hearing impairment, chronic lung disease,
cerebral palsy (CP), and delayed development in childhood.

▪ The causes of PTB are diverse but can be usefully considered
according to whether the parturition process—which
includes cervical remodeling, decidual membrane
activation, and myometrial contractions—had begun before
birth occurred. Preterm births that do not follow
spontaneous initiation of parturition most often are
iatrogenic, when the health of the mother or fetus is at risk
(e.g., with major hemorrhage, hypertension, or poor fetal
growth).

Definitions
▪ A preterm birth is commonly defined as one that occurs after

20 weeks’ gestation and before the completion of 37
menstrual weeks of gestation regardless of birthweight.
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FIG. 29.1  Percentage of live preterm births by
racial group. Data from Martin JA, Hamilton BE, Sutton PD, et al.

Births: final data for 2008.Natl Vital Stat Rep. 2010;59[1]:1, 3-71.

▪ Recognition that some infants born after 37 weeks are not
fully mature and that many births before 20 weeks arise
from the same causes that lead to preterm births has led to
reevaluation of these definitions and boundaries.2

Frequency of Preterm and Low-
Birthweight Delivery

▪ About 9.6% of all births in 2005 were preterm—almost 13
million worldwide.

▪ Blacks have rates of PTB that are almost twofold higher than
those of other racial/ethnic groups (Fig. 29.1).

Infant Mortality

▪ Infant and childhood mortality and morbidity in surviving
preterm infants rise as gestational age at birth declines.
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Perinatal Morbidity

▪ Common complications in premature infants include
respiratory distress syndrome (RDS), intraventricular
hemorrhage (IVH), bronchopulmonary dysplasia, patent
ductus arteriosus, necrotizing enterocolitis (NEC), sepsis,
apnea, and retinopathy of prematurity.

Long-Term Outcomes

▪ Major neonatal morbidities related to PTB that carry lifetime
consequences include chronic lung disease, grades 3 and 4
intraventricular hemorrhage (associated with CP), NEC,
and vision and hearing impairment. Follow-up studies of
infants born preterm and of low birthweight (LBW) infants
reveal increased rates of CP, neurosensory impairment,
reduced cognition and motor performance, academic
difficulties, and attention-deficit disorders.

 
BOX 29.1 Diagnosis of Preterm Labor and
Initial Assessment

▪ What is the gestational age, and what is the level of
confidence about the accuracy of the gestational age?

▪ In the absence of advanced labor (cervical effacement >80%
with dilation >2 cm) and a clear cause of preterm labor, what
is the accuracy of the diagnosis of preterm labor?

▪ Are confirmatory diagnostic tests such as cervical
sonography, fetal fibronectin, or amniocentesis for infection
necessary?

▪ What is the anticipated neonatal morbidity and mortality at
this gestational age in this clinical setting?

▪ Should labor be stopped?
▪ Is transfer to a more appropriate hospital required?
▪ Should fetal lung maturity be tested?
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▪ What interventions can be applied that will reduce the risks
of perinatal morbidity and mortality?

▪ Should drugs to arrest labor (tocolytics), glucocorticoids, or
antibiotics be given?

Clinical Care for Women in Preterm
Labor

▪ Clinical evaluation of preterm parturition begins with
assessment of potential causes of labor, looking first for
conditions that threaten the health of the mother and fetus.

▪ Conditions that suggest specific therapy, such as preterm
ruptured membranes or cervical insufficiency, should then
be sought and treated accordingly.

▪ The next concerns are the accuracy of preterm labor
diagnosis and the balance of risks and benefits that
accompany active attempts to inhibit labor versus allowing
delivery (Box 29.1).

Diagnosis of Preterm Labor
▪ Preterm labor must be considered whenever a pregnant

woman reports recurrent abdominal or pelvic symptoms
that persist for several hours in the second half of
pregnancy.

▪ For decades, the clinical diagnosis of preterm labor has been
based on the presence of regular, painful uterine
contractions accompanied by cervical dilation and/or
effacement.

▪ The inability to accurately distinguish women with an
episode of preterm labor who will deliver preterm from
those who deliver at term has greatly hampered the
assessment of therapeutic interventions because as many as
50% of untreated (or placebo-treated) subjects do not

482



actually deliver preterm. Optimal criteria for initiation of
treatment are unclear.

▪ The practice of initiating tocolytic drugs for contraction
frequency without additional diagnostic criteria results in
unnecessary treatment of women who are not at increased
risk of imminent sPTB.3

Diagnostic Tests for Preterm Labor

▪ Diagnostic accuracy may be improved in these patients by
testing other features of parturition such as cervical
ripening; measurement of cervical length (CL) by
transvaginal ultrasound; and decidual activation, tested by
an assay for fetal fibronectin in cervicovaginal fluid.4,5

Treatment for Women in Preterm
Labor

▪ Four interventions that have been shown to reduce neonatal
morbidity and mortality.

Maternal Transfer

▪ Many states have adopted systems of regionalized perinatal
care in recognition of the advantages of concentrating care
for preterm infants, especially those born before 32 weeks.

Antibiotics

▪ Women with preterm labor should be treated with
antibiotics to prevent neonatal group B Streptococcus (GBS)
infection if colonized with GBS (see Chapters 53 and 54).

▪ Antibiotic therapy in women with preterm labor and intact
membranes is not effective in prolonging pregnancy or
preventing preterm delivery.
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▪ Antimicrobial therapy for women in preterm labor should
be limited to GBS prophylaxis, women with preterm
premature rupture of membranes, or treatment of a specific
pathogen (e.g., urinary tract infection).

Antenatal Corticosteroids

▪ Glucocorticoids act generally in the developing fetus to
promote maturation over growth. In the lung,
corticosteroids promote surfactant synthesis, increase lung
compliance, reduce vascular permeability, and generate an
enhanced response to postnatal surfactant treatment.

▪ A single rescue course of antenatal corticosteroids may be
considered if the antecedent treatment was given more than
2 weeks prior, the gestational age is less than 326/7 weeks,
and the woman is judged by the clinician to be likely to give
birth within the coming week. However, regularly
scheduled repeat courses or multiple courses (i.e., more
than two) are not recommended.6

▪ A course of treatment consists of two doses of 12 mg of
betamethasone; the combination of 6 mg each of
betamethasone acetate and betamethasone phosphate,
administered intramuscularly twice, 24 hours apart; or four
doses of 6 mg of dexamethasone given intramuscularly
every 12 hours.

Fetal Effects

▪ Infants born to treated women were significantly less likely
to experience RDS (odds ratio [OR], 0.53), IVH (OR, 0.38), or
neonatal death (OR, 0.60). The beneficial effects on IVH are
independent of the effects on respiratory function. Other
morbidities of PTB are also reduced by antenatal
glucocorticoids, including NEC, patent ductus arteriosus,
and bronchopulmonary dysplasia. Although both are
considered effective, betamethasone may be superior to
dexamethasone with respect to reduction of morbidity and
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mortality in the preterm newborn.

Other Fetal Effects of Glucocorticoids

▪ Transient reduction in fetal breathing and body movements
sufficient to affect the interpretation of the biophysical
profile have been described with both drugs but are more
common after administration of betamethasone, typically
lasting 48 to 72 hours after the second dose.

Maternal Effects

▪ Antenatal glucocorticoids produce a transient rise in
maternal platelet and white blood cell counts that lasts 72
hours; a count in excess of 20,000 is rarely due to steroids.

Duration of Benefit

▪ Neonatal benefit has been most easily observed when the
interval between the first dose and delivery exceeds 48
hours, but some benefit is evident after an incomplete
course.

Risks of Antenatal Corticosteroid Treatment

▪ The safety and benefit of one course of steroids has never
been questioned. Long-term follow-up studies of infants in
the original cohorts of infants treated with a single course of
antenatal steroids have displayed no differences in physical
characteristics or mental function when compared with
gestational age–matched controls.

Sequelae of Antenatal Treatments to Reduce
Fetal/Neonatal Morbidity
Respiratory Distress
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▪ Neonatal treatment with surfactant is an effective adjunctive
therapy that adds independently and synergistically to the
benefit of corticosteroids in reducing RDS-related
morbidity.

Neurologic Morbidity

▪ A randomized placebo-controlled trial of antenatal
magnesium conducted in 1062 women who delivered
before 30 weeks’ gestation found significantly lower rates of
gross motor dysfunction and nonsignificant trends of
reduced mortality and CP in surviving infants in the treated
group at 2 years of age.

▪ However, the available evidence suggests that magnesium
sulfate given before anticipated early PTB reduces the risk
of CP in surviving infants.7

▪ The largest reduction in risk was for moderate to severe CP.
▪ A 4-g bolus of magnesium sulfate with a 1-g/h maintenance

dose is a regimen anticipated to have a more favorable side
effect and safety profile than a higher-dose regimen.

▪ Administration of magnesium sulfate is appropriate for
women with preterm premature rupture of the membranes
or preterm labor who have a high likelihood of imminent
delivery (e.g., within 24 hours) or before an indicated
preterm delivery. If emergency delivery is necessary given
maternal or fetal status, it should not be delayed to
administer magnesium sulfate.

Tocolysis in Preterm Labor

▪ Although no medications have been approved for the
indication of tocolysis by the U.S. Food and Drug
Administration (FDA), a number of classes of drugs are
used for this purpose.

Efficacy
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▪ No studies have consistently shown that any tocolytic can
reduce the rate of PTB and improve neonatal outcomes.

▪ Recent Cochrane meta-analyses of tocolytic agents indicate
that calcium channel blockers and oxytocin antagonists can
delay delivery by 2 to 7 days with the most favorable ratio
of benefit to risk, that β-mimetic drugs delay delivery by 48
hours but carry greater side effects, that evidence is
insufficient regarding cyclooxygenase (COX) inhibitors, and
that magnesium sulfate is ineffective.

▪ Meta-analyses of studies of individual tocolytic drugs
typically report limited prolongation of pregnancy but no
decrease in PTB, and they rarely offer information about
whether prolongation of pregnancy was accompanied by
improved infant outcomes. Delayed delivery for 48 hours to
allow antenatal transport and corticosteroids to reduce
neonatal morbidity and mortality are thus the main
rationale for use of these drugs.

Choosing a Tocolytic Agent

Pharmacology

▪ The activity of tocolytic agents can be explained by their
effect on the factors that regulate the activity of this
enzyme, notably calcium and cyclic adenosine
monophosphate.

Contraindications to Tocolysis

▪ Common maternal contraindications to tocolysis include
preeclampsia or gestational hypertension with severe
features, hemorrhage, and significant maternal cardiac
disease.

▪ Fetal contraindications to tocolysis include gestational age of
greater than 37 weeks, fetal demise or lethal anomaly,
chorioamnionitis, and evidence of acute or chronic fetal
compromise.

▪ Tocolytic drugs may be safely used when standard protocols
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are followed. The choice of tocolytic requires consideration
of the efficacy, risks, and side effects for each patient.

Calcium Channel Blockers

▪ The Cochrane Collaboration meta-analyses support calcium
channel blockers as short-term tocolytics, compared with
other available agents, because of relatively greater
suppression of contractions and fewer side effects than
other agents in 12 reported trials.

Maternal Effects

▪ Concomitant or sequential use of calcium channel blockers
with β-mimetics is not recommended, nor is concurrent
administration of magnesium, owing to reports of skeletal
muscle blockade when nifedipine was given with
magnesium sulfate.

Magnesium Sulfate

▪ A meta-analysis that compared magnesium to controls
observed no difference in the risk of birth within 48 hours
of treatment for women given magnesium (relative risk
[RR], 0.85; 95% confidence interval [CI], 0.58 to 1.25; 11
trials, 881 women). Magnesium appeared to confer no
benefit on the risk of preterm birth (<37 weeks’ gestation) or
very preterm birth (<34 weeks’ gestation).

▪ An agent such as indomethacin may be a reasonable choice
for tocolysis in the woman receiving magnesium sulfate for
neuroprotection of the fetus.

Cyclooxygenase Inhibitors

▪ Prostaglandin synthesis is increased when the COX-2 form
of this enzyme is induced by cytokines, bacterial products
such as phospholipases and endotoxins, and
corticosteroids; it is reduced by the inhibition of COX with
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nonsteroidal antiinflammatory drugs.
▪ Unlike aspirin, indomethacin binds reversibly to COX, so

that inhibition lasts only until the drug is cleared
metabolically.

β-Mimetic Tocolytics

▪ The most commonly used β-mimetic in the United States is
terbutaline, marketed as a drug for asthma.

▪ The Cochrane Database reported an analysis of 1332 women
enrolled into 11 randomized placebo-controlled trials of β-
mimetic drugs and found that treated subjects were less
likely to deliver within 48 hours (RR, 0.63; 95% CI, 0.53 to
0.75) but not within 7 days.

Atosiban and Other Tocolytic Agents

▪ The Food and Drug Administration declined to approve the
use of atosiban for tocolysis because of concerns about the
drug’s safety when used in fetuses at less than 28 weeks’
gestation.8

Care After Acute Treatment for Preterm Labor

Maintenance Tocolytic Treatment

▪ The duration of hospitalization for an episode of preterm
labor varies according to several factors, including the
examination of the cervix, ease of tocolysis, gestational age,
obstetric history, distance from the hospital, and the
availability of home and family support.

Conduct of Labor and Delivery for the
Preterm Infant

▪ Intrapartum care for women in labor before term is often

489



complicated by conditions that increase the chance of
intrapartum fetal compromise such as malpresentation,
hypertension, amnionitis, abruption, oligohydramnios, or
fetal growth restriction.

Intrapartum Assessment of the Preterm
Fetus

▪ Ominous heart rate tracings in preterm fetuses have the
same associations with fetal acidosis as they do later in
gestation.

Labor and Delivery

▪ The duration of labor in preterm gestation may be shorter
than that of term pregnancy. The active phase of the first
stage and the second stage may be particularly brief. Care
should be taken to ensure that the fetus does not have a
precipitous delivery without control of the fetal head.

▪ The neonatal care team should be alerted to the
circumstances of a PTB well in advance of the delivery so
that appropriate personnel and equipment can be made
available.

Cesarean Delivery

▪ Routine cesarean delivery for all preterm or very LBW
(VLBW) infants is not justified.

Delayed Cord Clamping

▪ Early cord clamping and delayed cord clamping are quite
varied in the literature. General consensus and review of
numerous articles suggest that early cord clamping occurs
within 30 seconds of delivery; late cord clamping occurs
when the delay is greater than 30 seconds and up to 5
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minutes, although most of the benefit occurs within the first
60 to 120 seconds.9

▪ In the VLBW population, delayed cord clamping reduces the
need for any delivery room resuscitation intervention,
supplemental oxygen, or bag-mask ventilation.10

Prevention of Preterm Birth
▪ Care of PTB may be described according to the public health

model as tertiary (treatment initiated after the parturition
process has begun to limit perinatal morbidity and
mortality), secondary (identification and treatment for
individuals with increased risk), or primary (prevention and
reduction of risk in the population).

Secondary Prevention of Preterm Birth
Before Pregnancy

▪ Prepregnancy medical risk factors occur in as many as 40%
of PTBs, but preconception medical interventions to reduce
PTB in these women have been disappointing.

TABLE 29.1

PTB, preterm birth variably defined.
∗ 17-α-hydroxyprogesterone caproate.
† Vaginal progesterone in various formulations.
‡ Women likely to receive cerclage not enrolled. Mean cervical length at entry was 37
mm.
§ Secondary analysis of O’Brien study subjects who later had a short cervix (<28
mm).
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During Pregnancy

Modification of Maternal Activity

▪ Grobman and coworkers11 reported no relation between
reduced activity and frequency of PTB in nulliparous
women with CL less than 30 mm before 24 weeks.

Nutritional Supplements

▪ Trials of supplemental vitamins C and E and calcium have
not demonstrated a reduction in PTB risk.12

Progestogens

▪ Randomized trials have demonstrated an approximately
40% decrease in the rate of PTB in women with a prior PTB
and/or a short cervix (<15 to 20 mm before 24 weeks’
gestation) who were treated with either intramuscular 17-α-
hydroxyprogesterone caproate 250 mg weekly or with
vaginal progesterone suppositories or cream daily between
16 and 36 weeks’ gestation (Table 29.1).13–18

▪ Several randomized placebo-controlled trials have found
that progestogen supplementation does not affect the rate
of PTB in women with multifetal gestations, indicating that
the mechanism of progesterone’s action to reduce risk of
PTB in singletons is not related to uterine stretch.19–22

▪ Taken together, these studies indicate that a short cervix,
rather than prior PTB, is the most appropriate criterion for
institution of vaginal progesterone therapy. However, a
history of PTB will continue to be an indication for 17-α-
hydroxyprogesterone caproate treatment until additional
studies demonstrate that such treatment is unnecessary in
women with a prior PTB who maintain a normal CL
beyond 24 weeks’ gestation.

▪ The optimal strategy to identify candidates for progesterone
therapy has not been determined.
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Cervical Cerclage

▪ The relationship between a short cervix and the risk of PTB
was initially interpreted as evidence of diminished cervical
strength or competence, but subsequent clinical experience
and interventional studies do not support that conclusion.
Cerclage is an effective treatment for women with a history
of PTB and a short cervix (see Chapter 28).

Clinical Use of Progesterone and Cerclage to
Prevent Preterm Birth

▪ The body of evidence that shows progesterone is effective in
reducing the risk of PTB in women with a short cervix with
or without a history of PTB has influenced the clinical care
of women who would previously have been considered to
be candidates for prophylactic history-indicated cervical
cerclage.

Primary Prevention of Preterm Birth

▪ Primary prevention strategies for PTB will require consistent
efforts through education and public policy because the
public and government currently underestimate the
magnitude of the societal burden.

Public Educational Interventions

Public and Professional Policies

▪ Risk of PTB was increased among women who worked more
than 42 hours per week (OR, 1.33; CI, 1.1 to 1.6) and who
were required to stand for more than 6 hours per day (OR,
1.26; CI, 1.1 to 1.5).

Social Determinants of Health
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▪ The social determinants of health are (1) promotion of school
attendance and completion, (2) food security, (3)
neighborhood nutritional programs, (4) job fairs, and (5) an
increasing role for hospital and health providers as local
leaders.23
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CHAPTER 30

Premature Rupture of
the Membranes
Brian M. Mercer

KEY POINTS

• PROM complicates about 8% to 10% of pregnancies and is a
significant cause of gestational age–dependent and infectious
perinatal morbidity and mortality.

• Latency from membrane rupture to delivery is typically brief and
decreases with increasing gestational age at membrane
rupture.

• Chorioamnionitis is common after PPROM and increases in
frequency with decreasing gestational age at membrane
rupture.

• Women with a prior preterm birth due to PROM have a 3.3-fold
higher risk for subsequent preterm birth due to PROM and a
13.5-fold higher risk for PPROM before 28 weeks’ gestation.

• Some potentially preventable causes of PPROM include
urogenital tract infections, poor maternal nutrition with a low
body mass index (<19.8 kg/m2), and cigarette smoking.

• Vaginally collected amniotic fluid can reliably predict the
presence of fetal pulmonary maturity after PPROM.

• Conservative management after PPROM with documented fetal
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pulmonary maturity near term (32 to 36 weeks) prolongs latency
only briefly but increases the risk for perinatal infection and
does not improve neonatal outcomes.

• Antenatal corticosteroid administration and limited-duration
broad-spectrum antibiotic administration have been shown to
reduce newborn complications when given in the setting of
PROM remote from term.

• Cervical cerclage retention after PPROM has not been shown
to improve neonatal outcomes.

• Lethal pulmonary hypoplasia is common after PROM that
occurs before 20 weeks and can be predicted with serial
ultrasound assessment of lung and chest growth.

Overview
▪ Membrane rupture that occurs spontaneously before the

onset of labor is described as premature rupture of the
membranes (PROM) regardless of the gestational age at
which it occurs.

▪ PROM at any gestational age is associated with brief latency
from membrane rupture to delivery and also increased risks
for perinatal infection and umbilical cord compression due
to oligohydramnios.

▪ Regardless of the gestational age, the patient should be well
informed regarding the potential maternal, fetal, and
neonatal complications of PROM and preterm birth.

TABLE 30.1

fFN, fetal fibronectin; PROM, premature rupture of the membranes.
∗ Positive fFN, cervicovaginal fFN screen positive (>50 ng/mL) at 22 to 24 weeks’
gestation.
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† Short cervix, cervix length <25 mm on transvaginal ultrasound at 22 to 24 weeks’
gestation.

Modified from Mercer BM, Goldenberg RL, Meis PJ, et al, for the NICHD-MFMU
Network. The preterm prediction study: prediction of preterm premature rupture of
the membranes using clinical findings and ancillary testing. Am J Obstet Gynecol.
2000;183:738.

Fetal Membrane Anatomy and
Physiology

▪ Preterm PROM likely results from a variety of factors that
ultimately lead to accelerated membrane weakening
through an increase in local cytokines and an imbalance in
the interaction between matrix metalloproteinases and
tissue inhibitors of metalloproteinase, increased collagenase
and protease activity, or other factors that cause increased
intrauterine pressure (e.g., polyhydramnios).1–5

Etiology of Premature Rupture of the
Membranes

▪ Preterm PROM has also been linked to infections that
involve the urogenital tract.

▪ Group B Streptococcus bacteriuria is associated with preterm
PROM and low-birthweight infants.6,7 Ascending bacterial
colonization and infection are integral to the pathogenesis
of preterm PROM in many cases.

▪ Prior preterm birth (PTB) and especially prior preterm
PROM (PPROM) have been associated with PPROM in a
subsequent pregnancy.8 The risk of recurrence increases
with decreasing gestational age of the index PTB.

▪ Among women with prior deliveries, prior PTB due to
preterm labor or PROM and a positive cervicovaginal fetal
fibronectin (fFN) screen were statistically significant clinical
markers for subsequent PPROM after controlling for other
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factors.
▪ Among multiparas, women with a prior PTB due to PROM,

a short cervix on ultrasound, and positive cervicovaginal
fFN screen had a 31-fold higher risk for PROM with
delivery before 35 weeks’ gestation (25% vs. 2.3%) than
those without risk factors (Table 30.1).

▪ Current evidence supports 17-α-hydroxyprogesterone
caproate treatment for women with a prior PTB due to
PROM or preterm labor and also supports treatment with
vaginal progesterone for asymptomatic women with a short
cervical length.9–11

▪ Vitamin C supplementation to prevent PPROM is not
currently recommended.

Clinical Course After Premature
Rupture of the Membranes
Maternal Risks

▪ Hallmarks of PROM include a brief latency from membrane
rupture to delivery. On average, latency increases with
decreasing gestational age at membrane rupture. At term,
half of expectantly managed gravidas deliver within 5
hours and 95% deliver within 28 hours of membrane
rupture.12 Of all women with PROM before 34 weeks, 93%
deliver in less than 1 week.

Risks of Premature Rupture of the
Membranes
Maternal Risks

▪ Chorioamnionitis is the most common maternal
complication after PPROM.

▪ Abruptio placentae can cause PROM or can occur

500



subsequent to membrane rupture, and it affects 4% to 12%
of these pregnancies.13 Uncommon but serious
complications of PROM managed conservatively near the
limit of viability include retained placenta and hemorrhage,
requiring dilation and curettage (12%); maternal sepsis
(0.8%); and maternal death (0.14%).14

Fetal and Neonatal Risks

▪ Fetal complications after membrane rupture include
infection and fetal distress due to umbilical cord
compression or placental abruption.

▪ Fetal death complicates 1% to 2% of cases of conservatively
managed PROM.15

▪ The frequency and severity of neonatal complications after
PROM vary inversely with gestational age at membrane
rupture and at delivery.

▪ PPROM increases the risk of neonatal sepsis twofold over
that seen after PTB due to preterm labor with intact
membranes.16

▪ Although no data suggest that immediate delivery on
admission with PROM will avert these sequelae, these
findings highlight the importance of restricting
conservative management after PROM to circumstances in
which there is the potential to reduce neonatal morbidity
through either antenatal corticosteroid administration or
extended pregnancy prolongation for fetal maturation.

▪ Pulmonary hypoplasia is a severe complication of
oligohydramnios in the second trimester that results from a
lack of terminal bronchiole and alveolar development
during the canalicular phase of pulmonary development.17

Management of Premature Rupture of
the Membranes
General Considerations
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▪ Management of PROM is based primarily on an individual
assessment of the estimated risk for fetal and neonatal
complications should conservative management or delivery
be pursued. The risks for maternal morbidity should also be
considered, particularly when PROM occurs before the
limit of potential viability.

▪ In general, digital cervical examinations should be avoided
until it is determined that delivery is inevitable because
such examination has been associated with a shortening of
latency from membrane rupture to delivery.18

▪ If conservative management of PPROM is to be pursued, the
patient should be admitted to a facility capable of providing
emergent delivery for placental abruption, fetal
malpresentation in labor, and fetal distress due to umbilical
cord compression or in utero infection. The facility should
also be capable of providing 24-hour neonatal resuscitation
and intensive care because conservative management
should generally be performed only when significant risk
for neonatal morbidity and mortality is present.

Management of Premature Rupture of the
Membranes at Term

▪ Women with PROM at term should be offered early
delivery, generally with a continuous oxytocin infusion, to
reduce the risk for maternal and neonatal complications.

Management of Prom Near Term (32 To 36
Weeks)

▪ Conservative management after PROM at 34 to 36 weeks’
gestation only briefly prolongs pregnancy while increasing
the likelihood of chorioamnionitis.

▪ As such, conservative management of PROM that occurs at
34 to 37 weeks might be an option if the risk of intrauterine
infection is considered to be low.
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▪ Management of the woman with PROM at 32 to 33 weeks’
gestation is more controversial because pulmonary and
other gestational age–dependent complications can occur,
but the likelihood of survival at this gestation is high and
long-term complications are uncommon.

▪ At 32 to 33 weeks’ gestation, it can be helpful to assess fetal
pulmonary maturity and to treat with antenatal
corticosteroids those pregnancies without documented fetal
maturity.

▪ Vaginal pool specimen collection is preferable if an adequate
specimen can be obtained.

▪ Delivery should be initiated before complications ensue if
there is documented fetal pulmonary maturity after PROM
at 32 to 33 weeks.

Management of Prom Remote From Term (23
To 31 Weeks)

▪ Infants born at 23 to 31 weeks’ gestation are at increased risk
for perinatal death, and survivors commonly suffer acute
and long-term complications. Pregnancy prolongation can
reduce these risks, and because of this, inpatient
conservative management is generally attempted unless
intrauterine infection, significant vaginal bleeding,
placental abruption, or advanced labor is evident or fetal
testing becomes nonreassuring.

▪ During conservative management, initial care generally
consists of prolonged continuous fetal heart rate and
maternal contraction monitoring for evidence of umbilical
cord compression and occult contractions and to establish
fetal well-being.

▪ Although a low initial amniotic fluid index is associated
with shorter latency and an increased risk for
chorioamnionitis, it does not accurately predict who will
ultimately develop these complications and should not be
used in isolation to make management decisions.

▪ The clinical diagnosis is made when maternal fever
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(temperature ≥38°C [100.4°F]) with uterine tenderness and
maternal or fetal tachycardia are identified in the absence of
another evident source of infection. The maternal white
blood cell count can be helpful if clinical findings are
equivocal.

▪ Once chorioamnionitis is diagnosed, broad-spectrum
antibiotics should be initiated and delivery should be
pursued.

Corticosteroid Administration

▪ Meta-analysis regarding antenatal corticosteroid
administration after PPROM has confirmed steroid therapy
to significantly reduce the risks for respiratory distress
syndrome (20% vs. 35.4%), intraventricular hemorrhage
(7.5% vs. 15.9%), and necrotizing enterocolitis (0.8% vs.
4.6%) without increasing the risks for maternal (9.2% vs.
5.1%) or neonatal (7.0% vs. 6.6%) infection.19

Antibiotic Administration

▪ Antibiotic treatment significantly prolongs latency after
membrane rupture and reduces chorioamnionitis, and
treatment also reduces the frequencies of newborn
complications that include neonatal infection, the need for
oxygen or surfactant therapy, and intraventricular
hemorrhage.

▪ There is a role for a 7-day course of parenteral and oral
antibiotic therapy with erythromycin and amoxicillin-
ampicillin during conservative management of PROM
remote from term, to prolong latency and to reduce
infectious and gestational age–dependent neonatal
complications. Extended-spectrum ampicillin–clavulanic
acid treatment is not recommended because it may be
harmful.

Magnesium Sulfate for Neuroprotection
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▪ Administration of magnesium sulfate before early PTB will
improve long-term infant outcomes and is recommended
for anticipated deliveries before 32 weeks’ gestation after
PPROM.

Tocolysis

▪ Tocolysis and progesterone therapy are not recommended
during conservative management of PPROM.

Cervical Cerclage

▪ No well-controlled study has found cerclage retention to
improve newborn outcomes after PROM; early cerclage
removal is recommended when PROM occurs.

Management of Previable Premature Rupture
of the Membranes

▪ The cause of PROM before the limit of viability has
implications for the anticipated pregnancy outcome and can
be helpful in guiding counseling and management.

▪ Maternal risks during conservative management of PROM at
24 weeks or less include chorioamnionitis (35%), abruptio
placentae (19%), retained placenta (11%), and endometritis
(14%).20 Maternal sepsis (0.8%) and death (1 in 619
pregnancies overall) are rare but serious complications.

▪ Consensus has not yet been reached regarding the
advantages of inpatient versus outpatient management for
the patient who elects conservative management after
previable PROM.

▪ Typically, women with previable PROM who have been
managed as outpatients are readmitted to the hospital once
the pregnancy reaches the limit of viability.

▪ During conservative management, serial ultrasound studies
performed every 1 to 2 weeks can evaluate for

505



reaccumulation of amniotic fluid and interval pulmonary
growth.
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CHAPTER 31

Preeclampsia and
Hypertensive
Disorders
Baha M. Sibai

Abstract
Hypertensive disorders complicate between 5% and 10% of all
pregnancies. Hypertension may be present prior to pregnancy (chronic
essential hypertension) or may be diagnosed for the first time during
pregnancy (gestational hypertension, preeclampsia, eclampsia). These
disorders are a major cause of maternal and perinatal mortality. The
etiology of preeclampsia remains elusive although it is well accepted
that the process improves following delivery. Prompt recognition of
preeclampsia and proper management can reduce serious
complications of this disorder.

Keywords
eclampsia; gestational hypertension; hypertension in pregnancy; preeclampsia

KEY POINTS

• Hypertension is the most common medical complication during
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pregnancy.
• Preeclampsia is a leading cause of maternal mortality and

morbidity worldwide.
• The pathophysiologic abnormalities of preeclampsia are

numerous, but the etiology is unknown.
• At present, there is no proven method to prevent preeclampsia.

However, low-dose aspirin may have a role in certain women.
• HELLP syndrome may develop in the absence of maternal

hypertension and proteinuria.
• Expectant management improves perinatal outcome in a select

group of women with severe preeclampsia before 32 weeks’
gestation.

• Magnesium sulfate is the preferred agent to prevent or treat
eclamptic convulsions.

• Rare cases of eclampsia can develop before 20 weeks’
gestation and beyond 48 hours postpartum.

• Antihypertensive agents do not improve pregnancy outcome in
women with mild uncomplicated chronic hypertension.

• Labetalol is the drug of choice for the treatment of chronic
hypertension during pregnancy; angiotensin-converting enzyme
inhibitors should not be used.

Definitions
▪ Gestational hypertension is defined as a systolic blood pressure

(BP) greater than 140 mm Hg but less than 160 mm Hg or a
diastolic BP greater than 90 mm Hg but less than 110 mm
Hg. The pressures must be observed at least 4 hours apart
but no more than 7 days apart.

▪ Severe hypertension refers to sustained systolic BP to at least
110 mm Hg and/or diastolic BP of at least 110 mm Hg for at
least 4 hours or once the patient is receiving oral
antihypertensive medication or received IV
antihypertensive therapy prior to the 4-hour period.
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Preeclampsia and Eclampsia

▪ Preeclampsia is gestational hypertension (GH) plus
proteinuria (Table 31.1).

▪ It is recognized that some women with GH may have
undiagnosed chronic hypertension, whereas others will
subsequently progress to develop the clinical syndrome of
preeclampsia.

TABLE 31.1

∗ Defined as 1+ or more (or protein/creatinine ratio >0.30) by dipstick testing on two
occasions or 300 mg or more in a 24-hour urine collection or protein.

Criteria for Preeclampsia or Gestational Hypertension
With Severe Features

▪ Systolic BP greater than 160 mm Hg or diastolic BP greater
than 110 mm Hg on two occasions at least 4 hours apart.
Note that prompt treatment is recommended for severe
hypertension sustained for longer than 30 minutes.

▪ New-onset cerebral symptoms (headaches) or visual
disturbances

▪ Impaired liver function or persistent right upper quadrant or
epigastric pain unresponsive to medications not accounted
for by an alternative diagnosis

▪ Pulmonary edema
▪ Thrombocytopenia (<100,000/µL)
▪ Progressive renal insufficiency (serum creatinine >1.1

mg/dL)
▪ Eclampsia is defined as the occurrence of seizures after the

second half of pregnancy not attributable to other causes.
▪ Chronic hypertension is defined as hypertension present
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prior to 20 weeks gestation or hypertension that persists for
more than 3 months postpartum. Women with chronic
hypertension may develop superimposed preeclampsia.

Preeclampsia
▪ Preeclampsia is a form of hypertension that is unique to

human pregnancy. The clinical findings of preeclampsia
can manifest as either a maternal syndrome (Fig. 31.1) or a
fetal syndrome (Fig. 31.2).1

▪ The incidence of preeclampsia ranges between 2% and 7% in
healthy nulliparous women. In these women preeclampsia
is generally mild, with the onset near term or during labor
(75% of cases), and the condition conveys only a minimally
increased risk for adverse fetal outcome.

Capillary Leak Syndrome: Facial Edema,
Ascites and Pulmonary Edema, and
Gestational Proteinuria

▪ Hypertension is considered to be the hallmark for the
diagnosis of preeclampsia. However, in some patients with
preeclampsia, the disease may manifest as either a capillary
leak (proteinuria, facial and vulvar edema, ascites,
pulmonary edema); excessive weight gain, particularly
during the second and early third trimester; or a spectrum
of abnormal hemostasis with multiple-organ dysfunction.
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FIG. 31.1  Maternal manifestations in preeclampsia.
CNS, central nervous system; DIC, disseminated

intravascular coagulation; HELLP, hemolysis, elevated
liver enzymes, and low platelets.

FIG. 31.2  Fetal manifestations of preeclampsia. FGR,
fetal growth restriction.
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Gestational Proteinuria (Urine Protein Excretion of
>300 mg/24 Hours)

▪ In the absence of other pathology, the patient should be
treated as having potential preeclampsia and requires
evaluation for the presence of symptoms; evaluation should
include blood tests and frequent monitoring of BP (at least
twice per week or, alternatively, ambulatory home BP
measurements), and the patient should be educated about
the signs and symptoms of preeclampsia.

Risk Factors for Preeclampsia

▪ Generally, preeclampsia is considered a disease of
primigravid women. Other risk factors include advanced
maternal age, multiple gestation, diabetes, and obesity.

Pathophysiology

▪ The human placenta receives its blood supply from
numerous uteroplacental arteries that are developed by the
action of migratory interstitial and endovascular
trophoblasts into the walls of the spiral arterioles. This
transforms the uteroplacental arterial bed into a low-
resistance, low-pressure, high-flow system.

▪ It has been postulated that this defective vascular response
to placentation is due to inhibition of the second wave of
endovascular trophoblast migration that normally occurs
from about 16 weeks’ gestation onward. These pathologic
changes may have the effect of curtailing the increased
blood supply required by the fetoplacental unit in the later
stages of pregnancy and may correlate with the decreased
uteroplacental blood flow seen in most cases of
preeclampsia.

Vascular Endothelial Activation and
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Inflammation

▪ Soluble fms-like tyrosine kinase 1 (sFlt-1) is a protein
produced by the placenta. It acts by binding to the receptor-
binding domains of vascular endothelial growth factor
(VEGF), and it also binds to placental-like growth factor
(PLGF). Increased levels of this protein in the maternal
circulation results in reduced levels of free VEGF and free
PLGF with resultant endothelial cell dysfunction.

▪ Maternal serum and placental levels of sFlt-1 are increased
in pregnancies complicated by preeclampsia values above
those seen during normal pregnancies.

Diagnosis of Preeclampsia

▪ Preeclampsia is a clinical syndrome that embraces a wide
spectrum of signs and symptoms that have been clinically
observed to develop alone or in combination. Elevated BP is
the traditional hallmark for diagnosis of the disease.

▪ It is recommended that all BP values be recorded with the
woman in a sitting position for ambulatory patients or in a
semireclining position for hospitalized patients.

Prediction of Preeclampsia

▪ The results of the pooled data for the various tests and the
lack of agreement among serial tests suggest that none of
these clinical tests is sufficiently reliable for use as a
screening test in clinical practice.

▪ During the past decade, several prospective and nested case-
control studies have found that certain maternal risk
factors, biophysical clinical factors, and serum biomarkers
obtained in the first trimester are associated with
subsequent development of hypertensive disorders of
pregnancy, GH, or preeclampsia. Based on the results of
this study and other reports in recent years, it is clear that
evaluation of maternal clinical factors and other biophysical
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and biomarkers measured in the first trimester is useful
only for the prediction of those who will ultimately
progress to preeclampsia that will require delivery prior to
34 weeks of gestation.

▪ Currently, no prospective studies or randomized trials have
evaluated the benefits and risks of first-trimester screening
for prediction of preeclampsia. Until then, the use of such
tests for screening should remain investigational.

▪ Pregnancies complicated by abnormal uterine artery
Doppler findings in the second trimester are associated
with more than a sixfold increase in the rate of
preeclampsia.

▪ Current data do not support Doppler studies for routine
screening of pregnant women for preeclampsia, but uterine
artery Doppler could be beneficial as a screening test in
women at very high risk for preeclampsia if an effective
preventive treatment should become available.

▪ The ACOG task force report on hypertension in pregnancy
recommends only using risk factors for identifying women
considered at increased risk for preeclampsia.

Prevention of Preeclampsia

▪ In short, randomized trials have evaluated protein or salt
restriction; zinc, magnesium, fish oil, or vitamin C or E
supplementation; the use of diuretics and other
antihypertensive agents; and the use of heparin to prevent
preeclampsia in women with various risk factors. These
trials have had limited sample sizes, and results have
revealed minimal to no benefit.

Antiplatelet Agents Including Low-Dose Aspirin

▪ The rationale for recommending low-dose aspirin (LDA)
prophylaxis is the theory that the vasospasm and
coagulation abnormalities in preeclampsia are caused partly
by an imbalance in the thromboxane A2/prostacyclin ratio.
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▪ Antiplatelet agents, largely LDA, have small to moderate
benefits when used for prevention of preeclampsia.

▪ LDA administered after 12 weeks’ gestation reduced the risk
of preeclampsia by an average of 24% (pooled relative risk
[PRR], 0.76; 95% confidence interval [CI], 0.62 to 0.95),
reduced the average risk of preterm birth by 14% (PRR,
0.86; 95% CI, 0.76 to 0.98), and reduced the risk of fetal
growth restriction (FGR) by 20% (PRR, 0.80; 95% CI, 0.65 to
0.99).

▪ The U.S. Preventive Services Taskforce has recommended
that women considered at increased risk for preeclampsia—
that is, those with a history of preeclampsia, preexisting
chronic hypertension or renal disease, pregestational
diabetes, autoimmune disease, or multifetal gestation—
should receive LDA (81 mg/day) starting at 12 to 28 weeks
until delivery to reduce the likelihood of developing
subsequent preeclampsia, preterm birth, or FGR.

Laboratory Abnormalities in Preeclampsia
Renal Function

▪ Despite the fact that uric acid levels are elevated in women
with preeclampsia, this test is not sensitive or specific for
the diagnosis of preeclampsia or for predicting adverse
perinatal outcome.

Hepatic Function

▪ Liver function abnormalities are seen in only 10% of women
with severe preeclampsia.

Hematologic Changes

▪ Plasma fibrinopeptide A, D-dimer levels, and circulating
thrombin-antithrombin complexes are higher in women
with preeclampsia than in normotensive gravidas. In
contrast, plasma antithrombin III activity is decreased.
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▪ Thrombocytopenia is the most common hematologic
abnormality in women with severe preeclampsia. It is
correlated with the severity of the disease process and the
presence or absence of placental abruption.

▪ Fibrinogen levels, prothrombin time, and partial
thromboplastin time should be obtained only in women
with a platelet count of less than 100,000/mm3.

Hemolysis, Elevated Liver Enzymes, and Low Platelets
(HELLP) Syndrome

Laboratory Criteria for Diagnosis

▪ Various diagnostic criteria have been used for HELLP.
Hemolysis, defined as the presence of microangiopathic
hemolytic anemia, is the hallmark of the triad of HELLP
syndrome.

▪ Class 1 HELLP syndrome was defined as a platelet nadir
below 50,000/mm3, class 2 as a platelet nadir between 50,000
and 100,000/mm3, and class 3 as a platelet nadir between
100,000 and 150,000/mm3.

▪ Most researchers do not regard HELLP syndrome to be a
variant of disseminated intravascular coagulation (DIC)
because coagulation parameters such as prothrombin time,
partial thromboplastin time, and serum fibrinogen are
normal.

Clinical Findings

▪ The syndrome appears to be more common in white women
and is also more common in preeclamptic women who
have been managed conservatively.

Differential Diagnosis

▪ The presenting symptoms, clinical findings, and many of the
laboratory findings in women with HELLP syndrome
overlap with a number of medical syndromes, surgical
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conditions, and obstetric complications
▪ Pregnant women with probable preeclampsia who present

with atypical symptoms should have a complete blood
count, a platelet count, and liver enzyme determinations
irrespective of maternal BP findings.

Management of HELLP Syndrome

▪ There is also a consensus of opinion that prompt delivery is
indicated if the syndrome develops beyond 34 weeks’
gestation or earlier if obvious multiorgan dysfunction, DIC,
liver infarction or hemorrhage, renal failure, suspected
abruption, or nonreassuring fetal status are apparent.

▪ Considerable disagreement exists about the management of
women with HELLP syndrome at or before 34 weeks of
gestation when the maternal condition is stable, except for
mild to moderate abnormalities in blood tests, and fetal
condition is reassuring. In such patients, some authors
recommend the administration of corticosteroids to
accelerate fetal lung maturity followed by delivery after 24
hours, whereas others recommend prolonging pregnancy
until the development of maternal or fetal indications for
delivery or until achievement of fetal lung maturity.

Expectant Management of HELLP Syndrome

▪ Few large case series describe expectant management of
women with true HELLP, partial HELLP, or severe
preeclampsia with isolated liver enzyme elevation. In
general, these reports suggest that transient improvement
in laboratory values or pregnancy prolongation from a few
days to a few weeks is possible in a select group of women
with HELLP syndrome. It is important to note that most of
the patients included in these studies were ultimately
delivered within 1 week of expectant management.

▪ The ACOG Task Force recommended delivery of such
patients after completion of a course of corticosteroids for
fetal lung maturity or if the gestational age is less than 24
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weeks.

Maternal and Perinatal Outcome

▪ The presence of HELLP syndrome is associated with an
increased risk for maternal death (1%) and increased rates
of maternal morbidities such as pulmonary edema (8%),
acute renal failure (3%), DIC (15%), abruptio placentae (9%),
liver hemorrhage or failure (1%), acute respiratory distress
syndrome, sepsis, and stroke (<1%).

▪ It is generally agreed that perinatal mortality and morbidity
are substantially increased in pregnancies complicated by
the HELLP syndrome. The reported perinatal death rate in
recent series ranged from 7.4% to 34%, and this high
perinatal death rate is mainly experienced at a very early
gestational age (<28 weeks) in association with severe FGR
or placental abruption.
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FIG. 31.3  An algorithm for the management of
hemolysis, elevated liver enzymes, and low

platelets (HELLP) syndrome. IV, intravenous.

▪ The HELLP syndrome may develop antepartum or
postpartum.

▪ Laboratory assessment for potential HELLP syndrome
should be considered during the first 48 hours postpartum
in women with significant hypertension or symptoms of
severe preeclampsia.

Recommended Management

▪ Patients with a suspected diagnosis of HELLP syndrome
should be hospitalized immediately and observed in a labor
and delivery unit (Fig. 31.3). Such patients should be
managed as if they have preeclampsia with severe features
and should initially receive IV magnesium sulfate as
prophylaxis against convulsions and antihypertensive
medications to maintain systolic BP below 160 mm Hg or
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diastolic BP below 105 mm Hg. A 5-mg bolus dose of
hydralazine repeated as needed every 20 minutes for a
maximal dose of 25 mg/h. BP is recorded every 20 minutes
during therapy and every hour once the desired values are
achieved.

▪ The recommended dose of labetalol is 20 to 40 mg given
intravenously every 10 minutes for a maximum of 300 mg,
and the dose of nifedipine is 10 to 20 mg orally every 20
minutes for a maximum dose of 50 mg within 1 hour.
During the observation period, maternal and fetal
conditions should be followed carefully.

▪ The recommended regimen of magnesium sulfate is a
loading dose of 6 g given over 20 minutes, followed by a
maintenance dose of 2 g/h as a continuous IV solution.

Intrapartum Management

▪ The presence of HELLP syndrome is not an indication for
immediate cesarean delivery (CD), and such an approach
might prove detrimental for both mother and fetus. The
decision to perform a CD should be based on gestational
age, fetal condition, the presence of labor, and the cervical
Bishop score. Elective CD is recommended for all women
with HELLP syndrome before 30 weeks’ gestation who are
not in labor and have a Bishop score of less than 5. Elective
CD is also undertaken for those with HELLP syndrome
complicated by FGR or oligohydramnios, particularly if the
gestational age is less than 32 weeks in the presence of an
unfavorable cervical Bishop score.

▪ General anesthesia is the method of choice for CD in most
thrombocytopenic women.

▪ Platelet transfusions are indicated either before or after
delivery in all patients with HELLP syndrome in the
presence of significant bleeding—such as subcapsular
hematoma of the liver, ecchymosis, bleeding from gums,
oozing from puncture sites and wounds, or intraperitoneal
bleeding—and in all those with a platelet count less than
20,000/mm3.
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Postpartum Management

▪ In general, most women will show evidence of resolution of
the disease process within 48 hours after delivery.
However, some patients—especially those with placental
abruption complicated by DIC, severe thrombocytopenia
(platelet count <20,000/mm3), or severe ascites or those with
significant renal dysfunction—may show delayed
resolution or even deterioration in their clinical condition.

▪ If the patient continues to deteriorate for more than 72 hours
after delivery, however, or shows improvement in
laboratory values and then starts to show
thrombocytopenia and abnormal liver enzymes again, a
diagnosis of thrombotic thrombocytopenic
purpura/hemolytic-uremic syndrome should be considered.
In such cases, plasmapheresis is indicated.

Hepatic Complications in HELLP Syndrome

▪ Marked elevations in serum aminotransferases (>1000 to
2000 IU/L) are not typical of uncomplicated HELLP
syndrome; however, when they do occur, the possibility of
hepatic infarction and subcapsular hematoma of the liver
must be considered.

Antepartum Management of Gestational Hypertension–
Preeclampsia

Gestational Hypertension

▪ Women with gestational hypertension–preeclampsia (GH-
PE) are at risk for progression to severe hypertension,
preeclampsia with severe features, HELLP syndrome, or
eclampsia. The risks are increased with a lower gestational
age at the time of diagnosis; therefore these patients require
close observation of maternal and fetal conditions.

▪ The results of several randomized trials reveal that control of
maternal BP with antihypertensive drugs does not improve
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pregnancy outcome in these women.
▪ In the absence of progression to severe disease, women with

GH-PE can continue pregnancy until 37 weeks’ gestation.

Hospitalization

▪ Women with mild hypertension and nonsevere
preeclampsia suggest that most of these women can be
safely managed at home or in a day care facility provided
they undergo frequent maternal and fetal evaluation.

Bed Rest

▪ Complete or partial bed rest for the duration of pregnancy is
often recommended for women with nonsevere
hypertension-preeclampsia. No evidence to date suggests
that this practice improves pregnancy outcome.

Blood Pressure Medications

▪ Several randomized trials have described the use of
antihypertensive drugs compared with no treatment or a
placebo in the management of women with nonsevere
hypertension or preeclampsia remote from term. Overall,
these trials revealed lower rates of progression to severe
disease with no improvement in perinatal outcome.

▪ It is recommended that antihypertensive medications not be
used routinely to control mild levels of hypertension.

Fetal and Maternal Surveillance

▪ It is universally agreed that fetal testing is indicated during
expectant management of women with GH or
preeclampsia.

▪ Maternal surveillance is indicated in all women with GH-PE.
The goal of monitoring in women with GH is to observe
progression of the condition to severe hypertension or to
preeclampsia. In women with preeclampsia, the goal is
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early detection of progression to preeclampsia with severe
features.

▪ The frequency of laboratory testing will depend on the initial
findings, the severity of the maternal condition, and the
ensuing clinical progression.

Recommended Management

▪ In general, women with disease that develops at 37 weeks’
gestation or later should undergo induction of labor.

▪ Those who are managed as outpatients are also advised to
come to the hospital or outpatient facility immediately if
they develop abdominal pain, significant headache, uterine
contractions, vaginal spotting, or decreased fetal
movement.

▪ In women with preeclampsia at less than 37 weeks’ gestation
but at more than 32 weeks, outpatient management can be
considered for reliable patients with a systolic BP of 155
mm Hg or less or diastolic BP of 105 mm Hg or less and no
symptoms. Women who do not satisfy these criteria are
hospitalized, particularly those with preeclampsia before 32
weeks.

Expectant Management

▪ Because these pregnancies have been associated with
increased rates of maternal morbidity and mortality and
with significant risks for the fetus (growth restriction,
hypoxemia, and death), it is generally agreed that all such
patients should be delivered if the disease develops after 34
weeks’ gestation.

▪ During expectant management, women should be aware
that the decision to continue such management will be
made on a daily basis and that the median time of
pregnancy prolongation is 7 days with a range of 2 to 35
days.

▪ Expectant management is associated with reduced short-
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term neonatal morbidity in a select group of women with a
gestational age between 24 and 32 weeks.

▪ The data support the use of steroids to reduce neonatal
complications in women with severe preeclampsia at 34
weeks’ gestation or less.

Recommended Management of Preeclampsia
With Severe Features

▪ The presence of severe disease mandates immediate
hospitalization in labor and delivery. IV magnesium sulfate
is begun to prevent convulsions, and antihypertensive
medications are administered to lower severe levels of
hypertension

▪ Patients with resistant severe hypertension despite maximal
doses of IV labetalol (300 mg within an hour) plus
maximum doses of hydralazine (25 mg) or oral rapid-acting
nifedipine (50 mg) or persistent cerebral symptoms while
on magnesium sulfate are delivered irrespective of
gestational age.

▪ For pregnancies at 240/7 weeks or greater without any
indication for prompt delivery, corticosteroids are
administered to accelerate fetal lung maturity. With a
gestational age between 330/7 and 336/7 weeks, severe FGR
with absent or reversed umbilical artery diastolic flow,
largest amniotic fluid vertical pocket less than 2 cm,
preterm labor or premature rupture of the membranes,
HELLP syndrome or partial HELLP syndrome, or persistent
symptoms—such as headaches, visual changes, epigastric
or right upper quadrant pain, nausea, or vomiting—the
fetus should be delivered no later than 24 hours after the
last dose of corticosteroids. These gravidas should remain
on magnesium sulfate with continuous monitoring of
uterine contractions and fetal heart rate (FHR) until
delivery.

▪ Because of the potential for rapid deterioration in maternal
and fetal conditions during expectant management, these
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women should generally be managed in a tertiary care
hospital with adequate maternal and neonatal intensive
care facilities. They should be cared for in consultation with
a maternal-fetal medicine specialist, and the mother should
receive counseling from a neonatologist.

▪ A suggested regimen consists of an initial dose of labetalol of
200 mg every 8 hours to be increased up to 800 mg every 8
hours (600 to 2400 mg/day) as needed. If the maximal dose
is inadequate to achieve the desired BP goal, short-acting
oral nifedipine is added with an initial dose of 10 mg every
6 hours and is subsequently increased up to 20 mg every 4
hours. If severe hypertension persists despite combined
maximal doses of oral medications, delivery should be
considered.

▪ Patients with resistant severe hypertension after maximal
doses of IV hydralazine (25 mg) or labetalol (300 mg)
should receive magnesium sulfate and be delivered.

Intrapartum Management

▪ Some women with GH-PE progress to severe disease as a
result of changes in cardiac output and stress hormones
during labor.

▪ Epidural analgesia is considered to be the preferred method
of pain relief in women whose GH and preeclampsia are
nonsevere.

▪ Evidence suggests that epidural anesthesia is safe in these
women.

▪ In women with preeclampsia with severe features, general
anesthesia carries the risk for aspiration and failed
intubation owing to airway edema, and it is associated with
marked increases in systemic and cerebral pressures during
intubation and extubation. Women with airway or
laryngeal edema may require awake intubation under
fiberoptic observation with the availability of immediate
tracheostomy.

Prevention of Eclamptic Seizures
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▪ Magnesium sulfate is the drug of choice to prevent
convulsions in women with preeclampsia. The results of
recent randomized trials revealed that magnesium sulfate is
superior to placebo or no treatment for prevention of
convulsions in women with preeclampsia with severe
features.

▪ Whether magnesium sulfate treatment benefits women with
mild preeclampsia remains unclear.

Control of Severe Hypertension

▪ Antihypertensive medications are indicated with sustained
elevations in systolic BP to levels of 160 mm Hg or greater
and/or when diastolic BP is 105 mm Hg or higher for at
least 60 minutes.2

▪ Hydralazine, labetalol, or nifedipine can be used to treat
severe hypertension in preeclampsia. The provider should
be familiar with the dosage to be used, the expected
response, and potential side effects of each of these drugs.

▪ For the treatment of severe hypertension in pregnancy, the
recommended dosage is IV hydralazine given as bolus
injections of 5 to 10 mg every 20 minutes for a maximal
dose of 25 mg in 60 minutes. The recommended dose of
labetalol is 20 to 80 mg intravenously every 10 minutes for a
maximal dose of 300 mg; and the dosage of nifedipine is 10
to 20 mg orally every 20 minutes for a maximal dose of 50
mg within 60 minutes.2

Mode of Delivery

▪ No randomized trials have compared the optimal method of
delivery in women with GH-PE. A plan for vaginal delivery
should be attempted in all women with disease without
other indications for CD and in most women with severe
disease, particularly those beyond 30 weeks’ gestation.

▪ In general, the decision to perform a CD versus a trial of
labor in such patients should be individualized and based
on one or more of the following factors: fetal gestational
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age, fetal presentation, presence or absence of severe FGR,
oligohydramnios, results of umbilical artery Doppler,
ultrasound biophysical profile (BPP), FHR monitoring,
presence of labor, and cervical Bishop score. On the basis of
the available data, CD is recommended for all women with
a gestation of less than 28 weeks and for those with severe
FGR, severe oligohydramnios, BPP of 4 or less, or reverse
umbilical artery Doppler flow at less than 32 weeks of
gestation.

Postpartum Management

▪ Women with severe preeclampsia—particularly those with
abnormal renal function, capillary leak, or early-onset
disease—are at increased risk for pulmonary edema and
exacerbation of severe hypertension postpartum. Careful
evaluation of the volume of IV fluids, oral intake, blood
products, and urine output are advised in addition to
monitoring by pulse oximetry and chest auscultation.

▪ In general, most women with GH become normotensive
during the first week postpartum. In contrast, in women
with preeclampsia, hypertension often takes longer to
resolve. In addition, in some women with preeclampsia, an
initial decrease in BP is seen immediately postpartum,
followed by development of hypertension again between
days 3 and 6.

▪ Severe hypertension or preeclampsia with severe features
may develop for the first time during the postpartum
period. Hence, postpartum women should be educated
about the signs and symptoms of severe hypertension or
preeclampsia. These women are at increased risk for
eclampsia, pulmonary edema, stroke, and
thromboembolism. Therefore medical providers and
personnel who respond to patient phone calls should be
educated and instructed about symptoms of severe
postpartum hypertension.
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Maternal and Perinatal Outcomes With
Preeclampsia

▪ Maternal and perinatal outcomes in preeclampsia are
usually dependent on one or more of the following four
factors: (1) gestational age at onset of preeclampsia and at
the time of delivery, (2) the severity of the disease process,
(3) the presence of multifetal gestation, and (4) the presence
of preexisting medical conditions such as pregestational
diabetes, renal disease, or thrombophilias.

Counseling Women Who Have Had
Preeclampsia in Prior Pregnancies

▪ The incidence of chronic hypertension is significantly higher
in women with a history of preeclampsia.

▪ Severe preeclampsia in the second trimester increases the
risk for subsequent hypertension.

▪ For women with preeclampsia complicated by placental
abruption, the risk for abruption in subsequent pregnancies
ranges from 5% to 20%.

▪ Women with a history of HELLP syndrome are at increased
risk for all forms of preeclampsia in subsequent pregnancies
In general, the rate of preeclampsia in subsequent
pregnancies is about 20%, with significantly higher rates if
the onset of HELLP syndrome is during the second
trimester.

Eclampsia
▪ Eclampsia is the occurrence of convulsions or coma

unrelated to other cerebral conditions with signs and
symptoms of preeclampsia.

▪ Eclampsia is defined as the development of convulsions or
unexplained coma during pregnancy or postpartum in
patients with signs and symptoms of preeclampsia.
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Diagnosis

▪ The diagnosis of eclampsia is secure in the presence of
generalized edema, hypertension, proteinuria, and
convulsions. However, women in whom eclampsia
develops exhibit a wide spectrum of signs that range from
severe hypertension, severe proteinuria, and generalized
edema to absent or minimal hypertension, no proteinuria,
and no edema.

▪ The diagnosis of eclampsia is usually associated with
proteinuria (at least 1+ on a dipstick).1

▪ Several clinical symptoms are potentially helpful in
establishing the diagnosis of eclampsia. These include
persistent occipital or frontal headaches, blurred vision,
photophobia, epigastric or right upper quadrant pain, and
altered mental status.

Time of Onset of Eclampsia

▪ Although most cases of postpartum eclampsia occur within
the first 48 hours, some cases can develop beyond 48 hours
postpartum and have been reported as late as 23 days
postpartum. In the latter cases, an extensive neurologic
evaluation may be required to rule out the presence of other
cerebral pathology.

▪ Eclampsia that occurs before the 20th week of gestation is
generally associated with molar or hydropic degeneration
of the placenta with or without a coexistent fetus.

▪ Late postpartum eclampsia is defined as eclampsia that occurs
more than 48 hours but less than 4 weeks after delivery.

Cerebral Pathology

▪ Autoregulation of the cerebral circulation is a mechanism for
the maintenance of constant cerebral blood flow during
changes in BP, and it may be altered in eclampsia.

▪ Although eclamptic patients may initially manifest a variety
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of neurologic abnormalities—including cortical blindness,
focal motor deficits, and coma—fortunately, most have no
permanent neurologic deficits.

▪ Cerebral imaging findings in eclampsia are similar to those
found in patients with hypertensive encephalopathy.

▪ Cerebral imaging is not necessary for the diagnosis and
management of most women with eclampsia; however, it is
indicated for patients with focal neurologic deficits or
prolonged coma.

Maternal and Perinatal Outcome

▪ Eclampsia is associated with a slightly increased risk for
maternal death in developed countries (0% to 1.8%), but the
maternal mortality rate may be as high as 14% in
developing countries.

▪ The greatest risk for death was found among women with
pregnancies at or before 28 weeks’ gestation.

▪ Pregnancies complicated by eclampsia are also associated
with increased rates of maternal morbidities such as
placental abruption (7% to 10%), DIC (7% to 11%),
pulmonary edema (3% to 5%), acute renal failure (5% to
9%), aspiration pneumonia (2% to 3%), and
cardiopulmonary arrest (2% to 5%)

Is Eclampsia Preventable?

▪ Some of the recommended preventive therapies have
included close monitoring (in-hospital or outpatient), use of
antihypertensive therapy to keep maternal BP below a
certain level (less than severe range or to normal values),
timely delivery, and prophylactic use of magnesium sulfate
during labor and immediately postpartum in those
considered to have preeclampsia.

▪ 20% to 40% of eclamptic women do not have any
premonitory signs or symptoms before the onset of
convulsions.
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▪ Magnesium sulfate has been compared with diazepam,
phenytoin, and a lytic cocktail. Overall, these trials revealed
that magnesium sulfate was associated with a significantly
lower rate of recurrent seizures (9.4% vs. 23.1%; RR, 0.41;
95% CI, 0.32 to 0.51) and a lower rate of maternal death (3%
vs. 4.8%; RR, 0.62; 95% CI, 0.39 to 0.99) than that observed
with other agents.

Treatment of Eclamptic Convulsions

▪ Drugs such as diazepam should not be given in an attempt to
stop or shorten the convulsion, especially if the patient does
not have an IV line in place and someone skilled in
intubation is not immediately available.

Prevention of Maternal Injury During the Convulsions

▪ The first priority in the management of eclampsia is to
prevent maternal injury and to support cardiovascular
function. During or immediately after the acute convulsive
episode, supportive care should be given to prevent serious
maternal injury and aspiration, assess and establish airway
patency, and ensure maternal oxygenation.

▪ Transcutaneous pulse oximetry to monitor oxygenation is
recommended.

Prevention of Recurrent Convulsions

▪ Magnesium sulfate is the drug of choice to treat and prevent
subsequent convulsions in women with eclampsia. A
loading dose of 6 g over 15 to 20 minutes is recommended,
followed by a maintenance dose of 2 g/h as a continuous IV
solution. Severe hypertension should be treated with
parenteral antihypertensive therapy.

Intrapartum Management of Eclampsia
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▪ Maternal hypoxemia and hypercarbia cause FHR and
uterine activity changes during and immediately after a
convulsion. The FHR tracing may reveal bradycardia,
transient late decelerations, decreased beat-to-beat
variability, and compensatory tachycardia. Uterine
contractions can increase in frequency and tone. These
changes usually resolve spontaneously within 3 to 10
minutes after the termination of convulsions and correction
of maternal hypoxemia.

▪ Fetal outcome is generally good after an eclamptic
convulsion. The mechanism for the transitory fetal
bradycardia may be a decrease in uterine blood flow caused
by intense vasospasm and uterine hyperactivity.

▪ The presence of eclampsia is not an indication for CD. The
decision to perform a CD should be based on gestational
age, fetal condition, presence of labor, and cervical Bishop
score.

Postpartum Management of Eclampsia

▪ Parenteral magnesium sulfate should be continued for at
least 24 hours after delivery or for at least 24 hours after the
last convulsion. If oliguria is present (<100 mL/4 h), both the
rate of fluid administration and the dose of magnesium
sulfate should be reduced.

Chrionic Hypertension
Definition and Diagnosis

▪ In women whose prepregnancy BP is unknown, the
diagnosis is based on the presence of sustained hypertension
before 20 weeks of gestation, defined as either systolic BP of
at least 140 mm Hg or diastolic BP of at least 90 mm Hg on
at least two occasions measured at least 4 hours apart.

▪ Women with chronic hypertension are at increased risk for
superimposed preeclampsia. The development of
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superimposed preeclampsia is associated with high rates of
adverse maternal and perinatal outcomes.

Etiology and Classification

▪ The patient is considered to be at low risk when she has mild
essential hypertension without any organ involvement. The
BP criteria are based on measurements at the initial visit
irrespective of treatment with antihypertensive
medications.

Maternal and Perinatal Risks

▪ Pregnancies complicated by chronic hypertension are at
increased risk for the development of superimposed
preeclampsia, placental abruption, and fetal growth
restriction. The reported rates of preeclampsia in the
literature in mild hypertension range from 14% to 28%.

▪ The overall rate of superimposed preeclampsia is
approximately 25%.

▪ The reported rate of placental abruption in women with
mild chronic hypertension has ranged from 0.7% to 2.7%
The rate in those with severe or high-risk hypertension may
be 5% to 10%.

▪ Fetal and neonatal complications are also increased in
women with chronic hypertension. The risk for perinatal
mortality is three to four times greater compared with that
of the general obstetric population. The likelihood of
premature delivery and a growth-restricted infant is also
increased in women with chronic hypertension.

Goals of Antihypertensive Therapy in
Pregnancy

▪ In nonpregnant individuals, long-term BP control can lead to
significant reductions in the rates of stroke and
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cardiovascular morbidity and mortality. In contrast to
hypertension in pregnancy, the duration of therapy is
shorter, the benefits to the mother may not be obvious
during the short time of treatment, and the exposure to
medication will include both mother and fetus. In this
respect, the clinician must balance the potential short-term
maternal benefits against possible short-term and long-term
benefits and risks to the fetus and infant.

▪ No available data suggest that short-term antihypertensive
therapy is beneficial for the mother or the fetus in the
setting of low-risk hypertension except for a reduction in
the rate of exacerbation of hypertension. However, only
three trials have had a sufficient sample size to evaluate the
risks for superimposed preeclampsia and placental
abruption.

▪ Antihypertensive therapy is necessary in women with severe
hypertension to reduce the acute risks for stroke, congestive
heart failure, and renal failure. In addition, control of severe
hypertension can permit pregnancy prolongation and
thereby improve perinatal outcome. However, no evidence
suggests that control of severe hypertension reduces the
rate of either superimposed preeclampsia or placental
abruption.

Safety of Antihypertensive Drugs in
Pregnancy

▪ Limited data in the literature suggest potential adverse fetal
effects, such as oligohydramnios and fetal-neonatal renal
failure, when angiotensin-converting enzyme inhibitors are
used in the second or third trimester.

▪ The use of atenolol during the first and second trimesters
has been associated with significantly reduced fetal growth
along with decreased placental growth and weight. On the
other hand, no such effects on fetal or placental growth
have been reported with other β-blockers—such as
metoprolol, pindolol, and oxprenolol—but data on the use
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of these agents in early pregnancy are very limited.
▪ The available evidence suggests that the use of calcium

channel blockers, particularly nifedipine, in the first
trimester was not associated with increased rates of major
birth defects.

Recommended Management of Chronic
Hypertension in Pregnancy
Evaluation and Classification

▪ Women with chronic hypertension should ideally be
counseled before pregnancy, when extensive evaluation for
target organ damage can be undertaken. Assessment of the
etiology and severity of the hypertension, as well as the
coexistence of other medical illnesses should be undertaken.

▪ Evaluation should include urinalysis, urine culture and
sensitivity, 24-hour urine evaluations for protein,
electrolytes, complete blood cell count, and screening for
diabetes.

▪ Women with long-standing hypertension for several years,
particularly those with a history of poor compliance or poor
BP control, should be evaluated for target-organ damage
that includes left ventricular hypertrophy, retinopathy, and
renal injury. These women should undergo an
electrocardiogram examination and echocardiography if the
electrocardiogram is abnormal, ophthalmologic evaluation,
and creatinine clearance.

Low-Risk Hypertension

▪ Women with low-risk chronic hypertension without
superimposed preeclampsia usually have a pregnancy
outcome similar to that of the general obstetric population.

▪ Antihypertensive treatment with either nifedipine or
labetalol is initiated if the patient develops severe
hypertension before term. The development of severe
hypertension, preeclampsia, or abnormal fetal growth
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requires immediate fetal testing with a nonstress test or
biophysical profile. Women who develop severe
hypertension require hospitalization.

High-Risk Hypertension

▪ Hospitalization of women with high-risk uncontrolled
hypertension at the time of the first prenatal visit is
recommended.

▪ Antihypertensive therapy is initiated in all women with
systolic BP of 160 mm Hg or more or diastolic BP of 110 mm
Hg or more. In women without target-organ damage, the
aim of antihypertensive therapy is to keep systolic BP
between 140 and 150 mm Hg and diastolic BP between 90
and 100 mm Hg.

▪ The recommended drug of choice for control of
hypertension in pregnancy is labetalol, starting at 100 mg
twice daily to be increased to a maximum of 2400 mg/day.
If maternal BP is not controlled with maximal doses of
labetalol, a second drug such as a thiazide diuretic or
nifedipine may be added.

▪ The development of uncontrolled severe hypertension or
preeclampsia requires maternal hospitalization for more
frequent evaluation of maternal and fetal well-being. The
development of FGR also requires intensive surveillance,
and the development of these complications at or beyond 34
weeks’ gestation should be considered an indication for
delivery.
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CHAPTER 32

Multiple Gestations
Roger B. Newman, and Elizabeth Ramsey Unal

KEY POINTS

• Twinning is one of the most common high-risk conditions in all
of obstetrics with a reported rate of 33.1 per 1000 births in
2012. Both maternal and perinatal morbidity and mortality are
significantly higher in multifetal gestations than in singleton
pregnancies.

• Chorionicity is a critical determinant of pregnancy outcome and
management, and as such it should be ascertained by
ultrasound as early in gestation as possible.

• Monochorionic pregnancies are at higher risk than dichorionic
pregnancies and have increased rates of spontaneous abortion,
congenital anomalies, IUGR, and IUFD in addition to a 10% to
15% risk for TTTS, a complication unique to monochorionic
pregnancies.

• Multiple gestations benefit from specialized care, which includes
attention to maternal nutrition and weight gain, serial
assessment of fetal growth by ultrasound, and careful
surveillance for signs of preterm labor.

• Routine bed rest, prophylactic tocolytics, prophylactic cerclage,
prophylactic progesterone, and prophylactic pessary have not
been shown to be effective in prolonging multiple gestations.
However, none of these interventions has been adequately
studied in the highest-risk women based on prior obstetric
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history or current short cervical lengths.
• The nadir of perinatal complications and an increase in stillbirth

risk occurs earlier in twin gestations than in singletons.
Uncomplicated dichorionic twins appear to have the best
outcomes between 37 and 38 weeks, and uncomplicated
monochorionic diamniotic twin outcomes are best when delivery
occurs between 36 and 37 weeks. We recommend scheduled
delivery at the later end of this range.

• Monoamniotic twin outcomes are best when managed with a
combination of prophylactic antenatal corticosteroids,
hospitalization for daily fetal assessment, and elective CD
between 32 and 34 weeks.

• Mode of delivery should take into account gestational age, fetal
presentations, estimated weights, and the experience and skill
of the obstetrician; a trial of labor is appropriate when both twins
are vertex.

• Mode of delivery should be individualized for vertex-nonvertex
twins, and CD is optimal when the presenting twin is nonvertex.

Zygosity and Chorionicity
▪ Zygosity refers to the genetic makeup of the twin pregnancy.
▪ Chorionicity indicates the placental composition (Fig. 32.1)

and is determined by the mechanism of twinning and, in
monozygotic (MZ) twins, by the timing of embryo division
(Table 32.1).

▪ MZ twins are at higher risk for adverse outcomes than are
dizygotic (DZ) twins. Not only do MZ twins have higher
rates of anomalies than DZ twins, they also deliver earlier,
have a lower birthweight, and have higher rates of
intrauterine and neonatal death.

▪ Among natural conceptions, DZ twins arise in about 1% to
1.5% of pregnancies from multiple ovulation, and MZ twins
occur in 0.4% of pregnancies. Rates of spontaneous DZ
twinning are greatly affected by maternal age, family
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history, and race. The risk for DZ twinning increases with
maternal age and peaks at 37 years of age.
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FIG. 32.1  Placentation in twin pregnancies.

TABLE 32.1

Determination of Monozygotic Twin Placentation

Timing of Cleavage of Fertilized
Ovum Resulting Placentation Percentage of Monozygotic

Twins
<72 hours Diamniotic dichorionic 25-30
Days 4-7 Diamniotic

monochorionic
70-75

Days 8-12 Monoamniotic
monochorionic

1-2

≥Day 13 Conjoined Very rare
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Diagnosis of Multiple Gestations
▪ Using transvaginal ultrasound, separate gestational sacs

with individual yolk sacs can be identified as early as 5
weeks from the first day of the last menstrual period, and
embryos with cardiac activity can usually be seen by 6
weeks.

TABLE 32.2

∗ Although this is nearly always true, there have been case reports of two yolk sacs
in early pregnancy in twins later confirmed to be monoamniotic.
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FIG. 32.2  Twin peak sign in a dichorionic twin
pregnancy. P, fused dichorionic placentae.

Determination of Chorionicity

▪ Knowledge of chorionicity is essential in counseling patients
on obstetric and neonatal risks because chorionicity is a
major determinant of pregnancy outcome. Chorionicity is
also crucial in making a surveillance and management plan
because monochorionic twin gestations require closer
surveillance for complications unique to monochorionic
placentation, such as twin-twin transfusion syndrome
(TTTS).

▪ Determination of chorionicity is easiest and most reliable
when assessed in the first trimester (Table 32.2).

▪ At 11 to 14 weeks’ gestation, sonographic examination of the
base of the intertwin membrane for the presence or absence
of the lambda, or twin peak, sign provides reliable
distinction between a fused dichorionic and a
monochorionic pregnancy (Fig. 32.2).

▪ After the early second trimester, determination of
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chorionicity and amnionicity becomes less accurate, and
different techniques are used to assess placentation (Fig.
32.3).

▪ Dichorionicity could be determined with 97.3% sensitivity
and 91.7% specificity, and monochorionicity with 91.7%
sensitivity and 97.3% specificity, in twin gestations first
scanned at 22.6 ± 6.9 weeks.

Maternal and Fetal Risks of Multiple
Gestation

▪ The degree of maternal physiologic adaptation to pregnancy
(see Chapter 3) is exaggerated with a multiple gestation. By
25 weeks’ gestation, the average twin gestation uterine size
is equal to a term singleton pregnancy.
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FIG. 32.3  Algorithm for determination of chorionicity
and amnionicity in the second and third trimesters.

▪ Virtually every obstetric complication, with the exception of
macrosomia and postterm gestation, is more common with
multiple gestations, and in general the risk rises
proportionally to increasing plurality and is more severe
(Table 32.3).

▪ Atypical presentations of preeclampsia are also more
common in multifetal gestations, especially triplets and
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higher-order multiples.
▪ Although fortunately still a very rare event, maternal death

is also increased in multifetal gestations.

Perinatal Morbidity and Mortality
▪ Infants who are products of multiple gestations have higher

rates of low birthweight (LBW), very low birthweight
(VLBW), earlier gestational age at delivery, and higher rates
of neonatal and infant death and cerebral palsy (Table 32.4).

▪ The overall evidence supports an approximately twofold
increased risk for congenital anomalies in twins versus
singletons, with most of this risk occurring in MZ twins.

Issues and Complications Unique to
Multiple Gestations
“Vanishing Twin”

▪ Loss of one fetus of a multiple gestation early in pregnancy.

TABLE 32.3

CI, confidence interval; PPH, postpartum hemorrhage; RR, relative risk.

From Campbell DM, Templeton A. Maternal complications of twin pregnancy. Int J
Gynecol Obstet. 2004;84:71-73.

TABLE 32.4
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LBW, low birthweight; VLBW, very low birthweight.

From Martin JA, Hamilton BE, Ventura SJ, et al. Births: Final data for 2009. National
vital statistics reports; vol 60 no 1. Hyattsville, MD: National Center for Health
Statistics, 2011.

First-Trimester Multifetal Pregnancy
Reduction

▪ Because the risk for pregnancy loss, preterm delivery, and
long-term physical and neurodevelopmental morbidity for
children who are products of multiple gestations is directly
proportional to the number of fetuses being carried, first-
trimester multifetal pregnancy reduction has been
advocated as a method to reduce the risks associated with
prematurity.

▪ Unless reduction of the entire monochorionic component is
planned, the use of this technique is contraindicated in
monochorionic pregnancies because of the vascular
communications within the placenta.

▪ Although perinatal morbidity and mortality are clearly
improved when pregnancies with quadruplets or greater
are reduced to smaller numbers, the obstetric and perinatal
advantages of reducing triplets to twins remain debatable.

▪ In monochorionic twins, selective termination is far more
challenging. Ablation of the umbilical cord of the
anomalous fetus is needed to avoid back-bleeding through
communicating vessels, which may precipitate death or
neurologic injury in the remaining normal co-twin.

Intrauterine Fetal Demise of One Twin

▪ Intrauterine fetal demise (IUFD) of one fetus in a multiple
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gestation in the second or third trimester complicates about
2.4% to 6.8% of twin pregnancies, but it can have more
severe sequelae for the surviving fetus including brain
injury.

▪ The most widely accepted hypothesis as to the cause of
neurologic injury in surviving co-twins in a monochorionic
pregnancy is that significant hypotension occurs at the time
of the demise.

▪ Clinical management depends on the gestational age,
maternal status, or detection of in utero compromise of the
surviving fetus or fetuses.

▪ In the authors’ practices, a single IUFD in a monochorionic
diamniotic pregnancy at or after 34 weeks would be an
indication for delivery.

Twin-Twin Transfusion Syndrome

▪ TTTS is exclusively a complication of monochorionic
multifetal pregnancies. It occurs in 10% to 15% of
monochorionic diamniotic gestations and is thus the most
common life-threatening complication specific to this type
of twinning.

▪ TTTS results in underperfusion of the donor twin and
overperfusion of the recipient. The donor twin develops
oligohydramnios, and if it is chronic, intrauterine growth
restriction (IUGR) ensues; the recipient twin experiences
volume overload.

▪ TTTS can present at any gestational age, but earlier onset is
associated with a poorer prognosis.

Diagnosis and Staging

▪ The antenatal diagnosis of TTTS is made by ultrasound. The
two classic criteria are monochorionic diamniotic twin
gestation and oligohydramnios (deepest vertical pocket
[DVP] <2 cm) in one amniotic sac and polyhydramnios
(DVP >8 cm) in the other sac.
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▪ Although the Quintero staging is widely used and has
proved enormously useful in our understanding of TTTS,
many experts have noted its limitations (Table 32.5).

TABLE 32.5

Quintero Staging for Twin-Twin Transfusion Syndrome

Stage
I

Oligohydramnios, polyhydramnios sequence. Donor twin bladder visible.

Stage
II

Oligohydramnios, polyhydramnios sequence. Donor twin bladder not visible. Doppler
scan normal.

Stage
III

Oligohydramnios, polyhydramnios sequence. Donor twin bladder not visible, and
Doppler scans abnormal (absent or reversed end-diastolic velocity in the umbilical
artery, reversed flow in the ductus venosus, or pulsatile flow in the umbilical vein).

Stage
IV

One or both fetuses have hydrops.

Stage
V

One or both fetuses have died.

Management

▪ When TTTS is diagnosed, five management options are
available: (1) expectant management, (2) septostomy, (3)
serial amnioreduction, (4) selective termination/cord
occlusion, and (5) fetoscopic laser photocoagulation.

▪ Management depends on the gestational age at diagnosis
and on the severity of the clinical findings.

Septostomy

▪ Septostomy involves intentional perforation of the dividing
membrane, usually performed with a 20- or 22-gauge
needle under ultrasound guidance.

Serial Amnioreduction

▪ In serial reduction amniocentesis, a needle is placed into the
polyhydramniotic sac under ultrasound guidance.
Amniotic fluid is withdrawn until the fluid volume
normalizes (i.e., DVP <8 cm).
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▪ Based on observational data, amnioreduction appears to
offer a twofold to threefold increase in overall survival
compared with no intervention.

Laser Therapy

▪ Laser ablation of placental anastomoses is the favored
treatment option for early-onset TTTS.

▪ Unlike both serial amnioreduction and septostomy, which
are considered palliative procedures, laser ablation is the
only therapeutic option that corrects the underlying
pathophysiologic aberration that causes TTTS, and is the
optimal therapy before 26 weeks’ gestation.

▪ Compared with the amnioreduction group, the laser group
had a higher likelihood of survival for at least one twin to
28 days of life (76% vs. 56%; P = .009) and 6 months of age.

▪ Short-term complications of laser ablation include placental
abruption, preterm premature rupture of the membranes,
IUFD, and labor.

▪ Even with optimal laser treatment of TTTS, it remains a
serious disease with 20% to 50% overall perinatal mortality.

Selective Intrauterine Growth
Restriction in Monochorionic Twin
Pregnancies

▪ Selective IUGR (sIUGR) is defined as growth restriction, most
commonly an estimated fetal weight (EFW) below the 10th
percentile of one twin with appropriate growth in the co-
twin but without full criteria for TTTS.

▪ Three management options are available for early-onset
sIUGR in a monochorionic twin pregnancy including
expectant, cord occlusion of the IUGR twin, and laser
photocoagulation.
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Twin Anemia-Polycythemia Sequence
▪ Twin anemia-polycythemia sequence (TAPS) refers to the

occurrence of a chronic and severe hemoglobin discordance
in a monochorionic diamniotic twin pair in the absence of
other criteria for TTTS.

▪ Ideal management of TAPS is not yet clear, but intrauterine
transfusions—both intraperitoneal and intravenous—and
laser treatment have been reported with good success.
Expectant management is also a reasonable option.

Monoamniotic Twins

▪ Monoamniotic twinning is an uncommon form of MZ
twinning (1%) in which both fetuses occupy a single
amniotic sac.

▪ Historically, perinatal mortality rates for monoamniotic
twins have been reported to approach 50%, attributed to
premature delivery, growth restriction, and congenital
anomalies (seen in up to 25% of monoamniotic twin
pregnancies) but mostly to umbilical cord entanglement
and cord accidents.

▪ Improved neonatal survival and decreased perinatal
morbidity are achievable with monoamniotic twins
admitted electively for daily fetal monitoring (two or three
times per day for 1 to 2 hours) after viability. We
recommend offering hospital admission to all women with
monoamniotic twins.

▪ Most experts perform elective cesarean delivery (CD)
following the administration of antenatal corticosteroid
therapy between 32 and 34 weeks’ gestation. Delivery at 32
to 34 weeks is associated with a low risk of serious neonatal
morbidity counterbalanced against the unpredictable
continuing IUFD risk.

Twin Reversed Arterial Perfusion Sequence
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▪ Patients with twin reversed arterial perfusion (TRAP)
sequence have a monochorionic placenta with vascular
anastomoses that sustain the life of the acardiac twin.

▪ This poorly oxygenated blood preferentially perfuses the
acardiac twin’s lower body, contributing to the bizarre
anomalies seen in acardiac fetuses.

▪ Color Doppler is essential to confirm diagnosis.
▪ When faced with a monochorionic pregnancy complicated

by TRAP sequence, three options are available: (1)
expectant management, (2) delivery, or (3) interruption of
the vascular communication between the twins.

Conjoined Twins

▪ Conjoined twins occur when a single embryo incompletely
divides between 13 and 15 days after fertilization instead of
splitting earlier.

▪ The mortality rate is high.
▪ Ultrasound can establish this diagnosis in utero as early as

the first trimester based on visualization of
monoamnionicity and a bifid fetal pole.

▪ If the patient desires expectant management, she should be
counseled that the prognosis for survival and successful
separation depends on the degree of organ and vascular
sharing between the two fetuses, especially the heart. Of
conjoined twins who are deemed appropriate for and
survive to undergo elective separation, survival rates
approach 80%.

Antepartum Management of Multifetal
Pregnancy (Fig. 32.4)
Maternal Nutrition and Weight Gain

▪ The increased physiologic stress of a multifetal pregnancy
demands a 10% higher maternal resting energy
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expenditure.
▪ The Institute of Medicine (IOM) issued new body mass

index (BMI)-specific weight-gain recommendations for twin
pregnancy in 2009 (Table 32.6). Normal-weight women who
achieved the IOM weight gain recommendations had
significantly larger infants and a greater likelihood of
infants weighing more than 2500 g.
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FIG. 32.4  Suggested algorithm for antepartum
management of twin gestations. BMI, body mass

index; BP, blood pressure; fFN, fetal fibronectin; GDM,
gestational diabetes mellitus; HgB, hemoglobin; PTB,

preterm birth; TVCL, transvaginal cervical length;
TTTS, twin-twin transfusion syndrome.

Spontaneous Preterm Birth

▪ Patients with a multiple gestation are at significant risk for
preterm labor and delivery.
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▪ A 2010 meta-analysis of twins found that in asymptomatic
women, a transvaginal cervical length (TVCL) of 20 mm or
less between 20 and 24 weeks’ gestation was the best
predictor of preterm birth (PTB) before 32 and before 34
weeks.

▪ The degree of change in the cervical length over time may
also be an important predictor of PTB in twins.

▪ In symptomatic mothers of twins, fetal fibronectin had good
predictive value. The use of these tests can help guide
management decisions, such as frequency of office visits or
whether work or activity restriction is prudent.

TABLE 32.6

BMI, body mass index; WHO, World Health Organization.

From Rasmussen KM, Yaktine AL, editors. Institute of Medicine (Committee to
Reexamine IOM Pregnancy Weight Guidelines, Food and Nutrition Board and Board
on Children, Youth, and Families). Weight Gain During Pregnancy: Reexamining the
Guidelines. Washington, DC: National Academies Press; 2009.

Bed Rest and Hospitalization

▪ Routine hospitalized bed rest was not associated with a
decrease in PTB in multifetal pregnancies.

▪ For asymptomatic twin pregnancies in women with a
reassuring cervical length and no prior history of PTB, we
do not recommend either cessation of work or rest at home.

Tocolysis

▪ Prophylactic tocolysis has been evaluated in multiple
gestations and was not found to be effective. At our
institution, intravenous magnesium sulfate is used as a
first-line acute tocolytic.
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Progesterone

▪ Studies have not shown any benefit associated with the use
of intramuscular 17α-hydroxyprogesterone caproate (17-
OH-P) in multiple gestation.

▪ The authors’ interpretation of the available literature on
progesterone to prevent PTB in twins is that no evidence is
available to support the use of intramuscular 17-OH-P in
any multifetal gestation, nor should any form of
progesterone be used in unselected multiple pregnancies.
However, although more study is needed to confirm this
finding, because of the evidence of neonatal benefit in twin
pregnancies with a TVCL of 25 mm or less, vaginal
progesterone should be offered to these women. Evidence is
insufficient to support a specific dose or to support gel
versus a micronized progesterone suppository.

Cerclage

▪ Prophylactic cerclage has been studied and was found to be
ineffective in both twins and triplets.

▪ Cerclage placement in multiple gestations should be
restricted to women with either a strongly suggestive
history of cervical insufficiency or objectively documented
cervical insufficiency based on physical examination.
Neither prophylactic nor ultrasound-indicated cerclage are
of benefit in multifetal gestations.

Pessary

▪ No difference was seen in neonatal outcomes; gestational
age at delivery; or delivery before 28 weeks, 32 weeks, or 37
weeks between women randomized to pessary and those
randomized to expectant management.
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FIG. 32.5  Antenatal surveillance and delivery
timing for uncomplicated diamniotic twins. This

figure applies only to uncomplicated twins. If any
fetal or maternal complications exist, more

frequent ultrasounds and antenatal testing, as
well as earlier delivery, may be indicated. BPP,
biophysical profile; NST, nonstress test; TTTS,

twin-twin transfusion syndrome.

▪ A subgroup analysis of women with TVCL below the 25th
percentile suggests that pessary could be effective in
women pregnant with twins who also have a short cervix.

▪ In the 2014 Practice Bulletin on Multifetal Gestation, ACOG
cites the ProTWIN study and concludes that “based on
available evidence, the use of prophylactic cervical pessary
is not recommended in multifetal pregnancies.”
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Antenatal Testing

▪ Multiple gestations are at increased risk for uteroplacental
insufficiency, IUGR, and stillbirth; for this reason, antenatal
surveillance in the form of nonstress tests or biophysical
profiles is often performed (Fig. 32.5).

▪ A 2009 National Institute of Child Health and Human
Development document lists initiation of antenatal testing
at 28 weeks as a reasonable strategy for triplets.

Fetal Growth Surveillance

▪ Twins grow at the same rate as singletons until 30 to 32
weeks gestation, after which their growth velocity slows
compared with singletons.

▪ It is recommended that all patients with twins undergo
ultrasound evaluation of fetal growth at least every 4 weeks
after 20 weeks and more frequently if IUGR or growth
discordance is suspected. Additionally, ultrasounds should
be performed every 2 weeks in monochorionic twins
beginning at 16 weeks to screen for TTTS.

Discordant Growth

▪ Significant discordance in weight between twins is most
commonly defined as a greater than 20% difference in
actual or estimated twin weights (the difference between
the weights divided by the weight of the larger twin).

▪ We recommend using the presence of EFW discordance of
20% or more as an indication for heightened surveillance
even when neither fetus meets criteria for IUGR. This
recommendation applies to both dichorionic and
monochorionic twins, but more caution should be used in
monochorionic gestations with the same degree of
estimated growth discordance compared with a dichorionic
pregnancy.
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Timing of Delivery in Multiple
Gestations

▪ Given consistent evidence of increased risk in twin
pregnancies that extend past 38 to 39 weeks’ gestation
(analogous to a postdate singleton gestation), a rational
delivery approach would be elective delivery at 38 weeks in
well-dated, uncomplicated dichorionic twin pregnancies
(see Fig. 32.5).

▪ The 2014 Practice Bulletin on Multifetal Gestations
recommends delivery at 38 weeks for uncomplicated
dichorionic gestations and between 34 and 376/7 weeks for
uncomplicated monochorionic diamniotic twins.

▪ Most experts agree that it is reasonable to offer delivery of
uncomplicated triplets anytime between 35 and 36 weeks.

Mode of Delivery in Multiple
Gestations

▪ A trial of labor and vaginal delivery is appropriate for all
vertex-vertex twin gestations, regardless of gestational age
or EFW.

▪ Twin pregnancies with a nonvertex presenting twin are
nearly always managed by CD.

▪ Provided the obstetrician is sufficiently trained in breech
extraction, breech extraction is the preferable option for
achievement of vaginal delivery with a nonvertex second
twin (see Chapter 17). Most experts recommend avoidance
of breech extractions on second twins with EFWs of less
than 1500 g.

▪ Elective CD of patients with three or more live fetuses of
viable gestational age is in most cases the optimal
management strategy.
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Intrapartum Management of Twin
Vaginal Delivery

▪ If a trial of labor is elected, both fetuses should be
continuously monitored.

▪ We typically transfer the patient to the OR bed for delivery.
Epidural anesthesia for labor and delivery is also advisable
and is advocated by ACOG.

▪ Many reports have suggested that the interval between
deliveries should ideally be 15 minutes or less and certainly
not more than 30 minutes.

▪ Although some second twins may require rapid delivery,
most can be safely followed with fetal heart rate
surveillance and can remain undelivered for substantial
periods of time if there are no signs of nonreassuring fetal
status.
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CHAPTER 33

Intrauterine Growth
Restriction
Ahmet Alexander Baschat, and Henry L. Galan

KEY POINTS

• Although the terms intrauterine growth restriction (IUGR), fetal
growth restriction (FGR), and small for gestational age (SGA)
are used interchangeably, IUGR and FGR identify
pathologically small fetuses, whereas SGA indicates a fetus
below a specific cutoff without designation of pathology.

• IUGR is a major cause of perinatal morbidity, perinatal mortality,
and both short-term and life-long morbidities.

• Although IUGR is currently defined by fetal size alone, the four
primary underlying etiologies—aneuploidy, viral infection,
nonaneuploid syndromes, and placental insufficiency—produce
quite different outcomes.

• Identification of growth restriction as a result of placental
insufficiency requires a comprehensive diagnostic workup that
includes measurement of the fetal abdominal circumference in
combination with umbilical artery Doppler studies, exclusion of
fetal anomalies, and possibly invasive testing to detect
aneuploidy and viral infection.

• The combination of a small abdominal circumference, normal
anatomy, low or normal amniotic fluid volume, and abnormal
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umbilical artery Doppler is strongly suggestive of placental
insufficiency.

• Because mortality resulting from FGR can be reduced with
appropriate antenatal surveillance, all pregnancies at risk for
IUGR should be carefully monitored.

• Deterioration of fetal biophysical and cardiovascular parameters
follows a relatively predictable pattern, progressing from early to
late changes that can be used for the prediction of fetal acid-
base imbalance and the risk for stillbirth.

• Antenatal surveillance in preterm IUGR requires the
combination of several testing modalities to provide fetal
assessment of sufficient precision to guide intervention.

• In preterm gestations complicated by IUGR, the threshold for
delivery is critically influenced by gestational age.

Perinatal Mortality
▪ Compared with appropriately grown counterparts, perinatal

mortality rates in growth-restricted neonates are 6 to 10
times greater; perinatal mortality rates as high as 120 per
1000 for all cases of IUGR and 80 per 1000 after exclusion of
anomalous infants have been reported. As many as 53% of
preterm stillbirths and 26% of term stillbirths are growth
restricted.

Regulation of Fetal Growth
▪ Of the actively transported primary nutrients, glucose is the

predominant oxidative fuel, whereas amino acids are major
contributors to protein synthesis and muscle bulk.

▪ Placental and fetal growth across the three trimesters are
characterized by sequential cellular hyperplasia,
hyperplasia plus hypertrophy, and lastly, by hypertrophy
alone.
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▪ Eighty percent of fetal fat gain is accrued after 28 weeks’
gestation, providing essential body stores in preparation for
extrauterine life.

Definition and Patterns of Fetal
Growth Restriction

▪ Disturbance of fetal growth dynamics can lead to a reduced
cell number, cell size, or both, ultimately resulting in
abnormal weight, body mass, or body proportion at birth.

▪ The currently accepted classification of birthweight is based
on percentile: very small for gestational age (very SGA; <3rd
percentile), small for gestational age (SGA; <10th percentile),
average for gestational age (10th to 90th percentile), or large for
gestational age (>90th percentile).

▪ The ponderal index ([birthweight in grams/crown heel
length]3 × 100) has a high accuracy for the identification of
SGA.

▪ Two principal patterns of disturbed fetal growth have been
described: asymmetric and symmetric. In the asymmetric
growth pattern, somatic growth (e.g., the abdominal
circumference [AC] and lower body) shows a significant
delay, whereas there is relative or absolute sparing of head
growth. In the symmetric growth pattern, body and head
growth are similarly affected.

▪ The pattern of fetal growth depends on the underlying cause
of growth delay and on the timing and duration of the
insult. Uteroplacental insufficiency is typically associated
with asymmetric fetal growth delay owing to the
aforementioned mechanisms. Aneuploidy, nonaneuploid
syndromes, and viral infections either disrupt the
regulation of growth processes or interfere with growth at
the stage of cell hyperplasia. This typically results in a
symmetric growth delay.

Etiologies of Intrauterine Growth
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Restriction
▪ Maternal causes of FGR include vascular disease such as

hypertensive disorders of pregnancy, diabetic
vasculopathy, collagen vascular disease, and thrombophilia
and chronic renal disease. Abnormalities of the fetus and/or
placenta can also result in FGR.

▪ Genetic and infectious etiologies are of special importance
because perinatal and long-term outcomes are ultimately
determined by the underlying condition, with little
potential impact through perinatal interventions.

▪ The diagnosis and prognosis of FGR in twin pregnancies is
critically determined by the chorionicity (see Chapter 32).

Maternal and Fetal Manifestations of
Intrauterine Growth Restriction

▪ The impact and clinical manifestations of placental
insufficiency depend on the gestational age at onset and the
severity and type of the placental disease.

▪ Maternal placental floor infarcts, fetal villous obliteration,
and fibrosis each increase placental blood flow resistance,
producing a maternal-fetal placental perfusion mismatch
that decreases the effective exchange area.

▪ When uterine oxygen delivery falls below a critical value (0.6
mmol/min/kg fetal body weight in sheep), fetal oxygenation
begins to fall and is eventually accompanied by fetal
hypoglycemia.

▪ Fetal hormonal imbalances are believed to have additional
negative impacts on linear and growth, bone
mineralization, and the potential for postpartum catch-up
growth.

▪ Fetal hematologic responses to placental insufficiency are
important because they initially provide a compensatory
mechanism for hypoxemia and acidemia but eventually
become contributory to the escalation of placental vascular
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dysfunction.
▪ Elevated nucleated red blood cell counts correlate with

metabolic and cardiovascular status and are independent
markers for poor perinatal outcome.

▪ Increase in whole blood viscosity, decrease in red blood cell
membrane fluidity, and platelet aggregation may be
important precursors in the acceleration of placental
vascular occlusion and dysfunction.

▪ Growth-restricted fetuses also show evidence of immune
dysfunction at the cellular and humoral level.

▪ Early fetal cardiovascular responses are typically adaptive in
nature and result in preferential nutrient streaming to
essential organs. Shunting of nutrient-rich blood from the
ductus venosus (DV) through the foramen ovale to the left
side of the heart increases, and left ventricular output rises
in relation to the right cardiac output. This relative shift in
cardiac output toward the left ventricle that results in
increased blood flow to the myocardium and
brachiocephalic circulation has been termed redistribution,
which indicates a compensatory mechanism in response to
placental insufficiency.

▪ Late circulatory responses are associated with deterioration
of cardiovascular status and are predominantly observed in
early-onset growth delay, which requires delivery prior to
34 weeks. Redistribution is effective only as long as
adequate forward cardiac function is maintained.
Ineffective preload handling and elevation in central
venous pressure may result from ineffective redistribution,
a measurable decline in cardiac output, and a decline in
cardiac forward function.

▪ Myocardial dysfunction and cardiac dilatation may result in
holosystolic tricuspid insufficiency and spontaneous fetal
heart rate (FHR) decelerations, followed by fetal demise.

▪ Fetal organs also have the ability to regulate their individual
blood flow through autoregulation.

▪ Fetal behavioral responses to placental insufficiency and
characteristics of the FHR reflect developmental status and
undergo changes with advancing gestation. Normally,
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behavioral milestones progress from the initiation of gross
body movements and fetal breathing in the first trimester to
coupling of fetal behavior (e.g., heart rate reactivity) and
integration of rest-activity cycles into stable behavioral
states by 28 to 32 weeks’ gestation (see Chapter 11). With
the completion of these milestones, heart rate reactivity by
traditional criteria is present in 80% of fetuses by 32 weeks’
gestation.

▪ In growth-restricted fetuses with chronic hypoxemia and
mild placental dysfunction, the primary central nervous
system response is a delay in all aspects of central nervous
system maturation. Reduction of global fetal activity and
loss of fetal coupling (absence of heart rate reactivity and
fetal breathing movements) are typically observed at a
mean pH between 7.10 and 7.20.

Diagnostic Tools in Fetal Growth
Restriction
Fetal Biometry

▪ Population-specific formulas have been derived to generate
reference limits that generally have 95% confidence limits
that deviate approximately 15% around the actual value.

▪ Measurement of the biparietal diameter alone is a poor tool
for the detection of IUGR.

▪ Using the 10th percentiles as cutoffs, the AC has a higher
sensitivity (98% vs. 85%) but lower positive predictive value
(PPV) than the sonographically estimated fetal weight
(SEFW) (36% vs. 51%).

▪ Both the sensitivity and the PPV of the head circumference
(HC)/AC ratio for growth restriction does not equal either
the AC percentile or the SEFW.

▪ The femur length (FL)/AC ratio is 22 at all gestational ages
from 21 weeks to term; therefore this ratio can be applied
without knowledge of the gestational age. An FL/AC ratio
greater than 23.5 suggests IUGR.
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▪ EFW has become the most common method for
characterizing fetal size and thereby growth abnormalities.

Reference Ranges That Define Fetal Growth

▪ SGA is defined as a birthweight below the population 10th
percentile corrected for gestational age

▪ Approximately 70% of infants with a birthweight below the
10th percentile are normally grown (i.e., constitutionally
small) and are not at risk for adverse outcomes because
they present one end of the normal spectrum for neonatal
size. The remaining 30% consist of infants who are truly
growth restricted and are at risk for increased perinatal
morbidity and mortality.

▪ The recommended interval between ultrasound evaluations
of fetal growth is 3 weeks because shorter intervals increase
the likelihood of a false-positive diagnosis.

Amniotic Fluid Assessment

▪ Placental dysfunction and fetal hypoxemia both may result
in decreased perfusion of the fetal kidneys with subsequent
oliguria and decreasing amniotic fluid volume (AFV).

▪ If gestational age is unknown, measurements of the FL/AC
ratio and a single amniotic fluid pocket have to be used
because they are independent of gestational age. Up to 96%
of fetuses with fluid pockets less than 1 cm may be growth
restricted.

▪ Oligohydramnios associated with fetal oliguria is associated
with a higher rate of intrapartum complications that may be
attributed to reduced placental reserve.

Doppler Velocimetry

▪ Doppler velocimetry serves as a diagnostic, as well as a
monitoring, tool.
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▪ Arterial Doppler waveforms provide information on
downstream vascular resistance, which may be altered
because of structural changes in the vasculature or
regulatory changes in vascular tone. The systolic/diastolic
(S/D) ratio, the resistance index, and the pulsatility index
are the three Doppler indices most widely used to analyze
arterial blood flow resistance (Table 33.1).

▪ The vessels that are of primary importance in the differential
diagnosis of placental dysfunction are the umbilical artery
(UA) and the middle cerebral artery (MCA) (Figs. 33.1 and
33.2). Use of fetal biometry and UA Doppler significantly
reduces perinatal mortality and iatrogenic intervention
because documentation of placental vascular insufficiency
effectively separates growth-restricted fetuses that require
surveillance and possible intervention from constitutionally
small fetuses.

▪ Vascular damage that affects approximately 30% of the
placenta produces elevations in the Doppler index.

▪ Milder forms of placental vascular dysfunction, especially
near term, may not produce elevation of UA blood flow
resistance sufficient to be detectable by traditional Doppler
methods.

▪ Bahado-Singh and coworkers indicated that the predictive
accuracy of the cerebroplacental ratio decreased after 34
weeks’ gestation. This is presumably attributable to an
increasing number of growth-restricted fetuses who may
have normal UA blood flow resistance near term but
demonstrate isolated “brain sparing” as the only sign of
placental insufficiency of oxygen transfer. These fetuses are
at risk for adverse outcomes.

TABLE 33.1
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Diagnostic Approach

▪ Ultrasound examination is the primary diagnostic tool for
the evaluation of fetal growth and should be performed in
the first or early second trimester for dating and again at 32
to 34 weeks.

▪ If small fetal size is documented, Doppler ultrasound of the
umbilical and middle cerebral arteries and invasive tests
when indicated are of critical importance to identify fetuses
most likely to benefit from antenatal surveillance and
perinatal interventions (Fig. 33.3).

Screening and Prevention of Fetal
Growth Restriction

▪ The maternal history of delivery of a growth-restricted
infant in the first pregnancy is associated with a 25% risk of
delivering a second infant below the 10th percentile.

▪ A single, unexplained elevated maternal serum alpha-
fetoprotein or hCG value of 2 to 2.5 multiples of the median
raises the risk of growth restriction fivefold to tenfold.

▪ A decrease in the pregnancy-associated plasma protein A
below 0.8 mOsm is associated with increased risk for
placental dysfunction.

▪ After 20 weeks’ gestation, a lag of the symphyseal-fundal
height of 4 cm or more suggests growth restriction.
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▪ Efforts to prevent FGR have been disappointing.
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FIG. 33.1  Umbilical artery flow-velocity waveforms. A,
The normal umbilical artery flow-velocity waveform has

positive end-diastolic velocities that increase toward
term, reflecting a falling blood flow resistance in the

villous vascular tree. B, Moderate abnormalities in the
villous vascular structure raise the blood flow

resistance and are associated with a decline in end-
diastolic velocities. When a significant proportion of the
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villous vascular tree is abnormal, end-diastolic
velocities may be absent (C) or even reversed (D).
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FIG. 33.2  Middle cerebral artery flow-velocity
waveform. A, The normal middle cerebral artery flow

pattern has relatively little diastolic flow. With
progressive placental dysfunction, an increase in the
diastolic velocity results in a decrease in the Doppler

index (brain sparing). B, With brain sparing, the
systolic downslope of the waveform becomes

smoother so that the waveform almost resembles that
of the umbilical artery. The associated rise in the mean

velocity results in a marked decline in the Doppler
index.

Management in Clinical Practice
▪ The majority of fetuses thought to be growth restricted are

constitutionally small and require no intervention.
Approximately 15% exhibit symmetric growth restriction
attributable to an early fetal insult for which there is no
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effective therapy.
▪ Approximately 15% of small fetuses have growth restriction

as a result of placental disease or reduced uteroplacental
blood flow.

Therapeutic Options

▪ In 1997, a meta-analysis of the efficacy of low-dose aspirin
(50 to 100 mg/day) demonstrated a significant reduction in
the frequency of IUGR when low-dose aspirin was used. A
dose-dependent relationship is apparent: higher doses (100
to 150 mg/day) were significantly more effective in
preventing IUGR than were lower doses (50 to 80 mg/day).

▪ The therapeutic optimal window to commence aspirin
therapy in patients with risk factors for IUGR lies between
12 and 16 weeks’ gestation when branching angiogenesis of
the placenta is ongoing. We suggest deferral of indicated
therapy until completion of organogenesis at 12 weeks’
gestation.
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FIG. 33.3  An integrated diagnostic approach to
the fetus with suspected fetal growth restriction.
This figure displays a decision tree following the

evaluation of fetal anatomy, amniotic fluid volume,
and umbilical and middle cerebral artery Doppler.

The most likely clinical diagnosis based on the
test results is presented on the right-hand side. A
high index of suspicion for aneuploidy and viral

and nonaneuploid syndromes needs to be
maintained at all times. AFI, amniotic fluid index;

A/REDV, absent/reversed end-diastolic flow;
SEFW, sonographically estimated fetal

weight. Data from Unterscheider J, Daly S, Geary MP, et al. Optimizing

the definition of intrauterine growth restriction: the multicenter prospective

PORTO Study. Am J Obstet Gynecol. 2013;208:290.e1-e6.

▪ Corticosteroids resulted in a significant reduction in
neonatal respiratory distress syndrome, intraventricular
hemorrhage, and death when administered. We
recommend administration of a complete 48-hour course of
antenatal steroids to any growth-restricted fetus when
delivery is anticipated before 34 weeks’ gestation, if this can
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be safely accomplished.
▪ When corticosteroids are administered, it is important to

account for their effect on fetal testing parameters when
interpreting antenatal surveillance results. Betamethasone,
for example, temporarily reduces FHR variation on days 2
and 3 after the first injection, together with a 50% decrease
in fetal body movements and a near cessation of fetal
breathing movements. Subsequently, the number of fetuses
with abnormal biophysical profile scores increases
significantly by 48 hours after steroid administration, with a
return to the preadministration state at 72 hours.

Assessment of Fetal Well-Being
▪ Serial ultrasound evaluations of fetal growth are continued

every 3 to 4 weeks and should include determinations of
the biparietal diameter, HC/AC ratio, fetal weight, and
AFV.

▪ Irrespective of the context, a “reactive” nonstress test (NST)
indicates absence of fetal acidemia at the moment of the
FHR recording and correlates highly with a fetus not in
immediate danger of intrauterine demise.

▪ Nonreactive NST results are often falsely positive and
require further evaluation. The development of repetitive
decelerations may reflect fetal hypoxemia or cord
compression as a result of the development of
oligohydramnios and has been associated with a high
perinatal mortality rate.

▪ A 25% to 50% false-positive rate has been associated with the
contraction stress test by some investigators. A possible role
for the contraction stress test may be evaluation of placental
reserve prior to induction in IUGR fetuses in whom vaginal
delivery is attempted.

Amniotic Fluid Volume

▪ AFV provides an indirect measure of vascular status. A
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relationship between oligohydramnios and progressive
deterioration of arterial and venous Doppler studies has
been documented in growth-restricted fetuses and
prolonged pregnancies.

▪ If the NST is reactive, a concurrent assessment of the AFV
constitutes the modified biophysical profile and provides
assurance of fetal well-being if both parameters are normal.

▪ When the FHR is nonreactive, relying on a normal AFV
assessment alone is inadequate, and a full biophysical
profile should be done (see Chapter 11).

Doppler Ultrasound

▪ This utility is greatest for early-onset growth restriction,
which is associated with more marked Doppler
abnormalities than late-onset disease that requires delivery
after 34 weeks, especially in early-onset placental
dysfunction.

▪ The Doppler index is observed when approximately 30% of
the fetal villous vessels are abnormal. Absence or even
reversal of UA end-diastolic velocity can occur when 60% to
70% of the villous vascular tree is damaged (see Fig. 33.1).
Incidences of intrauterine hypoxia that range from 50% to
80% in fetuses with absent end-diastolic flow have been
reported.

▪ Fetal Doppler assessment based on the UA alone is no
longer appropriate, particularly in the setting of early-onset
IUGR prior to 34 weeks. Incorporation of MCA (see Fig.
33.2) and venous Doppler provide the best prediction of
acid-base status, risk of stillbirth, and the anticipated rate of
progression.

▪ In growth-restricted fetuses with an elevated Doppler index
in the UA, brain sparing in the presence of normal venous
Doppler parameters is typically associated with hypoxemia
but a normal pH.

▪ Abnormal venous Doppler parameters are the strongest
Doppler predictors of stillbirth. Even among fetuses with
severe arterial Doppler abnormalities (e.g., absent/reversed
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end-diastolic velocity or reversed end diastolic velocity
[REDV]), the risk of stillbirth is largely confined to those
fetuses with abnormal venous Dopplers.

▪ The neonatal mortality rate in fetuses with AEDV or REDV
ranges from 5% to 18% when the venous Doppler indices
are normal. Elevation of the DV Doppler index greater than
2 standard deviations doubles this mortality rate, although
predictive sensitivity is only 38% with a specificity of 98%.

▪ Advancing Doppler abnormalities indicate acceleration of
disease and require increased frequency of fetal monitoring.
In growth-restricted fetuses, Doppler evaluation is
complementary to all other surveillance modalities.

Anticipating the Progression to Fetal
Compromise

▪ Late-onset FGR (presenting after 34 weeks’ gestation) does
not typically pose a dilemma for delivery timing because
delivery thresholds can be low given the lower neonatal
risks but it contributes to over 50% of unanticipated
stillbirths at term.

▪ Studies indicate that 40% of preterm growth-restricted
fetuses that deteriorate in utero have an increased DV
Doppler index the week prior to delivery.

▪ Pregnancies at increased risk of adverse outcome were those
with an abnormal UA Doppler study and, in particular,
those with an EFW below the third percentile with or
without oligohydramnios.

▪ Integrated fetal testing and management protocol is shown
in Fig. 33.3, supplemented with maternal assessment of
fetal movement (“kick counts”) commencing no earlier than
24 weeks’ gestation.

▪ In fetuses with an AFI of less than 5 cm or absent end-
diastolic velocity in the umbilical artery, surveillance
intervals are shortened to every 3 to 4 days. With elevation
of the DV Doppler index to less than 2 standard deviations,
testing frequency is increased to every 2 to 3 days. Further
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escalation of the DV Doppler index may require daily
testing, and inpatient admission may be prudent based on
local practice. Any change in maternal condition, especially
the development of preeclampsia, calls for reassessment of
fetal status irrespective of the last examination result (Fig.
33.4).

Timing of Delivery
▪ The decision for delivery always weighs fetal risks against

risks that can be anticipated as a result of delivery. The
perinatal mortality with early delivery was associated with
a higher rate of neonatal deaths, whereas delaying delivery
increased the risk for stillbirth.

▪ Frigoletto has previously emphasized that the majority of
fetal deaths in IUGR occur after the 36th week of gestation
and before the onset of labor. The Disproportionate
Intrauterine Growth Intervention Trial at Term (DIGITAT)
randomized trial illustrates that neonatal morbidity is still a
concern until 38 weeks’ gestation. For these reasons, a
definite delivery indication other than the presence of
suspected growth delay is required prior to 38 weeks’
gestation. One limitation of the DIGITAT trial was a lack of
UA and MCA Doppler assessment or integration in the
study.

Delivery
▪ Because many growth-restricted infants suffer intrapartum

asphyxia, intrapartum management demands continuous
FHR monitoring. In principle the route of delivery is
determined by the severity of the fetal and maternal
condition, along with other obstetric factors.

▪ With late decelerations, the incidence of asphyxia in growth-
restricted infants is far greater than in normally grown
infants.
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Short-Term Outcomes

▪ Meconium aspiration, hypoglycemia, hypocalcemia,
polycythemia, hyperbilirubinemia, and hypothermia are
more common.

Long-Term Outcomes

▪ These infants can be expected to have normal growth curves
and a normal, albeit slightly reduced size as adults.
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FIG. 33.4  Integrated fetal testing and
management protocol. The management
algorithm for pregnancies complicated by

intrauterine growth restriction (IUGR) is based on
the ability to perform arterial and venous Doppler
as well as a full five-component biophysical profile
score (BPS). AC, abdominal circumference; AFV,
amniotic fluid volume; A/REDV, absent/reversed

end-diastolic velocity; CPR, cerebroplacental
ratio; DV, ductus venosus; HC, head
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circumference; MCA, middle cerebral artery;
NICU, neonatal intensive care unit; tid, three

times daily; UA, umbilical artery; UV, umbilical
vein. From Baschat AA, Hecher K. Fetal growth restriction due to

placental disease. Semin Perinatol. 2004;28:67.

▪ The vast majority of children with cerebral palsy were not
growth restricted.

▪ Growth-restricted infants with HCs below the 10th
percentile have two to three times the number of serious
neurologic sequelae of their normocephalic counterparts.

▪ Gestational age at delivery, birthweight, and reversal of UA
end-diastolic velocity are the main determinants of motor
and neurosensory morbidity.

▪ Neurologic outcome depends on the degree of growth
restriction, especially the impact on head growth, its time of
onset, the gestational age of the infant at birth, and the
postnatal environment.

▪ The preterm appropriately grown infant has more normal
neurologic development and fewer severe neurologic
deficits than its preterm growth-restricted counterpart.

▪ If growth restriction is associated with lagging head growth
before 26 weeks, even mature infants have significant
developmental delay at 4 years of age.

▪ Infants born growth restricted have an increased risk of
metabolic syndrome, obesity, hypertension, diabetes, and
stroke from coronary artery disease (see Chapter 5).
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CHAPTER 34

Red Cell
Alloimmunization
Kenneth J. Moise Jr 

KEY POINTS

• Alloimmunization to the RhD, Kell (K1), and Rhc red cell
antigens is the main cause of HDFN.

• Despite the widespread use of rhesus immune globulin (RhIG),
approximately six cases of RhD alloimmunization occur
annually per 1000 live births in the United States.

• Hydrops fetalis is defined as extracellular fluid in two or more
fetal compartments; it represents the end-stage of fetal anemia
in HDFN.

• The rhesus D, C, c, E, and e antigens are coded by two genes
located on the short arm of chromosome 1.

• The rule of thumb should be to administer RhIG when in doubt,
rather than to withhold it.

• A critical maternal antibody titer can be used in the first affected
pregnancy to decide when to begin further fetal testing.

• The fetal peak systolic MCA Doppler velocity can be used to
determine the onset of fetal anemia.

• In the case of a heterozygous paternal phenotype for a
particular red cell antigen, fetal typing can be undertaken
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through ccffDNA in maternal plasma for the RHD gene. Fetal
DNA typing for other red cell antigens can be obtained through
amniocentesis.

• Intravascular fetal intrauterine transfusions are the mainstay of
fetal therapy with an overall perinatal survival of greater than
90%.

• Except in cases of alloimmunization to Kell antigens, irregular
red cell antibodies in pregnancy should be managed in a
fashion similar to RhD.

Nomenclature
▪ Exposure to foreign red cell antigens invariably results in the

production of anti–red cell antibodies in a process known as
red cell alloimmunization, formerly termed isoimmunization.
The expression sensitization can be used interchangeably
with Rhesus alloimmunization.

▪ The term hemolytic disease of the fetus and newborn (HDFN)
would appear more appropriate to describe this disorder.

Historic Perspectives
▪ The first case of HDFN was probably described in 1609 by a

midwife in the French literature.1 The advent of therapy for
HDFN began in 1945 with the description by Wallerstein2 of
the technique of neonatal exchange transfusion and the
introduction of the intraperitoneal fetal transfusion by Liley
in 1963.

Incidence
▪ The advent of the routine administration of antenatal and

postpartum rhesus immune globulin (RhIG) has resulted in
a marked reduction in cases of red cell alloimmunization
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secondary to the RhD antigen.
▪ A shift to other red cell antibodies associated with HDFN

has occurred as a result of the decreasing incidence of RhD
alloimmunization.

Pathophysiology
▪ In most cases of red cell alloimmunization, a fetomaternal

hemorrhage (FMH) occurs in the antenatal period or, more
commonly, at the time of delivery. As many as one-fourth
of RhD-negative infants have been shown to be immunized
in early life as a result of their delivery.3,4

▪ Only 13% of deliveries of RhD-positive fetuses result in RhD
alloimmunization in RhD-negative women who do not
receive RhIG.

▪ Anti-D IgG is a nonagglutinating antibody that does not
bind complement, resulting in a lack of intravascular
hemolysis. Sequestration and subsequent destruction of
antibody-coated red cells in the fetal liver and spleen are
the mechanism of fetal anemia.

▪ RhD-positive male fetuses are 13 times more likely than their
female counterparts to become hydropic and are 3 times
more likely to die of their disease.5

▪ Hydrops fetalis, the accumulation of extracellular fluid in at
least two body compartments, is a late finding in cases of
fetal anemia. Its exact pathophysiology is complex.

Rhesus Alloimmunization and
Fetal/Neonatal Hemolytic Disease of
the Newborn
Genetics

▪ Only two genes have been identified, an RHD gene and an
RHCE gene.
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Prevention of RhD Hemolytic Disease
in the Fetus and Newborn
History

▪ Recommendations for use during the immediate postpartum
period were set forth by the American College of
Obstetricians and Gynecologists (ACOG)6 in 1970. The Food
and Drug Administration (FDA) approved the use of
antenatal RhIG in 1981. Routine antenatal prophylaxis at 28
to 29 weeks’ gestation was proposed by ACOG later that
same year.7

Preparations

▪ Four polyclonal products derived from human plasma are
currently available in the United States for the prevention of
RhD alloimmunization.

Indications

▪ All pregnant patients should undergo determination of
blood type and an antibody screen at the first prenatal visit.

▪ If there is no evidence of anti-D alloimmunization in the
RhD-negative woman, the patient should receive 300 µg of
RhIG at 28 weeks of gestation.8

▪ Although not well studied, level A (high) scientific evidence
has been cited by ACOG to address additional indications
for the antepartum administration of RhIG.8 These include
spontaneous miscarriage, elective abortion, ectopic
pregnancy, genetic amniocentesis, chorionic villus
sampling, and fetal blood sampling.

▪ The practice of evaluating a persistent maternal anti-D titer
as an indication that additional RhIG is not required after
an antenatal event is to be discouraged.

▪ Both ACOG and the American Association of Blood Banks
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now recommend routine screening of all women at the time
of delivery for excessive FMH.

▪ Should RhIG be inadvertently omitted after delivery, some
protection has been proven with administration within 13
days. Recommendations have been made to administer it as
late as 28 days after delivery.9

▪ If delivery occurs less than 3 weeks from the administration
of RhIG used for antenatal indications such as external
cephalic version, a repeat dose is unnecessary unless a large
FMH is detected at the time of delivery.10

▪ In others with a weak D phenotype, the individual has
inherited a gene that results in a variant expression of the D
antigen. In these cases, one or more of the D antigen
epitopes are missing, and the patient can become
alloimmunized to these missing portions of the D antigen.
Severe HDFN has been reported in these cases when a
maternal antibody develops to the missing epitope.11

Although clinical trials have not been undertaken, the
current recommendation is that these patients should
receive RhIG.

Diagnostic Methods
Maternal Antibody Determination

▪ Once a maternal antibody screen reveals the presence of an
anti-D antibody, a titer is the first step in the evaluation of
the RhD-sensitized patient during the first affected
pregnancy.

▪ The human antiglobulin titer (indirect Coombs test) is used
to determine the degree of alloimmunization because it
measures the maternal IgG response.

▪ A critical titer is defined as the anti–red cell titer associated
with a significant risk for hydrops fetalis.

▪ In most centers, a critical titer for anti-D between 8 and 32 is
usually used.

Fetal Blood Typing
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▪ The initial step in determining the fetal RhD type involves
an assessment of paternity and paternal zygosity.

▪ Several techniques have been used to determine the fetal
blood type if the patient’s partner is determined to be
heterozygous for the involved red cell antigen. In 50% of
cases in which the fetus is found to be antigen negative,
further maternal and fetal testing is unnecessary. This
method has now been replaced in many countries,
including the United States, by the use of fetal RHD
determination using circulating cell-free fetal DNA
(ccffDNA).

▪ In a recent series of more than 1000 patients, ccffDNA testing
for RHD was found to be accurate in 99% of cases.12

▪ In the cases with an inconclusive result, a repeat maternal
sample can be submitted or amniocentesis can be
undertaken to determine the fetal RHD status.

Amniocentesis to Follow the Severity of Hemolytic
Disease of the Fetus and Newborn

▪ The advent of noninvasive testing for fetal anemia with
middle cerebral artery (MCA) Doppler has now replaced
serial amniocenteses for amniotic fluid delta OD 450
(ΔOD450).

Fetal Blood Sampling

▪ Fetal blood sampling is reserved for patients with elevated
peak systolic MCA Doppler velocities.

Ultrasound

▪ Perhaps the greatest advance in the management of the
alloimmunized pregnancy has been the use of ultrasound.

▪ When hydrops is present, fetal hemoglobin deficits of 7 to 10
g/dL from the mean hemoglobin value for the
corresponding gestational age can be expected.13
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▪ The early second-trimester fetus can be severely anemic
without obvious signs of hydrops.14

▪ The severely anemic fetus exhibits an increased cardiac
output in an effort to enhance oxygen delivery to peripheral
tissues.15

▪ Doppler ultrasound has been used to study the peak systolic
velocity in the fetal MCA to predict fetal anemia. A value of
greater than 1.5 multiples of the median for the
corresponding gestational age predicts moderate to severe
fetal anemia with a sensitivity of 88% and a negative
predictive rate of 89%.16

▪ Serial MCA Doppler studies are now the mainstay of
surveillance for fetal anemia in the red cell–alloimmunized
pregnancy.

Clinical Management
▪ As a general rule, the patient’s first RhD-sensitized

pregnancy involves minimal fetal/neonatal disease but
subsequent gestations are associated with worsening
degrees of anemia.

First Affected Pregnancy

▪ Once sensitization to the RhD antigen is detected, maternal
titers are repeated every month until approximately 24
weeks. Titers should be repeated every 2 weeks thereafter
(Fig. 34.1).

Previously Affected Fetus or Infant

▪ If the patient has a history of a previous perinatal loss
related to HDFN, a previous need for intrauterine
transfusion (IUT), or a previous need for neonatal exchange
transfusion, she should be referred to a tertiary care center
with experience in the management of the severely
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alloimmunized pregnancy.
▪ Amniocentesis can be used after 15 weeks’ gestation to

determine the status of the fetal red cell antigen in cases of
other maternal antibodies such as anti-Kell.

Intrauterine Transfusion
Technique

▪ IUTs today are performed under continuous ultrasound
guidance with direct infusions of red blood cells into the
umbilical cord vessels or into the intrahepatic portion of the
umbilical vein of the fetus.17

▪ The peak systolic velocity in the MCA has been shown to be
useful in timing the second IUT.

▪ Severely anemic fetuses in the early second trimester do not
tolerate the acute correction of their hematocrit to normal
values.18

Complications and Outcome

▪ Complications from IUT are uncommon.
▪ An overall survival rate of 91% has been reported in one

series of over 1400 procedures.19
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FIG. 34.1  Algorithm for clinical management of a
patient with red cell alloimmunization. ccffDNA,
circulating cell-free fetal DNA; EGA, estimated

gestational age; Hct, hematocrit; MCA, middle cerebral
artery; MoM, multiples of the median.

Neonatal Transfusions

▪ Elevated levels of circulating maternal antibodies in the
neonatal circulation in conjunction with suppression of the
fetal bone marrow production of red cells often results in
the need for neonatal red cell top-up transfusions. These
children should be followed weekly with hematocrits and
reticulocyte counts until recovery of hematopoietic function
is evident.

Neurologic Outcome

▪ A study of almost 300 children treated with IUTs for HDFN
found an overall incidence of neurodevelopmental
impairment of 4.8%.20

Other Treatment Modalities

▪ Some experts have proposed a combined approach in
patients with a previous perinatal loss in the early second
trimester when technical limitations make the success of
IUT unlikely.21

Future Therapeutic Options

▪ Peptides associated with the proliferation of T-helper cells in
the development of antibody to the RhD antigen and
monoclonal anti-D blocking antibodies are currently being
investigated to ameliorate an established anti-D response,
thereby preventing severe HDFN in a subsequent
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pregnancy.22,23

Hemolytic Disease of the Fetus and
Newborn Due to Non-RhD Antibodies

▪ Antibodies to the red cell antigens Lewis, I, M, and P are
often encountered through antibody screening during
prenatal care. Because these antibodies are typically of the
IgM class, they are not associated with HDFN.24

▪ More important, only three antibodies—anti-RhD, anti-Rhc,
and anti-Kell (K1)—cause significant enough fetal
hemolysis that treatment with IUT is considered necessary.

▪ Anti-c antibody should be considered equivalent to anti-D
regarding its potential to cause HDFN.

▪ The majority of cases of K1 sensitization are secondary to
previous maternal blood transfusion, usually as a result of
postpartum hemorrhage in a previous pregnancy. Because
92% of individuals are Kell negative, the initial
management of the K1-sensitized pregnancy should entail
paternal red cell typing and genotype testing.
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CHAPTER 35

Amniotic Fluid
Disorders
William M. Gilbert

KEY POINTS

• AF is dynamic, with large volume flows into and out of the
amniotic compartment each day.

• Clinical estimates of actual AFV based on ultrasound
measurements of the AFI or MVP are not accurate in predicting
true volume.

• In the presence of intrauterine growth restriction or a prolonged
gestation, oligohydramnios is associated with significant
increases in perinatal morbidity and mortality.

• Preterm or term isolated oligohydramnios is not associated with
an increase in perinatal morbidity or mortality with an otherwise
normal fetus.

• Early-onset or severe polyhydramnios is associated with
aneuploidy, congenital malformations, preterm delivery, and an
increased perinatal mortality rate.

• The cause of mild polyhydramnios, especially in the latter part
of the third trimester, is usually idiopathic or related to diabetes
mellitus and has little impact on perinatal survival.

• AFV as estimated by the AFI may be expanded with increased
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maternal oral ingestion of water and/or bed rest in the left lateral
recumbent position.

• Short-term use of indomethacin decreases fetal urine
production and can reduce AFV within 24 hours of
administration; prolonged use should be avoided because of
the risk of premature closure of the ductus arteriosus and renal
abnormalities in the newborn.

Overview
▪ Abnormalities of amniotic fluid volume (AFV) raise the

concern for an underlying fetal or maternal complication
during pregnancy or fetal/neonatal compromise. The
perinatal mortality rate approaches 90% to 100% with
severe oligohydramnios in the second trimester and can
exceed 50% with significant polyhydramnios in
midpregnancy.

Amniotic Fluid Volume
▪ From 22 through 39 weeks of gestation, the average volume

of amniotic fluid (AF) (Fig. 35.1) remains unchanged
despite an increase in fetal weight from about 500 g to 3500
g, a sevenfold increase.

Ultrasound Assessment of Amniotic Fluid
Volume

▪ Polyhydramnios may be present if the maternal uterus is
large for gestational age or if the fetus cannot be easily
palpated or is ballotable. The diagnosis of oligohydramnios
is a consideration when the fundal height is small for
gestational age or the fetus is easily palpated.
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FIG. 35.1  Nomogram showing amniotic fluid
volume as a function of gestational age. The

black dots are the mean for each 2-week interval.
Percentiles are calculated from a polynomial

regression equation and standard deviation of
residuals. From Brace RA, Wolf EJ. Normal amniotic fluid volume

throughout pregnancy. Am J Obstet Gynecol. 1989;161:382.

602



FIG. 35.2  Ultrasound image demonstrates
measurement of the maximum vertical pocket

(MVP) within the uterus by holding the transducer
perpendicular to the floor and determining the

MVP of amniotic fluid in centimeters.

▪ Early ultrasound estimations of AFV were made by
measuring the maximum vertical pocket (MVP) of AF (Fig.
35.2).

▪ Subsequently, a four-quadrant assessment of AF referred to
as the amniotic fluid index (AFI) was introduced into practice
(Fig. 35.3). The sum of the MVP in each quadrant equals the
AFI.
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FIG. 35.3  Schematic diagram of the technique for
measuring the four-quadrant amniotic fluid index.

▪ Although the MVP appears to be the preferred method to
diagnose oligohydramnios near term, the vast majority of
research on ultrasound measurement of AFV utilizes the
AFI.

▪ When the MVP is less than 1 cm, a marked increase in
perinatal morbidity and mortality has been reported that
persisted even after correcting for birth defects.

Amniotic Fluid Formation

604



▪ The main source of amniotic fluid is fetal urination. Human
fetal urine-production rate appears to be approximately
1000 to 1200 mL/day at term, which suggests that the entire
AFV is replaced more frequently than every 24 hours (Fig.
35.4).

▪ Fetal lung liquid also plays an important role in amniotic
fluid formation.

Amniotic Fluid Removal
▪ In the human, fetal swallowing begins early in gestation and

contributes to the removal of amniotic fluid. Fetal
swallowing does not remove the entire volume of fluid that
enters the amniotic compartment from fetal urine
production and lung liquid; therefore other mechanisms of
amniotic fluid removal such as intramembranous
absorption must occur.

▪ Researchers have noted that 200 to 500 mL/day leaves the
amniotic compartment under normal physiologic
conditions. Intramembranous absorption could easily
explain this movement.

Oligohydramnios
▪ In clinical practice, an MVP less than 1 to 2 cm or an AFI less

than 5 cm are commonly used as criteria for the diagnosis of
oligohydramnios.

▪ AF is required for fetal lung development during certain
periods of early and mid-gestation.

▪ Although the evidence for induction in the prolonged
pregnancy is solid (see Chapter 36), the term or preterm
patient with isolated oligohydramnios may not need
immediate delivery.

▪ All cases with oligohydramnios should be evaluated for
evidence of intrauterine growth restriction and should be
followed with antepartum testing.
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FIG. 35.4  All known pathways for fluid and solute entry
and exit from the amniotic fluid in the fetus near term.
Arrow size is relative to associated flow rate. Brown

arrows represent directly measured flows, whereas the
blue arrows represent estimated flows. The numbers

represent volume flow in milliliters per day. The curved
portion of the double arrow represents lung fluid that is
directly swallowed after leaving the trachea, whereas

the straight portion represents lung fluid that enters the
amniotic cavity from the mouth and nose. From Gilbert WM,

Moore TR, Brace RA. Amniotic fluid volume dynamics. Fetal Med Review.

1991;3:89.

 
BOX 35.1 Fetal and Maternal Causes of
Oligohydramnios
Fetal Conditions

▪ Renal agenesis
▪ Obstructed uropathy
▪ Spontaneous rupture of the membranes
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▪ Premature rupture of the membranes
▪ Abnormal placentation
▪ Prolonged pregnancy
▪ Severe intrauterine growth restriction

Maternal Conditions

▪ Dehydration-hypovolemia
▪ Hypertensive disorders
▪ Uteroplacental insufficiency
▪ Antiphospholipid syndrome

Evaluation and Treatment of
Oligohydramnios

▪ When the diagnosis of oligohydramnios is made in the
second trimester, it is vitally important to obtain a complete
history and physical exam and to perform a targeted
ultrasound to help identify a cause (Box 35.1).

▪ Several investigators have attempted to treat
oligohydramnios with the oral administration of water in
the hope of “hydrating” the fetus through the mother.

▪ Groups have demonstrated that the AFI can be influenced
by increasing or decreasing water intake orally.

 
BOX 35.2 Fetal and Maternal Causes of
Polyhydramnios
Fetal Conditions

Congenital anomalies
▪ Gastrointestinal obstruction, central nervous

system abnormalities, cystic hygroma,
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nonimmune hydrops, sacrococcygeal teratoma,
cystic adenoid malformations of lung

Aneuploidy
Genetic disorders

▪ Achondrogenesis type 1-B
▪ Muscular dystrophies
▪ Bartter syndrome

Twin-to-twin transfusion syndrome
Infections

▪ Parvovirus B-19
Placental abnormalities

▪ Chorioangioma

Maternal Conditions

Idiopathic
Poorly controlled diabetes mellitus
Fetomaternal hemorrhage

Oligohydramnios in Labor

▪ Although most report a decrease in the frequency of variable
decelerations with amnioinfusion in the setting of
oligohydramnios, few have demonstrated any decrease in
perinatal morbidity or mortality or in the cesarean delivery
rate.

▪ Based on a large multicenter trial, ACOG recommends
against routine prophylactic amnioinfusion for the dilution
of meconium-stained amniotic fluid.

Polyhydramnios
▪ Many authors define polyhydramnios as an MVP of greater

than 8 cm, whereas others use an AFI of 25 cm or greater.
▪ Severe polyhydramnios in the second trimester has a
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significant perinatal mortality rate due to prematurity or
aneuploidy.

Evaluation and Treatment of Polyhydramnios

▪ The pregnant woman who presents with a rapidly enlarging
uterus in mid pregnancy, with or without preterm labor,
needs to be evaluated to identify a cause (Box 35.2).
Ultrasound examination should be performed to measure
the AFV and assess fetal anatomy.

▪ When polyhydramnios occurs in the third trimester of
pregnancy, it is usually mild and is not associated with a
structural defect.

▪ With severe polyhydramnios associated with preterm labor,
one medical treatment option involves the administration of
a prostaglandin inhibitor such as indomethacin, which
decreases fetal urine production.
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