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Ke y Points
 1 As oxygen consumption increases during pregnancy, the 

maternal cardiovascular system adapts to meet the metabolic 
demands of a growing fetus.

 2 Airway edema may be particularly severe in women with 
preeclampsia, in patients placed in the Trendelenburg position 
for prolonged periods, in those who have pushed during the 
second stage of labor, or with concurrent use of tocolytic 
agents.

 3 A rapid-sequence induction of anesthesia, application of 
cricoid pressure, and intubation with a cuffed endotracheal 
tube are recommended for all pregnant women receiving 
general anesthesia after 20 weeks’ gestation.

 4 The driving force for placental drug transfer is the concentration 
gradient of free drug between the maternal and fetal blood.

 5 Labor analgesia may benefit mother and fetus and should not 
be withheld if requested.

 6 The case-fatality rate (maternal mortality) with general anesthesia 
is almost 17 times greater than that with neuraxial anesthesia.

 7 By virtue of age and gender as well as reduced epidural 
pressure after delivery, pregnant women are at a higher risk for 
developing postdural puncture headache.

 8 Pregnancy and parturition are considered “high risk” when 
accompanied by conditions unfavorable to the well-being of 
the mother, fetus, or both.

 9 Preeclampsia is classified as severe if it is associated with severe 
hypertension, proteinuria, or end-organ damage.

 10 Antepartum hemorrhage is the leading cause of maternal 
mortality worldwide.

 11 Heart disease during pregnancy is a leading nonobstetric cause 
of maternal mortality.

 12 Obese parturients are more likely to have antenatal 
comorbidities, which may adversely affect outcome.
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pHYSIOLOgIC CHANgES  

OF pREgNANCY

During pregnancy, there are major alterations in nearly every 
maternal organ system. These changes are initiated by hormones 
secreted by the corpus luteum and placenta. The mechanical 
effects of the enlarging uterus and compression of surrounding 
structures play an increasing role in the second and third trimes-
ters. This altered physiologic state has relevant implications for the 
anesthesiologist caring for the pregnant patient. The most relevant 
changes involving hematologic, cardiovascular, ventilatory, meta-
bolic, and gastrointestinal functions are considered in Table 40-1.

Hematologic alterations

Increased mineralocorticoid activity during pregnancy produces 
sodium retention and increased body water content. Thus, plasma 
volume and total blood volume begin to increase in early gesta-
tion, resulting in a final increase of 40% to 50% and 25% to 40%, 
respectively, at term. The relatively smaller increase in red blood 
cell volume (20%) accounts for a reduction in hemoglobin con-
centration (from 12 to 11 g/dL) and hematocrit (to 35%).1 Plasma 
expansion and the resultant relative anemia of pregnancy plateau 
at approximately 32 to 34 weeks’ gestation.2 The leukocyte count 
ranges from 8,000 to 10,000/mm3 throughout pregnancy. Sev-
eral procoagulant factor levels increase during pregnancy, most 
notably fibrinogen, which doubles in mass. Anticoagulant activ-
ity decreases, as evidenced by decreased protein S concentrations 
and activated protein C resistance, and fibrinolysis is impaired. 
Increases in D-dimer and thrombin–antithrombin complexes 
indicate increased clotting and probable secondary fibrinolysis. 
Indeed, pregnancy has been referred to as a state of chronic com-
pensated disseminated intravascular coagulation.3,4 These coagula-
tion changes peak at the time of parturition.5 The platelet count is 
decreased in pregnant women, due to both dilution and increased 
consumption, and 6% to 15% of pregnant women at term have 
a platelet count <150 × 109/L, compared with only 1% of age-
matched nonpregnant controls. A further 1% of women at term 
have platelet counts <100 × 109/L.6

Serum cholinesterase activity declines to a level of 20% below 
normal by term and reaches a nadir in the puerperium. How-
ever, it is doubtful that moderate succinylcholine doses lead to 
prolonged apnea in otherwise normal circumstances.7 Although 
the total amount of protein in the circulation increases, plasma 
protein concentration declines to <6 g/dL at term because of dilu-
tion from increased plasma volume.8 The albumin–globulin ratio 
declines because of the relatively greater reduction in albumin 
concentration. A decrease in serum protein concentration may be 
clinically significant because the free fractions of protein-bound 
drugs can be expected to increase.

Cardiovascular Changes

As oxygen consumption increases during pregnancy, the maternal 
cardiovascular system adapts to meet the metabolic demands of a 
growing fetus. Systemic vascular resistance (SVR) declines as 
maternal vessels lose their responsiveness to angiotensin and other 
pressors.9,10 As a result, cardiac output increases by 30% to 50% 
above that of the nonpregnant state due primarily to a 20% to 50% 
increase in stroke volume and also to mild elevations in heart rate.10 

 13 There is an increased incidence of adverse obstetric outcome, 
particularly after nonobstetric operations during the first 
trimester.

 14 Any well-conducted anesthetic technique will provide safe care 
of the mother and fetus when the mother requires surgery 
during pregnancy.

Mult imedia
 1 Lung Volumes

 2 Pudendal Nerve Block

 3 C-Section Spinal

 4 Fetal Heart Rate

 5 Surgery Recommendations in Pregnancy

TAbLE 40-1.  summary of PhysiologiC 

Changes of PregnanCy at term

Variable Change Amount

Plasma volume

Total blood volume

↑

↑

40–50%

25–40%

Hemoglobin ↓ 11–12 g/dL

Fibrinogen ↑ 100%

Serum cholinesterase activity ↓ 20–30%

Systemic vascular resistance

Cardiac output

Systemic blood pressure

↓

↑

↓

50%

30–50%

Slight

Functional residual capacity

Minute ventilation

↓

↑

20–30%

50%

Alveolar ventilation ↑ 70%

Functional residual capacity ↓ 20%

Oxygen consumption

Carbon dioxide production

↑

↑

20%

35%

Arterial carbon dioxide tension ↓ 10 mm Hg

Arterial oxygen tension ↑ 10 mm Hg

Minimum alveolar 
concentration

↓ 32–40%

↑, increase; ↓, decrease.
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Arterial blood pressure decreases slightly because the decrease in 
peripheral resistance exceeds the increase in cardiac output. Addi-
tional increases in cardiac output occur during labor (when car-
diac output may reach 12 to 14 L/min) and also in the immediate 
postpartum period because of added blood volume from the  
contracted uterus. These changes are exaggerated in multiple  
gestation pregnancies.11

Supine hypotensive syndrome, which occurs in 10% of preg-
nant women, occurs because the supine position leads to vena 
cava occlusion and thus decreased preload to the heart, result-
ing in lowered cardiac output and blood pressure, tachycardia, 
maternal mental status changes, nausea, and presyncope. Com-
pression of the lower aorta in this position may further decrease 
uteroplacental perfusion and result in fetal asphyxia. From the 
second trimester, aortocaval compression by the enlarged uterus 
becomes progressively more important, reaching its maximum 
at 36 to 38 weeks’ gestation, after which it may decrease as the 
fetal head descends into the pelvis.12 Studies of cardiac output, 
measured with the patient in the supine position during the last 
weeks of pregnancy, have indicated a decrease to nonpregnant 
levels; however, this decrease was not observed when patients 
were in the lateral decubitus position.12 Therefore, left uterine 
displacement by placing a wedge under the right hip or providing 
15 degrees left lateral pelvic tilt should be applied routinely dur-
ing the second and third trimesters of pregnancy; a minority of 
women may remain susceptible to vena cava and aortic compres-
sion even at this degree of tilt.13

Changes in the ECG may also occur. In addition to heart rate 
increases, left axis deviation is observed in the third trimester, 
possibly due to upward displacement of the heart by the gravid 
uterus. There is also a tendency toward premature atrial contrac-
tions, paroxysmal supraventricular tachycardia, and ventricular 
dysrhythmias.14,15

Respiratory Changes

Respiratory adaptations are necessary for adaptation to increas-
ing metabolic demands, mechanical effects of the enlarging uterus, 
and cardiovascular changes of pregnancy.2,16 Increased extracellu-
lar fluid and vascular engorgement and hormonal changes may 
lead to edema of the upper airway. Many pregnant women com-
plain of difficulty with nasal breathing, and the friable nature 
of the mucous membranes during pregnancy can cause severe 
bleeding, especially on insertion of nasopharyngeal airways or 
nasogastric or endotracheal tubes. Airway edema may be particu-
larly severe in women with preeclampsia, in patients placed in the 
Trendelenburg position for prolonged periods, or with concurrent 
use of tocolytic agents. It may also be difficult to perform laryngos-
copy in obese or short-necked parturients or those with enlarged 
breasts. Use of a short-handled laryngoscope may prove helpful. 
Mallampati scores increase during pregnancy and worsen further 
throughout labor when oropharyngeal volume also decreases.17,18

The diaphragm is displaced cephalad as the uterus increases in 
size. This is accompanied by an increase in the anteroposterior 
and transverse diameters of the thoracic cage so that total lung 
capacity decreases only slightly. From the fifth month, functional 
residual capacity (FRC) decreases by 20% to 30%, as do its sub-
components, expiratory reserve volume (ERV) (15% to 20%) and 
residual volume (RV) (20% to 25%) (Fig. 40-1). Concomitantly, 
there is an increase in inspiratory reserve volume. In most preg-
nant women, a decreased FRC does not cause problems, but those 
with pre-existing alterations in closing volume as a result of smok-
ing, obesity, or scoliosis may experience early airway closure with 
advancing pregnancy, leading to hypoxemia. The Trendelenburg 

1

and supine positions also exacerbate the abnormal relationship 
between the closing volume and FRC. The FRC returns to normal 
shortly after delivery.

Airway resistance usually remains unchanged due to the com-
peting effects of progesterone-induced relaxation of bronchiolar 
smooth muscle versus factors associated with increased airway 
resistance such as upper airway edema. Progesterone induces 
increases in minute ventilation, which increases from the begin-
ning of pregnancy to a maximum of 50% above nonpregnant val-
ues at term. This is accomplished by a 30% to 50% increase in 
tidal volume and a small increase in respiratory rate. Alveolar 
dead space increases such that the dead space to tidal volume 
ratio remains unchanged. After delivery, as blood progesterone 
levels decline, ventilation returns to normal within 1 to 3 weeks.16

metabolism

Basal oxygen consumption increases during early pregnancy, 
with an overall increase of 20% by term; CO2 production 
increases. However, increased alveolar ventilation leads to a 
reduction in the partial pressure of carbon dioxide in arterial 
blood (Paco2) to 32 mm Hg and an increase in the partial 
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FIgURE 40-1. Diagram of the circulation in the mature fetal lamb. 
The numerals indicate the mean oxygen saturation (%) in the great 
vessels of six lambs: Right ventricle (RV), left ventricle (LV), superior vena 
cava (SVC), inferior vena cava (IVC), brachiocephalic artery (BCA), fora-
men ovale (FO), ductus arteriosus (DA), ductus venosus (DV). (Reprinted 
from: Born GVR, Dawes GS, Mott JC, et al. Changes in the heart and 
lungs at birth. Cold Spring Harb Symp Quant Biol. 1954;19:103, with 
permission.)
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pressure of oxygen in arterial blood (Pao2) to 106 mm Hg. The 
plasma buffer base decreases from 47 to 42 mEq/L; therefore, the 
pH remains practically unchanged. The maternal uptake and 
elimination of inhalational anesthetics are enhanced because of 
the increased alveolar ventilation and decreased FRC. Also, the 
decreased FRC and increased metabolic rate predispose the 
mother to development of hypoxemia during periods of apnea/
hypoventilation, such as may occur during airway obstruction or 
prolonged attempts at tracheal intubation.19

Human placental lactogen and cortisol increase the tendency 
toward hyperglycemia and ketosis, which may exacerbate pre-
existing diabetes mellitus. The patient’s ability to handle a glucose 
load is decreased, and the transplacental passage of glucose may 
stimulate fetal secretion of insulin, in turn leading to neonatal 
hypoglycemia in the immediate postpartum period.20

Gastrointestinal Changes

Pregnant women are at increased risk for aspiration of gastric 
contents compared to the general population. Aspiration pneu-
monitis is estimated to occur in 0.1% of cesarean deliveries per-
formed under general anesthesia.21 Airway difficulties present 
during pregnancy may contribute to this risk. In addition, gastric 
secretions are more acidic. Gastric emptying time is not pro-
longed during pregnancy, but overall gastrointestinal time is pro-
longed. In two recent studies of obese and nonobese, nonlaboring 
parturients at term, gastric emptying did not differ after ingestion 
of a moderate amount (300 mL) of water versus after an over-
night fast.22,23 Recent obstetric anesthesia practice guidelines by 
the American Society of Anesthesiologists allow for oral intake of 
modest amounts of clear liquids in uncomplicated laboring 
patients and for similar intake in patients scheduled for uncom-
plicated cesarean delivery up to 2 hours prior to induction of 
anesthesia.24 However, the guidelines state that patients with 
additional risk factors for aspiration (e.g., morbid obesity, diabe-
tes, difficult airway) or patients at increased risk for operative 
delivery (e.g., nonreassuring fetal heart rate [FHR] pattern) may 
have further restrictions of oral intake.

The lower esophageal sphincter (LES) may become distorted 
and incompetent and progesterone may decrease its tone. The 
risk of regurgitation depends, in part, on the gradient between  
the LES and intragastric pressures. The gravid uterus may increase 
intra-abdominal and intragastric pressures, decreasing the gradi-
ent. After succinylcholine administration in most patients, the 
gradient increases because the increase in LES pressure exceeds 
the increase in intragastric pressure. However, in parturients with 
“heartburn,” the LES tone is greatly reduced.25

The efficacy of prophylactic nonparticulate antacids may be 
diminished by inadequate mixing with gastric contents, improper 
timing of administration, and the tendency for antacids to 
increase gastric volume. Administration of histamine (H2) recep-
tor antagonists, such as ranitidine, may be useful. A case can be 
made for the administration of intravenous metoclopramide 
before elective cesarean delivery. This dopamine antagonist has-
tens gastric emptying and increases resting LES tone in both non-
pregnant and pregnant women.26 The American Society of 
Anesthesiologists practice guidelines advise practitioners to con-
sider the administration of nonparticulate antacids, H2 receptor 
antagonists, and/or metoclopramide for aspiration prophylaxis 
before surgical procedures and to use neuraxial anesthesia when-
ever possible.24 A rapid-sequence induction of anesthesia, appli-
cation of cricoid pressure, and intubation with a cuffed 
endotracheal tube are recommended for pregnant women receiv-
ing general anesthesia from 20 weeks of gestation, or earlier, if 

symptoms of reflux are present. These recommendations also 
pertain to women in the immediate postpartum period because 
there is uncertainty as to when the risk for aspiration of gastric 
contents returns to normal.

altered Drug Responses

The minimum alveolar concentration (MAC) for inhalation 
agents is decreased by 8 to 12 weeks’ gestation and may be related 
to an increase in progesterone levels.27 In addition, maximal 
cephalad block level after neuraxial administration of local anes-
thetics is higher in the second and third trimesters of pregnancy.28 
Epidural venous engorgement, which decreases intrathecal vol-
ume, may lead to increased local anesthetic spread. Pregnancy 
increases median nerve sensitivity to lidocaine block29 and in 
vitro preparations from pregnant animals demonstrate increased 
susceptibility to local anesthetic blockade. This increased sensitiv-
ity may be due to progesterone or other hormonal mediators.

pLACENTAL TRANSFER AND FETAL 

ExpOSURE TO ANESTHETIC DRUgS

Most drugs, including many anesthetic agents, readily cross the 
placenta. Several factors influence the placental transfer of drugs, 
including physicochemical characteristics of the drug itself, 
maternal drug concentrations in the plasma, properties of the 
placenta, and hemodynamic events within the fetomaternal unit.

Drugs cross biologic membranes by simple diffusion, the rate 
of which is determined by the Fick principle, which states that:

Q/t  = KA(Cm − Cf )/D

where Q/t is the rate of diffusion, K is the diffusion constant, A is 
the surface area available for exchange, Cm is the concentration of 
free drug in maternal blood, Cf is the concentration of free drug 
in fetal blood, and D is the thickness of the diffusion barrier.

The diffusion constant (K) of the drug depends on physico-
chemical characteristics such as molecular size, lipid solubility, 
and degree of ionization. Compounds with a molecular weight of 
<500 Da are unimpeded in crossing the placenta, whereas those 
with molecular weights of 500 to 1,000 Da are more restricted. 
Most drugs commonly used by the anesthesiologist have molecu-
lar weights that permit easy transfer.

Drugs that are highly lipid soluble cross biologic membranes 
more readily. The degree of ionization is important because the 
nonionized moiety of a drug is more lipophilic than the ionized 
one. Local anesthetics and opioids are weak bases, with a rela-
tively low degree of ionization and considerable lipid solubility. 
In contrast, muscle relaxants are more ionized and less lipophilic, 
and their rate of placental transfer is therefore more limited.

The relative concentrations of drug existing in the nonionized 
and ionized forms can be predicted from the Henderson– 
Hasselbalch equation:

pH = pKa + log(base)/(cation).

The pKa is the pH at which the concentrations of free base and 
cation are equal. The ratio of base to cation becomes particularly 
important with local anesthetics because the nonionized form 
penetrates tissue barriers, such as the placenta. For the amide 
local anesthetics, the pKa values (7.7 to 8.1) are sufficiently close 
to physiologic pH so that changes in maternal or fetal acid–base 
status may significantly alter the proportion of ionized and  
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nonionized drugs present. At equilibrium, the concentrations of 
nonionized drug in the fetal and maternal plasma are equal. In an 
acidotic fetus, local anesthetics may be relatively more ionized 
than in maternal blood, and “ion trapping” may occur, leading to 
fetal drug accumulation.30

The effects of maternal plasma protein binding on the rate and 
amount of drug transferred to the fetus are not so well under-
stood. In sheep, the low fetomaternal ratio of bupivacaine plasma 
concentrations has been attributed to the difference between fetal 
and maternal plasma protein binding, rather than to extensive 
fetal tissue uptake.31 However, if enough time is allowed for feto-
maternal equilibrium to be approached, substantial accumula-
tion of highly protein-bound drugs, such as bupivacaine, can 
occur in the fetus.32

As already stated, the driving force for placental drug transfer 
is the concentration gradient of free drug between the maternal 
and fetal blood. On the maternal side, the following factors inter-
act: The dose administered, the mode and site of administration, 
and, in the case of local anesthetics, the use of vasoconstrictors. 
The rates of distribution, metabolism, and excretion of the drug, 
which may vary at different stages of pregnancy, are equally 
important. In general, higher doses result in higher maternal 
blood concentrations. The absorption rate varies with the site of 
drug injection. Compared with other forms of administration, an 
intravenous bolus results in the highest blood concentrations. 
Increased maternal blood concentrations after repeated adminis-
tration of a drug greatly depend on the dose and frequency of rein-
jection, in addition to the kinetic characteristics of the drug. The 
elimination half-life of amide local anesthetic agents is relatively 
long, so repeated injections may lead to accumulation in the 
maternal plasma.33 In contrast, 2-chloroprocaine, an ester local 
anesthetic, undergoes rapid enzymatic hydrolysis in the presence 
of pseudocholinesterase. After epidural injection, the mean half-
life in the mother is approximately 3 minutes. After reinjection, 
2-chloroprocaine can be detected in the maternal plasma for only 
5 to 10 minutes, and no accumulation of this drug is evident.34

Placenta

Maturation of the placenta can affect the rate of drug transfer to 
the fetus, as the thickness of the trophoblastic epithelium decreases 
from 25 to 2 mm at term. Uptake and biotransformation of anes-
thetic drugs by the placenta would decrease the amount trans-
ferred to the fetus. However, placental drug uptake is limited, and 
there is no evidence to suggest that this organ metabolizes any of 
the agents commonly used in obstetric anesthesia.

Hemodynamic factors

Any factor decreasing placental blood flow (e.g., aortocaval com-
pression, hypotension, or hemorrhage) can decrease drug delivery 
to the fetus. During labor, uterine contractions intermittently 
reduce perfusion of the placenta. If a uterine contraction coincides 
with a rapid decline in plasma drug concentration after an intrave-
nous bolus injection, by the time perfusion has returned to normal, 
the concentration gradient across the placenta has been greatly 
reduced. Thus, an intravenous injection of diazepam, administered 
at the onset of contraction compared to during uterine diastole, 
results in less drug in infants of mothers in the former group.

Several characteristics of the fetal circulation delay equilibra-
tion between the umbilical arterial and venous blood, and thus 
delay the depressant effects of anesthetic drugs (Fig. 40-1). The 
liver is the first fetal organ perfused by the umbilical venous 

blood, which carries drug to the fetus. Substantial uptake by this 
organ has been demonstrated for a variety of drugs, including 
thiopental, lidocaine, and halothane. During its transit to the 
arterial side of the fetal circulation, the drug is progressively 
diluted as blood in the umbilical vein becomes admixed with fetal 
venous blood from the gastrointestinal tract, the lower extremi-
ties, the head and upper extremities, and finally, the lungs. 
Because of this unique pattern of fetal circulation, continuous 
administration of anesthetic concentrations of nitrous oxide dur-
ing elective cesarean sections caused newborn depression only if 
the induction-to-delivery interval exceeded 5 to 10 minutes. 
Rapid transfer of inhalation agents, including halothane, enflu-
rane, and isoflurane, results in detectable umbilical arterial and 
venous concentrations after 1 minute.35 Because of the rapid 
decline in maternal plasma drug concentrations, administration 
of thiopental or thiamylal as a single-bolus injection not exceed-
ing 4 mg/kg was followed by fetal arterial concentrations of barbi-
turate below a level that would result in neonatal depression.36

Fetal regional blood flow changes can also affect the amount of 
drug taken up by individual organs. For example, during asphyxia 
and acidosis, a greater proportion of the fetal cardiac output per-
fuses the fetal brain, heart, and placenta. Infusion of lidocaine 
resulted in increased drug uptake in the heart, brain, and liver of 
asphyxiated baboon fetuses compared with control fetuses that 
were not asphyxiated.37

fetus and newborn

Any drug that reaches the fetus undergoes metabolism and excre-
tion. In this respect, the fetus has an advantage over the newborn 
in that it can excrete the drug back to the mother once the con-
centration gradient of the free drug across the placenta has been 
reversed. With the use of local anesthetics, this may occur even 
though the total plasma drug concentration in the mother may 
exceed that in the fetus because there is lower protein binding in 
fetal plasma.31 There is only one drug, 2-chloroprocaine, that is 
metabolized in the fetal blood so rapidly that even in acidosis, 
substantial accumulation in the fetus is avoided.34

In both the term and the preterm newborn, the liver contains 
enzymes essential for the biotransformation of amide local anes-
thetics. The metabolic clearance in the newborn is similar to, and 
renal clearance greater than, that in the adult. Elimination half-life 
is prolonged in the newborn due to a greater volume of distribu-
tion of the drug. Prolonged elimination half-lives in the newborn 
compared with the adult have been noted for other amide local 
anesthetics.

It is not completely understood whether the fetus and the 
newborn are more sensitive than the adult to the depressant and 
toxic effects of local anesthetics. The relative central nervous and 
cardiorespiratory toxicity of lidocaine has been studied in adult 
ewes and lambs (fetal and neonatal).38 The doses required to pro-
duce toxicity in the fetal and neonatal lambs were greater than 
those required in the adult, although serum concentrations at 
which toxicity occurred were not different. In the fetus, this was 
attributed to placental clearance of drug into the mother and bet-
ter maintenance of blood gas tensions during convulsions. In the 
newborn, a larger volume of distribution was thought to be 
responsible for the higher doses needed to induce toxic effects.

Bupivacaine has been implicated as a possible cause of neonatal 
jaundice because its high affinity for fetal erythrocyte membranes 
may lead to a decrease in filterability and deformability, rendering 
them more prone to hemolysis (see Chapter 42). However, studies 
failed to show increased bilirubin production in newborns whose 
mothers received bupivacaine for epidural anesthesia during 
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labor and delivery.39 Finally, observational neurobehavioral stud-
ies have revealed subtle changes in newborn neurologic and adap-
tive functions. In the case of most anesthetic agents, these changes 
are minor and transient, lasting for only 24 to 48 hours.

ANALgESIA FOR LAbOR  

AND VAgINAL DELIVERY

Most women experience moderate-to-severe pain during parturi-
tion. In the first stage of labor, pain is caused by uterine contrac-
tions, associated with dilation of the cervix and stretching of the 
lower uterine segment. Pain impulses are carried in visceral affer-
ent type C fibers accompanying the sympathetic nerves. During 
the first stage of labor, pain is referred to the T10 to L1 spinal cord 
segments. In the late first and second stages of labor, additional 
pain impulses from distention of the vaginal vault and perineum 
are carried by the pudendal nerves, composed of lower sacral 
fibers (S2 to S4).

Well-conducted obstetric analgesia, in addition to relieving 
pain and anxiety, may have other benefits. Pain may result in 
maternal hypertension and reduced uterine blood flow. During 
the first and second stages of labor, epidural analgesia blunts the 
increases in maternal cardiac output, heart rate, and blood pres-
sure that occur with painful uterine contractions and “bearing-
down” efforts.40 In reducing maternal secretion of catecholamines, 
epidural analgesia may convert a previously dysfunctional labor 
pattern to normal. Maternal analgesia may also benefit the fetus 
by eliminating maternal hyperventilation, which often leads to 
reduced fetal arterial oxygen tension because of a leftward shift of 
the maternal oxygen–hemoglobin dissociation curve.

The most frequently chosen methods for relieving the pain of 
parturition are psychoprophylaxis, systemic medication, and 
regional analgesia. Inhalation analgesia, conventional spinal anal-
gesia, and paracervical blockade are less commonly used. General 
anesthesia is rarely necessary but may be indicated for uterine 
relaxation in complicated deliveries. Labor varies in length and 
intensity, as do individual tolerance to pain and desire for pain 
relief. Women should be supported in their choice of labor anal-
gesia, if any, and educated about the options. Neonatal outcome 
appears to be similar for healthy women who deliver without 
pharmacologic analgesia and for women who receive analgesia. 
Analgesia should not be withheld if requested.41

nonpharmacologic methods  
of Labor analgesia

Nonpharmacologic methods to relieve the pain of childbirth 
include childbirth education, emotional support, massage, aro-
matherapy, audiotherapy, and therapeutic use of hot and cold. 
More specialized techniques that require specialized training or 
equipment include hydrotherapy, intradermal water injections, 
biofeedback, transcutaneous electrical nerve stimulation, acu-
puncture or acupressure, and hypnosis. Conclusions regarding 
the efficacy of most of these techniques are not possible, as the 
techniques have been inadequately studied because of methodo-
logic flaws in many study designs.42

Prepared Childbirth and Psychoprophylaxis

The philosophy of prepared childbirth maintains that lack of 
knowledge, misinformation, fear, and anxiety can heighten a 

patient’s response to pain and consequently increase the need for 
analgesics. The most popular method of prepared childbirth was 
introduced by Lamaze. It provides an educational program on the 
physiology of parturition and attempts to diminish cortical pain 
perception by encouraging responses such as specific patterns of 
breathing and focused attention on a fixed object.43 Scientific data 
as to whether childbirth education and psychoprophylaxis are 
effective in reducing childbirth pain are inconsistent and lack  
scientific rigor. Education, intense motivation, and cultural influ-
ences can influence the affective and behavioral responses to pain, 
although they probably minimally affect actual pain sensation.

other nonpharmacologic methods

Continuous labor support refers to the presence during labor of 
nonmedical support by a trained person. Prospective, controlled 
trials and several systematic analyses have concluded that women 
who receive continuous labor support have shorter labors, fewer 
operative deliveries, fewer analgesic interventions, and overall 
satisfaction.44 Systematic reviews of randomized controlled trials 
of hydrotherapy (water baths) have concluded that women expe-
rience less pain and use less analgesia, without change in the dura-
tion of labor, rate of operative delivery, or neonatal outcome.45 
Intradermal water injection consists of the injection of 0.05 to  
0.1 mL of sterile water at four sites on the lower back to treat back 
pain during labor. Randomized controlled trials have found that 
the technique is effective in reducing severe back pain during 
labor, without any known side effects to the mother and the 
fetus.46 Hypnosis requires prenatal training of the mother by a 
trained hypnotherapist. A meta-analysis of five randomized con-
trolled trials concluded that women randomized to hypnosis used 
pharmacologic analgesia methods at a lower rate compared with 
women in the control groups.42,47 The results of studies using 
transcutaneous electrical nerve stimulation are inconsistent, but 
in general, labor pain does not appear to be lessened, nor does it 
lower the use of other analgesic modalities.47 In a meta-analysis 
including 13 trials, women who were randomized to receive acu-
puncture or acupressure versus control (no or “false” acupunc-
ture) had modestly lower pain scores.48 Similarly, relaxation 
techniques may also reduce pain intensity and satisfaction with 
pain relief compared to standard care.49

systemic medication

The advantages of systemic analgesics include ease of administra-
tion and patient acceptability. However, the drug, dose, time, and 
method of administration must be chosen carefully to avoid 
maternal or neonatal depression. Opioids are used most com-
monly, although tranquilizers and ketamine are used occasionally.

opioids

Systemic opioids are commonly administered for labor analgesia, 
although existing data suggest that they provide little significant 
analgesia50,51 (see Chapter 19). Meperidine has historically been 
the most commonly used systemic analgesic for the treatment of 
labor pain. However, in the past decade, because of concerns of the 
lack of efficacy and the presence of side effects, there has been a 
move away from its use for both labor pain and other pain condi-
tions.52 Meperidine can be administered by intravenous injection 
(effective analgesia in 5 to 10 minutes) or intramuscularly (peak 
effect in 40 to 50 minutes). The major side effects are a high inci-
dence of nausea and vomiting, maternal sedation, dose-related 
depression of ventilation, orthostatic hypotension, and the  
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potential for neonatal depression. Meperidine may cause transient 
alterations of the FHR, such as decreased beat-to-beat variability 
and mild tachycardia. Among other factors, the risk of neonatal 
depression is related to the interval from the last drug injection to 
delivery. The placental transfer of an active metabolite, norme-
peridine, which has a long elimination half-life in the neonate (62 
hours), has also been implicated in contributing to neonatal 
depression and subtle neonatal neurobehavioral dysfunction.

Synthetic opioids such as fentanyl, alfentanil, and remifentanil 
are more potent than meperidine; however, their use during labor 
is limited by their short duration of action. These drugs offer an 
advantage when analgesia of rapid onset but short duration is 
necessary (e.g., with forceps application). For more prolonged 
analgesia, fentanyl or remifentanil can be administered with 
patient-controlled delivery devices.53 Patient-controlled analgesia 
administration of opioids does carry with it the potential for drug 
accumulation and the risk of neonatal depression. Remifentanil 
has the theoretical advantage of rapid onset and offset compared 
with the other opioids. Bolus doses ranging from 0.2 to 1 mg/kg 
with lockout intervals from 1 to 5 minutes and background infu-
sion rates from 0 to 0.1 mg/kg/min54 have been described. How-
ever, as with other systemic opioid techniques, it is unclear 
whether remifentanil patient-controlled analgesia can provide 
satisfactory analgesia without an unacceptably high incidence of 
maternal, fetal, and neonatal side effects.54

Opioid agonists–antagonists, such as butorphanol and nalbu-
phine, have also been used for obstetric analgesia. These drugs have 
the proposed benefits of a lower incidence of nausea, vomiting, and 
dysphoria, as well as a “ceiling effect” on depression of ventilation. 
Butorphanol, 1 to 2 mg, or nalbuphine, 10 mg by intravenous or 
intramuscular injection, is probably the most popular. Unlike 
meperidine, these are biotransformed into inactive metabolites and 
have a ceiling effect on depression of ventilation.

Naloxone, a pure opioid antagonist, should not be adminis-
tered to the mother shortly before delivery to prevent neonatal 
ventilatory depression because it reverses maternal analgesia at a 
time when it is most needed. In addition, in some instances, it has 
caused maternal pulmonary edema and even cardiac arrest. If 
necessary, the drug should be given directly to the newborn intra-
muscularly (0.1 mg/kg).

Ketamine

Ketamine is a potent analgesic. However, it may also induce 
unacceptable amnesia that may interfere with the mother’s recol-
lection of the birth. Nonetheless, ketamine is a useful adjuvant to 
inadequate regional analgesia during vaginal delivery or for 
obstetric manipulations. In low doses (0.2 to 0.4 mg/kg), ket-
amine provides adequate analgesia without causing neonatal 
depression. Constant communication is required with the patient 
to ensure that she is awake and able to protect her airway.

Regional analgesia

Regional techniques provide excellent analgesia with minimal 
depressant effects on the mother and the fetus. The regional tech-
niques most commonly used in obstetric anesthesia include cen-
tral neuraxial blocks (spinal, epidural, and combined spinal/
epidural [CSE]), paracervical and pudendal blocks, and, less fre-
quently, lumbar sympathetic blocks (LSBs). Hypotension result-
ing from sympathectomy is the most frequent complication of 
central neuraxial blockade. Therefore, maternal blood pressure 
should be monitored at regular intervals, typically every 2 to  
5 minutes for approximately 15 to 20 minutes after the initiation 

of the block and at routine intervals thereafter. The use of regional 
analgesia may be contraindicated in the presence of coagulopa-
thy, acute hypovolemia, or infection at the site of needle insertion. 
Chorioamnionitis without frank sepsis is not a contraindication to 
central neuraxial blockade in obstetrics, provided antibiotics have 
been administered.

Because of ethical considerations and methodologic difficulties, 
it is difficult to design clinical studies to examine the effects of neur-
axial analgesia on the progress of labor and mode of delivery. Ran-
domized controlled trials have found no difference in the rate of 
cesarean delivery in women who received neuraxial compared with 
systemic opioid labor analgesia.55 Meta-analyses suggests that neur-
axial analgesia does not prolong the first stage of labor, although 
the data are heterogeneous.55 There has been concern that early ini-
tiation of epidural analgesia during the latent phase of labor (<4 cm 
cervical dilation) in nulliparous women may result in a higher inci-
dence of dystocia and cesarean delivery. Recent large randomized 
trials and a meta-analysis of these trials found no difference in the 
rate of cesarean delivery in women randomized to early neuraxial 
compared with systemic opioid analgesia.56 Neuraxial analgesia is, 
however, associated with prolongation of the second stage of labor 
in nulliparous women, possibly owing to a decrease in expulsive 
forces or malposition of the vertex.55 Thus, the American College of 
Obstetricians and Gynecologists has redefined an abnormally pro-
longed second stage of labor as >3 hours in nulliparous and 2 hours 
in multiparous women with epidural analgesia. Prolongation of the 
second stage may be minimized by the use of dilute local anesthetic 
solutions in combination with opioid.57

epidural analgesia

Epidural analgesia may be used for pain relief during labor and 
vaginal delivery, and if necessary, converted to anesthesia for 
cesarean delivery. Effective analgesia during the first stage of labor 
may be achieved by blocking the T10 to L1 dermatomes with low 
concentrations of local anesthetic, usually combined with lipid-
soluble opioids. Combining drugs allows the use of lower doses of 
both drugs, thus minimizing side effects and complications of 
each. For the second stage of labor and delivery, the nerve block 
should be extended to include the S2 to S4 segments in order to 
block pain for vaginal and perineal distension and trauma.

Long-acting amides such as bupivacaine or ropivacaine are 
most frequently used because they produce excellent sensory 
analgesia while sparing motor function, particularly at low con-
centrations (<0.1%). Although some studies have found that 
ropivacaine is associated with less motor blockade than equipo-
tent doses of bupivacaine, there was no difference in the rate of 
instrumental vaginal delivery among women randomized to 
receive epidural levobupivacaine, bupivacaine, or ropivacaine for 
maintenance of labor analgesia.58

Analgesia for the first stage of labor may be achieved with 5 to  
10 mL of bupivacaine or ropivacaine (0.125%) combined with fen-
tanyl (50 to 100 mg) or sufentanil (5 to 10 mg). There is controversy 
regarding the need for a test dose when using dilute solutions of 
local anesthetic. Because catheter aspiration is not always diagnos-
tic, particularly when using single-orifice epidural catheters, some 
experts believe that a test dose should be administered to improve 
detection of an intrathecally or intravascularly placed catheter.59

Analgesia may be maintained with a continuous infusion (8  
to 12 mL/hr) of bupivacaine (0.0625% to 0.1%) or ropivacaine 
(0.08% to 0.15%). The addition of fentanyl (1 to 2 mg/mL) or suf-
entanil (0.3 to 0.5 mg/mL) is often required and will allow for more 
dilute local anesthetic solutions to be administered. Alternatively, 
analgesia may be maintained with patient-controlled epidural 
analgesia (PCEA) with similar solutions of local anesthetic and 
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opioid. PCEA resulted in greater patient satisfaction, a lower aver-
age hourly dose of bupivacaine (and therefore less motor block), 
and less need for physician intervention60,61 compared with a con-
tinuous epidural infusion. Protocols for PCEA vary widely. Data 
are conflicting as to whether a background infusion improves 
analgesia; however, a background infusion may be helpful in 
selected parturients (e.g., nulliparas with long labors).61 Common 
PCEA parameters include a parturient administered bolus dose of 
5 to 10 mL, a lock-out interval of 10 to 20 minutes, and a back-
ground infusion of 0 to 10 mL/hr. Thirty percent to 50% of the 
hourly dose is often administered as a background infusion.

Women with hemodynamic stability and preserved motor 
function who do not require continuous fetal monitoring may 
ambulate with the assistance of a partner during the first stage of 
labor. Before ambulation, women should be observed for 30 min-
utes after initiation of neuraxial blockade to assess maternal and 
fetal well-being.

During delivery, the sacral dermatomes may be blocked with 
10 mL of bupivacaine (0.25% to 0.5%), lidocaine (1.0%), or 
2-chloroprocaine (2% to 3%). Many parturients have adequate 
analgesia for delivery without an additional bolus dose, particu-
larly if epidural analgesia has been maintained for a long interval 
(hours). However, instrumental vaginal delivery may require a 
more dense block than that obtained with dilute local anesthetic 
solutions.

spinal analgesia

A single subarachnoid injection for labor analgesia has the advan-
tage of fast and reliable onset of neural blockade, and it is techni-
cally easier to initiate compared with epidural analgesia. However, 
repeated intrathecal injections may be required for a long labor, 
thus increasing the risk of postdural puncture headache (PDPH). 
Spinal analgesia with fentanyl (15 to 25 mg) or sufentanil (2 to 
5 mg) in combination with plain bupivacaine (1.25 to 2.5 mg) may 
be appropriate in the multiparous patient whose anticipated 
course of labor does not warrant a catheter technique (duration, 
1.5 hours). A potential disadvantage of single-shot spinal analgesia 
is that the duration of labor, even in a rapidly progressing multipa-
rous woman, may be longer than anticipated. Furthermore, if the 
woman requires an urgent cesarean delivery, a new anesthetic will 
need to be initiated. However, spinal anesthesia (a “saddle block”) 
is a safe and effective alternative to general anesthesia or pudendal 
nerve block for instrumental delivery in parturients without pre-
existing epidural analgesia.

Combined spinal/epidural analgesia

CSE analgesia is an ideal analgesic technique for use during labor. 
CSE combines the rapid, reliable onset of profound analgesia 
resulting from spinal injection with the flexibility and longer 
duration associated with a continuous epidural technique. After 
identification of the epidural space using a conventional (or spe-
cialized) epidural needle, a longer (127 mm), pencil-point spinal 
needle is advanced into the subarachnoid space through the epi-
dural needle. After intrathecal injection, the spinal needle is 
removed and an epidural catheter is inserted. Intrathecal injec-
tion of fentanyl (10 to 25 mg) or sufentanil (2.5 to 5 mg) alone or 
more commonly in combination with bupivacaine (1.25 to 2.5 mg) 
produces profound analgesia lasting for 90 to 120 minutes with 
minimal motor block. Spinal opioid alone provides complete 
analgesia for the early latent phase of labor. However, the addi-
tion of bupivacaine is necessary for satisfactory analgesia during 
advanced labor. Continuous epidural analgesia or PCEA may be 
initiated following the spinal injection.

The most common side effects of intrathecal opioids are pruri-
tus, nausea, vomiting, and urinary retention. The incidence of 
pruritus is lower if opioid is coadministered with local anesthetic.62 
Rostral spread resulting in delayed respiratory depression is rare 
with fentanyl and sufentanil, and usually occurs within 30 minutes 
of injection. Transient nonreassuring FHR patterns may occur 
after initiation of both epidural and spinal analgesia, with and 
without opioids; however, the incidence may be higher after CSE 
compared to epidural analgesia.63 Presumably, uterine hypertonus 
and decreased uteroplacental perfusion occur as a result of rapid 
decrease in circulating maternal epinephrine levels after initiation 
of analgesia or as a result of hypotension after sympatholysis. The 
incidence of emergency cesarean delivery, however, is no greater 
after CSE than after conventional epidural analgesia.63,64

Mothers in early labor, or with preload-dependent medical con-
ditions (e.g., aortic stenosis), may particularly benefit from opioid-
only CSE. Spinal opioid provides complete analgesia without the 
need for local anesthetic in early labor, thus avoiding an acute 
decrease in preload, and almost always allowing motivated women 
to ambulate because there is no motor block. Multiparous women 
with advanced cervical dilation also benefit from CSE analgesia 
in which both intrathecal opioid and local anesthetic are injected. 
The onset of sacral analgesia is accomplished significantly faster with 
much less drug than initiation of lumbar epidural analgesia. How-
ever, because the epidural component of a CSE is not initially tested, 
CSE analgesia should be used with caution in women who may 
require urgent cesarean delivery or are at increased risk from gen-
eral anesthesia (e.g., morbidly obese or anticipated difficult airway).

Paracervical Block

Bilateral paracervical block interrupts transmission of nerve 
impulses from the uterus and cervix during the first stage of labor. 
Five to 10 milliliters of dilute local anesthetic solution is injected 
submucosally via a needle guide in the vagina into the left and 
right lateral vaginal fornices. Although paracervical block effec-
tively relieves pain during the first stage of labor, the technique 
has fallen out of favor during childbirth because it is associated 
with a high incidence of fetal asphyxia and poor neonatal out-
come, particularly with the use of bupivacaine. Performing the 
block with dilute local anesthetic solutions, allowing 5 to 10 min-
utes to elapse between injections on the left and right sides, and 
limiting the block to women with <8 cm cervical dilation, may 
decrease the incidence of complications.

Paravertebral Lumbar sympathetic Block

Paravertebral LSB is a reasonable alternative when contraindica-
tions exist to central neuraxial techniques. LSB interrupts the 
painful transmission of cervical and uterine impulses during the 
first stage of labor.65 Although there is less risk of fetal bradycardia 
with LSB compared with paracervical blockade, unfamiliarity and 
technical difficulties associated with the performance of the block 
and risks of intravascular injection have decreased its use in stan-
dard practice.

Pudendal nerve Block

The pudendal nerves, derived from the lower sacral nerve roots 
(S2 to S4), supply the vaginal vault, perineum, rectum, and parts 
of the bladder. The nerves are easily anesthetized transvaginally 
where they loop around the ischial spines. Ten milliliters of dilute 
local anesthetic solution deposited behind each sacrospinous liga-
ment can provide adequate anesthesia for outlet forceps delivery 
and episiotomy repair.
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inhalation analgesia and General anesthesia

Inhalation labor analgesia is rare in the United States, although 
its use is more common in other parts of the world (see Inhaled 
Anesthetics, Chapter 17). Nitrous oxide, 50% by volume, is the 
most commonly used inhalation agent for analgesia during 
labor, and the mother is trained to intermittently self-administer 
the gas at the onset of a contraction. Studies are conflicting as to 
whether nitrous oxide provides benefit to the parturient66; how-
ever, its use appears safe for the fetus and the neonate. A major 
disadvantage of inhalation analgesia is the need for a waste gas 
scavenging system.

General anesthesia is rarely used for vaginal delivery, and precau-
tions against gastric aspiration must always be observed (see “Gen-
eral Anesthesia” under “Anesthesia for Cesarean Delivery”). General 
anesthesia may be required when time constraints prevent induc-
tion of regional anesthesia. Potent inhalation drugs (1.5 to 2 MAC 
for short periods) can provide uterine relaxation for obstetric 
maneuvers such as second twin delivery, breech presentation, or 
postpartum manual removal of a retained placenta. However, in 
current practice, intravenous nitroglycerin (50 to 250 mg) has largely 
replaced the need for general anesthesia for uterine relaxation.

ANESTHESIA FOR  

CESAREAN DELIVERY

The most common indications for cesarean delivery include 
arrest of dilation, nonreassuring fetal status, cephalopelvic dis-
proportion, malpresentation, prematurity, prior cesarean deliv-
ery, and prior uterine surgery involving the corpus. The choice of 
anesthesia depends on the urgency of the procedure, the condi-
tion of the mother and the fetus, and the mother’s wishes.

A 2001 survey of obstetric anesthesia practices in the United 
States revealed that most patients undergoing cesarean delivery 
do so under spinal or epidural anesthesia.67 Neuraxial techniques 
have several advantages, such as: 

 ■ Help to avoid the necessity of airway manipulation
 ■ Lessen the risk of gastric aspiration
 ■ Avoid the use of depressant anesthetic drugs
 ■ Allow the mother to remain awake during delivery
 ■ May be associated with less operative blood loss 

Compared with general anesthesia, there is less immediate neo-
natal depression after neuraxial compared with general anesthesia.

neuraxial anesthesia

Blockade to the T4 dermatome is necessary to perform cesarean 
delivery without maternal discomfort. The most common com-
plication of neuraxial anesthesia is hypotension and the attendant 
risk of decreased uteroplacental perfusion (see “Hypotension” 
under “Anesthetic Complications”). Measures to decrease the 
incidence and severity of hypotension include left uterine dis-
placement, intravenous fluid administration, and the liberal use 
of vasopressors to prevent and treat hypotension.

Most anesthesiologists administer a nonparticulate antacid 
before induction of anesthesia for pulmonary aspiration prophy-
laxis. Some practitioners also administer an H2 receptor antagonist 
and metoclopramide. Sedative premedication is usually not neces-
sary. Intraoperative monitoring mimics that for all anesthetics, 
although blood pressure should be measured frequently (every sev-
eral minutes) for the first 20 minutes after initiation of anesthesia. 

Although supplemental oxygen is frequently administered, there is 
no evidence of benefit to the mother, the fetus, or the neonate.68,69

Multimodal analgesia, including systemic nonsteroidal anti-
inflammatory drugs and neuraxial opioids and/or local anesthet-
ics, is optimal for postoperative analgesia. Abdominal wall nerve 
block techniques (transversus abdominis plane [TAP] block) 
have also been described after cesarean delivery.70 Although post-
cesarean delivery analgesia should take the nursing infant into 
account, very small amounts of drugs administered to the mother 
actually cross into breast milk, and even smaller amounts are 
absorbed from the neonatal gut. Prolonged (12 to 24 hours) post-
operative pain relief in the postpartum patient can be provided by 
intrathecal morphine (100 to 150 mg)71 or epidural morphine (3.5 
to 4.0 mg).72 Intrathecal morphine provides superior and longer-
lasting analgesia compared to bilateral TAP block.73 PCEA with a 
dilute solution of local anesthetic and lipid-soluble opioid is 
another option after epidural anesthesia. Side effects of neuraxial 
morphine include nausea, vomiting, and pruritus. Delayed respi-
ratory depression is a rare but potentially devastating complica-
tion; therefore, the patient must be monitored carefully in the 
postoperative period.74 Morbidly obese women may be at higher 
risk for respiratory depression.

spinal anesthesia

Subarachnoid block is probably the most commonly administered 
neuraxial anesthetic for cesarean delivery because of its simplicity, 
speed of onset, and reliability. It is an alternative to general anes-
thesia for almost all but the most emergent of cesarean deliveries. 
Hyperbaric 0.75% bupivacaine (12.5 to 13.5 mg [1.6 to 1.8 mL]) is 
the most commonly used local anesthetic in the United States. It 
reliably provides 90 to 120 minutes of surgical anesthesia.

Despite an adequate dermatomal level for surgery, women may 
experience varying degrees of visceral discomfort and nausea and 
vomiting, particularly during exteriorization of the uterus and 
traction on abdominal viscera. Improved perioperative anesthesia 
and analgesia can be provided with the addition of fentanyl (10 to 
20 mg), sufentanil (2.5 to 5 mg), or morphine (0.1 to 0.15 mg) to 
the local anesthetic solution. Fentanyl has a rapid onset, but is 
short acting and provides little additional postoperative analgesia. 
In contrast, morphine has a longer latency than fentanyl, but will 
also provide anesthesia for 12 to 18 hours after delivery.

Lumbar epidural anesthesia

In contrast to spinal anesthesia, epidural anesthesia is associated 
with a slower onset of action and a larger drug requirement to 
establish adequate sensory block. The major advantages of epidu-
ral compared with spinal anesthesia are the ability to titrate the 
extent and duration of anesthesia. To avoid inadvertent intrathe-
cal or intravascular injection, correct placement of the epidural 
needle and catheter is essential. This is especially true because epi-
dural anesthesia for cesarean delivery necessitates the administra-
tion of large doses of local anesthetic.

Aspiration of the epidural catheter for blood or cerebrospinal 
fluid is not reliable for detection of catheter misplacement, par-
ticularly with single-orifice catheters. Thus, most anesthesiologists 
administer a test dose before the initiation of surgical anesthesia. A 
small dose of local anesthetic (e.g., lidocaine, 45 mg, or bupiva-
caine, 5 mg) readily produces identifiable sensory and motor 
blocks if injected intrathecally. Addition of epinephrine  
(15 mg) with careful hemodynamic monitoring may signal intra-
vascular injection if followed by a transient increase in heart rate 
and blood pressure. The use of an epinephrine test dose (15 mg) in 
obstetrics is controversial because false-positive results do occur 
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(10% increase in heart rate), especially in laboring women. In 
addition, epinephrine may reduce uteroplacental perfusion. Rapid 
injection of 1 mL of air with simultaneous precordial Doppler 
monitoring appears to be a reliable indicator of intravascular cath-
eter placement.75 Fentanyl, 100 mg, has also been used to test epi-
dural catheter placement (significant reduction in pain).76 A 
negative test, although reassuring, does not eliminate the need for 
incremental administration of local anesthetic.

The most commonly used agents for obstetric epidural anes-
thesia are 2% lidocaine with epinephrine, 5 mg/mL (1:200,000) 
and 3% 2-chloroprocaine. Adequate anesthesia is usually achieved 
with 15 to 25 mL of local anesthetic solution, administered in 
divided doses over 5 to 10 minutes. 2-Chloroprocaine provides 
rapid onset of a reliable block with minimal risk of systemic toxic-
ity because of its extremely high rate of metabolism in maternal 
and fetal plasma. However, 2% lidocaine with epinephrine and 
sodium bicarbonate (1 mEq/10 mL lidocaine) may also be used 
when the rapid conversion of pre-existing epidural labor analgesia 
to surgical anesthesia is required for urgent cesarean delivery. 
Lidocaine has an onset and duration intermediate to those of 
2-chloroprocaine and bupivacaine. Lidocaine should be adminis-
tered with epinephrine, as lidocaine without epinephrine does not 
consistently provide satisfactory surgical anesthesia. Bupivacaine 
is no longer commonly used for obstetric epidural anesthesia, as it 
is associated with a greater risk of cardiac toxicity compared with 
other amide local anesthetics. Unintentional intravascular injec-
tion of bupivacaine is associated with a high incidence of maternal 
mortality.77 Ropivacaine 0.5% combined with fentanyl may be 
used for surgical anesthesia, as the risk of toxicity is less than that 
of bupivacaine. The duration of motor block is shorter after ropi-
vacaine compared with bupivacaine, but there are no differences 
in latency, quality of anesthesia, and duration of block.78,79

Combined spinal/epidural anesthesia

Advantages of CSE anesthesia for cesarean delivery include the 
rapid onset of a dense block with a low anesthetic dose, and  
the ability to extend the duration of anesthesia, and perhaps to pro-
vide continuous postoperative analgesia. There is a lower incidence 
of breakthrough pain and intraoperative shivering, and maternal 
satisfaction was higher after CSE compared with epidural anesthe-
sia for cesarean delivery.80 Several variations of the CSE technique 
have been described. The standard technique uses the same spinal 
dose of local anesthetic as one would use for standard spinal anes-
thesia. In sequential CSE anesthesia, a smaller spinal dose is 
expected to result in inadequate anesthesia for some patients. After 
15 minutes, if anesthesia is inadequate, the block is extended by 
injecting supplemental local anesthetic via the epidural catheter.81 
Although the incidence of hypotension is lower with this technique 
compared with full-dose spinal anesthesia, the induction to inci-
sion time is prolonged. A third technique is also associated with a 
lower incidence of hypotension without prolonging onset time. A 
small dose of spinal local anesthetic is followed by the routine injec-
tion of additional anesthetic through the epidural catheter approx-
imately 5 minutes after the intrathecal dose.82 Bupivacaine doses 
from 6 to 12 mg have been described for CSE anesthesia.

General anesthesia

General anesthesia may be necessary when contraindications or 
relative contraindications exist to neuraxial anesthesia (e.g., coag-
ulopathy, or moderate or severe aortic stenosis), or when the 
need for emergency delivery precludes central neuraxial block-
ade. General anesthesia should be used cautiously in women with 

asthma, upper respiratory tract infection, obesity, or a history of 
difficult tracheal intubation. Preoperative airway evaluation is 
particularly important in pregnant women because the inability 
to intubate the trachea and provide effective ventilation is the 
leading cause of maternal death related to anesthesia.83 Equip-
ment to manage the difficult airway equipment should be imme-
diately available.86 Mallampati classification scores worsen during 
labor in some parturients.18 If airway difficulties are anticipated, a 
neuraxial anesthetic technique should be considered or an awake 
tracheal intubation performed. Pulmonary aspiration prophy-
laxis should be administered and the patient should be positioned 
with left lateral tilt to prevent aortocaval compression. Monitor-
ing mimics that for all anesthetics.

To minimize the risk of hypoxemia during induction, denitro-
genation for 3 to 5 minutes with a tight-fitting mask is essential. 
In an emergency, four deep breaths with 100% oxygen may suf-
fice. A “defasciculating” dose of a nondepolarizing muscle relax-
ant is not necessary. Although somewhat controversial,84 a 
rapid-sequence induction is usually performed. Induction with a 
sedative–hypnotic (e.g., propofol [2 mg/kg], ketamine [1 mg/kg], 
or etomidate [0.2 to 0.3 mg/kg]) is followed by succinylcholine  
(1 to 1.5 mg/kg) to facilitate tracheal intubation. Succinylcholine 
is the preferred muscle relaxant; however, when its use is contra-
indicated, rocuronium (0.6 mg/kg) is an acceptable alternative. A 
trained assistant applies cricoid pressure until the airway is prop-
erly secured with a cuffed endotracheal tube. Once correct place-
ment of the endotracheal tube is confirmed with capnography 
and auscultation, the obstetrician may proceed with incision.

If there is difficulty in securing the airway, the mother should be 
ventilated with 100% oxygen before a subsequent attempt at tra-
cheal intubation is made. Although some experts advise attempting 
to maintain cricoid pressure throughout, this practice may actually 
make visualization of the glottis and mask ventilation more diffi-
cult in some patients. The American Society of Anesthesiologists 
difficult airway algorithm85 should be modified to include assess-
ment of fetal status and the need for immediate delivery (Fig. 40-2). 
It may be safer for the mother to allow her to awaken and to reas-
sess the method of induction and intubation, rather than to persist 
with traumatic efforts at tracheal intubation. However, if the fetus 
is in extremis, airway management with a mask or supraglottic air-
way device may be an acceptable alternative.86

In the interval between intubation and delivery, anesthesia is 
maintained with a 50:50 mixture of nitrous oxide in oxygen and a 
volatile anesthetic agent. In the past, it was common to limit the 
volatile agent concentration to 0.5 MAC to limit fetal exposure 
before delivery and to limit uterine relaxation after delivery. How-
ever, the incidence of intraoperative awareness appears to be 
unacceptably high with this technique.87 Indeed, a significant 
number of women had bispectral index values >60 during general 
anesthesia with sevoflurane 1% in nitrous oxide 50%.88 There-
fore, higher concentrations of volatile agent should be used before 
delivery. After delivery, the nitrous oxide concentration can be 
increased and/or an intravenous amnestic (e.g., midazolam) and 
opioids can be administered.

General anesthesia for cesarean delivery is associated with 
lower neonatal Apgar scores at 1 minute compared with neuraxial 
anesthesia89; however, the Apgar scores at 5 minutes are compa-
rable. Therefore, an individual trained in neonatal resuscitation 
should be present at delivery of the infant. After delivery, intrave-
nous oxytocin is administered to decrease the risk of uterine 
atony and anesthesia is deepened with an opioid and benzodiaz-
epine, as necessary. At the end of the procedure, the mother’s tra-
chea is extubated once she is awake and extubation criteria have 
been met. The usual blood loss at a cesarean delivery is 750 to 
1,000 mL; transfusion is rarely necessary.
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ANESTHETIC COMpLICATIONS

maternal mortality

A review of maternal mortality data from the US Centers for Dis-
ease Control and Prevention found that anesthesia-related mater-
nal mortality decreased by nearly 60% from the years 1979–1990 
to 1991–2002.83 Historically, general anesthesia has been associ-
ated with a higher rate of anesthesia-related deaths than general 
anesthesia. During the most recent period, case-fatality rates from 
general anesthesia fell, while those for neuraxial anesthesia rose. 
The risk ratio for general to neuraxial was 1.7 (95% confidence 
interval 0.6 to 4.6). Anesthesia-related mortality was most often 
associated with cesarean delivery (86%). The leading causes of 
death were intubation failure or induction problems (23%), respi-
ratory failure (20%), and high spinal or epidural block (16%).83

Pulmonary aspiration

The risk of inhalation of gastric contents may be increased in 
pregnant women, particularly if difficulty occurs with airway 
management. Women who have recently eaten, are laboring, 
received systemic opioids, or have frequent heartburn are of great-
est concern.90 Comprehensive airway evaluation, prophylactic 
administration of nonparticulate antacids, and use of regional 
anesthesia decrease the risk of aspiration. General anesthesia may 
be unavoidable occasionally; therefore, awake intubation may be 
indicated in women in whom airway difficulties are anticipated.

Hypotension

Neuraxial anesthesia is frequently associated with hypotension. 
Labor lowers the risk of hypotension in term pregnant women 

Induce general
anesthesia

Fail to intubate

Mask ventilation
adequate?

Fetal distress

Extra
safe

Mask with
cricoid

pressurea

Surgical
airway

Awaken

Intubate Regional

Fail SucceedSucceed

Extubate over
jet stylet

Fail

Logical

ASA
algorithm

(Emergency pathway)

Yes

Yes

No

No

FIgURE 40-2. Management of the difficult airway in pregnancy with special reference to the presence or absence of fetal 
distress. When mask ventilation is not possible, the clinician is referred to the American Society of Anesthesiologists (ASA) algo-
rithm for the emergency airway management found in Chapter 27. (Reprinted from: Kuczkowski KM, Reisner LS, Benumof JL. 
The difficult airway: Risk, prophylaxis, and management, Obstetric Anesthesia: Principles and Practice, 3rd ed. Chestnut DH, ed. 
St. Louis: Elsevier-Mosby; 2004:550, with permission.)
aConventional face mask or laryngeal mask airway.
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compared with nonlaboring women. Blood pressure should be 
monitored frequently (every 2 to 3 minutes) after the induction of 
neuraxial anesthesia. Techniques to reduce the incidence of hypoten-
sion during neuraxial anesthesia include left uterine displacement, 
intravenous fluid, and vasopressor administration. Maintaining the 
maternal blood pressure close to baseline reduces the incidence of 
maternal nausea and vomiting and is associated with higher umbil-
ical artery pH values.91 The administration of an intravenous bolus 
of crystalloid solution (1,000 to 1,500 mL) at the time of induction 
of neuraxial analgesia (co-load) is as effective as administration of 
the same volume of solution prior to the initiation of anesthesia 
(preload).92 Colloid (500 mL) is superior to crystalloid solution in 
preventing hypotension93 and may be considered in woman at high 
risk for hypotension or its consequences.

Phenylephrine is equally efficacious to ephedrine for treating 
maternal hypotension and results in less fetal acidosis.94 Ephed-
rine crosses the placenta to a greater extent than phenylephrine 
and undergoes less early metabolism.95 Stimulation of fetal b-
adrenergic receptors by ephedrine increases the fetal metabolic 
rate; however, the clinical significance of this effect is not known. 
Phenylephrine may be administered as a bolus dose to treat hypo-
tension96 (100 to 150 mg) or continuous prophylactic infusion 
(starting rate, 25 to 50 mg/min).96,97

Total spinal anesthesia

High or total spinal anesthesia is a rare complication of intrathe-
cal or epidural local anesthetic injection that occurs after exces-
sive cephalad spread of local anesthetic in the subarachnoid or  
epidural space. Unintentional intrathecal administration of epi-
dural medication as a result of dural puncture or catheter migra-
tion may also result in this complication. There is rapid ascent of 
sensory–motor blockade and patients may complain of dyspnea, 
inability to phonate, and difficulty swallowing. Profound hypo-
tension may lead to brainstem and cerebral hypoperfusion and 
cause loss of conscientiousness. Immediate vasopressor adminis-
tration, continued fluid administration, left uterine displacement, 
and leg elevation might be necessary to achieve hemodynamic 
stability. Reverse Trendelenburg position should not be used if 
hyperbaric anesthetic solution was used for spinal blockade, as 
there is a risk of cerebral hypoperfusion. Rapid control of the air-
way is essential, and endotracheal intubation may be necessary to 
ensure oxygenation without aspiration.

Local anesthetic systemic Toxicity

Local anesthetic systemic toxicity (LAST) may occur after unin-
tended intravascular injection or drug accumulation (see Local 
Anesthetics). Resuscitation equipment (intravenous access, airway 
equipment, emergency drugs, and suction equipment) should 
always be available when using local anesthetics. To avoid systemic 
toxicity of local anesthetic agents, strict adherence to recommended 
dosages, methods to detect misplaced needles and catheters, and 
fractional administration of the induction dose are essential.

Despite these precautions, life-threatening convulsions and, 
rarely, cardiovascular collapse may occur. Seizure activity should 
be treated with an intravenous benzodiazepine, such as mid-
azolam (1 to 5 mg), or other sedative–hypnotic. Hemodynamics, 
ventilation, and oxygenation must be maintained. New guide-
lines recommend consideration of early administration of 20% 
lipid emulsion (1.5 mL/kg over 1 min, followed by 0.25 mL/kg/
min for at least 10 minutes after attainment of hemodynamic 
stability).98 If cardiovascular collapse occurs, it should be treated 

according to advanced cardiac life support (ACLS) protocols. Ini-
tial small boluses of epinephrine (10 to 100 mg) are preferred; 
vasopressin is not recommended. Amiodarone may be used to 
treat ventricular dysrhythmias, particularly those due to bupiva-
caine. Failure to respond to lipid emulsion and vasopressor ther-
apy should prompt consideration of cardiopulmonary bypass. A 
cesarean delivery may be required to relieve aortocaval compres-
sion and to ensure the efficacy of cardiac massage.99

Postdural Puncture Headache

By virtue of age and gender, pregnant women are at a higher risk 
for developing PDPH (see Spinal Epidural). In addition, after 
delivery, reduced epidural pressure may increase the risk of cere-
brospinal fluid leakage through the dural opening, and estrogen 
withdrawal after delivery may exacerbate vascular headaches.

The incidence of PDPH is related to the diameter of the dural 
puncture, ranging from in excess of 70% after the use of 16-gauge 
needles to <1% with the smaller 25- or 26-gauge spinal needles. The 
incidence of cephalalgia is reduced with the use of pencil-point nee-
dles (Whitacre or Sprotte), compared with cutting bevel (Quincke) 
needles. Conservative treatment is indicated in the presence of 
mild-to-moderate discomfort, and includes bed rest, hydration, 
and simple analgesics. Caffeine (500 mg intravenously or 300 mg 
orally) has also been used in the treatment of PDPH, but the thera-
peutic effect is transient. Severe headache that does not respond to 
conservative measures for 24 hours is best treated with autologous 
blood patch. Using aseptic technique, approximately 20 mL of the 
patient’s blood is injected into the epidural space close to the site of 
dural puncture.100 A blood patch should not be performed for sev-
eral hours after treatment with intravenous caffeine as this may pre-
cipitate a seizure. Prophylactic administration of autologous blood 
(after delivery, before removal of the epidural catheter) does not 
influence the incidence and severity of PDPH, although the dura-
tion of headache is less, compared with expectant management.101

nerve injury

Neurologic sequelae of central neuraxial blockade, although rare, 
have been reported. Pressure or trauma exerted by a needle or 
catheter on spinal nerve roots or the spinal cord produces imme-
diate pain. Needle or catheter advancement should stop immedi-
ately on patient complaint of paresthesia or pain, and if the pain 
does not resolve within seconds, the needle or catheter should be 
withdrawn and repositioned. Anesthetics should not be injected 
when there are paresthesias. Infections such as epidural abscess or 
meningitis are rare and may be a manifestation of systemic sepsis 
or local infection. Epidural hematoma can also occur, usually in 
association with coagulation defects. Nerve root irritation may 
have a protracted recovery, lasting weeks or months. Postpartum 
peripheral nerve injury as a result of instrumentation, lithotomy 
position, or compression by the fetal head is not uncommon and 
may occur even in the absence of neuraxial technique.102

MANAgEMENT OF HIgH-RISK 

pARTURIENTS

Pregnancy and parturition are considered “high risk” when accom-
panied by conditions unfavorable to the well-being of the mother, 
the fetus, or both. Maternal problems may be related to pregnancy, 
such as preeclampsia–eclampsia and other hypertensive disorders 

7
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of pregnancy, or antepartum hemorrhage resulting from placenta 
previa or abruptio placentae. Diabetes mellitus, cardiac, chronic 
renal, neurologic, or sickle cell disease; and asthma, obesity, and 
drug abuse are not related to pregnancy but are often affected by it. 
Advanced maternal age (AMA) is associated with an increased risk 
of maternal and fetal complications. Prematurity (gestation of <37 
weeks), postmaturity (≥42 weeks), intrauterine growth retardation, 
and multiple gestation are fetal conditions associated with risk. 
During labor and delivery, fetal malpresentation (breech, trans-
verse lie), placental abruption, compression of the umbilical cord 
(prolapse, nuchal cord), precipitous labor, or intrauterine infection 
(prolonged rupture of membranes) may increase the risk to the 
mother or the fetus.

In general, the anesthetic management of the high-risk parturi-
ent is based on the same maternal and fetal considerations as the 
management of healthy mothers and fetuses. These include main-
tenance of maternal cardiovascular function and oxygenation, 
maintenance and possibly improvement of uteroplacental blood 
flow, and creation of optimal conditions for a painless, atraumatic 
delivery of an infant without significant drug effects. However, 
there is less physiologic reserve because many of these functions may 
be compromised before the induction of anesthesia. For example, 
significant acidosis is prone to develop in fetuses of diabetic mothers 
when delivered by cesarean with spinal anesthesia complicated by 
even brief maternal hypotension. Because the high-risk parturi-
ent may have received a variety of drugs, anesthesiologists must 
be familiar with potential interactions between these drugs and the 
anesthetic drugs they plan to administer.

Preeclampsia–Eclampsia

Hypertensive disorders, which occur in approximately 7% of all 
late pregnancies, are a major cause of maternal mortality. Gesta-
tional hypertension describes the development of elevated blood 
pressure after 20 weeks of gestation without proteinuria. Pre-
eclampsia is defined by hypertension with proteinuria and may be 
associated with many other signs and symptoms. Eclampsia is pres-
ent if convulsions occur. Preeclampsia–eclampsia is a disease of 
unknown etiology but is unique to human pregnancy. Symptoms 
can appear before the 20th week, with a hydatidiform mole. The 
condition requires the presence of a trophoblast but not a fetus.103

Many of the symptoms associated with preeclampsia, includ-
ing placental ischemia, systemic vasoconstriction, and increased 
platelet aggregation, may result from an imbalance in placental 
production of prostacyclin and thromboxane (Figs. 40-3 and  
40-4). During normal pregnancy, the placenta produces equiva-
lent quantities of these prostaglandins, whereas in preeclamptic 
pregnancy, there is 7 times more thromboxane than prostacy-
clin.104 An alternative etiology may be related to an inhibition of 
the normal trophoblastic migration of placental arterioles during 
the second trimester, thus preventing a low-resistance, high-flow 
placental circulation from developing.105 Endothelial injury is cen-
tral to the development of preeclampsia and occurs as a result of 
reduced placental perfusion and a production and release of sub-
stances (possibly lipid peroxidases). Abnormal endothelial func-
tion contributes to an increase in peripheral resistance and other 
abnormalities noted in preeclampsia through a release of fibronec-
tin, endothelin, and other substances.

Placental ischemia results in a release of uterine renin and an 
increase in angiotensin (Fig. 40-3). Widespread arteriolar vaso-
constriction occurs, causing hypertension, tissue hypoxia, and 
endothelial damage. Adherence of platelets at sites of endothelial 
damage results in coagulopathy. Enhanced angiotensin-mediated 
aldosterone secretion may lead to an increased sodium reabsorp-

tion and edema. Proteinuria may also be attributed to placental 
ischemia, which would lead to local tissue degeneration and a 
release of thromboplastin with subsequent deposition of fibrin 
in constricted glomerular vessels, as well as increased permeabil-
ity to albumin and other plasma proteins. Furthermore, there is 
believed to be a decreased production of prostaglandin E, a potent 
vasodilator secreted in the trophoblast, which normally would 
balance the hypertensive effects of the renin–angiotensin system. 
The HELLP syndrome is a particular form of severe preeclamp-
sia characterized by hemolysis, elevated liver enzymes, and low 
platelet count (thrombocytopenia). In contrast to preeclampsia, 
elevations in blood pressure and proteinuria may be mild.

Preeclampsia is classified as severe if it is associated with any of 
the following:

1. Severe hypertension
a. Systolic blood pressure of 160 mm Hg
b. Diastolic blood pressure of 110 mm Hg

2. Severe proteinuria of 5 g/24 hr

Decreased
uteroplacental

blood flow

Decreased
placental

prostaglandin

Release of
uterine renin

Angiotensinogen

Vasoconstriction

Angiotensin I
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Adrenal
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FIgURE 40-3. Proposed scheme of pathophysiologic changes in tox-
emia of pregnancy. (Reprinted from: Speroff L. Toxemia of pregnancy: 
Mechanism and therapeutic management. Am J Cardiol. 1973;32:582, 
with permission.)

9



 CHaPTeR 40 Obstetrical Anesthesia 1157

A
N

E
S
T
H

E
S
IA

 F
O

R
 S

U
R

G
IC

A
L
 

S
U

B
S
P
E
C

IA
LT

IE
S

3. Evidence of severe end-organ damage
a. Refractory oliguria (400 mL/24 hr)
b. Cerebral or visual disturbances
c. Pulmonary edema or cyanosis
d. Epigastric pain
e. Intrauterine growth retardation
f. Impaired liver function

Severe preeclampsia–eclampsia is a multisystem disease. Global 
cerebral blood flow is not diminished, but focal hypoperfusion 
may occur. Postmortem examination has revealed hemorrhagic 
necrosis in the proximity of thrombosed precapillaries, suggesting 
intense vasoconstriction. Cerebral edema and small foci of degen-
eration have been attributed to hypoxia. Petechial hemorrhages 
are common after the onset of convulsions. Symptoms related to 
these changes include headache, vertigo, cortical blindness, hyper-
reflexia, and convulsions. Blood pressure elevation correlates 
poorly with the incidence of seizures. Cerebral hemorrhage and 
edema account for 50% of deaths with preeclampsia–eclampsia.

Intense ocular arteriolar constriction may cause blurred vision, 
even temporary blindness. Heart failure may result in severe cases 
as a result of peripheral vasoconstriction and increased blood 

 viscosity secondary to hemoconcentration. Left ventricular hyper-
trophy, subendocardial hemorrhages, cloudy swelling, and fatty 
and hyaline degeneration may occur.

Decreased blood supply to the liver may lead to periportal 
necrosis. Subcapsular hemorrhage results in epigastric pain. 
Rarely, there is rupture of the overstretched liver capsule and 
massive hemorrhage into the abdominal cavity. There may be 
elevated aspartate aminotransferase, lactate dehydrogenase, and 
alkaline phosphatase, whereas bilirubin is unaltered.

In the kidneys, there is swelling of glomerular endothelial cells 
and deposition of fibrin, leading to a constriction of the capillary 
lumina. Renal blood flow and glomerular filtration rate decrease, 
resulting in reduced uric acid clearance and, in severe cases, 
reduced clearance of urea and creatinine. Oliguria and protein-
uria are characteristic symptoms of severe preeclampsia. The 
severity of renal involvement is reflected in the degree of protein-
uria, which may reach nephrotic levels of 10 to 15 g/24 hr.

A mild pulmonary ventilation–perfusion imbalance has been 
reported in severe cases. It is not believed to be clinically impor-
tant because the arterial oxygen tension was within normal limits. 
In contrast, airway edema, which may also occur in severe pre-
eclampsia, is of great concern because it may lead to respiratory 
embarrassment and difficulty in tracheal intubation. Pulmonary 
edema occurs in approximately 2% of severe preeclamptic 
patients as a result of heart failure, circulatory overload, or aspira-
tion of gastric contents during convulsions.

A reduction in intervillous blood flow may result from vaso-
constriction or the development of occlusive lesions in decidual 
arteries, despite the elevated maternal blood pressure. Reduced 
placental blood flow leads to chronic fetal hypoxia and malnutri-
tion. The risks of intrauterine growth retardation, premature 
birth, and perinatal death are substantially higher than in normal 
pregnancies and correlate with the severity of preeclampsia.

Although preeclampsia is accompanied by exaggerated reten-
tion of water and sodium, a shift of fluid and proteins from the 
intravascular into the extravascular compartment may result in 
hypovolemia, hypoproteinemia, and hemoconcentration. This 
phenomenon may be further affected by proteinuria. The risk of 
uteroplacental hypoperfusion and poor fetal outcome correlates 
with the degree of maternal plasma and protein depletion. The 
mean plasma volume in women with preeclampsia was found to 
be 9% less than normal, and in those with severe disease, 30% to 
40% below normal.106 The inverse relationship between the intra-
vascular volume and the severity of hypertension was confirmed 
with measurements of central venous pressure (CVP) (Fig. 40-5). 
Volume expansion may improve maternal tissue perfusion in 
patients with severe preeclampsia.

Adherence of platelets at sites of endothelial damage may result 
in consumption coagulopathy and thrombocytopenia. It is usually 
mild, with the platelet count in the range of 100,000 to 150,000/
mm3. High-dose steroids (>24 mg of beta or dexamethasone in 
24 hours) used to accelerate fetal lung maturity have been shown to 
prevent a worsening in platelet count or even increase platelet 
count in women with the HELLP syndrome107 (Fig. 40-6). Elevated 
levels of fibrin degradation products are found less frequently, and 
plasma fibrinogen concentrations remain normal unless there is a 
placental abruption. Prolongation of prothrombin and partial 
thromboplastin times indicates consumption of procoagulant. 
Bleeding time is no longer considered a reliable test of clotting.

General management

The definitive treatment of preeclampsia–eclampsia remains deliv-
ery of the fetus and placenta. Management is usually symptomatic 
until the obstetrician determines that delivery is appropriate  
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FIgURE 40-4. Comparison of the balance in the biologic actions of 
prostacyclin and thromboxane in normal pregnancy with the imbalance 
of increased thromboxane and decreased prostacyclin in preeclamptic 
pregnancy. (Reprinted from: Walsh SW. Preeclampsia: An imbalance in 
placental prostacyclin and thromboxane production. Am J Obstet 
Gynecol. 1985;152:335, with permission.)
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Magnesium potentiates the duration and intensity of action of 
depolarizing and nondepolarizing muscle relaxants by decreasing 
the amount of acetylcholine liberated from the motor nerve ter-
minals, diminishing the sensitivity of the end plate to acetylcho-
line, and depressing the excitability of the skeletal muscle 
membrane. Magnesium may also increase the severity of hypo-
tension under regional anesthesia and make it more difficult to 
treat. Judicious hydration with a balanced salt solution may be 
required to replace intravascular volume. In all cases, careful 
monitoring of arterial pressure and urine output should be 
started as soon as possible. In severe cases, invasive central pres-
sure monitoring may be required. A pulmonary artery catheter is 
safe and useful in guiding therapy for patients with pulmonary 
edema, renal failure, or eclampsia.109 Monitoring should be 
extended to the postpartum period.

Antihypertensive therapy in preeclampsia is used to lessen the 
risk of cerebral hemorrhage in the mother while maintaining, 
even improving, tissue perfusion. Hydralazine is the most com-
monly used vasodilator in preeclampsia because it increases 
uteroplacental and renal blood flow. Nitroprusside, a potent 
vasodilator of resistance and capacitance vessels, with an immedi-
ate but evanescent action, is useful in preventing dangerous eleva-
tions in systemic and pulmonary artery blood pressure during 
laryngoscopy and intubation, and is ideal for treatment of hyper-
tensive emergencies. Other agents used to control maternal blood 
pressure in preeclampsia include nitroglycerin and labetalol. 
Consumption coagulopathy may require infusion of fresh whole 
blood, platelet concentrates, fresh frozen plasma, and cryopre-
cipitate (see Chapter 16). Neuraxial anesthesia is contraindicated 
in patients with severe coagulopathy.

anesthetic management

Epidural, spinal, or CSE analgesia or anesthesia for labor and 
delivery should no longer be considered contraindicated, provided 
there is no severe clotting abnormality or plasma volume deficit.110 
In volume-repleted patients positioned with left uterine displace-
ment, neuraxial analgesia does not cause an unacceptable reduc-
tion in blood pressure and leads to a significant improvement in 
placental perfusion.111 With the use of radioactive xenon, it was 
shown that the intervillous blood flow increased by approximately 
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Milligan DA, Barton JR. Impact of high dose corticosteroid therapy for 
patients with HELLP [hemolysis, elevated liver function tests, and low 
platelets] syndrome. Am J Obstet Gynecol. 2000;183:921.)

for the fetus. The goals are to prevent or control convulsions, 
improve organ perfusion, normalize blood pressure, and correct 
clotting abnormalities. Mild cases may be managed expectantly with 
bed rest, antihypertensive medication, and fetal surveillance until 
the pregnancy is closer to term. Delivery is indicated in refractory 
cases if there is nonreassuring fetal status or if the pregnancy is 
already close to term. In severe cases, aggressive management should 
continue for at least 24 to 48 hours after delivery.

The mainstay of anticonvulsant therapy is magnesium sulfate 
(see Chapter 14). The patient usually receives an intravenous load-
ing dose of 4 g in a 20% solution over 5 minutes. Therapeutic 
blood levels are maintained by continuous infusion of 1 to 2 g/hr. 
Magnesium may cause mild peripheral arterial vasodilation. Mag-
nesium ions cross the placenta readily and may lead to fetal and 
neonatal hypermagnesemia. There is poor correlation between 
magnesium concentrations in the umbilical cord blood and the 
incidence of low Apgar scores and depression of ventilation at 
birth, which are more likely due to fetal asphyxia and prematurity. 
In fact, there is evidence that magnesium therapy is neuroprotec-
tive for the fetus and reduces the risk of cerebral palsy.108
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75% after the induction of epidural analgesia (10 mL of bupiva-
caine 0.25%).112

For cesarean delivery, the sensory level of anesthesia must 
extend to T3 to T4, making adequate fluid therapy and left uter-
ine displacement even more critical. The use of spinal anesthesia 
in severely preeclamptic women has been discouraged in favor of 
the continuous epidural technique. The concern is related to the 
fact that severely preeclamptic women can have significant intra-
vascular volume deficits related to widespread arteriolar vasocon-
striction, which may result in catastrophic hypotension with the 
sudden onset of extensive sympathectomy associated with spinal 
anesthesia. In fact, women with severe preeclampsia appear to be 
at lower risk of hypotension than normotensive women having 
cesarean delivery.113 Furthermore, studies to date have shown 
that the incidence and severity of hypotension is similar in women 
with severe preeclampsia having a cesarean delivery with spinal 
compared with epidural anesthesia.114,115 Thus, spinal anesthesia 
is emerging as a suitable alternative to epidural anesthesia for 
cesarean delivery in severely preeclamptic women. It is important 
to note that severely preeclamptic women need to be adequately 
prepared prior to neuraxial anesthesia with judicious hydration 
and control of blood pressure.

General anesthesia in preeclamptic patients has its particular 
hazards. Rapid-sequence induction of anesthesia and intubation 
of the trachea are occasionally difficult because of a swollen 
tongue, epiglottis, or pharynx (see Chapter 27). In patients with 
impaired coagulation, laryngoscopy and intubation of the trachea 
may provoke profuse bleeding. Marked systemic and pulmonary 
hypertension occurring at intubation and extubation enhance  
the risk of cerebral hemorrhage and pulmonary edema (Fig. 
40-7). However, these hemodynamic changes can be minimized 
with appropriate antihypertensive therapy, such as administra-
tion of labetalol or nitroprusside infusion. The use of ketamine 
and ergot alkaloids should be avoided. Magnesium may prolong 
the effects of all muscle relaxants through its actions on the myo-
neural junction. Therefore, relaxants should be administered 
with caution (using a nerve stimulator) to avoid overdosage. 

General anesthesia may be necessary in acute emergencies, such 
as abruptio placentae, and in patients who do not meet the crite-
ria for neuraxial anesthesia.

obstetric Hemorrhage

Worldwide, hemorrhage remains the leading cause of maternal 
mortality, causing 25% of peripartum death. The vast majority of 
these deaths occur in the developing world; however, there is evi-
dence that the rate and severity of hemorrhage are increasing in 
developed nations, including the United States.116–118

Antepartum hemorrhage occurs in association with placenta 
previa (abnormal implantation on the lower uterine segment  
and partial-to-total occlusion of the internal cervical os) and 
abruptio placentae. Placenta previa complicates approximately 
0.4% of pregnancies, resulting in up to 0.9% incidence of mater-
nal mortality and a 17% to 26% incidence of perinatal mortality. 
Risk factors for placenta previa include previous cesarean deliv-
ery, uterine surgery, or pregnancy termination. Other risk factors 
include smoking, AMA, multiparity, multiple gestation, and 
cocaine abuse. The risk for placenta previa increases in a “dose-
dependent” manner with the number of previous cesarean deliv-
eries and greater parity. The relative risk is 4.5 (95% confidence 
interval, 3.6 to 5.5) with one previous cesarean delivery, and it 
increases to 44.9 (95% confidence interval, 13.5 to 139.5) with 
four prior cesarean deliveries,119,120 which should be suspected 
whenever a patient presents with painless, bright red vaginal bleed-
ing, usually after the seventh month of pregnancy. Placenta previa 
may also be associated with an unstable or abnormal lie. The diag-
nosis is confirmed by ultrasonography. If bleeding is not profuse 
and the fetus is immature, obstetric management is conservative to 
prolong pregnancy. Admission to a high-risk unit is advisable if 
contractions or acute bleeding are present. Intravenous access and 
typed and cross-matched blood should be available at all times. In 
severe cases, or if the fetus is mature at the onset of symptoms, 
prompt delivery is indicated, usually by cesarean.
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FIgURE 40-7. Mean and SE of mean arterial pressure (MAP), mean pulmonary artery pressure (PAP), and pulmonary wedge 
pressure (PWP) in patients with severe preeclampsia receiving thiopental and nitrous oxide (40%) with 0.5% halothane an-
esthesia for cesarean section. (Reprinted from: Hodgkinson R, Husain FJ, Hayashi RH. Systemic and pulmonary blood pressure 
during cesarean section in parturients with gestational hypertension. Can Anaesth Soc J. 1980;27:389, with permission.)
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Anesthesia for delivery of patients with placenta previa may be 
with neuraxial anesthesia, provided the mother is hemodynami-
cally stable. Past recommendations for general anesthesia to pro-
vide “more control” are not supported by the literature, as there 
is no difference in complications between the two techniques, 
except that general anesthesia is associated with greater blood loss 
and greater need for transfusion. An emergency hysterectomy 
may be required if there is severe hemorrhage, even after delivery 
of the placenta, because of uterine atony. The risk of severe hem-
orrhage after attempted removal of the placenta is greatly 
increased in patients who have undergone prior uterine surgery, 
including cesarean delivery. This is related to a higher incidence 
of placenta accreta, which results from the penetration of myo-
metrium by placental villi. The risk of placenta accreta in women 
with previa increases from 3% in primary cesarean section to 61% 
in quaternary section.121 Indeed, placenta accreta is becoming the 
leading cause of cesarean hysterectomy, and the rate of cesarean 
hysterectomy due to abnormal placentation has increased from 
33/100,000 deliveries in 1994 to 1995 to 41/100,000 deliveries in 
2006 to 2007.122 The average blood loss during delivery of patients 
with placenta accreta is 3 to 5 L.

When placenta accreta is suspected or known, delivery is usu-
ally scheduled at 36 to 37 weeks’ gestation. Under controlled, 
elective conditions, complications can be minimized. Some insti-
tutions may use occlusive balloon catheters placed in the internal 
iliac arteries prior to surgical delivery. In the face of bleeding with 
either placenta previa or accreta, when maintenance of fertility  
is desired, embolization, uterine compression sutures, and/or 
methotrexate therapy may be attempted to avoid hysterectomy.123

Abruptio placentae complicates approximately 1% of deliver-
ies, usually in the final 10 weeks of gestation. Risk factors include 
smoking, trauma, cocaine abuse, multiple gestation, hyperten-
sion, preeclampsia, AMA, and preterm premature rupture of 
membranes. Complications include Couvelaire uterus (when 
extravasated blood dissects between the myometrial fibers), renal 
failure, disseminated intravascular coagulation, and anterior 
pituitary necrosis (Sheehan syndrome). The maternal mortality 
rate is high (1.8% to 11.0%), and the perinatal mortality rate is 
even higher, in excess of 50%. The diagnosis of abruptio placentae 
is based on the presence of uterine tenderness and hypertonus as 
well as vaginal bleeding of dark, clotted blood. Bleeding may be 
concealed if the placental margins have remained attached to the 
uterine wall. If the blood loss is severe (>2 L), there may be 
changes in the maternal blood pressure and pulse rate, indicative 
of hypovolemia. Fetal movement may increase during acute 
hypoxia or decrease if hypoxia is gradual. Fetal bradycardia and 
death may ensue. When placental separation is >50%, stillbirth is 
the likeliest outcome. Management of abruption depends on pre-
sentation, gestational age, and the degree of compromise. Man-
agement of milder cases of abruption includes artificial rupture of 
amniotic membranes and oxytocin augmentation of labor, if 
required. Distant from term, expectant management with close 
observation is reasonable. In the presence of nonreassuring fetal 
status, an emergency cesarean delivery may be performed. If fetal 
death has occurred, usually with severe abruption, vaginal deliv-
ery is reasonable if the mother is stable.

Postpartum hemorrhage is usually defined as blood loss  
>500 mL after vaginal delivery or >1,000 mL after cesarean sec-
tion. The incidence of postpartum hemorrhage is increasing in 
the United States, mainly due to an increase in uterine 
atony.116,117 Predisposing factors to atony include multiple ges-
tations, labor induction or augmentation, cesarean delivery, 
polyhydramnios, chorioamnionitis, hypertensive disorders of 
pregnancy, retained products of conception, and antepartum 
hemorrhage. Treatment of postpartum hemorrhage may require 

aggressive uterotonic therapy for atony or evacuation of the 
uterus for retained products of conception (Table 40-2). If there 
is a need for dilation and curettage, the anesthesiologist may be 
asked to provide uterine relaxation. This can be accomplished 
with volatile agents if the patient is under general anesthesia or 
with intravenous nitroglycerin if regional anesthesia or general 
anesthesia is used.

The anesthesiologist’s role in management of obstetric hem-
orrhage includes both maternal resuscitation and provision of 
anesthesia for cesarean delivery, cesarean hysterectomy, or 
dilation and curettage. The choice of anesthetic technique 
depends on the anticipated duration of surgery, maternal con-
dition and volume status, the potential for coagulopathy, and 
urgency of the procedure. General anesthesia is indicated in the 
presence of uncontrolled hemorrhage and/or severe coagula-
tion abnormalities. Neuraxial anesthesia, usually continuous 
epidural anesthesia, has been successfully used for hysterec-
tomy in planned, controlled situations. A saddle block is an 
option for anesthesia when dilation and curettage for treatment 
of postpartum hemorrhage is indicated and the patient is 
hemodynamically stable.

Maternal resuscitation in the setting of hemorrhage may 
require rapid securing of the airway if significant hemodynamic 
instability occurs, in addition to obtaining large bore intravenous, 
arterial, and possibly central venous access. All of these tasks may 
be challenging in the parturient and consideration should be 
given to performing them in advance of hemorrhage when hem-
orrhage is anticipated. Prompt transfusion of blood component 
therapy is crucial for replacement of blood loss, maintenance of 
tissue oxygenation, and correction of coagulopathy. Recently, 
transfusion rates for postpartum hemorrhage have increased 92% 
in the United States.117,118

Recently, there have been significant changes in transfusion 
practices for massive hemorrhage. The practice of transfusing 
packed red blood cells and fresh frozen plasma in a 1:1 ratio 

TAbLE 40-2. uterotoniC theraPy

Drug Dose Side Effects

Oxytocin 20–40 U in 
1,000 mL 
LR by 
continuous 
IV infusion

Hypotension, 
tachycardia

Ergot alkaloids 
(Methergine)

0.2 mg IM 
q2–4h prn

Hypertension, 
vasoconstriction

Coronary vasospasm

Bronchospasm

Carboprost 0.25 mg IM 
q15–60min 
prn

↑ cardiac output
↑ pulmonary 

vascular resistance

Bronchospasm

Nausea

Misoprostol 800–1,000 mg 
PR/PV/PO 
q2h

Fever
Nausea

Dinoprostone 20 mg PO q2h Hypotension

Nausea

LR, Lactated Ringer solution; IV, intravenous; IM, intramuscularly; prn, as  
needed; PR, rectally; PV, vaginally; PO, orally.
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decreases mortality from hemorrhage in trauma patients. Early 
administration of platelets and cryoprecipitate has also become 
common in hemostatic resuscitation protocols for major traumatic 
hemorrhage, and crystalloid and colloid administration is mini-
mized in favor of blood products (see Chapter 52). Hypothermia, 
metabolic acidosis, and coagulopathy commonly occur in trau-
matic and obstetric hemorrhage. Because of these commonalities, 
it has become common to extend these successful transfusion prac-
tices from the trauma literature to obstetric practice. Transfusion of 
cryoprecipitate should be incorporated early in obstetric hemor-
rhage because decreased fibrinogen levels strongly correlate with 
increased severity of postpartum hemorrhage.124

Other options are available to decrease transfusion require-
ments and reduce blood loss. Intraoperative cell salvage, formerly 
shunned because of concerns about the risk of amniotic fluid 
contamination of red cells, has been implemented safely during 
cesarean section in many centers.125 There is also increasing inter-
est in the use of prohemostatic agents for the treatment of obstet-
ric hemorrhage. Many case reports and series describe the safe 
and effective use of activated recombinant factor VII for intrac-
table hemorrhage.126 Also, the antifibrinolytic drug tranexamic 
acid has been shown to decrease bleeding in both elective cesar-
ean section and postpartum hemorrhage; however, further stud-
ies are needed to demonstrate its safety.127,128

Heart Disease

Heart disease during pregnancy occurs in about 1.6% of patients 
and is a leading nonobstetric cause of maternal morbidity and 
mortality, with a mortality rate ranging from 0.4% among 
patients in class I or II of the New York Heart Association’s func-
tional classification to 6.8% among those in classes III and IV. 
Medical and surgical advancements have changed the types of 
cardiac problems seen in pregnancy. Patients with congenital 
heart disease are reaching childbearing age, and the number of 
patients with rheumatic heart disease has declined. Older parturi-
ents (AMA) may present with aortic stenosis and insufficiency 
associated with a bicuspid aortic valve. AMA and obesity may be 
associated with coronary artery disease and myocardial ischemia. 
Deaths associated with congenital heart disease have decreased, 
but there appears to be an increase in deaths described as sudden 
arrhythmic death syndrome (SADS).129 Peripartum cardiomy-
opathy continues to be associated with a high rate of maternal 
morbidity and mortality.130,131

Cardiac decompensation occurs most commonly at the time of 
maximum hemodynamic stress; in the third trimester of preg-
nancy, during labor and delivery, and during the immediate post-
partum period. The increase in maternal blood volume, which 
occurs at 20 to 24 weeks’ gestation, may also precipitate cardiac 
decompensation. During labor, cardiac output increases progres-
sively above antepartum levels; with each uterine contraction, 
approximately 200 mL of blood moves into the central circulation. 
Consequently, stroke volume, cardiac output, and left ventricular 
work increase, and each contraction consistently increases cardiac 
output by 10% to 25% above that of uterine diastole. The greatest 
change occurs immediately after delivery of the placenta, when 
cardiac output increases to an average of 80% above prepartum 
values, and in some patients, it may increase by as much as 150%.

Evaluation of pre-existing heart disease is crucial and a multi-
disciplinary approach is necessary when managing patients with 
complicated cardiac disease during pregnancy and parturition. 
Many symptoms of pregnancy can mimic those of cardiac disease, 
complicating new diagnoses of cardiac disease during pregnancy. 
Labored breathing and venous stasis from aortocaval compres-

sion may mimic pulmonary and peripheral edema associated 
with congestive heart failure. Flow murmurs may be difficult to 
distinguish from those due to organic lesions. Finally, elevation of 
the diaphragm causes the heart to rotate, signs of which may be 
mistaken for cardiac hypertrophy. For the anesthesiologist, it is 
particularly important to understand how the hemodynamic 
consequences of different anesthetic techniques might adversely 
affect mothers with specific cardiac lesions. Invasive monitoring 
during labor and delivery is rarely indicated. Exceptions are 
patients with pulmonary hypertension, right-to-left shunts, or 
coarctation of the aorta. Because hemodynamic changes observed 
during labor and delivery persist into the postpartum period, if 
used, invasive monitoring should continue for 24 to 48 hours 
postpartum.

Congenital Heart Disease

Many patients with successful surgical repair of congenital heart 
defects are asymptomatic with minimal cardiac findings. Patients 
with uncorrected or partially corrected lesions may have serious 
cardiac decompensation with pregnancy. This includes patients 
with corrected tetralogy of Fallot who may have recurrence of a 
small ventricular septal defect or develop outflow obstruction. 
Neuraxial labor analgesia is recommended to minimize hemody-
namic changes associated with pain. Maintenance of SVR and 
venous return is necessary to prevent an increase in right-to-left 
shunt. Phenylephrine should be used to minimize and/or treat 
reduction in SVR associated with sympathetic blockade.

Patients with corrected ventricular septal defects or atrial sep-
tal defects require no special care, nor do those with small asymp-
tomatic atrial septal defects and ventricular septal defects. In 
symptomatic patients, neuraxial analgesia will minimize the 
increase in SVR associated with elevated catecholamines due to 
pain and may slightly decrease SVR, thus minimizing left-to-right 
shunting through the defect. Large ventricular septal defects or 
atrial septal defects are associated with pulmonary hypertension. 
Patients with these lesions require invasive monitoring and an 
analgesic technique that maintains SVR, heart rate, and pulmo-
nary vascular resistance.

Eisenmenger’s syndrome occurs when uncorrected left-to-
right shunt results in pulmonary hypertension, which, when 
severe, reverses flow to a right-to-left shunt. Pregnancy is not well 
tolerated and mortality can approach 30%, most commonly from 
embolic phenomena. Management of these patients is challeng-
ing. Invasive monitoring of arterial and cardiac filling pressures is 
indicated as the right ventricle being at greater risk of dysfunction 
than the left ventricle. Thus, measuring the right atrial pressure is 
useful in this setting. Implementing labor analgesia that does not 
lead to deleterious hemodynamic changes is a challenge; opioid-
based neuraxial techniques (e.g., CSE, continuous spinal) com-
bined with a dilute local anesthetic may be the best option.

Cesarean delivery is most often accomplished under general 
anesthesia in women with Eisenmenger’s syndrome. It should be 
recognized that arm-to-brain circulation times are rapid owing to 
right-to-left intracardiac shunts; drugs given intravenously have a 
rapid onset of action. In contrast to parenteral drugs, the rate of 
rise of arterial concentrations of inhaled drugs is slow because of 
decreased pulmonary blood flow. The myocardial depressant and 
vasodilating actions of volatile drugs may be hazardous in patients 
with Eisenmenger’s syndrome, and nitrous oxide, which may 
increase pulmonary vascular resistance, should be avoided. Posi-
tive-pressure ventilation (PPV) of the lungs may also decrease 
pulmonary blood flow. Sympathetic blockade with CSE anesthe-
sia may lead to cardiovascular decompensation. Thus, mainte-
nance of preload using phenylephrine and fluids, guided by CVP 
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measurements, is essential if regional anesthesia is selected. 
Hemodynamic monitoring for 48 hours postpartum is essential.

valvular Heart Disease

The decrease in incidence of rheumatic heart disease in the devel-
oped world has resulted in few parturients with valvular heart 
disease. Aortic stenosis is now likely associated with a bicuspid 
valve in the patient with AMA. Table 40-3 summarizes the goals 
of management of patients with valvular heart disease.

Patients with prosthetic heart valves present a different chal-
lenge in pregnancy. Bioprostheses avoid the risk of thrombosis 
and the need for anticoagulation. There is, however, concern that 
pregnancy hastens the rate of valve deterioration. Mechanical 
valves require anticoagulation. Warfarin is associated with a 
lower incidence of thrombosis, than is heparin, but is associated 
with unacceptable fetal risk. Unfractionated heparin (UFH) and 
low-molecular-weight heparin (LMWH) do not cross the pla-
centa but it is more difficult to ensure appropriate anticoagula-
tion. The American College of Cardiology recommends any of 
the following options once pregnancy is confirmed133: 

 ■ Continue warfarin until 36 weeks, then convert to UFH or 
LMWH.

 ■ Use UFH or LMWH 6 to 12 weeks, and after 36 weeks with 
warfarin, use 12 to 36 weeks.

 ■ Use LMWH throughout pregnancy.

Primary Pulmonary Hypertension

Primary pulmonary hypertension (PPH) is seen predominantly 
in young women. Pulmonary hypertension is defined as mean 
pulmonary artery pressure over 25 mm Hg at rest or 30 mm Hg 
with exercise. The cause is unclear but is associated with endothe-
lial dysfunction. Although uncommon in pregnancy, PPH is 
associated with a very high maternal mortality; pregnancy is dis-
couraged and termination is advised should pregnancy occur.

The mode of delivery of these patients is contentious. Vaginal 
delivery is associated with smaller hemodynamic shifts and less 
risk for bleeding. However, emergency cesarean delivery for 
maternal or fetal deterioration may be needed. Planned cesarean 

delivery may offer advantage of ensuring optimal conditions and 
the availability of experienced staff.

Pain during labor and vaginal delivery is especially detrimental 
because it may further increase pulmonary vascular resistance and 
decrease venous return. Neuraxial analgesia is useful for prevent-
ing pain-induced increases in pulmonary vascular resistance. 
Dilute local anesthetic solutions with the addition of opioids will 
minimize the decrease in SVR. General and epidural anesthesia 
have been used for cesarean delivery. Spinal anesthesia may result 
in a sudden decrease in SVR and is thus not recommended for 
cesarean delivery. Risks of general anesthesia include increased 
pulmonary artery pressures during laryngoscopy and tracheal 
intubation, the adverse effects of PPV on venous return, and the 
negative inotropic effects of volatile anesthetics. Nitrous oxide 
may further increase pulmonary vascular resistance and should 
not be used. In addition to oxygen, the administration of isopro-
terenol, inhaled nitric oxide, calcium channel blockers, or sildena-
fil may be useful for decreasing pulmonary vascular resistance. 
Hemodynamic monitoring, including systemic and pulmonary 
arterial pressures, remains controversial in these patients, with no 
evidence to support the use of pulmonary artery catheters. Pul-
monary artery rupture and thrombosis are risks of pulmonary 
artery catheters in the presence of pulmonary hypertension, but 
some argue that the benefits in these critically ill patients appear to 
offset these potential hazards. Maternal mortality is estimated 
between 30% and 55%, with most deaths due to right heart failure 
that occurs during labor and the early postpartum period.132

Cardiomyopathy of Pregnancy

Cardiomyopathy of pregnancy is left ventricular failure occurring 
late in pregnancy or in the first 6 weeks postpartum. It occurs in 
approximately 1 in 3,000 births and is associated with a maternal 
mortality of 25% to 50%. It is a diagnosis of exclusion, the etiology 
thought to be related to myocarditis or an abnormal immune 
response. Risk factors include AMA, multiparity, multiple gesta-
tion, obesity, hypertension, and preeclampsia.131,133 Good long-
term prognosis is related to recovery of left ventricular function 
within 6 months of delivery. A left ventricular ejection fraction of 
<25% at diagnosis is associated with poor long-term outcome, even 
with recovery after pregnancy, and these patients should be coun-
seled against future pregnancies. If the cardiomyopathy persists, 
the mortality may be as high as 50%; many patients with persistent 
cardiomyopathy become transplant candidates. Medical manage-
ment includes preload optimization, afterload reduction, and ther-
apy to improve myocardial contractility. Patients may require 
thromboprophylaxis. Intrapartum anesthetic management is 
directed at minimizing cardiac stress and thus decompensation, 
and may be aided by invasive hemodynamic monitoring.

Coronary artery Disease and myocardial infarction

Acute myocardial infarction during pregnancy is rare, occurring in 
1 in 10,000 to 30,000 women. It is associated with a maternal mor-
tality as high as 37% as well as a high infant mortality rate (9%). As 
more women with risk factors become pregnant, this complication 
will increase in frequency. The left anterior descending artery is 
most commonly affected, with 47% of infarcts associated with cor-
onary spasm (i.e., normal angiogram) and another 16% associated 
with coronary artery dissection. Risk factors include smoking, obe-
sity, AMA, diabetes, hypertension, and hyperlipidemia. Women 
older than 35 years are at greatest risk; the risk is 30-fold higher in 
women older than 40 years, compared to women younger than 20 
years. The ergot alkaloids should be avoided because they can lead 
to coronary vasospasm, as can cocaine use.134

TAbLE 40-3.  hemodynamiC goals with 

valvular lesions

Lesion Goal

Aortic stenosis Sinus rhythm

Maintain HR

Avoid ↓ SVR

Maintain venous return

Aortic insufficiency Mild ↑ HR

Avoid ↑ SVR

Mitral stenosis Sinus rhythm

↓ HR

Maintain SVR

Maintain venous return

Mitral insufficiency Sinus rhythm

Mild ↑ HR

Avoid ↑ SVR

Avoid ↑ venous return

SVR, systemic vascular resistance; HR, heart rate.
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Diagnosis may be difficult as symptoms of ischemia may 
mimic common nonspecific complaints during pregnancy. Thus 
the greatest obstacle to diagnosis is a low index of suspicion. Car-
diac troponin I levels are increased if cardiac muscle injury occurs. 
However, preeclampsia and gestational hypertension may also 
increase troponin levels. Therefore, electrocardiography (ECG) is 
an important diagnostic tool.

Delivery within 2 weeks of the infarct is associated with a high 
rate of reinfarction and death. Thus, delaying delivery, if possible, 
should be considered. Vaginal delivery is associated with lower 
morbidity and mortality than cesarean delivery. Intrapartum 
monitoring should mimic intraoperative monitoring of the non-
obstetric patient with a recent myocardial infarction.

In the event of cardiac arrest in late pregnancy, left lateral dis-
placement of the uterus should be achieved, and if cardiopulmo-
nary resuscitation is unsuccessful, the fetus should be delivered 
within 5 minutes to improve maternal and infant survival.135

sudden arrhythmic Death syndrome

SADS is defined as sudden cardiac death where all other causes 
are eliminated. Under this diagnosis are those cases where the 
heart is normal on autopsy and all stimulant drugs ruled out as 
cause of death. Some are identified as likely due to conduction 
defects by examination of relatives, the remainder are presumed 
to be related to arrhythmias.129 An association between obesity 
and SADS has been suggested.

Diabetes mellitus

Diabetes occurs in approximately 3% of pregnancies and 8% of 
gravidae of AMA. The incidence is increasing, in parallel with the 
increase in population obesity and type 2 diabetes.136 Gestational 
diabetes mellitus is diabetes or glucose intolerance that is first 
diagnosed during pregnancy. Gestational diabetes mellitus is asso-
ciated with increased adverse outcome, including macrosomia, 
neonatal hypoglycemia, hyperbilirubinemia, and intrauterine fetal 
demise, as well as an increased risk of obesity and diabetes in off-
spring later in life. Women with gestational diabetes mellitus are at 
increased risk for development of type 2 diabetes later in life.

Pre-existing type 1 or 2 diabetes is also associated with adverse 
pregnancy outcomes, including congenital malformations. Vas-
culopathy, nephropathy, and retinopathy may be exacerbated by 
pregnancy. Tight glycemic control before and during pregnancy 
may decrease the risk of adverse outcomes. Although a rare 
occurrence, normal physiologic changes of pregnancy contribute 
to a propensity for diabetic women, especially type 1 diabetics, to 
develop diabetic ketoacidosis (DKA).137 DKA occurs at lower glu-
cose levels in pregnancy due to enhanced lipogenesis and keto-
genesis. Beta-adrenergic therapy and steroid administration may 
also increase the likelihood of developing DKA. Maternal mortal-
ity from DKA is unusual, fetal mortality is high.

Guidelines for the management of pregnant diabetics focus on 
glycemic control. A blood sugar of 60 to 120 mg/dL is desirable 
and insulin therapy is needed if fasting blood sugar levels are  
>100 mg/dL.138 Maternal insulin requirements increase progres-
sively during the second and third trimesters. Fetal surveillance is 
more intense in diabetic women. Antenatal surveillance with twice 
weekly nonstress tests often begins at 28 weeks. Delivery at 38 
weeks’ gestation may be considered if estimated fetal weight 
exceeds 4,500 g or fetal surveillance indicates the need for delivery.

There is no compelling evidence that one analgesic or anes-
thetic technique is superior to another when caring for diabetic 
parturients. Patients with pregestational diabetes should be 

assessed for comorbidities. Neuraxial labor analgesia does not 
appear to alter peripartum insulin and glucose requirements. 
Intrapartum blood glucose levels should be monitored frequently, 
and glucose administration and insulin therapy should be titrated 
to maintain maternal glucose concentration between 60 and  
120 mg/dL. Insulin requirements decrease shortly after delivery.

obesity

In the United States, more than 60% of the adult population is over-
weight or obese, not surprising, obesity in pregnancy mimics this 
incidence. Obese women are more likely to have antenatal comor-
bidities, such as chronic hypertension, diabetes mellitus, and pre-
eclampsia.139 Obstetric outcome may also be affected by maternal 
obesity; there is a greater risk of fetal congenital cardiac anomalies, 
macrosomia, and shoulder dystocia. Abnormal labors and failed 
inductions of labor, are more likely to occur. Overall cesarean deliv-
ery rates, and specifically emergency cesarean delivery rates, increase 
with increasing body mass index. Preanesthetic evaluation of the 
obese parturient should be performed with anticipation of these 
complications and a multidisciplinary care plan should be gener-
ated. Careful airway evaluation is required and alternative airway 
equipment must be readily available, especially as the use of general 
anesthesia for cesarean delivery is higher in the obese parturient 
than in her nonobese peers. In addition, the extent of comorbidities 
such as hypertension and diabetes mellitus should be assessed, as 
these occur more frequently in obese patients.140 Continuous neur-
axial analgesia is the preferred option for pain relief during labor 
because it provides excellent pain relief without sedation/obtunda-
tion, prevents additional demands on the cardiorespiratory system 
of the obese patient. Most importantly, a well-functioning neuraxial 
anesthetic for labor may also be used for anesthesia for instrumental 
vaginal or cesarean delivery, thus avoiding airway manipulation. For 
cesarean delivery, the choice of anesthetic depends on maternal and 
fetal conditions. The panniculus must be positioned carefully to 
prevent cardiorespiratory embarrassment. A continuous neuraxial 
anesthetic technique should be considered over a “single-shot” 
technique because there may be unpredictable spread of local anes-
thetic and because a prolonged surgical duration can be anticipated. 
Thus, the procedure itself may outlast the effective anesthesia from 
the latter. Obesity is associated with an increased risk for maternal 
death related to increased incidence of infection, diabetes, pre-
eclampsia, and thromboembolism. Anesthesia-related maternal 
mortality is also increased, primarily related to airway difficulties.

advanced maternal age

In 2002, almost 14% of all births in the United States occurred in 
women aged 35 years or older.141 In 2003, the percentage of pri-
miparas 35 years and older was 10%.142 In Canada in 2002, live 
births to women 30 to 34 years old accounted for 30.6% of all 
births; to women aged 35 to 39 years old, 14.1%; and to women 
40 years and older, 2.6%. Some studies have reported higher 
maternal morbidity as well as perinatal morbidity and mortality 
in older gravidae,143–145 suggesting that pregnancy in older women 
may be a “medical problem.”

Both patients and health-care professionals hold the view that 
AMA results in poorer outcomes. Medically, this is rationalized 
by the higher prevalence of chronic medical conditions in older 
patients compared with younger ones. In one study, almost half 
of the pregnant women older than 45 years of age had pre-exist-
ing medical problems.144 Cleary-Goldman et al.145 found that 
38% of 36,000 patients older than 35 years of age took medication 
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for pre-existing conditions. In addition, many older pregnant 
patients have been infertile or subfertile or had a previous poor 
obstetric outcome. Seven percent had prior preterm delivery and 
26% had a previous miscarriage.146

Obstetrical management should be focused on the patient’s 
comorbidities. AMA is independently associated with gestational 
diabetes, preeclampsia, placental abruption, and cesarean delivery. 
Older gravidae are more likely to have a weight of >70 kg, hyper-
tension, diabetes mellitus, and a bad obstetric history. These med-
ical problems complicate the pregnancy and its management. 
Pregestational hypertension occurs more frequently in patients 
over 30 years of age.147 Patients with chronic hypertension are 
more likely to develop superimposed preeclampsia (78%), deliver 
by cesarean (71%), and deliver before 37 weeks’ gestation than the 
normotensive patient. Hypertensive parturients are at greater risk 
for placental abruption, congestive heart failure, pulmonary edema, 
and hypertensive encephalopathy. Further, older parturients are 
more likely to require prolonged hospitalization and are more likely 
to be admitted to the intensive care unit than younger parturients.

Cesarean delivery is performed more frequently in those with 
AMA. In some patients, the need for cesarean delivery is related to 
coexisting problems such as hypertension, preeclampsia, placental 
abruption, or fetal macrosomia. AMA is also independently asso-
ciated with an increased likelihood for cesarean delivery. Lin  
et al.148 reported that over a 5-year period, “request cesarean deliv-
ery” rates rose steadily in all patients but rose disproportionately 
in patients with AMA. Women over the age of 34 years were twice 
as likely to request cesarean delivery compared with those aged  
25 years or younger. The cesarean delivery rate for mothers 30 to 
34 years of age was 37%, and for mothers older than 34 years, it 
was 48%.148 The complex sociodemographic explanation for the 
increased requests for cesarean delivery is yet to be fully ascer-
tained and the long-term medical cost has yet to be defined.149,150 
Cesarean delivery is associated with increased maternal risk com-
pared with uncomplicated vaginal delivery. These include short-
term risks of cesarean delivery such as hemorrhage, infection, 
ileus, and aspiration pneumonitis. In addition, hysterectomy 
occurs 10 times more frequently following cesarean delivery com-
pared with vaginal delivery. The risk of maternal death is 16 times 
greater. Long-term morbidity includes adhesions, bowel obstruc-
tion, bladder injury, and increased risk for placenta previa or ecto-
pic pregnancy in subsequent pregnancies.151

Older women believe that their age makes their infant more 
vulnerable and, as such, believe a controlled cesarean delivery is 
safer than vaginal delivery. Other explanations for increased 
requests for cesarean delivery include concerns about physical 
stamina, protection of the pelvic floor from damage, refusal to 
undergo labor pain, and social convenience. Patient beliefs run 
counter to the many studies that show that cesarean delivery in 
the absence of clinical indications increases maternal mortality 
and perinatal morbidity.149,150

Perinatal complications are also significant in patients with 
AMA; multiple gestations,151 both iatrogenic and naturally occur-
ring, are more common in older gravidae. The incidence of mis-
carriage, congenital anomalies, preterm delivery, low birth weight, 
and intrauterine and neonatal death also increase with age.

pRETERM DELIVERY

Preterm labor and delivery (before 37 completed weeks of gesta-
tion) present a significant challenge to the anesthesiologist 
because both mother and infant may be at risk. Although preterm 
deliveries occur in 8% to 10% of all births, they account for 

approximately 80% of early neonatal deaths. In general, the mor-
tality and morbidity rates are higher among preterm infants than 
among small-for-gestational-age infants of comparable weight. 
Severe problems that may develop in preterm infants are respira-
tory distress syndrome, intracranial hemorrhage, hypoglycemia, 
hypocalcemia, and hyperbilirubinemia. With improved neonatal 
intensive care, preterm infants who weigh >1,500 g often survive 
without severe long-term impairment. The very low-birth-weight 
infant (<1,500 g) is still at greater risk for significant long-term 
impairment.153

Obstetricians will try to stop preterm labor to enhance fetal 
lung maturity. Delaying delivery by even 24 to 48 hours may be 
beneficial if glucocorticoids are administered to the mother. Vari-
ous agents have been used to suppress uterine activity (tocolysis), 
including ethanol, magnesium sulfate, prostaglandin inhibitors, 
b-sympathomimetics, and calcium channel blockers (Table 40-2).

It is thought that the premature infant is more vulnerable 
than the term newborn to the effects of drugs used in obstetric 
analgesia and anesthesia. However, there have been few system-
atic studies to determine the maternal and fetal pharmacokinet-
ics and dynamics of drugs throughout gestation. There are 
several postulated causes of enhanced drug sensitivity in the pre-
term newborn, including: 

 ■ Less protein available for drug binding
 ■ Higher levels of bilirubin, which may compete with the drug 

for protein binding
 ■ Greater drug access to the central nervous system (CNS) 

because of a poorly developed blood–brain barrier
 ■ Greater total body water and lower fat content
 ■ A decreased ability to metabolize and excrete drugs. 

However, these deficiencies of the preterm infant may not be 
as serious as we have been led to believe. Serum albumin and a1-
acid glycoprotein concentrations are lower in the preterm fetus; 
however, this would primarily affect drugs that are highly bound 
to these proteins. Most drugs used in anesthesia exhibit only 
low-to-moderate degrees of binding in the fetal serum. Approxi-
mately 50% for etidocaine and bupivacaine, 25% for lidocaine, 
52% for meperidine, and 75% for thiopental.

The placenta efficiently eliminates fetal bilirubin. Thus, the 
hyperbilirubinemia of prematurity normally occurs in the postpar-
tum period. With the exception of diazepam, bilirubin does not 
compete with anesthetic drugs because most are bound to other 
serum proteins (e.g., meperidine and local anesthetics bind to a1-
acid glycoproteins). It seems likely that the human blood–brain 
barrier develops substantially in early gestation. Thus, factors such 
as tissue affinity changes may account for differences between 
immature and mature brain uptake of highly lipid-soluble drugs.

Greater total body water in the preterm fetus results in a 
greater volume of distribution for drugs (see Chapter 7). Thus, to 
achieve equal blood concentrations, the immature fetus must 
receive a greater amount of drug transplacentally than the mature 
fetus. A study of age-related toxicity of lidocaine in sheep showed 
that the greater the volume of distribution, the greater the dose 
required to achieve toxic blood concentrations of the drug.41 
Decreased ability to metabolize or excrete drugs that is associated 
with prematurity is certainly not a universal phenomenon. In a 
study comparing the pharmacokinetics of lidocaine in preterm 
newborns and adults, plasma clearance was similar in both 
groups.40 Neonates excreted much more unchanged lidocaine 
than did adults. Similarly, although meperidine metabolism is 
more limited in the neonate than in the adult, urinary excretion 
of the unchanged drug is greater in the neonate.

Gestational changes in maternal serum albumin and a1-acid 
glycoprotein concentrations, which tend to decrease, may also 
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play a role in drug availability. Serial determinations of protein 
binding of diazepam, phenytoin, and valproic acid in maternal 
serum, performed in early (8 to 16 weeks), middle (17 to  
32 weeks), and late pregnancy, showed a progressive increase in 
the unbound fraction of these drugs.153 This increases drug avail-
ability for placental transfer. Placental permeability itself increases 
as pregnancy progresses because of the increased area and 
decreased thickness of tissue barriers.

It therefore appears that in selection of the anesthetic drugs 
and techniques for delivery of a preterm infant, concerns regard-
ing drug effects on the newborn are far less important than pre-
vention of asphyxia and trauma to the fetus. For labor and vaginal 
delivery, well-conducted neuraxial anesthesia is advantageous in 
providing good perineal relaxation. Preterm infants with breech 
presentation are usually delivered by cesarean as are very low- 
birth-weight infants (<1,500 g). If neuraxial anesthesia is used, 
nitroglycerin should be available for uterine relaxation. If vaginal 
delivery occurs with a breech infant and there is head entrapment, 
general anesthesia or nitroglycerin may be needed for uterine 
relaxation.

HUMAN IMMUNODEFICIENCY  

VIRUS AND ACqUIRED 

IMMUNODEFICIENCY SYNDROME

Women now represent nearly half of the people worldwide living 
with human immunodeficiency virus (HIV) (see Chapter 13). 
Thus it is the rare labor and delivery unit that will not be caring 
for HIV-positive women. There is no evidence that pregnancy 
accelerates the progression of the disease. However, there is com-
pelling interest to prevent vertical transmission of HIV from the 
mother to the fetus. The risk of intrauterine infection is 4.4%. 
Intrapartum transmission accounts for 60% of the risk of peri-
partum transmission and the remainder is through breastfeeding. 
However, when antiretroviral therapy is given to women with 
HIV perinatally, and to the newborn in the first weeks of life, ver-
tical transmission is reduced by 66%.154,155

The choice of anesthetic technique for delivery should be 
based on maternal condition, obstetric considerations, and 
patient desires. HIV is a multiorgan disease, often with complex 
and changing medical management. Patients with high CD4 
counts (>500 to 700/mm3) often are not taking antiretroviral 
agents and have little or no end-organ damage. Patients with very 
low CD4 counts (<200/mm3) are likely to be taking multiple anti-
retroviral and other medications. This group should have more 
extensive evaluation, with complete blood count, clotting studies, 
and liver and renal function tests. A history of cardiac or pulmo-
nary dysfunction warrants obtaining ECG, echocardiogram, 
pulmonary function tests, and/or arterial blood gases in some 
patients.156

In the early years of the HIV/AIDS epidemic, concern was 
expressed regarding both general and neuraxial anesthesia, 
although there was no evidence of harm. Pulmonary disease was 
a concern for general anesthesia, and there were early concerns of 
CNS HIV infection with neuraxial anesthesia. We now have 
extensive experience with neuraxial anesthesia in this patient 
population, without reports of unique complications.157 There 
has been concern that an epidural blood patch, particularly if the 
viral load is high, may accelerate neurologic symptoms of the dis-
ease. In a more recent case series of six patients with HIV infec-
tion and PDPH requiring epidural blood patch, there was no 
evidence of acceleration of HIV symptoms.158

SUbSTANCE AbUSE

Nearly 90% of women who abuse tobacco, drugs, or alcohol are 
of childbearing age. The most commonly abused substances in 
society as well as in pregnancy are alcohol, tobacco, cocaine, mar-
ijuana, opioids, caffeine, amphetamines, and to a lesser extent, 
hallucinogens and solvents. Substance abuse may significantly 
impact the intrapartum anesthetic management and may result in 
obstetric crises that require the intervention or assistance of an 
obstetric anesthesiologist. Diagnosis of the patient who is not 
under the effect of a substance at admission may be made when 
she, or her infant, develops withdrawal symptoms or the newborn 
is diagnosed with a syndrome related to in utero exposure.

Tobacco abuse

Smoking is the most commonly abused substance in pregnancy. 
Smoking during pregnancy has been associated with miscar-
riages, intrauterine growth retardation, and increased risk of pre-
mature rupture of membrane, placental previa, abruptio 
placentae, preterm delivery, impaired respiratory function in 
newborns, and sudden infant death syndrome. The pregnant 
patient is at greater risk for bronchitis, pneumonia, and asthma. 
Nicotine causes vasoconstriction and thus may decrease placental 
blood flow and oxygen delivery to the fetus; of interest, smoking 
appears to be protective for the development of preeclampsia.

alcohol

In a pregnant female, heavy alcohol consumption may be asso-
ciated with liver disease, coagulopathy, cardiomyopathy, and 
esophageal varices, and can alter drug metabolism. In the fetus, 
alcohol has been linked to fetal alcohol syndrome. The preva-
lence of fetal alcohol syndrome is approximately one-third of 
infants of heavy maternal drinkers (>3 oz of absolute alcohol 
per day). Neurobehavioral deficit and IUGR have been demon-
strated in infants of moderate drinkers (102 oz/day). The partu-
rient who abuses alcohol is at further increased risk for aspiration 
compared with the average pregnant individual. She may have 
hepatic dysfunction, cardiac failure, or coagulopathy. Acute 
alcohol withdrawal may present within 6 to 48 hours of  
abstinence; thus, it may occur intrapartum or postpartum. The 
signs and symptoms of alcohol withdrawal include nausea and 
vomiting, hypertension, tachycardia, dysrhythmias, seizures,  
and cardiac failure. These are easily mistaken for other disease 
entities.

opioids

Opioid abuse has multiple implications for both mother and 
fetus. The intravenous opioid abuser may have septic thrombo-
phlebitis, HIV, endocarditis, or hepatitis. These patients are at an 
increased risk for developing preeclampsia and third-trimester 
bleeding. They will develop withdrawal symptoms should an ago-
nist/antagonist be administered for pain relief in labor.

The anesthetic management of a chronic opioid user should 
include the continuation of opioids throughout labor and into 
the postpartum period to prevent acute opioid withdrawal. These 
patients are likely to have increased opioid requirements. Those 
patients with a history of opioid abuse who are on methadone 
maintenance should have a stable peripartum course. Neuraxial 
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anesthesia is safe in these patients, but one must continue a main-
tenance dose of systemic opioid to prevent withdrawal symp-
toms, despite neuraxial labor analgesia. Neonates will have 
neonatal abstinence syndrome, which will require close observa-
tion and treatment.

marijuana

Marijuana is frequently abused by women of childbearing age. 
Delta-9-tetrahydrocannabinol (THC) readily crosses the placenta 
and may directly affect the fetus. It has been associated with pre-
term labor and intrauterine growth retardation. The parturient 
who chronically uses marijuana has an increased incidence of 
respiratory problems, including bronchitis and emphysema, and 
thus may be at risk for respiratory complications related to gen-
eral anesthesia. Acute marijuana use may be associated with  
cardiovascular stimulation at moderate doses and myocardial 
depression at higher doses.

Cocaine

Women acutely ingesting cocaine generally display euphoria, 
tachycardia, and hypertension. More serious manifestations may 
include seizure and coma, myocardial infarction, pulmonary 
edema, or subarachnoid hemorrhage. Sudden death may occur 
from a lethal ventricular dysrhythmia. Cocaine use in the first tri-
mester may cause congenital anomalies. Later in pregnancy, 
cocaine use may be associated with premature labor, intrauterine 
growth retardation, and nonreassuring fetal status because of 
uteroplacental insufficiency or placental abruption. Therapy is sup-
portive, primarily aimed at controlling cardiovascular and CNS 
consequences of cocaine use. Hypertension related to acute cocaine 
ingestion may be the primary etiology of cerebral hemorrhage, or 
cocaine may cause vasospasm and cerebral infarction. Pure  
b-antagonist drugs should be avoided because of the potential for 
worsening hypertension related to unopposed a-receptor stimu-
lation by cocaine. The choice of anesthetic depends on maternal 
and fetal conditions, the planned procedure (vaginal or cesarean 
delivery), and urgency. General anesthesia may be associated with 
uncontrolled hypertension/tachycardia and life-threatening dys-
rhythmias in women using cocaine. Neuraxial anesthesia may also 
be complicated by cocaine use. Cocaine is a local anesthetic, and 
systemic toxicity may be additive when using amide local anesthet-
ics for epidural anesthesia. Esters compete with cocaine for metab-
olism, resulting in decreased metabolism of both drugs. Chronic 
cocaine use may be associated with thrombocytopenia. The inci-
dence and severity of hypotension related to neuraxial anesthesia 
may be greater in chronic cocaine-abusing parturients compared 
with controls, and hypotension may be more difficult to treat. 
Direct-acting agents are more effective and predictable in chronic 
cocaine abusers. Fetal exposure to cocaine may alter the developing 
brain, contributing to an increased susceptibility to addiction.159

amphetamines

Amphetamines are noncatecholamine sympathomimetic drugs. 
They are often abused in conjunction with other CNS stimulants 
such as cocaine. They can be taken orally or intravenously (meth-
amphetamine) or smoked, as crystal methamphetamine. Ecstasy is 
an analog of methamphetamine that has become tremendously 
popular in young adults. Amphetamine use leads to an increased 
release of norepinephrine, leading to hypertension, tachycardia, 

dysrhythmias, dilated pupils, hyperpyrexia, proteinuria, agitation, 
confusion, and seizures. These signs and symptoms closely resem-
ble those of cocaine abuse. Methamphetamine abuse has been asso-
ciated with stroke in pregnant women as well as fetal and infant 
deaths. Amphetamines taken early in pregnancy can result in fetal 
anomalies. Later in pregnancy, placental abruption may lead to 
fetal death. The anesthetic management of patients who abuse 
amphetamines is similar to that of cocaine abusers (Table 40-4).

FETAL MONITORINg

The development of biophysical monitoring of the fetus during 
labor and delivery has had a tremendous impact on obstetric 
practice since the early 1970s. Monitoring procedures are now 
performed routinely, and it is important that the anesthesiologist 
understand the basic principles of the technology as well as the 
interpretation of results. With the growing sophistication of elec-
tronic devices, and specifically the science of telemetry, we can 
look forward to better surveillance of both mother and fetus with-
out the loss of maternal freedom and activity that monitoring 
currently entails.

electronic fetal monitoring

Intrapartum electronic FHR monitoring is the most common 
obstetric procedure performed.160 An electronic fetal monitor is a 
two-channel recorder of FHR and uterine activity. In the internal 
system, the fetal ECG is obtained from an electrode attached to 
the presenting part. Intrauterine pressure is measured continu-
ously with a transducer connected to a saline-filled catheter that is 
inserted transcervically. Internal monitoring is quantitative but 
requires rupture of the membranes and a cervical dilation of at 
least 1.5 cm. In addition, the presenting part must be in the true 
pelvis. External fetal monitoring uses data obtained indirectly 
from transducers secured to the mother’s abdomen with adjust-
able straps. Ultrasound cardiography is the most commonly used 
method of obtaining FHR signals. Uterine activity is monitored 
with a tocodynamometer triggered by the changing shape of the 
uterus during the contraction. Indirect monitoring is mostly 
qualitative. Its advantage is that it can be applied without rupture 
of membranes, even before the onset of labor.

TAbLE 40-4.  anesthetiC Considerations 

assoCiated with CoCaine 

and/or amPhetamine abuse

• Uncontrolled hypertension
•  Cardiac dysrhythmias (ventricular tachycardia/

fibrillation)
• Myocardial ischemia
•  Ephedrine-resistant hypotension with neuraxial 

blockade (use direct-acting agent)
• Acute intake may increase MAC of volatile agents
• Chronic use may decrease dosage of anesthetic agents
•  May have increased sensitivity to arrhythmogenic effects 

of volatile agents

MAC, minimum alveolar concentration.



 CHaPTeR 40 Obstetrical Anesthesia 1167

A
N

E
S
T
H

E
S
IA

 F
O

R
 S

U
R

G
IC

A
L
 

S
U

B
S
P
E
C

IA
LT

IE
S

The following variables are considered when fetal well-being is 
being assessed: Uterine activity, baseline heart rate and variability, 
presence of accelerations, and periodic decelerations. Cervical 
dilation and descent of the presenting part during the first stage of 
labor result primarily from uterine contractions. During the active 
phase, contractions should occur every 2 to 3 minutes, with peak 
intrauterine pressures of 50 to 80 mm Hg and resting pressures of 
5 to 20 mm Hg. Normally, contractions occur at a rate of five con-
tractions in 10 minutes. When more contractions occur it is 
termed tachysystole.159 Tachysystole is sometimes seen after neur-
axial labor analgesia and may result from a sudden drop in serum 
catecholamines, which normally serve to relax the uterus.162 Poor 
uterine contractility may result from overdistention (polyhydram-
nios, multiple gestation) or aortocaval compression. The addition 
of epinephrine to a local anesthetic solution may have a dose-
related inhibitory effect on uterine activity.

The baseline FHR is the mean rate during a 10-minute seg-
ment and ranges between 110 and 160 beats per minute in the 
normal fetus.160 Persistently elevated rates may be associated with 
chronic fetal distress, maternal fever, or administration of drugs 
such as ephedrine and atropine. Abnormally low rates may be 
encountered in fetuses with congenital heart block or as a late 
occurrence during the course of fetal hypoxia and acidosis.

Baseline FHR variability refers to fluctuations in baseline FHR 
that are irregular in amplitude and frequency; baseline variability 
is quantified as the amplitude of the peak to the trough heart rate 
and normally ranges between 6 and 25 beats per minute.159 Base-
line variability reflects the beat-to-beat adjustments of the para-
sympathetic and sympathetic nervous systems to a variety of 

internal and external stimuli and is mediated by the central nervous 
system (CNS), the peripheral nervous system, and the cardiac con-
duction system itself. Presence of normal variability is a reassuring 
sign of normal fetal acid–base status. Fetal CNS depression by 
asphyxia may decrease baseline variability. Therefore, a smooth FHR 
tracing may be an ominous finding. However, drugs that depress the 
CNS (sedatives, opioids, barbiturates, anesthetics) can also decrease 
FHR variability. Atropine may decrease variability by blocking the 
transmission of control impulses to the cardiac pacemaker.

An acceleration of FHR is an abrupt increase over baseline and 
is a reassuring sign that the fetus is not acidemic. Periodic FHR 
decelerations occur in association with uterine contractions  
(Fig. 40-8). There are three patterns observed: Early, late, and vari-
able. Early decelerations are characterized by a symmetrical grad-
ual decrease in FHR. The fetal heart usually begins to slow with the 
onset of the contraction, nadirs with the peak of the contraction, 
and returns to the baseline as the uterus relaxes. This type of decel-
eration has been attributed to fetal head compression, leading to 
increased vagal tone. It is not ameliorated by increasing fetal oxy-
genation but is blocked by atropine administration. Early deceler-
ations are transient and well tolerated by the fetus; there is no 
systemic hypoxemia or acidosis.

Late decelerations are also symmetric and gradual in onset. 
However, they begin after the onset of uterine contraction and 
the low point of the deceleration occurs well after its peak. CNS or 
myocardial ischemia resulting from uteroplacental insufficiency 
and fetal hypoxemia may cause late decelerations.

Variable decelerations are the most common periodic patterns 
observed in the intrapartum period. They are variable in shape and 

4

180
FHR

Early onset

Variable onset Variable onset

Early onset

Uniform   shape

Variable   shape

Early deceleration (HC)

Variable deceleration (CC)

Early onset
100

FHR
100

180

50

0
UC

50

0
UC

FHR

Late onset Late onset
1 min.

Uniform   shape

Late deceleration (UPI)

100

180

50

0
UC

Uteroplacental insufficiency

Head compression

Umbilical cord compression

Umbilical cord

Compression
of vessels

FIgURE 40-8. Classification and mechanism of 
fetal heart rate patterns. HC, head compression; 
UPI, uteroplacental insufficiency; CC, cord com-
pression. (Reprinted from Hon EH. An introduc-
tion to fetal heart rate monitoring. New Haven, 
CT, Harty Press, 1969, p 29, with permission.)
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Three-Tier Fetal Heart Rate Interpretation System

Category I

Category II

Baseline rate

Baseline FHR variability

•  Baseline rate: 110–160 beats per minute (bpm)
•  Baseline FHR variability: moderate
•  Late or variable decelerations: absent
•  Early decelerations: present or absent
•  Accelerations: present or absent

•  Bradycardia not accompanied by absent baseline variability
•  Tachycardia

•  Minimal baseline variability
•  Absent baseline variability not accompanied by recurrent decelerations
•  Marked baseline variability

Category III

•  Absent baseline FHR variability and any of the following:
   - Recurrent late decelerations
   - Recurrent variable decelerations
   - Bradycardia
•  Sinusoidal pattern

Periodic or episodic decelerations

Category III FHR tracings include either:

•  Recurrent variable decelerations accompanied by minimal or moderate baseline variability
•  Prolonged deceleration ≥2 minutes but <10 minutes
•  Recurrent late decelerations with moderate baseline variability
•  Variable decelerations with other characteristics, such as slow return to baseline, “overshoots,”
   or “shoulders”

Accelerations
•  Absence of induced accelerations after fetal stimulation

Category I fetal heart rate (FHR) tracings include all of the following:

Category II FHR tracings include all FHR tracings not categorized as Category I or Category III.
Category II tracings may represent an appreciable fraction of those encountered in clinical care.
E x amples of Category II FHR tracings include any of the following:

FIGURE 40-9. Three tiered fetal heart rate interpretation system. (Reprinted from: The 2008 National Institute of Child Health 
and Human Development Workshop on Electronic Fetal Monitoring: Updates on Definitions, Interpretations, and Research 
Guidelines. Obstet Gynec.2008;112:661, with permission.)

abrupt in onset, with the heart rate nadir occurring within <30 sec-
onds of the onset. Variable decelerations result from umbilical cord 
compression that results in activation of the carotid baroreceptor 
relex. Although the initial FHR changes are of relex origin, if the 
cord compressions are frequent or prolonged, fetal asphyxia may 
result in fetal hypoxemia and CNS insult or direct myocardial 
depression. If late or variable decelerations are recurrent (occur 
with at least one-half of contractions) or prolonged (≥15 beats per 
minute below baseline lasting ≥2 minutes but <10 minutes), there 
is a signiicant correlation with fetal acidosis and delivery may be 
undertaken.

The American College of Obstetricians and Gynecologists cur-
rently recommends a three-tiered system for the evaluation of 
FHR tracings.160 Category I tracings are those with normal base-
line and variability, and no late or variable decelerations. They 

correlate strongly with normal fetus acid–base status at the time 
of observation. Category II tracings include all those that are not 
classiied as either Category I or III. They are predictive of neither 
normal nor abnormal acid–base status, and require continued 
observation and assessment. Category III tracings are abnormal. 
They are characterized by absent variability with any one of the 
following: Recurrent late decelerations, recurrent variable decel-
erations, or bradycardia (FHR < 100). Sinusoidal patterns (a sine-
wave like pattern) also fall into Category III. Category III tracings 
may be corrected by improving fetal oxygenation, which may be 
accomplished with oxygen administration to the mother, correc-
tion of maternal hypotension or aortocaval compression, or by 
taking measures that reduce uterine activity. If the heart rate pat-
tern does not respond to these conservative measures, imminent 
delivery may be required (Fig. 40-9).
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Currently, experts agree regarding the reassuring value of a 
normal Category I FHR tracing. There is also consensus regarding 
the potentially ominous nature of Category III tracings. However, 
FHR patterns between these extremes present a clinical dilemma 
to the clinician. The high false-positive rate of FHR monitoring 
may lead to unnecessary cesarean deliveries.161 A recent American 
College of Obstetrics and Gynecology Practice Bulletin opines not 
only the high false-positive rate of nonreassuring FHR tracings 
for predicting adverse neonatal outcomes but also the excessive 
inter- and intraobserver variabilities in interpretation. It also 
notes that the practice is associated with an increase in both 
instrumental vaginal and cesarean deliveries, without decreasing 
the incidence of cerebral palsy. The bulletin recommends con-
tinuous FHR analysis for high-risk conditions, although it allows 
for intermittent auscultation in an uncomplicated patient.160

ancillary Tests and fetal Pulse oximetry

Fetal scalp pH testing has been used in the past to determine the 
presence of acidemia in fetuses with indeterminate FHR tracings; 
however, its use is decreasing, and less invasive ancillary tests such 
as vibroacoustic stimulation and digital scalp stimulation are 
more commonly employed. The elicitation of accelerations with 
such stimuli indicates acidemia is unlikely.

Fetal pulse oximetry is a technique in which a sensor is placed 
through the cervix, in contact with fetal skin that evaluates intra-
partum fetal oxygenation. Fetal O2 saturation between 30% and 
70% is considered normal, and saturation readings consistently 
<30% for a prolonged period of time may be associated with fetal 
acidemia. The technique was initially touted as an adjunct to FHR 
monitoring in the hope that it could reduce the incidence of 
unnecessary cesarean delivery associated with that methodology. 
Unfortunately, two large studies failed to demonstrate a reduction 
in the incidence of cesarean delivery with the use of fetal pulse 
oximetry. Moreover, neonatal outcomes did not differ between 
subjects managed with versus without fetal pulse oximetry.162,163 
The American College of Obstetrics and Gynecology does not cur-
rently endorse the routine use of fetal pulse oximetry.160

NEWbORN RESUSCITATION  

IN THE DELIVERY ROOM

Of the approximately 3.5 million infants newly born in the United 
States each year, 10% require resuscitation in the delivery room.164 
The following factors may contribute to depression of the new-
born: Medications used during labor and delivery, including 
anesthetic agents, birth trauma, and birth asphyxia (i.e., hypoxia 
and hypercapnia with metabolic acidosis).

fetal asphyxia

Fetal asphyxia, the best-studied cause of neonatal depression, 
usually develops as a result of interference with maternal or fetal 
perfusion of the placenta. As stated previously, the normal fetus is 
neither hypoxic nor acidotic before labor. Experimental data have 
revealed that transplacental gradients for pH and PCO2 are 
approximately 0.05 pH units and 5 mm Hg, respectively. Although 
oxygen tension is low, oxygen saturation is relatively high (80% to 
85%) by virtue of the leftward shift of the fetal oxyhemoglobin 
dissociation curve.

During labor, uterine contractions decrease or even eliminate 
the blood flow through the intervillous space of the placenta. On 
the fetal side, cord compression occurs during the final stages of 
approximately one-third of vaginal deliveries. Thus, mild degrees 
of hypoxia and acidosis occur even during normal labor and 
delivery, and play an important role in initiation of ventilation 
immediately after birth. On average, healthy, vigorous infants 
have an oxygen saturation of 21%, a pH of 7.24, and a PCO2 of 
56 mm Hg at birth.

Severe fetal asphyxia occasionally develops as a result of mater-
nal or fetal complications, such as uterine hyperactivity, prema-
ture separation of the placenta, maternal hypotension, a tight 
nuchal cord, or a prolapsed cord. During asphyxia, changes in 
acid–base status are rapid. The decrease in pH results from accu-
mulation of carbon dioxide (respiratory acidosis) and end prod-
ucts of anaerobic metabolism (metabolic acidosis). After oxygen 
stores are exhausted, the ability of fetal brain and myocardium to 
derive energy from anaerobic metabolism is essential for survival. 
However, anaerobic glycolysis is pH dependent, and its rate is 
greatly diminished when the pH decreases below 7. Other untow-
ard effects of severe hypoxia and acidosis include depression of the 
myocardium, resulting from a decrease in its responsiveness to 
catecholamines; a shift to the right of the fetal oxyhemoglobin dis-
sociation curve, resulting in reduced oxygen delivery; and an 
increase in pulmonary vascular resistance, which plays an impor-
tant role during circulatory readjustment at birth.

neonatal adaptations at Birth

During birth and through the early hours and days of life, many 
morphologic and functional changes take place, with the cardio-
vascular and ventilatory systems undergoing the most dramatic 
alterations.165 In the normal newborn, two events occur almost 
simultaneously and within seconds of delivery: The end of umbil-
ical circulation through the placenta and expansion of the lungs. 
These events change the fetal circulation toward the adult type.

Survival of the neonate depends primarily on prompt estab-
lishment of effective ventilation and expansion of the lungs, 
which dilates the pulmonary vascular bed, resulting in decreased 
resistance and a significant increase in pulmonary blood flow. 
Pulmonary vascular resistance further decreases as oxygen ten-
sion increases and carbon dioxide levels decrease. As soon as pul-
monary resistance decreases, the foramen ovale, which is a 
communication between the right and the left atrium, undergoes 
functional closure because of relative pressure changes across the 
valve of the foramen (Fig. 40-4). Cessation of the umbilical circu-
lation reduces pressure in the inferior vena cava and right atrium, 
whereas the increase in pulmonary blood flow increases venous 
return and pressure in the left atrium. The ductus arteriosus does 
not constrict abruptly or completely after birth; functional clo-
sure may take hours, even days. Thus, shunting may still occur in 
the neonatal period, its direction depending on relative resis-
tances in the pulmonary and systemic vascular beds. The smooth 
muscle of the ductus arteriosus constricts in response to increased 
oxygen tension in the newborn’s blood. Catecholamines, which 
exist in increased concentrations in the newborn, particularly 
during the first 3 hours of life, also constrict the ductus arteriosus. 
In contrast, prostaglandins I2 and E2, produced by the wall of the 
ductus arteriosus, relax the ductal smooth muscle. Administra-
tion of prostaglandin synthesis inhibitors to fetal animals pro-
motes closure of the ductus arteriosus.

Cardiac output and its distribution also increase; left ven-
tricular output increases approximately 150 to 400 mL/kg/min. 
Cardiac output changes closely parallel the increase in oxygen 
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consumption. The redistribution of cardiac output also leads to 
increases in myocardial, renal, and gastrointestinal blood flow, 
and decreases in cerebral, adrenal, and carotid flow.

During fetal life, respiratory gas exchange takes place through 
the placenta. Delivery of the infant’s trunk relieves the thoracic 
compression that occurs as the infant passes through the birth 
canal, and the thorax and the lungs expand. Most infants initiate 
respiratory efforts a few seconds after birth. Negative pressures in 
excess of 40 cm H2O bring about the initial entry of air into fluid-
filled alveoli. In the mature, normal neonate, the lungs expand 
almost completely after the first few breaths, and the pressure– 
volume changes achieved with each respiration resemble those of 
the adult. After lung expansion, the FRC approximates 70 mL in 
the term newborn and changes little over the first 6 days of life. The 
tidal volume varies between 10 and 30 mL, the breathing frequency 
ranges from 30 to 60 breaths per minute, and minute ventilation 
exceeds 500 mL. After delivery and prompt lung expansion, reoxy-
genation is rapid, but it takes 2 to 3 hours to achieve a relatively 
normal acid–base balance, primarily by pulmonary excretion of 
carbon dioxide. By 24 hours, the healthy neonate has reached the 
same acid–base state as that of the mother before labor.

Resuscitation

The delivery room must be prepared for adequate and prompt 
treatment of severe neonatal depression at birth. Members of the 
delivery room team should be trained in resuscitation methods 
because both mother and infant may encounter difficulty simulta-
neously. One person should be designated specifically to care for 
the newborn during every delivery. When continued resuscitation 
is anticipated, a team of skilled personnel should be present. Every 
piece of apparatus necessary for emergency resuscitation should 
be checked carefully before delivery (Table 40-5). An overview of 
resuscitation in the delivery room is provided in Figure 40-10.

evaluation and Treatment

The American Heart Association has released guidelines to advise 
the practitioner providing neonatal resuscitation.164 Immediately 
after delivery, the infant should be held head-down while the cord 

is clamped and cut. The initial appraisal of the newborn should 
start from the moment of birth, with particular attention paid to 
determining the answer to three questions:

 ■ Is the newborn the result of a term gestation?
 ■ Is the newborn crying or breathing vigorously?
 ■ Does the newborn have good muscle tone?

If the answer to all three questions is “yes,” then the baby does 
not require further resuscitation and should be placed skin to skin 
with its mother if practical. If the answer to any of the above ques-
tions is “no,” then further resuscitation should be provided, with 
the following steps taken in the order listed.

Initial Stabilization

One should place the infant supine under a radiant heat source, 
with the head kept low in the sniffing position, clear the airway 
with a bulb suction or soft catheter if necessary, dry the skin, and 
stimulate breathing by slapping the infant’s soles lightly or rub-
bing its back.

Assessment of Respirations and Heart Rate

Presence of respiration versus apnea is assessed, and respiratory 
efforts are judged as unlabored versus gasping or labored.

An assistant should listen to the heartbeat immediately, indi-
cating the rate by finger movement, or the rate can be detected 
from pulsation of the umbilical cord. Normally, the newborn’s 
heart rate is >100 beats per minute.

Ventilation

If the newborn is apneic or gasping, or if the heart rate is <100 beats 
per minute after initial stabilization, then positive pressure ventila-
tion (PPV) should begin. PPV via bag and mask should be insti-
tuted at a rate of 40 to 60 breaths per minute. The initial breath may 
require pressures of 30 to 40 cm H2O. Subsequent inflation pres-
sures should be reduced to 15 to 20 cm H2O in an infant with nor-
mal lungs. A small plastic oropharyngeal airway may help maintain 
patency of the upper airway. Endotracheal intubation may be 
required if bag–mask ventilation is ineffective or prolonged. The 
administration of oxygen is controversial because studies demon-
strate that both hypoxemia and excessive oxygen administration 
may be harmful to babies, and two recent meta-analyses suggest 
that room air resuscitation is associated with lower mortality than 
that with 100% oxygen.165–167 Therefore, it is recommended that 
preductal pulse oximetry guides oxygen therapy with attention to 
target saturations listed in the box in Figure 40-10, and that oxygen 
therapy be titrated to positive heart rate response.

Chest Compressions

After adequate ventilation with oxygen for 30 seconds, if the heart 
rate is <60 beats per minute, then chest compressions should be 
initiated. It is recommended that the operator encircle the chest 
with both hands, supporting the back with his hands and com-
pressing the chest with his thumbs; alternatively, one may com-
press with two fingers. Compressions should take place on the 
lower third of the sternum, to a depth that is one-third of the 
anterior–posterior diameter of the chest. Care must be taken not 
to interfere with ventilation. Recommendations call for a 3:1 
compression to ventilation ratio, with 90 compressions and 30 
breaths delivered per minute.

Cardiac massage and ventilation should be maintained until 
the heart rate exceeds 60 beats per minute.

TAbLE 40-5.  resusCitation equiPment in 

the delivery room

Radiant warmer

Suction with manometer and suction trap

Suction catheters

Wall oxygen with flow meter

Resuscitation bag (≤750 mL)

Infant face masks

Infant oropharyngeal airways

Endotracheal tubes—2.5, 3, 3.5, and 4 mm

Endotracheal tube stylets

Laryngoscope(s) and blade(s)

Sterile umbilical artery catheterization tray

Needles, syringes, three-way stopcocks

Medications and solutions

 1:10,000 Epinephrine

 Volume expanders
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Birth

Approximate
time

• Term gestation?
• Amniotic fluid clear?
• Breathing or crying?
• Good muscle tone?

• Provide warmth
• Position, clear airway
  (as necessary)
• Dry stimulation, reposition

• Provide positive pressure
Postresuscitation

care

• Provide positive pressure
   ventilation
• Administer chest
  compressions

Administer epinephrine
and/or volume

Evaluation respirations,
HR and color

Apneic or
HR <100

30 Sec

A

B

C

D

30 Sec

30 Sec

Give
supplementary

oxygen

Persistent cyanotic
Effective

ventilation
HR >100
and pink

HR <60

HR <60

HR >60

Observational care

Breathing
HR >100
and pink

Yes

No

Breathing, HR >100
and pink

Pink

Routine care
• Provide warmth
• Clear airway if needed
• Dry
• Assess color

FIgURE 40-10. Algorithm for neonatal resuscitation. HR, heart rate. (Reprinted from: Kattwinkel J, Perlman JM, Aziz K, et al. 
Special Report—Neonatal Resuscitation; 2010. American Heart Association guidelines for cardiopulmonary resuscitation and emer-
gency cardiovascular care. Circulation. 2010;122:S9, with permission.)

Medications and Volume Expansion

Persistent neonatal bradycardia is most often a result of hypoxemia, 
and usually responds to ventilatory efforts. If the heart rate contin-
ues at <60 beats per minute, despite adequate ventilation with 
100% oxygen, then the newborn may need epinephrine, volume 
expansion, or both. It is recommended that epinephrine be admin-
istered intravenously as soon as access is established, at a dose of 

0.01 to 0.03 mg/kg. In the absence of intravenous access, one may 
consider endotracheal administration of 0.05 to 0.1 mg/kg.

The use of naloxone or other medications in the delivery room 
is no longer recommended.

Hypovolemia frequently follows severe birth asphyxia because 
a greater-than-normal portion of fetal blood remains in the pla-
centa. The infant may appear pale and have low arterial pressure, 
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tachycardia, and tachypnea. If heart rate does not respond to 
other measures, then acute blood volume expansion may be 
accomplished with the intravenous administration of normal 
saline or lactated Ringer solution, 10 mL/kg over 5 to 10 minutes, 
or, when blood loss is suspected, a similar volume of O-negative 
blood. Albumin is not recommended (Table 40-6).

The aPGaR score

The scoring system introduced by Apgar is a useful method of 
clinically evaluating the infant, particularly at 1 and 5 minutes 
after delivery (Table 40-7).

Diagnostic Procedures

After the neonate is successfully resuscitated and stabilized, sev-
eral diagnostic procedures may be indicated. To rule out choanal 
atresia, each nostril should be obstructed. Because newborns 
must breathe through their noses, occlusion of the nostril on the 
patent side causes respiratory obstruction. To rule out esophageal 
atresia, a suction catheter is inserted into the stomach. Gastric 
contents are aspirated; volume in excess of 12 mL after vaginal 
delivery and 20 mL after cesarean delivery may result from an 
abnormality of the upper gastrointestinal tract.

eXiT Procedure

The EXIT (ex utero intrapartum treatment) procedure, which 
maintains uteroplacental support for a period of time after partial 
delivery of the fetus, is employed for certain fetal conditions that 
pose an immediate threat to neonatal life on separation from the 
placental circulation. The most common indications are treatment 
of large fetal neck masses and reversal of tracheal occlusion from 
clips placed for congenital diaphragmatic hernia.168,169 The usual 
procedure involves partial delivery of the fetus, surgical treatment 

of fetal pathology (e.g., attainment of a patent fetal airway), and, 
finally, delivery of the fetus and clamping of the umbilical cord.

Anesthetic considerations include maintenance of uterine 
relaxation during the phase of fetal manipulation, administration 
of fetal anesthesia, ensuring adequate fetal oxygenation, fetal mon-
itoring, and rapid reversal of uterine relaxation after cord clamping 
to minimize maternal blood loss.170 Most often the mother is anes-
thetized with deep inhalation general anesthesia following a stan-
dard rapid-sequence induction. Maintenance of anesthesia with 
high concentrations of volatile anesthetic agents provides for uter-
ine relaxation during the procedure, although a report highlighted 
the use of intravenous nitroglycerin for this purpose.170 The use 
of high inspired inhalational anesthesia may be associated with  
maternal hypotension. Therefore, intravenous vasopressors may 
be required in order to ensure adequate uteroplacental blood flow. 
Use of volatile anesthetic concentrations <2 MAC is recommended 
to minimize untoward effects on uterine blood flow.171 An Fio2 of 
1 helps maximize oxygen delivery to the placental unit.

Inhalational anesthetics rapidly cross the placenta and contrib-
ute to fetal anesthesia; intravenous opioids may be used to provide 
additional fetal anesthesia.171 Intramuscular anesthetic agents, 
neuromuscular blocking agents, and atropine are administered to 
the fetus as needed after partial delivery. During the period of fetal 
manipulation, FHR and oxygenation can be monitored by sterile 
ultrasound and pulse oximetry sensors. A retrospective review of 
31 EXIT procedures reported a mean FHR of 153 beats per minute 
and a mean fetal oxygen saturation of 71%.168 After cord clamp-
ing, uterine relaxation must be reversed rapidly by decreasing the 
inspired concentration of inhalation agent and administering 
uterotonic agents such as oxytocin, so as to minimize maternal 
blood loss. The retrospective study previously referenced reported 
a mean maternal estimated blood loss of 848 mL and a mean dura-
tion of uteroplacental support of 30 minutes.168

Usually, two anesthetic teams are employed: One to tend to 
the mother and the other to care for the fetus/newborn. Commu-
nication and coordination between surgical, pediatric, anesthesia, 
and nursing teams is mandatory for successful outcomes.

TAbLE 40-6.  theraPeutiC guidelines for neonatal resusCitation

Drug or Volume Expander Concentration Dosage Route/Rate

Epinephrine 1:10,000 0.01–0.03 mg/kg IV or IT

Give rapidly

Volume expanders PRBCs 10 mL/kg Give over 5–10 min

Normal saline

Lactated Ringer

IV, intravenously; IT, intratracheally; PRBCs, packed red blood cells; IM, intramuscularly; SC, subcutaneously.

TAbLE 40-7. aPgar sCores

Sign 0 1 2

Heart rate Absent <100 beats/min >100 beats/min

Respiratory effort Absent Slow, irregular Good, crying

Muscle tone Limp Some flexion of extremities Active motion

Reflex irritability No response Grimace Cough, sneeze, or cry

Color Pale, blue Body pink, extremities blue Completely pink
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ANESTHESIA FOR NONObSTETRIC 

SURgERY IN THE pREgNANT WOMAN

In the United States, 1% to 2% undergo surgical procedures 
unrelated to pregnancy (approximately 80,000 anesthetics a year). 
The most frequent nonobstetric procedures are excision of ovar-
ian cysts, appendectomy, breast biopsy, and surgery related to 
trauma. Treatment of an incompetent cervix (cervical cerclage) 
typically occurs early pregnancy or mid-pregnancy. Serious con-
ditions such as intracranial aneurysms, cardiac valvular disease, 
and pheochromocytoma may rarely present and require surgery 
during pregnancy.

The objective for managing anesthesia in patients undergoing 
nonobstetric operative procedures is maternal safety, safe care of 
the fetus, and prevention of premature labor related to the surgi-
cal procedure or drugs administered during anesthesia. To 
achieve these goals, the effects of the patient’s altered physiology 
must be recognized. Induction and emergence from anesthesia is 
more rapid than in the nonpregnant state because of increased 
minute ventilation, decreased FRC, and the decreased MAC of 
volatile agents, which may be seen as early as 8 to 10 weeks’ gesta-
tion. Supine hypotensive syndrome can occur as early as the sec-
ond trimester. Gastric emptying is essentially normal in the first 
two trimesters, but is prolonged in the third. Gastroesophageal 
sphincter tone is decreased after 20 weeks, thus caution regarding 
the unprotected airway is essential.92 The effects of altered physi-
ology during pregnancy are not limited to general anesthesia. 
There is an increased effect of local anesthetics during pregnancy; 
thus, the amount of local anesthetic administered should be 
reduced by 25% to 30% during any stage of pregnancy.

Teratogenicity may be induced at any stage of gestation. How-
ever, most of the critical organogenesis occurs in the first trimester 
(days 13 to 60). Although many commonly used anesthetics are 
teratogenic at high doses in animals, few, if any, studies support 
teratogenic effects of anesthetic or sedative medications in the 
doses used for human anesthesia care. There is some evidence for 
a link between maternal high-dose diazepam injection in the first 
trimester and cleft palate.172 However, medicinal doses of benzodi-
azepine are safe when needed to treat perioperative anxiety.

Nitrous oxide has also been suggested to be teratogenic in ani-
mals when administered for prolonged periods (1 to 2 days).173 Its 
effect on DNA synthesis is of concern for its use in humans. 
Although teratogenesis has been seen only in animals under 
extreme conditions, not likely to be reproduced in clinical care, 
some believe that nitrous oxide use is contraindicated in the first 
two trimesters.

Of all the information in the literature, two studies, although 
not new, still deserve mention. A review was taken of the entire 
population of the province of Manitoba, Canada, between the 
years 1971 and 1978.174 State health insurance records were used 
to identify approximately 2,500 pregnant women who had under-
gone surgery during this period. Each patient was matched with a 
woman of similar age, living in the same area, with a pregnancy-
related condition but no surgical intervention. As in earlier stud-
ies, there was no increase in the incidence of congenital anomalies 
in the offspring of mothers who had had surgery. However, there 
was an increased risk of spontaneous abortion in women who had 
received general anesthesia during the first or second trimesters, 
which was most evident after gynecologic operations. Few of the 
surgical group had had procedures to treat cervical incompe-
tence, suggesting that factors other than the obstetric condition 
itself might be important. The results also might have been influ-
enced by the fact that a small number of gynecologic procedures 

were performed with anesthesia other than general, so the effect 
of the surgical site alone could not be distinguished. The authors 
emphasized a multiplicity of factors other than the choice of the 
anesthetic agent (e.g., diagnostic radiologic procedures, antibiot-
ics, analgesics, infection, decreased uterine perfusion, stress) that 
might have been responsible for the increased risk of abortion.

One of the largest studies regarding reproductive outcome 
after surgery during pregnancy is a Swedish registry review cover-
ing the years 1973 to 1981.175 During this period, there were a 
total of 720,000 births, 5,405 of them after anesthesia and surgery 
during pregnancy. The results of this study are reassuring in that 
there was no increased incidence of congenital anomalies or still-
births among infants exposed in utero to maternal surgery and 
anesthesia. However, in this group, there was an increased fre-
quency of very low and low birth weights, and of deaths within 
168 hours after delivery. The reasons for this are unclear and are 
not related to any specific type of operation. The authors postu-
lated that the maternal illness itself might have been a major con-
tributor to adverse neonatal outcome.

Recent studies showing accelerated neuronal cell death in 
immature rat brain exposed to anesthetics raise concerns regard-
ing use of general anesthetics.176 It is premature to suggest that 
impairment seen in the developing rat brain with general anes-
thesia can be extrapolated to humans.

Intrauterine fetal asphyxia is avoided by maintaining mater-
nal Pao2, Paco2, and uterine blood flow. Paco2 can affect uterine 
blood flow as maternal alkalosis may cause direct vasoconstric-
tion. Alkalosis also shifts the oxyhemoglobin dissociation curve, 
resulting in the release of less oxygen to the fetus at the placenta. 
Maternal hypotension leads to a reduction in uterine blood flow 
and thus fetal hypoxia. Uterine hypertension, as occurs with 
increased uterine irritability, will also decrease uterine blood 
flow.

Anesthesia and surgery may also result in preterm labor dur-
ing the intra- and postoperative periods. Abdominal and pelvic 
procedures are associated with the greatest incidence of preterm 
labor. Generally, elective surgery should be delayed until the 
patient is no longer pregnant and she has returned to her non-
pregnant physiologic state (approximately 2 to 6 weeks postpar-
tum). Procedures that can be scheduled with some flexibility  
but cannot be delayed until postpartum are best scheduled in the 
midtrimester. This lessens the risk for teratogenicity (first-trimester 
medication administration) or preterm labor (greater risk in the 
third trimester) (Fig. 40-11).

If emergency surgery is required, there is no data to suggest 
that any well-conducted anesthetic is preferred over another, pro-
vided oxygenation and blood pressure are maintained and hyper-
ventilation is avoided. Despite this statement, regional anesthesia 
should be considered as it minimizes fetal exposure to medica-
tions. Left uterine displacement should be used during the second 
and third trimesters, and aspiration prophylaxis should be 
administered to all pregnant patients after approximately 20 
weeks of gestation. At a minimum, pre- and postoperative FHR 
and uterine activity should be assessed.177

Practical suggestions

It is generally agreed that only surgical procedures that cannot be 
delayed for months, including emergency surgery, should be per-
formed during pregnancy, particularly in the first trimester. The 
possibility of pregnancy should be considered in all female surgi-
cal patients of reproductive age. On the basis of the maternal and 
fetal hazards already described, the following approach to anes-
thesia is suggested (Fig. 40-11):5

13

14
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 1. Anesthesiologists and surgeons should obtain consultation 
from an obstetrician before performing nonobstetric surgery 
in pregnancy.

 2. The patient’s apprehension should be allayed as much as pos-
sible by personal reassurance during the preanesthetic visit 
and by adequate sedation and premedication.

 3. Pain should be relieved whenever present.
 4. A nonparticulate antacid (15 to 30 mL), should be adminis-

tered within half an hour before induction of anesthesia. 
Ranitidine and metoclopramide may be useful.

 5. beginning in the second trimester, uterine displacement must 
be maintained at all times.

 6. Hypotension related to spinal or epidural anesthesia should 
be prevented as much as possible by rapid intravenous infu-
sion of crystalloid solution during induction of anesthesia. If 
the mother becomes hypotensive, ephedrine or phenyleph-
rine should be promptly administered intravenously.

 7. General anesthesia should be preceded by careful denitroge-
nation.

 8. The risk of aspiration should be minimized by application of 
cricoid pressure and rapid tracheal intubation with a cuffed 
tube.

 9. To reduce fetal hazard, particularly during the first trimester, 
it appears preferable to choose drugs with a long history of 
safety. These drugs include thiopental, morphine, meperidine, 
muscle relaxants, and low concentrations of nitrous oxide.

 10. Avoid maternal hyperventilation and monitor end-expiratory 
Paco2 or arterial blood gases.

 11. FHR may be monitored continuously or intermittently 
throughout surgery and anesthesia, provided that placement 
of the transducer does not encroach on the surgical field (this 
becomes technically feasible from the 16th week of preg-
nancy). The decision to monitor the fetus should be made in 
conjunction with the obstetrician based on the severity of 

Pregnant surgical
patient

Essential
surgery

Emergency
surgery

Elective
surgery

If no or minimal increased
risk to mother, consider

delaying until midgestation

If greater than minimal
increased risk to mother,

proceed with surgery

Proceed with optimal anesthetic for
mother, modified by considerations for
maternal physiologic changes and fetal
well-being.
Consult a perinatologist or an
obstetrician.
Intraoperative and postoperative fetal
and uterine monitoring may be useful.

Delay until
postpartum First trimester

Second/ third 
trimester

FIgURE 40-11. Recommendations for 
management of parturients and surgical 
procedures. (From: Rosen MA. Manage-
ment of anesthesia for the pregnant surgi-
cal patient. Anesthesiology. 1999;91:1159. 
© 1999, Lippincott Williams & Wilkins, 
with permission.)

maternal disease, the potential for fetal jeopardy, whether the 
fetus is viable, and whether a physician able to perform a 
cesarean delivery plans to be immediately available. Uterine 
tone may also be monitored with an external tocodynamom-
eter if the uterus reaches the umbilicus or above.

 12. Monitoring uterine activity should be continued after opera-
tion, and tocolytic agents may be required.
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