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Preface

Patrick G. Schafer, M.D.

Pediatric and Obstetrical Anesthesia contains the Refresher Course

manuscripts of the presentations of the 40th Annual Postgraduate Course
in Anesthesiology which took place at The Cliff Conference Center in
Snowbird, Utah, February 24-28, 1995. The chapters reflect recent
advances in the physiology, pharmacology, and anesthetic management
of patients with central nervous system disease. There are also chapters
which deal with central nervous system trauma and with brain
protection. Each of the chapters is written by an authority in the field and
has been edited only to the extent that was necessary to produce a
coherent book. No effort has been made to provide a uniform
presentation or style.

The purposes of the textbook are to 1) act as a reference for the
anesthesiologists attending the meeting, and 2) serve as a vehicle to bring
many of the latest concepts in anesthesiology to others within a short
time of the formal presentation. Each chapter is a brief but sharply
focused glimpse of the interests in anesthesia expressed at the conference.
This book and its chapters should not be considered complete treatises on
the subjects addressed but rather attempts to summarize the most salient
points.

This textbook is the thirteenth in a continuing series documenting
the proceedings of the Postgraduate Course in Salt Lake City. We hope
that this and the past and future volumes reflect the rapid and continuing
evolution of anesthesiology in the late twentieth century.

vii
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PHYSIOLOGIC ADAPTATION DURING PREGNANCY

G. W. Ostheimer

Pregnancy involves major physiologic and anatomic adaptation by
all of the maternal organ systems. The anesthesiologist caring for the
pregnant patient must understand these physiologic changes in order to
provide safe analgesia and anesthesia to the mother and enable safe deliv-
ery of the fetus.

CARDIOVASCULAR SYSTEM

CARDIAC OUuTPUuTr

Oxygen consumption increases during pregnancy, and maternal
cardiac output rises to meet the demand (Table 1) (1). The rise in cardiac
output is a result of increased heart rate and decreased afterload, as stroke
volume does not change appreciably during normal pregnancy (2).
Cardiac output rises most rapidly during the second trimester (Figure 1)
and then remains steady until term, when labor and uteroplacental trans-
fusion of blood into the intravascular system cause further increase in
cardiac output.

BLOOD VOLUME

Blood volume increases by 35% during pregnancy compared with
the nonpregnant state (3). The stimulus for this change is controversial.
Increased mineralocorticoid levels during pregnancy may predispose to
progressive sodium and water retention with consequent enlargement of
the intravascular space (the “overfill” hypothesis). Alternatively, primary
enlargement of this space owing to hormonal (prostaglandin, proges-
terone) vasodilation and placental arteriovenous shunting may be the
stimulus for secondary renal sodium and water retention (the “underfill”
hypothesis) (4). Recent evidence seems to favor primary peripheral
vasodilation early in the first trimester (underfill) as the cause of subse-

quent blood volume expansion (5).
1

T.H. Stanley and P.G. Schafer (eds.), Pediatric and Obstetrical Anesthesia, 1-26.
© 1995 Kluwer Academic Publishers.



Table 1. Maternal cardiovascular alterations at term. Adapted from Mashini et al
(2), and Skaredoff and Ostheimer (56), with permission.

Variable Change Rate (%)
Cardiac output T 40
Stroke volume +7 0-30
Heart rate ™ 15
Systolic blood pressure \) 0-5 mmHg
Diastolic blood pressure S 10-20 mmHg
Total peripheral resistance N 15
Central venous pressure + 0
Pulmonary wedge pressure - 0
Ejection fraction - 0

Figure 1. Hemodynamic changes during pregnancy. Adapted from Mashini et al (2), with
permission.

UTERINE SIZE AND VASCULARITY

The gravid uterine blood flow is 20-40 times above the nonpregnant
level, accounting for 20% of the maternal cardiac output at term. Uterine
vascular resistance is markedly reduced during gestation, producing a low-
pressure circuit in “parallel” with a maternal circulation characterized by
reduced systemic vascular resistance.

The enlarged uterus produces mechanical compression surround-
ing vascular structures, known as aortocaval compression, or the
“maternal supine hypotensive syndrome” (6). In the supine position,
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compression of the inferior vena cava decreases venous return, resulting
in decreased stroke volume and hypotension; compression of the aorta
further decreases uterine perfusion and may result in fetal distress.
Normal maternal compensatory responses to aortocaval compression con-
sist of tachycardia and lower-extremity vasoconstriction.

THE PERICARDIUM

Recent noninvasive studies have demonstrated a high incidence of
asymptomatic pericardial effusion during normal pregnancy (7). The
stimulus is unknown, as plasma volume and protein fraction changes do
not seem to correlate with the development of such effusion (5).

VASCULAR TONE

Normal parturients are less responsive to vasopressor and
chronotropic agonists (8,9). Epinephrine, isoproterenol, and angiotensin II
all show dose-related blunting of effect during pregnancy. Down-regula-
tion of a- and B-adrenergic receptors has been postulated as the cause of
these phenomena. However, the presence of vasodilator prostaglandins
may play a role as well, since 1) inhibitors of prostaglandin synthesis have
been shown to reverse vascular unresponsiveness to catecholamines, and
2) toxemic patients who have an abundance of vasoconstricting
prostaglandin (e.g., thromboxane) are more sensitive to exogenous cate-
cholamines.

CLINICAL IMPLICATIONS

Aortocaval compression should always be avoided. Parturients
should not be allowed to rest in the supine position, but rather be encour-
aged to maintain uterine displacement by a right or (preferably) left lateral
tilt of the pelvis (Figure 2). Sympathetic blockade due to spinal or epidural
anesthesia interferes with the mechanisms that compensate for aortocaval
compression, sometimes causing profound hypotension in the absence of
adequate uterine displacement and intravascular volume expansion.
Conditions involving a particularly large uterus (e.g., multiple gestation,
polyhydramnios, or diabetes mellitus) predispose to the risk and conse-
quences of aortocaval compression.

Engorgement of the epidural vasculature (Batson’s plexus) makes
puncture or cannulation of an epidural vein more likely than in the non-



Figure 2. Aortocaval decompression with left lateral tilt.

pregnant patient during initiation of epidural anesthesia. Likewise, nega-
tive pressure in the epidural space may not be consistently found in the
parturients (10), theoretically rendering the “hanging drop” technique for
identification of the epidural space less successful in the pregnant patient
than in nonpregnant patients.

Patients with cardiac disease may tolerate pregnancy poorly. The
increased blood volume and decreased systemic resistance may cause
decompensation in patients with stenotic valvular lesions and may
worsen right-to-left shunting in the presence of uncorrected congenital
heart defects. In contrast, parturients with regurgitant valvular lesions
usually do quite well during pregnancy. Although coronary artery disease
is rare among women of childbearing age, a gradual trend to older parturi-
ents may increase the incidence of myocardial ischemia, infarction, or
both, during gestation (11). The hypermetabolic demands of pregnancy
suggest that invasive monitoring be considered in parturients with
known or suspected atherosclerotic, spastic, or thrombotic coronary artery
disease. In addition, the differential diagnosis of hemodynamic instability
from any cardiac etiologic factor should include echocardiography evalua-
tion to rule out pericardial effusion.

RESPIRATORY SYSTEM
THE UPPER AIRWAY

Whereas generalized peripheral edema is a common nusiance in
pregnancy, edematous changes of the upper airway may be life threaten-
ing. Mucous membranes become extremely friable during the third
trimester, and manipulation of the upper airway, such as may occur dur-
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ing insertion of nasal airways or nasogastric tubes, or during nasotracheal
intubation, should be done with great care to avoid severe bleeding.
Toxemic patients are particularly susceptible to airway and vocal cord
edema (12). The possibility of technically difficult intubation requiring
small-diameter endotracheal tubes (i.e., 6.0 mm or less) should always be
kept in mind when caring for such patients.

RESPIRATORY MECHANICS

The expanding uterus produces cephalad displacement of the
diaphragm; thus, functional residual capacity (FRC) is decreased (13). Total
lung capacity, vital capacity, and inspiratory capacity all remain
unchanged, however, because of compensatory subcostal widening and
enlarging of the thoracic anteroposterior diameter (14). The increased
oxygen consumption of pregnancy is compensated by a 70% increase in
alveolar ventilation at term (15). This is accomplished by increases in both
tidal volume (40%) and respiratory rate (15%). Enhancement of tidal
volume is largely due to rib cage volume displacement and less so to
abdominal (diaphragmatic) movement (14). The rise in alveolar ventila-
tion exceeds the oxygen demands of the parturient and is probably a result
of elevated progesterone levels, which increases the ventilatory response
to carbon dioxide (Table 2) (16).

Table 2. Maternal respiratory alterations at term. Adapted from Skaredoff and
Ostheimer (56), with permission.

Variable Change Rate (%)
Minute ventilation T 50
Alveolar ventilation T 70
Tidal volume ™ 40
Respiratory rate T 15
Closing volume +l 0
Airway resistance L 36
Vital capacity + 0
Inspiratory lung capacity + 0
Functional residual capacity L 20
Total lung capacity * 0
Expiratory reserve volume W 20
Residual volume W 20

Oxygen consumption 1N 20




GAS EXCHANGE

Ventilatory augmentation produces a respiratory alkalosis with
compensatory renal excretion of bicarbonate and, hence, partial pH correc-
tion (15). Oxygenation is improved during normal pregnancy; arterial PO,
values are typically slightly higher than in the nongravid state (Table 3).
Physiologic dead space at term is decreased (17). It is likely that increased
cardiac output with favorable ventilation-perfusion matching in upper
lung zones accounts for both the increased PO, values and the decreased
dead space.

Table 3. Acid base values in pregnancy vs. the nonpregnant state.

Variable Nonpregnant state Pregnancy
pH 7.38-7.42 7.38-7.42
PaO7 (mmHg) 90-100 100-110
PaCO2 (mmHg) 35-45 28-32

CLINICAL IMPLICATIONS

The decreased FRC is usually of little concern to the normal par-
turient. However, conditions that decrease closing volume (otherwise
unchanged in normal pregnancy), such as smoking, obesity, or kyphoscol-
iosis, may result in airway closure and increasing hypoxemia as pregnancy
progresses (18). The relationship between FRC and closing volume may be
further aggravated by the positions assumed during birth (Trendelenburg,
lithotomy, and supine) and by induction of general anesthesia (19). One
should, therefore, have a low threshold for administration of supplemen-
tal oxygen to the parturient in labor, particularly during episodes of fetal
distress or FRC, implying that acute oxygenation (denitrogenation) can
occur more rapidly in the parturient than in the nonpregnant woman,
and indeed this is the case (20). However, the marked increase in oxygen
consumption contributes to the frighteningly rapid development of
maternal hypoxemia during periods of apnea (21). The decrease in dead
space serves to enhance further the reliability of noninvasive respiratory
monitoring (capnography and/or mass spectrometry), as the gap between
end-tidal and arterial gas measurements narrows (22).



GASTROINTESTINAL SYSTEM

Elevated levels of circulating progesterone decrease gastrointestinal
motility, decrease food absorption, and lower esophageal sphincter pres-
sure (23). In addition, elevated gastrin levels (of placental origin) result in
more acidic gastric contents (24). The enlarged uterus increases intragastric
pressure and decreases the normal oblique angle of the gastroesophageal
junction.

CLINICAL IMPLICATIONS

These gastrointestinal tract alterations mean that the parturient
should always be considered to have a full stomach, regardless of the
actual number of hours elapsed since the last meal. Consequently, preg-
nant patients should always be considered at risk for aspiration of gastric
contents (Mendelson syndrome), and measures should be taken to mini-
mize this risk. Moreover, pain, anxiety, and treatment with narcotic anal-
gesics serve to retard further gastric emptying during labor (25). Maternal
“bearing down” efforts and the lithotomy position during the second stage
of labor and delivery, coupled with incompetence of the lower esophageal
sphincter mechanisms, make silent regurgitation and pulmonary aspira-
tion more common than we often realize.

Our practice is to require oral administration of 30 ml of a nonartic-
ular antacid (0.3 mol/L sodium citrate or its equivalent) before the initia-
tion of any anesthetic. This agent rapidly decreases the acidity of gastric
contents and helps ameliorate the consequences of aspiration. Histamine
receptor (H,) antagonists such as cimetidine (Tagamet) or ranitidine
(Zantac) may be administered orally the evening before, and orally or
intravenously the morning of, an elective procedure. Metoclopramide
(Reglan) stimulates gastric emptying, increases lower esophageal sphincter
tone, and serves as a centrally acting antiemetic. Metoclopramide has been
very useful in parturients who have eaten a large meal shortly before
arriving at the labor suite, as well as in diabetic patients, whose disease
results in inherently slow gastric emptying.

HEMATOLOGIC SYSTEM

Both plasma volume and erythrocyte mass increase above prepreg-
nant values, but the increase in the former far exceeds the increase in the
latter. A “dilutional” anemia therefore ensues (3) (Table 4). Blood
viscosity and oxygen content both decrease. Platelet count is usually



Table 4. Maternal hematologic alterations at term. From Skaredoff and
Ostheimer (56), with permission.

Variable Change Rate (%)
Blood volume ) 35
Plasma volume T 45
Erythrocyte volume ™ 20
Blood urea nitrogen Ll 33
Plasma cholinesterase i 20
Total protein T 18
Albumin l 14
Globulin + 0
AST, ALT, LDH T
Cholesterol {
Alkaline phosphatase (produced by ™
placenta)

AST, aspirate aminotransferase; ALT, alanine aminotransferase; LDH, lactate
dehydrogenase.

elevated, as are coagulation factors I, VII, X, and XII. Thrombocytopenia
may, however, be seen in some normal pregnant patients in the absence of
any other hematopathology (26,27). Systemic fibrinolysis is slightly
decreased from normal levels.

CLINICAL IMPLICATIONS

The physiologic “anemia of pregnancy” (normal hematocrit of 35%)
is usually of little concern to the normal parturient, as increases in cardiac
output serve actually to increase oxygen delivery to tissues. The increase
in coagulation factors (Table 5) renders pregnancy a “hypercoaguable”
state, with a consequent increase in the incidence of thrombotic events
(e.g., deep venous and cortical vein thrombosis). Enhanced clotting,
coupled with the expanded blood volume, affords teleological protection
to the parturient against the effects of bleeding at the time of delivery.

RENAL SYSTEM

Renal hemodynamics undergo profound changes during gestation
(28). Marked increases in renal plasma flow (80% above normal) occur by
the middle of the second trimester and then decline slightly by term.
Glomerular filtration rate (GFR) increases to 50% above prepregnant
values by the 16th gestational week and remains so until delivery (Figure



Table 5. Coagulation factors and inhibitors during normal pregnancy. From
Shnider and Levinson (57), with permission.

Factor Nonpregnant Late pregnancy
Factor I (fibrinogen) 200-450 mg/dl 400-650 mg/dl
Factor II (prothrombin) 75-125% 100-125%
Factor V 75-125% 100-150%
Factor VII 75-125% 150-200%
Factor VIII 75-125% 200-500%
Factor IX 75-125% 100-150%
Factor X 75-125% 150-250%
Factor XI 75-125% 50-100%
Factor XII 75-125% 100-200%
Factor XIII 75-125% 35-75%
Antithrombin III 85-110% 75-100%
Antifactor Xa 85-110% 75-100%
Platelets Slight T
Fibrinolysis Slight |

3). Consequently, 24-hour creatine clearance values are elevated, a change
discernible as early as the eighth week of gestation. Glycosuria is common
in normal pregnancy, owing to both alteration in tubular reabsorptive
capacity and the increased load of glucose presented by the increased GFR.
While these changes are noted in early pregnancy, implying a hormonal
stimulus, the exact mechanism is as yet unknown. Increased levels of
aldosterone, cortisol, and human placental lactogen all contribute to the
multifactorial renal adaptations to pregnancy. Progesterone causes dila-
tion of the renal pelvis and ureters. Hence, the incidence of urinary tract
infections is increased, particularly after instrumentation of the urinary
bladder (29).

CLINICAL IMPLICATIONS

Laboratory determinations of renal function are so altered that great
care must be exercised when “normal” nonpregnant values are applied to
the pregnant woman. For example, “normal” values of blood urea nitro-
gen and creatinine in a preeclamptic or diabetic patient may actually indi-
cate serious renal compromise; in contrast, such values may indicate
hypovolemia in a parturient with otherwise normal renal function.

Serum electrolyte values are unchanged during pregnancy.
Expansion of plasma volume must therefore be accompanied by
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Figure 3. Renal function during pregnancy. Redrawn from Davison (28), with permission.

electrolyte retention. A primary resetting of thirst and vasopressin osmo-
receptors allows the pregnant woman to maintain internal homeostasis
during this volume-expanded state (i.e., the threshold for antidiuretic
hormone secretion is reset at a lower level of plasma sodium, thus allow-
ing volume expansion without accompanying diuresis). The antecedent
stimulus for this adaptation has yet to be elucidated (28).

CENTRAL NERVOUS SYSTEM

Emotional, social, and cultural factors all contribute to the parturi-
ent’s psychological milieu during labor and delivery (31-34). Pregnancy is
a stressful experience, and wide mood swings during gestation, delivery,
and the postpartum period can be expected. A hormonal basis for this
emotional lability has been proposed, inasmuch as progesterone and
endogenous endorphins act as both neurotransmitters and analgesics.
Progesterone and endorphins also serve to decrease minimal alveolar
concentration (MAC) of all inhaled anesthetic agents (35,36). In addition,
reduced enzymatic degradation of opioids at term contributes to elevated
pain thresholds (37).

Reduced doses of local anesthetic agents are required for spinal and
epidural anesthesia compared with doses for nonpregnant patients (38).
Vascular congestion in the epidural space contributes to the decreased
local anesthetic requirement through three mechanisms:



1. Reduced volume in the epidural space facilitates spread of
a given dose of local anesthetic over a wider number of
dermatomes.

2. Increased pressure within the epidural space facilitates
dural diffusion and higher cerebrospinal fluid levels of
local anesthetic.

3. Venous congestion of the lateral foramina decreases egress
of local anesthetic via the dural root sleeves.

The respiratory alkalosis of pregnancy may enhance local anesthetic
action by increasing the relative concentration of uncharged local anes-
thetic molecules, which facilitates penetration through neural mem-
branes. This decreased requirement for local anesthetic is seen as early as
the first trimester. Hormonal changes may be operative as well, since pro-
gesterone has been shown to correlate with enhanced conduction blockade
in isolated nerve preparations (39,40).

MISCELLANEOUS

MUSCULOSKELETAL

Placental production of the hormone relaxin stimulates generalized
ligamentous relaxation (41). Particularly notable is the widening of the
pelvis in preparation for fetal passage. A resultant “head-down” tilt is
seen when the parturient assumes the lateral position, and compensation
should be made when the anesthesiologist performs regional anesthesia
(Figure 4).

Figure 4. Pelvic widening and resultant “head-down” tilt in the lateral position during
pregnancy. (Upper panel, pregnant).



Generalized vertebral collagenous softening, coupled with the
burden of a gravid uterus, increases the lumbar lordosis. Technical diffi-
culty with regional anesthesia may result. In addition, these changes
account for the high incidence of back pain and sciatica during pregnancy,
complaints which, per se, do not represent contraindications to regional
anesthesia (42). Stress fractures of the weight-bearing bony pelvis have
also been noted, especially during difficult deliveries (43).

DERMATOLOGIC

Hyperpigmentation of the face, neck (chloasma or “mask of
pregnancy”), and abdominal midline (linea nigra) are due to the effects of
melanocyte-stimulating hormone (MSH), a congener of adrenocorti-
cotropic hormone (ACTH). Levels of MSH increase markedly during the
first trimester and remain elevated until after delivery (44).

MAMMARY

Breast enlargement is typical in normal pregnancy and is a result of
human placental lactogen secretion. Enlarged breasts in an obese parturi-
ent with a short neck may lead to difficult laryngoscopy and intubation.
Use of a short-handled laryngoscope can be extremely helpful in these
patients (Figure 5) (45).
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OCULAR

Conjunctival vasospasm and subconjunctional hemorrhage are
occasionally seen, especially during maternal expulsive efforts and in
preeclamptic patients (46). The retina may manifest focal vascular spasm,
detachment, and retinopathy associated with hypertensive disorders.
Central serous choriodopathy, or a breakdown of the blood-retina barrier,
may occur even in the absence of hypertension.

Intraocular pressure is lower during pregnancy—perhaps a result of
progesterone and relaxin effects (which facilitate aqueous outflow) and
human chorionic gonadotropin (which depresses aqueous humor produc-
tion). Corneal thickening, a manifestation of the generalized edema of
pregnancy, may produce mild visual disturbances and contact lens intoler-
ance during gestation (47).

INTRAPARTUM CHANGES

Active labor magnifies many of the physiologic variables already
altered during gestation. Although the rigors of labor are usually well
tolerated, the limited reserves of the term parturient may sometimes be
stressed in ways not beneficial to mother or fetus.

CARDIOVASCULAR SYSTEM

Cardiac output during active labor rises to approximately twice
prelabor values, with the maximal increase seen in the immediate
postdelivery period (Figure 6). The rise in cardiac output is multifactorial.
First, pain and anxiety during labor increase maternal circulating
catecholamines, with a resultant tachycardia and increased stroke volume
(48). Second, uterine contractions result in cyclic autotransfusion and
increased central blood volume. This augmentation of preload in the
setting of normal (or hyperdynamic) ventricular function contributes to
increased cardiac output via Frank-Starling mechanisms.

Adequate regional anesthesia can ameliorate many of the pain-
mediated hemodynamic consequences of labor. Uterine contractions,
however, will still cause transient autotransfusions of blood with eleva-
tion of central vascular pressures.
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Figure 6. Cardiovascular alterations during labor. Redrawn from Shnider and Levinson
(57), with permission.

RESPIRATORY SYSTEM

Hyperventilation is common during labor. This may be a natural
response to pain or the result of various prepared childbirth methods in
which repetitive, panting breathing techniques are used. Hyperventi-
lation during labor in the setting of an already lowered maternal PaCO; at
term may result in dangerous degrees of alkalemia. Women who have
received narcotic analgesics during labor may alternate periods of hyper-
ventilation with marked hypoventilation between concentrations,
resulting in wide swings in PaCOz (49). The uterine vascular response to
hypocarbia is vasoconstriction and subsequent decreased placental
perfusion (50). Thus the potential for fetal hypoxemia exists during
episodes of maternal alkalemia, particularly if a fetus is already
compromised for other reasons.

Regional anesthesia during labor obviates the need for “breathing
techniques” and eliminates pain-induced hyperventilation, so patients
with marginal placental reserve (from preeclampsia, diabetes, postmature
pregnancy, or small abruptio placentae, for example) are strong candidates
for epidural anesthesia during labor.



METABOLIC EFFECTS

The homeostatic milieu that develops during gestation undergoes
marked changes during labor. Metabolic acidosis may occur for several
reasons. First, prolonged labor, especially in the setting of inadequate
intravenous hydration, sometimes contributes to elevated lactate and
pyruvate levels (51). Second, muscular activity, due to pain, shivering, or
respiratory muscle demands, adds to acidic metabolites in the maternal
circulation. Third, maternal alkalemia may predispose to compensatory
acid retention. Overall maintenance of normal acid-base status during
labor is accomplished by the balance of what may be markedly altered (vs.
nonpregnant) levels of acidemic and alkalemic mediators. Thus, situa-
tions that further aggravate pH balance (e.g., dehydration, vomiting,
ketoacidosis, hypothermia, hemorrhage) may be poorly tolerated by the
gravida in labor.

The common markers of physiologic stress (epinephrine, nor-
epinephrine, and cortisol) all increase during labor (52,53). The magnitude
of this increase is blunted by regional anesthesia.

PUERPERAL RESOLUTION

Cardiac output rises sharply immediately after birth, as sustained
contraction of the emptied uterus results in autotransfusion of 500-750 ml
blood, coincident with elimination of the placental arteriovenous shunt.
The immediate postpartum period is a high-risk time for decompensation
in patients with certain cardiac disease states (particularly stenotic valvular
lesions or pulmonary hypertension). Cardiac output gradually returns to
nonpregnant levels by 2-4 weeks after delivery (3).

Uterine evacuation and involution promote rapid resolution of
many of the pulmonary changes induced by mechanical compression of
the diaphragm and lungs by the gravid uterus. The FRC and residual
volume quickly return to normal. The gradual decline in blood pro-
gesterone levels is mirrored by a slow rise in arterial PCO2, and alveolar
ventilation returns to normal by 2-3 weeks postpartum (54).

Postpartum diuresis is common; this diuretic phase contributes to
gradual decline in plasma volume, although red cell mass remains
constant. Thus, the “dilutional” anemia of pregnancy resolves, and the
hematocrit rises to nonpregnant levels in 2-4 weeks. Excessive blood loss
at delivery markedly alters the course of hematologic resolution. The
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GFR, blood urea nitrogen, and creatinine levels return to normal in 1-3
weeks (28).

Mechanical effects of the gastrointestinal tract rapidly resolve by 2-3
days postpartum. However, elevated levels of progesterone persist and
may delay gastric emptying for several weeks. Precautions to minimize
the risk and consequences of acid aspiration should therefore be taken if
surgery with anesthesia is planned during this period (55).

THE DIFFICULT AIRWAY AND THE MANAGEMENT
OF FAILED INTUBATION

Difficult airway management is one of the principal risks of general
anesthesia for cesarean delivery. Gibbs (58) has estimated that difficult
intubations are encountered in 5% of obstetric general anesthetics.
Difficulty intubating the trachea may lead to hypoxemia, hypoventilation,
and aspiration of gastric contents. The “Report on Confidential Inquiry
into Maternal Deaths” in England and Wales for the years 1979-1981
revealed that 14% of deaths related to anesthesia were from anoxia and
10% were from aspiration associated with difficult intubation (59).

Three factors contribute to the complexity of airway management in
obstetric anesthesia. First, altered gastrointestinal physiology during
pregnancy places every parturient at risk for possible regurgitation and
acid aspiration. Second, the time required for airway management and
induction of general anesthesia may be critical in obstetric emergencies
such as fetal distress or maternal hemorrhage. Third, airway anatomy
may be altered in pregnancy. For example, patients with pregnancy-
induced hypertension (PIH) may have edema of the upper airway (60,61).

PREOPERATIVE EVALUATION

Although the time required for preoperative evaluation in the par-
turient requiring an emergent operation may be limited, complete evalua-
tion of the airway is essential. Mallampati et al (62) has shown in a
prospective study that a classification system based on the ability to preop-
eratively visualize the soft palate, uvula, and faucial pillars accurately
predicts difficult intubation.

Patients are divided into three classes:

Class 1: Faucial pillars, soft palate, and uvula can be visualized.

Class 2: Faucial pillars and soft palate can be visualized, but uvula

is masked by the base of the tongue.
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Class 3: Only soft palate can be visualized.

In addition to anatomic factors, the influence of physiologic changes
associated with normal or complicated pregnancy must be considered. For
example, upper airway edema can be seen with PIH, and with prolonged
labor. In addition, breast enlargement associated with pregnancy can inter-
fere with insertion of the laryngoscope (63).

If difficult intubation is suspected, the patient should be intubated
while conscious. An alternative is to perform direct laryngoscopy under
topical anesthesia. If the larynx can be visualized, intubation can be
performed after induction of general anesthesia. If it is not visualized,
awake intubation or regional anesthesia should be used.

TECHNIQUES FOR DIFFICULT INTUBATION

When possible, intubation by direct laryngoscopy is preferred
because it is rapid, effective, and provides visual confirmation of
placement of the endotracheal tube in the trachea (64). In our practice, we
equip each operating room with Maclntosh #3 and #4 blades, a Miller #3
blade and a short laryngoscope handle for use in obese or large-breasted
patients.

A second technique for difficult intubation is blind nasal intubation.
This technique is relatively contraindicated in obstetric patients because it
can cause nasal bleeding, which may hamper subsequent attempts at
intubation. The risk of bleeding is particularly high in the parturient
because the mucous membranes become very friable in late pregnancy. A
second limitation of this technique is that it may be time consuming.
Compared to orotracheal intubation using direct laryngoscopy or the
lighted stylet, blind nasal intubation requires more time to perform,
requires more attempts, and has a lower overall success rate (65,66).

A third approach to intubation of the parturient with a difficult
airway involves the lighted stylet. This technique, which utilizes the
position of transilluminated light to localize the tip of the styleted
endotracheal tube in the airway, is easily learned. When compared to
intubation by direct laryngoscopy the lighted stylet is equally as fast and
requires only slightly more attempts (67). However, these comparisons
were made in patients not preselected as having difficult airways, so
further evaluation is necessary before this technique can be recommended
for routine use in the parturient with a difficult airway.
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A very powerful method for endotracheal intubation is fiberoptic
endoscopy. Although this technique can be extremely valuable, its use
may be limited by three factors. First, many anesthesiologists are not
sufficiently experienced with fiberoptic endoscopy to utilize it for a
difficult intubation. Second, the necessary equipment is expensive and
complex, and may not be available in all obstetric operating rooms. Third,
the time required for intubation in the most difficult cases may be longer
than is desirable in an emergent situation (68).

A fifth approach to intubation of the difficult airway is the retro-
grade method (69). Reported success rates are high, but failures do occur.
In addition, the time required for intubation has not been critically
evaluated. However, most anesthesiologists are familiar with cricothyroid
puncture and, with proper preparation, should be capable of using the
technique.

The use of regional anesthesia for the patient with a difficult airway
is controversial. Ideally, it avoids airway manipulation. However,
complications of the regional anesthetic technique or intraoperative
development of inadequate anesthesia may require emergent intubation.
The utility of regional anesthesia for the patient with a difficult airway
requiring cesarean delivery has been reviewed (69). It was suggested that
continuous spinal anesthesia may be the safest and most reliable regional
technique. However, for cesarean delivery, use of a single-dose spinal
anesthetic or utilization of a previously placed epidural catheter may also
be lifesaving.

THE DIFFICULT AIRWAY AND OBSTETRIC EMERGENCIES

A difficult and controversial issue is the management of anesthesia
for cesarean delivery when the mother has a difficult airway and the fetus
is in distress. True fetal distress is usually managed by cesarean delivery
after rapid-sequence induction of general anesthesia. However, rapid-
sequence induction is contraindicated in a patient with a suspected
difficult airway because it can result in an anesthetized, paralyzed patient
who cannot be intubated. Therefore, even in the setting of fetal distress,
time must be taken to safely perform awake laryngoscopy, awake
intubation, infiltration anesthesia, or major regional anesthesia. Regional
anesthetic options include single-dose spinal anesthesia, continuous
spinal anesthesia, or utilization of a pre-existing epidural catheter.
Although the time required for these procedures may put the fetus at risk,
the bulk of medical and legal doctrine favors overlooking the fetus before
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putting the mother at risk. In addition, the condition of an asphyxiated
fetus may worsen if the mother becomes hypoxemic or hyperbaric. If a
patient is suspected of having a difficult airway, the situation should be
discussed with the obstetrician and patient early in labor. In this way, the
obstetrician may elect less-emergent cesarean delivery at the earliest
suspicion of fetal distress. In this manner, potential conflicts can be
anticipated and avoided, and the patient and surgeon will not have
unrealistic expectations.

MANAGEMENT OF FAILED INTUBATION

If intubation fails, the lungs should be ventilated while cricoid pres-
sure remains applied. The prompt decision to abandon the first intuba-
tion attempt and ventilate the lungs by mask is critical. Scott has argued
that patients do not die from failure to intubate, they die from failure to
stop trying to intubate (70). The hemoglobin saturation of the parturient
at term will decline very rapidly when the patient is apneic because oxygen
consumption is increased and the functional residual capacity is decreased
during pregnancy. In addition, prolonged attempts at intubation may
provoke retching, vomiting, and subsequent aspiration of gastric contents.

Further attempts at intubation should be limited and well con-
ceived, in order to minimize airway trauma. Alternative methods, such
as the lighted stylet or fiberoptic endoscope, should be considered.
Additional anesthetic or neuromuscular-blocking agents should not be
administered unless: 1) successful intubation is considered to be certain
with an additional attempt, or 2) it is elected to proceed with general anes-
thesia and mask ventilation.

If intubation fails, one must decide whether to awaken the patient
and employ an alternative anesthetic approach, such as awake intubation
or regional anesthesia, or to proceed with general anesthesia and mask
ventilation. If the fetus does not require emergent cesarean delivery for
distress, the patient should be allowed to awaken. If the fetus is at risk, the
decision must be based upon the clinical situation and the philosophy of
the individual practitioner.

Some authors propose the use of lateral or head-down positions,
laryngeal masks, esophageal obturator airways, or gastric suctioning in
managing failed intubation. We do not routinely utilize these maneuvers
because changes in patient position or manipulation of the pharynx and
esophagus might interfere with ventilation, alter the competency of the
lower esophageal sphincter, or stimulate retching and/or vomiting.
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FAILURE OF INTUBATION AND VENTILATION

If the trachea cannot be intubated and the lungs cannot be venti-
lated via mask, two options exist: the lungs can be ventilated using
transtracheal jet ventilation, or an airway can be established by cricothy-
roidotomy.

The utility of transtracheal jet ventilation in the management of
the difficult airway has recently been reviewed (71). This technique has
been shown to provide excellent oxygenation and ventilation in experi-
mental animals, in elective surgical patients, and in patients with com-
plete upper airway obstruction. Using a driving pressure of 50 psi, a gas
flow of 500 ml/sec can be delivered through a 16-gauge catheter. This gas
flow is sufficient for adequate ventilation.

If transtracheal jet ventilation is utilized, it may be continued until
either the patient regains consciousness, the airway is secured by orotra-
cheal and nasotracheal intubation, or cricothyroidotomy or tracheotomy is
performed. Although transtracheal jet ventilation is a very useful tech-
nique, it does not provide protection of the airway from aspiration of gas-
tric contents, a significant concern in the parturient.

Cricothyroidotomy is more complex and invasive than transtra-
cheal jet ventilation but has three potential advantages. First, insertion of
a cuffed tube protects the airway from aspiration. Second, insertion of an
appropriately sized tube allows tracheal suctioning. Third, there may be
less likelihood of barotrauma and emphysema than with transtracheal jet
ventilation. Therefore, this technique should be considered, particularly if
prolonged ventilatory support is anticipated.

Although cricothyroidotomy is an invasive procedure, it is one
which every anesthesiologist should be prepared to perform. Many ap-
proaches and techniques have been described. Although several adjunc-
tive or percutaneous devices have been developed, none have found
widespread use. (See Figure 1).

What is the place for the laryngeal mask airway in parturients that
cannot be intubated? Unfortunately, the place for the laryngeal mask is
still being defined. Brain (72) states he is aware of it being “lifesaving” on
a number of occasions with failed intubation (73,74). Since the laryngeal
mask cannot guarantee against aspiration, it must be viewed as a device to
help provide oxygenation and avoid hypoxia. Heath has shown (75) that
the laryngeal mask can be used as a guide for intubation, but this usage
requires some experience with the laryngeal mask. More information will
be developed on this device in the future.
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CARDIAC ARREST IN THE PARTURIENT

Cardiac arrest in late pregnancy or during delivery is a rare event.
Unfortunately, when it occurs, maternal survival is very low because the
etiology of the arrest is not often reversed and the physiologic changes pre-
sent in late pregnancy often hamper effective cardiopulmonary resuscita-
tive efforts.

Some causes of cardiac arrest in the parturient at term include:

1. airway problems

2. “total” spinal anesthetic

3. local anesthetic toxicity from unintentional intravascular

injection

4. trauma

5. embolism-amniotic, thrombus.

PHYSIOLOGIC CHANGES OF PREGNANCY AS THEY RELATE
TO CARDIOPULMONARY RESUSCITATION

Term pregnant patients are at a distinct disadvantage during cardiac
arrest. They become hypoxic more readily because of a 20% decrease in
their functional residual capacity and a 20% increase in their resting
oxygen consumption (76). The enlarged uterus, along with the resultant
upward displacement of the abdominal viscera, will decrease compliance
during controlled ventilation. The most serious problem is the effect of
aortocaval compression in the supine position. During closed chest
cardiac compression (CCCC) in adults, the best cardiac output that can be
achieved is between one-fourth to one-third of normal. Although many
factors contribute to this, poor venous return to the heart is of paramount
importance. At term, the vena cava is completely occluded in 90% of
supine pregnant patients, resulting in as much as a 70% decrease in cardiac
stroke volume. Therefore, it is essential that lateral displacement of the
gravid uterus be initiated at once during cardiopulmonary resuscitation of
the pregnant patient.

TREATMENT OF MATERNAL CARDIAC ARREST

The resuscitation of a pregnant patient at term is unlikely to be suc-
cessful unless vena caval compression is eliminated. To accomplish this,
a “wedge” must be placed under the right hip to displace the gravid uterus
to the left. Rees and Willis (77) have shown that effective CCCC can be
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accomplished with a patient tilted at a 30-degree angle to the left. CPR
should begin immediately by securing the airway and following current
ACLS guidelines. If aggressive CPR with a properly positioned patient is
not successful after a short interval, immediate cesarean delivery must be
performed as soon as possible (78-80). This procedure will immediately
relieve the vena caval obstruction from the gravid uterus and increase the
chance of survival for both the infant and the mother. CPR must be
continued throughout the procedure until spontaneous and effective
cardiac activity occurs. Controlled ventilation may have to be continued
for a longer period of time. This aggressive approach to management will
increase survival rates for mothers and newborns.

REFERENCES

1. Pernoll ML, Metcalf ], Schlensler TL: Oxygen consumption at rest and
during exercise in pregnancy. Respir Physiol 22:285, 1975
2. Mashini IS, Albazzaz SJ, Fadel HE: Serial noninvasive evaluation of
cardiovascular hemodynamics during pregnancy. Am ] Obstet
Gynecol 156:208, 1987
3. Ueland K: Maternal cardiovascular hemodynamics. VI
Intrapartum blood volume changes. Am ] Obstet Gynecol 126:671,
1976
4. Shrier RW, Durr JA: Pregnancy: An overfill or underfill state. Am J
Kidney Dis 9:284, 1987
5. Schrier RW: Pathogenesis of sodium and water retention in high-
output and low-output cardiac failure, nephrotic syndrome, cirrhosis,
and pregnancy. N Eng J Med 319:1127, 1988
6. Eckstein KL, Marx GF: Aortocaval compression: Incidence and pre-
vention. Anesthesiology 40:381, 1965
7. Enein M, Zina AA, Kassem M et al: Echocardiography of the peri-
cardium in pregnancy. Obstet Gynecol 69:851, 1987
8. Paller MS: Decreased pressor responsiveness in pregnancy: Studies
in experimental animals. Am J Kidney Dis 9:308, 1987
9. De Simone CA, Leighton BL, Norris MC et al: The chronotropic effect
of isoproterenol is reduced in term pregnant women. Anesthesiology
69:626, 1988
10. Messih MNA: Epidural space pressures during pregnancy.
Anaesthesia 36:775, 1981
11. Kirz DS, Dorchester W, Freeman RK: Advanced maternal age; the
mature gravida. Am ] Obstet Gynecol 152:7, 1985
12. Bletka M, Hlavat JV, Trakova M: Volume of whole blood and
absolute amount of serum proteins in the early stages of late toxemia
of pregnancy. Am J Obstet Gynecol 106:10, 1970
13. Knuttgen HG, Emerson K: Physiologic response to pregnancy at rest
and during exercise. J Appl Physiol 36:549, 1975



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

23

Gilroy RJ, Mangura BT, Lavietes MH: Rib cage and abdominal
volume displacements during breathing in pregnancy. Am Rev
Respir Dis 137:668, 1988

Prowse CM, Gaenster EA: Respiratory and acid-base changes during
pregnancy. Anesthesiology 26:381, 1965

Tyler JM: The effects of progesterone on the respiration of patients
with emphysema and hypercapnea. ] Clin Invest 39:34, 1960

Shankar KB, Moseley H, Vemula V et al: Physiological dead space
during general anesthesia for caesarean section. Can J Anaesth 34:373,
1987

Leontie EA: Respiratory disease in pregnancy. Med Clin North Am
62:111, 1974

Bevan DR, Holdcroft A, Loh L et al: Closing volume and pregnancy.
Br Med ] [Clin Res] 1:13, 1974

Russell GN, Smith CL, Snowdon SL et al: Preoxygenation and the
parturient patient. Anaesthesia 42:346, 1987

Archer GW, Marx GF: Arterial oxygen tension during apnea in
parturient women. Br ] Anaesth 46:358, 1974

Bhavanishankaat K, Moseley H, Kumar Y et al: Arterial to end-tidal
carbon dioxide tension difference during anaesthesia for tubal
ligation. Anaesthesia 42:482, 1987

Lind L], Smith AM, Mclver DK et al: Lower esophageal sphincter
pressures in pregnancy. Can Med Assoc ] 98:571, 1968

Attia RR, Ebeid AM, Fisher JE et al: Maternal, fetal and placental
gastrin concentrations. Anaesthesia 37:18, 1982

O’Sullivan GM, Sutton A], Thompson SA et al: Noninvasive
measurement of gastric emptying in obstetric patients. Anesth Analg
66:505, 1987

O’Brien WF, Saba HI, Knuppel RA et al: Alterations in platelet con-
centration and aggregation in normal pregnancy and preeclampsia.
Am ] Obstet Gynecol 155:486, 1986

Burrows RF, Kelton JG: Incidentally detected thrombocytopenia in
healthy mothers and their infants. N Engl ] Med 319:142, 1988
Davison JM: Overview of kidney function in pregnant women. Am
J Kidney Dis 9:248, 1987

Bellina JH, Dougherty CM, Mickal A: Ureteral dilation in pregnancy.
Am ] Obstet Gynecol 108:356, 1970

Datta S, Kitzmiller JL, Naulty JS et al: Acid-base status of diabetic
mothers and their infants following spinal anesthesia for cesarean
section. Anesth Analg 61:662, 1982

Stewart DE: Psychiatric symptoms following attempted natural
childbirth. Can Med Assoc J 127:713, 1982

Lee RV, D’Alauro F, White LM et al: Southeast Asian folklore about
pregnancy and parturition. Obstet Gynecol 71:643, 1922

Senden IP, Wetering VD, Eskes TK et al: Labor pain: A comparison
of parturients in a Dutch and American teaching hospital. Obstet
Gynecol 71:541, 1988



24

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

Colman AD: Psychological state during first pregnancy. Am ]
Orthospychiatry 39:788, 1969

Palahniuk RJ, Shnider SM, Eger EI: Pregnancy decreases the require-
ment for inhaled anesthetic agents. Anesthesiology 41:82, 1974
Goland RS, Wordlaw SL, Stark RI et al: Human plasma endorphin
during pregnancy, labor and delivery. J Clin Endocrinol Metab 52:74,
1981

Lyrenas S, Nyberg F, Lindberg BO et al: Cereborspinal fluid activity of
dynorphin-converting enzyme at term pregnancy. Obstet Gynecol
72:54,1988

Datta S, Hurley R], Naulty JS et al: Plasma and cerebrospinal fluid
progesterone concentrations in pregnant and nonpregnant women.
Anesth Analg 69:950, 1986

Datta S, Lambert DH, Gregus ] et al: Differential sensitivities of
mammalian nerve fibers during pregnancy. Anesth Analg 62:1070,
1983

Flanagan HL, Datta S, Lambert DH et al: Effect of pregnancy on
bupivacaine-induced conduction blockade in the isolated rabbit vagus
nerve. Anesth Analg 66:123, 1987

Kemp BE, Niall HD: Relaxin. Vitam Horm 41:79, 1985

Berg G, Hammar M, Moller J et al: Low back pain during pregnancy.
Obstet Gynecol 71:71, 1988

Moran JJ: Stress fractures in pregnancy. Am ] Obstet Gynecol
158:1274, 1988

Diczfalusy E, Troen P: Endocrine functions of the human placenta.
Vitam Horm 19:229, 1961

Datta S, Briwa J: Modified laryngoscope for endotracheal intubation
of obese partients. Anesth Analg 60:120, 1981

Weinreb RN, Lu A, Key T: Maternal ocular adaptations during
pregnancy. Obstet Gynecol Surv 42:471, 1987

Weinreb RN, Lu A, Besson C: Corneal thickness in pregnancy. Am ]
Opthalmol 105:258, 1988

Jones CM, Greiss FC: The effect of labor on maternal and fetal
circulating catecholamines. Am J Obstet Gynecol 194:149, 1982

Huch A, Huch R, Lindmark G et al: Transcutaneous oxygen
measurements in labor. ] Obstet Gynaecol Br Commonw 81:608, 1974
Moya F, Morishima HO, Shnider SM et al: Influence of maternal hy-
perventilation on the newborn infant. Am ] Obstet Gynecol 90:76,
1965

Zador G, Willeck-Lund G, Nillson BA: Acid-base changes associated
with labor. Acta Obstet Gynecol Scand (suppl) 34:41, 1974

Lederman RP, McCann DS, Work B: Endogenous plasma
epinephrine and norepinephrine in last trimester pregnancy and
labor. Am ] Obstet Gynecol 129:5, 1977

Maltau JM, Eielsen OV, Stotcke KT: Effect of stress during labor on
the concentration of cortisol and esteriol in maternal plasma. Am ]
Obstet Gynecol 134:681, 1979



54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.
69.

70.

71.

72.

25

Cugell DW: Pulmonary function in pregnancy. I. Serial observations
in normal women. Am Rev Tuberc 67:568-1953

James CF, Gibbs CP, Banner TE: Postparum perioperative risk of
pulmonary aspiration. Abstracts of scientific papers. Society for
Obstetric Anesthesia and Perinatology. Vancouver, Canada, May,
1983

Skaredoff MN, Ostheimer GW: Physiological changes during preg-
nancy; effects of major regional anesthesia. Reg Anesth 6:28, 1981
Shnider S, Levinson G: Anesthesia for obstetrics. 2nd edition.
Baltimore, Williams & Wilkins, 1987

Gibbs CP: Gastric aspiration: prevention and treatment. Clin
Anesthesiol 4:47-52, 1986

Turnbull AC, Tindall VR, Robson G et al: Report on confidential
enquiries into maternal deaths in England and Wales 1979-1981.
London, Her Majesty's Stationary Office, 1986, pp 85-87

Brock-Utne JG, Downing JW, Seedat F: Laryngeal oedema associated
with preeclampsic toxemia. Anaesth 32:556-558, 1977

Jouppila R, Joupilla P, Hollmen A: Laryngeal oedema as an obstetric
anesthesia complication. Acta Anaesthesiol Scand 24:97-98, 1980
Mallampati SR, Gatt SP, Gugino LD et al: A clinical sign to predict
difficult intubation: A prospective study. Can Anaes Soc J 32:429-434,
1985

Latto IP: Management of difficult intubation. In Latto IP, Rosen M,
eds. Difficulties in traceheal intubation. London: Balliere Tindall,
99-141, 1985

Gold MI, Buechel DR: A method of blind nasal intubation for the
conscious patient. Anesth Analg 39:257-263, 1960

Fox DJ, Castro T, Rastrelli A]: Comparison of intubation techniques
in the awake patient: The Flexi-lum surgical light (lightwand) versus
blind nasal approach. Anesthesiology 66:69-71, 1987

Ellis DG, Jakymec A, Kaplan RM et al: Guided orotracheal intubation
in the operating room using a lighted stylet: A comparison with
direct laryngoscopic technique. Anesthesiology 64:823-826, 1986
Ovasappian A, Yelich S, Dykes MHM et al: Fiberoptic nasotracheal
intubation—incidence and causes of failure. Anesth Analg 62:692-
695, 1983

Dhara SS: Guided blind endotracheal intubation. Anaesth 35:81, 1980
Malan TP, Johnson MD: The difficult airway in obstetric anesthesia:
Techniques for airway management and the role of regional anesthe-
sia. J Clin Anesth 1:104-110, 1988

Scott DB: Endotracheal intubation: Friend or foe? Br Med ] 292:157,
1986

Benumof JL, Scheller MS: The importance of transtracheal jet venti-
lation in the management of the difficult airway. Anesthesiology
71:769-778, 1989

Brain AlJ: Use of the laryngeal mask in obstetric anesthesia. In Van
Zundert A, Ostheimer GW, eds. Pain relief and anesthesia in
obstetrics. London, Churchill-Livingstone, 1994



26

73.

74.

75.

76.

77.

78.

79.

80.

Chadwick IS, Vohra A: Anaesthesia for cesarean section using the
laryngeal airway. Anaesthesia 44:261-262, 989

McClune S, Moore J: Laryngeal mask airway for caesarean section.
Anaesth 46:227-228, 1990

Heath ML: Endotracheal intubation through the laryngeal mask—
helpful when laryngoscopy is difficult or dangerous. Eur J Anaesth
4:41-45,1991

Zakowski MI, Ramanathan S: CPR in pregnancy. Cur Rev Clin
Anesth (review) 10:106-111, 1990

Rees GAD, Willis BA.: Resuscitation in late pregnancy. Anaesth
43:347-349, 1988

Oates S, Williams GL, Rees GAD: Cardiopulmonary resuscitation in
late pregnancy. Br Med ] 297:404-405, 1988

Marx G.: Cardiopulmonary resuscitation of late pregnant women.
Anesthesiology 56:156, 1982

O’Connor RL, Sevarino FB: Cardiopulmonary arrest in the pregnant
patient: A report of a successful resuscitation. J Clin Anesth 6:66-68,
1994



CARDIAC DISEASE IN PREGNANCY'

S. L. Clark

Pregnancy brings about profound alterations in the maternal cardio-
vascular system. The pregnant patient with normal cardiac function
accommodates such physiologic changes without difficulty. However, in
the presence of significant cardiac disease, pregnancy can be extremely haz-
ardous and may result in decompensation and death. Indeed, in the pres-
ence of cardiac disease involving pulmonary hypertension, pregnancy car-
ries a risk of maternal mortality (30-50%) exceeding that which is associ-
ated with any other systemic disease. This chapter focuses on the interac-
tion between structural cardiac disease and pregnancy.

COUNSELING THE PREGNANT CARDIAC PATIENT

Prior to 1973, the Criteria Committee of the New York Heart
Association (NYHA) recommended cardiac disease classification based on
clinical function (Classes I-IV). Although such a classification is useful in
discussing the pregnant cardiac patient, up to 40% of patients developing
congestive heart failure and pulmonary edema during pregnancy are func-
tional Class I prior to pregnancy; indeed, in one review, the majority of
maternal deaths during pregnancy occurred in patients who were initially
Class I or II (1). For such reasons, the older functional classification largely
has been abandoned and replaced by a more complex descriptive system
encompassing etiologic, anatomic, and physiologic diagnosis (2). Despite
this reclassification, the older and simpler functional classification
remains prognostically useful when comparing the performance of indi-
viduals with uniform etiologic and anatomic diagnoses (for example, all
patients with rheumatic mitral stenosis). Further, the severity of maternal
symptoms has been shown to be directly proportional to adverse perinatal
outcome, irrespective of the type or duration of cardiac disease (3).

*Clark SL: Structural cardiac disease in pregrancy. Critical Care Obstetrics, Il ed.
Chpt. 7. SL Clark, DB Cotton, GD Hankins and JP Phelan, eds. Blackwell Scientific
Publications, Boston, MA, U.S.A., 1991. Reproduced with permission.
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Counseling the pregnant cardiac patient about her prognosis for suc-
cessful pregnancy is complicated by recent advances in medical and
surgical therapy, fetal surveillance, and neonatal care. Such advances
render invalid many older estimates of maternal mortality and fetal
wastage. Table 1 represents a synthesis of current maternal mortality
estimates for various types of cardiac disease. Both counseling and general
management approaches are based on this classification. Group I includes
conditions that, with proper management, should have negligible mater-
nal mortality (<1%). Cardiac lesions in Group II carry a 5-15% risk of
maternal mortality, either secondary to the cardiac disease itself, or because
of associated thromboembolic phenomena and the need for anticoagula-
tion during pregnancy. In individual cases, and after appropriate counsel-
ing, this risk may prove acceptable to some women. Patients with cardiac
lesions in Group III are subject to a mortality risk exceeding 25%. In all but
exceptional cases, this risk proves unacceptable to the patient, and preven-
tion or interruption of pregnancy should be recommended strongly.

Table 1. Mortality Risk Associated with Pregnancy

Group [—Mortality Group II—Mortality Group III—Mortality
<1% 5-15% 25-50%
Atrial septal defect Mitral Stenosis with Atrial | Pulmonary hypertension
Fibrillation
Ventricular septal defect | Artificial valve Coarctation of aorta,
complicated
Patent ductus arteriosus* Mitral stenosis, NyHA Class| Marfan syndrome with aortic
Il and IV involvement
Pulmonic tricuspid disease | Aortic stenosis
Corrected tetralogy of Coarctation of aorta,
Fallot uncomplicated
Porcine valve Uncorrected tetralogy of
Fallot
Mitral stenosis, NYHA Previous myocardial
Class I and II infarction
Marfan's Syndrome with
normal aorta

*Uncomplicated
CONGENITAL CARDIAC DISEASE

The relative frequency of congenital, as opposed to acquired, heart
disease is changing (1). Rheumatic fever is uncommon in the United
States, and more patients with congenital cardiac disease now survive to
reproductive age. In a review in 1954, the ratio of rheumatic-to-congenital
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heart disease seen during pregnancy was 16:1; by 1967, this ratio had
changed to 3:1 (4,5). In the subsequent discussion of specific cardiac
lesions, no attempt is made to duplicate existing comprehensive texts
regarding physical diagnostic, electrocardiographic, and radiographic
findings of specific cardiac lesions. (For a comprehensive discussion of
diagnostic findings, see Braunwald E., ed.: Heart Disease, 5th edition.
Philadelphia, W.B. Saunders Co., 1988.) Rather, the discussion presented
here focuses on aspects of cardiac disease that are unique to pregnancy.

ATRIAL SEPTAL DEFECT (ASD)

Atrial septal defect (ASD) is the most common congenital lesion to
be seen during pregnancy and, in general, it is asymptomatic (6,7). The
two significant potential complications that are seen with ASD are
arrhythmias and heart failure. Although atrial arrhythmias are not
uncommon in patients with ASD, their onset generally occurs after the
fourth decade of life; thus such arrhythmias are unlikely to be encoun-
tered in the pregnant woman. In ASD patients with arrhythmias, atrial
fibrillation is most common; however, supraventricular tachycardia and
atrial flutter also may occur (8). Initial therapy is with digoxin; less com-
monly, propranolol, quinidine, or even cardioversion may be necessary.
The hypervolemia associated with pregnancy results in an increased left-
to-right shunt through the ASD; thus a significant burden is imposed on
the right ventricle. Although this additional burden is tolerated well by
most patients, congestive failure and death with ASD have been reported
(9-12). In contrast to the high-pressure/high-flow state seen with ventricu-
lar septal defect (VSD) and patent ductus arteriosus (PDA), ASD is charac-
terized by high pulmonary blood flow associated with normal pulmonary
artery pressures. Because pulmonary artery pressures are low, the devel-
opment of pulmonary hypertension is unusual. The vast majority of
patients with ASD tolerate pregnancy, labor, and delivery without compli-
cation. Neilson et al (9) reported 70 pregnancies in 24 patients with ASD;
all patients had an uncomplicated ante- and intrapartum course.
Intrapartum management of patients with ASD is outlined at this
chapter’s conclusion. Prophylaxis against subacute bacterial endocarditis is
perhaps the most important consideration (Table 2).

VENTRICULAR SEPTAL DEFECT (VSD)

Ventricular septal defect may occur as an isolated lesion or in con-
junction with other congenital cardiac anomalies, including tetralogy of
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Table 2. Subacute Bacterial Endocarditis Prophylaxis*

Ampicillin 2 gm IV plus Gentamicin sulfate 1.5 mg/kg IM or [V

Vancomycin 1 gm IV plus Gentamicin sulfate 1.5 mg/kg IM or IVt

*Administer every 8 hr for up to 3 doses, beginning 1/2 to 1 hour prior to
delivery. IV = intravenous, IM = intramuscular

tFor patients allergic to penicillin.

Fallot, transposition of the great vessels, and coarctation of the aorta. The
size of the septal defect is the most important determinant of clinical
prognosis during pregnancy. Small defects are tolerated well; larger defects
are associated more frequently with congestive failure, arrhythmias, or the
development of pulmonary hypertension. In addition, a large VSD often
is associated with some degree of aortic regurgitation, which can add to the
risk of congestive failure. Pregnancy, labor, and delivery generally are tol-
erated well by patients with uncomplicated VSD (12). Schaefer et al (10)
compiled a series of 141 pregnancies in 56 women with VSD. The only
two maternal deaths were in women whose VSD was complicated by
pulmonary hypertension (Eisenmenger syndrome). Although very rarely
indicated, successful primary closure of a large VSD during pregnancy has
been reported (13). Intrapartum management of patients with uncompli-
cated VSD, ASD, or PDA involves principally fluid restriction and prophy-
laxis against endocarditis.

PATENT DUCTUS ARTERIOSIS (PDA)

Although patent ductus arteriosis is one of the most common con-
genital cardiac anomalies, its almost universal detection and closure in the
newborn period makes it uncommon during pregnancy (14,15). As with
uncomplicated ASD and VSD, most patients are asymptomatic, and PDA
generally is tolerated well during pregnancy, labor, and delivery. As with
a large VSD, however, the high-pressure/high-flow left-to-right shunt
associated with a large, uncorrected PDA can lead to pulmonary hyperten-
sion. In such cases, the prognosis becomes much worse. In one study of 18
pregnant women who died of congenital heart disease, 3 had PDA; how-
ever, all of these patients had secondary severe pulmonary hypertension
(11). The continuous “machinery” murmur of PDA is known well;
however, the murmur may disappear following the development of pul-
monary hypertension.



31

EISENMENGER SYNDROME

Eisenmenger syndrome develops when, in the presence of a con-
genital left-to-right shunt, progressive pulmonary hypertension leads to
shunt reversal or bidirectional shunting. Although the syndrome can
occur with ASD, VSD, or PDA, the low-pressure/ high-flow shunt seen
with ASD is far less likely to result in pulmonary hypertension and shunt
reversal than is the condition of high pressure and high flow seen with
VSD and PDA. Whatever the etiology, pulmonary hypertension carries a
grave prognosis during pregnancy. During the antepartum period, the
decreased systemic vascular resistance associated with pregnancy increases
the likelihood or degree of right-to-left shunting. Pulmonary perfusion
then decreases; this decrease results in hypoxemia and deterioration of
maternal and fetal condition. In such a patient, systemic hypotension
leads to decreased right ventricular filling pressures; in the presence of
fixed pulmonary hypertension, such decreased right-heart pressures may
be insufficient to perfuse the pulmonary arterial bed. This insufficiency
may result in sudden, profound hypoxemia and death. Such hypotension
can result from hemorrhage or complications of conduction anesthesia
and can lead to sudden death (16-19). Such an occurrence is the principal
clinical concern in the intrapartum management of patients with pul-
monary hypertension.

Maternal mortality in the presence of Eisenmenger syndrome is
reported as 30-50% (17,18). In a review of the subject, Gleicher et al (17)
reported a 34% mortality associated with vaginal delivery and a 75% mor-
tality associated with cesarean section. Eisenmenger syndrome associated
with VSD appears to carry a higher mortality risk (65%) than that associ-
ated with PDA or ASD (33%). In addition to the previously discussed
problems associated with hemorrhage and hypovolemia, thromboembolic
phenomena occur, and they have been associated with up to 43% of all
maternal deaths in Eisenmenger syndrome (17). However, Pitts et al (20)
reported an increased mortality associated with prophylactic peripartum
heparinization. Sudden delayed postpartum death, occurring 4-6 weeks
after delivery, also has been reported on several occasions (17,21).
Although the pathophysiology of this condition is unknown, such deaths
may involve a rebound worsening of pulmonary hypertension associated
with the loss of pregnancy-associated hormones.

Because of the high mortality associated with continuing pregnancy,
abortion is the preferred management for the woman with pulmonary
hypertension of any etiology. Dilatation and curettage in the first
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trimester or dilatation and evacuation in the second trimester are the
methods of choice. Hypertonic saline and F-prostaglandins are contraindi-
cated, the latter due to documented maternal oxygen desaturation that
accompanies the use of these agents (22). The hemodynamic effects of E-
prostaglandins in patients with pulmonary hypertension are not docu-
mented, but a 65% increase in cardiac output has been demonstrated in
association with those agents in normal pregnancy patients (23). This
hemodynamic effect, and the lack of immediate reversibility of this agent,
should be considered when contemplating the use of E-prostaglandins in a
pregnant patient with cardiac disease.

For a patient with a continuing gestation, hospitalization for the
duration of pregnancy is often appropriate. Continuous administration of
O,, the pulmonary vasodilator of choice, is mandatory. In cyanotic heart
disease of any etiology, fetal outcome correlates well with maternal hema-
tocrit, and successful pregnancy is unlikely with a hematocrit >65%.
Maternal arterial partial pressure of oxygen (paO,) should be maintained
at a level of 70 mm Hg or above (24). Third trimester fetal surveillance
with ultrasound and antepartum testing is important because at least 30%
of the fetuses will be growth retarded (17). Overall fetal wastage with
Eisenmenger syndrome is reported to be up to 75%.

Pulmonary artery catheterization is recommended during the
intrapartum period. Placement and maintenance of the pulmonary artery
catheter often is difficult in the presence of pulmonary hypertension. In
such cases, we have used successfully a catheter with an accessory lumen.
Following placement, a guide wire is introduced to provide the necessary
rigidity to maintain the catheter in place. In a number of cases, simulta-
neous cardiac imaging with ultrasound also has been helpful in catheter
placement. During labor, uterine contractions are associated with a
decrease in the ratio of pulmonary-to-systemic blood flow (Qp/Qs) (25).
Pulmonary artery catheterization and serial arterial blood gas determina-
tions allow the clinician to detect and treat early changes in cardiac output,
pulmonary artery pressure, and shunt fraction. We have used a fiberoptic
pulmonary artery catheter in conjunction with an oximeter to detect early
changes in mixed venous O, saturation during the successful intrapartum
management of patients with pulmonary hypertension. Because the
primary concern in such patients is the avoidance of hypotension, any
attempt at preload reduction (i.e., diuresis) must be undertaken with great
caution even in the face of initial fluid overload. We prefer to manage
such patients on the “wet” side; therefore, we maintain a preload margin
against unexpected blood loss, even at the risk of some degree of
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pulmonary edema (21). Intrapartum management is described in more
detail at the conclusion of this chapter.

Anesthesia for patients with pulmonary hypertension is controver-
sial. Theoretically, conduction anesthesia, with its accompanying risk of
hypotension, should be avoided. However, there are several reports of its
successful use in patients with pulmonary hypertension of different
etiologies (18,25,26). The use of epidural or intrathecal morphine sulfate, a
technique devoid of effect on systemic blood pressure, has been described
by Abboud et al (27) and represents perhaps the best approach to anesthetic
management of these difficult patients.

COARCTATION OF THE AORTA

Coarctation of the aorta accounts for 9% of all congenital cardiac
disease. The most common site of coarctation is the origin of the left sub-
clavian artery. Associated anomalies of the aorta and left heart, including
VSD and PDA, are common, as are intracranial aneurysms of the circle of
Willis (28). Coarctation is usually asymptomatic. Its presence is suggested
by hypertension confined to the upper extremities, although Goodwin (27)
cites data suggesting a generalized increase in peripheral resistance
throughout the body. Resting cardiac output may be increased; however,
increased left atrial pressure with exercise suggests occult left ventricular
dysfunction. Aneurysms also may develop below the coarctation or
involve the intercostal arteries, and they may lead to rupture. In addition,
ruptures without prior aneurysm formation have been reported (29).

Over 400 patients have been reported with coarctation during
pregnancy, with maternal mortality ranging from 0% to 17% (19,29-31).
Fifty percent of fatalities occurred during the first pregnancy. In a review
of 200 pregnant women with coarctation of the aorta before 1940,
Mendelson (32) reported 14 maternal deaths and recommended routine
abortion and sterilization of these patients. Deaths in this series were
from aortic dissection and rupture, congestive heart failure, cerebral vas-
cular accidents, and bacterial endocarditis. Six of the 14 deaths occurred in
women with associated lesions. In contrast to this dismal prognosis, a
more recent series by Deal and Wooley (30) reported 83 pregnancies in 23
women with uncomplicated coarctation of the aorta. All were NYHA
Class I or II prior to pregnancy. In these women, there were no maternal
deaths or permanent cardiovascular complications. In one review, aortic
rupture was more likely to occur in the third trimester, prior to labor and
delivery (33). Thus patients who have coarctation of the aorta that is
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uncomplicated by aneurysmal dilation or associated cardiac lesions, and
who enter pregnancy as Class I or II, have a good prognosis and a minimal
risk of complications or death. On the other hand, in the presence of
aortic or intervertebral aneurysm, known aneurysm of the circle of Willis,
or associated cardiac lesions, the risk of death may approach 15%; there-
fore, therapeutic abortion must be considered strongly.

TETRALOGY OF FALLOT

Tetralogy of Fallot refers to the cyanotic complex of VSD, overriding
aorta, right ventricular hypertrophy, and pulmonary outflow tract
stenosis. Most cases of tetralogy of Fallot are corrected during infancy or
childhood. Several published reports attest to the relatively good outcome
of pregnancy in patients with corrected tetralogy of Fallot or transposition
of the great vessels (34-37). In a review of 55 pregnancies in 46 patients,
there were no maternal deaths among 9 patients with correction prior to
pregnancy; however, there was a 15% mortality with an uncorrected lesion
(35). In patients in whom the VSD is uncorrected, the decline in SVR that
accompanies pregnancy can lead to worsening of the right-to-left shunt.
This condition can be aggravated further by systemic hypotension as a
result of peripartum blood loss. A poor prognosis has been related to
prepregnancy hematocrit exceeding 65%, history of syncope or congestive
failure, electrocardiographic evidence of right ventricular strain,
cardiomegaly, right ventricular pressure in excess of 120 mm Hg, and
peripheral O, saturation below 80% (34).

PULMONIC STENOSIS

Pulmonic stenosis is a common congenital defect. Although
obstruction can be valvular, supravalvular, or subvalvular, the degree of
obstruction, rather than its site, is the principal determinant of clinical per-
formance. A transvalvular pressure gradient exceeding 80 mm Hg is con-
sidered severe and mandates surgical correction. A compilation (totaling
106 pregnancies) of three series of patients with pulmonic stenosis
revealed no maternal deaths (9-11). With severe stenosis, right heart fail-
ure can occur; fortunately, this is usually less severe clinically than is the
left heart failure associated with mitral or aortic valve lesions.
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FETAL CONSIDERATIONS

Perinatal outcome in patients with cyanotic congenital cardiac
disease correlates best with hematocrit; successful outcome in patients
with a hematocrit exceeding 65% is unlikely. Such patients have an
increased risk of spontaneous abortion, intrauterine growth retardation,
and stillbirth. Maternal partial pressure of oxygen (pO,) below 70 mmHg
results in decreased fetal O, saturation (24); thus paO, should be kept
above this level during pregnancy, labor, and delivery. Serial antepartum
sonography for the detection of growth retardation and antepartum fetal
heart rate testing are mandatory in any patient with significant cardiac
disease. Of equal concern in patients with congenital heart disease is the
risk of fetal congenital cardiac anomalies (Table 3). Although this risk was
previously felt to be on the order of 5%, recent data suggest that the actual
risk may be as high as 10%, or even higher in women whose congenital
lesion involves ventricular outflow obstruction (38). In such women,
fetal echocardiography is indicated for prenatal diagnosis of congenital
cardiac defects. Of special interest is the fact that affected fetuses appear to

Table 3. Congenital Heart Defects in 372 Offspring of 233 Mothers with Congenital
Cardiac Anomalies

Defect in

Obstruction Left-to-right shunts Cyanotic
infant

LHO RHO PDA VSD ASD Misc. Cyan. Rep. Total
AS 9* 1 1 1 12
PS 3* 1 2 1* 1* 8
PS+ASD 1* 1
PPS 1 1* 2
PDA 1 1 3* 1 1 7
VSD 1 3 9* 3 1 1* 18t
VSD + PS 5% 5
ASD 1 1 1* 1 4
MVP 1 1
Complex 2 2
Total 60

*Concordant anomalies.

tSeven ventricular septal defects closed: AS = aortic; ASD = atrial septal defect; LHO
= left heart outflow obstruction; MVP = mitral valve prolapse; PDA = patient ductus
arteriosus; PPS = peripheral pulmonary valve stenosis; PS = pulmonary stenosis; Rep. =
repaired; RHO = right heart outflow obstruction; VSD = ventricular septal defect
(From Whitteranore R, Hobbins JC, Engle MA: Pregnancy and its outcome in women
with and without surgical treatment of congenital heart disease. Am ] Cardiol 50:645,
1982. Reproduced with permission.
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be concordant for the maternal lesion in only 50% of cases. In mothers
with uncorrected congenital cardiac malformations, premature delivery
also appears to be a significant risk (39).

ACQUIRED CARDIAC LESIONS

Acquired valvular lesions generally are rheumatic in origin,
although endocarditis secondary to intravenous drug abuse occasionally
may be involved, especially with right-heart lesions. During pregnancy,
maternal morbidity and mortality with such lesions result from conges-
tive failure or arrhythmias. Pulmonary edema is the leading cause of
death in rheumatic heart disease patients during pregnancy (1). Szekely et
al (1) found that the risk of pulmonary edema in pregnant patients with
rheumatic heart disease increases with increasing age and length of gesta-
tion. The onset of atrial fibrillation during pregnancy carried with it a
higher risk of both right and left ventricular failure (63%) than did fibrilla-
tion with onset prior to gestation (22%). In addition, the risk of systemic
embolization after the onset of atrial fibrillation during pregnancy appears
to exceed that associated with onset in the nonpregnant state (1).
Counseling the patient with severe rheumatic cardiac disease about the
advisability of initiating or continuing pregnancy, the physician also must
consider the long-term prognosis of the underlying disease. For up to 44
years, Chesley (40) followed 134 women who had functionally severe
rheumatic heart disease and had completed pregnancy. He reported a
mortality of 6.3% per year but concluded that in patients who survived the
gestation, maternal life expectancy was not shortened by pregnancy.

Intrapartum management of select patients who have valvular
disease and/or pulmonary hypertension has been facilitated by the use of
the pulmonary artery catheter. In determining which patients may benefit
from such invasive monitoring, we have found the older NYHA func-
tional classification to be useful. Patients who reach term as Class I or II
generally tolerate properly managed labor without invasive monitoring.
Patients who are or have been Class III or IV, or those in whom pul-
monary hypertension is present or suspected, may benefit from pul-
monary artery catheterization during the intrapartum period.

PULMONIC AND TRICUSPID LESIONS

Isolated right-sided valvular lesions of rheumatic origin are uncom-
mon; however, such lesions are seen with increased frequency in intra-
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venous drug abusers, where they are secondary to valvular endocarditis.
Pregnancy-associated hypervolemia is far less likely to be symptomatic
with right-sided lesions than with those involving the mitral or aortic
valves. In a review of 77 maternal cardiac deaths, Hibbard (11) reported
none associated with isolated right-sided lesions. Even following com-
plete tricuspid valvectomy for endocarditis, pregnancy, labor, and delivery
generally are tolerated well. Cautious fluid administration is the mainstay
of labor and delivery management in such patients. In general, invasive
hemodynamic monitoring during labor and delivery is not indicated.

MITRAL STENOSIS

Mitral stenosis is the most common rheumatic valvular lesion
encountered during pregnancy (21). It can occur as an isolated lesion or in
conjunction with aortic or right-sided lesions. The principal hemo-
dynamic aberration involves ventricular diastolic filling obstruction,
resulting in a relatively fixed cardiac output. If the pregnant patient is
unable to accommodate the volume fluctuations associated with normal
pregnancy, labor, and delivery, pulmonary edema will result.

Cardiac output in patients with mitral stenosis is largely dependent
on two factors. First, these patients depend on adequate diastolic filling
time; thus, although in most patients tachycardia is a clinical sign of
underlying hemodynamic instability, in patients with mitral stenosis, the
tachycardia itself, regardless of etiology, can become a significant contribut-
ing factor to hemodynamic decompensation. During labor, such tachycar-
dia can accompany the exertion of pushing or be secondary to pain or anx-
iety. Such a patient may exhibit a rapid and dramatic fall in cardiac output
and blood pressure. This fall compromises maternal as well as fetal well-
being. In order to avoid hazardous tachycardia, the physician should con-
sider oral beta-blocker therapy for any patient with severe mitral stenosis
who enters labor with a pulse exceeding 90 beats per minute (bpm). In
patients who are not initially tachycardiac, acute control of tachycardia is
only rarely necessary.

A second important consideration in patients with mitral stenosis is
left ventricular preload. In the presence of mitral stenosis, pulmonary
capillary wedge pressure is not an accurate reflection of left ventricular
filling pressures. Such patients often require high-normal or elevated pul-
monary capillary wedge pressure in order to maintain adequate filling
pressure and cardiac output. Any preload manipulation (i.e., diuresis)
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Figure 1.  Intrapartum alterations in pulmonary capillary wedge pressure (PCWP) in
8 patients with mitral stenosis. A: first stage labor. B: second-stage labor.
15-30 min before delivery. C: 5-15 min postpartum. D: 4-6 hr postpartum.
E: 18-24 hr postpartum (from Clark SL, Phelan JP, Greenspoon J, et al (10)
Produced with permission

therefore must be undertaken with extreme caution and careful attention
to maintenance of cardiac output (21).

Potentially dangerous intrapartum fluctuations in cardiac output
can be minimized by using epidural anesthesia (41); however, the most
hazardous time for these women appears to be the immediate postpartum
period (21). Such patients often enter the postpartum period already oper-
ating at maximum cardiac output and cannot accommodate the volume
shifts that accompany delivery. A 1985 study of patients with severe
mitral stenosis found that a postpartum rise in wedge pressure of up to 16
mm Hg could be expected in the immediate postpartum period (Figure 1).
Because frank pulmonary edema generally does not occur with wedge
pressures below 28-30 mm Hg, it follows that the optimal predelivery
wedge pressure for such patients is 14 mm Hg or lower, as indicated by
pulmonary artery catheterization (21,42). Such a preload may be appropri-
ated cautiously by intrapartum diuresis and with carefully attentive main-
tenance of adequate cardiac output. Active diuresis is not always necessary
in patients who enter labor with evidence of only mild fluid overload. In
such patients, simple fluid restriction and the associated sensible and
insensible fluid losses that accompany labor can result in a significant fall
in wedge pressure prior to delivery (21).

Previous recommendations for delivery in patients with cardiac
disease have included the liberal use of midforceps to shorten the second
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stage of labor. In cases of severe disease, cesarean section with general
anesthesia also has been advocated as the mode of delivery least likely to
result in hemodynamic compromise (43). If intensive monitoring of
intrapartum cardiac patients cannot be carried out in the manner described
here, the recommendation for elective cesarean section may be valid.
However, with the aggressive management scheme presented, experience
suggests that vaginal delivery is safe even in patients with severe disease
and pulmonary hypertension (21). Additionally, my colleagues and I have
usually found it unnecessary to resort to midforceps deliveries for other
than standard obstetric indications.

MITRAL INSUFFICIENCY

Hemodynamically significant mitral insufficiency is usually
rheumatic in origin and most commonly occurs in conjunction with
other valvular lesions. This lesion generally is tolerated well during
pregnancy, and congestive failure is an unusual occurrence. A more sig-
nificant risk is the development of atrial enlargement and fibrillation.
There is evidence to suggest that the risk of developing atrial fibrillation is
increased during pregnancy (1). Because of this increased risk, some
authors have recommended prophylactic digitalization during pregnancy
for patients with significant mitral insufficiency (44). In Hibbard’s (11)
review of 28 maternal deaths associated with rheumatic valvular lesions,
no patient died with complications of mitral insufficiency unless there
was coexisting mitral stenosis.

Congenital mitral valve prolapse is much more common during
pregnancy than is rheumatic mitral insufficiency and has been reported in
up to 17% of healthy women ages 17-35. However, when strict diagnosis
criteria are applied, the prevalence of this condition is probably closer to
2% (45,46). Generally, it is asymptomatic. The midsystolic click and
murmur associated with congenital mitral valve prolapse syndrome are
characteristic; however, the intensity of this murmur, as well as that asso-
ciated with rheumatic mitral insufficiency, may decrease during pregnancy
because of decreased systemic vascular resistance (47). Endocarditis pro-
phylaxis during labor and delivery is recommended for rheumatic mitral
insufficiency, as well as for the more common mitral valve prolapse
syndrome when associated with a murmur or regurgitation.
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AORTIC STENOSIS

Aortic stenosis is most commonly of rheumatic origin and usually
occurs in conjunction with other lesions. Less often, it can occur congeni-
tally and represents 5% of all congenital cardiac lesions. In contrast to
mitral valve stenosis, aortic stenosis generally does not become hemody-
namically significant until the orifice has diminished to one-third or less
of normal. The major problem experienced by patients with valvular
aortic stenosis is maintenance of cardiac output. Because of the relative
hypervolemia associated with gestation, such patients generally tolerate
pregnancy well. However, with severe disease, cardiac output will be rela-
tively fixed and, during exertion, may be inadequate to maintain coronary
artery or cerebral perfusion. This inadequacy can result in angina,
myocardial infarction, syncope, or sudden death. Thus marked limitation
of physical activity is vital to patients with severe disease. If activity is
limited and the mitral valve is normal, pulmonary edema will be rare
during pregnancy.

Delivery and pregnancy termination appear to be the times of great-
est risk for patients with aortic stenosis (48). The maintenance of cardiac
output is crucial; any factor leading to diminished venous return will
cause an increase in the valvular gradient and diminished cardiac output.
The literature suggests that pregnancy termination may be especially
hazardous in this regard and carries a mortality of up to 40% (48).
Hypotension resulting from blood loss, ganglionic blockade from epidural
anesthesia, or supine vena cava occlusion by the pregnant uterus can
result in severe hypotension.

The cardiovascular status of patients with aortic stenosis is compli-
cated further by the frequent coexistence of ischemic heart disease; thus
death associated with aortic stenosis can occur secondary to myocardial
infarction rather than as a direct complication of the valvular lesion itself
(48). The overall reported mortality associated with aortic stenosis in
pregnancy is 17%, although more recent data suggest an improved
maternal outcome (49). Patients with valvular gradients exceeding 100
mm Hg are at greatest risk. Pulmonary artery catheterization allows
precise hemodynamic assessment and control during labor and delivery.
Because hypovolemia is a far greater threat to the patient than pulmonary
edema, the wedge pressure should be maintained at or near 16 mm Hg to
maintain a margin of safety against unexpected peripartum blood loss.
The management of aortic stenosis in pregnancy has recently been
reviewed by Easterling et al (49).
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AORTIC INSUFFICIENCY

Aortic insufficiency is most commonly rheumatic in origin and, as
such, is associated almost invariably with mitral valve disease. Aortic
insufficiency generally is tolerated well during pregnancy because the
increased heart rate seen with advancing gestation decreases time for
regurgitant flow during diastole. In Hibbard’s evaluation of 28 maternal
rheumatic cardiac deaths (11), only 1 was associated with aortic insuffi-
ciency in the absence of concurrent mitral stenosis. Endocarditis prophy-
laxis during labor and delivery is indicated.

PERIPARTUM CARDIOMYOPATHY

Peripartum cardiomyopathy is defined as cardiomyopathy develop-
ing in the last month of pregnancy or the first 6 months postpartum in a
woman without previous cardiac disease and after exclusion of other
causes of cardiac failure (50). It is therefore a diagnosis of exclusion that
should not be made without a concerted effort to identify valvular,
metabolic, infectious, or toxic causes of cardiomyopathy. Much of the cur-
rent controversy surrounding this condition is the result of unusual cul-
turally mandated peripartum customs involving excessive sodium intake
and may represent, as such, simple fluid overload (51,52). In the United
States, the peak incidence of peripartum cardiomyopathy occurs in the
second postpartum month, and there appears to be a higher incidence
among older, multiparous black females (51). Other suggested risk factors
include twinning and pregnancy-induced hypertension. In some cases, a
familial recurrence pattern has been reported (52). The condition is mani-
fest clinically by increasing fatigue, dyspnea, and peripheral or pulmonary
edema. Physical examination reveals classic evidence of congestive heart
failure, including jugular venous distention, rales, and an S3 gallop.
Cardiomegaly and pulmonary edema are found on chest x-ray, and the
electrocardiogram often demonstrates left ventricular and atrial dilatation,
and diminished ventricular performance. In addition, up to 50% of
patients with peripartum cardiomyopathy may manifest evidence of pul-
monary or systemic embolic phenomena. Overall mortality ranges from
25% to 50% (51,52).

The histologic picture of peripartum cardiomyopathy involves
nonspecific cellular hypertrophy, degeneration, fibrosis, and increased
lipid deposition. Although some reports have documented the presence
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of a diffuse myocarditis, it must be questioned whether such cases repre-
sent the same syndrome.

Because of the nonspecific clinical and pathologic nature of peripar-
tum cardiomyopathy, its existence as a distinct entity has been questioned
by some (53). Proof of its existence is supported primarily by epidemiologic
evidence suggesting that 80% of cases of idiopathic cardiomyopathy in
women of child-bearing age occur in the peripartum period (51,52). Such
an epidemiologic distribution could be attributed also to an exacerbation of
underlying subclinical cardiac disease related to the hemodynamic changes
accompanying normal pregnancy (53). However, as such changes are max-
imal in the third trimester of pregnancy and return to normal within a
few weeks postpartum, such a pattern does not explain the peak incidence
of peripartum cardiomyopathy occurring, in most reports, during the sec-
ond month postpartum (51,52). Nevertheless, the diagnosis of peripartum
cardiomyopathy remains primarily a diagnosis of exclusion and cannot be
made until underlying conditions, including chronic hypertension,
valvular disease, and viral myocarditis, have been excluded.

Although nutritional, hormonal, and autoimmune etiologies all
have been suggested, substantial backing for any of these theories is lack-
ing. In one case, an autoimmune phenomenon clearly seemed involved
because there was transplacental passage of antibody and subsequent still-
birth (54).

Therapy includes digitalization, diuretics, sodium restriction, and
prolonged bed rest. In refractory cases, concomitant afterload reduction
with hydralazine or nitrates may be useful. Early endomyocardial biopsy
has been suggested to identify a subgroup of patients who have a histologic
picture of inflammatory myocarditis and who may be responsive to
immunosuppressive therapy. Such patients may represent up to 29% of
women with peripartum cardiomyopathy (55). Echocardiographic features
of patients with peripartum cardiomyopathy have been described by
Aroney et al (56).

A notable feature of peripartum cardiomyopathy is its tendency to
recur with subsequent pregnancies. Several reports have suggested that
prognosis for future pregnancies is related to heart size. Patients whose
cardiac size returned to normal within 6-12 months had an 11-14% mortal-
ity in subsequent pregnancies; those patients with persistent cardiomegaly
had a 40-80% mortality (49). Thus pregnancy is definitely contraindicated
in all patients with persistent cardiomegaly; the 11-14% risk of maternal
mortality with subsequent pregnancy seen in patients with normal heart
size would seem, in most cases, to be unacceptable, as well.
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HYPERTROPHIC CARDIOMYOPATHY

Hypertrophic cardiomyopathy is an autosomal, dominantly inher-
ited condition with variable penetrance. This condition most commonly
becomes clinically manifest in the second or third decade of life; thus it
often may be first manifest during pregnancy. Detailed physical and
echocardiographic diagnostic criteria have been described elsewhere.
Hypertrophic cardiomyopathy involves primarily left ventricular hyper-
trophy, typically involving the septum to a greater extent than the free
wall. The hypertrophy results in obstruction to left ventricular outflow
and secondary mitral regurgitation, the two principle hemodynamic con-
cerns of the clinician (57). Although the increased blood volume associ-
ated with normal pregnancy should enhance left ventricular filling and
improve hemodynamic performance, this positive effect of pregnancy is
counterbalanced by the fall in arterial pressure and the vena cava obstruc-
tion that are found in late pregnancy. In addition, tachycardia resulting
from pain or fear in labor diminishes left ventricular filling and aggra-
vates the relative outflow obstruction, an effect also resulting from sec-
ond-stage Valsalva maneuver.

From this discussion, it can be seen that the keys to successful man-
agement of the peripartum period in patients with hypertrophic car-
diomyopathy involve avoidance of hypotension (resulting from conduc-
tion anesthesia or blood loss) and tachycardia, as well as labor in the left
lateral recumbent position. The use of forceps to shorten the second stage
also has been recommended. As with most other cardiac disease, cesarean
section of these patients should be reserved for obstetric indications only.

Despite the potential hazards, maternal and fetal outcome in
patients with hypertrophic cardiomyopathy is generally excellent (58). In a
1979 report of 54 pregnancies in 23 patients, no maternal or neonatal
deaths occurred (59). Although beta-blocking agents once were used
routinely in these patients, currently they are reserved for patients with
angina, recurrent supraventricular tachycardia, or occasional beta-blocker-
responsive arrhythmias. Antibiotic prophylaxis against subacute bacterial
endocarditis is recommended.

MARFAN SYNDROME

Marfan syndrome is an autosomal dominant disorder characterized
by generalized weakness of connective tissue; the weakness results in
skeletal, ocular, and cardiovascular abnormalities. The increased risk of
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maternal mortality during pregnancy stems from aortic root and wall
involvement, which may result in aneurysm formation, rupture, or aortic
dissection. Fifty percent of aortic aneurysm ruptures in women under age
40 occur during pregnancy (29). Rupture of splenic artery aneurysms also
occurs more frequently during pregnancy (29). Sixty percent of patients
with Marfan syndrome have associated mitral or aortic regurgitation (60).
Although some authors feel pregnancy is contraindicated in any woman
with documented Marfan syndrome, prognosis is best individualized and
should be based on echocardiographic assessment of aortic root diameter
and postvalvular dilation. It is important to note that enlargement of the
aortic root is not demonstrable by chest x-ray until dilation has become
pronounced (60). Women with an abnormal aortic valve or aortic dila-
tion may have up to a 50% pregnancy-associated mortality; women who
lack these changes and have an aortic root diameter of less than 40 mm
have a mortality of less than 5% (61). Even in patients meeting these
echocardiographic criteria, however, special attention must be given to
signs and symptoms of aortic dissection because even serial echocardio-
graphic assessment is not invariably predictive of complications (62). The
routine use of oral beta-blockers to decrease pulsatile pressure on the aortic
wall has been recommended (63). If cesarean section is performed, reten-
tion sutures should be used because of generalized connective tissue
weakness.

MYOCARDIAL INFARCTION

Coronary artery disease is uncommon in women of reproductive
age; therefore, myocardial infarction in conjunction with pregnancy is
rare. In a review of 68 reported cases, myocardial infarction during preg-
nancy was associated with a 35% mortality rate (64). Only 13% of patients
were known to have had coronary artery disease prior to pregnancy. Two-
thirds of the women suffered infarction in the third trimester; mortality
for these women was 45%, as compared to 23% in those suffering infarc-
tion in the first or second trimesters. Thus it appears that the increased
hemodynamic burden imposed on the maternal cardiovascular system in
late pregnancy may unmask latent coronary artery disease in some women
and worsen the prognosis for patients suffering infarction. Fetuses from
surviving women appear to have an increased risk of spontaneous abor-
tion and unexplained stillbirth.

Antepartum care of women with prior myocardial infarction
revolves around bed rest to minimize myocardial oxygen demands. In
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women with angina, nitrates have been used without adverse fetal effects.
Delivery within 2 weeks of infarction is associated with increased mortal-
ity; therefore, if possible, attempts should be made to allow adequate con-
valescence prior to delivery. If the cervix is favorable, cautious induction
under controlled circumstances and after a period of hemodynamic stabi-
lization is optimal. Labor in the lateral recumbent position, the adminis-
tration of O,, pain relief with epidural anesthesia, and hemodynamic
monitoring with a pulmonary artery catheter are essential. Additional
considerations in managing the pregnant patient with coronary artery
disease have recently been reviewed by Graber (65).

CARDIOVASCULAR SURGERY

There are numerous reports of cardiovascular surgery during preg-
nancy; this surgery includes successful correction of most types of congeni-
tal and acquired cardiac disease and coronary artery bypass surgery (66).
Early reports of closed mitral valve commissurotomy during pregnancy
were favorable and indicated a maternal death rate of 1-2% and perinatal
loss at or near 10% (67). Subsequently, this procedure has been replaced by
open valvuloplasty, with equally favorable results.

Initial reports of cardiopulmonary bypass during pregnancy were
not nearly as favorable, indicating a fetal wastage of up to 33%. Initiation
of cardiopulmonary bypass is followed generally by fetal bradycardia, cor-
rectable by high flow rates (68,69). With the use of continuous electronic
fetal heart rate monitoring, flow rate can be adjusted to avoid or correct
fetal hypoperfusion and bradycardia, and thus fetal mortality can be
reduced to less than 10%. Maternal mortality is, of course, highly depen-
dent on the specific nature of the procedure being performed and does not
appear to be increased significantly by pregnancy. High-flow/high-pres-
sure normothermic perfusion and continuous electronic fetal heart rate
monitoring appear to be optimal for the fetus (66).
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ANESTHESIA FOR SEVERE PREECLAMPSIA

C. P. Gibbs

Preeclampsia is a syndrome of hypertension, proteinuria, and gen-
eralized edema occurring after the 20th week of gestation and usually
abating within 48 hours of delivery. Pregnancy-induced hypertension
(PIH) is the term used when proteinuria and/or edema are not present.
However, the two terms are often used interchangeably.

Mild preeclampsia can be defined as follows: 1) Systolic blood pres-
sure greater than 140, and diastolic blood pressure greater than 90. There is
a rise in systolic blood pressure of 30 mm Hg or a rise in diastolic blood
pressure of greater than 15 mm Hg. These readings must be present on at
least two separate occasions or at least 6 hours apart. 2) Proteinuria greater
than 0.3 g/liter on two random samples at least 6 hours apart. 3) Edema.

Severe preeclampsia is a significantly more serious disease and is
identified by the following: 1) blood pressure 160/110 mm Hg or greater; 2)
proteinuria greater than 5 grams per 24 hours; 3) urine output less than
500 ccs per 24 hours and a rising creatinine level; 4) pulmonary edema; 5)
persistent cerebral or visual disturbances; 6) epigastric or right upper
quadrant pain (indicating hepatic rupture); 7) hepatocellular damage; 8)
severe thrombocytopenia or overt intravascular coagulation.

Eclampsia is preeclampsia with superimposed convulsions.

The Hellp Syndrome refers to a relatively new syndrome composed
of hemolysis, elevated liver enzymes, and low platelets (1).

ETIOLOGY

The etiology of preeclampsia remains unknown. However, at least

four theories have received considerable attention recently. They are:

1. An immune mechanism (2,3), which would help explain
why preeclampsia is more common in prima gravidas
than in multi gravidas.

2. Some sort of prostaglandin imbalance (4,5), in which there

are too many vasoconstrictors and too few vasodilators.
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A calcium deficiency (6), which is principally supported by
the fact that patients given supplemental calcium tend to
develop preeclampsia less often than those not given
calcium.

Placental hypoxia. Normally, the trophoblastic tissue of
the placenta invades the uterine wall and spiral arteries.
Thus the muscular coat of the spiral arteries are removed,
which allows for maximal dilation of these arteries. This
in turn allows for flow to increase to meet the demands of
the growing fetoplacental unit, and a normal pregnancy
results. It is proposed that in preeclamptic patients, the
trophoblasts do not adequately invade the spiral arteries,
and therefore they retain their muscular coats. Thus, there
is no maximal dilation, and the fetoplacental unit gradu-
ally outgrows its blood supply. This then results in tissue
hypoxia, which causes the release of endoperoxides. The
endoperoxides cause endothelial damage, which results in
the clinical picture of preeclampsia (7). Lipid peroxides are
destructive to vascular endothelium, cause platelet
aggregation, inhibit prostacyclin production, enhance
thromboxane production, inhibit endothelium-derived
relaxing factor, stimulate vascular contractility, and are
found in increased concentrations during preeclampsia (8).

Injured endothelial cells (the injury caused by endoperoxides)
decrease anticoagulant substances and vasodepressors, as well as cause a
loss of fluid and proteins. They also stimulate procoagulant synthesis and
stimulate activation of the clotting cascade at the site. Platelet-derived
growth factor, a vasoconstrictor, is also increased (7).

MANIFESTATIONS

Whatever the etiology of preeclampsia, for the anesthesiologist’s
purposes, it is a disease of generalized vasoconstriction, and the
vasoconstriction causes most of the manifestations that are of concern to
the anesthesiologist. For the most part, they are as follows:

The severe preeclamptic patient is a critically ill patient and
must be considered as such. If this concept is accepted, then
the care and ultimate prognosis will be significantly
improved.



10.

11.

12.

13.

Hypertension:  generalized vasospasm produces an
increased peripheral vascular resistance resulting in hyper-
tension.

Leaky vessels—secondary to endothelial damage.
Decreased uterine blood flow usually in proportion to
severity of disease (9,10).

Decreased glomerular filtration rate, which can lead to
decreased urine output-Oliguria (11).

Hypovolemia: secondary to the generalized vasocon-
striction and comparable to that seen in other hypertensive
states. Pritchard measured blood volume in normal
pregnant and toxemic pregnant women and found the
blood volume in the toxemia patients to be 27% lower (12).
Generalized and cerebral edema occasionally resulting in
pharyngolaryngeal edema and a difficult intubation (13,14).
Decreased colloid osmotic pressure (15-17). May also be due
at least in part to impaired endothelium.

Coagulopathies (18-21):

a. Decreased number of platelets—platelet count.

b. Decreased function of platelets—bleeding time.

c.  Bleeding time and platelets do not always correlate.

d. Decreased fibrinogen—fibrinogen level.

e. May have PT, PTT, and clot time abnormal or normal.
Hypersensitivity to endogenous and exogenous vaso-
pressor agents (22,23).

Hyperdynamic CV state—usually (i.e., increased CO, etc.)
(24,25). However, this is quite variable (26).

Many problems become manifest in the postpartum
period, particularly pulmonary edema and renal failure.
Also, eclampsia frequently occurs in the postpartum period
(27,28).

Causes of death: two common causes of death are cerebral
hemorrhage and pulmonary edema (29).

OBSTETRIC MANAGEMENT

53

It is important for the anesthesiologist to understand obstetric
treatment because some of it may influence the condition of the patient, as

well as anesthetic management. Aspects of obstetric management that
may be relevant to the anesthesiologist include the following:
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Bed rest. Occasionally, bed rest alone will result in marked
improvement in these pregnant patients. Blood pressure
will come down, edema will diminish, and urine output
will increase. Obstetricians may use agents such as
morphine and/or phenobarbital to facilitate the patient
remaining at bed rest.

Sedation, as above.

Antihypertensives: the most common agents used by

obstetricians are hydralazine and methyldopa. Some are

now using labetalol and calcium channel blockers.

Magnesium sulphate.  This agent is particularly appro-

priate to the preeclamptic patient. It seems that every new

aspect of its action helps explain why it is so successfully
used in the preeclamptic patient. It can be characterized by
the following:

a. Anticonvulsant. This is the principal reason why
magnesium sulphate is used in the treatment of
preeclampsia.  Although it does have some
vasodilating effect, it is used primarily to prevent
convulsions. If adequate blood levels are achieved,
convulsions will not occur.

b. Sedative--good for preeclamptic patients.

c. Skeletal muscle relaxant: it blocks release of AcCh,
decreases sensitivity of endplate, and stabilizes
membranes.

d. Tocolytic.

e. Negative ionotrope.

f.  Increases prostocyclin production (30).

1)  Vasodilation.
2) Inhibits platelet aggregation.

g Anti-angiotensin II activity (31).

h. Excreted by kidney.

i. Normal level: 1.5-2 mEq/lL
1) Therapeutic Level: 4-6 mEq/l.

2) Respiratory Depression: 12-15 mEq/1.

Aspirin (low-dose); it inhibits thromboxane (32-34).

Several large studies now confirm that patients given low-

dose aspirin prophylactically are considerably less likely to

develop preeclampsia than those not given aspirin.
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6. Plasmapheresis (35). This is a relatively new treatment
plan which calls for plasma exchange in patients with the
Hellp syndrome who do not get better by the third
postpartum day. Studies indicate that when plasma-
pheresis is instituted, liver enzymes decrease and platelet
counts increase. Occasionally, three episodes of
plasmapheresis will be necessary.

Occasionally, diuretics for T PCWP (36).

8. Recent studies indicate that immediate postpartum
curettage, usually done under conscious sedation
circumstances, may also improve blood pressure and
urinary output in severely preeclamptic patients
postpartum (37).

ANESTHETIC MANAGEMENT
MILD PREECLAMPSIA

The mildly preeclamptic patient is a totally different person from
the severely preeclamptic one. The cardiovascular changes are not nearly
as marked. Thus, although caution must be taken, these patients will
usually tolerate either regional or general anesthesia for cesarean section
and would probably benefit from regional anesthesia during labor to make
the laboring process as comfortable as possible.

SEVERE PREECLAMPSIA

The most important aspect of dealing with these patients is to
realize that many of them are critically ill. The contribution of the anes-
thesiologist to these patients is twofold: 1) to help evaluate and optimize
the overall condition of the patient, and 2) to provide pain relief.

What kind of monitoring is necessary? An arterial line will be
necessary for the patient whose infant is delivered by cesarean section
under general anesthesia. Blood pressure swings are great during
intubation and extubation. Thus potent vasodilating agents are necessary,
and their use will require an arterial line. For the patient undergoing
cesarean section with regional anesthesia, an arterial line is probably not
mandatory but could be helpful. For the patient in labor, again, an arterial
line is not mandatory but could be helpful. For the most part, the
automated blood pressure devices are reasonably accurate and sufficient.
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Regarding central line placement, most studies indicate that the
central venous pressure does not reliably correlate with the pulmonary
artery wedge pressure in individual patients. However, there is a fairly
good correlation when the initial CVP measurement is less than 6-8 mm
Hg (25,38). Therefore, in our institution, a pulmonary artery catheter is
indicated in the following circumstances: persistent oliguria, an elevated
CVP (>6-8 mm Hg), and pulmonary edema.

Regarding oliguria, a reasonable plan for management would
include the administration of 500 cc saline over a 20-minute period, which
can be repeated once if urine output does not increase. If the oliguria is
not resolved after the second 500 cc bolus of saline, a pulmonary artery
catheter is placed to guide additional fluid management or the patient is
delivered expeditiously.

The question of whether or not one should administer fluid to
these patients is somewhat controversial, although less so than previ-
ously. Some believe that these patients, who are usually volume depleted,
should not have their volumes corrected (24,39). Their belief is that when
these patients are given fluid replacement during labor, the fluid replace-
ment will contribute to development of pulmonary edema postpartum.
Others believe that the low volume should be corrected. Indeed, studies
indicate that when volume is corrected, blood pressure and peripheral
vascular resistance decrease while cardiac output increases (40). Also,
blood flow velocity in the uterine circulation and the umbilical circulation
increases when fluids are given (41). Nevertheless, in spite of these seem-
ingly beneficent effects, there is some justification for the fear that fluids
administered intrapartum can contribute to the pulmonary edema that is
so frequently seen postpartum. Thus, a reasonable approach would be to
try to get the central venous pressure or pulmonary capillary wedge pres-
sure to a level that would be considered low normal. To do so, crystalloid
can be administered at a rate of 125-175 cc/hour. If this does not result in
sufficient volume replacement, then either 25% or 5% albumin can be
given. In fact, if the patient has a very low albumin, and many of them
will, one may wish to start with albumin as the replacement fluid.
Albumin correlates very well with colloid osmotic pressure (42).



Lumbar epidural analgesia has been, and can be, used effectively
(43). If regional analgesia is contraindicated or unacceptable, small
incremental doses of narcotics can be used for labor; inhalational
analgesia, small doses of narcotics, plus a pudendal block must suffice for

ANESTHESIA

LABOR AND VAGINAL DELIVERY

vaginal delivery.

When regional anesthesia is utilized, the following technique is

appropriate:

1.

Check coagulation profile. If the patient has overt DIC or
other grossly abnormal clotting factors, regional anesthesia
is probably contraindicated, except perhaps in the instance
when a difficult airway is expected. It is the patient with
marginal coagulation defects that is the problem. In the
past, because these patients could have both a decreased
number of platelets and decreased functioning platelets
(19,21), anesthesiologists would obtain a platelet count and
a bleeding time to assess this particular coagulation defect.
In the more recent past, it has been determined that the
bleeding time is a particularly subjective test and almost
never predictive of the coagulation status of the patient
(20). Thus, most obstetric anesthesiologists no longer
obtain bleeding times before instituting epidural
anesthesia. On the other hand, most continue to get
platelet counts. At our institution, we do not do epidural
or regional anesthesia in the presence of a platelet count
less than 100,000. Others will go as low as 50,000.

Optimize volume status and blood pressure as described
above. (CVP should be at 6-8 mm Hg or pulmonary wedge
pressure should be at 8-12 mm Hg.)

Electronic fetal monitoring: regional anesthesia should
not be carried out in these patients without being aware of
fetal status at all times.

The aim is to establish a segmental epidural block (i.e., a
block that produces a band of analgesia at the T10-L1-2
level). The level should be achieved slowly to avoid
hypotension.
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5. Direct particular attention toward maintaining left uterine

displacement. The supine position should be avoided.

6. Treat falling blood pressure immediately with fluids,

exaggerated LUD, and small doses of ephedrine (5 mg IV).
These patients are hypersensitive to vasopressor.

7. Dosage and choice of local anesthetics are the same as for

other obstetric patients.

The advantages of regional anesthesia are that it provides good pain
relief, decreases the stress response (44), increases uterine artery and
umbilical artery flow velocity (41), lowers pressure and systemic vascular
resistance (43), and increases intervillous blood flow (45). Thus regional
anesthesia for Labor and Delivery is optimum.

Recently, intrathecal narcotics have been used, and they may prove
helpful. They do, however, have a small incidence of hypotension, which
was previously thought not to be the case (46). Also, they provide no
analgesia for the second stage.

ANESTHESIA FOR CESAREAN SECTION

Regional anesthesia would seem to be the better choice over general
anesthesia because it avoids the problems associated with intubation (i.e.,
the hypertensive response and the possibility of a difficult intubation
secondary to laryngotracheal edema). Further, as with anesthesia for Labor
and Delivery, regional anesthesia decreases the stress response and seems
to be helpful for the fetus. When regional anesthesia is appropriate (i.e.,
not contraindicated) the lumbar epidural technique is chosen over the
spinal technique because it is more controllable and the incidence of
hypotension is less. The technique for lumbar epidural anesthesia is as
follows:

1. Optimization and stabilization.

2. Test dose: 3 ccs 1.5% lidocaine. The use of 1:200,000
epinephrine is controversial (47). We do not use it in
preeclampsia because, if the test dose is injected intravascu-
larly, an increase in heart rate and blood pressure will
ensue.

3. Loading dose: 15-20 ccs of 1.5% or 2% lidocaine, or 3%
chloroprocaine, or 0.5% bupivacaine. These loading doses
should be given as incremental doses of 5-6 ccs at a time.
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Maintain left uterine displacement. Treat falling blood
pressure immediately as described above for epidural anes-
thesia during labor.
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In some patients, regional anesthesia will be inappropriate (i.e., in

those patients with significant coagulapathies as described above). In these

instances, general anesthesia is appropriate and can be done safely, as

follows:
1.
2.

Again, optimize and stabilize as for regional anesthesia.

Prevent cardiovascular effects of laryngoscopy and intuba-

tion by administering an intravenous antihypertensive

agent. Because these patients may become quite agitated on
arrival in the operating room, these antihypertensive
agents need to be started as preparation before the opera-

tion begins. Usually, however, it will suffice to begin a

slow infusion at the time of preoxygenation. The slow

infusion is maintained until a short time after intubation
is accomplished. Prior to intubation, blood pressure is
lowered by approximately 20%, and the goal is to maintain
blood pressure at a level not exceeding those which existed

before being brought to the operating room (48).

Antihypertensive agents include:

a. Nitroprusside. This agent is effective. Because the
amount used is so small, and the duration of its use is
so short, it is unlikely that toxicity will occur (49,50).
The recent study by Ramanathan is testimony to the
effectiveness of this agent when applied appropriately
in these patients. Blood pressures were able to be
maintained at levels not significantly different from
pre-intubation levels (48).

b. Trimethaphan. This is another short-acting anti-
hypertensive agent that enjoys some popularity.
Because it is at least partially destroyed by
cholinesterases, it may potentiate the action of
succinylcholine (51).

¢ Nitroglycerin. This agent is relatively free of compli-
cations, but its effectiveness in the preeclamptic
patient has recently been questioned (52).

d. Labetalol. This is effective and appears to be safe
(53,54).

e. IV Lidocaine. This can be made more helpful with
proper timing. Three minutes prior to intubation
may be optimal (55).
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3. Be aware of the potential for pharyngeal-laryngeal edema
(14). These patients have edema throughout their bodies,
and this means that they may have edema of their airways.
Thus a thorough and careful awake examination of the
airway is indicated before a rapid-sequence induction is
attempted.

4. Avoid ergot drugs because of hypersensitivity to vaso-
pressors.

5. Perform awake extubation. The process requires use of the
same drugs as for intubation.

6. Hodgkinson provides a good study for comparison with
regional anesthesia (56). A recent retrospective study by
Ramanathan is also informative (48).

POSTPARTUM MANAGEMENT

Remember that many of these patients get into trouble postpartum.
Many patients will have a decreased urine output, and it is here where
proper monitoring of volume status is most helpful. Without adequate
knowledge of the central blood volume, the patient may be presumed to
be in renal shutdown, when in reality she is severely volume depleted.
Such a differentiation is most important to ensure proper treatment. Also
remember that 70-80% of the preeclamptic patients who develop pul-
monary edema will do so in the postpartum period (27,28). Thus it is
imperative that the anesthesiologist not abandon these patients once the
delivery process is over. The skills brought to the scene by the anesthesi-
ologist are the very skills necessary for proper treatment of these patients
at this time.

SUMMARY

The severely preeclamptic patient is a critically ill patient and must
be treated as such. An understanding of the pathophysiology and manifes-
tations of the disease will help the anesthesiologist contribute maximally
to these patients’ care. In most instances, regional anesthesia will be the
anesthetic of choice for both labor and vaginal delivery, as well as cesarean
section. However, a properly managed general anesthesia can be adminis-
tered safely. Finally, these patients frequently get into trouble in the post-
partum period and will continue to require critical care management.
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EFFECTS OF PREGNANCY ON LOCAL ANESTHETIC
ACTION AND TOXICITY

M. Finster

It has been known since the early 1960s that the dose requirement
for lumbar epidural or spinal anesthesia is reduced during pregnancy and
parturition (1-3). This altered response to local anesthetics persists into the
early puerperium (4,5). Engorgement of epidural veins resulting in
decreased capacity of the spinal and epidural spaces was the commonly
accepted explanation for this phenomenon until 1979, when it was noted
that a facilitated spread of epidural analgesia occurs even during the first
trimester of pregnancy, at a time when mechanical factors are unlikely to
play a significant role (6). The authors proposed that hormonal changes of
pregnancy, particularly the increase in progesterone levels, may alter the
susceptibility of nerve membrane to local anesthetics. Datta et al found
that indeed there was a significant correlation between lidocaine dose
requirement for spinal anesthesia and CSF progesterone concentration (5).
Less lidocaine was required in parturients and postpartum patients than in
nonpregnant patients.

Increased susceptibility to local anesthetics during pregnancy was
also noted in peripheral nerves. Lidocaine inhibited impulse conduction
in median nerve fibers to a greater extent in pregnant than nonpregnant
women (7). Similarly, conduction blockade, induced by exposure to bupiv-
acaine, was greater and occurred more rapidly in A and C fibers of isolated
vagus nerves obtained from pregnant rabbits than in nerves from non-
pregnant animals (8,9). Administration of progesterone to rabbits, over a
4-day period, increased the susceptibility of excised vagus nerve to bupiv-
acaine (10), but an acute nerve exposure to progesterone had no effect (11).

In an editorial published in 1979, Albright suggested that bupiva-
caine and etidocaine may be more cardiotoxic than the less potent agents
such as lidocaine and mepivacaine (12). This idea was based on six cases of
sudden cardiovascular collapse which happened shortly after intravascu-
lar injection of large doses of bupivacaine (and etidocaine in one instance)
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intended for epidural anesthesia. Over 50 such cases have become known
to date; in approximately 30 of them, resuscitation was unsuccessful.

Since cardiac arrests occurred predominantly in parturients, the
question arose as to whether the pregnant patient is more sensitive to the
cardiotoxic effects of local anesthetics or, more simply, whether the
widespread use of bupivacaine for obstetric anesthesia was responsible for
the number of cases reported in pregnant women. In our study, the CNS
and cardiovascular toxicity of bupivacaine was compared in pregnant and
nonpregnant ewes during continuous intravenous infusion of the drug
(13). The mean dose of the drug resulting in cardiovascular collapse was
significantly lower in pregnant ewes than in nonpregnant animals.
Similarly, bupivacaine blood concentrations at circulatory collapse were
lower in the pregnant group. In order to ascertain whether pregnancy
enhances the toxicity of other local anesthetics as well, similar studies
were conducted using mepivacaine, lidocaine, or ropivacaine (14-16).
None of these drugs appeared to be more toxic to pregnant than
nonpregnant sheep.

The reasons for the altered toxicity of bupivacaine during pregnancy
have not been fully elucidated. A recent study has shown that pretreating
rabbits with progesterone increases the in vitro effects of bupivacaine, but
not of lidocaine or ropivacaine, on transmembrane action potential
parameters in Purkinje fibers and ventricular muscle cells (17,18). Data
from our laboratory suggest that the gestational decrease in the protein
binding of bupivacaine may be the cause of increased cardiotoxicity of the
drug (14). Protein binding of bupivacaine was also lower in parturients
than in nonpregnant volunteers (19).

In summary, pregnancy is associated with altered sensitivity of
biological membranes to some local anesthetics, resulting in enhanced
neural blockade and cardiotoxicity.
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OBSTETRIC EMERGENCIES

C. P. Gibbs
BREECH PRESENTATION

The incidence of breech presentation is approximately 4%.
However, because nearly two-thirds of all breech presentations are able to
be changed to vertex presentations by external version, the resulting
practical incidence is closer to 1.5%.

The problem with breech presentations is that the largest part of the
infant delivers last. Therefore, the obstetrician does not know if the pelvis
will be adequate until after committing to vaginal delivery and, in fact,
until after the head is delivered. For the term breech, the problem arises
when the aftercoming head is too large for the bony pelvis. With the
premature breech, the disparity between the dilating wedge and the head is
greater than with the term breech. Thus the problem is different, in that it
is unlikely that the small premature head will not pass through the bony
pelvis; rather, the considerably smaller presenting part will not dilate the
cervix adequately. Therefore, the head will not be able to pass through the
undilated cervix. In both instances (i.e., the term and premature breech),
the obstetrician will allow the breech to deliver spontaneously at least up
to the umbilicus to ensure as much cervical dilation as possible.

Risks associated with breech presentation include prematurity (16-
33%), major anomalies (6-18%), birth trauma (13 x normal risk), cord
prolapse (5-20 x normal risk), intrapartum asphyxia (3-8 x normal risk),
spinal cord and deflexion injuries (21%), hyperextension of head (5%), and
arrest of aftercoming head (8.8%) (1).

There are several different types of breech presentations. Those
most commonly encountered include the frank breech, which occurs
approximately 60% of the time. In this instance, the lower extremities are
flexed at the hips but extended at the knees. The complete breech (10% of
the time) has the lower extremities flexed at both hips and knees, while
the footling or incomplete breech (30% of the time) has one or both lower
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extremities extended at the hip (i.e., the lower extremities are not flexed
and one or both feet present).

The type of breech presentation is important because the type
determines the effectiveness of the dilating wedge. For example, the frank
breech presents a better dilating wedge than does the complete breech, and
the complete breech presents a better dilating wedge than do one or 2 feet.
Also, the incidence of prolapsed cord is significantly greater when the pre-
senting part does not fill the entire cervical opening. Thus the incidence
of prolapsed cord is approximately 15-18% for a footling breech, 4-6% for a
complete breech, and .5% for a frank breech. Similarly, the success of
vaginal delivery is considerably greater for the frank breech and the
complete breech than it is for the footling breech (2).

Pertinent to this discussion, the obstetric management of breech
presentation begins before labor and usually at about 37 weeks, when most
obstetricians will attempt to turn the breech into a vertex presentation
with the help of tocolysis. Thirty-seven weeks is chosen because at that
point the breech is unlikely to turn to vertex on its own and, if it is suc-
cessful, will likely not revert to the breech position. Finally, if fetal distress
is caused by the maneuver, the infant will be mature enough to survive

should delivery be necessary. External version enjoys a success rate of 60-
75% (3).

THE DELIVERY

Probably 50-60% of all breech deliveries will be accomplished by
cesarean section. This is so because several earlier studies have indicated
that the outcome for the breech baby delivered by cesarean section is better
than when delivered vaginally (4,5). Certainly, most footling breeches will
be delivered by cesarean section; and most premature breeches will be
delivered by cesarean section because of the risk of delivery through an
undilated cervix and the trauma of the delivery process itself to the small,
more fragile premature infant. When vaginal delivery is attempted, there
are several methods:
1. Spontaneous breech delivery. Delivery proceeds without
the aid of forceps or extraction by the obstetrician.

2. Assisted breech delivery. The infant delivers spon-
taneously to the umbilicus, and then the process is assisted
by the obstetrician. Delivery to the umbilicus without
assistance helps to ensure that the cervix will be as
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maximally dilated as possible before birth of the
aftercoming head.

3. Assisted breech with piper forceps to the aftercoming head.
This is perhaps the most frequently employed method of
delivering breeches vaginally. In the process, the proce-
dure is accomplished as above, but piper forceps are applied
to the aftercoming head and the head is gently lifted out of
the pelvis. Most believe that this is less traumatic to the
fetus than without application of forceps.

4. Total breech extraction. In this instance, the obstetrician
will not wait for spontaneous delivery of the infant to the
umbilicus but rather will attempt to extract the entire body
of the infant by way of vaginal and perhaps intrauterine
manipulation (this is very rare).

5. Breech decomposition and extraction. In this instance, the
obstetrician will attempt to convert the breech presentation
to a vertex presentation by intrauterine manipulation (this
is very rare).

THE HUNG-UP BREECH

The hung-up breech is a true emergency that may require general
anesthesia for satisfactory resolution if regional anesthesia is not in place.
Because it is not known until the last moment whether or not the deliv-
ery can be successfully completed if the head becomes stuck in the pelvis,
or if the cervix is not fully dilated, the obstetrician will need the patient to
be as cooperative as possible to perform the necessary manipulations to
complete the delivery. General anesthesia may very well be necessary and
should be provided if requested. The anesthesiologist should also respect
the wishes of the obstetrician if s/he requests that the anesthesiologist be
present at breech deliveries “just in case.” If regional anesthesia is in
place, nearly all breech deliveries should be able to be accomplished.
Perhaps the most important aspect of the vaginal delivery of a breech
infant is that the patient be cooperative and at least not fighting the pro-
cess. For the patient to be cooperative, she must be as pain free as possible.
In most instances, regional anesthesia can provide this requirement.
General anesthesia will at least ensure that the patient is not uncoopera-
tive and actively resisting. General anesthesia is provided in a manner
similar to that for cesarean section.



72

TWINS

The incidence of twin presentations is approximately 1%. As with
breech presentations, the type of presentation is important, and the
presentation of the second twin is particularly critical. Twin A is vertex
and Twin B is vertex in 42.5% of instances. Twin A is vertex and Twin B
is nonvertex (usually breech) in 38.4%, while Twin A is nonvertex
(usually breech) in 19.1% (4).

Obstetric management is mostly dependent on presentation and, as
above, it is the second twin that presents the biggest challenge (5). If the
first twin is a breech, most obstetricians will opt for cesarean section
because many twin infants are premature and thus at risk for the compli-
cations associated with the breech delivery of a premature infant. If the
first twin is vertex, then that delivery can proceed as would a normal
vaginal delivery.

When the second twin is a breech presentation, the obstetrician will
usually try to allow spontaneous delivery to take place after the first infant
is delivered. If contractions do not begin in a reasonable length of time,
oxytocin may be initiated to begin contractions. However, some obstetri-
cians will merely reach up and grab the presenting feet and extract the
second twin expeditiously. Certainly, this will be the method of choice
should fetal distress occur between delivery of the first and second twin.
Incidentally, it is always important to monitor the heart rate of the second
twin following birth of the first infant so that, if fetal distress occurs
secondary to abruption or prolapsed cord, the distress can be identified
early. If the second twin is a vertex, then once again, most obstetricians
will allow a period of time to pass until the uterus begins contracting
spontaneously. If the uterus does not contract spontaneously, then once
again, oxytocin will usually be used to initiate labor. If this does not work
or if fetal distress ensues, the obstetrician will either elect to do an imme-
diate cesarean section, will try to deliver the infant with the use of vac-
uum suction, or will attempt to turn the infant from a vertex to a breech
presentation and then accomplish delivery by breech extraction. In the
latter instance, it will be necessary to provide considerable anesthesia
because the manipulations required are painful. It is doubtful if regional
anesthesia alone will suffice because the uterus must be relaxed. Uterine
relaxation can be accomplished with potent inhalation anesthetic agents—
ritodrine or terbutaline, or perhaps even small doses of nitroglycerin (6,7).
Recently, it has been described that 50-100 pg boluses of nitroglycerin will
provide uterine relaxation without seriously compromising maternal
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blood pressure (6,7). Thus again, as with the breech presentation, it is
reasonable that the obstetrician ask that you be present in case general
anesthesia is required. If so, the anesthetic is administered in a manner
very similar to that for cesarean section—with the possible addition of
halothane or isoflurane should uterine relaxation be required.

SHOULDER DYSTOCIA

Like the hung-up breech, shoulder dystocia can become an extreme
emergency (8). In this instance, the head delivers, but the shoulders do
not. Again, the obstetrician will need a cooperative and relaxed patient to
accomplish the maneuvers necessary to deliver the child in an expeditious
manner. If regional anesthesia is in place, it should be adequate. If not,
general anesthesia will be required.

SEVERE ACUTE FETAL DISTRESS

In some instances, obstetricians will opt to deliver a patient with
severe acute fetal distress vaginally and with the aid of forceps. If so, the
application of forceps may once again require that the patient be coopera-
tive and relaxed. General anesthesia can provide these conditions if
regional anesthesia is not in place. Some would prefer to institute
regional anesthesia in preference to general anesthesia (9). This is a judg-
ment call. If true severe acute fetal distress is present, I would probably
choose general anesthesia. What is probably most important is a discus-
sion between the anesthesiologist and obstetrician to determine just how
soon the delivery must be accomplished. Once that critical point is deter-
mined, the anesthesiologist can make an appropriate decision as to type of
anesthesia. Of course, many obstetricians nowadays will simply opt for
cesarean section in the presence of severe acute fetal distress. If so, the
same discussion regarding degree of acuteness and distress needs to take
place.

CARDIAC ARREST AND POSTMORTEM CESAREAN SECTION

Cardiac arrest in the pregnant patient is an obstetric emergency that
requires special consideration by the anesthesiologist. Table 1 details 188
instances of perimortem cesarean section performed for maternal cardiac
arrest in which the infant survived (10). The role of anesthesia is clear.
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Table 1. Reported cases of postmortem cesarean deliveries with surviving
infants. In Katz VL et al (10).

Years Causes of Maternal Death Cases Percent
1879-1956 Hypertensive disease 44 39
Infection 42 37
Unknown 13 11
Trauma 5 4
Aortic aneurysm 3 3
ANESTHESIA 3 3
Cardiac 3 3
Malignancy 1 1
Subtotal 114 100
1956-1970 Hypertensive disease 10 23
ANESTHESIA 8 18
Embolism (pulmonary, amniotic 8 18
fluid)
Cardiac 7 16
Cerebrovascular accident 3 7
Malignancy 2 5
Asthma 2 5
Subtotal 44 100
1971-1985  Unspecified* 10 33
ANESTHESIA 9 30
Embolism (pulmonary, amniotic 3 10
fluid)
Trauma 2 7
Malignancy 2 7
Cerebrovascular accident 1 3
Asthma 1 3
Infection (meningitis) 1 3
Cardiac 1 3
Subtotal 30 100
TOTAL 188

When cardiac arrest occurs in the pregnant patient, considerations
regarding both mother and infant are critical. If the mother cannot be
resuscitated adequately, it is obvious that she will suffer. However, when
the mother suffers, the fetus is also likely to suffer.

Features of the pregnancy that cause resuscitation difficulty are:
aortocaval compression, increased oxygen consumption, and decreased
functional residual capacity (11-15). Also, during apnea, PaO, falls more
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rapidly in the pregnant patient (16). In the supine position, cardiac output
may be reduced by 30% (17). Katz and colleagues recommend that cesarean
section be started after 4 minutes of unsuccessful resuscitation, and that
the infant be delivered within 1 minute after cesarean section begins (10).
They offer the information in Table 2 to support their recommendation.
Although the data indicates that 5 minutes is optimal, it certainly does not
indicate that cesarean section should be abandoned if more than 5 minutes
have passed. Seven out of 8 and 6 out of 7 infants had normal outcomes
when delivered 6-10 minutes and 11-15 minutes, respectively, after the
need for resuscitation.

Table 2 Postmortem cesarean deliveries with surviving infants: time from
maternal death until delivery (1900-1985). In Katz VL et al (10).

Cases No. Patients Percent Normal
0-5 min 42 (normal infants) 100
6-10 min 7 (normal infants) 86
1 (mild neurologic sequelae)
11-15 min 6 (normal infants) 83
1 (severe neurologic sequelae)
16+ min 1 (severe neurologic sequelae) 25
TOTAL 61

Regarding the mother, time is also important, as emphasized by
Marx (18). She reported a series of 5 patients who arrested during induc-
tion of epidural anesthesia. Resuscitation was begun immediately and, in
3 patients, cesarean section was also begun immediately. In 2 others, the
operation was delayed for several minutes after arrest. The 3 former
patients did well; the latter 2 had irreversible brain damage (19).

Thus resuscitative efforts should not be prolonged. If there is not
clear indication of improvement, cesarean section should be instituted
after 3-4 minutes of resuscitation. Some have suggested it be accom-
plished in the labor room, if necessary (10). I'm not so sure about that. A
controlled environment would seem desirable.

One of the important, if not the most important, features of success
during resuscitation in the late pregnant patient is uterine displacement.
This may be accomplished with a wedge or with table tilt. However, these
maneuvers may diminish the effectiveness of cardiac compression.
Therefore, manual displacement of the uterus to the left may be required,
while maintaining the patient in the supine position. In fact, this
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approach is probably the optimal approach from the beginning. Animal
studies clearly demonstrate that inferior vena caval occlusion impairs
effective resuscitation (20). Human case reports are confirmatory. Prompt
cesarean section will help the fetus by removing it from a progressively
more harmful environment while, at the same time, helping the mother
by allowing for more effective resuscitation (5,10,19).

CARDIAC ARREST

Intubate and ventilate

Chest compression

Appropriate drugs

Shock, if necessary

LUD—if resuscitation not okay

Manual displacement—if not successful
Cesarean section

NS Gk W=

AMNIOTIC FLUID EMBOLISM

Amniotic fluid embolism (AFE) is a rare but catastrophic obstetric
event. The classic picture consists of the sudden onset of hypoxia,
hypotension, and DIC. Mortality may be as high as 86% (21) and early
death (1-2 hours) runs at perhaps 50% (22). Most occur during labor, but
AFE has occurred at the time of cesarean section, at the time of abortion,
and as many as 32 hours postpartum (23-25).

Diagnosis is via clinical suspicion and demonstrating fetal squames
in the central circulation, even though it has recently been demonstrated
that fetal squames are present in normal patients (26,27). X-rays are posi-
tive in 70% (22).

The pathophysiology of AFE is becoming clearer. In the past, the
process was believed to be sudden pulmonary hypertension followed by
right heart failure. Recent central hemodynamic monitoring data indi-
cates that the process may begin with pulmonary hypertension, but in
those surviving at least 1-2 hours, the problem becomes one of left-sided
heart failure (28). Confirmation of this proposal is supported by echocar-
diographic data (29). Also, there is frequently a component of non-cardio-
genic pulmonary edema or ARDS (22). Apparently, amniotic fluid con-
tains vasoactive substances that, upon entering the pulmonary circulation,
cause hypoxia, hypotension, pulmonary hypertension, cor pulmonale, and
subsequent left ventricular injury. Left ventricular failure follows and is
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frequently accompanied by adult respiratory distress syndrome and a con-

sumptive coagulopathy (28,22).

The DIC usually occurs in those surviving the early stages and may

be caused by a thromboplastin-like activity of amniotic fluid. Also,
amniotic fluid may contain a factor X activating substance (15). Treatment
is supportive and guided by central monitoring to determine the phase of

the process.
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ANESTHESIA FOR SURGERY IN THE PREGNANT
SURGICAL PATIENT!

A. M. Malinow with ]. W. Ostheimer (ed.)

INTRODUCTION

Anesthetic management of the pregnant surgical patient must
address the well-being of both mother and fetus. The patient’s surgical
condition, pregnancy-induced physiologic changes, and possible adverse
effects (both direct and indirect) of anesthesia all have a bearing on anes-
thetic management. Attention must be paid to the duration of the
planned surgical procedure, the possible sequelae from anesthesia and
surgical intervention, the condition of the pregnancy, and the gestational
age and viability of the fetus.

Non-obstetric surgery is required in about 1% of pregnancies (1-4).
Surgery may be directly related to pregnancy (e.g., cerclage procedures),
associated with pregnancy e.g., torsion of an ovarian pedicle), or incidental
to pregnancy (e.g., trauma or appendicitis) (5). The consultant anesthesi-
ologist must be patient and understanding in answering difficult questions
from both patient and surgeon about “what is best.” Decreasing the
psychologic stress of both patient and surgeon will help optimize operat-
ing room conditions.

FETAL CONSIDERATIONS

TERATOGENICITY

Teratogenic susceptibility/resistance differs among species, making
any correlation between animal data and humans difficult. Retrospective
epidemiologic studies of anesthetic exposure provide the only human data
available; direct control of the experimental conditions has been lost. For

1A. M. Malinow: Anesthetic management of the pregnant surgical patient G.W.
Ostheimer, ed. Manual of Obstetric Anesthesia, 2nd edition. Churchill-Livingstone,
New York, 1992, Reproduced with permission.
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a teratogenic effect to occur, a fetus must be exposed to a teratogenic dose of
drug for a particular duration and during a susceptible period of embry-
onal development. In humans, days 14-56 comprise the susceptible period
of organogenesis. Development of the central nervous system and
peripheral nervous system continue into the neonatal period. Results of
multiple surveys reveal that there is no increase in the incidence of con-
genital abnormalities in pregnant patients who have undergone surgery
during this period (1-4,6,7). These thoughts must be tempered with the
fact that there are most probably insufficient numbers of anesthetic
exposure during pregnancy reported in the world literature to possibly
detect human teratogenesis. Matching of gestational age, duration of
anesthetic exposure, dose of drug, and surgical stress can best be
accomplished in animal models. The only controlled experimental data
are all from animal studies.

INHALATIONAL AGENTS

Halothane, isoflurane, enflurane, and nitrous oxide have not been
shown to be associated with congenital malformation in rats repeatedly
exposed to anesthetic concentrations of inhaled agent (8).

NITROUS OXIDE (N,O) CONTROVERSIES

The use of N,O during early pregnancy presents a difficult problem.
Nitrous oxide inhibits methionine synthetase activity through the
inactivation of vitamin Bjj, interfering with thymidine and, therefore,
DNA synthesis (9). Twenty-four-hour exposure of pregnant rats to 50% or
greater inspired N,O concentrations will produce teratogenic effects (10).

In humans, only significant exposures (approximately 2 hours or
more) to NyO have resulted in altered enzyme activity (9). Additionally,
epidemiologic studies have presented evidence, albeit weak, that early
N,O exposure in clinically administered anesthetic concentrations does
not produce teratogenic effects (11). There is some animal data that reports
a degree of protection conferred by supplemental (IM) folinic acid (12),
although this is controversial (10). Administration of supplemental
folinic acid to pregnant surgical patients is routinely practiced at some
major obstetric anesthesia centers (13).
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EFFECT ON GESTATIONAL VIABILITY

Surgery and/or anesthesia in early pregnancy lead to an increased
risk of spontaneous abortion (6). Traditionally, surgical procedures
anatomically distant to the pregnant, and therefore irritable, uterus were
thought to carry a lower risk of premature labor and possible pregnancy
loss. However, recent large epidemiologic surveys present conflicting evi-
dence (6,7). Pregnancy loss is increased particularly when associated with
gynecologic procedures (2,6) and general anesthesia for non-abdominal
procedures (6). More low birthweight infants (due to both prematurity
and intrauterine growth retardation) are born to mothers that have had
surgery and anesthesia during pregnancy (7). This increased incidence was
not associated with a specific type of anesthesia or surgery. While the
results of these studies are statistically significant, the authors admit that
the causative factors are still unknown (6,7). Nitrous oxide has been asso-
ciated with increased reproductive loss in the pregnant rat model (8,10).
Interestingly, the use of low-concentration isoflurane in combination with
50% N,O has adverse reproductive effects similar to unexposed rats (14).

INDIRECT EFFECTS

Volatile inhalational agents in concentrations of greater than 0.5
MAC will decrease uterine tone. Up to 1 MAC, inhalational agents will
produce uterine artery vasodilation and increased blood flow; above 1
MAUC, the decrease in maternal cardiac output will offset this vasodilation,
decreasing uterine artery flow (15).

DIRECT AND INDIRECT EFFECTS OF OTHER AGENTS

The maternal administration of 100% oxygen will not raise the fetal
oxygen much above 60 mm Hg (16) and will not predispose the fetus to the
adverse effects of hyperoxia. Maternal hyperventilation may decrease fetal
oxygen levels, due to effects on uterine blood flow (17) and a left-shift of
the maternal oxyhemoglobin dissociation curve.

Certain narcotics (morphine, meperidine, and hydromorphone)
have been associated with animal fetal abnormalities (18), though never
in humans. Fentanyl, alfentanil, and sufentanil have been shown not to
be teratogenic (19). Fentanyl has shown no deleterious effects on uterine
blood flow.
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Barbiturates in a single dose have not been shown to be teratogenic.
However, barbiturates may further decrease uterine blood flow in an
already hypoperfused placenta.

Diazepam has been associated with different fetal abnormalities,
notably cleft lip (20), although this relationship is controversial (21). The
fetal half-life of diazepam is about 30 hours, which might cause delayed
neurobehavioral effects in the fetus if premature delivery is necessary.

Antisialagogues seem to have little, if any, effect on the fetus.

Muscle relaxants do not readily cross the placenta, yet can be
measured in the fetal circulation after very large maternal doses. This
may necessitate the need for ventilatory support in infants delivered in
the perioperative period.

Ketamine in doses greater than 1.5 mg/kg will increase uterine tone
and, therefore, decrease uterine blood flow. This tonic effect is seen
throughout the second and third trimesters of pregnancy (22).

Vasopressors have predominantly indirect fetal effects on uterine
blood flow. Predominantly beta adrenergic agonists are preferred (23), but
there may be a place for alpha adrenergic agents in severely hypotensive
patients (24).

Drugs used for prophylaxis against acid aspiration (e.g., H2
antagonists) have not been shown to have significant fetal effect in the
dosage regimens commonly employed.

Local anesthetics have well-known indirect effects on the fetus.
Although presumably cytotoxic, they have not been shown to be
teratogenic (25).

Sodium nitroprusside (SNP) has caused fetal cyanide toxicity in
laboratory animals when doses far exceeding safe clinical anesthetic
practice have been administered (26). SNP has been used without harm
for induced hypotension (27,28).

Nitroglycerin and trimethaphan are used often during the
management of preeclampsia and have proven human safety records.

Mannitol will cause bulk flow of water from the fetus across the
placenta but has been used without apparent harm in low doses (29).

Chronic administration of beta adrenergic blocking agents has been
associated with intrauterine growth retardation, as well as expected fetal
beta adrenergic blockade. Acute intravenous administration of labetalol in
the gravid ewe model has produced insignificant fetal beta adrenergic
blockade (30). Clinical observation of infants born to mothers chronically
treated with oral labetalol do not demonstrate significant adrenergic
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blockade (31). Acute intravenous administration of esmolol in non-
hypertensive gravid ewes has produced fetal hypoxemia (32).

MATERNAL CONSIDERATIONS

Safeguarding the pregnant patient during surgery requires
knowledge of the anesthetic implications of the altered physiology of

pregnancy.
HEMATOLOGIC SYSTEM

Hematocrit values less than 35% are considered abnormal, although
many pregnant women with a lower hematocrit carry to term and deliver
without adverse outcome. Intraoperative blood loss should be replaced,
keeping this level in mind. Pregnancy is a hypercoagulable state. Early
ambulation or the use of minidose heparin should be considered when
appropriate in patients who are confined to bed for extended periods of
recovery.

CARDIOVASCULAR SYSTEM

Cardiac output is 40% above prepregnant values by the early third
trimester. Increased plasma volume, increased venous capacitance, and
cardiac output keep systemic arterial and central venous pressures at
essentially nonpregnant values. Aortocaval compression will decrease
cardiac output or uterine blood flow, or both. Uterine displacement is
required at all times during the second half of pregnancy.

RESPIRATORY SYSTEM

Renal excretion of bicarbonate offsets the respiratory alkalosis pro-
duced by normal maternal hyperventilation (pCO; = 32 mm Hg).
Pregnancy-associated increase in minute ventilation, as well as decrease in
dead space, significantly decreases the arterial-to-alveolar carbon dioxide
gradient towards zero (33). End-tidal capnography is, therefore, addition-
ally helpful in intraoperative monitoring. Pulse oximetry is invaluable.
Increased oxygen demand, increased cardiac output, and decreased func-
tional residual capacity lower apneic blood oxygen tensions faster in the
gravida. Denitrogenation before induction, along with facile laryngoscopy
and intubation of the trachea, is obligatory. The possible anatomically dif-
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ficult airway in the gravida requires extra attention to be given to pre-
induction positioning of the patient. Immediate availability of endotra-
cheal tubes in a wide selection of internal diameters, as well as a short-
handled laryngoscope, is prudent. Vascular, friable nasopharyngeal
mucosa may make passage of gastric tubes a bloody mess. Gentle insertion
of well-lubricated gastric tubes is necessary. If the gastric tube is used only
during the operative procedure, oral placement is an easier and safer
choice. Finally, mucosal vasoconstrictors may have negative effects on
uterine blood flow (34).

RENAL SYSTEM

Blood urea nitrogen and serum creatinine are decreased to 5-10
mg/dl and 0.5 mg/dl, respectively. These values should be considered
when interpreting laboratory data. The possibility of urinary stasis due to
ureteral compression by the gravid uterus makes meticulous fluid
management necessary in an attempt to minimize the need for bladder
catheterization.

GASTROINTESTINAL SYSTEM

Pharmacologic means to alter gastric acidity and volume should be
an integral part of acid aspiration prophylaxis. When appropriate,
regional anesthesia is preferable (with intact airway reflexes) to general
anesthesia. If general anesthesia is selected, then rapid-sequence induction
of general anesthesia is routinely advised. If the surgical condition war-
rants a more deliberate induction of general anesthesia (e.g., severely
increased intracranial pressure), then experienced personnel should be
available to maintain cricoid pressure and otherwise assist the anesthesi-
ologist from induction of anesthesia through endotracheal intubation.

CENTRAL NERVOUS SYSTEM

The minimum alveolar concentration (MAC) of inhalational
agents decreases (35). This is especially important if inhalational analgesia
is contemplated. Loss of protective airway reflexes in a possibly anes-
thetized patient demands careful titration of agent to effect, and then only
in the most experienced hands. A fasting pregnant patient presenting elec-
tively for surgery in the first trimester would possibly (but rarely) be a can-
didate for inhalational analgesia. The gravida presenting for surgery in
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the second trimester and beyond should be treated with the same precau-
tions as the non-fasting patient presenting emergently for surgery. Neural
sensitivity to local anesthetics increases during pregnancy (36). The induc-
tion of surgical epidural or spinal anesthesia will require less anesthetic in
the pregnant patient. Use of continuous epidural or spinal catheters
allows the anesthesiologist to titrate the dose of local anesthetic to desired
effect.

GENERAL RECOMMENDATIONS
FIRST TRIMESTER

Possible teratogenic effects should be kept in mind but there is no
reason to avoid general anesthesia if it is appropriate for the planned
surgical procedure or requested by the patient. The use of N,O in the first
trimester, as well as in the entire pregnancy, is controversial.
Maintenance of general anesthesia can easily be accomplished while
avoiding the use of N,O.

SECOND AND THIRD TRIMESTERS

Support of uteroplacental perfusion is of prime importance.
Uterine displacement is essential in the supine gravida, especially after 20
weeks gestation. Intermittent comparison of brachial blood pressure to
blood pressure distal to the uterus (e.g., popliteal area) is helpful in detect-
ing occult supine hypotension. Fetal heart rate should be monitored
throughout the perioperative period by personnel familiar with its inter-
pretation in all pregnancies that are thought to be viable. Obstetric consul-
tation should be readily available to evaluate fetal well-being before, dur-
ing, and after the procedure, and to treat obstetric complications such as
premature labor. Gastrointestinal changes demand acid aspiration
prophylaxis. Rapid-sequence induction of general anesthesia is indicated.

SUMMARY

Communication among obstetrician, surgeon, neonatologist, and
anesthesiologist is obligatory. Viability of the pregnancy is of prime con-
cern if premature labor cannot be arrested and delivery becomes immi-
nent. Effective preoperative communication with the patient and her
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family about a jointly conceived perioperative plan of management will

decrease stress on everyone, including the patient.

Remember: Meticulous care of the mother will help ensure fetal

well-being.

10.

11.

12.

13.
14.

15.

16.

17.

REFERENCES

Smith BE: Fetal prognosis after anesthesia during gestation. Anesth
Analg 42:521, 1963

Shnider SM, Webster GM: Maternal and fetal hazards of surgery
during pregnancy. Am ] Obstet Gynecol 92:891, 1965

Brodsky JB, Cohen EN, Brown BW et al: Surgery during pregnancy
and fetal outcome. Am J Obstet Gynecol 138:1165, 1980

Konieczko KM, Chapk JC, Nunn JF: Fetotoxic potential of general
anesthesia in relation to pregnancy. Brit ] Anaesth 59:449, 1987
Weingold AB, ed: Surgical diseases in pregnancy. Clin Obstet
Gynecol 24(4):793, 1983

Duncan PG, Pope WDB, Cohen MM et al: Fetal risk of anesthesia and
surgery during pregnancy. Anesthesiology 64:790, 1986

Mazze RI, Kallen B: Reproductive outcome after anesthesia and
operation during pregnancy: A registry study of 5405 cases. Am ]
Obstet Gynecol 161:1178, 1989

Mazze RI, Fujinaga M, Rice SA et al: Reproductive and teratogenic
effect of nitrous oxide, halothane, isoflurane and enflurance in
Sprague-Dawley rats. Anesthesiology 64:339, 1986

Nunn JF: Clinical aspects of the interaction between nitrous oxide
and vitamin B12. Brit J] Anaesth 59:3, 1987

Fujinaga M, Mazze RI, Baden JM: Reconsiderations of the mechan-
isms of nitrous oxide teratogenicity. Anesthesiology 69:A658, 1988
Crawford ]S, Lewis M: Nitrous oxide in early human pregnancy.
Anaesthesia 41:900, 1986

Keeling PA, Rocke DA, Nunn JF et al: Folinic acid as protection
against nitrous oxide teratogenicity in the rat. Brit ] Anaesth 58:528,
1986

Marx GF: The N,O dilemma. Obstet Anesth Dig 5:126, 1985

Fujinaga M, Baden JM, Yhap EO et al: Reproductive and teratogenic
effects of nitrous oxide, isoflurane, and their combination in Sprague-
Dawley rats. Anesthesiology 67:960, 1987

Biehl DR, Yarnell R, Wide JG et al: The uptake of isoflurane by the
foetal lamb in utero: Effect on regional blood flow. Can Anaesth Soc
] 30:581, 1983

Baraka A: Correlation between maternal and foetal PO2 and PCO2
during cesarean delivery. Brit ] Anaesth 42:434, 1972

Levinsohn GL, Shnider SM, deLorimier AA et al: Effects of maternal
hyperventilation on uterine blood flow and fetal oxygenation and
acid-base status. Anesthesiology 40:340, 1974



18.

19.

20.
21.

22,

24.

25.
26.

27.

28.

29.

30.
31

32.

33.

34.
35.

36.

87

Geber WF, Schramm LC: Congenital malformations of the central
nervous system produced by narcotic analgesics in the hamster. Am ]
Obstet Gynecol 123:705, 1975

Fujinaga M, Mazze RI, Jackson EC et al: Reproductive and teratogenic
effects of sufentanil and alfentanil in Sprague-Dawley rats.
Anesthesiology 67:166, 1988

Safra MJ, Oakley GP: Association between cleft lip with and without
cleft palate and prenatal exposure to diazepam. Lancet ii:478, 1975
Rosenberg L, Mitchell AA, Parsells JL et al: Lack of relation of oral
clefts to diazepam use during pregnancy. N Engl ] Med 309:1282, 1983
Galloon S: Ketamine for obstetric delivery. Anesthesiology 44:522,
1976

Ralston DH, Shnider SM, deLorimier AA: Effects of equipotent
metaraminol, mephenteramine and methoxamine on uterine blood
flow in the pregnant ewe. Anesthesiology 40:354, 1974

Ramanathan S, Friedman S, Moss P et al: Phenylephrine for the
treatment of maternal hypotension due to epidural anesthesia.
Anesth Analg 63(5):262, 1984

Fujinaga M, Mazze RI: Reproductive and teratogenic effects of
lidocaine in Sprague Dawley rats. Anesthesiology 65:626, 1986

Naulty JS, Cefalo RC, Lewis PE: Fetal toxicity of nitroprusside in the
pregnant ewe. Am ] Obstet Gynecol 139:708, 1981

Kofke WA, Wuest HP, McGinnis CA: Cesarean section following
ruptured cerebral aneurysm and neuroresuscitation. Anesthesiology
60:242, 1984

Rigg D, McDonogh A: Use of sodium nitroprusside for deliberate
hypotension during pregnancy. Brit ] Anaesth 53:985, 1981

Neuman B, Lam AM: Induced hypotension for clipping of a cerebral
aneurysm during pregnancy: A case report and brief review. Anesth
Analg 65:675, 1986

Eisenach JC: Maternally administered labetalol produces less adren-
ergic blockade in fetus than in mother. Anesthesiology 71:A915, 1989
MacPherson M, Broughton Pipkin F, Rutter N: The effect of mater-
nal labetalol in the newborn infant. Br J Obstet Gynecol 93:539, 1986
Eisenach JC, Castro MI: Maternally administered esmolol produces
fetal beta adrenergic blockade and hypoxemia. Anesthesiology 71:718,
1989

Shankar KB, Moseley H, Kumar Y et al: Arterial to end-tidal carbon
dioxide tension difference during Caesarean section. Anaesthesia
41:698, 1986

Woods JR, Plessinger MA, Clark KE: Effect of cocaine on uterine
blood flow and fetal oxygenation. JAMA 257:957, 1987

Palahniuk R]J, Shnider SM, Eger EL II: Pregnancy decreases the
requirements of inhaled anesthetic agents. Anesthesiology 41:82, 1974
Datta S, Lambert DH, Gregus ] et al: Differential sensitivity of mam-
malian nerve fibers during pregnancy. Anesth Analg 62:1070, 1983



FETAL CONSIDERATIONS IN THE CRITICALLY
ILL OBSTETRIC PATIENT

J. P. Phelan with S. L. Clark (ed)."

Unlike any other medical or surgical specialty, obstetrics deals with
the simultaneous management of two individuals—and sometimes
more. In all circumstances, the obstetrician must delicately balance the
effect of each treatment decision on both the pregnant woman and her
fetus, seeking always to minimize the risks of harm to each. The goal of
this chapter is to highlight, especially for the nonobstetric clinician, the
important clinical fetal considerations encountered when caring for high-
risk mothers and will review: 1) current techniques for assessing fetal
well-being, 2) fetal considerations in several maternal medical and surgical
conditions, and 3) the role of post-mortem cesarean delivery in modern
obstetrics.

DETECTION OF FETAL DISTRESS IN THE CRITICALLY
ILL OBSTETRIC PATIENT

More than two decades ago, Hon and Quilligan demonstrated the
relationship between certain fetal heart rate (FHR) patterns and fetal con-
dition by using continuous electronic FHR monitoring (1). Since then,
continuous electronic FHR monitoring has remained a universally
accepted method of assessing fetal well-being (2,3). The use of continuous
electronic FHR monitoring permits the clinician to promptly identify
fetuses at a greater likelihood of asphyxia and fetal death, and to intervene
when an FHR abnormality is present.

Although the presence of a normal FHR tracing is associated with a
favorable fetal outcome, an abnormal tracing is not always predictive of an
adverse fetal outcome. The next few pages present an overview of FHR
patterns pertinent to the critically ill patient. For a more detailed

*Clark SL: Structural cardiac disease in pregrancy. Critical Care Obstetrics, 1l ed.
Chpt. 32. SL Clark, DB Cotton, GD Hankins and JP Phelan, eds. Blackwell
Scientific Publications, Boston, MA, U.S.A., 1991. Reproduced with permission.
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description of antepartum and intrapartum FHR tracings, see the classic
descriptions by Hon (4).

BASELINE FETAL HEART RATE (FHR) CHANGES

BRADYCARDIA

Bradycardia is defined as an FHR of less than 120 beats per minute
(bpm) and is subclassified as mild (100-120 bpm) and marked (<100 bpm).
The most common etiology for a sudden FHR bradycardia is acute fetal
hypoxia. In the critically ill obstetrical patient with hypertension, pre-
eclampsia, or trauma, a common cause of acute fetal hypoxia is abruption
of the placenta. Intrapartum, an abrupt FHR bradycardia may be associated
with fetal conditions that cause umbilical cord compression, such as cord
prolapse, nuchal cord, oligohydramnios, or uterine hypertonus. Investiga-
tors have also described the presence of an FHR bradycardia in association
with the lowering of maternal blood pressure with antihypertensive
agents (5). Of great importance in dealing with the critically ill obstetrical
patient is that acute FHR bradycardia may herald, or may be associated
with, amniotic fluid embolus syndrome, acute respiratory insufficiency, or
an eclamptic seizure (6).

Less commonly, a persistent FHR bradycardia may be associated
with an underlying congenital fetal abnormality. For instance, congenital
bradyarrhythmias involving fetal heart block may be related to a prior
maternal infection, a structural defect of the fetal heart, or systemic lupus
erythematosus (7). Moreover, FHR bradycardia has been described in
patients undergoing cardiopulmonary bypass. It is believed that this
pattern is the result of inadequate maternal flow rates during the bypass
procedure, and that it may be alleviated by high flow (8). In addition,
fetuses whose mothers are undergoing neurosurgical procedures with
hypothermia may exhibit FHR bradycardia (9).

Not all FHR bradycardias are pathologic. However, in the absence
of a fetal congenital heart block, the persistence of a fetal heart rate <100
bpm for an extended period of time could constitute an obstetric emer-
gency and require either prompt correction of the precipitating cause or
immediate delivery.

TACHYCARDIA

Fetal tachycardia is defined as a baseline FHR of 160 bpm or greater
and is subclassified as mild (160-180 bpm) and marked (>180 bpm). Most
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commonly, this type of baseline FHR abnormality is associated with
maternal pyrexia or chorioamnionitis (Figure 1). In addition, betamimetic
administration, hyperthyroidism, or fetal cardiac arrhythmias may pro-
duce FHR tachycardia. Although an FHR tachycardia may be a normal
finding and may not require intervention, one cause for fetal tachycardia
is underlying hypoxia, especially in the presence of ominous FHR
patterns, such as diminished FHR variability and severely variable or late
decelerations.

Figure 1.  Baseline fetal heart rate (FHR) tachycardia in a pregnancy complicated by
maternal fever resulting from chorioamnionitis.

FETAL HEART RATE VARIABILITY

Short-term variability is defined as the beat-to-beat variation in the
FHR resulting from the continuous interaction of the parasympathetic
and sympathetic nervous systems on the fetal heart. For clinical purposes,
normal FHR variability may be viewed as a beat-to-beat variation of >5
bpm (Figure 2).

In the absence of narcotic administration (10) or magnesium sulfate
infusion (11), decreased FHR variability may be indicative of fetal com-
promise. For example, Paul and associates (12) have shown that when
normal rather than diminished FHR variability was present in association
with late decelerations of the FHR, the fetal pH was consistently higher. In
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keeping with that observation, Apgar scores are similarly high in those
fetuses who exhibit normal FHR variability. On the other hand, periods of
diminished variability are also seen in healthy fetuses.

Figure 2. Intrapartum FHR tracing demonstrating diminished FHR variability.

SINUSOIDAL FHR PATTERN

A sinusoidal FHR pattern is defined as a regular sine wave varia-
tion of the baseline FHR. This sine wave has a frequency of 3-6 cycles per
minute (13). The degree of oscillation also correlates with fetal outcome
(14). For instance, infants with oscillations of >25 bpm have a significantly
greater perinatal mortality rate than do infants whose oscillations are <25
bpm (67% vs. 1%).

The key to managing the sinusoidal FHR pattern is recognition.
After the pattern is identified, a search for the underlying cause should be
undertaken. One common cause for this FHR abnormality is maternal
narcotic administration, such as alphaprodine or meperidine (15,16).
When observed in association with FHR accelerations, the sinusoidal FHR
pattern is associated with a favorable fetal outcome (16). In the absence of
narcotic administration, the presence of this FHR pattern suggests
asphyxia or fetal anemia.

Fetal anemia is often associated with placental abruption or previa,
fetomaternal hemorrhage, vasa previa, or Rh disease (16). If the sinu-
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soidal FHR pattern is observed in a patient who was involved recently in a
motor vehicle accident, for example, the diagnosis of placental abruption
should be considered. Abruption may also be suggested by ultrasound
demonstration of a retroplacental clot or a positive Kleihaur-Betke test for
fetal red blood cells in the maternal circulation. Finally, as suggested by
Katz and associates (14), sinusoidal FHR pattern in the absence of accelera-
tions may be associated with fetal hypoxemia. Under such circumstances,
either delivery or some form of fetal acid-base assessment should be con-
sidered (17).

PERIODIC CHANGES

FHR decelerations associated with head compression (“early” FHR
decelerations) are benign and are not included in the following discussion.
Instead, the focus is on FHR accelerations, as well as variable and late
decelerations.

ACCELERATIONS

An FHR acceleration is defined as an abrupt increase in the FHR
above baseline, often in relation to uterine activity (Figure 3), fetal body
movement (Figure 4), or fetal breathing movements. Criteria for FHR
accelerations (i.e., a “reactive” tracing) include a rise in the FHR of at least
15 bpm from baseline that lasts at least 15 seconds from the time it leaves
baseline until it returns (18). Whenever spontaneous or induced FHR
accelerations are present, significant fetal metabolic acidosis is absent,
regardless of other ominous features of the FHR tracing (19-23). The non-
stress test (NST) is the primary form of fetal surveillance to assess fetal
well-being, and it has a low probability of fetal compromise (18) or death
(24). This observation persists, irrespective of the method used to generate
the acceleration, whether mechanical (25) or sound stimulation (26,27),
scalp sampling (20), or scalp stimulation (21). In contrast, the fetus with a
nonreactive FHR pattern has significantly greater probability of an adverse
fetal outcome (18), especially if the nonreactivity persists for more than 80
minutes (28).

To assist with immediate assessment of fetal health, acoustic stimu-
lation of the fetus has been introduced (29) and developed into an impor-
tant clinical tool (26). Its application has permitted prompt and immediate
assessment of fetal status (22). A transabdominal vibroacoustic stimulus is
applied with an electronic artificial larynx (EAL), a Model 5C (American
Telephone Telegraph, New York, U.S.A.), or a Corometrics Acoustic
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Stimulator (Wallingford, Connecticut). The EAL emits a fundamental
frequency of 80 hertz (Hz) and a sound pressure level averaging 82 decibels
(dB) at 1 m through air.
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In brief, the clinical approach to fetal assessment with acoustic
stimulation begins with monitoring the baseline FHR for 5 minutes. If
the test is nonreactive, a sound stimulus is applied for 3 seconds or less. If
no response is observed, the stimulus is repeated a maximum of twice
more. In a retrospective investigation, this approach reduced the inci-
dence of nonreactive test results by 50% when compared with historical
controls (29). In addition, testing time was reduced, and the predictive
reliability of a reactive test was unchanged (30). If, after acoustic stimula-
tion, the fetus has a persistent nonreactive pattern, additional assessment
with either the contraction stress test (CST) (31) or the fetal biophysical
profile (FBP) (32) would be appropriate.

Currently, fetuses with persistent nonreactivity are managed with
the FBP (33). The performance of an FBP (see Table 1) requires real-time
ultrasound. Recently, the FBP has been modified to include the four-
quadrant technique developed by Phelan and associates (34) to determine a
normal amniotic fluid volume. Using this approach, the clinician divides
the uterus into four quadrants. The linea nigra divides the uterus into
right and left halves, while the umbilicus divides it into upper and lower
halves. The vertical diameter of the largest pocket in each of these quad-
rants is determined with the transducer perpendicular to the floor. The
summation of these four values provides a single number known as the
amniotic fluid index (AFI). From the prior work of Phelan et al (34,35), an
AFI £ 5.0 cm is considered oligohydramnios. Consequently, if a patient
has an AFI < 5.0 cm, her FBP score for that component will be 0.
Additional components of the FBP include fetal breathing movements,
fetal limb movements, fetal tone, and reactivity on an NST. The patient
receives 0 or 2 points, according to the presence or absence of each
component.

Table 1. Fetal Biophysical Profile Components

Components Normal result Score
Nonstress test (NST) Reactive 2
Fetal breathing movements duration = 1 min 2
Fetal movement 2 3 movements 2
Fetal tone Flexion and extension of limb 2
Amniotic fluid volume Amniotic fluid index > 5.0 cm 2

Maximum score = 10

Components of the fetal biophysical profile (32), including the modification for
determining the amniotic fluid volume using the amniotic fluid index (34,35).
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A fetal biophysical profile (FBP) score of 8 or 10 is considered
normal (Table 1). Patients with a score of 0, 2, or 4 are evaluated for
delivery. Patients with a score of 6 are given a repeat FBP within 12 hours
or are evaluated for delivery (33).

VARIABLE DECELERATIONS

As implied by the name, variable FHR decelerations have a variable
or nonuniform shape and bear no consistent relationship to the uterine
contraction. The decline in rate is rapid and is followed by a quick
recovery. Umbilical cord compression leading to an increased fetal blood
pressure and baroreceptor response is felt to be the most likely etiology.
Umbilical cord compression is more likely to occur in circumstances of an
abnormal cord position, such as nuchal cords, knots prolapse (36), or a
diminished amniotic fluid volume (37). In‘patients whose pregnancies
are complicated by intrauterine growth retardation, as in hypertensive
disease or postdatism, variable decelerations frequently occur because of
diminished amniotic fluid volume (38,39).

Several investigators have attempted to classify variable decel-
erations based on the degree of decline in fetal heart rate. Kubli and
associates (40) have correlated fetal outcome with mild, moderate, or
severe variable decelerations. However, Krebs and associated (41) have
advocated a method of interpretation that relies on the characteristics of
the variable decelerations rather than the amplitude of the deceleration.
These investigators have shown that when atypical variable decelerations
are present, there is a greater likelihood of fetal acidosis. These atypical
features (Figure 5) include: 1) loss of initial and secondary FHR accel-
eration, 2) prolonged acceleration, 3) baseline rate continuation at a level
lower than that preceding the deceleration, 4) a biphasic deceleration, and
5) delayed return of FHR to baseline. The potential for an adverse fetal
outcome associated with one of these types of variable decelerations is
significantly higher. Patients with these FHR patterns have both a three-
fold greater probability of an Apgar score <7 and a lower mean pH than do
patients with “typical” variable decelerations. Consequently, whenever
such an FHR abnormality is present and persists in the absence of reassur-
ing signs, strong consideration should be given to fetal acid-base assess-
ment and/or delivery.
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Figure 5.  Atypical variable FHR decelerations. From Krebs HB, Petres RE, Dunn LH:
Intrapartum fetal heart rate monitoring: VII. Atypical variable decelera-
tions. Am ] Obstet Gynecol 145:305, 1983. Reproduced with permission from CV
Mosby Co., St Louis, MO.

LATE DECELERATIONS

Late decelerations are uniform deceleration patterns with onset at
or beyond the peak of the uterine contraction, the nadir in heart rate 30-60
seconds after the peak of the uterine contraction, and recovery after the
uterine contraction has terminated (Figure 6). The underlying mechan-
ism for the FHR pattern is fetal hypoxia.

In any patient who presents with the FHR pattern, a search for the
underlying etiology is essential. A review of her history may give some
clue as to the basis of this abnormality. For instance, trauma victims with
placental abruption or patients in hypovolemic shock are likely to mani-
fest repetitive late decelerations on the fetal monitor. In addition, patients
with underlying vascular disease resulting from diabetes mellitus, hyper-
tensive disease, or systemic lupus erythematosus may have fetuses that
manifest the FHR pattern. Whenever late decelerations are observed, the
pregnant woman should be positioned on her left side, oxygen should be
administered, intravenous fluids should be increased, and a search should
be made for a correctable underlying cause (e.g., hypotension). If this



98

Figure 6. Late decelerations of the fetal heart during labor.

pattern persists in the absence of good variability or FHR accelerations,
fetal acid-base status should be assessed or delivery effected (42).

Infrequently, the pregnant diabetic may present in diabetic ketoaci-
dosis with repetitive late decelerations (43,44). With correction of the
underlying maternal metabolic abnormality, the FHR abnormality may be
resolved, and intervention is often unnecessary. However, persistence of
this pattern may suggest an underlying fetal diabetic cardiomyopathy (45)
or pre-existing fetal compromise and should lead to some form of fetal
acid-base assessment and/or delivery. The fetus of a mother in sickle-cell
crisis can also exhibit late decelerations. After the sickle-cell crisis has
responded to treatment, this FHR pattern may resolve (46).
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FETAL ACID-BASE ASSESSMENT

The criteria indicating a need for assessing acid-base status are
illustrated in Table 2. The most common indication is the clinically
confusing FHR pattern. This would also include the finding of a
persistent nonreactive FHR pattern (28,47).

Table 2. Indications for fetal acid-base assessment or acoustic scalp stimulation.

Repetitive late decelerations

Absent fetal heart rate (FHR) variability
Repetitive severe variable decelerations
Atypical variable decelerations
Sinusoidal patterns

Persistent nonreactive FHR pattern
Clinically confusion FHR pattern

NG @

Fetal scalp blood sampling is used in about 3% of all pregnancies
(48). The technique was first described by Saling (49), who found that
infants with a pH <7.2 were more likely to be delivered physiologically
depressed. Conversely, a normal fetal outcome was more likely to be
associated with a nonacidotic fetus (pH >7.20) (50).

In many institutions, fetal scalp sampling is technically not feasible
because of the lack of readily available equipment. In addition, many clin-
icians find it cumbersome to use. More importantly, it does require the
cervix to be dilated and the membranes ruptured. In the critically ill
gravida, this is not always technically feasible. Nevertheless, clinical
circumstances may dictate a need to know fetal acid-base status.
Alternative techniques that focus on noninvasive approaches to detect
fetal acidosis have therefore been developed.

An understanding of noninvasive techniques to assess fetal acid-
base status is thus essential in the management of the critically ill obstetric
patient. Clark and associates (20) were the first to show a relationship
between induced FHR accelerations and normal fetal acid-base status. In
that study, the authors reviewed 200 FHR tracings of fetuses who had
undergone fetal scalp blood sampling. Of these, 169 had an FHR accelera-
tion in response to fetal scalp blood sampling. All of the 169 had a scalp
pH >7.20.

The Clark study formed the basis for a prospective investigation of
100 fetuses with FHR tracings that suggested fetal acidosis (21). These 100



100

fetuses underwent scalp stimulation with a finger or an Allis clamp, fol-
lowed by scalp blood sampling. Of the 51 patients who responded with an
FHR acceleration to scalp stimulation, 50 (98%) had a normal scalp pH.
The single fetus whose pH was <7.20 (pH of 7.19) had a normal outcome.
However, in the group that failed to respond with an FHR acceleration, 19
(39%) had evidence of acidosis.

Subsequently, Smith and associates (22) evaluated 64 patients who
had abnormal FHR tracings and were judged candidates for fetal acid-base
assessment. These patients underwent acoustic stimulation of the fetus,
along with acid-base determination. Of these patients, 30 fetuses were
found to be reactive, and all had a pH 27.25. Of those 34 patients who were
nonreactive, 18 (53%) were found to be acidotic. Luz and associates found
similar results in their series on fetal auditory evoked responses (51).

Therefore, as part of the management of the critically ill obstetric
patient with an abnormal FHR pattern, either scalp or acoustic stimulation
of the fetus appears to be a reasonable alternative to scalp blood sampling.

MATERNAL MEDICAL AND SURGICAL CONDITIONS
ANAPHYLAXIS

Anaphylaxis is an acute allergic reaction to food ingestion or drugs.
It is generally associated with rapid onset of pruritus and urticaria and may
result in respiratory distress, vascular collapse, and shock. Medicines
(primarily penicillins), food substances (such as shellfish), exercise, and
contrast dyes are common causes of anaphylaxis (52,53).

When an anaphylactic reaction occurs during pregnancy, the
accompanying maternal physiologic changes may result in fetal distress.
In a case described by Klein and associates (54), a woman at 29 weeks gesta-
tion presented with an acute allergic reaction after eating shellfish. On
admission, she had evidence of regular uterine contractions and repetitive
severe late decelerations. The fetal distress was believed to be the result of
maternal hypotension and relative hypovolemia, which accompanied the
allergic reaction. Prompt treatment of the patient with intravenous fluids
and ephedrine corrected the fetal distress. Subsequently, the patient
delivered a healthy male infant at term with normal Apgar scores.

As suggested by these investigators (54) and by Witter and Niebyl
(55), acute maternal allergic reactions do pose a threat to the fetus.
Treatment directed at the underlying causes should remedy the accompa-
nying fetal distress. Prompt reversal usually will result from the adminis-
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tration of epinephrine and the infusion of intravenous fluids. To give the
fetus a wider margin of safety, the maternal systolic blood pressure should
be maintained above 90 mm Hg. In addition, oxygen should be adminis-
tered to correct the maternal and fetal hypoxia (54,55). Maintenance of
maternal oxygen tension (PO,) in excess of 60 mm Hg is essential to ensure
adequate fetal oxygenation.

ECLAMPSIA

Maternal seizures are a well-known but fortunately infrequent
sequela of preeclampsia. Although the hemodynamic findings of patients
with eclampsia are similar to those with severe preeclampsia (56),
maternal convulsions require prompt attention and treatment to prevent
sequelae to both mother and fetus. During this time, the fetal response
usually is manifested as an abrupt FHR bradycardia (6,57). The theoretical
underpinnings for the observed FHR changes are illustrated in Figure 7.

According to the work of Paul et al (6), maternal convulsions
usually are associated with a sustained uterine contraction. As a result of
the contraction and/or pain, the maternal blood pressure rises suddenly.
Within 5 minutes of the onset of a seizure, an FHR deceleration is
observed. During the seizure, which generally lasts less than 1.5 minutes
(6), transient maternal hypoxia and uterine artery vasospasm occur, and
they combine to produce a decline in uterine blood flow. In response,
spontaneous uterine activity is further increased, resulting in additional
compromise of uteroplacental perfusion. Ultimately, fetal hypoxia
develops and an FHR deceleration ensues.

Such FHR bradycardia has been reported to last up to 9 minutes (6).
Following the seizure and recovery from the FHR bradycardia, a loss of
fetal heart rate variability and a compensatory fetal tachycardia are charac-
teristically seen. Fetal response to the maternal convulsion is quite
variable and largely depends on the condition of the fetus at the time of
the seizure and the severity of the stress.

The cornerstone of patient management during an eclamptic
seizure is to maintain adequate maternal oxygenation and to administer
appropriate anticonvulsants. After a convulsion occurs, an adequate
airway should be maintained and oxygen administered. To optimize
uteroplacental perfusion, the mother is repositioned onto her side.
Anticonvulsant therapy with intravenous magnesium sulfate (58) to pre-
vent seizure recurrence is recommended. In spite of adequate magnesium
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Figure7. Theoretical bases for the observed FHR changes associated with
eclampsia.

sulfate therapy, adjunctive anticonvulsant therapy may be necessary, at
times (6). In addition, intrauterine resuscitation with a betamimetic (59)
or additional magnesium sulfate (60) may be obstetrically necessary for
eclampsia-induced uterine hypertonus.

Continuous electronic fetal monitoring should be used to follow
the fetal condition. After the mother has been stabilized, if the fetus con-
tinues to show signs of distress after a reasonable recovery period, assess-
ment of fetal acid-base status (26) and/or delivery would seem prudent.

DISSEMINATED INTRAVASCULAR COAGULOPATHY

Disseminated intravascular coagulopathy (DIC) occurs in a variety
of obstetrical conditions, such as abruptio placenta, the HELLP syndrome,
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amnijotic fluid embolus, and the dead fetus syndrome. In many instances,
DIC is subclinical only.

In other cases, the DIC may be advanced to a clinical level.
Laboratory abnormalities are then accompanied by clinical evidence of
consumptive coagulopathy. Under the circumstances of fetal distress and
a clinically overt maternal coagulopathy, obstetrical management requires
prompt replacement of deficient coagulation components before attempt-
ing to deliver the distressed fetus. This frequently requires balancing the
interests of the pregnant woman and those of her unborn child.

For example, at 33 weeks of gestation, a 34-year-old patient pre-
sented to the hospital with the FHR tracing illustrated in Figure 8. Real-
time sonography demonstrated asymmetrical intrauterine growth retarda-
tion. Oxygen was administered, the patient was repositioned on her left
side, appropriate laboratory studies were drawn, and informed consent for
a cesarean was obtained. When a Foley catheter was inserted, grossly
bloody urine was observed. The previously drawn blood did not clot, and
she was observed to be bleeding from the site of her intravenous line. The
abnormal FHR pattern persisted.

A clinical decision now had to be made that would protect the well-
being of both the mother and her unborn child. But whose interest
should the obstetrician protect in this instance? Immediate surgical inter-
vention without blood products would lower the mother’s chance of sur-
vival. However, if the clinician were to wait for fresh frozen plasma to
thaw and/or for platelets to be infused before undertaking surgery, s/he
might expose the fetus to a risk of death or brain damage. Ideally, the
mother and/or family should participate in such decisions. In reality,
though, the often unpredictable nature of such dilemmas and the need for
rapid decision making often preclude such family involvement.

In the case illustrated in Figure 8, the decision was made to: 1) place
the woman in the operating room, 2) oxygenate her and maintain her in
the left lateral recumbent position, 3) prepare to operate with an anesthe-
siologist, operating room personnel, and surgeons present, and 4) wait for
blood replacement products. As soon as the blood was available, she was
infused with fresh frozen plasma, platelets, and packed cells, and the
cesarean was begun under general anesthesia. Maternal and fetal
outcomes were ultimately favorable.

In summary, the cornerstone of managing the patient with full-
blown DIC and fetal distress is to correct the maternal clotting abnormality
before initiating surgery. While waiting for the blood products for
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transfusion, the patient should be prepared and ready for immediate
cesarean delivery.

Figure8.  The FHR pattern from a 33-week fetus whose mother was in clinical
disseminated intravascular coagulopathy (DIC).
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CARDIAC SURGERY DURING PREGNANCY

Conservative medical management is the current therapeutic
mainstay for the pregnant patient with cardiac disease. With the appro-
priate use of diet, bed rest, prophylactic antibiotics, and cardiovascular
drugs, the course of pregnancy in the majority of women is successful.
However, when these conservative measures fail, cardiac surgery is an
acceptable alternative. A decision in favor of surgical intervention
requires an appropriate balancing of the risks and potential complications
for the pregnant woman and her fetus. If surgery is undertaken, a team
approach, including cardiologist, cardiovascular surgeon, and obstetrician
is required (61).

With the recent advances in medical and surgical management of
cardiovascular disease, the risk of cardiac surgery to the pregnant woman
probably is not increased over that of her nonpregnant counterpart.
Paralleling the decline in maternal morbidity and mortality has been a
67% drop in perinatal mortality since 1969 (61). One of the major reasons
for the improved fetal outcome has been the use of continuous electronic
fetal monitoring during bypass surgery (8). This approach permits the sur-
gical team to continuously monitor fetal condition throughout the surgery
and to promptly identify and treat any evident fetal distress (8,62-64).

During bypass surgery, fetal bradycardia, followed by a compensatory
tachycardia, is the rule. The theoretical basis for the FHR changes has been
suggested to be diminished uteroplacental perfusion. This decline in per-
fusion is thought to be the result of a lack of pulsatile flow, the opening of
uterine arteriovenous shunts, uterine artery spasm, or insufficient flow
rates (8,62,65). It appears that there is a direct relationship between flow
rates and the FHR (8,62). Intraoperative correction of fetal bradycardia has
been achieved simply by increasing flow rates. In instances where the fetal
bradycardia has persisted, repositioning the mother to relieve possible
compression of the umbilical cord or the inferior vena cava has been sug-
gested (63). If these measures fail and the surgery is to be prolonged,
cesarean delivery may be required (66).

Spontaneous uterine activity is increased during and immediately
following bypass surgery. Suppression of uterine activity, in the absence of
fetal distress, has been suggested during these perioperative periods (62,63).

In summary, to optimize fetal outcome during maternal cardiovas-
cular surgery, continuous electronic fetal monitoring should be used.
High-flow, high-pressure, normothermic perfusion appears to be ideal for
the fetus. To minimize the risk of diminished uteroplacental perfusion,
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one should: 1) avoid vasopressors, 2) promptly correct maternal
hemorrhage with whole blood or component replacement, 3) increase
maternal oxygenation, and 4) infuse glucose to replenish fetal glycogen
(63).

MATERNAL BRAIN DEATH

With the advent of artificial life support systems, prolonged viabil-
ity of the brain-dead pregnant woman is now a reality (67). Consequently,
an increasing number of obstetrical patients on artificial life support will
be encountered in the medical community. Maternal brain death poses an
array of medical, legal, and ethical dilemmas for the obstetrical health care
provider (68-70). For instance, should extraordinary care for the brain-
dead mother be initiated to preserve the life of her unborn child, and if so,
at what gestational age? If artificial life support is elected, how should the
pregnancy be managed? When should the fetus be delivered? When
should maternal life support be terminated? Is consent required to main-
tain the pregnancy? If so, from whom should it be obtained? These
questions illustrate the complexities of such cases.

It is not within the scope of this chapter to deal with the ethical,
moral, and legal issues related to obstetric care of the brain-dead gravida.
Rather, the emphasis is on the clinical management of these patients
when a decision has been made and consent has been obtained to main-
tain artificial life support of the brain-dead gravida for the benefit of her
unborn child.

To date, three cases of maternal brain death during pregnancy have
been reported (Table 3). In one, life support was terminated after a discus-
sion between the patient’s physician and family at 19 weeks gestation.
However, in the other cases, the pregnancies were maintained for 1 and 9
weeks, respectively (67,70). Infants were delivered by classical cesarean and
ultimately had favorable outcomes. For optimal care of such patients and
fetuses, a cooperative team of skilled health-care providers is medically
necessary. The goal is to maintain maternal somatic survival until fetal
viability. To achieve this goal, a number of maternal and fetal considera-
tions are essential (Table 4).
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Table 3. Perinatal outcome in reported cases of maternal brain death during

pregnancy.
Gestational age
(weeks)
Brain elivery Indica_tion for Mo‘de of Ac,:) (E:sr Weight
death delivery delivery (5 min) (g)
Dillon (67)
Casel 25 36 Fetal distress Cesarean 8 930
Casell 18 Life support terminated at 19 weeks
Field (70) 22 31 Growth Cesarean 8 1440
retardation
septicemia

Table 4. Medical and obstetrical considerations in providing artificial life support
to the brain-dead gravida (70).

Maternal Considerations
Mechanical ventilation
Cardiovascular support
Temperature liability
Hyperalimentation
Panhypopituitarism
Infection surveillance

Prophylactic anticoagulation

Fetal Considerations
Fetal surveillance
Ultrasonography

Steroids
Timing of Delivery

As pointed out by Field and associates (70), maternal medical con-
siderations involve the regulation of most, if not all, maternal bodily
functions. For example, the loss of the pneumotaxic center in the pons
that is responsible for cyclic respirations and the medullary center respon-
sible for spontaneous respirations makes mechanical ventilation manda-
tory. Ventilation, under these circumstances, is similar to that of
nonpregnant patients. In contrast to the nonpregnant patient, however,
the maternal partial pressure of carbon dioxide (pCO,) should be kept
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between 28 and 32 mm Hg and the maternal partial pressure of oxygen
(PO,) should be >60 mm Hg to avoid deleterious effects on uteroplacental
perfusion. In selected cases, such as the development of adult respiratory
distress syndrome, the use of positive end-expiratory pressure (PEEP) also
may be necessary.

Maternal hypotension occurs frequently in these patients and is
believed to be due to a combination of factors, such as hypothermia
myocardial hypoxia, and panhypopituitarism. Maintenance of maternal
blood pressure can be achieved with the infusion of low-dose dopamine
and careful central hemodynamic monitoring. Dopamine is effective

4

because it causes vasoconstriction of skeletal muscles and, as a result, ele-
vates the blood pressure without affecting renal or splanchnic blood flow.

With maternal brain death, the thermoregulatory center located in
the hypothalamus does not function, and maternal body temperature
cannot be normally maintained. As a rule, hypothermia results.
Maintenance of maternal euthermia is important and can usually be
accomplished through the use of warming blankets and the administra-
tion of warm, inspired, humidified air.

Maternal pyrexia suggests an infectious process and the need for a
thorough septic workup. If the maternal temperature remains elevated
for a protracted period of time, cooling blankets will be necessary to avoid
deleterious effects on the fetus (71).

Nutritional support, usually in the form of enteral or parenteral
hyperalimentation, is required for maternal maintenance and fetal growth
and development. Because of poor gastric motility, parenteral rather than
enteral hyperalimentation is preferred (70). The use of hyperalimentation
during pregnancy does not appear to have deleterious effects on the fetus
(72). As a rule, the amount of hyperalimentation should be in keeping
with the caloric requirements of pregnancy.

In such patients, panhypopituitarism frequently occurs. As a result,
a variety of hypoendocrinopathies, such as diabetes insipidus, secondary
adrenal insufficiency, and hypothyroidism, may develop, each mandating
therapy in order to maintain the pregnancy. Treatment of these condi-
tions requires the use of vasopressin, corticosteroids, and thyroid
replacement, respectively.

Brain-dead gravidas are also at an increased risk of thrombo-
embolism because, first, pregnancy is a hypercoagulable state, and second,
these women are confined to bed and are immobile. Therefore, to
minimize the potential for a deep venous thrombosis or pulmonary
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embolus, heparin prophylaxis (5000 units twice a day) and support
stockings would appear prudent (70).

By artificially supporting the maternal system, the intrauterine
environment can be maintained to allow for adequate fetal growth and
development (Table 4). To optimize fetal outcome, obstetrical manage-
ment should focus on monitoring fetal growth with serial ultrasonogra-
phy, antepartum FHR assessment, and, at times, the administration of cor-
ticosteroids to enhance fetal lung maturation (70). For stimulation of fetal
lung maturity, betamethasone (12 mg) is recommended twice on the first
day, at 12-hour intervals. Subsequently, weekly injections of 12 mg are
recommended between 28 and 32 weeks.

The timing of delivery is based on either the deterioration of
maternal or fetal status, or the presence of fetal lung maturity. If any of
these events arises, maternal fraction of inspired air (FiO,) should be
increased to 100% (70). Classical cesarean is the procedure of choice (70)
and is the least traumatic procedure to the fetus (73). To ensure immedi-
ate cesarean capability, a cesarean pack and neonatal resuscitation
equipment should be immediately available.

In summary, maternal brain death during pregnancy does occur.
With careful clinical management of these complicated patients, as
outlined by Field and associates (70), a favorable fetal outcome can often be
achieved.

PERIMORTEM CESAREAN DELIVERY

For centuries, post-mortem cesarean delivery has been recognized
as an attempt to preserve the life of the unborn child (74). In 237 BC, Pliny
and Elder described the first successful post-mortem cesarean delivery—of
Scipio Africanus. Subsequently, in 1280, the Catholic Church at the
Council of Cologne decreed that post-mortem cesarean delivery must be
performed to permit the unborn child to be baptized and undergo a proper
burial. Failure to perform the delivery was considered a punishable
offense. This law mandated post-mortem cesarean delivery only in
women whose pregnancies were advanced beyond 6 months. To date,
there have been 269 cases of post-mortem cesarean delivery reported in
the English literature, with 188 (70%) surviving infants (75).

Since Weber’'s monumental review of the subject in 1971 (74), the
causes of maternal death leading to a post-mortem cesarean delivery have
not changed substantially (76). These include hypertension, hemorrhage,
and sepsis. With unanticipated or sudden death, such as amniotic fluid
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embolus syndrome, pulmonary embolus, or acute respiratory failure, the
timing of cesarean delivery is a critical issue.

If a pregnant woman does sustain a cardiopulmonary arrest,
cardiopulmonary resuscitation (CPR) should be initiated immediately.
Optimal performance CPR results in a cardiac output of 30-40% of normal
in the nonpregnant patient. For best efficiency, the patient should be
placed in the supine position. However, in this position, dextrorotation of
the uterus may impede venous return and may further reduce maternal
cardiac output. Consequently, placental perfusion may become severely
compromised. Manual uterine displacement may help to remedy this
problem.

If maternal and fetal outcomes area to be optimized, the timing of
the cesarean delivery is critical. Katz and associates (76) have suggested
that, “cesarean delivery should be begun within 4 minutes, and the baby
delivered within 5 minutes of maternal cardiac arrest,” to optimize
maternal and fetal outcomes. According to the authors, delivery within
this tie interval permits restoration of maternal cardiac output and the
greatest possibility of maternal and fetal survival. Moreover, care must be
taken to continue maternal CPR, not only until the birth of the fetus but
also after the delivery. On occasion, a woman has been resuscitated and
has lived postcesarean.

As demonstrated in Table 5, fetal survival is linked closely to the
interval between maternal arrest and delivery. For optimal fetal results,
delivery should be accomplished within 5 minutes of the maternal death,
and the fetus should be resuscitated promptly. Although the probability of
a surviving, normal infant diminishes the longer the time interval from
maternal death, the potential exists for a favorable fetal outcome at more
than 20 minutes from maternal cardiac arrest.

Table 5. Perimortem cesarean delivery with the outcome of surviving infants from the
time of maternal death until delivery (75).

Time interval Surviving Normal (%)
(min) infants (no)
0-5 42 100%
6-10 8 88%
11-15 7 86%
16-20 1 0%
21+ 3 33%
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While the timing of cesarean delivery is a major determinant of
subsequent fetal outcome, the gestational age of the fetus is also an impor-
tant consideration, the probability of survival being related directly to the
neonatal birth weight or gestational age (Table 6) (77).

Table 6. Neonatal birth weight and subsequent outcome (77).

Birth weight (¢) Number Surviving infants %
< 500 27 0 0
501-750 47 20 43
751-1000 49 32 65
1001-1250 49 43 88
1251-1500 79 73 92

At what gestational age should a post-mortem cesarean delivery be
considered? Is there a lower limit? It becomes immediately obvious that
there are no clear answers to these questions. As a generat rule, interven-
tion appears prudent whenever the fetus is potentially viable or is, accord-
ing to Roe v. Wade, “capable of a meaningful existence outside the
mother’s womb” (78). Therefore, criteria for intervention need to be
established and can be formulated with the aid of the institution’s current
neonatal survival statistics and guidance from its bioethics committee. In
light of the continual technological advances in neonatology, care must be
taken to periodically review these criteria, because the gestational age and
weight criteria may be lowered in the future.

Maternal death is not always an unforeseeable event. For instance,
patients hospitalized with terminal cancer, Class IV cardiac disease,
pulmonary hypertension, or previous myocardial infarction are at an
increased risk of death during pregnancy. Although these cases are
infrequent, it seems reasonable to prepare for such an eventuality. One
option is to have a cesarean delivery pack and neonatal resuscitation
equipment immediately available.

Is informed consent necessary? In the unforeseeable, sudden,
unexpected maternal death, consent to deliver the potentially viable fetus
does not appear to be required (76). However, when maternal death is
foreseeable, maternal consent for cesarean delivery in the event of death
would appear reasonable.
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DOES EPIDURAL ANALGESIA PROLONG LABOR AND
INCREASE THE INCIDENCE OF INSTRUMENTAL
OR OPERATIVE DELIVERY?

M. Finster

The potential effects of epidural analgesia on the progress of labor
and the incidence of operative or instrumental delivery has been a subject
of lasting controversy, particularly between obstetricians and anesthesiolo-
gists. This controversy is difficult to resolve, since it is almost impossible
to devise fully randomized, prospective studies comparing different
modes of pain relief during the first stage of labor. There is no lack of
retrospective reviews. Most of them indicate that epidural analgesia is
associated with longer labors and/or an increased incidence of forceps
delivery or cesarean section (1-7). Similar results were reported in a few
nonrandomized prospective studies (8-11), particularly when epidural
analgesia was started as early as in the latent phase of labor (9). Most
authors tend to see a causal relationship even though, without random-
ization, selection bias cannot be ruled out. Women having a painful and
protracted labor (malpresentation, dystocia) are more likely to request
epidural analgesia than the less affected “controls.” The same patients are
also more likely to require an operative or instrumental delivery.
Further, obstetricians are more prone to shorten the second stage of labor
with the use of forceps or vacuum extractor when epidural analgesia is
present. There are several reports indicating that epidural analgesia has
no adverse effects on the progress of labor or the woman's ability to
deliver vaginally (12-17). Particularly instructive among them are the
studies showing that introduction of an “on demand” epidural service did
not increase the primary cesarean section rate (14-17).

Uterine activity usually has significant effect on the progress of
labor. Early studies showed that induction of caudal or lumbar epidural
analgesia resulted in a transient decrease in uterine contractility, lasting
10-30 minutes (18-22). In some of these reports, this was attributed to the
addition of epinephrine to the local anesthetic solution (20,22). Inter-

estingly, the rate of cervical dilation was not affected by the temporary
17
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decrease in uterine activity (18,20). In another study, uterine activity was
not altered by induction of epidural analgesia as long as the supine posi-
tion was avoided (23)—thus preventing aortocaval compression, which is
known to reduce uterine contractility (24). Administration of epidural
analgesia may also lead to an increase in uterine activity, particularly an
elevation of basal tone, and prolonged decelerations of the fetal heart (25).

The most recent investigations have centered on the effects of
epidural analgesia on the duration of the second stage of labor and the
incidence of instrumental delivery. These were conducted in a prospec-
tive, randomized way, since it is not considered unethical to discontinue
the analgesia once the uterine cervix has reached full dilatation and the
mother is encouraged to “bear down.” With the use of bupivacaine 0.25%,
given by intermittent “top-up” injections, maintenance of epidural anal-
gesia throughout labor did not prolong the second stage or increase the
forceps delivery rate by comparison with patients in whom “top-up” injec-
tions were withheld during the second stage of labor (26). Similar results
were obtained with a continuous epidural infusion of 0.75% of lidocaine
(27). The duration of the second stage of labor and the frequency of opera-
tive delivery were similar in women receiving lidocaine throughout labor
and in those having normal saline substituted for the local anesthetic after
the uterine cervix reached 8 cm dilatation. In contrast, a study by Chestnut
et al involving continuous infusion of bupivacaine, 0.125%, to nulli-
parous women showed that maintaining epidural analgesia beyond 8 cm
cervical dilatation resulted in a prolongation of the second stage of labor
(124 + 70 min, vs. 94 * 54 min in the saline group) and an increased fre-
quency of instrumental delivery (53% vs. 28%) (28). Later on, Chestnut
and another group of investigators reported that with the continuous
epidural infusion of 0.0625% bupivacaine, with 0.0002% fentanyl, mainte-
nance of analgesia beyond cervical dilatation of 8 cm had no effect on the
duration of the second stage of labor or the incidence of instrumental
delivery (29). Thus reducing the concentration of bupivacaine, made pos-
sible by the addition of fentanyl, had a salutory effect on the woman's abil-
ity to achieve spontaneous vaginal delivery. With intermittent epidural
injections of bupivacaine 0.125%, the addition of sufentanil 10-30 pug sig-
nificantly reduced the incidence of instrumental deliveries (from 36% to
24%) (30). The authors attributed this to the prolongation of the block and
reduced local anesthetic requirement with the addition of sufentanil.

The only study in which the effects of premature rupture of mem-
branes (PROM) on the incidence of dystocia and instrumental delivery
were evaluated showed that these complications were more frequent
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among nulliparous women with PROM than among those in whom con-
tractions preceded ROM (31). This was independent of the choice of anal-
gesia used during labor, and the authors concluded that any study which
aims to examine the effect of epidural analgesia on the outcome of labor
should include the PROM as a bias factor.

Very recently published papers indicate that some researchers were
able to conduct prospective, randomized studies comparing the effects of
epidural conduction blockade with systemic narcotic analgesia (32,33).
Analgesia was begun at cervical dilatation of approximately 4 cm. The
results of one study are startling. In the epidural group, the incidence of
cesarean section for fetal distress was as high as 8.3% and for dystocia 16.7%
(32). The corresponding values in the narcotic group were nil and 2.2%.
The high incidence of fetal distress in the epidural group contradicts the
results obtained in the other study in which fetal heart rate patterns were
examined in parturients randomized to receive epidural bupivacaine or
intravenous nalbuphine (33). There were no differences between groups
in baseline fetal heart rate, long-term variability, or frequency of variable
decelerations. No patient had late decelerations.

In summary, the available data indicate that the effects of epidural
analgesia may vary, depending on the timing and extent of the block, the
position of the patient, the choice and concentration of local anesthetic,
and the addition of epinephrine or an opioid. Finally, premature rupture
of membranes may be the most important factor affecting the progress of
labor.
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ANESTHESIA FOR THE INNER-CITY PARTURIENT

D. ]. Birnbach

The “inner-city parturient” can present many challenges to the
obstetric anesthesiologist. The unusual and clinically challenging situa-
tions that may arise in this patient population may be due to drug abuse,
an unstable home environment, poor diet, failure to receive medical
treatment during pregnancy, or the presence of untreated co-existing
disease. The patient at greatest risk is the unregistered patient—that is, the
obstetric patient in labor who arrives at Labor and Delivery never having
seen an obstetrician or midwife. Table 1 summarizes some of the prob-
lems that can be seen in the unregistered obstetric patient.

Table 1. Problems seen in the unregistered parturient.

Preterm labor

Fetal distress

Abruptio placenta
Preeclampsia/eclampsia

Drug abuse

Hepatitis

Sexually transmitted disease
AIDS

Poor interaction with medical staff

Of all these problems, the use of illicit drugs presents the biggest
challenge to the anesthesiologist. An example would be the patient admit-
ted for a stat cesarean section at 30 weeks gestation in preterm labor with
fetal bradycardia, massive bleeding due to an abruptio placenta, hyperten-
sion, and cardiac arrhythmias due to recent cocaine use.

DRUG ABUSE

The use of illicit drugs has become endemic in our society (1). Asa

result, anesthesiologists working on Labor and Delivery are now seeing a
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dramatic increase in the number of patients using illicit drugs. Although
drug abuse is a major problem in large inner-city hospitals, it is being seen
in all classes of patients and hospitals. Drug abuse in pregnancy involves a
wide range of substances and clinical presentations. Although there is a
strong association between lack of prenatal care and drug abuse (2), identi-
fication of the drug abusing patient is a difficult problem. Patients in
whom the anesthesiologist should suspect drug abuse include women
who: are unregistered at the time of delivery (no prenatal care), exhibit in-
trauterine growth retardation, exhibit abruptio placenta, or deliver a
depressed neonate.

Most pregnant drug abusers deny drug abuse (3) even when con-
fronted with positive toxicology results. Abuse of multiple drugs is the
rule rather than the exception. At St. Luke’s-Roosevelt Hospital Center in
New York City, more than 50% of our unregistered patients have positive
toxicology screens, and more than 75% of these patients deny illicit drug
use. Use of these drugs may precipitate life-threatening problems (4).
These problems, and the anesthetic and obstetric implications of maternal
drug abuse, will be discussed.

COCAINE

Cocaine use has now reached epidemic proportions, with more
than 30 million Americans having tried cocaine at least once (5). The
prevalence of cocaine use in the obstetric population is also increasing,
and anesthesiologists, like obstetricians and pediatricians, are now being
affected by the abuse of this potentially lethal drug. Positive cocaine toxi-
cology testing has been reported across the United States, crossing geo-
graphic, socioeconomic, and cultural boundaries. Because a majority of
cocaine-abusing pregnant patients deny drug abuse, the exact extent of
perinatal cocaine use is unknown. It has been estimated, however, that
greater than 50% of high-risk women cared for at urban teaching hospitals
may be using cocaine during their pregnancies (6). Although patients who
do not receive prenatal care tend to have the highest rates of cocaine use,
registered private patients at suburban hospitals have also been found to
be cocaine positive (7,8).

Perinatal cocaine abuse has been linked to many maternal and
neonatal complications that may have a profound effect on the patient’s
response to the administration of anesthesia. The use of cocaine is
associated with high morbidity and mortality, especially when the patient
is undergoing anesthesia. There is now adequate animal and human data
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to demonstrate that cocaine use in pregnancy is dangerous to both mother
and fetus (9). This danger is exaggerated by the misconception on the part
of some patients that cocaine does not cross the placenta and is, therefore,
a safe way to achieve a faster and easier childbirth. It has been shown that
cocaine causes profound vasoconstriction, which may, in turn, cause
profound alterations to uteroplacental blood flow, and eventually cause
uteroplacental insufficiency and “fetal distress.”

One of the most difficult aspects of medical care for the cocaine-
abusing parturient is recognition of her cocaine abuse. A majority of
cocaine abusers deny drug use when interviewed by their physicians (6).
Physical examination may lead to the suspicion of cocaine abuse when
there is unexpected hypertension and tachycardia, but the differential
between recent cocaine use and preeclampsia may be difficult (see Table 2).

Table 2. Signs and symptoms of cocaine abuse.

Hypertension Tremors
Tachycardia Hyperpyrexia
Convulsions Metabolic acidosis
Hyperreflexia Emotional lability

Lack of prenatal care and cigarette smoking have been shown to be of
predictive value in recognition of the cocaine abuser (2). Despite a
thorough history and physical exam, however, most often the diagnosis of
cocaine abuse can only be made via urine toxicology testing. Current
laboratory screening methods for cocaine metabolites include gas
chromatography, mass spectrometry, and radioimmunoassay. The
difficulty with some of these lab tests is the lag time between sending the
sample and getting the results. A new instant latex agglutination test for
cocaine metabolites (OnTrak Assay®, Roche Diagnostics, Branchburg, NJ)
can provide an accurate result within 4 minutes (6). The controversy
continues over whether it is reasonable, ethical, or legal to test all or some
patients for cocaine use. The best alternatives in today’s litigious society
include developing a protocol that is approved by the hospital’s legal
department, testing all patients (so that a patient cannot claim
discrimination), and asking the patient for consent.

Cocaine abusers may have a higher incidence of cesarean section for
fetal jeopardy than non-abusing patients. Anesthesiologists often meet
these patients in an emergency setting while the obstetrician is waiting to
begin a stat cesarean section. The choice of anesthetic is occasionally
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dictated by the hemodynamic sequelae of cocaine, such as the commonly
seen scenario of abruptio placenta with massive hemorrhage after cocaine
use. Even the strongest supporters of regional anesthesia will select a
general endotracheal anesthetic for the hypotensive, hypovolemic
parturient. ~ However, in the more controlled situation, the
anesthesiologist will have to choose regional vs. general anesthesia based
on a comparison of risks and benefits for the individual patient. Epidural
or spinal anesthesia, unless contraindicated, is always my first choice
when anesthetizing the cocaine-positive patient. Recently presented data
on life-threatening events under anesthesia in the cocaine-abusing
parturient showed that life-threatening events during cesarean section
were far more common with general anesthesia than with regional
anesthesia (4). The most frequently encountered problems in patients
under general anesthesia were severe hypertension and arrhythmias.
Since severe hypertension after laryngoscopy may be expected in these
patients, I treat cocaine-induced hypertension prior to initiation of a
general anesthetic, in the hopes of avoiding this exaggerated response to
laryngoscopy. Propranolol is relatively contraindicated in the cocaine-
abusing patient, since beta blockade may cause unopposed alpha
adrenergic stimulation and, therefore, worsen the hypertension (10).
Labetalol, however, is very effective in treating the hypertension
associated with acute cocaine intoxication (11).

The use of regional anesthesia in the cocaine-abusing parturient is
also associated with risks. Thrombocytopenia has been associated with
cocaine abuse; therefore, these patients may be at risk of developing an
epidural hematoma. Profound hypotension may occur, due to a sympa-
thectomy in an intravascularly depleted patient with abnormal compen-
satory mechanisms. The response to pressor agents is unpredictable.
Ephedrine may not be an effective treatment in the cocaine abuser. These
patients may have emotional lability and may, therefore, be
uncooperative.

Myocardial ischemia is a common manifestation of cocaine intoxi-
cation, and the anesthesiologist should be prepared to treat the complica-
tions. Table 3 reviews the therapy for cocaine intoxication.

AMPHETAMINES

Amphetamines are still commonly abused drugs, especially in com-
bination with other illicit drugs, such as opioids and cocaine. Acute
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Table 3. Therapy for cocaine intoxication.

Symptom Therapy
Hypertension/tachycardia Labetalol
Convulsions Benzodiazepines/secure airway
Tremors Benzodiazepines
Anginal syndromes
with hypertension Labetalol
with EKG changes Nitroglycerin

ingestion of amphetamines causes a release of catecholamines from
adrenergic nerve terminals. Like cocaine, amphetamines inhibit the re-
uptake of catecholamines. Signs and symptoms include hypertension,
tachycardia, arrhythmias, tremors, hyperreflexia, fever, pulmonary edema,
and confusion (12). Hypertension may occur after only small doses of
amphetamine and has been reported as causing cerebral hemorrhage and
stroke. The combination of hypertension, convulsions, and proteinuria
resulting from ingestion of amphetamines by a pregnant patient has been
mistaken for eclampsia (13). Acute amphetamine intoxication has also
been reported as increasing ICP (14).

ALCOHOL

The alcoholic parturient poses many problems to the anesthesiolo-
gist. During the preoperative evaluation, a history of the quantity and
type of alcohol consumed, the duration of abuse, the time of last consump-
tion, and the use of other drugs should be elicited by the anesthesiologist.
The medical history and review of symptoms should include the neuro-
logic, cardiac, hepatic, and hematologic systems. If the patient appears
intoxicated, a blood alcohol level should be obtained. Table 4 reviews
some of the anesthetic implications of alcohol abuse.

NARCOTICS

Problems associated with opioid abuse include AIDS, hepatitis,
endocarditis, pulmonary emboli, pulmonary edema, anemia, renal
disease, cardiac arrhythmias, electrocardiographic abnormalities, and
hemodynamic instability (15 ). A report has also described spinal/epidural
abscess and disc infection in these patients (16,17).
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Table 4. Symptoms and anesthetic implications of alcohol abuse.

Symptom Anesthetic Implication

Peripheral neuropathy Thorough neurologic evaluation prior to
initiation of a regional anesthetic

Cardiomyopathy Avoid cardiodepressant anesthetics

Increased gastric acid Administer antacids/H-2 blockers, rapid
sequence intubation

Coagulation defects Regional anesthesia relatively contraindicated

Esophageal varices Caution with nasogastric tubes /esophageal
stethoscopes

Decreased albumin N-M blockade abnormalities

Cirrhosis Avoid halothane

The anesthetic of choice at this institution for the narcotic-abusing
patient is regional anesthesia, thus avoiding the administration of
narcotics. If the patient is actively addicted, a maintenance program is
arranged, in order to prevent acute withdrawal. If the patient is no longer
abusing narcotics, an effort is made to anesthetize the patient without
their use. Unfortunately, regional anesthesia may be contraindicated in
some opioid-abusing patients, due to coagulopathy, neuropathy, and infec-
tion. The use of pure antagonist or mixed agonist-antagonist drugs must
be avoided in these patients, as it may cause acute withdrawal (18). The
use of epidurally administered agonist-antagonist agents is also contra-
indicated because of the potential for precipitating acute withdrawal (19).

AIDS

According to the Centers for Disease Control, as of 1992, more than
250,000 cases of AIDS had been reported, with more than 170,000 deaths
(20). AIDS is now one of the leading causes of death among women of
reproductive age and is the leading case of death among black women of
reproductive age in New York (21). It is, therefore, no longer unusual to
be asked to provide anesthesia care for the HIV-infected parturient. AIDS,
which can be considered as the final stage of the continuum that begins
with HIV infection, may take many years to develop. It is thought that the
vast majority of seropositive patients will develop AIDS within 10-15
years of infection. HIV infection can affect almost all organ systems,
including the pulmonary, cardiac, hematologic, and nervous systems.
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Anesthetic implications of HIV infection are outlined in Table 5. There is
no evidence that regional anesthesia predisposes the HIV patient to any
further neurologic deterioration. Although many HIV-positive patients
have some neurologic symptoms, there appears to be no correlation of
spinal and epidural anesthesia to new symptoms or acute central nervous
system infection (22). Since most HIV seropositive patients have HIV in
the cerebrospinal fluid, this is not considered to be a risk of regional anes-
thesia. The treatment of postdural puncture headache with autologous
epidural blood patch is also unlikely to produce new disease. A study of
HIV-positive patients receiving epidural blood patch showed no evidence
of worsening neurologic status (23).

Table 5. Anesthetic implications of HIV infection.

¢ Pulmonary disease may cause decreased functional residual
capacity.

¢ Tonsillar and adenoidal hypertrophy may make endotracheal
intubation more difficult.

¢ Cerebral toxoplasmosis may cause increased intracranial
pressure.

¢ Cardiac manifestations, including cardiomyopathy, may
predispose to arrhythmias.

¢ Coagulation disorders may occur and may contraindicate
regional anesthesia.

¢ Neurologic disorders, including neuropathies, meningitis,
encephalitis, and dementia, may have an impact on the
anesthetic.

THE TEENAGE PARTURIENT

The pregnant teenager in labor may present with problems related
both to her medical care and to interaction with Labor and Delivery staff.
Problems may include drug abuse, sexually transmitted disease, inability to
handle the pain of parturition, hostile behavior of the birthing partner,
and the possibility that pregnancy was the result of child abuse.
Psychologic problems with pregnant teenagers may be decreased by careful
support that is neither condescending nor frightening. Regional anes-
thesia, although advantageous, will require great patience and support—
especially for cesarean section when a young parturient can misinterpret
pressure feelings and complain of a failed block. If general anesthesia



130

becomes necessary, the anesthesiologist should use a small endotracheal
tube (e.g., 5-7 mm, depending on age and size of patient). Consent for pro-
cedures, including epidural analgesia for labor, varies from state to state.
In many states, even if the parturient is less than 18, she is considered
emancipated and may give valid consent.
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ASPIRATION: ETIOLOGY, PREVENTION, AND TREATMENT

C. P. Gibbs
INCIDENCE

A reliable incidence of aspiration during or surrounding the time of
general anesthesia is difficult to determine because not all cases are
diagnosed, and those that are diagnosed are often not reported. Olsson
and colleagues’ report of 185,000 anesthetics (1) found 83 cases of aspiration
allowing for an estimated incidence of 4.7 in 10,000 anesthetics, or 1 in
2,131 anesthetics. The incidence at the time of cesarean section was 1:661—
an almost fourfold increase over the general population. More recently,
Warner and colleagues (2) reviewed 215,488 general anesthetics and
reported aspiration to have an incidence of 1 in 3,216 anesthetics. For
emergency operations, the incidence was 1 in 895 anesthetics. Many
cesarean sections are done as emergency operations.

MORTALITY AND MORBIDITY

Mortality after aspiration of stomach contents ranges from 3% to
70% (3-8). Five percent and 4.6% are the most recent figures and may be
the most reliable (1,2). The difference in mortality rates is at least in part
due to the different types of material aspirated and the therapy used, both
of which will be discussed in later sections of this chapter. Also, comorbid
disease seems to play an important role (2).

Morbidity is more difficult to define but consists of a multitude of
serious complications, ranging from simple bronchospasm and mild
hypoxia to pneumonitis and lung abscess, to myocardial infarction and
renal failure secondary to severe hypoxemia (9-11). Olsson et al (1)
reported that 17% of patients who aspirated required mechanical ventila-
tion, and an additional 15% required a prolonged hospital stay. Warner et
al (2) reported that 19% of patients who aspirated required mechanical

ventilation.
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ASPIRATION AND PREGNANCY

As identified above, aspiration occurs more commonly in pregnant
patients than in the general operating room population. Aspiration in
pregnant patients is most likely to occur during a difficult intubation (12).
Failed and difficult intubations also occur more commonly in pregnant
patients than in the general operating room population (13). Thus the
pregnant patient is at considerably more risk than others receiving general
anesthesia. Why? Reasons can be divided into two categories: 1) those
that are intrinsic to pregnancy, and 2) those that are jatrogenic.

The enlarged uterus increases intra-abdominal pressure and thus
intragastric pressure (14). However, the enlarged uterus is not necessary to
produce the increased pressure, as the pressure is already elevated during
the first trimester before the uterus rises out of the pelvis (15). The pro-
duction of gastrin, the hormone that increases both acidity and volume of
gastric contents, is increased during pregnancy, particularly in the placenta,
which is probably the site of production (16). Motilin, a hormone that
speeds gastric emptying, is depressed during pregnancy (17). Gastric emp-
tying is delayed during labor, and, although the point is somewhat con-
troversial, emptying time may also be delayed throughout pregnancy
(18,19). A recent study by Simpson and colleagues provides evidence that
emptying time is delayed in the mid-trimester (20). Some have suggested
that the gastroesophageal angle is distorted by the encroaching uterus,
making it less competent and perhaps explaining the high incidence of
heartburn in pregnancy (21,22). Although some have indicated that lower
esophageal sphincter pressures are lower, sphincter pressures are actually
normal during pregnancy, and the barrier pressure between the stomach
and the esophagus is the same as in nonpregnant patients, except for those
patients exhibiting heartburn (23-25).

latrogenic factors that increase the risk of pulmonary aspiration in
the pregnant patient include the use of narcotics and sedatives during
labor. These agents retard gastric emptying even more than the delay
caused by labor (19). The lithotomy position increases intragastric pressure
(14), as does pushing on the uterus to aid delivery of the infant at the time
of vaginal delivery. In this latter instance, if general anesthesia were elec-
tively used without an endotracheal tube, the stage would be set for an
indefensible disaster.
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THE PATIENT

Any discussion of aspiration requires a discussion of the term “at
risk.” A patient is said to be “at risk” when there is more than 25 ml of
gastric contents and the pH is less than 2.5 (5,26,27). Whereas considerable
support exists regarding the significance of the pH value (27,28), there is
none to validate the volume value of 25 ml. Most authors and investiga-
tors now believe that the pH is the more critical determinant for degree of
lung injury (29-32). However, because the 25-ml value is so well
entrenched in the literature and continues to be requoted despite newer
data to the contrary, “at risk” to many clinicians will continue to mean pH
less than 2.5 and volume greater than 25 ml.

TYPES OF GASTRIC ASPIRATE

It is important to discuss types of gastric aspirate because the charac-
ter of the aspirate plays a large role in determining the extent of lung
injury. For example, partially digested food causes the most severe injury.
Historically, aspirates have been classified according to whether they were
acid or nonacid liquids. More recently, investigators have described the
histologic and physiologic effects of partially digested food particles.
Aspiration of large particles or chunks of food produces airway obstruction
and, if not relieved, death by asphyxia ensues. In these patients, all efforts
are directed toward removing the food particle. Occasionally, broncho-
scopy may be necessary. The other types of aspirate are described below.

Acid liquid disperses throughout the lungs within 12-18 seconds
and produces isolated areas of patchy atelectasis; and within 3 minutes,
there are extensive areas of atelectasis (33). Histologically, there is signifi-
cant alveolar-capillary breakdown, intense capillary congestion, and inter-
stitial edema and hemorrhage (34). However, necrosis does not usually
occur, and lung architecture remains intact. Physiologically, hypoxemia is
the earliest, most dramatic, and most consistent response (35-38). Because
actual tissue destruction may not always be significant in the early hours
after aspiration of acid, findings at this point are likely to reflect reflex
responses, destruction of surfactant, alveolar edema, and atelectasis (39).
Later, the loss of fluid secondary to the pulmonary burn and resultant
pulmonary edema may become so significant that hypotension and hypo-
volemia occur (35). Pulmonary hypertension also occurs rapidly, mostly
as a result of hypoxic vasoconstriction.



136

Non-acid liquid (pH greater than 2.5) produces few histologic
abnormalities. There are occasional, widely scattered, discrete foci of
inflammatory changes. Physiologically, nonacid liquid produces an
immediate and significant decrease in PaO, and an increase in Qsp/Qt
(5,35). However, shunt values usually return to baseline within 4-6 hours
and PaO, within 24 hours (35). Note that even with aspiration of liquids
with a relatively neutral pH, a significant fall in PaO, can result from
reflex bronchospasm and destruction of lung surfactant, which may lead to
atelectasis and pulmonary edema (11).

Nonacid food particles produce inflammation that is readily
apparent in the bronchioles and lung tissues and varies from scattered to
extensive, almost confluent areas. Edema and hemorrhage are frequently
present. Later, the reaction changes more to a foreign-body type of
reaction. Lymphocytes and macrophages become prominent, and
granuloma formation is evident around aspirated food particles.
Physiologically, hypoxemia after nonacid food particle aspiration is more
severe than that after acid liquid and is nearly as severe as that after acid
food particle aspiration (35).

Acid food particle aspiration produces the most severe damage (35).
There are more extensive hemorrhagic pulmonary edema and multiple
patches of actual alveolar septal necrosis, occasionally even obliterating
the structure of the lung tissue. Hypoxemia in this category is likewise the
most severe, as are hypercarbia and acidosis. Hypotension is frequent and
pulmonary hypertension common. Most importantly, mortality is high
and often early. In one study, 50% of experimental animals who aspirated
this material and did not receive specific therapy died between 2 and 4
hours after the insult, and all animals died within 24 hours (35). The
Table provides blood gas values after various types of aspiration, and the
following Figure depicts histologic changes. A review of both Table and
Figure should convince even the most skeptical physician that con-
sumption of food during labor is not humane, it is dangerous.
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Table. Arterial Blood Gas Tensions and pH of Dogs 30 Minutes after
Aspiration of 2 ml/kg of Various Materials.

Aspirate Response
Composition pH PaO» PaCOy pH
(mmHg) (mmHg)
Saline 5.9 61 34 7.37
HC1 acid 1.8 41 45 7.29
Food particles 5.9 34 51 7.19
Food particles 1.8 23 56 7.13

HC1 acid, PaOy, arterial oxygen pressure, PaCop, arterial carbon dioxide
pressure. (From Gibbs CP, Modell JH. Pulmonary aspiration of gastric contents:
Pathophysiology, prevention, and management. In Miller R, ed. Anesthesia, 4th

edition. New York, Churchill Livingstone, 1994, pp 1437-1464.)

| Figure (A,B,C). Histologic Changes. A) Lung after aspiration of normal saline.
Essentially normal lung histology.
(From Gibbs CP, Modell JH. Pulmonary aspiration of gastric contents: Patho-

physiology, prevention, and management. In Miller R, ed. Anesthesia, 4th edition.
New York, Churchill Livingstone, 1994, pp 1437-1464.)
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SIGNS, SYMPTOMS, AND DIAGNOSIS

Aspiration of gastric contents can present dramatically with a full-
blown picture that includes gastric contents in the oropharynx, wheezing,
coughing, cyanosis, pulmonary edema, shock, hypoxemia, and roentgeno-
graphic findings. However, many (or, indeed, all) of these symptoms may
be absent (3,19). Often gastric contents are not seen in the oropharynx, par-
ticularly when the aspiration is a result of silent regurgitation rather than
active vomiting. In this situation, unless stomach contents can be
suctioned from the trachea, aspiration of stomach contents is only a
presumption, and a positive diagnosis cannot be made.

Some clinicians measure the pH of oral contents to determine if
aspiration has occurred. The maneuver is unreliable because the pH of
gastric contents is rapidly altered by the more basic oral and tracheal secre-
tions. Radiographic changes, when present, are extremely variable. Small,
irregular shadows constitute the most prominent and frequent finding
initially. Landay et al (10) found bilateral diffuse infiltrates in approxi-
mately 50% and no changes in 15% initially. Distribution is usually
bilateral and favors perihilar or basal regions.

The earliest and most reliable sign of aspiration is hypoxemia,
which follows aspiration of even the mildest and most benign aspirate.
Even aspirated saline causes a significant degree of hypoxemia (35,36).
Therefore, whenever there is any chance that aspiration has occurred,
analysis of arterial oxygenation by pulse oximetry or measurement of
oxygen tension in arterial blood is indicated. If hypoxemia is present, the
patient should be treated.

PREVENTION

Regional anesthesia is the best way to avoid aspiration. However,
when general anesthesia is required, the following preventive measures
are helpful:

e Nil per os

e Antacids

e Histamine-2 blocking agents

e Metoclopramide

e Head-up position

e Rapid-sequence induction

e Cricoid pressure

¢ Endotracheal intubation
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e Extubation awake
NIL PER OS

Some obstetricians, nurses, and nurse midwives have suggested
that physicians liberalize oral intake during labor (37-40). Is nil per os still
appropriate? Studies have demonstrated that administration of clear
liquids up to 2 hours before elective surgery does not increase gastric
volume or acidity in nonpregnant patients, provided those patients do not
also consume solid food (41-52). Water, clear liquids, and tea—but not
milk—are acceptable oral fluids before elective surgery in nonpregnant
patients. However, there are several differences between laboring women
and nonpregnant patients undergoing elective surgery, and these differ-
ences require a somewhat more cautious approach for the pregnant
patient. The interval between the last full meal and the onset of labor
varies among patients. Some women are even advised to eat a full meal
after the onset of labor and before they present to the Labor and Delivery
unit. These advisors are probably well-meaning but ill-informed. Second,
many women receive opioids systemically or in the epidural space during
labor. Opioids clearly result in delayed gastric emptying. Third, laboring
women may require urgent cesarean section at any time. Thus, the
interval between the last oral intake and induction of anesthesia may be
substantially less than 2 hours for these cesarean section patients.

Guidelines for Perinatal Care, 3rd edition (53), published by the
American College of Obstetricians and Gynecologists (ACOG) and the
American Academy of Pediatrics, states the following:

Patients should not ingest anything by mouth during labor except
for small sips of water, ice chips, or preparations to moisten the
mouth and lips. Hydration and nourishment during a long labor
should be provided by means of the intravenous administration of
fluids; this measure also minimizes acidemia and electrolyte
imbalance.

Thus, it remains appropriate to restrict oral intake during labor.
Even a policy that allows ice chips only may not guarantee low volumes of
ingested fluid. In our institution, we have observed an oral fluid intake
(in the form of ice chips) as low as 22 ml per hour and as high as 120 ml
per hour during labor (54). Thus, we encourage judicious ingestion of ice
chips and not unlimited consumption. We suggest that oral intake during
labor should be limited to 60 ml per hour of water or another clear, non-
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particulate liquid. This should represent a reasonable compromise
between patient safety and comfort. Food should never be allowed. Not
only does it cause severe lung damage if aspirated, it is also more slowly
emptied from the stomach (55).

ANTACIDS

An antacid will reduce the acidity of gastric fluid, but it will not
reduce gastric volume. Thirty ml of nonparticulate antacid (e.g., 0.3 M
sodium citrate, Bicitra, Alka-Seltzer Effervescent) are preferred (56-58).
Nonparticulate antacids are recommended over particulate antacids (e.g.,
magnesium trisilicate) because aspiration of a particulate antacid may
cause pulmonary shunting and hypoxemia similar in magnitude to that
caused by acid aspiration and greater than that caused by saline (59).

H, BLOCKING AGENTS

By blocking histamine receptors on the oxyntic cell, Hp blockers
significantly decrease gastric acid production and decrease volume.
Cimetidine (given in doses of 200-400 mg intravenously, intramuscularly,
or orally) reduces gastric acidity within 60-90 minutes. The usual regimen
is 300 mg orally at bedtime and in the morning (60-63). Intramuscular and
intravenous use has few advantages over oral administration unless the
patient cannot take anything by mouth. Oral preparations work nearly as
fast and are considerably less expensive. The regimen for ranitidine is 150
mg orally at bedtime and in the morning. It is equally effective (64-68).

Omeprazole inhibits the hydrogen ion pump on the gastric surface
of the oxyntic cell (69). The decrease in gastric acid production depends not
on blood levels of the drug but on the binding of omeprazole to the
hydrogen ion pump. Recently, some investigators have evaluated the
prophylactic administration of omeprazole before cesarean section (69-74).
A two-dose regimen that includes oral administration of 40 mg at bedtime
and on the morning of surgery consistently decreases gastric pH (70). Orr
et al (73) concluded that a combination of omeprazole and metoclo-
pramide is most effective in reducing both gastric acidity and gastric
volume before elective cesarean section.
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METOCLOPRAMIDE

This agent is a procainamide derivative that is a cholinergic agonist
peripherally and a dopamine receptor antagonist centrally. A 10-mg
intravenous dose of metoclopramide increases lower esophageal sphincter
tone and reduces gastric volume by increasing gastric peristalsis.
Metoclopramide can have a significant effect on gastric volume in as little
as 15 minutes (75-77).

HEAD-UP POSITION

For patients subject to passive regurgitation of stomach contents,
the head-up position decreases the incidence of actual regurgitation and
thereby decreases the risk of pulmonary aspiration. Some clinicians argue
in favor of the head-down position, claiming that it decreases the likeli-
hood of pulmonary aspiration if the oropharynx fills with stomach con-
tents. However, the head-up position decreases the likelihood of regurgi-
tation itself.

RAPID-SEQUENCE INDUCTION

If the anesthesiologist feels confident that endotracheal intubation
will not present a problem, a rapid-sequence induction is indicated in
patients considered at risk for aspiration. During general anesthesia, the
most dangerous time in terms of aspiration of gastric contents is the
period from loss of consciousness to tracheal intubation with a cuffed
endotracheal tube. A rapid-sequence induction permits completion of this
process in the shortest possible time. The rapid-sequence induction is not
itself without danger and risk. Failure to intubate the trachea once uncon-
sciousness and paralysis are accomplished can result in hypoxia, asphyxia,
aspiration, or all three. Results of a survey describing events surrounding
21 cases of aspiration revealed that 14 of 21 cases occurred during the pro-
cess of a difficult intubation. In one instance, 7 attempts had been made
and in another instance 4 attempts had been made (12). As indicated
above, the incidence of difficult intubation is 0.04% in all patients and
0.35% in obstetric patients (13).
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CRICOID PRESSURE (SELLICK’S MANEUVER)

Sellick’s maneuver is the simplest and most effective measure for
minimizing the risk of aspiration (78). However, the person applying
cricoid pressure must know how to do so properly. Pressure is applied at
the cricoid cartilage, not the thyroid cartilage or over the entire larynx.
Pressure applied to the thyroid cartilage makes the intubation process
more difficult, whereas pressure applied to the cricoid cartilage makes
endotracheal intubation easier. Some prefer to place one hand behind the
patient’s neck while applying pressure at the cricoid cartilage. In addition
to ensuring proper placement of pressure, the attendant must not release
the pressure until the intubation is complete, the cuff inflated, and correct
placement ensured. Although it is not effective 100% of the time, when
applied properly, cricoid pressure should prevent nearly all cases of aspira-
tion. The maneuver will withstand an esophageal pressure of at least 100
cm H,O (78). Thus it should prevent aspiration of gastric contents after
either regurgitation or vomiting. Some have suggested that cricoid pres-
sure should be released when vomiting occurs to prevent rupturing of the
esophagus (79). Such a consequence is mostly theoretical. Recently,
Sellick (80) advocated that cricoid pressure not be released in these
instances. When a trachea cannot be intubated and positive-pressure
ventilation is required to prevent hypoxia, it is imperative that cricoid
pressure be continued until the trachea is successfully intubated.

ENDOTRACHEAL INTUBATION

Intubation of the trachea should be utilized in all patients at risk for
aspiration—and obstetric patients are in the at-risk category. If a difficult
intubation is anticipated, the process should be accomplished before the
administration of anesthesia. Although an awake intubation may be
uncomfortable, the morbidity associated with aspiration is considerably
more uncomfortable. Further, utilizing appropriate techniques, the
process does not have to be brutal.

AWAKE EXTUBATION

When an awake intubation or a rapid-sequence induction is indi-
cated to prevent aspiration, an awake extubation is also indicated. An
awake extubation means that the patient is conscious—that is, awake,
aware, and responding appropriately to commands. Gagging, coughing,
bucking, and indiscriminately reaching for the endotracheal tube are not
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necessarily signs of consciousness; rather, they may be signs of stage 2 anes-
thesia, the excitement stage. If the endotracheal tube is removed during
this stage, the patient may continue to be vulnerable to aspiration, as well
as laryngospasm.

TREATMENT

A thorough discussion of the treatment of aspiration is beyond the
scope of this chapter. However, a few points need to be made. First, if a
patient is hypoxic, and if aspiration is even suspected, some form of treat-
ment should be instituted. The mainstay of treatment for most patients
with aspiration will be mechanical ventilation with positive end-expira-
tory pressure. Although most patients will require endotracheal intuba-
tion, some may be able to be managed with the application of CPAP via a
mask. That decision will be determined by the physicians at the bedside.
The amount of positive pressure, positive and expiratory pressure, and
percentage of oxygen will also be determined at the bedside.

Although pulmonary lavage has been recommended by some as
routine treatment for pulmonary aspiration, this technique can decrease
pulmonary compliance and PaO,, and increase intrapulmonary shunting.
Because aspirated acidic material reaches the periphery of the lung within
12-18 seconds (81), lavage with bicarbonate solution is not helpful.

Corticosteroids were first recommended for treatment of patients
with acid aspiration in 1961 and 1962 (82,83). Since that time, several
studies of both animals and humans indicate that corticosteroid therapy
may provide some modification of the inflammatory response early after
aspiration but does not alter the course of the disease (84-86). They may,
however, interfere with normal healing mechanisms (87). For these
reasons, corticosteroids are not usually given.

Prophylactic antibiotics have been recommended by some investiga-
tors for patients who have suffered pulmonary aspiration of stomach con-
tents (83). However, they should not be used, because they may alter the
normal flora of the respiratory tract and thus may render the patient sus-
ceptible to secondary infection with more resistant organisms (88).
Antibiotics should be reserved for those patients who show signs of clini-
cal pulmonary infection, in which case the antibiotic most effective for the
suspected offending organism, identified by Gram stains and cultures,
should be used.

Recent animal reports suggest that instilling a surfactant replace-
ment solution into the trachea after acid aspiration may improve
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pulmonary function (89). At this time, however, such therapy is probably
still experimental.

SUMMARY

Aspiration continues to be a serious threat to pregnant patients

undergoing general anesthesia. If proper techniques and preventive
measures are used, most cases can be prevented or the consequences
ameliorated. Because aspiration of partially digested food causes the most
severe physiologic and histologic derangements, patients should not eat

once labor has begun.
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COMBINED SPINAL-EPIDURAL ANESTHESIA (CSE)
FOR LABOR AND DELIVERY

D. ]. Birnbach

Combined spinal-epidural anesthesia (CSE) was first described by
Brownridge in 1981 (1) as a method that could be used to provide anesthe-
sia for cesarean sections when an alternative to “one-shot” spinal or
epidural anesthesia was necessary. This technique allowed for renewabil-
ity of an epidural while allowing the fast onset and dense block of a spinal.
In the past 2 years, particularly due to the introduction and increased
availability of atraumatic spinal needles (such as the Sprotte, Whitacre,
and Gertie Marx needles), this technique has become more popular as a
method of providing analgesia and anesthesia for the parturient.

HISTORY OF CSE

The first report of CSE (1) described placing an epidural catheter at
one interspace and subsequently initiating a spinal anesthetic at a second
interspace. This technique provided the fast onset and optimum opera-
tive conditions associated with a one-shot spinal but also offered the flexi-
bility of an epidural catheter for extending the duration of the block and
providing postoperative analgesia. The disadvantage of this technique
was that it necessitated two separate anesthetics at two different
interspaces.

The evolution of CSE has been in the direction of a sequential tech-
nique, accomplished via a needle-through-needle technique. Responding
to Brownridge’s initial report, Coates described his experience using a
needle-through-needle technique (2). This single-level approach offered
less patient discomfort and less trauma than the two-level approach. In
addition, the needle-through-needle approach had the theoretical advan-
tage of decreased morbidity, since one skin penetration is performed
instead of two. Figure 1 demonstrates the needle-through-needle

approach.
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Figure 1. The needle-through-needle technique (2).

A potential hazard of CSE, which many authors addressed early on,
was the possibility of passage of the epidural catheter through the newly
made hole in the dura. Even without subarachnoid migration of the
catheter, there was concern that medications given epidurally could leak
through the dural hole and produce subarachnoid effects. In an effort to
decrease the risk of the catheter being threaded through the dural hole,
several investigators have suggested that the epidural needle be rotated
180 degrees after spinal injection and prior to the placement of the epidu-
ral catheter (3,4). Other authors, however, do not agree with the practice of
rotating the epidural needle, due to recent evidence that rotation of epidu-
ral needles places the patient at a higher risk of dural perforation (5).
Clinically, the subarachnoid passage of the epidural catheter has not been
found to be a problem; most series looking at CSE have not seen sub-
arachnoid migration. Even without modification of technique, it is
unlikely that the 20-gauge epidural catheter will freely thread through the
dural puncture made with a 24-26g spinal needle. A test of 3 cc of lido-
caine 1.5% should rule out subarachnoid placement of the catheter but
will not guarantee proper epidural placement and function of the epidural
catheter.

DESCRIPTION OF CSE

An epidural anesthetic is initiated in the usual manner, using a
standard or modified epidural needle. When the epidural space is
reached, a long (optimally 12-15 mm longer than the epidural needle),
atraumatic spinal needle is introduced through the epidural needle. The
spinal needle is advanced until the classic pop of dural penetration is felt
and its proper position within the subarachnoid space is verified by the
appearance of CSF. After injection of the spinal drug (which will vary
depending on the clinical setting—cesarean section vs. labor analgesia),
the spinal needle is gently removed and an epidural catheter introduced.
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A newer, and perhaps improved, method of preventing inadver-
tent subarachnoid penetration by the catheter has been made possible by
the design of a new generation of epidural needles. These needles (such as
the Braun “Espocan” pictured in Figure 2) allow the spinal needle to pass
in a straight line through a back eye of the epidural needle while the
epidural catheter, which is too large to enter the back eye, follows the
curved path of the modified Tuohy needle. In a recent study, Joshi and
colleagues evaluated two different techniques for combined spinal epidu-
ral and concluded that an improved needle set would include a modified
Tuohy needle with an aperture at the back and a spinal needle protruding
more than 13 mm beyond the Tuohy needle (6).

7z
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Figure 2. The Braun “Espocan.”

Another recent advance in CSE technology is the E-SP® needle
(Neurodelivery technology, Lebanon, NH), which allows the anesthesiol-
ogist to, first, place the epidural catheter and then, after the epidural
catheter placement has been verified, perform the spinal. Although the
needle is cumbersome, it does have the advantage of allowing placement
of the epidural first (see Figure 3).

Figure 3. The E-SP® needle.

CSE FOR CESAREAN SECTION

CSE for cesarean delivery offers all the benefits of spinal anesthesia
(fast onset, solid block) along with the benefits of epidural anesthesia
(catheter allows extending the time of the block, should surgery be pro-
longed). It is most useful when there is a possibility of a longer duration
of surgery, such as in the patient with an abnormal placenta or a repeat
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cesarean section. The catheter can also be used for postoperative pain
management.

Although the procedure can be done in many different positions, I
prefer to initiate the CSE for cesarean section with the patient in the right
lateral position. Then, after completion of the procedure (at which time
there may be a predominantly right-sided block), the patient can be turned
to the left lateral position using a right wedge, thus achieving a bilateral
block. Using this patient position, even when teaching residents who
have not previously performed CSE, we have had no failures. The
alternative position, with the patient sitting during placement of the
epidural, may prove problematic if the procedure is done slowly because
the block may begin to set. This problem is not insurmountable, however,
since the catheter can be used to extend the level to the T4 interspace.

Although CSE has been used for patients with morbid obesity, as
well as patients with “difficult airways,” a modification of the standard
CSE technique should be considered in such patients, so that the catheter
can be tested for proper placement at time of insertion. The time to dis-
cover that the epidural catheter is not functioning is not just as the obste-
trician is screaming, “Stat section,” nor is it during a long cesarean section
in the patient with a difficult airway! In cases where a “difficult airway”
exists, if CSE is going to be used, it may be prudent to give a lesser dose of
spinal medication and to use the epidural catheter to bring up the level to
T4. In this way, the epidural catheter has been tested prior to the start of
surgery.

Thoren and colleagues (7) have recently reported on a comparison
of sequential spinal/epidural block versus spinal block for cesarean sec-
tion. They found that both spinal and CSE block provided good surgical
analgesia for cesarean section. Although maternal hypotension was a risk
in both groups, it occurred earlier in the spinal group. These authors
further found that there was no difference in neonatal outcome between
spinal and CSE groups, provided that maternal hypotension is promptly
treated.

CSE FOR LABOR

CSE can be safely used to provide analgesia in any patient who is to
receive an epidural. There are, however, some patients who will greatly
benefit from this technique. This group includes patients in very early, or
very late, labor. The beauty of CSE for early labor is that the patient can be
made comfortable with spinal narcotics (sufentanil or fentanyl), which
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will last for approximately 2-3 hours, during which time the patient will
not have a motor block and can actually ambulate. By the time the spinal
narcotic wears off, the patient is usually in the active phase of labor, when
many obstetricians feel more comfortable with the use of epidural analge-
sia. The advantage of CSE over a one-shot spinal injection of narcotic for
labor is that the epidural catheter is in place. In the event of a cesarean sec-
tion, a level can be achieved quickly, thus decreasing the likelihood of
general anesthesia. The spinal opioid will produce profound pain relief
within minutes, and in the event that the labor continues for more than 2
hours (the approximate duration of spinal narcotics), the catheter can be
used to administer local anesthetic solution. Recently, CSE has been
described as a method of providing labor analgesia; this allows patients to
ambulate and has been termed the “walking epidural” (8).

DRUGS USED IN CSE FOR LABOR

The following drugs can be used to produce labor analgesia using
CSE (9-12):
1. Sufentanil 10 pg
Fentanyl 10-25 ug
Morphine 0.2 mg
Morphine 0.25 mg plus fentanyl 25 ug
Meperidine 10-20 mg
Recently, Camann et al (13) described the use of sufentanil plus

ANl

bupivacaine for parturients who are in advanced stages of labor. They
found that the addition of dilute bupivacaine to the spinal sufentanil pro-
duced prolonged duration of analgesia and achievement of a higher
sensory level.

Although the administration of subarachnoid morphine provides
the longest period of analgesia, it also provides the longest duration of side
effects. Many clinicians believe that the risk of producing 24 hours of
nausea, pruritus, and respiratory depression outweigh the advantage of
prolonged analgesia, especially since in many cases the labor will not last
long enough to warrant the longer-lasting analgesia afforded by morphine.

POTENTIAL SIDE EFFECTS OF INTRATHECAL
OPIOIDS FOR LABOR

1. Pruritus
2. Nausea/vomiting
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Hypotension
Urinary retention

POTENTIAL PROBLEMS OF CSE

Inability to locate the spinal space after placing the epidural

needle in the epidural space.

There are 3 possible explanations for this:

¢ Spinal needle is not long enough. Advancing the
epidural needle will resolve this.

e Epidural needle is off midline and spinal needle is
therefore missing dura.

¢ The epidural needle is not where you think it is!

Inadequate analgesia

This may occur when the drug is not injected into the

spinal space, for example, as occurs when the spinal needle

is moved during injection. The solution to this problem is

to use the epidural catheter to supplement the level.

Postdural puncture headache

The risks of PDPH may be decreased by the use of

atraumatic spinal needles.

Migration of the epidural catheter into the spinal space

The risk of accidental subarachnoid migration of the

epidural catheter after CSE can be minimized either by

turning the epidural needle 180 degrees after injection of

the spinal, or by using an epidural needle with a “back

hole.” Onset of a solid motor block after administration of

an epidural test dose through the catheter should alert the

anesthesiologist to a subarachnoid catheter.

Cauda equina syndrome

Cases of cauda equina syndrome have been generally

reported as occurring after use of a spinal microcatheter.

There have been no reported cases of cauda equina

syndrome occurring after the use of CSE. Since almost all

cases occurred after the use of hyperbaric 5% lidocaine, to

decrease the risk 1 cauda equina syndrome (if the catheter

is subarachnoid), the anesthesiologist can either use a

different drug (bupivacaine or isobaric 2% lidocaine) or

dilute the 5% lidocaine.



157

10.

11.

12.

13.

REFERENCES

Brownridge P: Epidural and subarachnoid analgesia for elective
caesarean section. Anaesthesia 36:70, 1981

Coates MB: Combined subarachnoid and epidural techniques.
Anaesthesia 37:89-90, 1982

Rawal N: Single segment combined subarachnoid and epidural block
for caesarean section. Can J Anaesth 33:254-255, 1986

Hughes JA, Oldroyd GJ: A technique to avoid dural puncture by the
epidural catheter. Anaesthesia 46:802, 1991

Meiklejohn BH: The effect of rotation of an epidural needle.
Anaesthesia 2:1180-1182, 1984

Joshi GP, McCarroll SM: Evaluation of combined spinal-epidural
anesthesia using two different techniques. Reg Anesth 19:169-174,
1994

Thoren T, Holmstrom B, Rawal N et al: Sequential combined spinal
epidural block versus spinal block for cesarean section: Effects on
maternal hypotension and neurobehavioral function of the newborn.
Anesth Analg 78:1087-1092, 1994

Collis RE, Baxandall ML, Srikantharajah ID et al: Combined spinal
epidural analgesia with ability to walk throughout labour. Lancet
341:767-768, 1993

Zakowski MI, Goldstein MJ], Ramanathan S et al: Intrathecal fentanyl
for labor analgesia. Anesthesiology 75:A840, 1991

Honet JE, Arkoosh VA, Norris MC et al: Comparison among
intrathecal fentanyl, meperidine and sufentanil for labor analgesia.
Anesth Analg 75:734-739, 1992

Leighton BL, DeSimone CA, Norris MC et al: Intrathecal narcotics for
labor revisited: The combination of fentanyl and morphine
intrathecally provides rapid onset of profound, prolonged analgesia.
Anesth Analg 69:122-125, 1989

Swayze CR, Sholte FG, Walker EB et al: Efficacy of intrathecal
meperidine for labor analgesia. Anesth Analg 72:287, 1991

Campbell DC, Camann WR, Datta S: Combined spinal-epidural for
labor analgesia: Comparison of intrathecal sufentanil vs. bupivicaine
vs. sufentanil plus bupivicaine. Abstracts of the Society for Obstetric
Anesthesia and Perinatology Annual Meeting. Vol 41. 1994



RESUSCITATION OF THE NEWBORN

G. W. Ostheimer

Birth is a time of physiologic stress and change for the fetus. Usually,
the asphyxial stress of birth is mild-to-moderate, and the neonate is able to
compensate for it. When the neonate’s compensatory ability is decreased or
the asphyxial stress is excessive, resuscitative intervention is necessary to
assist in the conversion from fetal to neonatal physiology.

Who should assume responsibility for resuscitation of the depressed
neonate? Guideline VII of the American Society of Anesthesiologists (ASA)
Guidelines for Regional Anesthesia in Obstetrics states: “Qualified personnel,
other than the anesthesiologist attending the mother, should be immediately
available to assume responsibility for resuscitation of the newborn.” (The
primary responsibility of the anesthesiologist is to provide care to-the mother.
If the anesthesiologist is also requested to provide brief assistance in the care
of the newborn, the benefit to the child must be compared to the risk to the
mother).

The first minutes of life may determine the quality of that life. The
need for a prompt, organized, and skilled response to immediate neonatal
emergencies requires written policies delineating responsibility for imme-
diate newborn care, resuscitation, selection and maintenance of necessary
equipment, and training of personnel in proper techniques.

ROUTINE CARE

The delivery physician or nurse-midwife is responsible for providing
immediate postdelivery care of the newborn, and for ascertaining that the
newborn adaptations to extrauterine life are proceeding normally, unless the
care has been transferred. The hospital rules and regulations should include
protocols for the transfer of medical care of the neonate in both routine and

emergency circumstances. Routine care of the healthy newborn may be
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delegated to appropriately trained nurses, or transferred to a family physician
or pediatrician.

Information to be transmitted to the physician caring for the infant
after delivery includes both the infant’s and the mother’s names and medical
record numbers; the mother’s blood type, serology result, rubella status,
hepatitis B screen result, diabetes screen, exposure to group B streptococci, and
record of substance abuse; and the presence of fetal anomalies.

At least one person skilled in initiating resuscitation should be present
at every delivery. The skills and responsibilities of that individual should be
defined at the institutional level.

RESUSCITATION

Recognition and immediate resuscitation of a distressed neonate
requires an organized plan of action and the immediate availability of
qualified personnel and equipment, as described in the American Academy of
Pediatrics and the American Heart Association Textbook of Neonatal
Resuscitation. Responsibility for identification and resuscitation of a
distressed neonate should be assigned to a qualified individual, who may be a
physician or an appropriately trained nurse-midwife, Labor and Delivery
nurse, nurse-anesthetist, nursery nurse, or respiratory therapist. The
provision of services and equipment for resuscitation should be planned
jointly by the directors of the departments of obstetrics, anesthesia, and
pediatrics, with the approval of the medical staff. A physician should be
designated to assume primary responsibility for initiating, supervising, and
reviewing the plan for management of depressed neonates in the delivery
room. The following factors should be considered in this plan:

1. A list of maternal and fetal complications that require
presence in the delivery room of someone specifically qual-
ified in all aspects of newborn resuscitation should be
developed.

2. Individuals qualified to perform neonatal resuscitation
should demonstrate the following capabilities:

e Skills in rapid and accurate evaluation of the newborn
condition, including Apgar scoring.

» Knowledge of the pathogenesis and causes of a low Apgar
score (e.g., hypoxia, drugs, hypovolemia, trauma,
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anomalies, infections, and prematurity), as well as specific
indications for resuscitation.

e Skills in airway management (e.g., laryngoscopy, endo-
tracheal intubation, suctioning of the airway), artificial
ventilation, cardiac massage, emergency administration of
drugs and fluids, and maintenance of thermal stability.
The ability to recognize and decompress tension
pneumothorax by needle aspiration is also a desirable
skill.

3. Procedures should be developed to ensure the readiness of
equipment and personnel, and to provide for intermittent
review and evaluation of the system’s effectiveness.

4. Contingency plans should be established for multiple births
and other unusual circumstances.

5. A physician for the neonate need not be present at a delivery,
provided that no complications are anticipated and another
skilled individual is present to care for the neonate.

6. The resuscitation steps should be documented in the records
(1).

However, it would seem that these guidelines are not necessarily
followed. Gibbs et al (2) found that in small units in the Unites States, with
less than 500 deliveries per year, personnel other than an anesthesiologist,
nurse-anesthetist, pediatrician, or obstetrician perform neonatal resuscitation
after vaginal delivery almost 50% of the time and, for cesarean delivery, 25%
of the time.

CARDIOVASCULAR PHYSIOLOGY (FETUS TO NEONATE)

The fetal circulation operates in parallel, in contrast to the adult
circulation, which operates in series (3,4). In the fetus, oxygenated blood
returns from the placenta via the umbilical vein, largely passing the liver
through the ductus venosus. Owing to a streaming effect, this blood is
preferentially shunted from the right atrium through the foramen ovale to
the left atrium and via the left ventricle into the systemic circulation. This
streaming of ductus venosus blood to the left side of the circulation enhances
the oxygen content of the blood, perfusing the organs of highest oxygen
consumption—the heart and the brain.
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Desaturated blood returns from the upper part of the body via the
superior vena cava and streams into the right ventricle. Right ventricular
output encounters high pulmonary vascular resistance due to arteriolar
vasoconstriction. About 90% of the right-sided output passes through the
ductus arteriosus and enters the aorta distal to the branches of the aortic arch;
thus, less well oxygenated blood perfuses the lower body, which has a lower
oxygen consumption (Figure 1).

At birth, two primary events initiate the conversion from fetal to adult
circulatory patterns (5). First, cessation of the umbilical artery flow (by
clamping the cord or exposing the cord to air) increases systemic vascular
resistance and aortic pressure, and the clamping of the umbilical vein
decreases venous return and right atrial pressure. This effects a decrease in
the right-to-left shunts, both at the foramen ovale from the right atrium to
the left and the ductus arteriosus from the pulmonary artery to the aorta.
Second, the expansion of the lungs at birth stimulates pulmonary
vasodilation, with resulting falls in pulmonary vascular resistance and
pulmonary arterial pressure, which helps to reduce further the right-to-left
flow through the patent ductus arteriosus. Pulmonary blood flow increases,
oxygenation improves, and left atrial pressure rises, further decreasing the
shunt across the foramen ovale (Figures 2,3).

The hallmarks of conversion to adult circulation are a rise in systemic
arterial pressure, accomplished mainly by cord clamping, and a rise in
pulmonary blood flow, accomplished by filling the lungs with air. Therefore,
the major effect of resuscitation is usually to assist the neonate with the
initiation of ventilation. More severely depressed neonates may require
additional forms of intervention.

The adult circulatory pattern is established rapidly in the normal,
healthy neonate. However, for the first 2 weeks of life (longer in the pre-
mature neonate), the circulation can revert to the fetal pattern when the
neonate is subjected to certain stresses such as hypoxemia, acidosis,
hypercarbia, hypovolemia, shock, and hypothermia (5).
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Figure 1. Fetal circulation. Modified from Ostheimer, with permission (29).
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Figure2.  Postdelivery circulation: intermediate phase. Modified from Ostheimer, with
permission (29).
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Figure 3. Normal circulation: final phase. Modified from Ostheimer, with permission (29).
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RESPIRATORY SYSTEM

The fetal lung develops by a budding process from the foregut at
approximately 24 days of gestation. By 20 weeks, the airways are lined with
epithelium, and pulmonary capillaries are developing in the mesenchyme.
By 26-28 weeks, the capillaries are close to the developing airways so that
oxygen and carbon dioxide exchange can occur, making extrauterine life
possible. Surfactant-like material is present in the airway epithelium between
22 and 24 weeks but is not present on the alveolar surface until 26-28 weeks.
Steroids administered to the mother facilitate the development of the
epithelial cells lining the alveoli and the production of surfactant. The onset
of fetal breathing is stimulated by stress (usually hypoxia), and amniotic fluid
can be drawn into the lung, as can be demonstrated by meconium aspiration
in the stillborn (6,7).

Normal neonates will begin spontaneous respirations within 30-60
seconds. Stimuli to breathe include rebound of the thoracic cage after vaginal
birth, mild-to-moderate hypoxia, cord clamping, a cold environment, and
tactile stimulation. (Note: only gentle stimulation is needed. Vigorous
spanking, cold and hot water baths, and other excessive stimulation have no
therapeutic value and may be harmful). The volume of the first breath is 20-
75 ml. Subsequent tidal volume is 15-20 ml. When rhythmic breathing is
established and the lungs are fully expanded, the normal respiratory rate is 30-
40 breaths/min. In the first few hours of life, during the resorption of
residual lung fluid, respiratory rates may be as high as 60-90 breaths/min.
Central cyanosis should clear by 5 minutes after birth. Some peripheral
cyanosis may persist because of peripheral vasoconstriction. During vaginal
delivery, the baby’s chest is compressed with a pressure of 30-250 cmH20 (8).
This “squeeze” expresses much of the fluid from the lungs, but the lungs
remain collapsed and are not aerated. In order to expand the lungs against
the collapsing forces of alveolar tension and elastic pulmonary recoil, the
neonate exerts 40-80 cmH20 negative pressure (9,10). The resuscitator may,
therefore, need to use higher than normal pressures when assisting with the
initiation of ventilation, as long as the potential for pneumothorax is kept in
mind (Figure 4). The neonate will respond to a large rapid inflation of its
lungs with a sharp inspiration of its own (Head’s paradoxical reflex).
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Figure 4.

The lung immediately after delivery. Expansion of the collapsed lung
requires higher pressures than those needed to move air into the lung (1)
once aerated. Several forces must be overcome; outward flow of fluid in
the trachea and bronchi (2); surface tension of the collapsed alveoli (3);
and elastic forces of the lung (4). Modified from Ostheimer, with
permission (30).
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CARDIOVASCULAR SYSTEM

The heart rate may vary from 100 to 200 beats per minute (bpm) during
the first 30 minutes of life but should stabilize at 120 + 20 bpm thereafter.
Normal blood pressure varies with birthweight, as shown in Table 1 (11). A
systolic pressure less than 50 mmHg in a term neonate is abnormally low and
should be treated promptly with intravascular volume expansion. Normal
intravascular volume is 85-100 ml/kg in the newborn.

Table 1. Normal neonatal blood pressure (11).

Pressure (mmHg)

Birthweight (kg) Systolic Diastolic
<1.0 40-60 15-35
1.0-2.0 50-65 20-40
2.0-3.0 50-70 25-45
>3.0 50-80 30-50
THERMOREGULATION

Humans are homeothermic, that is, we increase our heat production to
maintain body temperature when exposed to a cold environment.
Poikilotherms, such as reptiles, cannot increase their heat production, and
their body temperature drifts to that of the environment. There are two
methods of increasing heat production: a physical method of muscle con-
traction (shivering), used by children and adults, and a chemical method used
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