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Obstetrics

NORMAL PROGRESS OF LABOR 

“Labor” is the term used to describe the physiologic process by which the products of conception are expelled from the uterus through the vagina. Normal labor requires uterine contractions and progressive cervical dilation (Fig. 57–12). Traditionally, labor has been divided into three stages: the first stage extends from the start of regular uterine contractions causing effacement (thinning) and dilation of the cervix until complete cervical dilation, the second stage proceeds from the end of the first stage until delivery of the fetus, and the third stage extends from delivery of the baby until the placenta and membranes are expelled. 

FIGURE 57–12 Composite of the average dilation curve for nulliparous labor based on analysis of the data derived from the patterns traced by a large, nearly consecutive series of gravidas. The first stage is divided into a relatively flat latent phase and rapidly progressive active phase. The active phase has three identifiable component parts—an acceleration phase, a linear phase of maximum slope, and a deceleration phase. (Modified by Friedman,428  from Friedman429 )

At the start of labor, contractions are infrequent and of low intensity. During active labor, uterine contractions occur about every 3 minutes, have a duration of about 1 minute, and achieve an intrauterine pressure of 50 to 70 mm Hg before returning to a resting uterine tone of 10 mm Hg. 

Abnormal progress of labor can be classified as follows: slow latent phase, active phase arrest, slow-slope active phase, slow descent, and arrest of descent. Diagnostic features for abnormal progress of labor are listed in Table 57–5 . During the active phase or second stage of labor, cephalopelvic disproportion, malposition, and malpresentation are the most common causes of prolongation. Controversy exists regarding the potential impact of regional analgesic techniques utilized during labor on uterine activity and progress of labor. Retrospective studies assessing the impact of regional analgesia on the course of labor and delivery (length and mode of delivery) are difficult to interpret because of selection bias. That is, women with a prolonged, painful labor are more likely to request regional analgesia than women with faster labors. Pain has been suggested as a factor predicting long labor and need for operative vaginal or cesarean delivery. 71  Few prospective, randomized studies of analgesic technique on labor outcome are published, and the results are variable. 72, 73, 74, 75  Although not consistently proved to be important, reasonable principles to follow to minimize any potential effect of obstetric analgesia on outcome of labor and delivery include avoiding maternal hypotension and excessively high or dense blocks with motor impairment. The role of “early” institution of regional analgesia (e.g, at 3–5 cm of cervical dilation) on the outcome of labor (including duration of the first stage of labor and need for cesarean delivery) is also controversial, with some studies indicating an adverse effect of early analgesia and other studies not demonstrating an effect. 75, 76, 77  

TABLE 57–5. Diagnostic Features of Prolonged Labor

FEATURE/NULLIPARAS/
MULTIPARAS

Slow latent phase/
>20 h/
>14 h

Slow-slope active phase/
>1.2 cm/h//
>1.5 cm/h

Active phase arrest/
No cervical dilation for 2 h//--

Slow descent of fetus/
<1 cm/h
/<2 cm/h

Arrest of descent/
No descent for 1 h/--
SECOND STAGE
Nulliparous/
More than 2 h without regional analgesia

More than 3 h with regional analgesia

Multiparous
More than 1 h without regional analgesia

More than 2 h with regional analgesia

Pain Pathways 

During the first stage of labor, pain is due primarily to uterine contractions that cause stretching and thinning of the uterine cervix. Pain impulses travel via visceral afferent fibers accompanying the sympathetic nerves and enter the spinal cord at the T10, T11, T12, and L1 spinal segments. This pain is generally poorly localized and described as dull or cramping. In late first stage and in the second stage, stretching of the perineum produces additional pain, more somatic in nature, described as well localized and sharp. These impulses travel via the pudendal nerves from the S2, S3, and S4 spinal segments. 

The amount of pain experienced by a woman during labor and delivery can be influenced by many factors, including participation in childbirth preparation classes, parity, and use of oxytocin. A variety of analgesic techniques are available.

Systemic Medication 

Systemic medications, likely because of their ease of administration, are the most commonly used method to assist women with pain management during labor (Table 57–6). 88  

TABLE 57–6. Analgesia for Labor and Delivery, a Survey of Practice in the United States, 1981 Versus 1992 

Sedatives 

Sedative-tranquilizers (Chs. 8 . and 9) may be used, either alone or in combination with an opioid, during the early first stage of labor to promote rest. The use of short-acting or medium-acting barbiturates, such as secobarbital, is no longer popular. The principal objection to the use of barbiturates is their antianalgesic effects in the mother and the prolonged depressant effects on the neonate. 89  Even with small doses that result in no clinical depression ascertainable by the Apgar score, the newborn‘s attention span may be decreased for 2 to 4 days. 90  The primary indication for the use of barbiturates is as a sedative-hypnotic during the early latent phase of labor when delivery is not anticipated for 12 to 24 hours. The phenothiazine derivatives promethazine and propiomazine seem to be equally effective in relieving anxiety, reducing opioid requirements, and controlling emesis during early labor. 91  Differences among these drugs are relatively minor. Hydroxyzine (Vistaril), although chemically unrelated to the phenothiazines, has similar ataractic properties. 92  

Benzodiazepines are used uncommonly in obstetrics but can be used in small doses for sedation and/or anxiolysis during very early labor or before cesarean delivery. Diazepam has been most extensively studied; it crosses the placenta rapidly, and maternal and fetal blood levels are approximately equal within minutes of an IV dose. 93  Although the neonate is capable of metabolizing small doses of diazepam, when the total maternal dosage during labor exceeds 30 mg, the drug and its active metabolite persist in pharmacologically active concentrations for at least a week in the neonate. 94  The principal adverse effects of large doses of diazepam are hypotonia, lethargy, decreased feeding, and hypothermia. 94, 95, 96  In small doses, diazepam produces minimal effects on the fetus and neonate, although reduced beat-to-beat variability may be noted on the FHR tracing. 96, 97  Midazolam is a water-soluble benzodiazepine with a rapid onset and a short duration of action. It is most often used for sedation during cesarean delivery (after delivery of the newborn). Rapid IV administration may produce deep sedation and amnesia, 98  and if it is used, it should be administered slowly in increments of 0.5 to 1.0 mg or less with careful observation of the mother. When midazolam (0.3 mg/kg) was used for induction of general anesthesia, more adverse neonatal effects (problems with general body tone and body temperature) were noted when compared with thiopental (4 mg/kg). 99  

Opioids 

The most commonly used opioids (Ch. 10). for labor analgesia include meperidine, morphine, fentanyl, nalbuphine, and butorphanol. No opioid can produce completely effective analgesia for labor and delivery without causing side effects that include some degree of maternal respiratory depression, sedation, and obtundation of reflexes. Therefore, opioids are used to reduce rather than completely eliminate pain. Opioids are most often administered via intermittent intramuscular (IM) or IV injection. Clinical reports describe successful use of patient controlled analgesia to administer opioids (meperidine, nalbuphine, fentanyl) 100, 101, 102, 103  during labor. 

Meperidine 

Meperidine is a commonly used opioid in obstetrics. The usual IM dose is 50 to 100 mg and the IV dose is 25 to 50 mg. The peak analgesic effect occurs 40 to 50 minutes after IM administration and 5 to 10 minutes after IV administration. The duration of action is 3 to 4 hours. Meperidine used for labor analgesia can produce dose-dependent neonatal depression, 104  as evidenced by prolonged time to sustained respiration, decreased Apgar scores, 89  and abnormal results from neurobehavioral examination. 105, 106  These effects are related to the dose and to the time interval between drug administration in the mother and delivery of the infant. Infants born within 1 hour or more than 4 hours after IM administration of 50 to 100 mg of meperidine to the mother are no more depressed than neonates not receiving meperidine (Fig. 57–14). 89  Fetal exposure to meperidine is highest 2 to 3 hours after administration of the drug to the mother (Fig. 57–15). 106  The prolonged changes in neonatal neurobehavior examinations after in utero exposure to meperidine are attributed to the prolonged presence of the meperidine metabolite normeperidine in the neonatal circulation. 107, 108 

FIGURE 57–14 Correlation of the time of administration of meperidine and neonatal depression (defined as Apgar score of 0 to 6). (From Shnider and Moya89 )

FIGURE 57–15 Following maternal administration of meperidine (50 mg IV) during labor, meperidine excretion was measured in the neonate‘s urine for the first 3 days. The relationship between the drug–delivery interval and the urinary excretion of meperidine by the neonate is shown. For each bar, the mean, standard error, and number or infants are given. Infants whose mothers received meperidine 1 to 2 and 2 to 3 hours prior to delivery excreted more meperidine. (From Kuhnert et al431 )

Fentanyl 

The usual doses of fentanyl used during labor are 50 to 100 ?g IM and 25 to 50 ?g IV. After IV administration, the peak effect occurs within 3 to 5 minutes, and the duration is 30 to 60 minutes. Placental transfer is rapid. 109, 110  A dose of 1 ?g/kg administered IV to the mother within 15 minutes of cesarean delivery did not produce adverse effects on umbilical cord blood gases or neonatal Apgar scores or neurobehavioral scores. 110  It was concluded that fentanyl might be a useful adjuvant for either regional or general anesthesia for cesarean delivery. Use of fentanyl for intrapartum labor analgesia has also been studied. 101, 111  Temporary analgesia and mild sedation were apparent after administration of 50 or 100 ?g. A transient decrease in FHR variability was noted after fentanyl administration. Regardless of the maternal dose (average, 140 ± 42 ?g; range, 50–600 ?g), newborn drug levels were low and always less than maternal levels. No adverse effects of in utero exposure to fentanyl was noted on neonatal examination. 111  

Morphine 

The peak analgesic effect of morphine occurs 1 to 2 hours after IM administration and 20 minutes after IV administration. The duration of action is 4 to 6 hours. In equianalgesic doses, morphine produces more respiratory depression of the newborn than does meperidine (Fig. 57–16). 112  Because of the delayed onset and the prolonged duration of action of morphine in the mother and the greater sensitivity of the newborn‘s respiratory center to morphine, meperidine and fentanyl have replaced it as obstetric analgesics during active labor. Morphine is usually reserved for use in very early labor. 

FIGURE 57–16 Effect of equianalgesic doses of morphine and meperidine on the CO2 response curve in the newborn. The standard error of the mean is indicated by the rectangles above each point. (From Way et al112 )

Butorphanol and Nalbuphine 

Butorphanol and nalbuphine are two synthetic agonist-antagonist narcotic analgesics. In nonpregnant patients, analgesic doses of butorphanol (2 mg) and nalbuphine (10 mg) produce respiratory depression equivalent to that caused by 10 mg of morphine. Although larger doses of morphine produce more respiratory depression, larger doses of butorphanol and nalbuphine do not. 113, 114  However, larger doses of these drugs may produce maternal dizziness and somnolence and adverse neonatal neurobehavioral effects. 115  Even with the usual clinical doses, both of these drugs are rapidly transferred across the placenta and have produced sinusoidal FHR patterns. 116, 117  (This heart rate abnormality, which is associated with high-output cardiac failure in the fetus, appears to be benign when it results from medication and does not in itself signify fetal compromise.) The few studies that have been performed with these drugs in obstetrics have not shown significant advantages over other opioids. 103, 118, 119, 120, 121  

Ketamine 

Dissociative or amnesia-producing drugs, such as ketamine (Ch. 9). and scopolamine, are used infrequently during labor. In obstetrics, low-dose IV ketamine (10–25 mg, or 0.25-mg/kg increments) can be used in lieu of inhaled agents to produce analgesia (which can be useful during operative vaginal delivery or cesarean delivery). 122  Care must be used to avoid loss of maternal protective reflexes during IV analgesia provided by ketamine. 

Regional Anesthesia 

Regional analgesic techniques (Ch. 42) are the most effective means of providing analgesia for labor and vaginal delivery, and their use for analgesia in the United States has increased in the past decade (see Table 57–6). 88  Regional blocks provide pain relief while allowing the parturient to be awake and able to participate in the labor and delivery process. Epidural analgesia has been shown to reduce levels of catecholamines in the maternal circulation, 125  which may be beneficial to the fetus. 126  Compared with parenteral or inhalational analgesic techniques, regional anesthesia is unlikely to produce drug-induced depression in the fetus or mother. The most common regional anesthetic techniques are lumbar epidural, caudal, and spinal blocks. Paracervical, pudendal, and local perineal infiltration are techniques usually administered by the obstetrician. Each technique has a specific application and can be used to block some or all of the nerves carrying the pain impulses. 

TABLE 57–6. Analgesia for Labor and Delivery, a Survey of Practice in the United States, 1981 Versus 1992 

Patient Preparation 

Before administering a regional block, an IV infusion should be started, and equipment for resuscitation and treating complications must be immediately available. These include an oxygen delivery system, airways, laryngoscope, endotracheal tubes, suctioning apparatus, thiopental or diazepam for treatment of convulsions, ephedrine for treatment of hypotension, and naloxone for treatment of opioid-induced respiratory depression. A preanesthetic evaluation of the patient, an understanding of the obstetric plan, and an understanding of the fetal status should be performed before a regional block or other anesthetic is administered. Although this is sometimes difficult during the pain of labor, informed consent for the procedure must be obtained. Appropriate monitors (at our institution, maternal blood pressure, electrocardiogram, and FHR are monitored while a regional block is performed) must be in place. Before the block is given, approximately 500 mL of IV balanced saline solution should be infused to decrease the incidence of hypotension from anesthetic-induced sympathetic block. 

Lumbar Epidural Analgesia 

Lumbar epidural analgesia is the most common regional block performed for labor analgesia. Usually, the block is placed once the patient is in established labor. If augmentation with oxytocin is anticipated, the block can be started earlier. Continuous epidural analgesia provides the ability to administer analgesics for the duration of labor, with the dose adjusted for desired effect. Low doses of local anesthetics or opioids are often sufficient during the first part of labor to provide an effective T10 to L1 segmental block. As labor progresses, anesthetic dose may need to be increased to cover the increased pain of the late first and second stages of labor and the distribution of the pudendal nerve (S2–S4). The benefits of epidural analgesia include effective pain relief, reduction in maternal catecholamines, and a means to provide surgical anesthesia should that be necessary. There are few absolute contraindications for epidural (spinal or caudal) analgesia; these include patient refusal, infection at the site of needle placement, overt maternal coagulopathy, and maternal hemodynamic instability. Other conditions (e.g., preexisting neurologic disease, prior back surgery, isolated coagulation abnormalities, some cardiac disease) must be considered on a case-by-case basis, with the particular nature of the patient‘s problem and the risks and benefits of available analgesic techniques being weighed. 

The Epidural Test Dose in Obstetrics 

Placement of catheters for epidural use may be complicated by IV or subarachnoid placement of the catheter. Initially, aspiration can help identify possible IV or subarachnoid placement of the catheter. Because a negative aspiration does not always ensure against an intravascular or subarachnoid injection, the catheter position must be verified by injecting a test dose. The function of a test dose is to allow recognition of accidental subarachnoid or intravascular catheter location, without causing harm. Injection of a small dose (e.g., 45 mg of lidocaine, 7.5 mg of bupivacaine) can be used to detect subarachnoid injection; evidence of anesthetic block (including sacral analgesia) and possibly leg weakness should be present after 3 to 5 minutes. 127, 128  

Controversy surrounds the best means to detect accidental IV placement of an epidural catheter in obstetric patients. If injected into a blood vessel, epinephrine, 15 ?g (i.e., 3 mL of a 1:200,000 solution), has been shown to rapidly produce a transient increase in heart rate of 20 to 30 beats/min in volunteers and surgical patients. 129  However, in the laboring patient, maternal heart rate variability stemming from the pain of uterine contractions may confuse interpretation of the heart rate response after injection of an epinephrine test dose. Further, the pregnant patient may respond less reliably to 15 ?g of epinephrine. Leighton et al 130  administered IV either 15 ?g of epinephrine or saline to laboring women. When surgical criteria (an increase in heart rate of 25 bpm within 2 minutes of injection) were applied, only five of ten parturients were identified as having received epinephrine. When alternative criteria were applied (an increase in heart rate of >10 bpm over the maximum heart rate observed during the 2 minutes before injection), nine of ten patients had a “positive” response. Another concern with epinephrine is its potential adverse effect on uterine blood flow. Animal data reveal that IV injection of 15 ?g epinephrine transiently reduces uterine blood flow. 131  Further, a hypertensive patient may have an exaggerated response to IV epinephrine. Means to improve the reliability of epinephrine include injecting the test dose between uterine contractions when maternal heart rate is stable, repeating test doses when the response is equivocal, and considering only rapid, sudden increases in heart rate to be positive. 132  However, the lack of specificity, sensitivity, and potential adverse effects have led many to avoid this test dose in obstetrics. 

Injection of subconvulsant doses of local anesthetics (e.g., 100 mg of lidocaine 133  or chloroprocaine) have also been suggested for use as a test for IV catheter placement. Detection of IV placement relies solely on the subjective responses (tinnitus, perioral numbness) by the mother, which may be unreliable in the anxious or previously medicated parturient. Use of catecholamines other than epinephrine that produce increases in maternal heart rate without adverse effects on uterine blood flow (e.g., isoproterenol, 5 ?g 134 ) have also been studied, but data from humans are limited. 135, 136  Others have described the injection of 1 to 2 mL of air into the epidural catheter and listening for evidence of IV air with a Doppler monitoring device placed over the maternal precordium. 137, 138  

The safe practice of administering epidural analgesia involves catheter aspiration, testing for possible IV placement (recognizing the limitations of the available tests), testing for possible subarachnoid placement, and injecting the total dose of anesthetic in small increments (?5 mL) while waiting 30 to 60 seconds between injections and constantly observing the patient for evidence of local anesthetic toxicity. 

Epidural Agents for Labor and Delivery 

The agent or agents used for epidural analgesia must provide effective analgesia and be safe for the mother, fetus, and neonate. When used for labor and vaginal delivery, the agent should produce minimal maternal skeletal muscle relaxation, thereby permitting normal flexion and internal rotation of the fetal head and normal maternal expulsive efforts during the second stage of labor. Epidural opioids, local anesthetics, and their combination are used for labor analgesia. 

Epidural Opioids for Labor 

Epidural morphine was the first epidural opioid evaluated for labor analgesia. Unfortunately, it has a very long onset time (30–60 minutes), and even with generous doses (7.5 mg), it provides only mediocre pain relief and is often ineffective during the late first and second stages of labor (Fig. 57–17). 139  Epidural meperidine, 100 mg, provides consistently good analgesia that lasts for about 2.5 hours. 140  Epidural fentanyl, 100 to 200 ?g, quickly provides analgesia (5–10 minutes) that lasts 1 to 2 hours with few side effects. 141  In some patients, these doses had to be repeated as often as three times; however, umbilical artery fentanyl levels are low, and in one study, one of 38 neonates was treated for presumed opioid-related depression. 141  Epidural sufentanil, 5 to 50 ?g, following a test dose of 45 mg of lidocaine and 15 ?g of epinephrine has been reported to provide significant dose-related analgesia for labor. 142  The lower doses, 5 to 15 ?g, provided approximately 1 hour of pain relief, and the larger doses, 40 ?g and 50 ?g, resulted in a 2-hour analgesic period. Certainly, there is a concern of accidental IV or subarachnoid injection of such large doses of sufentanil. Interestingly, epidural administration of 10 ?g of sufentanil failed to provide analgesia in patients who did not receive any local anesthetic as a test dose. 143  For meperidine and fentanyl, lower doses (25 mg of meperidine, 144  80 ?g of fentanyl 144 ) are effective if combined with a small dose of local anesthetic. 

FIGURE 57–17 Pain relief during labor following intrathecal or epidural morphine compared with epidural bupivacaine. (*Data from Abboud et al218 ; **data from Hughes et al139 )

It is not clear what should be considered the maximal total dose of epidural opioid that can be given before birth without affecting the clinical condition of the neonate. Some believe that 30 ?g of sufentanil should not be exceeded, 145  although there are data to suggest that 50 ?g is safe. 142  One observational study reported decreased neurologic and adaptive capacity scores in neonates whose mothers had received more than 200 ?g of fentanyl during labor. 146  Because data clarifying the maximum dose are scarce, if epidural opioids become ineffective for labor analgesia, it makes sense to consider changing to a different epidural analgesic rather than giving several doses of an opioid. 

Epidural Local Anesthetics 

Epidural local (Ch. 13) anesthetics are the most commonly used epidural analgesics for labor and delivery. The anesthetics used include bupivacaine, lidocaine, 2-chloroprocaine, and more recently, ropivacaine. 

Bupivacaine. 

Bupivacaine is the most commonly used local anesthetic for labor analgesia. Its relatively long duration of action and apparent lack of tachyphylaxis 147  are attractive features. Bupivacaine is highly protein bound, and placental passage is low (the umbilical venous:maternal venous concentration ratio is about 0.3). 148  Further, bupivacaine is effective in low concentrations (0.125% alone, or as low as 0.04% when combined with opioid 149 ) for early labor. Somewhat higher concentrations (0.25% alone or 0.125% with opioid) may be necessary in late labor. Use of low concentrations minimizes motor block. The 0.5 percent concentration is reserved for use during cesarean delivery. 

A concern with the use of bupivacaine is its cardiotoxicity. Bupivacaine-induced seizures from accidental intravascular injection have been associated with cardiac arrests resulting in difficult resuscitation or death. 150  Although these arrests occurred in patients given either 0.5 percent or 0.75 percent bupivacaine, in the early 1980s, the U.S. Food and Drug Administration proscribed the use of the 0.75 percent in obstetrics. (It is important to underscore that cardiac arrests have occurred with concentrations less than 0.75 percent—the total dose and subsequent serum level of bupivacaine determine whether a toxic reaction occurs, not the concentration of the solution. It is, however, easier to give a large dose quickly with the higher concentration.) Animal studies have revealed that bupivacaine appears to be more cardiotoxic than lidocaine. 151, 152, 153, 154, 155  The most likely mechanism for such cardiotoxicity relates to the action of bupivacaine on cardiac sodium channels and the physicochemical properties of bupivacaine. Both lidocaine and bupivacaine block the sodium channels of nerve and heart, an effect that slows or stops conduction. Blockade of cardiac sodium channels by lidocaine appears to be well tolerated by the heart; in fact, the drug is commonly used as an antiarrhythmic agent. When electrophysiologic differences between lidocaine and bupivacaine were compared, lidocaine was found to enter the sodium channel quickly and to leave quickly; bupivacaine was found to be a “fast-in, slow-out” agent. 155  Avid protein binding, particularly at low pH, contributes to this feature and contributes to the difficulties in resuscitating patients in cardiac arrest from bupivacaine toxicity. In addition, the higher lipid solubility of bupivacaine (compared with that of lidocaine) allows the drug to enter the cell more easily. 156  

Most of the reported cases of bupivacaine cardiotoxicity have involved obstetric patients. The reason for the increased incidence and the poor outcome of cardiotoxic reactions to bupivacaine in pregnancy is not clear. It may reflect the more frequent use of bupivacaine for obstetric epidural block or the fact that it is easier to accidentally puncture a dilated epidural vein during parturition. In addition, physiologic changes during pregnancy (low functional residual capacity, high oxygen consumption, and aortocaval compression) make the parturient more difficult to resuscitate than the nonpregnant patient. 157  The hypoxia and acidosis that would be expected to occur rapidly in the pregnant patient contribute to bupivacaine cardiotoxicity. 158, 159, 160  Further animal data suggest that reduced protein binding and higher free bupivacaine levels in pregnancy 161, 162  and progesterone-enhanced bupivacaine (but not lidocaine) cardiac toxicity 163  may contribute to the problem during pregnancy. It is encouraging that an apparent reduction in regional anesthetic-related maternal mortality has been noted since 1984, 164  despite the increased use of regional blocks for labor and cesarean delivery. Perhaps, at least in part, this is a result of the clinical practice of routine testing of epidural catheters for IV or subarachnoid placement and avoiding large bolus injections of local anesthetic. 

Lidocaine. 

Lidocaine, a local anesthetic commonly used in the operating room, is very popular in obstetrics, particularly for cesarean delivery (1.5–2.0% solutions). For labor, concentrations of 0.75 to 1.0 percent have been used but may not be as effective as bupivacaine. 165  Umbilical venous:maternal venous concentrations are approximately 0.8. 166, 167  However, in 1974, Scanlon et al 168  reported that when used for maternal epidural analgesia during labor, lidocaine compromised neonatal neurobehavioral function. Numerous subsequent studies 169, 170  have either failed to corroborate these findings or found changes so minimal as to be clinically insignificant. 

2-Chloroprocaine. 

2-Chloroprocaine is an ester-type local anesthetic with a rapid onset and a brief duration of action. Because of its rapid hydrolysis by maternal plasma cholinesterase (the half-life of chloroprocaine in maternal blood is 21 seconds), very little drug crosses the placenta. 171, 172  A disadvantage of 2-chloroprocaine is its apparent antagonism of subsequently injected epidural opioids 173  and bupivacaine. 174, 175  It is particularly useful to rapidly extend a labor epidural block for operative vaginal (2–3% solutions) or cesarean (3% solution) delivery. 

In the past, 2-chloroprocaine was thought to be neurotoxic because of reports of arachnoiditis following accidental subarachnoid injection. 176, 177, 178, 179  Subsequent investigations traced the cause of arachnoiditis to the low pH of the anesthetic solution to which sodium bisulfite, an antioxidant, had been added to stabilize the formulation. 178, 180, 181  Replacement of bisulfite by disodium ethylenediaminetetraacetic acid (EDTA) has removed the apparent associated danger of arachnoiditis and exchanged it for the less serious side effect of backache, which tends to accompany large doses (>30 mL) of this formulation. 182  

Ropivacaine. 

Ropivacaine is a newer amide local anesthetic similar in structure, potency, and pharmacodynamics to bupivacaine. In animal studies, ropivacaine appears to have a cardiotoxicity that is intermediate between those of lidocaine and bupivacaine. 151, 183, 184  Unlike with bupivacaine, progesterone does not appear to enhance its cardiotoxicity. 185  In pregnant sheep, a more rapid clearance of ropivacaine than that of bupivacaine after IV administration led to a larger dose (but not serum concentration) required to produced toxicity. 186  These findings suggest that there may be a greater margin of safety in pregnant patients with ropivacaine than with bupivacaine, if accidentally injected IV. 

Clinical reports find ropivacaine very similar to bupivacaine for labor analgesia. Solutions of either ropivacaine or bupivacaine, 0.25 percent, given as a bolus, followed by an infusion of the same concentration, provided equivalent analgesia. 187  Similarly, 0.125 percent solutions of ropivacaine or bupivacaine delivered comparable analgesia when administered via patient-controlled epidural analgesia. 188  Although an in vitro study suggested reduced blockade of motor fibers with ropivacaine compared with bupivacaine, 189  studies in laboring patients have yet to confirm this potential advantage. 187, 188  

Epinephrine as an Adjuvant to Local Anesthetics. 

Many investigators recommend that epinephrine be added to local anesthetics to decrease systemic absorption, provide a longer duration of action, and intensify the motor block. Reports of studies questioning whether added epinephrine decreases systemic absorption of epidurally injected local anesthetics in the obstetric patient have been variable. 190, 191, 192, 193, 194  In epidural anesthesia for vaginal delivery, the addition of epinephrine, except for the test dose, is unnecessary because of the small amounts of drug used and the lack of need for motor block. Although the ?-sympathomimetic effects of systemically absorbed epinephrine may produce a transient decrease in uterine contractility, 195  the significance of this finding is unclear. Enhanced analgesia, however, is a potential advantage. 196  For cesarean delivery, in which larger doses of local anesthetic are used and more profound motor block is desired, many favor the addition of epinephrine 1:200,000 to the local anesthetic solution. 

Epidural Opioids plus Local Anesthetics 

Combining epidural local anesthetics with opioids has become a common practice in obstetric analgesia for labor and delivery. The rationale is that these agents work at two distinct sites—the local anesthetic at the nerve axon and the opioid at the spinal cord receptor—to eliminate pain via a combined and possibly synergistic mechanism. The use of a combination of local anesthetic plus an opioid reduces the total amount of local anesthetic required to produce effective analgesia, and therefore less motor block occurs, which parturients appreciate. 

Mixtures of epidural fentanyl or sufentanil with bupivacaine are commonly used during labor to initiate and maintain analgesia. 145, 149, 175, 197, 198, 199, 200, 201, 202, 203, 204, 205, 206  Addition of 50 ?g of fentanyl or 10 ?g of sufentanil to 0.04 to 0.25 percent bupivacaine in a 10 mL bolus produces a more rapid onset of more complete labor analgesia than does bupivacaine alone. When continuous infusions are administered after the initial bolus, very low concentrations of bupivacaine (0.04–0.125%) may be combined with fentanyl, 1 to 2.5 ?g/mL, or sufentanil, 0.1 to 0.3 ?g/mL, at a rate of 8 to 15 mL/h to achieve excellent labor analgesia for the first and often the second stage of labor. One study found the analgesia conferred by an infusion of 0.0625 percent bupivacaine with 2.5 ?g/mL of fentanyl at 12 mL/h to be equivalent to that from 0.0625 percent bupivacaine with 0.25 ?g/mL of sufentanil. 207  The most significant advantage of combining these opioids with bupivacaine is the lack of motor blockade, 202  which may promote spontaneous vaginal delivery. 145, 203  There appear to be no adverse neonatal effects 198  or loss of beat-to-beat FHR variability when this technique is used. 200  

Suggested drug regimens for initiating lumbar epidural anesthesia for labor and vaginal delivery are presented in Table 57–7 . While an epidural block is being established, the mother should be kept on her side or positioned with left uterine displacement to prevent supine hypotension. Arterial blood pressure should be monitored every 1 to 2 minutes for the first 10 to 20 minutes after injection of local anesthetic until the block is established and stable. During the first 20 minutes after the initial dose and after any additional doses, the patient should be observed continuously and not be left unattended. The FHR and uterine contractions should be continuously monitored electronically before and after an epidural block is instituted. If the initial anesthetic injection does not result in satisfactory analgesia, the anesthesiologist assesses whether or not the epidural catheter is properly situated in the epidural space. If not, the catheter is replaced. If the block is too low or asymmetric, additional volume can be given. Some also advocate withdrawing the epidural catheter 1 cm or so and positioning the patient with the unblocked side dependent to assist with achieving a bilateral block. If labor is progressing rapidly, a more potent analgesic solution may be necessary. 

TABLE 57–7. Suggested Techniques for Lumbar Epidural Anesthesia for Labor and Vaginal Delivery 

Continuous-Infusion Lumbar Epidural Analgesia 

Continuous infusion of low concentrations of local anesthetic into the epidural space provides a continuous stable anesthetic level, thereby avoiding the fluctuations in pain relief found with intermittent epidural injections during labor, and results in improved patient satisfaction. 208, 209, 210  Other potential benefits include less maternal hypotensive episodes from fluctuating levels of sympathetic block and a less labor-intensive anesthetic because there is no need for the time-consuming repeat test doses or the necessary close monitoring of the patient for the first 20 minutes after a reinjection. Because of the dilute local anesthetic solutions used, motor block can be limited. To safely achieve optimum analgesia and patient satisfaction, the anesthesiologist should examine and interview the patient frequently. At these times, the anesthesiologist can make necessary adjustments in the rate of infusion or the concentration of local anesthetic and can note any signs of intravascular or subarachnoid migration of the catheter. Between visits, the patient must be closely supervised by trained nurses. The technique is outlined in Table 57–7 . 

The potential complications of this technique are intravascular or subarachnoid migration of the catheter during the infusion or epidural infusion rates that are too high. If the epidural catheter migrates into a blood vessel, the only side effect would probably be loss of analgesia. Significant systemic toxicity is avoided because of the very low rate of infusion of local anesthetic. If the epidural catheter accidentally punctures the dura mater, the onset of motor block from the resulting spinal analgesia would be slow and easily diagnosed. If the infusion rate is too high, the slowly ascending sensory level should be easily recognized. 

Another form of continuous-infusion epidural analgesia is patient-controlled epidural analgesia. 204, 211, 212, 213, 214, 215  After the epidural block is established, a slow rate of infusion is set, with the option for the patient to self-administer a small top-up dose as needed (see Table 57–7). This form of analgesia requires that the patient understands that she has control over her analgesia. With analgesia being equivalent, one study found overall patient satisfaction with patient-controlled epidural analgesia to be higher than traditional continuous-infusion techniques. 214  

Caudal Analgesia 

A caudal block is administered only after labor is well established. Caudal blocks are performed in patients positioned either on their sides or prone with a bolster under the thighs. With the coccyx used as a landmark for the midline, the sacral cornua and the sacrococcygeal ligament are palpated. Once the needle is placed in the canal, the surgical drapes are removed, and a rectal examination is performed to exclude the possibility of accidental puncture of the fetal presenting part and subsequent anesthetic intoxication of the fetus. 216  After drapes and gloves are replaced, the caudal catheter is introduced through the needle. After aspiration, test doses of local anesthetics (as described for epidural anesthesia) are given. The volume necessary to provide a T10 block varies from 10 to 20 mL. 

Lumbar epidural anesthesia is preferable to caudal anesthesia in labor for several reasons: (1) segmental T10–L1 dermatome levels can be achieved in early labor when sacral anesthesia is not required; (2) less drug is needed during labor; (3) pelvic muscles retain their tone, and rotation of the fetal head is more easily accomplished; and (4) despite the increased risk of dural puncture, placement of the lumbar epidural needle is often technically easier for the anesthesiologist and less painful for the patient than caudal anesthesia. Caudal anesthesia administered just before delivery has advantages over lumbar epidural anesthesia in that the onset of perineal anesthesia and muscle relaxation is more rapid. A “double-catheter” technique has been described in which a lumbar epidural catheter is placed for use during the first stage of labor, and a caudal catheter is placed for use during the second stage and delivery. This technique can be used in patients with cardiac disease in whom it is desired to avoid the high anesthetic (and sympathetic) block height that sometimes accompanies attempts to provide complete perineal analgesia with a lumbar epidural catheter. 

Spinal Opioid Analgesia 

Intrathecal injection of very small doses of opioids (Ch. 69) can produce effective labor analgesia without the usual systemic effects of opioids and without the motor block and sympathectomy that often accompany the use of epidural and spinal local anesthetics. Techniques using opioids alone during labor may be particularly useful in patients who wish to ambulate during early labor or in those with cardiac disease who require analgesia that is adequate to prevent the potentially dangerous increases in heart rate and cardiac output associated with painful labor and in whom anesthesia-related decreases in SVR and cardiac output would not be tolerated (e.g., aortic stenosis and pulmonary hypertension). 

Morphine was the first intrathecal opioid studied for the relief of labor pain. Large doses were used initially (0.5–2.0 mg). 217, 218  Although intrathecal morphine provides good analgesia during the first stage of labor for many patients (see Fig. 57–17), it is often inadequate for the second stage of labor. 218  The latency of analgesia with morphine is long (40–60 minutes), and the side effects, nausea (>50%) and pruritus (80%), are common. 218  Pruritus can be treated with diphenhydramine, nalbuphine, or naloxone. 219  Other side effects include urinary retention, drowsiness, dizziness, and potential respiratory depression. Subsequently, use of a smaller dose of morphine (0.25 mg) combined with fentanyl (25 ?g) was reported 220  and found to provide a rapid onset (about 5 minutes) of reasonably good analgesia for the first stage of labor, but side effects remained problematic. Key to the successful use of intrathecal morphine for labor analgesia are recognizing and treating side effects and managing inadequate analgesia. Although respiratory depression is a rare side effect of intrathecal morphine, sedation and drowsiness can occur if women receive systemic analgesics in addition to intrathecal morphine. 221  The side effect profile of intrathecal morphine has led many to abandon its use in laboring patients, but it may be of benefit in patients with significant medical problems in whom it is desired to avoid the effects of epidural local anesthetics. 222, 223  

Sufentanil (10 ?g) is commonly administered as an initial analgesic for labor. It has a rapid onset of action which lasts 60 to 180 minutes. Fentanyl (10–25 ?g) alone also provides a rapid onset of analgesia lasting 30 to 120 minutes. 224  Fentanyl is used less often than sufentanil because of its shorter duration of action and a clinical impression that sufentanil provides better analgesia. 224  Sufentanil has a faster onset time than epidural bupivacaine (Fig. 57–18). 225  The addition of a small dose of bupivacaine (2.5 mg) to intrathecal sufentanil has been proposed to improve and increase the duration of the analgesia afforded by sufentanil alone 226  and has been described as being particularly helpful in patients in advanced labor. 227  

FIGURE 57–18 Visual analog pain scores after injection of intrathecal sufentanil (squares) or epidural bupivacaine (circles). Intrathecal sufentanil was injected at –2 minutes. Time 0 is the beginning of the injection of epidural bupivacaine (the times differ because a CSE technique was used for both groups of patients—the epidural bupivacaine patients received intrathecal saline, and the intrathecal sufentanil patients received epidural saline). Each point represents the median ± 25th and 75th percentiles of 25 patients. All time points beyond baseline differ from their respective baseline values. Intrathecal sufentanil provided a more rapid onset of analgesia, even allowing for the different injection times. *P < .05 versus sufentanil. (From D‘Angelo et al225 )

There are, however, notable side effects from intrathecal sufentanil. Pruritus is a frequent side effect (>80%). 224, 225  Hypotension (defined as a decrease in systolic blood pressure to <90 mm Hg) has also been reported following intrathecal sufentanil analgesia for labor. 228  Hypotheses to explain this hypotension include (1) a reduction in stress response as a result of analgesia and (2) sympathetic block from a local anesthetic effect of the opioid. Although sensory levels have been measured following intrathecal sufentanil 228  and may at times be quite high, 229  one study found no evidence of sympathetic block following intrathecal sufentanil, 230  suggesting that the observed changes in blood pressure are a result of reduced catecholamine levels and analgesia. Changes in the FHR have also been reported to occur within 40 minutes of injection of intrathecal sufentanil in 14 to 18 percent of patients. 228, 231  The cause of the FHR changes is unknown, but the incidence is similar to that following epidural bupivacaine. 231  Uterine hyperactivity following analgesia has been suggested. 232  It is prudent to monitor maternal blood pressure, uterine contractions, and FHR after intrathecal sufentanil injection. Finally, although rare (estimated incidence, 0.021%), 233  respiratory depression and/or arrest have been reported following the use of intrathecal sufentanil. 234, 235  Proposed risk factors for respiratory depression include large dose (15 ?g), repeat doses, and prior administration of parenteral opioids. Patients must be carefully observed for this side effect. 

Intrathecal meperidine offers unique features for laboring patients. Intrathecal meperidine has local anesthetic effects, and large doses (60 mg) have been used for surgical anesthesia. Doses of 10 to 20 mg have been used for labor analgesia and have been reported to be particularly effective in patients in advanced labor. 236  

Combined Spinal-Epidural Analgesia 

Intrathecal opioids can be administered as a single injection, through a continuous spinal catheter (e.g., an epidural catheter placed via an epidural needle—this technique may be feasible if attempted epidural placement proved difficult and was complicated by dural puncture), or by a combined spinal-epidural (CSE) technique. The CSE technique involves identifying the epidural space with an epidural needle, placing a long spinal needle through the epidural needle, confirming cerebrospinal fluid (CSF) flow, injecting the intrathecal drug, withdrawing the spinal needle, and then placing an epidural catheter to be used later in labor. When the epidural catheter is dosed for labor analgesia, the usual precautions (aspirating, administering a test dose, fractionating the total local anesthetic dose) must be followed. Less epidural local anesthetic may be required for effective analgesia in patients who have received intrathecal opioids, perhaps from an additive or synergistic effect of the previously injected opioid or from leak of the local anesthetic across the dura into the subarachnoid space. 237, 238  

Spinal Anesthesia for Vaginal Delivery 

Spinal anesthesia of the sacral nerve roots, often called saddle block, is administered immediately before delivery. A small dose of hyperbaric local anesthetic (e.g., bupivacaine, 5 mg, or lidocaine, 15–20 mg), is injected into the subarachnoid space while the patient is in the sitting position to accomplish sacral anesthesia. More commonly, however, anesthetic distribution to a T10–S5 dermatome level is desired and can be accomplished with slightly larger doses of hyperbaric bupivacaine (6–8 mg) or lidocaine (30–50 mg). Care must be taken not to administer the drug just before or during a uterine contraction lest the accompanying Valsalva maneuver result in an excessively high anesthetic level. 

Complications of Regional Analgesia 

The most significant complications of regional anesthesia are severe hypotension, convulsions induced by local anesthetics, total spinal anesthesia with resulting respiratory arrest, nerve injury, and headache secondary to dural puncture. 

Hypotension 

Hypotension remains the most common side effect of major conduction anesthesia for vaginal or cesarean delivery. The incidence and the severity of hypotension depend on the dermatome level of the block, the position of the parturient, the physical status of the parturient, and the prophylactic measures taken to avoid hypotension. Such measures include administration of IV fluids before the block, left uterine displacement, and administration of ephedrine. 239, 240, 241, 242  It is most common after induction of spinal anesthesia for cesarean delivery but can certainly occur in the laboring patient. After administration of any regional block, vigilant monitoring of maternal blood pressure and symptoms (dizziness, shortness of breath, nausea) must be carried out. The FHR must also be evaluated so that any adverse effects on the fetus can be recognized. Hypotension in the obstetric patient can be defined as a systolic blood pressure of less than 90 mm Hg, or a decline of 20 to 30 percent from baseline. Treatment of hypotension involves ensuring proper maternal position with the uterus displaced off the vena cava, administration of oxygen to the mother, infusion of IV fluids, use of head-down tilt, and administration of ephedrine, 5 to 10 mg IV. If recognized and treated promptly, transient maternal hypotension does not usually cause maternal or neonatal morbidity. 56, 243, 244  

Convulsions Induced by Local Anesthetic 

Central nervous system toxicity occurs when the level of local anesthetic in arterial blood (and brain tissue) exceeds a critical level. High blood levels result from accidental intravascular injection, accumulation of local anesthetic after repeated injections, and rapid systemic absorption of local anesthetic from a highly vascular area. Accidental intravascular injection may occur with any regional anesthetic technique, including paracervical and pudendal blocks. 

The elimination half-life of amide local anesthetics is 2 to 3 hours. Therefore, systemic accumulation of such anesthetics to near-toxic levels may occur when large doses are given repeatedly or frequently. During properly conducted regional anesthesia, however, the blood level of local anesthetics that occurs as a result of absorption rarely causes symptomatic toxicity, but there is large individual variability, particularly with lidocaine. 245  The risk of systemic accumulation can be minimized by use of the smallest quantity of drug necessary to achieve the desired anesthetic effect and by use of agents that are rapidly metabolized and intrinsically less toxic, such as chloroprocaine. 

By talking to the patient frequently and by constantly observing her physical condition and vital signs, the physician not only can recognize incipient toxic reactions but may also mitigate their potential for serious effects as well. Systemic toxicity is usually heralded by sedation and slurred speech, and oxygen is administered. Administering thiopental, 50 to 75 mg, or a benzodiazepine may help prevent a convulsion. Should a seizure occur, the airway is maintained and the patient is ventilated with 100 percent oxygen. Succinylcholine both terminates the skeletal muscle activity (the source of metabolic acidosis after a seizure) and facilitates ventilation and intubation. 246  The maternal circulation is supported with IV fluids and vasopressors as needed. As soon as possible, the condition of the fetus should be assessed and, if necessary, the subsequent course of delivery altered appropriately. Prompt maternal resuscitation usually restores uterine blood flow and fetal oxygenation and permits fetal excretion of local anesthetic to the mother via the placenta. 

Treatment of Cardiac Arrest 

Cardiac arrest from IV injection of bupivacaine should be treated with external cardiac massage; defibrillation, if necessary; bretylium 247 ; and repeated doses of epinephrine. If the arrest occurs before delivery, all efforts should be made to rapidly deliver the fetus. Not only does this move the fetus to a healthier environment, but it also facilitates maternal resuscitation by relieving aortocaval compression. 157  Maternal blood gases are checked frequently, and any acidosis is corrected. 158  In one case report, cardiopulmonary bypass was used in a nonpregnant patient to support the circulation, minimize metabolic acidosis, and enhance clearance of the bupivacaine from the circulation. 248  

Total Spinal Anesthesia 

Total spinal anesthesia usually occurs from an excessive spreading of local anesthetic administered intrathecally. It can occur during intended spinal anesthesia, even when appropriate doses are used. It can also occur if a presumed epidural catheter migrates into the subarachnoid space. 249  A high block can also result from subdural injection of anesthetics. 250, 251, 252  Characteristics of a subdural block include a relatively rapid onset of a high sensory level, sacral sparing, a patchy block, and an incomplete or absent motor block. Although total spinal anesthesia occurs infrequently, the patient must be monitored for it carefully after institution of an epidural or spinal block; severe hypotension and hypoxia from respiratory embarrassment occur quickly, with adverse maternal and fetal effects. Treatment consists of establishing an airway and ventilating with oxygen. Endotracheal intubation should be performed as soon as possible to protect the airway from aspiration. The Trendelenburg position and left uterine displacement should be used to increase venous return to the heart. Fluids and ephedrine should be administered as necessary to maintain blood pressure at a normal level. If accidental injection of a large volume of local anesthetic into the subarachnoid space is suspected, aspiration of the CSF should be considered. 

Nerve Injury 

Direct nerve injury from spinal or epidural needles and catheters is extremely rare. Pressure on the cord or spinal roots by a needle point produces excruciating pain, and the needle would be withdrawn immediately. Other potential neurologic complications, also very rare, include epidural hematoma; infections, such as epidural and caudal abscess and meningitis; and chemical contamination of the subarachnoid or epidural space. The few instances of reported epidural hematoma associated with regional blocks have occurred mainly in older patients who had defective coagulation capabilities. 

In obstetrics, nerve injury in the mother is usually not related to anesthesia but either to compression of the lumbosacral trunk (Fig. 57–19) between the head of the fetus and the sacrum or stretching or compression injuries of the femoral, lateral femoral cutaneous, or peroneal nerves when the patient is in the lithotomy position (Fig. 57–20). Recovery from these injuries may require 12 to 16 weeks. 

FIGURE 57–19 Relationship of the lumbosacral cord to the pelvis and the psoas major muscle. (From Cole433 )

FIGURE 57–20 Common peroneal nerve compressed between lithotomy stirrup and neck of fibula. This can be avoided by padding or having the legs hang away from the stirrup supports. (From Britt and Gordon434 )

Headache After Dural Puncture 

Headaches secondary to puncture of the dura mater are caused by leakage of CSF through a patent hole in the dura. Loss of the cerebral CSF “cushion” results in traction on sensitive structures (blood vessels) within the cranium. CSF leak and incidence of headache are related to the size of the needle used (lower with smaller-gauge needles), 253  the number of dural punctures, the patient age, the type of spinal needle (cutting versus noncutting or pencil point), 253, 254, 255  and the direction of the needle bevel (lower with the bevel of a cutting-type needle placed parallel to the dural fibers). 253, 256, 257  About 80 percent of parturients experience a headache after puncture with a 16-gauge epidural needle 256  (i.e., when the dura is accidentally punctured during an attempted epidural block), and about 1 to 4 percent have a significant headache when a 24- to 26-gauge pencil-point spinal needle is used. 258, 259  Diagnosis is made from clinical history; classically, a postdural puncture headache is postural (worse on standing). Conservative therapy consists of bed rest, analgesics, hydration, and wearing of a tight abdominal binder, which increases epidural pressure and decreases the amount of leaking CSF. Caffeine, perhaps via cerebral vasoconstriction, has also been suggested as therapy for postdural puncture headache. 260, 261  

A blood patch epidural with autologous blood may be performed in patients having severe headaches following dural puncture. Under a rigidly aseptic technique, approximately 10 to 20 mL of blood is withdrawn and immediately placed into the epidural space at the site of the dural rent. If the site of the dural rent is uncertain because of the presence of multiple puncture sites, the lowermost interspace should be used because of the cephalad spread of solutions in the epidural space. 262  The success rate for this procedure is about 90 to 95 percent. 263, 264  Follow-up evaluation has indicated that the epidural blood patch is without serious complication. 265  Although backache is the most common complication, it is seldom severe or incapacitating. The administration of a prophylactic blood patch after accidental dural puncture is controversial. Loeser et al 266  reported a high failure rate for epidural blood patches performed less than 24 hours after dural puncture, but others have found that 15 to 20 mL of autologous blood injected through an epidural catheter after delivery was highly effective in avoiding a subsequent headache. 267, 268  Infusion of epidural saline (10–15 mL/h for 24 hours) after the dural puncture may also limit postdural puncture headache. 269  

General Anesthesia 

General anesthesia is rarely needed for vaginal delivery but might be used for emergent operative (forceps or vacuum extraction) vaginal delivery if regional techniques are contraindicated and if other analgesics have proved to be inadequate. General anesthesia can also be used if profound uterine relaxation is needed for intrauterine manipulations for internal podalic version, complete breech extraction, manual removal of the placenta, or replacement of an inverted uterus. The potent inhaled anesthetics isoflurane, enflurane, and halothane cause dose-dependent uterine muscle relaxation and can be used therapeutically. After rapidsequence induction and endotracheal intubation, oxygen and inhaled agent are administered in doses high enough to provide uterine muscle relaxation, while maternal hemodynamics are carefully monitored. As soon as the desired effect is reached and the intrauterine manipulation is complete, the inhaled agent is discontinued to allow the uterus to contract after delivery and to stop bleeding. Uterine muscle relaxation can also apparently be accomplished with IV injection of small (50–100 ?g) incremental doses of nitroglycerin. 273, 274, 275  This technique is particularly useful when effective analgesia exists (e.g., with a regional block or IV opioids) because it avoids the need to induce general anesthesia. ANESTHESIA FOR CESAREAN SECTION 

The choice of anesthesia for cesarean section depends on the reason for the operation, the degree of urgency, and the desires of the patient. The anesthesiologist must choose the method that is believed to be safest and most comfortable for the mother and least depressant to the newborn and that provides the optimal working conditions for the obstetrician. Survey data from 1992 from the United States reveal that more than 84 percent of cesarean deliveries are performed with regional anesthesia (spinal, 40%; epidural, 44%; general, 17%). 88  This represents a change since 1981 (spinal, 34%; epidural, 21%; general, 41%) Regional Anesthesia 

Advantages to regional anesthesia include an awake mother, minimal newborn depression, and avoidance of the risks of general anesthesia. These advantages of regional anesthesia (and the risk of general anesthesia) are recognized not only by anesthesiologists but also by the American College of Obstetricians and Gynecologists. In the 1992 Committee Opinion publication “Anesthesia for Emergency Deliveries,” 276  the risks of failed intubation and aspiration pneumonitis are recognized as serious complications of general anesthesia. Goals to promote the use of regional anesthesia and minimize the need for general anesthesia are stated and include (1) anesthetic consultation for patients in whom emergency induction of general anesthesia would be particularly hazardous, (2) establishment of IV access and placement and testing of an epidural catheter early in labor in patients at risk for cesarean delivery, and (3) recognition that cesarean delivery for a nonreassuring fetal status does not necessarily preclude the use of regional anesthesia. 

Spinal Anesthesia 

Advantages of spinal anesthesia include its simplicity, small drug dose, low failure rate (about 3% 277 ) and rapid onset. Disadvantages include a higher incidence of hypotension and a finite duration of anesthesia. 

Use of hyperbaric bupivacaine limits the significance of the finite duration of spinal anesthesia because its duration (1.5–2 hours) is suitable for the majority of cases. However, the block level with single-shot spinal anesthesia is not predictable. When giving all parturients a set dose (12 mg) of hyperbaric bupivacaine for cesarean delivery, Norris 278  found that anesthetic block levels ranged from T7 to C8. Patient height, weight, or body mass index did not correlate with block height (Fig. 57–22). On average, increasing the dose of spinal anesthetic increases block height, 279  but the range of block heights is still great. Flexibility limitations of spinal anesthesia can be overcome by use of a continuous spinal anesthetic technique. Continuous spinal anesthesia (using an epidural catheter threaded into the subarachnoid space via an epidural needle) is an option if the initial block attempt was difficult and/or complicated by dural puncture and has been described in a patient with severe kyphoscoliosis 280  and in morbidly obese parturients. 281  

FIGURE 57–22 The relationship between height and weight and maximum cephalad spread of block after intrathecal injection of 12 mg hyperbaric bupivacaine to 50 term parturients undergoing cesarean delivery. Symbols: circle, one patient; square, two patients; triangle, three patients; diamond, four patients. There was no predictable relationship between patient height or weight on the extent of spinal block. (From Norris435 )

Hypotension occurs more often during spinal (45– 100%) 59, 241, 282  than epidural anesthesia (15–44%). 169, 283  The varied percentage of hypotension in different studies probably stems from varied definitions of hypotension and regimens of prehydration, as well as factors that are difficult to control (completeness of left uterine displacement and preoperative volume status). As previously described, treatment strategies for hypotension include ensuring left uterine displacement, using head-down tilt, administering IV fluids, and administering ephedrine boluses or infusion. 284, 285  Phenylephrine has also been studied for use during cesarean delivery and has been found to be safe and effective in normal parturients. 58, 59  The impact on the fetus of maternal hypotension during spinal anesthesia is controversial. Some have reported decreased umbilical arterial pH in fetuses born of mothers receiving spinal anesthesia compared with those receiving epidural anesthesia for cesarean delivery. 286, 287  Others have not found differences in umbilical cord acid/base status with these two anesthetics. 288  Most studies do not find important differences in newborn vigor or neurologic and adaptive capacity scores with the two anesthetic techniques. 286, 287, 288  The potential impact of hypotension on the fetus must be appreciated. 

Analgesia during spinal anesthesia has been reported to be improved when 0.2 mg of epinephrine, 289  0.2 mg of morphine, 290  epinephrine 0.2 mg plus morphine 0.2 mg, 290  10 ?g of fentanyl, 291, 292, 293  or 10 ?g of sufentanil 294  are added to hyperbaric bupivacaine or lidocaine. The addition of opioids to spinal bupivacaine also improves the duration of analgesia after surgery. A suggested technique of spinal anesthesia for cesarean delivery appears in Table 57–8 . 

TABLE 57–8. Suggested Technique for Regional Anesthesia for Cesarean Section 

Epidural Anesthesia 

Flexibility is probably why epidural anesthesia is used more often than spinal anesthesia for cesarean delivery. 88  Patients with an epidural catheter in place for labor can have the block extended to provide suitable anesthesia for cesarean delivery. An epidural catheter should be placed early and tested for function in patients at risk for cesarean delivery, such as obese parturients. 295  Flexibility for the duration of anesthesia for surgery and control of block height are other advantages of epidural anesthesia. 

It is notable that despite some decrease in blood pressure during the induction of a surgical level of epidural anesthesia, remarkable stability in maternal cardiac output has been reported. 286  There are maternal conditions that favor the less rapid onset of sympathetic blockade of epidural anesthesia, such as severe hypertension and preeclampsia. 296  With only moderate prehydration (500–750 mL of crystalloid) and a slow onset of anesthetic block, remarkable hemodynamic stability can be maintained. Similarly, patients with mitral or aortic stenosis have been given epidural anesthesia (induced slowly) with appropriate cardiovascular monitoring guiding treatment of hemodynamic perturbations. 297, 298, 299  

The commonly used drugs for epidural anesthesia for cesarean delivery include 2 percent lidocaine ± epinephrine, 1:200,000; 3 percent 2-chloroprocaine; 0.5 percent bupivacaine; and 0.5 percent ropivacaine. Usually, 15 to 30 mL of local anesthetic is required. As such, the possibility of local anesthetic toxicity must be recognized. IV placement of the epidural catheter must be identified, and any epidural local anesthetic must be injected in incremental doses. 2-Chloroprocaine, because of its rapid onset and rapid metabolism, is a good choice for urgent/emergent surgery. Otherwise, lidocaine, which has a longer duration of action and less interference with epidural opioids, is often used. Bupivacaine and ropivacaine have similar characteristics, with a slower onset time and longer duration than lidocaine. 

Intraoperative analgesia with lidocaine epidural anesthesia is improved in some patients if fentanyl, 50 to 100 ?g, 300, 301  or sufentanil, 10 to 20 ?g, 302  is added to the local anesthetic. With either spinal or epidural anesthesia, patients undergoing cesarean delivery are most comfortable when regional block height is at least T4. 303  A suggested technique for epidural anesthesia for cesarean delivery appears in Table 57–8 . 

CSE Anesthesia 

Perhaps the advantages of spinal anesthesia (rapid onset of a dense block) and the advantages of epidural anesthesia (prolonged intraoperative anesthesia and postoperative analgesia) can be obtained with a CSE block. A low or standard dose of local anesthetic is first administered intrathecally, then an epidural catheter is placed. The initial spinal anesthetic can be extended (in height or duration) with epidural local anesthetic. Rawal et al 304  reported improved anesthesia with CSE versus epidural bupivacaine alone. Thoren et al 305  reported CSE to be similar to spinal anesthesia alone. Potential problems of the CSE technique include the inability to “test” the epidural catheter for proper location and the enhanced spread of previously injected spinal drug following the epidural injection. 306 General Anesthesia 

General anesthesia may be necessary for management of cesarean delivery in the obstetric patient in circumstances of severe fetal compromise, maternal hemorrhage or overt coagulopathy, or patient preference. General anesthesia has the advantages of rapid induction, less associated hypotension and cardiovascular instability, and better control of the airway and ventilation. Management of anesthesia for cesarean section is outlined in Table 57–9 . Potential problems during general anesthesia include pulmonary aspiration of gastric contents, failed intubation, maternal hyperventilation, neonatal depression, maternal awareness, and uterine atony. 

TABLE 57–9. Suggested Technique for General Anesthesia for Cesarean Section 

Prevention of Pulmonary Aspiration of Gastric Contents 

Aspiration of gastric contents during general anesthesia is a major cause of maternal morbidity and mortality. Routine administration of clear antacid, such as sodium citrate, before induction significantly raises gastric pH. 307, 308  However, use of antacids does not diminish the risk of aspiration of particulate matter. Preanesthetic administration of a histamine2 -receptor antagonist, such as ranitidine, 309, 310  has been suggested to decrease gastric acidity and volume; an interval of several hours after oral administration 310  and at least 30 minutes after IV administration are needed for the agent to be effective. 309  Metoclopramide is an antiemetic that increases stomach emptying and raises gastroesophageal sphincter tone. 311  Its efficacy and safety for aspiration prophylaxis in obstetrics have not been fully elucidated. 312, 313  Because of its possible beneficial effects on gastroesophageal sphincter tone and gastric volume, it might be useful in obese parturients or in those who have recently eaten. No adverse fetal or neonatal effects have been described. 312, 313  

A rapid-sequence induction of anesthesia is used for cesarean delivery to minimize the chance of regurgitation before endotracheal intubation. Preoxygenation (either 3–5 minutes of tidal ventilation or four vital capacity breaths) 314  must occur before induction to prevent hypoxia during the apnea before intubation. Positive-pressure ventilation should be avoided, and cricoid pressure should be (Sellick maneuver) used to occlude the esophagus and prevent passive regurgitation. 315  Finally, the patient should be extubated only after she is fully awake and after protective laryngeal reflexes have been restored. 

Failed Endotracheal Intubation 

A report of anesthesia-related maternal mortality (1979–1990) found that most (106/129; 82%) maternal deaths during anesthesia occur during cesarean delivery. 164  Further, 67 (52%) occurred during general anesthesia, and airway problems accounted for 73 percent of general anesthesia–related deaths. Other reports have found the inability to secure an airway to be a leading cause of anesthesia-related maternal mortality (Ch. 39). 316, 317, 318  Difficulties with endotracheal intubation occur more commonly in obstetric patients than in general surgical patients. 319, 320  Although maternal deaths resulting from complications of regional anesthesia have decreased over the past decade, the number of deaths resulting from general anesthesia has remained fairly constant. 164  Factors that may contribute to the risk of death during general anesthesia include inadequate time for a thorough airway evaluation, unpredicted airway edema, emergency situations, inadequate skill, and inadequate assessment of proper endotracheal tube position. 

Rocke et al 321  looked at factors that were assessed preoperatively that were associated with difficult intubation in 1500 parturients undergoing cesarean delivery with general anesthesia. Mallampati 320, 322, 323  airway classification, short neck, receding mandible, and protruding maxillary incisors emerged as important factors predicting a difficult or failed intubation. However, other airway measures were not assessed, such as mouth opening and atlanto-occipital joint mobility. From their data, an estimated prediction of difficult intubation was calculated from various combinations of these factors (Fig. 57–23). 

FIGURE 57–23 The probability of experiencing a difficult intubation (defined as either a very difficult intubation requiring mask ventilation, intubating stylet, or different laryngoscope, or the inability to pass a tracheal tube after several attempts or unrecognized esophageal intubation) for the combination of risk factors: Mallampati class I, II, III, or IV, short neck (SN), protruding maxillary incisors (PI), or receding mandible (RM). Data were obtained from 1500 patients undergoing cesarean delivery with general anesthesia. Values in parentheses are the observed incidences of risk factor combinations in the series. (From Rocke et al321 )

Although it is useful to have an index of suspicion about airway problems, airway difficulties may not always be predicted from the preoperative examination. Therefore, a failed intubation drill should be rehearsed by all those providing obstetric anesthesia. The following principles are offered 

1.


Perform as thorough an airway examination as possible given the clinical circumstances. When a patient has a known or predicted difficult airway, inform the obstetricians that rapid induction of general anesthesia could jeopardize the health of the mother and that you will require time to perform either an awake intubation or a regional anesthetic. 

2.


Have equipment available (either in the operating room or in a known place that an assistant could quickly find) to help manage the difficult airway. This might include a variety of laryngoscope blades, several sizes of endotracheal tubes, laryngeal mask airway, Combitube, fiberoptic bronchoscope, and a means of transtracheal jet ventilation. Use familiar equipment. 

3.


If a difficult airway is encountered, call for help and obtain difficult intubation equipment. Inform all operating room personnel and obstetricians of your situation. Prior education of operating room personnel and obstetrics staff helps them assist you. 

4.


Hypoxia occurs quickly during management of a difficult airway of the parturient. Monitor oxygen saturation during induction of general anesthesia and airway manipulation. Institute mask ventilation if oxygen saturation decreases. 

5.


Maintain cricoid pressure during induction and attempts at intubation unless cricoid pressure is contributing to difficulties with airway management. 

6.


Avoid multiple attempts at laryngoscopy. This only contributes to airway edema and increased difficulty oxygenating by mask. Do something different with each attempt at laryngoscopy—do not repeat unsuccessful techniques. Patients die from hypoxia, not the absence of an endotracheal tube. 

7.


Avoid repeated doses of succinylcholine. Optimize success on the first attempt at intubation by waiting for the onset of complete paralysis before performing laryngoscopy. If intubation is unsuccessful, allow the patient to resume spontaneous ventilation—this helps preserve maternal oxygenation. 

8.


In nonemergent circumstances, the patient should be awakened, and the surgery should be performed under either regional anesthesia or general anesthesia after the airway is secured with the patient awake. 324  

9.


In emergency situations (e.g., severe fetal compromise), make an honest assessment about your ability to oxygenate the mother. This is the priority. If you are able to oxygenate the mother, assess whether or not you can adequately ventilate and anesthetize the mother. Is maintaining anesthesia by mask a reasonable option? After delivery, the patient may be easier to support (functional residual capacity increases, aortocaval compression is released). An anesthetic technique utilizing spontaneous ventilation, 100 percent oxygen, low-dose inhaled anesthetic, and intermittent IV ketamine or other IV analgesic has been suggested for this situation. 

10.


In emergent situations in which mask ventilation is difficult or impossible, the priority is still maternal oxygenation. The laryngeal mask airway, although not protecting against aspiration, may be helpful in this circumstance to maintain a patent airway and has been described during the management of the difficult airway in obstetric patients. 325, 326  With the patient breathing spontaneously, the laryngeal mask airway can be used to administer inhaled anesthetics. Further, the laryngeal mask airway provides a conduit to potentially guide placement of a fiberoptic bronchoscope followed by an endotracheal tube. The Combitube, a tube with separate esophageal and tracheal lumens, could also be used to maintain the maternal airway. If oxygenation is not adequate with these techniques, move on to transtracheal jet ventilation or a surgical airway (tracheostomy). 327  

11.


Use a method of detecting exhaled carbon dioxide to ensure proper placement of the endotracheal tube. 

A diagram of suggested management principles appears in Figure 57–24 . 

FIGURE 57–24 An algorithm for management of a difficult intubation in the obstetric patient. Means to oxygenate the mother include mask ventilation, laryngeal mask airway, Combitube, transtracheal jet ventilation, or tracheostomy. Alternative anesthetic techniques include regional anesthesia, general anesthesia following awake intubation, or local anesthesia.

Adverse Effects of Hyperventilation 

Maternal hyperventilation (arterial carbon dioxide pressure < 20 mm Hg) during general anesthesia may be harmful to the unborn fetus. Uterine blood flow is reduced during the institution of positive-pressure ventilation, and hyperventilation causes a leftward shift in the maternal oxygen-hemoglobin dissociation curve and decreases oxygen availability to the fetus. 328  Hypocarbia may also cause decreased umbilical blood flow from vasoconstriction. 329  

Neonatal Depression 

The general anesthetics (nitrous oxide and volatile anesthetics) used for cesarean delivery cross the placenta and can cause neonatal depression (Ch. 58). Neonatal depression is limited if the time from induction of anesthesia to delivery is less than 10 minutes. 330  Therefore, the duration of anesthesia before delivery should be as brief as possible. This can be accomplished by delaying induction of anesthesia until the patient is prepared and draped and the obstetrician is ready to start. However, although prolonged exposure reduces Apgar scores, the acid/base status of the newborn is not affected provided that maternal hypoxia, excessive hyperventilation, aortocaval compression, and hypotension are avoided and the uterine incision to delivery interval is less than 3 minutes. 331  Retrospective studies associate neonatal depression with the use of general anesthesia; however, these reports are flawed by selection bias. Neonates born of mothers receiving general anesthesia may be more depressed and acidotic and require increased resuscitation not because of general anesthesia per se but because of the reason that general anesthesia was chosen (e.g., severe fetal compromise, maternal hemorrhage). 332, 333  Comparisons of neonatal outcome after elective cesarean delivery with either general or epidural anesthesia do not show important differences in neonatal outcome. 288, 334  

Drugs Used for Induction of Anesthesia 

Thiopental 

Thiopental is the most commonly used induction agent in obstetrics. Clinical data, in which Apgar scores were used to assess newborn vigor, suggest that the neonate is not depressed following maternal administration of bolus doses of 4 to 7 mg/kg of thiopental 335, 336  to induce general anesthesia. Because thiopental crosses the placenta rapidly, delivery is not possible before the drug is transferred to the fetus (Fig. 57–25). 63, 335  Fetal brain concentrations of thiopental are limited because blood from the placenta first passes through the liver; most of the thiopental is either cleared by the liver or diluted by blood from the lower extremities and the viscera. 63  

FIGURE 57–25 The level of thiopental in maternal vein, umbilical vein, and umbilical artery after injection of a single dose of 4 mg/kg for induction of anesthesia. Note the rapid decay of the maternal venous blood level and the rapid transfer to the fetus. (From Kosaka et al335 )

Ketamine 

Ketamine is an induction agent that is often used in the asthmatic or potentially hypovolemic patient. Ketamine crosses the placenta rapidly but does not produce neonatal depression unless it is used in doses above 1 to 1.5 mg/kg. 337, 338  At higher doses (>2 mg/kg), neonatal depression has been reported. 339  Because of its sympathomimetic effects, it is usually avoided in patients with hypertension. It has varied effects on uterine contraction frequency, with studies showing an increase postpartum and in early gestation 340, 341  and another study showing no effect at term. 341 

Propofol 

Propofol has been evaluated for use both as an induction agent and as a maintenance anesthetic during cesarean delivery. For induction, use of 2.0 to 2.5 mg/kg of propofol is not different than thiopental, 4 to 5 mg/kg, in terms of newborn vigor but is associated with less maternal hypertension. 342, 343, 344, 345, 346  Placental transfer of propofol appears to be similar to that of thiopental. Animal studies suggest that an induction dose of propofol does not adversely effect uterine blood flow and placental gas exchange. 347  

Etomidate 

Etomidate has also been studied for use in the obstetric patient. When compared with thiopental, 3 to 4 mg/kg, etomidate, 0.3 mg/kg, is associated with a greater hypertensive response to laryngoscopy and intubation. Neonatal outcomes are equivalent. 348  This agent is perhaps best suited for clinical circumstances of maternal hypovolemia or when the myocardial depressant effects of thiopental should be avoided. 

Muscle Relaxants 

Succinylcholine, pancuronium, atracurium, and vecuronium do not cross the placenta in clinically significant amounts and may be used safely during cesarean section. 349, 350, 351  At this time, no nondepolarizing muscle relaxant matches the rapid onset of succinylcholine. Preliminary studies of rocuronium (0.6 mg/kg) with thiopental (6 mg/kg) or ketamine (1.5 mg/kg) in obstetric patients reveals a favorable profile (onset time, about 1.5 minutes; duration, 30–45 minutes). 352, 353  

Maintenance of Anesthesia 

Anesthetic maintenance before delivery must balance neonatal vigor with adequate maternal anesthesia. To ensure adequate fetal oxygenation, an FIO2 of at least 50 percent before delivery is recommended. However, 50 percent nitrous oxide alone does not provide adequate maternal anesthesia. Crawford 354  reported a high incidence (26%) of awareness during surgery if anesthesia was maintained with only 50 percent nitrous oxide and oxygen before delivery. Adding a low dose of potent inhaled agent (e.g., 0.5% halothane, 0.75% isoflurane, 1.0% enflurane) to 50 percent nitrous oxide limits maternal recall without increasing newborn depression. 330  A survey of 3,000 patients who received such a general anesthetic for cesarean delivery reported an overall rate of recall of 0.9 percent and a 6.1 percent rate of dreaming. 355  Clinical trials have also found sevoflurane (1.0% end tidal [ET]) to be equivalent to isoflurane (0.5% ET) 356  and desflurane (3.0% ET) to be equivalent to enflurane (0.6% ET). 357  Halothane, isoflurane, and enflurane decrease uterine contractility and tone in a dose-related fashion. 358  This feature can be advantageous if uterine relaxation is needed during cesarean delivery with general anesthesia. However, after delivery of the fetus, uterine muscle contraction is necessary to stop uterine bleeding. High doses of the volatile anesthetics could contribute to bleeding by inhibiting uterine muscle contraction. However, the uterus contracts in response to oxytocin, provided less than 0.8 to 1.0 MAC of volatile agent is administered. 359  

After delivery of the fetus, nitrous oxide concentrations can be increased as appropriate, and IV opioids or benzodiazepines can be administered in order to maintain adequate maternal anesthesia. Continued use of low doses of inhaled agent can also be used. ANESTHESIA FOR COMPLICATED OBSTETRICS 

Emergency Cesarean Delivery 

Sudden, unexpected complications occurring during late pregnancy or labor that adversely affect the mother or fetus may necessitate an immediate emergency cesarean delivery. Such complications include massive bleeding, prolapsed umbilical cord, or concerns about fetal status. When the mother or fetus is in immediate jeopardy, general anesthesia is usually selected, but under some circumstances, extension of an existing epidural or administration of a subarachnoid block may be appropriate. 

When concerns about the fetus lead to cesarean delivery, the anesthesiologist should help institute measures to improve the uterine environment. If the worrisome fetal condition persists, choice of anesthetic for cesarean delivery must weigh the urgency of the situation against the risk of a specific anesthetic to the mother. Marx et al 360  reported fetal outcome after cesarean delivery for “fetal distress” (defined as severe heart rate abnormalities and a capillary blood pH < 7.20 or decreasing steadily) depending on anesthetic management (general anesthesia [ n = 71], spinal anesthesia [ n = 33], or extension of an existing epidural block [ n = 22]). There were no differences between the groups with regard to fetal biochemical data, but the use of general anesthesia was associated with lower Apgar scores at 1 minute. When faced with providing anesthesia for emergency cesarean delivery, the anesthesiologist communicates with the obstetrician. Choice of anesthetic technique for emergency cesarean delivery for fetal concerns must consider fetal status (estimated degree of acidosis and time before delivery should be accomplished) and condition of the mother (volume status, airway examination). Preeclampsia and Eclampsia 

Preeclampsia, a disease unique to the parturient, complicates 7 to 10 percent of all pregnancies. Preeclampsia is categorized as mild or severe (Table 57–10). Preeclampsia and other hypertensive disorders are a leading cause of maternal mortality. Causes of maternal death include cerebral vascular accidents, pulmonary edema, and hepatic necrosis/rupture. Obstetric management involves medical management of the disease symptoms; the timing of delivery considers the maternal condition (worsening of disease) and fetal issues (prematurity, intrauterine growth retardation). The disease is cured by delivery. 

TABLE 57–10. Classification of Preeclampsia and Eclampsia 

Pathophysiology 

The cause of preeclampsia remains unknown. A proposed theory suggests that an abnormality in placentation results in reduced trophoblastic perfusion. This causes the release of some substance that is cytotoxic to endothelial cells. 361  Endothelial cell damage triggers vasoconstriction (hypertension), platelet activation, and prostacyclin/thromboxane imbalance. 362  The hypertension contributes to ongoing endothelial cell damage. 363  Endothelial cell damage disrupts capillary integrity, resulting in edema. Although classically preeclampsia has been defined as the triad of hypertension, proteinuria, and edema occurring after 20 weeks‘ gestation, it is clear from consideration of the pathophysiology that preeclampsia is a multisystem disease. Virtually all organ systems can be affected. Anesthetic management of preeclamptic patients starts with an assessment of how the disease affects a particular patient. 

Manifestations 

Preeclampsia is a state of generalized vasoconstriction and hypoperfusion. Despite retention of sodium and water and generalized edema, the intravascular volume is usually decreased. The cardiac effects of preeclampsia are diverse and reflect the severity of the disease. 296  A spectrum exists from hypertension from a high cardiac output state with a low SVR to relatively low cardiac output with hypertension from a high SVR. Appreciating where a given patient lies on this spectrum helps the anesthesiologist choose appropriate antihypertensive therapy. The high cardiac output state typically exists in younger patients early in the course of the disease. Conversely, an older patient with chronic hypertension usually has a higher SVR. Patients with high SVR hypertension may experience the largest blood pressure changes with the induction of regional anesthesia. Extra vigilance is required because the fetus of a patient with long-standing hypertension is most vulnerable to changes in maternal cardiac output. 

Pulmonary edema may complicate preeclampsia (prevalence, 2–3%). 364  Pulmonary edema can be from cardiac failure, altered capillary permeability, altered hydrostaticoncotic forces, 365  or some combination. 366  Patients at risk for pulmonary edema are those with concomitant medical problems (diabetes, chronic hypertension) and older maternal age. 364  

Central hemodynamic monitoring has been advocated to assist the management of severe preeclamptic patients, particularly if the disease is complicated by pulmonary edema. Candidates might include patients with pulmonary edema before delivery, patients with severe chronic hypertension who are at risk for cardiac failure, and patients with refractory oliguria who are unlikely to deliver soon. Monitoring central venous pressure or pulmonary artery pressure depends on the clinical situation and the monitoring capabilities. Although a low central venous pressure value is helpful to determine a patient‘s intravascular volume, a midrange or high value may not be helpful. Data suggest that at these values, correlation with pulmonary capillary wedge pressure is poor. 367  

Uteroplacental perfusion is impaired in the preeclamptic patient, particularly if the patient has underlying chronic hypertension. The placenta may have areas of infarction that limit oxygen delivery to the fetus and cause intrauterine growth retardation. Placental changes contribute to the excess perinatal mortality observed in pregnancies complicated by hypertension. 368  Renal biopsies of patients with preeclampsia demonstrate glomerular endotheliosis and fibrin deposition. Proteinuria is a hallmark of the disease. Renal blood flow and glomerular filtration rate are reduced during preeclampsia, and the normal creatinine of pregnancy (0.4–0.6 mg/dL) may be elevated, as may serum uric acid level. Although acute renal failure is not a common complication of preeclampsia (1%), oliguria may occur in the severely preeclamptic patient and may reflect intravascular volume depletion, poor cardiac output from myocardial failure, or renal artery spasm. Hepatocellular damage, or HELLP (hemolysis, elevated liver enzymes, low platelets) syndrome may present as right upper quadrant pain, elevated liver enzymes, and reduced coagulation factors. Rarely, hepatic rupture complicates preeclampsia. Liver function should be evaluated in patients with abdominal pain. 

The normal hematocrit value of pregnant patients is 33 to 34 percent, but preeclamptic patients may have higher hematocrit values (39–40%) because of hemoconcentration. Preeclampsia can be complicated by coagulation problems, the most common being thrombocytopenia. Although disseminated intravascular coagulation can occur, it is rare and usually accompanies the HELLP syndrome. Patients with severe preeclampsia are more likely to have thrombocytopenia. 369  Other abnormalities in coagulation tests were unlikely in the absence of thrombocytopenia. Thrombocytopenia can be progressive, not resolving until 2 to 3 days after delivery. 370  Kelton et al 371  suggested that not only are platelet counts low in patients with preeclampsia but also platelet function may be abnormal. This conclusion was based on a comparison of bleeding times as a function of platelet count in preeclamptic and normal pregnant patients. However, the importance of this finding is unclear because the bleeding time is not necessarily a reliable predictor of abnormal bleeding. The exact platelet count value associated with a negligible risk of abnormal bleeding and epidural hematoma formation remains unknown. Regional anesthesia has been used in patients with unknown thrombocytopenia without problems. 372  The decision to place an epidural block should consider several aspects of a preeclamptic patient‘s disease. First, what is the patient‘s presentation? Some patients present with a rapid onset of severe disease with rapid organ function deterioration. Severe thrombocytopenia may occur rapidly in these patients and precludes neuraxial block. Serial platelet counts help assess the patient‘s course. Second, is there evidence of other coagulation disorders? Finally, the decision to perform any procedure must always weigh risks and benefits of available anesthetic techniques. 

The CNS shows increased irritability in preeclampsia that may progress to eclamptic seizures. Early CNS symptoms include headache and visual disturbances. The exact cause of eclamptic seizures is unknown, but vasospasm, hypertensive encephalopathy, and cerebral edema are proposed mechanisms. Should eclamptic seizures occur, maternal oxygenation and proper positioning with left uterine displacement should be ensured. The patient should receive IV magnesium. If the seizure is prolonged or if the patient is unable to control her airway, intubation may be necessary, although this is not usually the case. The fetus may develop bradycardia from the maternal metabolic acidosis resulting from the seizure. The fetus is monitored, and while in utero resuscitation is probably best, if the fetus does not recover from the effects of the seizure, urgent delivery may be necessary. 

Pharmacologic Therapy 

Pharmacologic therapy of preeclampsia includes blood pressure control and seizure prophylaxis. Parenteral labetalol or hydralazine may be used to control blood pressure. Seizure prophylaxis is accomplished with magnesium therapy. 373  It is usually given IV (4-g load over 15 minutes, followed by a continuous infusion of 1–3 g/h). Therapeutic levels of magnesium are 4 to 6 mEq/L (Table 57–11). levels must be monitored closely in a patient with renal dysfunction. Magnesium toxicity is treated with IV calcium. During administration of the bolus dose in preeclamptic patients, magnesium sulfate causes a fall in blood pressure and an increase in cardiac output via a decrease in SVR. 374  At the neuromuscular junction, magnesium sulfate decreases the amount of acetylcholine liberated, diminishes the sensitivity of the endplate to acetylcholine, and depresses the excitability of the muscle membrane. Thus, the pharmacodynamics of muscle relaxants is affected. Animal studies reveal an increased sensitivity to both depolarizing and nondepolarizing muscle relaxants in the presence of magnesium sulfate. 375  However, although one clinical report revealed that the clinical effect of succinylcholine was not altered by magnesium sulfate, 376  the duration of action of vecuronium was prolonged. 376  It is advisable to monitor neuromuscular function during general anesthesia in patients receiving magnesium sulfate therapy. In addition, a small dose of nondepolarizing muscle relaxant (pretreatment) should not be given in order to prevent fasciculations from succinylcholine. 

TABLE 57–11. Effects of Increasing Plasma Magnesium Levels 

Anesthetic Issues 

Anesthetic management of the preeclamptic patient must first include a careful preanesthetic visit in which the manifestations of the disease in the patient is evaluated. Some have raised concerns about the use of regional anesthesia in preeclamptic patients because sympathetic block and maternal hypotension may further compromise uteroplacental circulation. There are also concerns about maternal pulmonary and/or cerebral edema from excessive IV fluid administration 366  in the face of low plasma oncotic pressure. 365  Other investigators have found epidural analgesia to be a valuable technique for the laboring preeclamptic patient. 377, 378  Effective analgesia reduces maternal catecholamines and blood pressure changes as a result of the pain of labor. 125, 379  In addition, provided that hypotension is avoided, epidural analgesia can improve intervillous blood flow. 380, 381  Regional anesthesia can safely be administered to preeclamptic patients and in fact may be beneficial, provided that the pathophysiology of the disease is understood. Blood pressure should be monitored carefully, and any decrease in blood pressure should be treated aggressively to prevent reductions in uterine blood flow. The FHR should be continuously monitored. Only a modest amount of IV fluid as prehydration (e.g., 200–500 mL) should be administered. Anesthesia is induced slowly to allow administration of small boluses of IV fluids or ephedrine to maintain a stable blood pressure. Preeclamptic patients tend to be more sensitive to vasopressors; therefore, only small doses of ephedrine are usually needed. Intrathecal or epidural opioids can also be used in these patients. 

In the choice of anesthetic technique for cesarean delivery, maternal physiology and degree of urgency must be considered. Epidural anesthesia is a good anesthetic for cesarean delivery. 378  Modest IV hydration can be administered (about 500–1000 mL of crystalloid) during a slow induction of surgical anesthesia. Any change in maternal blood pressure is treated as previously described. The FHR is monitored continuously while the block is established. Slowly establishing the anesthetic (and sympathetic) block can enable remarkable hemodynamic stability. Although the use of spinal anesthesia for cesarean delivery in preeclamptic patients has been described, 382  the anesthesiologist should be aware of rapid hemodynamic changes with induction. 

General anesthesia may be necessary in preeclamptic patients because of overt coagulation problems, maternal hemorrhage, or worrisome fetal status. A concern associated with the use of general anesthesia is the possibility of airway edema complicating intubation. Another problem with induction of general anesthesia in the preeclamptic patient is exaggerated hypertension during laryngoscopy and intubation. 383  Strategies to minimize extreme increases in blood pressure with intubation include administration of labetalol 384  or small doses of fentanyl before induction and use of a generous dose of thiopental (ketamine should be avoided). Hypertension after intubation can be treated with transient administration of a high dose of volatile anesthetic. IV infusions of nitroprusside, 385  trimethaphan, 386  and nitroglycerin 387, 388  have also been used in this situation (with direct arterial pressure monitoring). 

The postpartum preeclamptic patient should be monitored for evidence of uterine atony (magnesium sulfate may contribute to uterine bleeding). The anesthesiologist should be aware that patients with underlying Abnormal Fetal Presentation 

The usual fetal presentation during vaginal delivery is cephalic in the occiput anterior position. Occasionally, the fetal head is in the occiput posterior presentation. This is a more difficult presentation to deliver vaginally; forceps rotation to the occiput anterior position or forceps assisted delivery may be necessary. Pain, particularly back pain, may be greater when the fetus is in the occiput posterior presentation. Effective regional analgesia can be helpful for these patients. 

Breech presentation of the fetus means that the fetal buttocks or lower extremities are the presenting parts. Breech presentation occurs more commonly in the premature fetus. 389  The obstetrician may try to change the fetal position from breech to cephalic presentation by externally manipulating the fetus in the uterus (external cephalic version). If attempted version is not successful, the obstetrician may opt for cesarean delivery of a breech fetus. Vaginal delivery of a term breech fetus may also be attempted. The anesthesiologist should be aware that prolapse of the umbilical cord is more common with breech presentations and may necessitate emergent cesarean delivery. For labor, adequate analgesia, particularly during the second stage, is very helpful. Lumbar epidural analgesia can be titrated to the desired effect to promote perineal relaxation and maternal cooperation during delivery. Rarely, contraction of the lower uterine segment traps the fetal head, precluding vaginal delivery and necessitating rapid uterine muscle relaxation. Prematurity 

Preterm delivery occurs in up to 10 percent of all births and is defined as delivery at 36 weeks of gestation or less. Prematurity is the major cause of neonatal mortality. 390  These infants are at risk for respiratory distress syndrome and CNS complications from intracranial hemorrhage. To prevent premature delivery, various tocolytic agents are employed when preterm labor occurs. The anesthesiologist should be aware of the maternal and fetal side effects of these tocolytic agents. 391  

Magnesium sulfate reduces uterine contractility and may be the first-line tocolytic employed to stop premature contractions. 392  Serum magnesium levels are maintained between 4.0 and 6.0 mEq/L. 

?-Adrenergic agonists (ritodrine and terbutaline) may be used for tocolysis. Direct stimulation of the ?-adrenergic receptors present in uterine smooth muscle leads to increased intracellular cyclic adenosine monophosphate and uterine muscle relaxation. These drugs have significant side effects. Most women experience tachycardia (either from a direct beta1 effect or in response to beta2 –mediated vasodilation). Hyperglycemia and hypokalemia may also complicate ?-adrenergic agonist therapy. Chest pain and pulmonary edema can also occur. 393, 394  Patients receiving ?-adrenergic agonists are at risk for fluid overload and cardiogenic pulmonary edema as a result of stimulated antidiuretic hormone activity. 395  Further, preterm labor is often precipitated by an infectious process that predisposes to increased capillary permeability and noncardiogenic pulmonary edema. Risk factors for pulmonary edema from ?-adrenergic agonists include anemia, preexisting cardiac disease, multiple gestation, excessive hydration, tachycardia, prolonged tocolytic therapy, and associated infection (e.g., chorioamnionitis). 

The anesthesiologist may be required to administer an anesthetic for labor and delivery to a patient who has recently been treated with tocolytic drugs. The respiratory status of patients receiving ?-adrenergic agonist therapy should be closely assessed. Drugs that could exaggerate tachycardia (atropine, pancuronium) should be avoided. Because halothane can sensitize the myocardium to exogenous catecholamines, it may predispose the patient to dysrhythmias and should be avoided. Hydration before regional anesthesia should be modest. If patients receiving magnesium sulfate require general anesthesia, careful neuromuscular blockade monitoring is required, as previously discussed. In addition, uterine atony may occur after delivery. 

If vaginal delivery of the preterm fetus is anticipated, effective epidural analgesia provides the advantages of perineal analgesia to facilitate a gentle delivery, perhaps assisted with outlet forceps. If the fetus is in the breech presentation, cesarean delivery is likely because the breech is smaller than the head of the preterm infant, and entrapment of the fetal head behind an incompletely dilated cervix could occur during attempted vaginal delivery. Anesthesia for cesarean delivery considers the usual issues, with epidural, spinal, or general anesthesia being appropriate. The anesthesiologist should be aware that the preterm fetus is particularly susceptible to maternally administered drugs because of immature enzyme systems available for drug metabolism, poorly developed blood-brain barrier, less protein available for drug binding, and competition for drug binding sites from increased levels of bilirubin. After delivery, the preterm infant may require aggressive resuscitation, and appropriate personnel should be available. Anticipated problems include birth asphyxia, respiratory distress, hypoglycemia, and temperature instability. Multiple Gestations 

Important anesthetic considerations of multiple gestations is the high likelihood of prematurity, abnormal presentation (either breech or transverse lie), and need for operative delivery. The anesthesiologist should be aware that the large gravid uterus may be difficult to displace off the inferior vena cava and that hypotension is likely during the induction of regional anesthesia. Further, uterine atony is possible after delivery. Depending on the fetal presentations, twins may be delivered vaginally. During labor and anticipated vaginal delivery, epidural analgesia is useful because it can be titrated to desired effect. After delivery of the first twin, the presentation and status of the second twin can change quickly, possibly necessitating emergent cesarean delivery. Uterine muscle relaxation may be requested to promote gentle cesarean delivery of fetuses in abnormal presentations. Obstetric Hemorrhage 

Obstetric hemorrhage is classified according to timing: antepartum or postpartum. Although most patients tolerate the normal blood loss associated with either vaginal or cesarean delivery, occasionally, blood loss is excessive. Obstetric hemorrhage is an important cause of maternal mortality. 396  

Antepartum Hemorrhage 

Antepartum hemorrhage complicates about 4 percent of pregnancies. Important causes include placenta previa, abruptio placentae, and uterine rupture. 

Placenta Previa 

Placenta previa exists when the placenta lies over the uterine cervix in front of the fetal presenting part (Fig. 57–26). The diagnosis is suspected from the clinical picture of painless vaginal bleeding and is confirmed by ultrasonography. Vaginal examinations are avoided, and delivery is via cesarean section. Tocolytic therapy may be instituted when premature uterine contractions trigger bleeding. If the gestation is term, delivery may need to proceed urgently. Anesthetic management depends on the degree of urgency and the maternal and fetal status. Regional anesthesia is appropriate for elective surgery, but general anesthesia is appropriate when surgery is prompted by maternal hemorrhage. Excessive bleeding can also occur during surgery because delivery may require cutting through the placenta, and the placental implantation site in the lower segment of the uterus may not contract well after delivery. 

FIGURE 57–26 Types of placenta previa. (A) Low implantation of the placenta. (B) Partial placenta previa. (C) Total placenta previa. (From Bonica and Johnson436 )

Abruptio Placentae 

Abruptio placentae is bleeding behind the placenta, causing partial separation (Fig. 57–27). Both mother and fetus can be adversely affected: the mother from acute blood loss and coagulopathy from disseminated intravascular coagulation, and the fetus from reduced uterine blood flow and loss of functional placenta. A large abruption can result in fetal demise. Risk factors for abruptio placentae include chronic hypertension, abdominal trauma, cocaine use, advanced maternal age, multiparity, and history of prior abruption. 397  Abruptio placentae typically presents with painful, frequent uterine contractions and vaginal bleeding. The amount of maternal blood loss can be significant and may not be reflected by the amount of vaginal bleeding because blood can be sequestered behind the placenta. About 10 percent of cases of abruptio placentae are complicated by disseminated intravascular coagulation. Management of patients with abruptio placentae depends on the severity of the abruption and the maternal and fetal condition. A small abruption may trigger labor, which may continue to vaginal delivery if the status of the mother and the fetus is stable. A more significant abruption may lead to emergent cesarean delivery because of maternal and/or fetal instability. The anesthesiologist should be aware that uterine atony can occur because blood extravasated into the myometrium may preclude normal uterine contraction after delivery. 

FIGURE 57–27 Abruptio placentae. (A) Internal or concealed hemorrhage. (B) External hemorrhage. (C) Complete placental separation and prolapse. (From Bonica and Johnson436 )

Uterine Rupture 

Uterine rupture is a less common (0.4%) but potentially devastating cause of obstetric hemorrhage. It may occur in a previously scarred uterus (particularly after a classical [vertical] uterine incision) or may result from uterine manipulation (forceps, uterine curettage), trauma, or overaggressive use of IV oxytocin. Other risk factors are uterine anomalies, tumors, and placenta percreta (invasion of the placenta through the uterine wall). Uterine rupture is different than uterine scar dehiscence. Uterine scar dehiscence is a defect in the uterine wall at the site of a previous incision (usually low transverse) that does not result in obstetric hemorrhage. It is reported to occur in about 0.7 percent of patients undergoing vaginal birth after prior cesarean. 398  Uterine rupture is reported to occur in 0.6 to 0.8 percent of vaginal birth-after-cesarean patients. 398, 399  Rupture of an unscarred uterus can result in massive maternal hemorrhage. Symptoms can be nonspecific and include maternal hemodynamic instability, fetal bradycardia, vaginal bleeding, and loss of function of uterine pressure monitors. Treatment requires emergent laparotomy and may require obstetric hysterectomy. 400  

Postpartum Hemorrhage 

Postpartum hemorrhage complicates about 10 percent of deliveries and is defined as a blood loss of greater than 500 mL. Important causes include uterine atony, retained placenta, placenta accreta, birth trauma, and uterine inversion. 

Uterine Atony 

Uterine atony is the most common cause of postpartum hemorrhage. Contraction of the uterine muscle is necessary to stop uterine bleeding after delivery of the placenta. Ineffective uterine muscle contraction leads to hemorrhage. Risk factors for uterine atony include prolonged labor, overdistended uterus (e.g., with twin gestation), grand multiparity, and use of drugs known to decrease uterine muscle contraction (halogenated inhaled anesthetics, ?-adrenergic agonists, and magnesium sulfate). Treatment includes volume resuscitation and administering uterotonic medications. Such medications include oxytocin, carboprost tromethamine, and ergot preparations. Oxytocin is often routinely given as a dilute infusion (20 U/L of IV fluid) after delivery to promote uterine contraction. Bolus doses are avoided because hypotension can result. 391  Carboprost-tromethamine (Hemabate) is the 15-methyl analogue of prostaglandin F2? and is a potent uterotonic medication given IM (250 ?g). Side effects include nausea, vomiting, diarrhea, and bronchoconstriction. 401  The ergot derivatives ergonovine maleate and methylergonovine maleate are effective uterotonic medications. The usual dose is 0.2 mg IM. Hypertension is an important side effect that results from the drug‘s ?-adrenergic activity. These medications should be avoided in patients with hypertension or intracranial vascular disease and in those who have recently received vasopressors. 

Retained Placenta 

Retained placenta exists when all or part of the placenta fails to deliver spontaneously within 1 hour of birth. Hemorrhage results from failure of the uterus to contract where the placenta is adherent. Treatment involves placental removal either manually or via curettage. Anesthetic management involves volume resuscitation, provision of adequate analgesia (with epidural or spinal anesthesia if maternal volume status allows, IV or inhalational analgesia, or general anesthesia), and if necessary, assisting with uterine muscle relaxation to allow uterine manipulation and delivery of the placenta (with halogenated anesthetics administered via an endotracheal tube, or IV nitroglycerin, 50- to 100-?g bolus doses. 402 ) 

Placenta Accreta 

Placenta accreta, increta, or percreta (Fig. 57–28) involves invasion of the placenta through the endometrium, into the myometrium, and through the myometrium, respectively. Risk factors include previous uterine surgery or trauma. 403  Normal placental delivery is often precluded and results in hemorrhage perhaps necessitating obstetric hysterectomy. 404  Placenta accreta occurs in about 0.04 percent of pregnancies, but the risk increases markedly in patients with placenta previa (5%) and increases even more dramatically in patients with placenta previa with prior cesarean delivery (24% after one prior cesarean, 40–60% after three to four prior cesareans). 403  The anesthesiologist should be aware of this potential problem when caring for a patient with placenta previa undergoing repeat cesarean delivery and should be prepared to manage massive hemorrhage. 

FIGURE 57–28 Classification of placenta accreta based on degree of pen-etration of the myometrium. Placenta accreta: adherence of the placenta to the myometrium; placenta increta: invasion of the myometrium; placenta percreta: the placenta erodes through the myometrium to involve the serosa of the uterus and even the surrounding structures. (From Kamani et al437 )

Birth Trauma 

Cervical and vaginal lacerations can result in persistent vaginal bleeding postpartum. The anesthesiologist is needed to provide the necessary analgesia or anesthesia to allow the obstetrician to visualize and repair the injury. The anesthesiologist should be aware that the amount of blood loss from such lacerations is difficult to assess and is often underestimated. 

Uterine Inversion 

Uterine inversion is a rare cause of postpartum hemorrhage in which the uterine fundus actually inverts through the cervix into the vagina, precluding uterine contraction. 405  Predisposing factors include retained placenta, prolonged labor, and precipitous labor. Management involves correction of the inversion and may require uterine muscle relaxation. 275, 406  

EVALUATION OF THE FETUS 

The anesthesiologist should include an assessment of the fetus in the preanesthetic evaluation of the parturient. Understanding the means of assessing fetal well-being available to obstetricians also promotes communication in circumstances of emergency delivery for fetal concerns. 

Fetal heart rate (FHR) monitoring 67  is commonly used to assess fetal well-being. It is monitored externally with ultrasound or internally with a fetal scalp electrode. Assessing FHR is helpful in confirming fetal well-being (i.e., a normal FHR tracing is consistent with a well-oxygenated fetus) but is an imperfect method to reliably identify fetal asphyxia (an abnormal tracing may reflect conditions other than fetal asphyxia). 68  Under normal conditions, FHR represents a balance of parasympathetic and sympathetic input. A normal FHR is 120 to 160 bpm. An increase in FHR may indicate fetal asphyxia, maternal fever, or drug effects (e.g., ephedrine and terbutaline). A decrease in FHR, particularly if sudden and severe, may represent fetal hypoxia. FHR beat-to-beat variability is an important component of FHR assessment. Normal short-term variability is seen as beat-to-beat FHR differences of two to three beats. This is superimposed on a pattern of long-term variability of five to 20 beats. Normal FHR variability is consistent with a well-oxygenated fetal CNS. FHR variability is decreased from maternally administered opioids or sedatives and fetal sleep. Reduced FHR variability also occurs in fetal hypoxia and acidosis. 

The FHR can have periodic patterns related to uterine contractions (measured with a tocodynamometer or an intrauterine pressure catheter placed through the vagina into the uterine cavity). 67  Early decelerations occur with, and mirror, a uterine contraction. The rate rarely drops below 110 bpm. This type of deceleration is thought to represent a vagal reflex in response to fetal head compression and is typically seen during the second stage of labor. Late FHR decelerations begin 20 seconds or more after the onset of a uterine contraction and are worrisome because they represent uteroplacental insufficiency. Late decelerations with normal FHR variability are thought to be due to hypoxia-induced increased vagal discharge. Late decelerations with absent FHR variability are concerning because it is believed that these reflect direct hypoxia-induced myocardial depression. Variable FHR decelerations are variable in configuration and relationship to uterine contractions and likely represent periodic compression of the umbilical cord. They classically begin with an acceleration in heart rate, followed by a bradycardia, and then return of FHR to normal after the contraction ceases. If persistent through labor, these repetitive variable decelerations can lead to fetal asphyxia and loss of FHR variability. 

A nonstress test is used to document fetal well-being during pregnancy. It involves monitoring FHR for 20 minutes and checking for the presence of normal short-term and long-term variability and the absence of decelerations. A contraction stress test similarly evaluates FHR patterns with the added stress of periodic uterine contractions (usually stimulated with an intravenous (IV) infusion of oxytocin). The fetal biophysical profile has been developed to assess fetal well-being. The FHR pattern as well as fetal breathing movements, fetal body movements, fetal tone, and amount of amniotic fluid measured by ultrasound examination are assessed. 69  During labor, fetal scalp capillary blood can be sampled to measure fetal pH. Fetal capillary blood pH has been shown to correlate well with fetal umbilical blood gas values. 70  A fetal scalp blood pH of less than 7.20 indicates significant asphyxia and usually dictates urgent delivery. A value between 7.20 to 7.24 is intermediate and indicates the need for close monitoring and perhaps repeat sampling. A value of greater than 7.24 is reassuring. A positive response (an increase of FHR by 15 bpm lasting 10 seconds) to the less invasive “fetal scalp stimulation test” (tactile stimulation of the fetal scalp) has been shown to correlate with a fetal scalp pH of greater than 7.20. 68  

When abnormal FHR patterns are recognized, means to improve the uterine environment include giving supplemental oxygen to the mother, avoiding aortocaval compression, treating anesthetic (or otherwise)–induced hypotension, altering maternal position (adopting the full lateral or knee-chest position), decreasing uterine activity (discontinuing oxytocin and/or administering terbutaline, 0.25 mg subcutaneously), and/or instituting an amnioinfusion to relieve umbilical cord compression.

ANESTHESIA FOR SURGERY DURING PREGNANCY 

Pregnant women undergoing surgery require special attention in their anesthetic management if injury to the fetus is to be avoided. Goals include maternal safety, avoidance of teratogenic drugs, avoidance of intrauterine fetal asphyxia, and prevention of preterm labor. Many of the physiologic changes of pregnancy are due to hormonal influence and may occur early in pregnancy. Significant changes in minute ventilation, functional residual capacity, cardiac output, and anesthetic requirements occur during the second and third trimesters. Similarly, the hypotensive syndrome associated with the supine position begins to manifest itself early in the third trimester and may lead to decreases in cardiac output, blood pressure, and uterine blood flow. 

Most commonly used anesthetic and sedative drugs are teratogenic in some animal species. The applicability of many of these animal studies to human subjects is not clear. Studies in humans have shown an association between increased risk of congenital anomalies and ingestion of minor tranquilizers, such as diazepam (Valium). 407  However, a direct link between the anomaly and the specific drug is difficult to confirm because of confounding issues (including the reason for taking the medication). 

Long-term exposure to trace amounts of anesthetic gases or vapors had been suggested as having an adverse effect on reproductive outcome (including spontaneous abortion). However, a review of 14 studies from 1967 to 1982 concluded that no adverse effect of anesthetic gases on reproductive outcome could be accepted on the basis of the retrospective inquiries because of important methodologic problems, including unclear outcomes, poor survey response rates, selection bias, recall bias, and lack of control of confounding variables. 408  

All surveys of women who have received anesthesia for operations during pregnancy have failed to indict any anesthetic as a teratogen. 409, 410, 411, 412, 413, 414  However, in all studies to date, the number of pregnant women receiving an anesthetic for an operative procedure is, in fact, likely too small to state categorically that anesthetics are not teratogenic. 

In a large survey, Mazze and Kallen 414  combined data from three Swedish health care registries for the years 1973 to 1981. Adverse outcomes examined were (1) congenital anomalies, (2) stillborn infants, (3) infants dead at 168 hours, and (4) infants with very low and low birth weights. There were 5,405 operations in the population of 720,000 pregnant women (operation rate, 0.75%). Of these, 2,252 operations were performed in the first trimester, and 65 percent received general anesthetics, almost all of which included nitrous oxide. The results are summarized in Figure 57–29 . The incidences of congenital malformations and stillbirths were not increased in the offspring of women undergoing operations. However, the incidences of very low and low-birth-weight infants were increased, as a result of both prematurity and intrauterine growth retardation. The incidence of infants born alive but dying within 168 hours was increased. No specific types of anesthesia or operation were associated with increased incidences of adverse reproductive outcomes. 

FIGURE 57–29 Total number of observed and expected adverse outcomes among women having nonobstetric operations during pregnancy. Incidence of infants with birth weights under 1,500 g and of infants born alive and dying within 168 hours of birth were significantly increased (P < .05) in the surgical patients. (From Mazze and Kallen414 )

Some reports have suggested that anesthesia and surgery during pregnancy are associated with the onset of preterm labor. 410  No one agent or technique has been associated with a higher incidence of premature delivery. However, the halogenated anesthetics decrease uterine contractility; if uterine manipulation is anticipated, the use of these agents would theoretically be more likely to minimize the possibility of preterm labor. Alternatively, tocolytic drugs can be given in conjunction with the anesthetic for surgery. 

During the anesthetic visit before surgery during pregnancy, great effort should be made to allay maternal anxiety and apprehension. The lack of documented teratogenicity can be presented. The patient should understand that the likelihood of first-trimester miscarriage increases from 5.1 percent without surgery to 8 percent with surgery, 411  and the incidence of premature delivery increases from 5.13 percent without surgery to 7.47 percent with surgery. 414  Although it is clear that there is significant risk to the fetus when an operation is performed during pregnancy, it is not clear whether the hazard is due to the surgery, the pathology for which the surgery was necessary, or the anesthetic. 

Elective surgery should be deferred until after delivery when the physiologic changes of pregnancy have returned toward normal. Women of child-bearing age who are scheduled for elective surgery should be carefully queried regarding the possibility of pregnancy. Urgent surgery (i.e., operations that are essential but can be delayed without increasing the risk of permanent disability) should be deferred until the second or third trimester. Despite the lack of proof that particular drugs should be avoided, we consider it prudent to minimize or eliminate fetal exposure to drugs during the vulnerable first trimester. 

Emergency surgery (i.e., operations that cannot be delayed without increasing the risk of maternal morbidity or mortality) may be necessary at any time during pregnancy. The minimal drug exposure conferred by regional anesthesia (particularly spinal anesthesia) makes these techniques theoretically preferable; however, general anesthesia should not be withheld if it will accomplish the best surgical conditions. If general anesthesia is necessary during the first trimester, there is no proof that any well-conducted technique is superior to any other. Adequate oxygenation and avoidance of hyperventilation are mandatory. During pregnancy, patients may be at increased risk of aspiration, and the usual safeguards to prevent aspiration pneumonitis should be observed. Aortocaval compression during the second and third trimesters should be prevented by avoiding the supine position. Ideally, continuous FHR monitoring during surgery should be employed if possible after the middle of the second trimester. This may provide an indication of abnormalities in maternal ventilation or uterine perfusion. Uterine activity should be monitored continuously with an external tocodynamometer during the postoperative period to detect the onset of preterm labor.

PERINATAL CARDIORESPIRATORY PHYSIOLOGY 

The fetal lung arises from the foregut at 24 days‘ gestation. By 20 weeks, the airways are lined with cuboidal epithelium and pulmonary capillaries are present. By 26 to 28 weeks, the capillaries are closely approximated to the developing terminal airways. Between 30 and 32 weeks‘ gestation, the cuboidal epithelium has flattened and thinned, 3  a process that is accelerated by administering steroids to the mother. 4  By 20 weeks‘ gestation, SAM is present within the alveolar lining cells, 5  and by 28 to 32 weeks‘ gestation, it is present within the lumen of the airways. Significant amounts of SAM do not appear in terminal airways until 34 to 38 weeks‘ gestation unless its production and release are stimulated by stress or steroids. At birth, the onset of respiration further increases the concentration of SAM in alveoli. 6  Administration of SAM (calf, human, or artificial) decreases the incidence of hyaline membrane disease and the incidence of serious cardiopulmonary complications in neonates. 7  Administration of these compounds has become a routine part of resuscitation of premature neonates. 

At term the fetal lung contains approximately 90 mL (30 mL/kg) of an ultrafiltrate of plasma. About 50 to 150 mL/kg/day 8, 9  of this fluid is produced by the lung and expelled into the mouth, where the fluid is either swallowed or released into the amniotic fluid. Normally, there is no amniotic fluid in lung fluid. If the depth of fetal breathing increases (e.g., during stress), however, amniotic fluid is drawn into the lung. Amniotic fluid in the lung is indicated by the presence of squamous cells and other debris in the lungs of infants in whom gasping occurred in utero. 9  Approximately two-thirds of the fluid is expelled from the lungs of a term neonate when the vagina and muscles of the pelvic floor squeeze the fetal chest during the birth process 9  (Fig. 58–1). The remaining fluid is removed by capillaries, lymphatics, and breathing. Small, preterm neonates, those born rapidly, and those born by cesarean section fail to get this “vaginal squeeze.” As a result, these neonates have excess lung water at birth and have more difficulty sustaining respiration than babies whose chests are squeezed effectively during the birth process. Retention of lung fluid results in transient tachypnea of the newborn. 10  Clearance of water from the lung is initiated by labor. Animals born by cesarean section following a period of labor have similar amounts of lung water as animals born vaginally. However, those born by cesarean section without previous labor have increased amounts of lung water. 11, 12  

FIGURE 58–1 Intrathoracic pressures during delivery. Note the increased intrathoracic pressure when the mouth and head have been delivered. (From Gregory97 )

Neonates normally breathe by 30 seconds of age and sustain respiration by the time they are 90 seconds old. During birth, outward recoil of the compressed chest helps fill the lungs with air. Stimulation of the respiratory centers by mild acidosis, hypercarbia, hypoxia, pain, cold, touch, noise, and clamping of the umbilical cord initiates and sustains rhythmic respiration. 13, 14  Severe acidosis, hypoxia, CNS damage, and maternal drugs (narcotics, barbiturates, local anesthetics, magnesium, alcohol) depress breathing. A few minutes after birth the respiratory rate is 40 to 60 breaths per minute. This rapid respiratory rate removes the increased carbon dioxide produced by the high metabolic rate and helps maintain a normal functional residual capacity. 

The circulation of the fetus is in parallel; that of the adult is in series 15, 16 (Fig. 58–2). The right ventricle ejects two-thirds of the combined ventricular output and the left ventricle ejects one-third. 17  This disparity in output between the two ventricles of fetuses occurs because fetuses have intracardiac and extracardiac shunts, namely, the foramen ovale and ductus arteriosus. Blood returning from the placenta is well oxygenated. As a function of the anatomy, the inferior vena cava and foramen ovale allow oxygenated placental blood to enter into the left atrium. Poorly oxygenated blood from the superior vena cava is directed into the right ventricle and into the pulmonary artery. Of blood entering the pulmonary artery, 95 percent is shunted through the ductus arteriosus into the descending aorta. 16  

FIGURE 58–2 Diagram of the fetal circulation. The numbers within the circles are percentages of the combined ventricular output. (From Rudolph and Heymann,16  with permission from the Annual Review of Physiology, Volume 36, copyright 1974, by Annual Reviews)

The pulmonary vascular resistance (PVR), which is elevated in utero, decreases dramatically in response to lung expansion, breathing, increased pH, and the increase in alveolar oxygen tension that occurs at birth. 18, 19  PVR also decreases in the first 5 minutes to 24 hours of life owing to recruitment and dilation of small arteries. During the next few weeks, PVR continues to decrease owing to reduced amounts of arterial muscle. 20  Neonates born by cesarean section have higher pulmonary artery pressures and resistances than those delivered vaginally. 21  Hypoxia, acidosis, hypovolemia, hypoventilation, atelectasis, and cold increase PVR. 18, 22  The combination of hypoxia and acidosis increases PVR more than either hypoxemia or acidosis alone. 

The decrease in PVR at birth reduces pulmonary artery pressure and increases pulmonary blood flow. Systemic vascular resistance and left atrial pressure increase, preventing right-to-left shunting of blood through the ductus arteriosus. In fact, left-to-right shunting of blood often occurs. The increased pulmonary blood flow increases the volume of blood returning to the left atrium, which raises left atrial pressure above right atrial pressure and closes the foramen ovale. Closure of the foramen ovale prevents right-to-left shunting of blood through this structure. Anatomic closure of the foramen ovale may not occur for months, if ever. Consequently, if right atrial pressure exceeds left atrial pressure (e.g., in pneumonia, acidosis, or hypoxia) right-to-left shunting of blood will again occur. 

The ductus arteriosus of animals born at term gestation closes in response to oxygen, acetylcholine, parasympathetic nerve stimulation, and prostaglandins. 23, 24, 25, 26, 27  A PaO2 of 60 to 100 mm Hg constricts the ductus arteriosus of term lambs, but a PaO2 of 300 to 500 mm Hg fails to constrict the ductus arteriosus of preterm animals. 23  Functionally, the ductus arteriosus closes when the pulmonary arterial pressure is less than systemic arterial pressure. Anatomically, the ductus arteriosus of term neonates may not close completely until the neonate is 10 to 14 days of age. It may take several months for the ductus arteriosus of preterm neonates to close. The parallel circulation of the fetus can be reestablished in term neonates if they become hypoxic, cold, or acidotic during the first 2 weeks of life. It can be reestablished in preterm neonates during the first several weeks of extrauterine life.

Physiologic Effects 

During fetal asphyxia, the PaO2 decreases from its normal value of 25 to 40 mm Hg to less than 5 mm Hg in about 2 minutes (Fig. 58–3). As a result of the severe hypoxia, anaerobic metabolism occurs. The PaCO2 rises rapidly. The pH quickly decreases to less than 7.0 because of the combined metabolic and respiratory acidosis. In as little as 5 minutes, the pH may be less than 6.90, the PaCO2 greater than 100 mm Hg, and the PaO2 unmeasurable. 15, 29  Some of the metabolic acidosis may be due to reduced uptake of lactate by the liver rather than to increased lactate production. 2  

FIGURE 58–3 The response of newborn monkeys to asphyxia. (From Dawes15 )

Cardiac output is normal early in the course of asphyxia, but its distribution is altered. 30, 31, 32  Blood flow to the liver, kidney, gut, skin, and muscle is reduced, whereas blood flow to heart, brain, adrenal glands, and placenta is maintained constant or increased. This redistribution of blood flow helps maintain oxygenation and nutrition of the brain and heart, even though the oxygen content of arterial blood is very low. Oxygen extraction by tissues is greatly increased. 33  In part, the function of hypoxemic hearts is maintained by the metabolism of myocardial glycogen and by the metabolism of lactic acid. 34  When these sources of energy fail, as they eventually do, the myocardium fails, and the arterial blood pressure and cardiac output decrease. The myocardium usually fails when the pH is 7.0 or less. If the heart rate decreases to less than 100 beats/min during asphyxia, cardiac output decreases significantly. Central venous pressure rises during asphyxia because the systemic capacitance vessels constrict and increase the central blood volume and because the failing myocardium cannot eject the increased volume of blood. Fetuses and newborns may survive severe hypoxia because they have large quantities of endogenous opiates in their blood. 35  These substances, which increase during hypoxia, 36  may reduce oxygen consumption. A normal response to catecholamines is also important for survival from asphyxia (see earlier). Initial systemic circulatory adaptations to hypoxia are mediated on a reflex basis. 37  Normal responses to asphyxia include increased plasma adrenocorticotropic hormone, glucocorticoids, catecholamines, atrial natriuretic factor, renin, arginine vasopressin, and decreased insulin concentrations. 38, 39  Arginine vasopressin causes hypertension, bradycardia, and redistribution of systemic blood flow. 40  Glycogenolysis maintains blood glucose concentrations. 2  

Intrapartum asphyxia can cause either hypervolemia or hypovolemia. 41  Asphyxia during labor usually causes hypervolemia unless (1) umbilical cord compression obstructs the umbilical vein more than it obstructs the umbilical arteries (e.g., cord around the neck, cord compression by the after-coming head during a breech delivery), (2) hemorrhage occurs from the fetoplacental unit (e.g., abruptio placentae, transection of the placenta during cesarean section), (3) maternal hypotension occurs (e.g., shock, trauma, anesthesia), or (4) asphyxia occurs during the latter part of labor and delivery.

ASSESSMENT OF THE FETUS AT BIRTH 

The Apgar score, if done properly, is a simple, useful guide to neonatal well-being and resuscitation 42, 43 (Table 58–1). It is only a guide. The 1-minute score correlates well with both acidosis and survival. 44  The 5-minute score may be predictive of neurologic outcome. 45, 46  To be of value, each variable encompassed by the score must be evaluated at both 1 and 5 minutes. The Apgar scores of neonates born to women who smoke cigarettes are lower than those of neonates whose mothers do not smoke. 47  The clinician should be well aware that some neonates have relatively normal Apgar scores at 1 and 5 minutes but may be very acidotic. These neonates often have peripheral vasoconstriction and pallor despite relatively normal heart rates and arterial blood pressures. 

TABLE 58–1. The Apgar Scoring System 

Select an item below

*


Heart Rate 
The heart rate of normal neonates is 120 to 160 beats/min. Although most neonates tolerate heart rates up to 220 beats/min with little detrimental effect, heart rates below 100 beats/min are often poorly tolerated because they reduce cardiac output and tissue perfusion. Unfortunately, bradycardia is common in asphyxiated neonates. On occasion, bradycardia is associated with congenital heart disease, congenital heart block, and congestive heart failure. Prenatal electrocardiogram and echocardiogram allow diagnosis of these problems before birth. If they occur, one must be prepared to treat the bradycardia if there is evidence that the arterial blood pressure and tissue perfusion are compromised (lactic acidosis).

Respiratory Effort 
Breathing usually begins by 30 seconds of age and is sustained by 90 seconds of age. Within a few minutes after birth, the respiratory rate of normal neonates is between 30 and 60 breaths/min. There is no pause between inspiration and expiration, which helps to develop and maintain a normal functional residual capacity (FRC). At these rates, the time constants of the lung are too short for the FRC to be exhaled. Apnea and bradypnea prolong exhalation, which reduces FRC and causes hypoxia. Apnea and bradypnea occur with severe acidosis, asphyxia, maternal drugs, infections (meningitis, septicemia, pneumonia), and CNS damage. Tachypnea (>60 breaths/min) occurs with hypoxemia, hypovolemia, acidosis (metabolic and respiratory), CNS hemorrhage, pulmonary gas leaks, pulmonary disease (hyaline membrane disease, aspiration syndromes, infections), pulmonary edema, and maternal drugs (narcotics, alcohol, magnesium, barbiturates).


Muscle Tone 
Most neonates, including those who are preterm, are active at birth and move all extremities in response to stimuli. Asphyxia, maternal drugs, CNS damage, amyotonia congenita, and myasthenia gravis decrease muscle tone. Flexion contractures and absent joint creases are signs of CNS damage that occurred in utero.
Reflex Irritability 
Normal neonates move when an extremity is flicked and grimace or cry when a catheter is inserted into a nostril. Failure to respond occurs with hypoxia, acidosis, sedation by maternal drugs, CNS injury, and congenital muscle disease.

Color 
Essentially all neonates have a blue-tinged cast to their skin at the moment of birth. By the time they are 60 seconds old, most neonates are entirely pink, except for their hands and feet, which remain blue (central cyanosis). If central cyanosis persists beyond 90 seconds of age, asphyxia, low cardiac output, pulmonary edema, methemoglobinemia, polycythemia, congenital heart disease, arrhythmias, and pulmonary disorders (respiratory distress, airway obstruction, hypoplastic lungs, diaphragmatic hernia) should be considered, especially when the infant remains cyanotic despite oxygen and controlled ventilation. 

Neonates who are pale at birth are often asphyxiated, hypovolemic, acidotic, or anemic or have congenital heart disease (usually left-sided obstructive disease). Neonates whose skin is entirely pink within 2 minutes of birth may be intoxicated with alcohol or magnesium, or they may be alkalotic (pH >7.50). Rubrous neonates are usually polycythemic. 

RESUSCITATION EQUIPMENT 

To ensure that resuscitation proceeds without difficulty, the whereabouts and function of all resuscitation equipment must be known by all delivery room personnel. Before each birth, the equipment should be checked and calibrated to be sure it is functioning properly. 

The resuscitation bed should tilt to permit the neonate‘s head to be positioned below the level of the body. This promotes drainage of lung fluid and reduces the likelihood of aspiration of gastric contents. A servocontrolled infrared heater should be used to maintain the neonate‘s axillary temperature between 36 and 37°C. A suction device should be included, and the person doing the resuscitation should be able to vary the suction pressure. A second suction device may be required to continuously drain a pneumothorax. The suction pressure should not exceed 100 mm Hg. The resuscitation area should have a bright light with a small focal spot to illuminate catheter insertion sites. 

The equipment required for tracheal intubation includes 0 and 00 straight laryngoscope blades; a pencil-type laryngoscope handle; a 2.5-, a 3.0-, and a 3.5-mm Magill-type endotracheal tube; and a suction catheter that easily fits through each size endotracheal tube. Cole tubes reduce the likelihood of an endobronchial intubation but can damage the larynx if enough pressure is applied to force the large portion of the tube into the trachea. 48  

The ventilation system used for resuscitation must permit a positive end-expiratory pressure (PEEP) and ventilatory rates of at least 150 breaths/min to be maintained. The system should not include one-way valves because they often stick in the closed position, especially when high gas flows and respiratory rates are used. If the valve sticks, the patient may develop a pneumothorax. The modified Jackson-Rees or Ayres system shown in Figure 58–4 works well for neonatal resuscitation. It permits controlled ventilation at rapid respiratory rates and maintenance of PEEP. It also has a “pop-off” to reduce the likelihood of creating a pneumothorax. This ventilation system has no valves. The use of Ambu bags may be less effective because the valves can stick closed, it is more difficult to deliver 100 percent oxygen, and it is not possible to maintain a PEEP with these devices. The latter is important when resuscitating neonates who have atelectasis. 

FIGURE 58–4 A modified Ayres T-piece that allows positive end-expiratory pressure and has a “pop-off” to reduce the likelihood of a pneumothorax. (Modified from Gregory et al,98  copyright 1971 Massachusetts Medical Society. All rights reserved.)

As in any intensive care situation, blood gas and pH measurements are mandatory, and the results of these tests must be available within 10 minutes of drawing the blood sample. Insertion of umbilical artery catheters that contain a PaO2 electrode or oxygen saturation probe allows PaO249  and oxygen saturation 50  to be measured continuously during resuscitation. These catheters (Fig. 58–5) also permit simultaneous measurement of arterial pressure and constant infusion of maintenance fluids. (Oxygen saturation can be measured immediately after birth with a pulse oximeter applied to a hand or foot.) 

FIGURE 58–5 The oximetric system for measuring arterial oxygen saturation continuously. The catheter contains fiberoptics that transmit light to and from blood passing the catheter tip. (From Wilkinson99 )

Because the response time of these catheters is 10 to 15 seconds, the effectiveness of resuscitation efforts in improving oxygenation can be readily ascertained (Fig. 58–6). Although the level of oxygenation can also be measured transcutaneously, these electrodes take 15 minutes to stabilize after being applied to the skin. Furthermore, the values only correlate with PaO2 when the blood pressure is normal and the body temperature is above 35.5°C. 51  Oxygen saturation can also be measured by applying a pulse oximeter probe to the palm of the hand. 52  These devices give good estimates of oxygen saturation when stable, but may give falsely low oxygen saturations with rapid decreases in saturation. 53  

FIGURE 58–6 The relationship among ventilation, oxygen saturation, PaO2, and inspired oxygen concentration (FIO2 ) during neonatal resuscitation.

Needle electrodes inserted under the skin provide continuous ECGs and heart rate values. Two pressure transducers are required to measure arterial and central venous pressures. Monitors used in neonatal intensive care units are adequate for use during resuscitation. 

PROCEDURE 

Someone other than the obstetrician should evaluate and resuscitate the neonate. If intrauterine asphyxia is known to exist or is strongly suspected (Table 58–2), at least two additional people are required to resuscitate the neonate, one to control ventilation and the other to insert an umbilical artery catheter and correct acid-base and blood-volume abnormalities. A plan for the resuscitation of each neonate should be developed and understood by everyone in the delivery room before the neonate‘s birth.

TABLE 58–2. Disorders Frequently Associated With Asphyxia at Birth

Maternal conditions

Elderly primigravida (>35 years of age)

Diabetes

Hypertension

Toxemia

Maternal treatment with any of the following:

Glucocorticoids

Diuretics

Antimetabolites

Reserpine, lithium

Magnesium

Ethyl alcohol

?-Adrenergic drugs (to stop premature labor)

Abnormal estriol levels

Anemia (hemoglobin level less than 10 g/100 mL)

Blood type or group isoimmunization

Previous birth of child with a hereditary disease

Current maternal infection or infection during pregnancy with rubella, herpes simplex, or syphilis

Abruptio placentae

Placenta previa

Antepartum hemorrhage

History of previous infant with jaundice, thrombocytopenia, cardiorespiratory distress, or congenital anomalies

Narcotic, barbiturate, tranquilizer, or psychedelic drugs

Ethyl alcohol intoxication

History of previous neonatal death

Prolonged rupture of membranes

Conditions of labor and delivery

Forceps delivery other than low elective

Vacuum extraction delivery

Breech presentation and delivery or other abnormal presentation

Cesarean section

Prolonged labor

Prolapsed umbilical cord

Cephalopelvic disproportion

Maternal hypotension

Sedative or analgesic drugs given intravenously within 1 hour of delivery or intramuscularly within 2 hours of delivery

Fetal conditions

Multiple births

Polyhydramnios

Meconium-stained amniotic fluid

Abnormal heart rate or rhythm

Acidosis (fetal scalp capillary blood)

Decreased rate of growth (uterine size)

Premature delivery

Amniotic fluid surfactant test negative or intermediate within 24 hours of delivery

Neonatal conditions

Birth asphyxia

Birth weight (inappropriate for gestational age)

Meconium-staining of the skin, nails, or umbilical cord

Signs of cardiorespiratory distress

Initial Evaluation 

The neonate should be observed closely during delivery. As the head is delivered, the mouth and nose are suctioned with a bulb syringe. The neonate is held at the level of the introitus and dried with a towel to stimulate crying and reduce evaporative heat loss. Once breathing is established and the umbilical cord has stopped pulsating, the cord is cut and the neonate taken to the resuscitation table. Holding the neonate below the introitus increases blood volume and causes polycythemia. 54  Raising the neonate above the level of the introitus or clamping the umbilical cord early decreases blood volume. 55  

Stripping blood from the umbilical cord to the neonate increases blood volume, 56  respiratory rate, 57  lung water, 58  pulmonary artery pressure, and PaCO2. 59  Lung compliance, FRC, 60  and PaO260  decrease. Figure 58–7 shows the effects of early and late cord clamping on placental blood volume. The larger the placental volume, the smaller the neonate‘s blood volume. Early cord clamping can deprive neonates of up to 30 mL of blood/kg body weight. 55  

FIGURE 58–7 The effects of early and late cord clamping on placental blood volume. (From Ogata55 )

If the neonate is flaccid, pale, limp, and/or cyanotic, the umbilical cord should be clamped and cut and the neonate handed off to be resuscitated. It should be remembered that the neonate is probably hypovolemic because the umbilical cord was clamped early. 

The neonate should be placed in a radiantly heated resuscitation bed with the head slightly lower than the body, and the airway should be cleared of secretions and blood by gently suctioning the mouth and nose with a bulb syringe. In my experience, prolonged suctioning can cause vomiting and arrhythmias, the most common of which is bradycardia, but ventricular arrhythmias occur in 10 to 20 percent of those who are suctioned vigorously while hypoxic. 

If the respiratory pattern and color are normal, nothing more needs to be done except to dry the neonate with a towel and quickly insert a suction catheter into the posterior pharynx through each nostril to rule out choanal atresia. The same catheter is then passed through the mouth into the stomach to rule out esophageal atresia and small bowel atresia (see later) and to empty the stomach of its contents. Bilateral choanal atresia may be lethal because the airway will be totally obstructed when the mouth is closed. When the mouth is open, the neonate is pink; when the mouth is closed, the neonate continues to make breathing efforts, but there is no gas movement into or out of the lung. To alleviate the airway obstruction, an oral airway or an endotracheal tube should be inserted. The neonate should be seen by a knowledgeable ear, nose, and throat surgeon, and the bony obstruction should be relieved surgically. The 1-minute Apgar score can be used to guide resuscitation, but it is only a guide. One should not wait until 1 minute has passed before initiating resuscitation. The 5-minute Apgar score may have some predictive value for neurologic outcome.

Apgar Score 

Score 8 to 10 

Apgar scores of 8 to 10 are achieved by 90 percent of all neonates. Nothing is required except nasal and oral suctioning, drying of the skin, and maintenance of normal body temperature. A careful reevaluation of the neonate‘s condition should occur at 5 minutes of age because some neonates hypoventilate when stimulation ceases. When stable, the neonate should be wrapped in a warm blanket and handed to the parents. 

Score 5 to 7 

Neonates with Apgar scores of 5 to 7 have suffered mild asphyxia just before birth. They usually respond to vigorous stimulation and to oxygen blown over the face. If they are slow to respond and to become pink, they should be ventilated with 80 to 100 percent oxygen via bag and mask. By 5 minutes of age, patients with Apgar scores of 5 to 7 at 1 minute are usually well. At 2 minutes of age, PaO2 is usually 50 to 70 mm Hg, PaCO2 is 40 to 50 mm Hg, and pHa is about 7.15. The base deficit is approximately 12 mEq/L. By 10 minutes of age, the pHa will increase to 7.30 and PaCO2 will decrease to below 40 mm Hg. The base deficit usually returns to normal (–3.0 to +3.0 mEq/L). 

Score 3 to 4 

Neonates with Apgar scores of 3 to 4 are moderately depressed at birth. They are usually cyanotic and have poor respiratory efforts, but they usually respond to bag and mask ventilation by breathing and becoming pink. If they have not breathed spontaneously, ventilating the lungs with a bag and mask may be difficult because the airway resistance exceeds that of the esophagus. If so, gas preferentially enters and distends the esophagus, stomach, and gut, which may interfere with ventilation and cause vomiting and regurgitation. Decompressing the stomach makes it easier to ventilate the lungs. If the neonate has not breathed or is breathing ineffectively, an endotracheal tube should be inserted before ventilating the lungs. Umbilical artery and vein blood should be obtained from a double-clamped segment of umbilical cord to measure blood gases and pH. The blood gases are frequently abnormal: a PaO2 below 20 mm Hg, PaCO2 above 60 mm Hg, pHa below 7.15. If the pH and base deficit are unchanged or worse on a sample of blood obtained from a radial or temporal artery, an umbilical artery catheter should be inserted and, if necessary, sodium bicarbonate should be administered (see later). 

Score 0 to 2 

Neonates with Apgar scores of 0 to 2 are severely asphyxiated and require immediate resuscitation. It is not appropriate to stand around and wait to see what the patient will do. The patient‘s condition will get worse. Get on with the resuscitation! What follows is a discussion of resuscitation of neonates with Apgar scores of 0 to 2. 

PULMONARY RESUSCITATION 

For pulmonary resuscitation, the trachea should be intubated immediately and positive-pressure ventilation should be begun at a rate of 30 to 60 breaths/min. Every fifth breath should be held for 2 to 3 seconds to expand atelectatic lung and to help remove lung fluid. A PEEP of 1 to 3 mm Hg should be maintained. Care must be taken not to use excessive pressures to ventilate the lungs of neonates in the delivery room. Recent evidence demonstrates that as few as six large breaths at birth markedly increases the amount of lung injury seen in premature lambs 30 minutes to several hours later and that the response to surfactant is significantly diminished in those ventilated with large breaths. 61

Tracheal Intubation 

The neonate‘s larynx is located four to six vertebrae more cephalad than the larynx of adults and consequently is more anterior than that of adults. Extension at the head places the larynx in an even more anterior position and makes tracheal intubation more difficult. Therefore, the head should be placed in a neutral or “sniffing” position during bag-and-mask ventilation and during tracheal intubation. The laryngoscope should be held with the thumb and index finger and the chin grasped with the ring and middle fingers of the left hand. This “welds” the head and hand into a single unit and reduces the likelihood of pharyngeal lacerations occurring if the neonate‘s head moves. To improve the view of the larynx, pressure should be applied over the hyoid bone with the small finger of the left hand (Fig. 58–8). This maneuver moves the larynx posteriorly and exposes the vocal cords. An appropriate-size endotracheal tube should be inserted and the tip of the tube placed 1 to 2 cm below the vocal cords, depending on the size of the neonate. (The appropriate-size endotracheal tube is one that permits a small amount of gas to leak from between the endotracheal tube and trachea when a pressure of 15 to 25 cm H2 O is generated. This usually means a 2.5-mm [internal diameter] tube for neonates weighing less than 1.5 kg, a 3.0-mm tube for those between 1.5 and 2.5 kg, and a 3.5-mm tube for those weighing more than 2.5 kg.) 

Adequacy of Ventilation 

Adequacy of ventilation is best determined by physical examination and analysis of arterial blood gases. Both sides of the chest should rise equally and simultaneously with inspiration. If one side of the chest rises before the other, the tip of the endotracheal tube may be in a mainstem bronchus, or there may be a pneumothorax or congenital anomaly of the lung. Listening to the breath sounds may be misleading. Because the chest is small, breath sounds are well transmitted within the thorax. Thus, the breath sounds may be normal, even though the neonate has a pneumothorax or congenital anomaly of the lung. A difference in breath sounds between the two sides of the chest should raise suspicion that an endobronchial intubation, a pneumothorax, atelectasis, or a congenital anomaly of the lung is present. Breath sounds are usually heard over the stomach, but these are not as loud as the breath sounds heard over the chest. If they are as loud, it should be determined whether an esophageal intubation has occurred or whether the neonate has a tracheoesophageal fistula. If ventilation is adequate, the neonate will become pink, initiate rhythmic breathing, and have a normal heart rate. Normal blood gases will eventually be restored. 

Most asphyxiated neonates do not have lung disease. Therefore, they seldom require more than 25 cm H2 O peak pressure to expand their lungs, even for the first few breaths. Excessive airway pressures cause pulmonary gas leaks and may cause lung injury. 61  Neonates whose lungs are stiff (erythroblastosis fetalis, congenital anomalies of the lung, pulmonary edema, severe meconium aspiration, diaphragmatic hernia) often require much higher inspiratory pressures to ventilate their lungs. If so, they are likely to develop pulmonary gas leaks. To reduce this likelihood, the lungs should first be ventilated with inspiratory pressures of 15 to 20 cm H2 O and rates of 150 to 200 breaths/min. If this low-pressure (low-volume), high-rate ventilation does not improve the blood gases, higher pressures and volumes should be used. One should remember that failure to use adequate pressures (volumes) during controlled ventilation may make hypoxemia worse and lead to CNS damage or even death. However, excessive pressures can be equally problematic. If a pulmonary gas leak occurs and interferes with oxygenation, carbon dioxide removal, or circulation, the gas should be drained with a thoracostomy tube. Pneumopericardia or pneumomediastina seldom requires drainage. 

The effects of ventilation should be monitored closely. If the PaO2 is greater than 80 mm Hg or the oxygen saturation exceeds 94 percent, the inspired oxygen concentration should be reduced in 5 to 10 percent steps until the PaO2 is between 50 and 80 mm Hg or the oxygen saturation is between 87 and 94 percent. It is especially important to maintain oxygenation within this range when resuscitating neonates of 34 weeks‘ gestation or less, because they can develop retinopathy of prematurity (retrolental fibroplasia). 62, 63  Although it is not clear what level of PaO2 (or oxygen saturation) causes retrolental fibroplasia, we know that it can occur in premature neonates with a PaO2 of about 150 mm Hg for 2 to 4 hours. Furthermore, repeated increases in PaO2 to these levels may be as dangerous as a constant PaO2 of 150 mm Hg. The neonate‘s heart rate should be continuously monitored during endotracheal intubation because arrhythmias are common during this procedure, especially if the neonate is hypoxic at the time of tracheal intubation. 

Routine Tracheal Suctioning 

In certain situations, the trachea should be suctioned before ventilation of the lungs. These situations include meconium staining of the amniotic fluid or major vaginal bleeding. We found that most meconium is in major airways at birth and that suctioning of the airway after birth removes the majority of this material from the lungs. 64  Meconium aspiration is rare in appropriate-for-gestational age neonates who weigh less than 2,000 g at birth. Meconium aspiration has been reviewed elsewhere. 65  

About 10 percent of pregnant women have meconium staining of their amniotic fluid, and 60 percent of neonates born to mothers with meconium-stained amniotic fluid have meconium in their tracheas at birth. 66  If the airway is not suctioned before or shortly after the onset of breathing, meconium in the airways will move into the alveoli and small airways with the onset of ventilation. About 15 percent of meconium-stained neonates develop respiratory difficulties during the first few days of life, and 10 percent develop a pneumothorax or pneumomediastinum on chest roentgenogram. Most intrathoracic gas leaks are small and cause only tachypnea. However, some large pneumothoraces cause collapse of the cardiovascular system and death if they are unrecognized and untreated. 

Because of the seriousness of these complications, “pea soup” or particulate meconium should be removed from the lung before breathing is established to improve the survival of neonates with meconium aspiration. 67  (Thin, watery meconium does not require suctioning.) Meconium is best removed from the lung by inserting an endotracheal tube, applying a suction device especially designed for this purpose, and sucking on the endotracheal tube as it is withdrawn from the trachea. 68  The laryngoscope should be left in place as the endotracheal tube is removed. If meconium is retrieved from the airway, the endotracheal tube should be quickly reinserted and the airway suctioned again. The lungs should then be gently ventilated with oxygen. The absence of meconium in the mouth and posterior pharynx does not preclude the presence of meconium in the trachea. 66  In one study, 13 percent of neonates had meconium in the trachea but none in the mouth or pharynx. 66  The heart rate should be continuously monitored during laryngoscopy and suctioning and 100 percent oxygen blown over the neonate‘s face. Suctioning the stomach will remove meconium that might be regurgitated and aspirated later. Chest physical therapy and postural drainage should be done every 30 minutes for 2 hours and hourly thereafter for the next 6 hours to help remove residual meconium from the lung. All neonates born following meconium aspiration should be observed for 24 hours because they can develop persistent fetal circulation (PFC) syndrome, 69  the major cause of death following meconium aspiration. When PFC occurs, blood is shunted right-to-left across the ductus arteriosus and foramen ovale. Little blood perfuses the lung. Of these neonates, 50 percent die during the first few days of life. Recently, extracorporeal membrane oxygenation (ECMO) has been used successfully to treat patients with severe hypoxia from meconium aspiration. 70, 71  Several days are required for pulmonary hypertension to abate and for ECMO to be no longer required. The long-term outcome of children who had meconium aspiration at birth is very good. Unless they had asphyxia in the perinatal period, they are intellectually intact. They also have normal pulmonary function at 6 to 11 years of age. 72, 73  

Other Causes of Respiratory Failure 

There are other causes of respiratory failure besides those just described. These must be ruled out if the response to resuscitation is not immediate. 

Pneumothorax 

Pneumothorax occurs in 1 percent of all vaginal deliveries, in 10 percent of meconium-stained neonates, 66  and in 2 to 3 percent of neonates who require mechanical ventilation in the delivery room. To detect a pneumothorax, the chest should be carefully examined. The hemithorax containing free air is usually hyperexpanded and moves poorly with ventilation. The point of maximum cardiac impulse is shifted toward the chest that does not have a pneumothorax. The heart tones may be muffled. 

If a pneumothorax is suspected, a small, high-intensity, cold light should be shone onto the skin of the chest. 74  If a pneumothorax is present, the involved chest will glow. A 22-gauge, relatively blunt needle should be inserted into the second intercostal space in the midclavicular line. The needle should be occluded with a closed stopcock. A “pop” is felt when the needle enters the pleural cavity. Fixing the needle at skin level with a hemostat reduces the likelihood of the needle advancing too far into the chest and accidently damaging the lung. If gas is found in the pleural space, as much gas as possible should be removed with a syringe while a thoracostomy tube is being inserted. The thoracostomy tube should be connected to underwater drainage. 

Congenital Anomalies 

Congenital anomalies of the airway are relatively common. Choanal atresia is discussed in the section on initial evaluation. Micrognathia (Pierre Robin syndrome) and relative macroglossia cause inspiratory obstruction. If an oral airway can be inserted, the problem is usually temporarily solved. If an oral airway cannot be inserted, a large (10 French) nasogastric tube should be inserted through the nose and the tip of the catheter placed in the stomach. This maneuver prevents the tongue from making a tight seal with the pharyngeal wall, which prevents the neonate from developing large negative pressures in the pharynx and “sucking” the tongue into the pharynx. Grasping the tongue with a towel clip and pulling outward is seldom effective and may cause harm. However, in a life-threatening situation, this maneuver should be tried. The tips of the towel clip should be placed in the sides of the tongue, not in the middle. Neonates with micrognathia should be nursed in the prone position to let the tongue fall forward. It is seldom necessary to do a tracheotomy; however, it is occasionally necessary to intubate the trachea. It is also possible to insert a #1 laryngeal mask; this often provides a good airway. 75  However, the connecting tube is a large deadspace and may significantly increase the PaCO2. 

Congenital anomalies of the larynx, such as webs, atresia, and vocal cord paralysis or fusion, are uncommon but when present cause stridor and respiratory distress. On occasion, it may be necessary to force a small endotracheal tube through these lesions. Subglottic stenosis, subglottic webs, and subglottic hemangiomas are also uncommon, but they too cause severe airway obstruction. 

Esophageal Atresia and Tracheoesophageal Fistulas 

Esophageal atresia and tracheoesophageal fistulas occur in 1 in 2,400 to 4,500 births. Respiratory distress occurs if the neonate aspirates gastric secretions or esophageal pouch secretions, or if the stomach and gut distend with air and limit movement of the diaphragm. Controlled ventilation may distend the gut further and should be avoided unless it is absolutely necessary. If it is necessary to ventilate the lungs, the tip of the endotracheal tube should first be advanced beyond the fistula. Breath sounds heard over the stomach will diminish in intensity at this time. After ensuring that both lungs are being ventilated equally (i.e., equal chest movement and breath sounds), the endotracheal tube is firmly fixed in place. A sump-type catheter should be placed into the esophageal pouch and the catheter connected to suction to prevent accumulation of secretions in the pouch. The neonate should be nursed in the reverse Trendelenburg position to reduce the likelihood of aspirating the contents of the stomach and pouch. 

Diaphragmatic Hernia 

Diaphragmatic hernia occurs in 1 in 2,000 births. If the hernia is large, gut fills the involved chest cavity (usually the left) and causes hypoplasia of both lungs. 76  The ipsilateral lung is about 10 to 20 percent of its normal size, and the contralateral lung is about 60 to 70 percent of normal. Because the gut is in the chest cavity, the abdomen is scaphoid. (The abdomen of normal neonates is protuberant.) The breath sounds of the affected chest may or may not be decreased. Acidosis and hypoxia are usually present because of the hypoplastic lungs and because of right-to-left shunting of blood through the patent ductus arteriosus. In addition, many of these patients have pulmonary hypertension. The PaO2 of temporal artery or right radial artery blood (which is preductal) is higher than the PaO2 of blood from the descending aorta. 77  

The trachea should be intubated and the lungs ventilated rapidly (60–150 times per minute) with small breaths. No attempt should be made to expand the hypoplastic lung, as this may cause a pneumothorax on the side of the “good” lung. Neonates with diaphragmatic hernias are usually hypovolemic and require expansion of their intravascular volume with whole blood or plasma. Overhydration should be avoided because it causes pulmonary edema and makes the PaO2 and PaCO2 worse. Correction of the acidosis (both respiratory and metabolic) reduces PVR and improves pulmonary blood flow; reduced pulmonary blood flow is the usual cause of death. Hyperventilation (PaCO2 20–25 mm Hg) often increases pulmonary blood flow and improves blood gases, 78  but it may reduce cerebral blood flow, especially if the baby is hypotensive. 

Recently, ECMO has been used to treat pulmonary hypertension associated with diaphragmatic hernia. 79  The success of this therapy has resulted in the survival of many neonates who otherwise would have died. Nevertheless, the mortality of neonates with a diaphragmatic hernia is still nearly 50 percent.

Administration of Surfactant 

Administering surfactant into the lungs of neonates has resulted in significant improvement in the outcome of premature neonates. 80, 81, 82  The incidences of pulmonary gas leaks, hyaline membrane disease, deaths, bronchopulmonary dysplasia, and pulmonary interstitial emphysema are lower following surfactant administration. Frequently, surfactant is given as a liquid (i.e., 5 mL of fluid per kilogram are given into the trachea at birth), which may briefly reduce the oxygen saturation. Subsequently, the arterial oxygen saturation (SaO2) increases rapidly in most instances, as does the compliance of the lung. The latter may result in overinflation of the lung and the development of lung injury or a pulmonary gas leak if ventilation is not reduced.

VASCULAR RESUSCITATION 

Vascular resuscitation is a much neglected aspect of neonatal resuscitation. Few textbooks even mention it, despite the fact that neonates are often hypovolemic at birth. Those who are premature and asphyxiated near the end of labor are especially likely to be hypovolemic. 

If the neonate‘s condition does not improve rapidly with ventilation and tactile stimulation, an umbilical artery catheter should be inserted to measure blood gases and pH, to measure arterial pressure, to expand blood volume, and to administer drugs. Most preterm neonates weighing less than 1,250 g at birth, and 1 to 3 percent of term neonates require an umbilical artery catheter during resuscitation. It also may be helpful to insert a central venous line to determine the adequacy of blood volume replacement.

Insertion of Intravascular Catheters 

Umbilical Artery Catheterization 

A stopcock should be attached to one end of a 3.5 or 5.0 French umbilical artery catheter and the catheter and stopcock flushed with sterile saline containing 1 to 2 units of heparin per milliliter of fluid. The stump of the umbilical cord is grasped with a clamp and the cord held straight up in the air. The abdomen and umbilical cord are sterilized with an iodine-containing solution and the abdomen is sterilely draped. Next, a sterile umbilical tape is tied loosely around the cord, and the cord is cut cleanly with a scalpel, leaving 2 cm of stump. The stump is firmly grasped with the gloved fingers of one hand, and one of the two thick-walled umbilical arteries is dilated with a curved iris forceps. With the stopcock partially open, a 3.5 French umbilical artery catheter is inserted into the artery if the neonate weighs less than 1,500 g or a 5 French catheter is used if the neonate weighs 1,500 g or more. Some resistance may be encountered when the catheter has been advanced 3 to 5 cm into the vessel, but this resistance can usually be overcome by applying steady pressure to the catheter. If the catheter will not advance, a second catheter should be inserted into the other artery while leaving the first catheter in place. This maneuver often causes one or the other vessel to relax and permits one of the catheters to be advanced into the aorta. When blood appears in the catheter, the stopcock should be closed, blood should be withdrawn from the catheter, and all air should be removed from the system. (The accidental injection of small amounts of air [<0.1 mL] may obstruct blood flow to the legs for several hours.) The catheter should be attached to a pressure transducer and the arterial pressure measured. 

Figure 58–5 shows a catheter (Oximetrix Company, Mountain View, Calif) that is part of a fiberoptic system that makes it possible to measure arterial oxygen saturation and arterial blood pressure simultaneously. Because the catheter is precalibrated, the correct oxygen saturation is measured as soon as the tip of the catheter comes into contact with blood. This device is helpful in resuscitating asphyxiated neonates. 50  

FIGURE 58–5 The oximetric system for measuring arterial oxygen saturation continuously. The catheter contains fiberoptics that transmit light to and from blood passing the catheter tip. (From Wilkinson99 )

Umbilical Venous Catheterization 

The stump of the umbilical cord is prepared, grasped, and tied as described previously. The single, large, thin-walled umbilical vein is grasped with iris forceps and the catheter inserted 3 to 5 cm into the vessel with a twisting motion. The stopcock must be closed to prevent aspiration of air through the catheter if the patient takes a deep breath. The catheter is connected to a pressure transducer, and the intravascular pressure is displayed on an oscilloscope or polygraph. When the catheter tip enters the thoracic vena cava, the pressure tracing deflects negatively with each spontaneous inspiration. When the catheter tip is in an intra-abdominal vein, the deflection is positive during inspiration. Once the catheter tip is in the intrathoracic vena cava, the catheter should be fixed in place and the PO2 of the blood measured. If the PO2 exceeds 40 mm Hg, the catheter tip is probably in the left atrium and should be withdrawn into the right atrium or inferior vena cava. It is imperative that no air be injected through venous catheters because the air may enter the systemic circulation through the foramen ovale and occlude a coronary or cerebral artery. If it does, the neonate may die or suffer CNS damage. If the catheter “tickles” the atrial septum, the neonate may suffer arrhythmias. Withdrawal of the catheter a short distance will solve the problem.

Correction of Acidosis 

Respiratory acidosis is corrected by controlling ventilation. Metabolic acidosis is corrected by infusing sodium bicarbonate. Bicarbonate is less expensive and does not cause the severe hypoglycemia, hypocalcemia, hypokalemia, and apnea that can occur with administering tromethamine (Tham). In addition, the volume of sodium bicarbonate required to correct the same amount of acidosis is one-third that of Tham. This reduces the likelihood of inducing hypervolemia with sodium bicarbonate. 

Several potentially serious problems are associated with administering sodium bicarbonate: 

1.


Sodium bicarbonate is hypertonic, about 1,800 mOsm/L. If a large volume of sodium bicarbonate is administered rapidly (more than 1 mEq/kg/min), the intravascular volume may expand rapidly and cause intracranial hemorrhage. 

2.


The complete reaction of hydrogen ions with 50 mEq of bicarbonate generates approximately 1,250 mL of CO2 . If ventilation is adequate, the CO2 is quickly exhaled, and the PaCO2 rises 1 to 3 mm Hg. If ventilation is inadequate, as it is in asphyxiated neonates, the PaCO2 increases significantly, and, because the CO2 freely diffuses into cells, may lead to cardiac arrest. Because it dilates cerebral vessels, PaCO2 increases cerebral blood flow and may cause intracranial hemorrhage. To prevent the rise in PaCO2, ventilation should be controlled. Alkali should not be infused to correct metabolic acidosis unless ventilation is adequate. 

3.


Administering bicarbonate may also induce hypotension (Fig. 58–9). This occurs because acidotic, hypovolemic neonates have intense peripheral vasoconstriction, which preserves their arterial blood pressure. Correcting the acidosis reduces the PVR and induces hypotension because the neonate‘s blood volume is now inadequate to fill the expanded vascular space. 

4.


Sodium bicarbonate may also interfere with myocardial function, especially if the acidosis for which it was given is ongoing. 83, 84  This is rare clinically in neonates. 

5.


Until recently, it was believed that the CO2 produced by the reaction of bicarbonate with hydrogen ions decreased the intracellular pH of brain. However, this is not the case. 85 

FIGURE 58–9 The effects of sodium bicarbonate on aortic blood pressure (PAO), heart rate, and hematocrit level. Note that hypotension occurred following administration of sodium bicarbonate. The hematocrit level decreased as fluid was “pulled” into the intravascular space to compensate for the hypovolemia that was present since birth. Raising pH decreased the peripheral vasoconstriction produced by the preexisting acidosis. Giving albumin increased the aortic pressure to normal. On the basis of the final hematocrit level, the initial blood volume was approximately 30 percent less than predicted. (From Phibbs.101  Courtesy of Ross Products Division, Abbott Laboratories Inc., Columbus, OH.)

Who Requires Alkali Therapy? 

Despite the potential problems associated with bicarbonate administration, there are situations in which it is useful. If the Apgar score is 2 or less at 2 minutes or 5 or less at 5 minutes despite tactile stimulation and controlled ventilation with oxygen, the neonate should be given 2 mEq/kg of sodium bicarbonate while the lungs are being ventilated. Bicarbonate should not be infused into a catheter whose tip rests in the liver, because the hypertonic solution may cause hepatic necrosis. Ventilation should be controlled as the drug is infused. Blood gases and pH should be measured. If the pH is below 7.00 and the PaCO2 is below 35 mm Hg, one-fourth of the base deficit should be corrected with sodium bicarbonate. If the pH is above 7.10, ventilation of the lungs should be continued and arterial pH and blood gases remeasured in 5 minutes. If the pH is 7.15 or above on the repeat measurement, ventilation of the lungs should continue and bicarbonate therapy should be delayed. If the repeat blood gas shows a decrease or no change in pH, one-fourth of the base deficit should be corrected with bicarbonate. Figure 58–10 shows the effects of sodium bicarbonate on the PaO2 of a group of asphyxiated neonates whose ventilation was held constant. No significant increase in PaO2 occurred until the pH was above 7.10 to 7.20, the point at which Rudolph and Yuen 18  found their most significant decrease in PVR. It is unclear in the neonates we have treated whether the increase in PaO2 was due to the increase in pHa or to expansion of blood volume by bicarbonate. 

FIGURE 58–10 The effects of the rapid infusion of sodium bicarbonate on PaO2 and pH when ventilation was held constant. The PaO2 increased when the pH increased above 7.10 to 7.20. (From Gregory97 )

Metabolic acidosis occurs when tissue perfusion is poor. At birth, underperfusion is usually due to hypovolemia or heart failure (congenital heart disease, including congenital bradycardia and severe acidosis). Heart failure usually occurs when the pH falls below 7.00. Raising the pH to 7.15 or higher usually improves cardiac output. As a result of this increase, liver perfusion increases and metabolic acids are metabolized. If heart failure is due to cardiac disease (congenital bradycardia from arrhythmias, erythroblastosis fetalis, congenital cardiac anomalies), the cardiac output should be increased with a continuous infusion of isoproterenol (starting with 0.05 ?g/kg/min and increasing the dose as necessary) or a transvenous pacemaker should be inserted. In these patients, cardiac output is usually best when the heart rate is raised to 160 to 190 beats/min. Hypoglycemia may also cause heart failure, but hypoglycemia is uncommon in asphyxiated neonates. If it is low, the blood glucose concentration should be increased to normal (50–90 mg/dL) by infusing 5 mL/kg of 10 percent dextrose in water over 3 to 5 minutes. This infusion should be followed with a continuous infusion of enough glucose to maintain a normal glucose concentration. 

If the acidosis is due to hypovolemia, as it usually is, the blood volume should be expanded. 

Expansion of Intravascular Volume 

Approximately 60 percent of asphyxiated preterm neonates weighing less than 1,500 g are hypovolemic at birth because their umbilical cord was clamped and cut earlier than usual (see Fig. 58–7) so that resuscitation could begin. Term neonates are hypovolemic if the umbilical cord is clamped early or if the cord is wound tightly around the neck and must be cut to deliver the neonate. Hypovolemia also occurs with intrauterine asphyxia, with placental abruption, or with transection of the placenta during cesarean section. 

FIGURE 58–7 The effects of early and late cord clamping on placental blood volume. (From Ogata55 )

Detection of Hypovolemia 

Hypovolemia is detected by measuring the arterial blood pressure and by physical examination (skin color, perfusion, capillary refill time, pulse volume, and extremity temperature) (Table 58–3). After 24 hours of age, urine volume and specific gravity measurements are also helpful. 

TABLE 58–3. Relationship of Skin Color, Capillary Refill Time, Pulse Volume, and Extremity Temperature to Hypovolemia 

The arterial pressure can be measured with a Doppler system or an indwelling arterial catheter. Table 58–4 shows the systolic, diastolic, and mean arterial pressures during the first 12 hours after birth. The increase in pressure should be noted with increasing gestational age. If no pressure transducer is available, the umbilical artery catheter can be connected to a venous manometer and the height of the column of water displaced by blood (in centimeters) divided by 13.6 (the density of mercury) to obtain the mean arterial pressure (MAP). MAP is a more useful determinant of the adequacy of intravascular volume than the systolic or diastolic pressure. 

TABLE 58–4. Average Systolic, Diastolic, and Mean Arterial Blood Pressures (mm Hg) During the First 12 Hours of Life in Normal Infants 

Central venous pressure (CVP) measurements are helpful in detecting hypovolemia and in determining the adequacy of fluid replacement. Changes in CVP are more important than a single CVP determination. The venous pressure of normal neonates is 4 to 8 cm H2 O. If the CVP is less than 4 cm H2 O, hypovolemia should be suspected. 

Hypovolemic neonates are usually pale and have poor capillary refill and poor perfusion. Their extremities are cold and their pulses (especially the radial and posterior tibial pulses) weak or absent. Those neonates who are intoxicated with alcohol or magnesium are usually pink, peripherally dilated, and hypotensive and may be acidotic. 

Treatment of Hypovolemia 

The key to treating hypovolemia is intravascular volume expansion. This can best be done with blood; but albumin, plasma, and crystalloid are also used for this purpose. If it is suspected that the neonate will be hypovolemic at birth, maternal blood should be cross matched against one unit of O-negative packed red blood cells and one unit of O-negative whole blood. Both units of blood should be brought to the delivery room in separate “cold packs” (a sealed plastic ice chest containing dry ice) just before the neonate is born. If blood is not needed, it can be returned unopened to the blood bank within 4 hours. 

If cross matched blood is not available at the time of delivery, the placenta can be cleansed with iodine and blood can be withdrawn from the umbilical vein and artery with sterile syringes containing 1 to 2 units of heparin per mL of blood collected. These vessels usually contain a large amount of blood, especially if the umbilical cord was clamped immediately after birth. 56  The blood should be passed through a blood filter before it is given to the neonate to eliminate blood clots and debris. There is no concern about incompatibility of blood types because this blood was part of the circulating blood volume of the neonate before the umbilical cord was clamped. We usually reserve transfusing placental blood for emergencies for fear of causing an infection, although this has never occurred. If no source of blood is available (or is not required due to an adequate hematocrit level), the intravascular volume can be expanded with 1 to 2 g/kg of 25 percent albumin, 10 mL/kg of plasma, or 10 mL/kg of lactated Ringer solution. 

On occasion, enormous volumes of blood are required to raise the arterial blood pressure to normal levels. Rarely, more than 50 percent of the blood volume (85 mL/kg) in term neonates and 100 mL/kg in preterm neonates must be replaced (Fig. 58–11). This is especially true if the placenta is transected during a cesarean section. However, in most cases, less than 10 to 20 mL/kg will restore a normal MAP. 

FIGURE 58–11 The aortic blood pressure during first 5 hours of life of a premature infant with hypovolemia. PAO equals mean aortic pressures. (From Gregory97 )

Besides indicating the absolute arterial blood pressure, the arterial pressure tracing provides other information helpful to the evaluation of the adequacy of intravascular volume. A decrease in systolic pressure of more than 5 mm Hg with each inspiration suggests that the neonate is hypovolemic (see Fig. 58–11). It can also be seen that increasing the blood volume eliminates the swings in arterial pressure induced by inspiration. 

Care must be taken not to overexpand the intravascular volume and cause hypertension, especially in preterm neonates. Hypertension may disrupt the intracerebral vessels and cause intracranial hemorrhage 86  if cerebrovascular autoregulation is absent, 87, 88  which it usually is in asphyxiated neonates. 89, 90, 91  

OTHER CAUSES OF HYPOTENSION 

Hypoglycemia, hypocalcemia, and hypermagnesemia can also cause hypotension. The hypotension caused by alcohol or magnesium intoxication usually responds to blood-volume expansion, or better still, to an infusion of dopamine. The arterial blood pressure of hypermagnesemic neonates also may increase with a bolus of 100 to 200 mg/kg of calcium gluconate (given over 5 minutes) and a continuous infusion of 100 to 300 mg/kg/d of the drug. 

Polycythemia (hematocrit level >65%) may also cause hypotension due to increased PVR and decreased left ventricular filling pressures. Polycythemia occurs with delayed clamping of or with stripping blood from the umbilical cord. The hyperviscosity that accompanies polycythemia also increases PVR, reduces pulmonary blood flow, and increases right-to-left shunting of blood through the ductus arteriosus and foramen ovale. Hyperviscosity also increases the systemic vascular resistance. The combination of hypoxia and increased vascular resistance causes cardiorespiratory failure. Alleviating polycythemia improves the cardiovascular status of the patient. An exchange transfusion with plasma or saline with albumin (4 g albumin/100 mL saline) can be used to reduce the hematocrit level to 50 to 55 percent. Late sequelae of polycythemia include cardiac and renal failure and CNS injury.

CARDIAC MASSAGE 

If the heart rate at 1 minute or less of age is below 100 beats/min, the trachea should be intubated, the lungs ventilated with oxygen, and closed chest massage begun. Both thumbs are placed at the junction of the lower and middle third of the body of the sternum, and the fingers, which encircle the chest, should be used to support the back (Fig. 58–12). The sternum is compressed 1 to 2 cm (approximately one-third the distance to the anterior vertebral bodies) at a rate of 100 to 150 times per minute. It is not necessary to interrupt ventilation of the lungs during cardiac massage and vice versa, although the American Heart Association suggests that this be done. 89  Cardiac output is often greater when cardiac massages and ventilation are simultaneous. The effectiveness of cardiac massage is determined by measuring the blood gases and pH and the arterial pressure generated and by examining the pupils. If the cardiac massage and ventilation are effective, the pupils will be in the midposition or constricted. If the pupils are dilated, and no atropine has been given, cerebral blood flow and oxygenation are inadequate. 

FIGURE 58–12 Closed chest massage. For simplification, ventilation is not shown. (From Gregory97 )

Ideally, each chest compression should generate a systolic pressure of 80 mm Hg because pressure is related to cardiac output during CPR. 92  This pressure plus a cardiac massage rate of about 120 times per minute will maintain a diastolic pressure of 20 to 25 mm Hg, a level that is adequate to maintain coronary artery perfusion in neonates during diastole. Failure to generate these pressures and rates allows the diastolic pressure to fall below 10 mm Hg, which is inadequate to perfuse the coronary arteries during diastole. 

RESUSCITATION DRUGS 

Table 58–5 lists drugs and the usual starting doses used during resuscitation of the newborn. Birchfield et al 93  have reviewed the use of drugs in neonatal resuscitation. 93  Severe acidosis (pH <7.0) may decrease the effectiveness of these drugs. Therefore, the pH should be raised above 7.20 as soon as possible. All drugs should be infused in the smallest volume of fluid possible to reduce the risk of inducing hypervolemia. To do so, drugs such as isoproterenol must be administered in high concentrations (16 ?g/mL). However, it should be remembered that the dead space of the catheter is filled with the same concentration of the drug. If the contents of the catheter are flushed into the patient by infusing fluid or another drug, serious cardiac arrhythmias or cardiac arrest may occur. To avoid these complications, the dead space of the catheter and stopcock should be cleared by withdrawing 1.5 mL of blood and fluid. It is preferable to infuse potent cardiac and vasoactive drugs into a separate intravenous line. 

TABLE 58–5. Drugs Used During Resuscitation 

Hyperglycemia can significantly augment the effects of hypoxia on ischemia. 94  It increases the extent of CNS damage and reduces the survival of patients who can be resuscitated from cardiac arrest. 95, 96  Consequently, glucose should be given only to neonates who are hypoglycemic. The blood glucose concentration should be measured by a glucometer. If the blood glucose concentration is low, one should give a bolus of glucose (0.5–1.0 mL/kg of 10% dextrose) and begin a constant infusion of 5 to 7 mg/kg/min of glucose. Repeat the glucose measurement in 10 minutes and then as necessary. 

TABLE 58–5. Drugs Used During Resuscitationa 

DRUG/INDICATION/DOSE/ROUTE/

RESPONSE/COMPLICATION

-Atropine/Bradycardia/0.03 mg/kg/IV

/Increased heart rate/
Marked tachycardia, diminished cardiac output

-Calcium gluconate/Low cardiac output/100 mg/kg over 5–10 minutes (ECG monitoring)/Improved cardiac arrhythmias/Bradycardia

-Epinephrine/“Flat-line” ECG/0.1 mL/kg of a 1:10,000 solution(100 mcg/ml) =10 mcg/kg//
IV//“Flat-line” ECG converted to some rhythmic response/Hypertension; ventricular fibrillation

-Isoproterenol/Bradycardia, hypotension, low cardiac output/ 4 mg/250 mL of 5 percent dextrose. Start at 0.01 ?g/kg/min and increase until heart rate increases/IV//Increased heart rate, improved cardiac output/Arrhythmias, low cardiac output if heart rate more than 180–220/min

-Dopamine/Hypotension/40 mg/100 mL. Start at 5 ?g/kg/min and increase until desired effect is achieved / IV/ Increased arterial pressure; improved cardiac output, perfusion, and urine output
Arrhythmias— uncommon

aDoses given are, in general, starting doses and may have to be increased. Most drugs more effective if pH >7.15

CASE REPORT 

This case summarizes the concepts presented in this chapter. 

The neonatologists and anesthesiologists at the University of California, San Francisco, were notified of the impending birth of a 1,500 g, appropriate-for-gestational-age neonate by a mother whose membranes had ruptured 24 hours earlier. Labor had progressed despite the use of tocolytic agents. The obstetricians typed and crossmatched the mother‘s blood against one unit of O-negative packed red blood cells and one unit of whole blood so that blood would be available in the delivery room to transfuse the neonate during resuscitation if the blood volume or hematocrit level were low. Both units of blood were in the delivery room in separate plastic cold packs before the neonate‘s birth. 

Before the neonate was born, arterial and venous pressure transducers and an umbilical SaO2 catheter were calibrated. A blood-gas machine and a centrifuge were moved into the resuscitation area so that blood gas, pH, and hematocrit data would be available within 2 minutes of obtaining the blood sample. 

An anesthesiologist, attending neonatologist, neonatology fellow, pediatric resident, and two neonatal nurses provided care for the patient during resuscitation. 

The neonate was born vaginally. Her mouth and nose were suctioned and her umbilical cord clamped and transected. She was handed to a waiting anesthesiologist and dried with a towel as she was quickly taken from the delivery room to the resuscitation room (a distance of 20 feet). The umbilical cord was clamped and cut immediately after birth because the patient was apneic and because her heart rate was about 100 beats/min. Under the assumption that she would be hypovolemic, we were prepared to infuse blood if her MAP was more than 2 standard deviations below the average MAP for a patient of her gestational age. 

We weighed the neonate immediately on her arrival in the resuscitation area. This took less than 10 seconds. Knowing her correct weight allowed us to administer the appropriate doses of drugs, fluids, and blood during resuscitation. After weighing the neonate, we placed her on the sterile resuscitation table, inserted needle electrodes under her skin to continuously measure the ECG and heart rate, and intubated her trachea. Ventilation was controlled with 25 cm H2 O pressure and 100 percent oxygen. The first inspiration was held for 2 seconds. After the first breath, ventilation was controlled at a rate of 60 breaths/min; pressures of 20/5 cm H2 O were applied during each breath. Every fifth inspiration was held for 2 seconds in an attempt to improve the distribution of ventilation and increase removal of fluid from the lung. By this time, the neonate was 1.5 minutes old. A pulse oximeter was applied to her hand and her SaO2 was less than 80 percent. 

A nurse held the umbilical cord up in the air while the abdomen and umbilical cord were sterilized with povidone-iodine; then the abdomen was covered with sterile towels. Next, we placed an umbilical tape 1.0 cm above the point where the umbilical cord entered the skin and tied the tape loosely. We were careful not to include the skin of the abdomen in the tie. We then grasped the umbilical cord and tie with the thumb and index finger of one hand to control bleeding, cut off the umbilical cord, and discarded the unwanted portion of the umbilical cord. Next, the artery was dilated with a pair of curved iris forceps; a Shaw umbilical SaO2 catheter was inserted into one of the thick-walled umbilical arteries. The catheter was advanced until blood flowed back into the catheter. When this occurred, the stopcock was closed and the catheter was advanced an additional 2 cm. The catheter was then connected to the pressure transducer and all air was removed from the system; then the arterial blood pressure was measured. 

As the initial SaO2 was less than 80 percent, we increased the peak inspiratory pressure to 25 cm H2 O and increased the respiratory rate to 80 breaths/min. A sample of blood was obtained for blood gases, pH, hematocrit level, electrolyte determinations, and blood culture and sensitivity of organisms to antibiotics. Because it is often difficult to distinguish hyaline membrane disease from an intrauterine pneumonia, the neonate was given ampicillin (50 mg/kg) and gentamicin (2.5 mg/kg) through the umbilical artery catheter. The neonate was now 5 minutes old. 

The neonate‘s initial MAP was 24 mm Hg and her systolic and diastolic pressures 40/20 mm Hg. Because she was hypotensive, as well as hypoxic and acidotic (PaO2 38 mm Hg, PaCO2 60 mm Hg, pH 7.02, base deficit 6.0 mEq/L) and because her hematocrit level was adequate (45%), ventilation was kept constant and she was transfused with 5 mL/kg of whole blood. (Hypotension increases right-to-left shunting of blood through the lung, foramen ovale, and ductus arteriosus of hypoxic, acidotic neonates.) The blood transfusion raised the MAP to 26 mm Hg. However, within 2 minutes, the pressure fell to 24 mm Hg. The SaO2 was 68 percent. Transfusing another 5 mL/kg of whole blood raised the MAP to 28 mm Hg, the lower limits of normal for neonates of this gestational age. Simultaneous with raising the MAP, the SaO2 rose to 82 percent. A second blood gas measurement showed a PaO2 of 46 mm Hg, PaCO2 53 mm Hg, and pH 7.15. Because the pHa had increased and the PaCO2 had decreased and because the MAP was stable, we continued to ventilate her lungs rather than administer bicarbonate. Five minutes later, the MAP had increased to 30 mm Hg and 100 percent SaO2 had been achieved. Another sample of blood was obtained. The PaO2 was 138 mm Hg, PaCO2 37 mm Hg, and pH a 7.27. During the next 10 minutes, the SaO2 remained above 90 percent despite a progressive reduction of FIO2 to 0.75. On repeat testing, the PaO2 was 70 mm Hg, PaCO2 29 mm Hg, and pH 7.46. Because of the increased pHa and the decreased PaCO2, we reduced the ventilatory rate to 60 breaths/min. We continued to reduce the FIO2 as long as the SaO2 remained between 87 and 94 percent. Fifteen minutes later, when the FIO2 was 0.50, we obtained another blood gas (PaO2 68 mm Hg, PaCO2 35 mm Hg, pHa 7.42). The MAP was 32 mm Hg and the SaO2 and FIO2 were stable for the next 15 minutes. A repeat blood gas was similar to the previous one. Consequently, we transferred the patient to the neonatal intensive care unit. 

The neonate had mild hyaline membrane disease. By the 3rd day of life, her condition was improved; mechanical ventilation was discontinued and the endotracheal tube removed. She was discharged from the hospital on the 48th day of life and was doing well. Present-day treatment would include giving 5 mg/kg of Exosurf into the endotracheal tube and continuing ventilation. This would improve oxygenation more rapidly once the blood volume was adequate. 

This case illustrates several basic points: 

1.


Resuscitation of severely ill neonates involves all the technology and people required to resuscitate an older child or adult from cardiac arrest. One person cannot do all the things required to resuscitate a neonate. It is essential, therefore, to notify those who are going to resuscitate the patient in time for them to arrive in the delivery room before the patient is born. 

2.


Neonates who are severely depressed at birth are often hypovolemic and require immediate blood volume expansion. Failure to correct the hypovolemia makes it difficult to correct the hypoxia and acidosis. 

3.


Blood gases and pHa change rapidly during resuscitation. Therefore, the results of these determinations should be immediately available so that the inspired oxygen concentration and the ventilation pressures and rates can be changed as necessary. Being told the blood-gas results 30 minutes after the blood sample was obtained is of little value, because the blood gases and pH will almost certainly have changed during that time. 

4.


The equipment required for resuscitation must always be available in the delivery room. One should not wait for an emergency to occur before finding the resuscitation equipment. The equipment needed includes heating lamps and heating blankets to maintain the neonate‘s body temperature normal, umbilical arterial catheters, surgical instruments to insert an umbilical artery catheter, pressure transducers and monitors to measure intravascular pressures, and equipment to intubate the trachea and ventilate the lungs. 

A hospital that cannot provide the care outlined in this case report should transfer mothers with high-risk pregnancies to a referral hospital early in their course of labor. 

