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Preface

Perinatal medicine, which is concerned with the problems of the fetus and
newborn, has rapidly developed in the last two decades as an important
and challenging specialty. Rapid advances in the field, coupled with tech-
nological advances, now are making survival of infants with weights as
low as 500 grams possible. Ventilator care for severe respiratory problems
is on the verge of being replaced by surfactant replacement therapy; on
the other hand, development of such technologies as extracorporeal mem-
brane oxygenation and jet ventilation has revolutionized the care of these
sick infants.

The advances taking place today in the field of perinatal medicine make
periodic updates, like the one provided by this volume, a virtual necessity
for clinicians and paramedical personnel alike. A distinguished group of
specialists in various aspects of perinatal medicine has contributed to this
book. Their wide-ranging experience and points of view should make this
book a valuable reference for all physicians and allied health personnel
involved in the care of the high-risk fetus and newborn.

MANOHAR RATHI, M.D.
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and to the publishers for their continued interest in this work. Above all,
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Perinatal Hypoxia in the
Growth-Retarded Fetus:
Basic Pathophysiology and
Clinical Management

CHIN-CHU LIN

Current knowledge of fetal growth and fetal respiratory physiology is based
on experimental animal data and on clinical observations that have been
developed largely during the past three decades. The majority of studies
in this field have occurred primarily in the area of characterization of fetal
growth parameters, especially the factor of uteroplacental blood flow in
relation to fetal oxygenation. Thus the purpose of this chapter is to describe
(1) basic knowledge of fetal oxygenation and placental respiratory gas
exchange, (2) fetal adaptation to the hypoxic intrauterine environment,
(3) perinatal hypoxia in the fetus associated with intrauterine growth re-
tardation, and (4) its management.

Uterine and Placental Blood Flow in Pregnancy

Before any discussion of fetal oxygenation, fetal metabolism, and fetal
growth, it is essential to consider the changes in uterine and placental
blood flow that occur during pregnancy. At the present time, our knowl-
edge of uteroplacental blood flow is primarily descriptive for a variety of
mammalian species with differing placentations. However, the basic cir-
culatory characteristics in human and subhuman primates appear to be
similar to those in lower animals. In ovine pregnancy [1], uterine blood
flow patterns cannot be distinguished from those in nonpregnant animals
until between days 17 and 20 of gestation. At this time, uterine biood flow
begins to increase rapidly, reaching about 600 ml/kg/min at 30 to 35 days;
it gradually falls to 280 ml/kg/min at 60 days of gestation. After day 60,
the same level of uterine blood flow is maintained until term. The relative
proportion of uterine blood flow distributed to the placental cotyledons
is approximately 20 to 30% in early pregnancy, 60% at 60 days of gestation,
and 85% at term [2—4]. These rapid shifts of uterine blood flow to increase
placental blood flow permit sufficient maternal-fetal transfer of metabolic
gases and substrates to and from the fetus to assure normal fetal growth
and development. In the pregnant rhesus monkey at term, uterine blood
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flow has been reported to be approximately 170 ml/kg/min, of which 80
to 90% flows through the placenta [5]. In human studies [6,7], uterine
blood flow in pregnant women has been determined to lie between 89 and
151 ml/kg/min.

The uteroplacental circulation has been described by Greiss [8] as having
three characteristic responses: (1) dramatic vasodilatory capacities ena-
bling it to increase uterine blood flow 100- to 200-fold (from a nonpregnant
level of 10-20 ml/min to 2,000 ml/min in ovine twin pregnancy at term),
(2) the ability to contribute 80 to 90% of total uterine blood flow to the
placental circulation in late pregnancy, and (3) minimal vascular resistance,
which permits a progressive increase in placental blood flow throughout
pregnancy. In pregnant sheep and in the rhesus monkey, the placental
vasculature is widely dilated, responding only minimally to further va-
sodilator stimuli [9,10]. If placentation is normal, placental blood flow can
develop more than adequately to meet the homeostasis of placental transfer
as well as the challenge of the stress of labor on the fetoplacental unit. If
placentation is abnormal, however, placental blood flow cannot develop
adequately, which may lead to the development of pregnancy-induced
hypertension, intrauterine growth retardation, or intrauterine fetal death

[8].

Transport of Oxygen to the Fetus

The supply of both nutritional substrates and oxygen from the mother to
the fetus, and the excretion of carbon dioxide from the fetus to the mother,
are closely dependent upon the uteroplacental and umbilical blood cir-
culation [11]. The fetus must maintain an adequate uptake of oxygen in
the presence of very low oxygen tension (Po, of 25 mm Hg) in the umbilical
circulation, in contrast to the high oxygen tension in the maternal arterial
blood (Po, of 95 mm Hg) [12]. This condition is illustrated in Figure 1.1.

In addition, umbilical uptake of oxygen and glucose constitutes ap-
proximately 55 and 28%, respectively, of the total uterine uptake. The
discrepancy between uterine and umbilical uptake is due primarily to a
high utilization rate for oxygen and glucose by the placenta. The data
shown in Table 1.1 were obtained from chronic sheep preparations by
simultaneous drawing of blood samples from the fetal abdominal aorta,
the common umbilical vein, a uterine vein, and a maternal femoral artery
[13].

Despite its low Po,, fetal blood is capable of transporting large amounts
of O, from the placenta to the fetal organs. Two adaptations make this
possible. First, the hemoglobin of fetal red cells has a high affinity for
oxygen. For example, at pH 7.4, human fetal blood is 80% saturated with
oxygen at a Po, of 34 mm Hg. Second, the rate of perfusion of fetal organs
is high in comparison to.0, requirements. For example, the cerebral blood
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FiGURE 1.1. Concurrent model of transplacental oxygen diffusion. From Meschia
G [12], used with permission from WB Saunders.

flow/O, consumption ratio is 2.4 times higher in the fetal lamb than in the
adult [12].

Mechanisms of Decreased Oxygen Transport in
Intrauterine Growth Retardation

Intrauterine fetal growth can be viewed as an incremental change in both
the size of the fetus and the function of various organ systems throughout
the entire period of pregnancy. These changes can be influenced by both

TABLE 1.1. Simultaneously measured uterine and umbilical oxygen and glucose
uptake in ewes.*

Uterine uptake  Umbilical uptake  Uteroplacental utilization

Fetal weight (kg) (m mol/min) (m mol/min) (m mol/min)
Oxygen 4.03 = 0.29 2.16 = 0.15 1.18 = 0.06 0.98 + 0.13
(n=29) (55%) (45%)
Glucose 4.53 + 0.38 0.29 = 0.02 0.082 = 0.008 0.206 = 0.016
(n =12) (28%) (72%)

*All values expressed as mean * standard error.
Source: Meschia G, Battaglia FC, Hay WW, Sparks JW [13]. Used with permission from the

Federation of the American Society for Experimental Biology.



4 Chin-Chu Lin

genetic and environmental factors, which interact with cell proliferation,
organ differentiation, and metabolic development in the process of fetal
growth. These influences in the growth retarded fetus may be associated
with decreased growth potential of the fetus or with the actual restriction
of the supply of oxygen and nutrients from the mother to the fetus.

Possible causes of IUGR are many, but they can be divided into *‘in-
trinsic’” and ‘‘extrinsic’’ factors as far as fetal growth and development
are concerned. Examples of intrinsic causes of IUGR include chromosomal
abnormalities, such as trisomy 18 and Turner’s syndrome. The most com-
mon extrinsic factors, which affect primarily the placenta during the second
half of pregnancy, are related to reduced uteroplacental blood flow, or
so-called uteroplacental insufficiency. In experimental animal models,
IUGR fetuses are produced by ligation of the uterine vessels [14,15], em-
bolization of the placental vascular bed [16], or prolonged maternal hypoxia
[17]. In all of these experiments, oxygen transport from the mother to the
fetus is decreased. A similar situation can occur in human pregnancies.
Hypertension, preeclampsia, severe anemia, cigarette smoking, and mul-
tifetal pregnancy are considered the major causes of IUGR. In a hyper-
tensive milieu, the placental vessels begin to show intimal thickening, and
consequently vascular thrombosis and placental infarcts become more
common [18]. This reduction in the functional capacity of the placenta
will obviously interfere with blood flow and decrease the supply of oxygen
and nutrients to the fetus. ‘“Vasospasm’’ in preeclampsia can greatly re-
duce uteroplacental blood flow. From 10 to 50% of hemoglobin sickle cell
cases are associated with preterm infants, small-for-gestational-age (SGA)
infants, or preterm growth-retarded infants [19,20]. The poor fetal outcome
in hemoglobin sickle cell patients seems to be caused by a combination
of poor fetal oxygenation, poor nutrition, and possibly, placental infarction.
Cigarette smoking has been found to cause fetal hypoxia through two in-
dependent mechanisms: (1) an acute effect caused by nicotine activation
of catecholamine release, resulting in vasoconstriction and a decrease in
uteroplacental perfusion, and (2) a prolonged reduction of fetal oxygenation
secondary to an increase in maternal carboxyhemoglobin level [21]. Many
investigators agree that twinning is a prominent cause of both prematurity
and IUGR. The incidence of SGA infants among twin births is reported
to be approximately 20% [22,23], versus 4% in singleton pregnancy [24].
McKeown and Record [25] have suggested that in multifetal pregnancy,
the normal supply line can adequately support a total fetal weight of close
to 3,000 g; beyond that point there is retardation of growth. The more
fetuses present, the earlier this limit is reached and growth retardation
begins. With this mechanism of competition in the supply of oxygen and
nutrients, one of the two fetuses may be growth retarded. This is partic-
ularly true when one fetus has an inadequate placental blood supply, as
a result of velamentous insertion of the umbilical cord, connection to a
smaller placental lobe located at the lower uterine segment, or twin trans-
fusion syndrome.



1. Perinatal Hypoxia in the Growth-Retarded Fetus 5
Fetal Hypoxia and Intrauterine Fetal Adaptation

Fetal hypoxia refers to a decrease in the level of fetal oxygenation below
a normal limit. Since fetal oxygenation is dependent on placental inter-
villous space blood flow, any factor that interrupts the maternal utero-
placental circulation will cause some degree of fetal hypoxia. Similarly,
any long-standing decrease in maternal uteroplacental blood flow will in-
hibit the supply of substrate to the fetus. Therefore, chronic reductions
in uterine blood flow, as seen for instance in cases of maternal hyperten-
sion, result not only in a persistently low PO, in the fetus, but also in
reduced fetal glycogen stores [26]. The fetus adapts to this condition
through the following mechanisms, either to conserve energy or to avoid
a hypoxic-acidotic effect: (1) decrease or cessation of fetal growth, (2)
decrease in fetal activity, (3) redistribution of cardiac output by diversion
of blood flow to vital organs, such as brain, heart, and adrenal glands,
and (4) increase in the number of circulatory red blood cells, resulting in
polycythemia or hyperviscosity syndrome (60% of SGA vs. only 5% of
appropriate for gestational age [AGA] infants have a central hematocrit
value >65%) [27]. Table 1.2 demonstrates the step-by-step adaptations
the fetus makes to conserve energy and lower metabolic requirements in
an hypoxic environment.

The fetal response to acute maternal hypoxemia has been demonstrated
by Block et al [28] using a chronic sheep preparation. Fetal growth re-
tardation was induced following chronic embolization of the placental bed
by microspheres. Acute hypoxemia was created in the maternal sheep by
decreasing the maternal inspired oxygen content (10% O,, 2% CO.,, 88%
N,). Fetal lambs with IUGR secondary to uteroplacental embolization
undergo a decrease in umbilical blood flow and a redistribution of their
combined ventricular cardiac output that favors the brain, heart, and ad-
renal glands. As a consequence, the blood flow to other organs, such as
the spleen, kidneys, and lungs, decreases (Fig. 1.2). If this blood flow
redistribution is prolonged, it can lead to the brain-sparing phenomenon
frequently seen in type II IUGR fetuses. Furthermore, fetal hypoxia can
cause hyperperistalsis of the fetal intestines, decreased muscle tone in

TABLE 1.2. Demonstration of step-by-step adaptations fetus undergoes to
conserve energy and lower metabolic requirements in hypoxic environment.

1. Cessation of growth

2. Decrease in fetal activity

3. Redistribution of blood supply to vital organs (brain, heart, adrenal glands)
4. Increase in number of circulating red blood cells

5. Development of anaerobic metabolism, metabolic acidosis

6. Death

Source: Lin CC. In Maeda K. et al (Eds): Recent Advances in Perinatology 1986 [89]. Used
with permission from Elsevier Science Publishers B.V.
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FIGURE 1.2. Comparison of specific organ blood flow expressed in mean percent
(= standard deviation) of combined left and right ventricular output under normal
conditions and during hypoxemia and embolization.(a) Organ blood flow to heart,
brain, and adrenal glands,(b) Organ blood flow expressed in ml/min/100 gm (mean
+ standard deviation) to the kidneys, spleen, and lungs. Adapted from Block BS,
et al [28], with permission from CV Mosby.
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the anal sphincter, and pathologic gasping-type respiratory movements,
which may lead to fetal meconium passage and intrauterine meconium
aspiration [29].

Antepartum Management of IUGR

CLINICAL DI1AGNOSIS

Early diagnosis of IUGR begins with the clinician’s ability to recognize
the high-risk factors associated with the development of IUGR. These
high-risk factors include historical factors and abnormal physical findings
during early pregnancy. Galbraith et al [22] reported that two-thirds of
IUGR infants come from the population with risk factors. Bakketeig and
Hoffman [30] summarized the risk of recurrence of SGA births based on
a large population in Norway, as shown in Table 1.3. The risk of SGA
increases to 2.5 to 3 times greater than normal if there is one previous
SGA birth; the risk of SGA becomes 5 times greater if there are two or
more previous SGA births.

Maternal medical diseases that are commonly associated with IUGR
are shown in Table 1.4. They include (1) diseases that affect nutritional
intake and absorption, (2) diseases of the kidneys that involve protein-
losing nephropathy, (3) diseases that cause maternal hypoxia or anemia,
and (4) diseases associated with hypertension. The incidence of IUGR
associated with these maternal medical complications ranges between 20
and 50%. Women with pregnancies that are complicated by medical dis-
orders should be carefully monitored throughout the gestation both for
fetal growth and for possible deterioration of the disease process. This
same principle also applies to women with low prepregnancy weight and
low weight gains during pregnancy.

TaBLE 1.3. Risk of small-for-gestational age (SGA) infant in subsequent
births.*

Subsequent SGA births

First birth Second birth Number of mothers Percent Relative risk
Not SGA —_ 23,300 8.8 1.0
SGA — 2,862 28.7 3.3
Not SGA Not SGA 21,260 6.0 0.7
SGA Not SGA 2,042 18.6 2.1
Not SGA SGA 2,040 23.7 2.7
SGA SGA 820 44.4 5.0

*Based on all 26,162 mothers having their first three singleton births in Norway during
a 9-year period. 1967-1976.

Source: Bakketeig LS, Hoffman HJ [30]. Used with permission from Scandinavian
Association of Obstetrics and Gynecology.
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TABLE 1.4. Maternal diseases that cause risk of intrauterine growth retardation.

Diseases that affect nutritional intake and absorption: ulcerative colitis, pancreatitis,
chronic hepatitis

Diseases that affect the kidneys (protein-losing nephropathy): preeclampsia,
glomerulonephritis, lupus nephritis, nephrotic syndrome

Diseases that cause maternal hypoxia or anemia: cyanotic heart disease, sickle cell
anemia

Diseases associated with hypertension: Chronic hypertension, preeclampsia, systemic
lupus erythematosus

Source: Lowensohn RI, Devoe LD [31]. Used with permission from McGraw-Hill.

EVALUATION BY ULTRASONOGRAPHY

Ultrasound is the most reliable diagnostic tool for evaluating fetal size
and growth rate as well as fetal well being. Table 1.5 lists the various
functions of ultrasound in the IUGR pregnancy [32]. These functions in-
clude (1) assessment of gestational age, (2) assessment of fetal size and
fetal growth rate, (3) diagnosis of anatomic abnormalities, (4) evaluation
of fetal activities and functions as the signs of fetal well being, and (5)
direct visualization for many diagnostic procedures.

For accurate diagnosis of IUGR, the precise determination of gestational

TABLE 1.5. Ultrasonic evaluation of intrauterine growth retardation (IUGR).

Assessment of gestational age
Size of gestational sac
Crown-rump length
Femur length
Biparietal diameter (BPD)
Assessment of fetal size and fetal growth rate in relation to prenatal diagnosis of IUGR
Serial BPD growth pattern
Growth-adjusted sonographic age
Head/abdomen circumference ratios
Total intrauterine volume
Quantitative amniotic fluid volume
Placental maturation grading
Estimated fetal weight
Diagnosis of anatomic abnormalities of the fetus
Evaluation of fetal activities and fetal functions
Fetal echocardiography
Fetal breathing movements and other activities
Fetal urine production rate
Assistance with other procedures
Amniocentesis
Percutaneous umbilical fetal blood sampling
Intrauterine fetal transfusion

Source: Modified from Lin CC [32], with permission from Appleton-Century-Crofts.
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age is a crucial factor. Measurements of the gestational sac and of the
crown-rump length in early pregnancy, and measurements of the biparietal
diameter of the fetal head and of femur length in the early second trimester,
are quite reliable for the assessment of gestational age. Serial biparietal
diameter [33] and serial femur length [34] measurements appear to be useful
in monitoring the fetal growth rate, while fetal abdominal circumference
[35]1, fetal head/abdominal circumference ratios [36], total intrauterine
volume [37], quantitative amniotic fluid volume [38], and even placental
maturation grading [39] have been used to diagnose IUGR pregnancies.
Campbell and Dewhurst [33] suggested that different biparietal diameter
growth patterns can be used to distinguish different types of IUGR, name-
ly, the low growth-profile pattern of the type I versus the late-flattening
pattern of the type I IUGR fetus. From a study of 1,457 serial biparietal
diameter measurements on 643 pregnant women, Sabbagha [40] found that
the incidence of IUGR in fetuses with large initial diameters (>75th per-
centile) was only 3.5%, compared with 10% in fetuses with average di-
ameters (25th-75th percentile), and 52.1% in those with small initial di-
ameters (<25th percentile). He suggested that all fetuses with biparietal
diameters falling below the 25th percentile require intensive prenatal sur-
veillance for the detection of IUGR.

For prenatal diagnosis of IUGR with known gestational age, estimation
of fetal weight is, of course, the most practical step. The abdominal cir-
cumference measurement has proven to be a better predictor of fetal weight
than the biparietal diameter. It becomes apparent that because the fetal
mass is obtained mostly in the head and trunk, accurate measurement of
fetal weight has to involve measurement of both parameters. Using the
sophisticated ultrasound machines that are currently available, it is possible
to estimate fetal weight with a greater accuracy than ever before. Table
1.6 summarizes the different formulas for the ultrasonic estimation of fetal
weight developed by several investigators [41-44], with an error as low

TABLE 1.6. Accuracy of estimation of fetal weight (EFW) by ultrasound.

Author(s) Formula for EFW r Mean error (%)
Warsof Log,o(BW) = 1.599 + 0.144(BPD) +

et al [41] 0.032(AC) — 0.111(BPD? x AC)/1000 11.0
Shepard Log,o(BW) = 1.7492 + 0.166(BPD) +

et al [42] 0.046(AC) — 2.646(AC x BPD)/1000 16.4
Ott [43]) Warsof’s formula 0.92 8.2
Thurnau

et al [44] EFW = (BPD x AC x 9.337) — 299 0.96 7.0

BW, body weight
BPD, biparietal diameter; AC, abdominal circumference.
Source: Lin CC [32], used with permission from Appleton-Century-Crofts.
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as 7 to 8%. A good correlation between ultrasonic estimation and actual
birth weight has been demonstrated [43].

EVALUATION BY BIOPHYSICAL METHODS

Historically, serial hormonal monitoring by means of substances such as
estriol and human placental lactogen were important for evaluating fetal
well-being. Recently, evaluations of gross fetal movements, fetal breathing,
and fetal heart rate have become increasingly important in assessing fetal
health. Manning and co-workers [45] have proposed the use of a bio-
physical profile that evaluates fetal heart rate nonstress test (NST) results,
fetal tone assessment, fetal breathing, gross fetal body movement, and
quantitative amniotic fluid volume to predict fetal outcome. At the present
time, most medical centers in the United States use the NST as a screening
test, backed up by either the contraction stress test (CST) or the bio-
physical profile scoring system (Table 1.7).

In our own experience, IUGR pregnancies exhibit two times as many
nonreactive NSTs and a three times higher incidence of positive CSTs

TaBLE 1.7. Fetal biophysical profile scoring system.

Variable

Each variable scores 2

Each variable scores 0

Fetal breathing movements
(FBM)

Fetal movements

Fetal tone

Fetal reactivity

Qualitative amniotic volume

Maximal score
Minimal score

Presence of at least 30 of
sustained FBM in 30 min of
observation

3 or more gross body
movements in 30 min of
observation (simultaneous
limb and trunk movements
counted as single movement)

At least 1 episode of motion of
limb from position of flexion
to extension and rapid return
to flexion

Presence of 2 or more fetal
heart rate accelerations of at
least 15 bpm, lasting at least
15 and associated with fetal
movement in 40 min of
observation

Pocket of amniotic fluid
measures at least I cm in 2
perpendicular planes

10

Less than 30 of FBM in 30 min
of observation

2 or fewer gross body
movements in 30 min of
observation

Fetus in position of semi- or
full-limb extension with no
return to flexion with
movement (absence of fetal
movement counted as absent
tone)

No acceleration or <2
accelerations of fetal heart
rate in 40 min of observation

Largest pocket of amniotic fluid
measures <l cm in 2
perpendicular planes

0

Source: Manning FA, Platt LD, Sipas L [45]. Used with permission from CV Mosby.
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TaBLE 1.8. Predictive value of nonstress test-contraction stress
test results on perinatal morbidity in intrauterine growth

retardation.
Nonstress Contraction
test stress test Perinatal morbidity*
Nonreactive, 20 (39%) Positive, 13 (65%) 12/13 (92%)t
Negative, 7 (35%) 2/7 (29%)
Reactive, 32 (61%) Positive, 5 (16%) 2/5 (40%)
Negative, 27 (84%) 5127 (18%)

*Combination of intrapartum fetal distress, low 1-min Apgar score, neo-
natal complication, and perinatal death.

tStatistical significance P < 0.001 between the nonreactive positive group
and the combination of the other three groups.

Source: Lin CC. et al [47]. Used with permission from CV Mosby.

than, the incidence seen in the general high-risk population [46,47]. The
majority of perinatal deaths in [UGR pregnancy (75%) are associated with
a positive nonreactive fetal heart rate pattern, while the remainder occur
in the group with a negative nonreactive pattern. Therefore, an adverse
fetal prognosis is most accurately predicted by the joint occurrence of a
nonreactive NST and a positive CST. Table 1.8 shows the predictive value
of the two tests jointly on perinatal morbidity in IUGR.

Recently, umbilical velocity waveforms (Fig. 1-3a) and calculated sys-
tolic/diastolic ratios appear to offer promise for the clinical assessment
of placental function [48-51]. In IUGR pregnancies, the systolic/diastolic
ratio (S/D ratio) markedly increases after 24 weeks of gestation compared
with that of normal pregnancies. The mean S/D ratio in AGA pregnancies
between 31 and 39 weeks of gestation is 2.5, while for SGA infants under
the 10th percentile for gestational age the mean S/D ratio is 3.8 [49]. An
abnormal test (S/D = 3.0) has proved to be a good predictor of IUGR.
The S/D ratio is a reflection of placental resistance to umbilical circulation;
its value may be inversely related to umbilical blood flow. Simultaneous
evaluation of arterial blood flow velocity waveforms of both umbilical
artery and uterine artery may indicate compromised fetoplacental function
in IUGR pregnancies, long before the abnormality can be detected by
NST-CST evaluation. Furthermore, the most extreme waveform abnor-
mality is the absence of end-diastolic velocity (Fig. 1.3b). This waveform
is associated with a higher incidence of IUGR, intrapartum fetal distress,
low Apgar scores, congenital anomalies, and perinatal death [50,52]. Ab-
sent end-diastolic velocity represents a unique method for diagnosis of a
severe fetal condition that may not be identified by present surveillance
methods such as the NST, CST, or biophysical profile.

Percutaneous umbilical blood sampling is a newly available technique
for studying fetal blood gas abnormalities and other pathologic conditions,
such as hemoglobinopathy, thrombocytopenia, Rh-isoimmunization, T-
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FiGuURE 1.3. Umbilical artery blood flow velocity waveforms recorded by Doppler
ultrasound (a). Normal waveform (b). Abnormal waveforms from a growth-retarded
fetus at 29 weeks of gestation, showing absence of end-diastolic flow. From Erskine
RLA, and Ritche JWK [50], used with permission from Blackwell Scientific Pub-
lications.
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cell deficiency, and hemophilia [53-55]. It is also useful for rapid prenatal
diagnosis of various genetic defects [55]. This technique involves the ul-
trasonographically guided insertion of a needle into the umbilical vein with
direct control by the obstetrician performing the procedure. Direct access
to fetal blood during the second and third trimester of pregnancy opens
new fields of prenatal diagnosis and intrauterine fetal treatment. In view
of the high frequency of fetal hypoxia, genetic defects, and hematologic
abnormalities associated with the IUGR fetus, this technique offers tre-
mendous promise for antepartum management of IUGR.

TIMING OF DELIVERY

One crucial question frequently asked is when to deliver an IUGR baby.
During the past decade, efforts to provide antepartum therapy to improve
fetal growth and prolong pregnancy have met with only partial success.
Bed rest, reducing the hazard of maternal risk factors (such as the limiting
of smoking and alcohol intake, and the medical treatment of hypertension,
severe anemia, systemic lupus erythematosis, etc.) and nutritional sup-
plementation (oral and parenteral) are common approaches that are thought
to be beneficial. No specific pharmacologic agent has been proven to be
absolutely useful in the antenatal treatment of IUGR. On the other hand,
with high-quality nursery care, the prognosis for type II IUGR infants
delivered between 33 and 35 weeks of gestation appears to be equal to
that for those born at term. This is due in part to the fact that various
conditions that complicate pregnancy and that may cause IUGR are fre-
quently associated with accelerated fetal lung maturity [56]. These con-
ditions include hypertension; preeclampsia; renal disease; narcotic ad-
diction; classes D, F, and R diabetes; and certain types of placental
dysfunction. If such a condition is present, L/S ratio measurements may
be initiated as early as the 32nd week of gestation. An IUGR pregnancy
may be terminated as soon as fetal lung maturity is documented. Fur-
thermore, the presence of amniotic fluid phosphatidyl glycerol gives added
confirmation of fetal lung maturity and is not affected by the presence of
blood in the amniotic fluid specimen [57]. Phosphatidyl glycerol in the
amniotic fluid has been reported to be the single most useful criterion for
predicting an IUGR birth, especially in combination with a small biparietal
diameter for the gestational age [58].

The following management guidelines address the question of when to
deliver the IUGR fetus [32].

I. If weekly NST-CST results are consistently reactive and negative, or
if weekly NST is reactive and a biophysical profile score is normal,
the patient should be tested weekly and the pregnancy allowed to con-
tinue to 38 weeks. Then, upon documentation of fetal maturity, the
patient should be delivered because of the possible risk of placental



14 Chin-Chu Lin

deterioration and the increased rate of perinatal mortality beyond that
point.

2. If the fetus repeatedly exhibits a nonreactive NST, but a negative CST
is obtained, or if the fetus exhibits a nonreactive NST and a biophysical
profile score of 4 to 6, the decision regarding delivery depends upon
the fetal maturity study. If the fetus is mature, the patient should
undergo delivery immediately. If the fetus is not mature, the patient
should be hospitalized and the nonstress test repeated daily or every
other day. In our experience, the test results of most patients will im-
prove after bed rest and hydration in the hospital.

3. The most serious fetal outcome is encountered in the IUGR patient
associated with a positive nonreactive NST-CST pattern, or a bio-
physical profile score of 4 or less. In addition, diminished amniotic
fluid volume and cessation of fetal growth for more than 3 weeks may
be observed. The combination of these conditions almost always in-
dicates impending intrauterine fetal death. Immediate delivery regard-
less of fetal maturity provides a better fetal prognosis than delayed
delivery.

4. In case of a progressive deterioration of the maternal condition in a
preterm gestation, immediate termination of the pregnancy regardless
of fetal maturity should be the management of choice.

Intrapartum Fetal Hypoxia and Acidosis

Labor represents a serious challenge to the IUGR fetus. When the uterus
is quiescent the IUGR fetus may exhibit reduced activity but rarely will
show acute deterioration. When labor contractions increase in frequency,
however, blood flow within the intervillous space decreases, with a con-
comitant decrease in maternal-fetal transfer of oxygen [59]. At some point
the fetus will become hypoxic, which will lead to myocardial depression
and the appearance of late decelerations on fetal heart rate tracings [60].
This phenomenon was evident in our study of the oxytocin challenge test
in IUGR pregnancies; IUGR fetuses exhibited a threefold increase in the
incidence of a positive test compared with the incidence in the general
high-risk population [47].

With progressive fetal hypoxia, a state of metabolic acidosis gradually
develops through the accumulation of lactate, a product of the anaerobic
metabolism of glucose. This condition is followed by an enlarged base
deficit and then by a drop in the fetal blood pH [61,62]. This hypoxic-
acidotic insult may lead to intrauterine meconium aspiration or fetal death.

IUGR fetuses demonstrate an increased risk of abnormal heart rate pat-
terns and acidosis during labor and delivery, with an increased frequency
and severity of late decelerations [61,63,64], decreased baseline heart rate
variability [65], and tachycardia [66]. Variable decelerations are also fre-
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quently associated with IUGR [67,68]. The high incidence of oligohy-
dramnios in IUGR pregnancy is probably responsible for this ‘‘cord
compression’’ pattern. Moreover, fetal bradycardia, occasionally noted
during the process of an antepartum nonstress test, is reported to be as-
sociated with oligohydramnios [69]. For these reasons, every IUGR fetus
should undergo intensive continuous fetal monitoring throughout the
course of labor and delivery.

We have studied cord blood lactate, pH, and blood gas values in 37
IUGR and 108 AGA infants at the time of delivery to compare differences
in response to the stress of labor [70]. In the absence of intrapartum fetal
heart rate decelerations, IUGR fetuses showed no difference in umbilical
arterial lactate, pH, and blood gas values compared with AGA infants.
When intrapartum fetal heart rate decelerations were present, IUGR fe-

tuses demonstrated a significantly higher lactate level than that of AGA
fetuses (Fig. 1.4).
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FIGURE 1.4. Comparision of umbilical artery lactate levels in various groups (mean
+ SEM). Group A: IUGR with intrapartum fetal heart rate deceleration. Group
B: IUGR without intrapartum deceleration. Group C: AGA with intrapartum fetal
heart rate deceleration. Group D: AGA without intrapartum deceleration. Group
E: AGA delivered by elective cesarean section to serve as a group of prelabor
controls. From Lin CC, et al'[70], used with permission from CV Mosby.
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TaBLE 1.9. Comparison of umbilical arterial lactate, pH, and base deficit values
according to mode of delivery and fetal heart rate (FHR) pattern in 37 infants with
intrauterine growth retardation.

Fetal blood values (mean = SD)*

Pattern of FHR  Number of Lactate Base Excess
Mode of delivery deceleration patients (mg/100 mi) pH (MEQ/LY)
Cesarean section, Late, moderate
early labor to severe 5 21.1 =95 7.26 = 0.04 —-5.0=3.6
Cesarean section, Late, moderate
late labor to severe S 71.5 =424 7.07 = 0.22 —14.6%x6.9
Vaginal Late, mild 2 36.8 = 19.3  7.24 £ 0.06 -7.0 42
Vaginal Variable, 1 48.9 7.20 —-10.0
severe
Vaginal Variable, mild
to moderate 2 34.0 £ 9.1 7.28 = 0.06 -7.3*4.0
Vaginal None 22 23.4 = 6.7 7.28 = 0.01 -48 2.0

*Note significant differences (P < 0.05) in lactate, pH, and base deficit values between early and
late cesarean section groups. On the other hand, values in early group are very similar to values
in nondeceleration group.

Source: Lin CC, et al [70]. Used with permission from CV Mosby.

Table 1.9 shows evidence that early surgical intervention in IUGR cases
associated with late decelerations can prevent the development of severe
fetal metabolic acidosis. Infants who were delivered by cesarean section
shortly after the appearance of late decelerations had blood gas and lactate
values comparable to those seen in the control group (without intrapartum
fetal heart rate decelerations). However, infants who exhibited late de-
celerations for a longer period of time had severe metabolic acidosis and
extremely high levels of lactate, even though they too were delivered by
cesarean section. Two conclusions may be drawn from this study: (1)
IUGR fetuses tolerate the stress of labor less efficiently than AGA fetuses,
and (2) early surgical intervention is the key to ensuring a better outcome
for the IUGR fetus associated with intrapartum fetal distress [70].

Fetuses with [IUGR are more susceptible to intrauterine asphyxia. Acute
intrauterine partial and total asphyxia has been induced using animal
models in order to study the pathogenesis of perinatal brain damage sec-
ondary to intrauterine asphyxia. Total asphyxia in the human fetus can
be produced only by complete cord occlusion (true knot of the umbilical
cord) or complete separation of the placenta (total abruptio placentae);
fetal life ceases very shortly after either of these events. The majority of
human fetuses associated with intrauterine asphyxia resemble the exper-
imental model of partial asphyxia developed in the rhesus monkey [71,72].
Figure 1.5 illustrates the sequence of events in a proposed pathogenesis
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Intrauterine asphyxia

Redistribution of organ blood flow

&

Oxygen debt to brain cells

impaired autoregulation of cerebral blood flow

intracellular swelling

Focal ischemia

Generalized brain swelling

\

Inceased intracranial pressure

Cerebral necrosis

Atrophic cortical sclerosis

Ficure 1.5. Illustration of the sequence of events in a proposed pathogenesis of
perinatal asphyxia causing permanent brain damage. From Brann AW, and Dykes
FD {73], used with permission from WB Saunders.

for perinatal asphyxia causing permanent brain damage in the full-term
infant [73].

Currently it is thought that hypoxia-induced brain damage may be related
to the lactic acid concentration within fetal brain cells [74]. Cardiac gly-
cogen storage in the IUGR fetus is also markedly decreased from normal.
In animal experiments, the ability of the fetus to withstand asphyxia is



18 Chin-Chu Lin

directly related to the preasphyxial glycogen concentration in the cardiac
ventricles [75]. When the cardiac carbohydrate stores are partially depleted
by fasting or previous hypoxia, survival time is decreased proportionately.
This observation in animals may explain the higher susceptibility to in-
trauterine asphyxia seen in the human IUGR fetus.

Niswander [76] attempted to relate intrauterine asphyxia and cerebral
palsy by a review of the literature, and drew the following conclusions:

1. Fetal asphyxia is a major cause of cerebral palsy, but the asphyxia
usually does not occur during the intrapartum period.

2. Case-control studies that have attempted to relate observed cerebral
palsy with specific preexisting disease states have contributed little to
our understanding of this neurologic abnormality.

. Most intrapartum asphyxia does not lead to cerebral palsy.

4. Electronic fetal monitoring and fetal blood sampling are poor predictors
of brain injury, although they may be the best tools currently available
to the obstetrician.

5. Chronic or repeated acute episodes of fetal asphyxia during the prenatal
course may cause fetal brain injury that remains undetected until after
birth.

6. More randomized clinical trials are needed to determine the usefulness
of fetal heart rate monitoring in detecting fetal brain injury.

(9

Nevertheless, careful intrapartum fetal surveillance and prompt active
intervention remain important steps to improve the outcome of the IUGR
fetus. Clinically, 30% of IUGR fetuses exhibit intrapartum heart rate de-
celerations, and 20% of them show evidence of either fetal acidosis or
low Apgar scores, an incidence three times higher than that for AGA fe-
tuses [77]. It should be noted that perinatal asphyxia is the common de-
nominator for many of the neonatal complications of IUGR that require
intensive pediatric management, including postasphyxial seizures, hy-
poglycemia, hypocalcemia, hyperviscosity syndrome, meconium aspira-
tion, pulmonary hemorrhage, respiratory distress, and hypothermia [78].
Therefore, the prevention of perinatal asphyxia and its sequelae is the
most important task in conducting delivery room resuscitation of the IUGR
infant.

Perinatal Resuscitation

Perinatal asphyxia is the most serious of all clinical complications in infants
with IUGR. As previously described, the IUGR fetus has sustained either
acute or chronic stress as a result of the compromised placental transfer
of gases and nutritional substrates. Therefore, the IUGR fetus has a greater
tendency to develop fetal distress, followed by fetal hypoxia/acidosis. The
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clinical manifestations of perinatal asphyxia include the appearance of
meconium in the amniotic fluid, abnormal fetal heart rate pattern, the
presence of fetal acidosis (fetal blood pH < 7.20), and depressed Apgar
score at delivery.

Resuscitation of the newborn infant should be considered as requiring
the combined efforts of the obstetrician and the pediatrician during labor,
delivery, and the immediate neonatal period. The transition from intra-
uterine to extrauterine life involves considerable risk to the newborn infant,
a risk compounded by profound respiratory and circulatory changes. In
addition, the delivery process itself usually leads to progressive increase
in fetal hypoxia, hypercapnea, and acidosis. Although only 10% of infants
fail to make the transition smoothly in the general obstetric population,
the incidence of depressed neonates in IUGR pregnancy is in the range
of 20 to 40% [70,79,80].

The resuscitation process should begin with intrauterine resuscitation
by the obstetrician. Even after a cesarean section is decided upon in the
case of a severe fetal heart rate pattern or evidence of fetal acidosis, several
temporary measures including maternal oxygen inhalation, change of ma-
ternal position, and the use of uterine tocolytic agents can be instituted
immediately to minimize the hypoxic insult to the fetus [81,82]. The ob-
stetrician can also reduce neonatal depression by avoiding the use of an-
algesic or sedative medications during the late active phase of labor and
by seeking alternatives to a difficult mid forceps delivery, shoulder dys-
tocia, or difficult breech extraction. In the presence of thick meconium-
stained amniotic fluid, the obstetrician can initiate pharyngeal suctioning
with a De Lee catheter just before the delivery of the shoulder, to prevent
meconium aspiration [83,84].

The pediatrician should be notified ahead of time by the obstetrician
regarding the high-risk condition of the patient as well as the status of the
fetus during the process of labor. A pediatrician should be present for the
delivery of every IUGR infant. Efforts should be made to prepare for
immediate resuscitation for those infants who exhibit any of the signs of
fetal distress—meconium-stained fluid, abnormal intrapartum heart rate
pattern, or fetal acidosis. The single most important concept in resusci-
tation of the depressed newborn is the clearing of the airway and inflation
of the lungs with oxygen. There are, however, several degrees of the re-
suscitation, depending upon the condition of the infant, advancing from
(1) simple suctioning of the nose, pharynx, and stomach to (2) the use of
an oxygen mask, (3) bagging with intermittent positive pressure breathing
(IPPB), and (4) endotracheal intubation and cardiac resuscitation. In the
severely depressed neonate, the restoration of an umbilical line for chem-
ical resuscitation should also be done as soon as possible [85,86]. In ad-
dition, special efforts should be made for resuscitation of the neonate sus-
pected of meconium aspiration at the time of delivery [87,88].
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Fetal Asphyxia: Its Impact

on the Neonate:
An Approach to Understanding and
Anticipating Complications

SusaN E. DENSON

Asphyxia is a term used frequently in the neonatal period to denote an
untoward event, usually occurring during labor or delivery, that results
in a compromised neonate. The term comes from a Greek word meaning
‘‘a stopping of the pulse,’” and although not defined in most neonatal text-
books, it is defined in Dorland’s Illustrated Medical Dictionary as ‘*a con-
dition due to lack of oxygen in respired air, resulting in impending or
actual cessation of apparent life’” [1]. In utero, the organ of gas exchange
that provides ‘‘respired air’’ is the placenta. Asphyxia, then, occurs in
situations in which placental function is impaired with subsequent inter-
ference with adequate gas exchange. If the situation is not reversed, the
fetus will die. When intervention does occur, a surviving neonate often
has sequelae as a result of the insult and changes wrought by the fetal
compensatory mechanisms.

Normal Placental Function

To understand the impact of asphyxia on the neonate, it is important to
understand normal placental function and the chain of events when dis-
ruption in this function occurs. The placenta, on which the fetus is de-
pendent, grows rapidly to meet the increasing needs of the developing
fetus. The placenta is of dual origin, with two separate circulations. Op-
timal function is dependent upon normal function of both the maternal
and fetal circulations. As there is no direct connection between these two
separate circulations, the placenta must in some way be permeable to a
variety of substrates. These include nutrients such as glucose, fatty acids,
and amino acids and gases such as oxygen and carbon dioxide. Permeation
occurs via a variety of active and passive mechanisms, depending upon
the substrate to be transported.

Since asphyxia results from interference with gas exchange between
the mother and the fetus, the mechanisms whereby it occurs are important.
Oxygen transfer across the placenta is by passive diffusion, a fact estab-
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lished for at least 50 years, as noted by Barcroft [2]. Passive diffusion is
dependent upon a gradient for the substrate between the two systems.
Thus in placental transfer of oxygen, there is a gradient between the ma-
ternal or donor stream and the fetal or recipient stream. The exact mech-
anism is still debated, but as reviewed by Battaglia and Meschia [3], the
best explanation is that the placenta corresponds most closely to a nonideal
concurrent exchange model. As has been substantiated in a number of
animal models, this results in the fetal venous PO, being less than the
maternal venous Po,. The fetal Po, is then found to be in the range of 30
torr. Since this would be insufficient in postnatal life, the fetus needs to
have compensatory mechanisms to tolerate it.
The fetus compensates in three ways:

1. The oxygen-carrying capacity is increased by an increase in hemoglobin.
The mean hemoglobin on day 1 of life is 17 g/100 ml compared with
the adult female value of 13 g/100 ml [4]. This process is under the
control of erythropoietin, produced endogenously by the fetus [S].

2. The second compensatory mechanism is the oxygen dissociation curve
for fetal blood, which lies to the left of the curve for maternal blood.
This results in the fetal blood’s comparatively greater affinity for oxygen
at any oxygen tension. This is enhanced by the Bohr effect, which op-
erates as the maternal blood gains CO, and acidic products from the
fetus. Increased acidity results in a decreased affinity of maternal
hemoglobin for oxygen. On the fetal side, the release of CO, and acidic
products to the mother decreases the acidity of the blood and increases
its affinity for oxygen [6].

3. The third compensatory mechanism is related to blood flow patterns
in the fetus. Blood that is highly saturated leaves the placenta and passes
via the umbilical vein to the inferior vena cava. The fetal circulation
is designed so that this blood with the highest saturation attainable in
utero crosses the foramen ovale and goes to the left atrium, then to the
left ventricle and out the ascending aorta. This highly saturated blood
perfuses the myocardium via the coronary arteries and the brain via
the carotid arteries before it is mixed with desaturated blood at the
level of the patent ductus arteriosus and distributed to the remainder
of the fetus [7].

When pregnancy, labor, and delivery progress normally, these compen-
satory mechanisms allow the fetus to do well; however, when there are
alterations, the effects on the fetus may be profound.

Fetal Compensatory Mechanisms During Compromise

The fetus also has compensatory mechanisms to rely upon when hypoxia
occurs or when there is impairment in umbilical blood flow. As the human
fetus is inaccessible for study, information regarding the effects of asphyxia
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has come from the laboratory animal. When placental function is impaired
and the fetus is not oxygenated, it becomes acidemic. Cardiovascular re-
sponses to hypoxemia and acidemia have been studied in fetal lambs using
chronically instrumented pregnant sheep who have been made hypoxemic.
These studies have shown that during acute hypoxia, fetal heart rate de-
creases and fetal arterial blood pressure increases. Although cardiac output
decreases, this decrease is not significant unless the fetus becomes aci-
demic. In these studies, umbilical blood flow was maintained, and in fact
the percent distribution of cardiac output to the placenta increased from
41 to 48% in the hypoxic group and from 41 to 57% in the group that
became acidemic. The blood flow to the brain, heart, and adrenals in-
creased two to three times over control levels in the hypoxic animals at
the expense of pulmonary, renal, splenic, gastrointestinal, and carcass
blood flow [8]. This compensatory mechanism is successful in the ovine
fetus over a wide range of oxygen concentrations, because the product
of arterial oxygen content times blood flow to the fetal heart and central
nervous system tends to remain constant. The same is presumed to be
true in the human fetus as well; however, there is a major difference in
that the human fetus, with a brain six to seven times heavier than the
brain of the fetal lamb of equal body weight, may develop problems sooner
than the lamb. The arterial oxygen content at which the oxygen supply
to the human fetal brain becomes inadequate is not known, but it may be
considerably higher than the content in the sheep [9]. The clinical correlate
to the situation in these animal studies is some form of chronic or acute
placental insufficiency. This can occur in many situations including pla-
cental infarct, placental edema, or placental abruption.

The other form of compromise to which the fetus may be subjected is
umbilical cord compression, occurring through prolapse of the umbilical
cord or cord entanglement. Unlike the model of hypoxia in which umbilical
venous oxygen content decreases while umbilical blood flow is maintained,
cord compression maintains umbilical venous oxygen content while re-
ducing umbilical blood flow. Studies in the ovine fetus have demonstrated
that the fetus compensates by increasing oxygen extraction, from a mean
of 33% in the control state to 43.8, 52, and 67.7% when umbilical blood
flow is reduced by 25, 50, and 75% [10]. Although this mechanism does
compensate initially, there comes a point when acidemia develops, the
myocardium becomes depressed, cardiac output falls, and no amount of
increase in oxygen extraction can compensate for the decline in oxygen
delivery.

Effects of Asphyxia on Organ Systems

If the fetus has been subjected to hypoxia or cord compression in utero,
at delivery the infant may require resuscitation. During stabilization such
an infant requires close attention to many different organ systems, because
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virtually no organ is spared. Specific problems can be anticipated and
managed expectantly.

CARDIOVASCULAR COMPLICATIONS

In looking first at the effects of asphyxia on the cardiovascular system,
the differences between adult and fetal myocardium are important. The
fetal myocardium has less ability to generate tension, and the extent and
velocity of cardiac muscle shortening at any given load are less as well.
The reasons are found in differences in microscopic structure and in in-
nervation. Fetal cardiac cells are smaller, and the proportion of the myo-
cardium that is noncontractile is significantly greater. In the adult, 60%
of the cardiac muscle is contractile, compared with only 30% [11] in the
fetus.

In innervation of the fetal cardiac muscle there is further compromise.
As asphyxia depresses the contractility of the heart, one compensatory
mechanism is stimulation of the sympathetic nervous system, which in
turn stimulates contractility. Histochemical studies on fetal myocardium
have demonstrated less sympathetic innervation than in the adult myo-
cardium. Thus the fetal myocardium will be less responsive to sympathetic
neurotransmitters, and this compensatory mechanism is not as effective
[12].

In addition to these anatomic differences, the glycogen stores that de-
velop during fetal life are rapidly depleted during stress. Depletion results
in decreased energy available for the heart, which further contributes to
decreased contractility.

As a result of these abnormalities, myocardial dysfunction occurs.
Myocardial dysfunction or transient myocardial ischemia following an as-
phyxial insult can present in several ways: as cardiogenic shock, in which
left-sided heart failure results in systemic hypotension [13], as right-sided
heart failure secondary to tricuspid valve insufficiency [14], or as heart
failure due to global myocardial ischemia [15]. The diagnosis is suggested
by the clinical findings of one or more of the following: respiratory distress
with cardiomegaly, hepatomegaly, hypotension, or electrocardiogram
changes including ST depression or T-wave changes suggestive of myo-
cardial ischemia. A cardiac murmur is also frequently found secondary
to tricuspid insufficiency. The diagnosis is substantiated by demonstration
of ventricular dysfunction by echocardiography, and low cardiac output
can be documented by pulsed Doppler echocardiography [16].

The initial treatment of heart failure as a consequence of asphyxia is
supportive. First, the asphyxial insult must be corrected, and thus ven-
tilation is critical to improve oxygenation and acid-base balance. The sys-
temic blood pressure must be maintained to maintain myocardial blood
flow. Maintenance of systolic blood pressure may be difficult if the hy-
potension is due to pump failure, and often an inotropic agent is needed
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in addition to ventilation. Dopamine is a good choice, as it has a positive
inotropic effect on the myocardium through the release of norepinephrine
and through stimulation of beta-1 receptors. It has been used with good
clinical response [17], and serial echocardiograms obtained after its use
have shown improvements in arterial blood pressure, cardiac output, and
stroke volume [16].

The outcome of myocardial dysfunction is variable. In some cases it
will be severe enough to cause death; in the majority, however, complete
recovery to normal cardiac function occurs.

PuLMONARY COMPLICATIONS

The effects of asphyxia on the respiratory system are both direct and
indirect. An indirect effect is depression of the central nervous system
resulting in apnea, which then perpetuates the problems of asphyxia. The
direct effect is dependent on gestational age. In the premature infant, as-
phyxia may increase the risk of respiratory distress syndrome (RDS),
which results from surfactant deficiency. Surfactant is the surface-active
phospholipid lining in the alveolus, which is important in promoting and
maintaining expansion of the lung [18]. It is produced by type 11 alveolar
cells and is involved in a dynamic process of production, secretion, uptake,
and reutilization [19].

Although asphyxia has been implicated clinically in the pathogenesis
of RDS, the actual mechanism is not clear. Some propose that asphyxia
reduces the pulmonary blood flow and thus the nutritional blood supply
to the metabolically active type 1I alveolar cells, resulting in cell death
{20} and therefore surfactant deficiency. Others believe there is impairment
of surfactant production as a result of alterations in enzyme activity during
the asphyxial insult, since the animal model shows recovery after ter-
mination of the stress insult [21].

RDS is suspected in a premature infant presenting with respiratory dis-
tress (grunting, flaring, and retracting), decreased breath sounds on aus-
cultation, and increasing oxygen requirements and carbon dioxide retention
documented by arterial blood gas determinations. The diagnosis is made
on the basis of these clinical findings, a chest x-ray that shows decreased
lung volume (reticulogranular pattern with air bronchograms), and the
clinical course. Management at the current time includes temperature
support, nutritional support, and respiratory support including oxygen and
mechanical ventilation. Of more potential benefit in the future is the use
of specific therapy, or instillation of surfactant into the lung of the pre-
mature infant [22]. Various surfactant preparations are currently being
studied in clinical trials. Which preparation is optimal must be determined
through controlled studies, and the agent must then be standardized and
made commercially available.

The full-term, asphyxiated infant is at risk for two forms of respiratory
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disease: meconium aspiration syndrome and persistent pulmonary hy-
pertension.

Up to 20% of infants will pass meconium in utero, usually as a result
of the increase in gastrointestinal motility and relaxation of the anal
sphincter that occur during stress. If the meconium is in the oropharynx
or nasopharynx after delivery, it can be passively moved into the lungs
with the first breath or with manual bagging [23]. The respiratory distress
seen in meconium aspiration syndrome has a twofold origin: (1) The bile
salts in meconium result in a severe chemical pneumonitis. (2) Particles
of meconium and/or secretions can lodge in the airway and cause complete
obstruction and atelectasis or can act as a ball valve, allowing air to enter
but not to leave, resulting in hyperinflation and its complication of pul-
monary air leak.

The diagnosis of meconium aspiration syndrome is suspected in a me-
conium-stained infant with respiratory distress; it is confirmed by chest
x-ray findings consistent with aspiration pneumonia. Treatment is sup-
portive and includes ventilation and pulmonary physical therapy to remove
secretions. The mortality rate can be as high as 40% [24].

In view of this, the current approach is prevention. The use of intra-
partum pharyngeal suction by the obstetrician to remove meconium before
it enters the airway has been demonstrated to significantly reduce the
incidence and severity of the meconium aspiration syndrome [25] and
should be utilized whenever meconium staining of the amniotic fluid is
noted. However, more recent reports still show a substantial incidence
of meconium aspiration syndrome in spite of this {24].

The second problem encountered in the asphyxiated term infant is the
development of persistent pulmonary hypertension or persistent fetal cir-
culation. This occurs when pulmonary vascular resistance, which is nor-
maliy high in utero, fails to decrease after birth. This elevated pulmonary
vascular resistance can cause right-to-left shunting at the levels of the
foramen ovale and the patent ductus arteriosus. The end result is severe
hypoxemia as blood bypasses the pulmonary circulation. Pulmonary vas-
cular resistance is inversely related to the size of the pulmonary vascular
bed. Certain disorders physically decrease the size of the pulmonary vas-
cular bed, such as disorders with pulmonary hypoplasia. The occurrence
of high pulmonary vascular resistance in the asphyxiated neonate, how-
ever, is related to vasoconstriction. Lack of oxygen is recognized as an
important mediator in vasoconstriction, because hypoxia results in ele-
vation of the pulmonary vascular resistance [26}], but the pulmonary vas-
cular bed is under the control of other regulatory mechanisms that are
not yet clearly understood [27].

The diagnosis of persistent pulmonary hypertension is suggested by se-
vere hypoxemia in a term or near-term infant. The chest x-ray can be
clear in primary persistent pulmonary hypertension or can show evidence
of parenchymal disease such as respiratory distress syndrome, meconium
aspiration syndrome, or pneumonia if the persistent pulmonary hyper-
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tension is secondary to hypoxia in these disorders. The diagnosis can be
supported in infants with a right-to-left ductal shunt by demonstrating a
difference in arterial saturation in simultaneously obtained arterial blood
gases from a preductal vessel (usually the right radial artery) and a post-
ductal vessel (usually the umbilical artery or posterior tibial artery). The
diagnosis can also be supported by M-mode echocardiography, which
shows elevated systolic time intervals. This finding can even precede the
clinical diagnosis [28].

Treatment is directed toward supportive care, including ventilation to
sustain oxygenation and acid-base status. In the absence of knowledge
of the mechanisms underlying elevation of pulmonary vascular resistance,
no specific therapy is available.

When supportive care and attempts at pharmacologic management fail,
some infants with persistent pulmonary hypertension or meconium as-
piration syndrome might be candidates for extracorporeal membrane ox-
ygenators. Survival with this therapy has been reported as 100% in one
series of infants with persistent pulmonary hypertension and 84% in an-
other with meconium aspiration; however, it remains experimental at this
time [29].

RENAL COMPLICATIONS

The renal complications of asphyxia are primarily ischemic, as might be
expected from the redistribution of cardiac output to the brain and myo-
cardium at the expense of the visceral organs including the kidney. Vas-
cular resistance within the kidney, which is high in the fetus, is further
increased in the presence of hypoxia and acidosis. This results in the
shunting of blood away from the renal cortex and a decrease in the glo-
merular filtration rate, as shown in the neonatal lamb [30]. The lesion that
occurs depends upon the severity of the insult. Direct renal cellular damage
occurs first in the tubules, with more severe insults affecting the glomerulus
or the entire nephron.

The vulnerability of the renal tubules to insult has been recently dem-
onstrated by measuring urinary beta-2 microglobulin (B,-M) excretion in
a group of infants with meconium-stained amniotic fluid and showing it
to be increased. Beta-2M is a protein that in the mature kidney is 99.9%
reabsorbed at the level of the proximal tubule. Its presence in the urine
is a reflection of renal tubular dysfunction thought to be on the basis of
hypoxia [31].

The clinical diagnosis of renal impairment is suggested by findings at
the bedside. The decrease in glomerular filtration rate results in oliguria,
or in anuria in the more severe case. Disruption of the renal tubule results
in impaired electrolyte resorption, hematuria, the presence of red blood
cell casts, and proteinuria {32].

During the oliguric phase, the infant is at risk for fluid overload and the
metabolic complications of hyponatremia and hyperkalemia. Fluid and
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electrolyte management is directed toward prevention by providing fluid
intake calculated to cover insensible loss plus urine output. Electrolyte
levels are followed closely and electrolytes are added as needed.

After a variable period the infant is likely to enter the diuretic phase,
at which time the major complications are dehydration and further elec-
trolyte imbalance. Management involves fluid replacement of insensible
loss plus urine output and close attention to electrolyte, especially sodium,
imbalance [33].

The outcome of renal failure in the neonate is variable. Many will im-
prove within 7 to 10 days [34], while others go on to chronic renal failure.
The technology now exists to support these infants with peritoneal dialysis,
which may be considered in selected cases.

GASTROINTESTINAL COMPLICATIONS

The gastrointestinal complications of asphyxia are both acute and long-
term. The acute complications are related to gestational age and include
delay in motility in some full-term infants and the more significant com-
plication of necrotizing enterocolitis in the premature infant.

Necrotizing enterocolitis occurs in 2,000 to 4,000 neonates per year and
has a mortality rate of 20 to 40%. It is probably multifactorial in origin.
The risk factors include mucosal injury, of which ischemia from asphyxia
is one cause; bacterial or viral colonization; and enteral feedings as sub-
strate [35]. The diagnosis is suggested by the nonspecific signs of lethargy,
abdominal distention, guaiac-positive stools, and emesis. It is confirmed
by an abdominal x-ray showing ileus and pneumatosis intestinalis. Medical
management includes supportive measures such as bowel rest, de-
compression, and intravenous hydration and specific measures such as
antibiotics for infection. If the disease progresses, perforation may occur,
and surgical intervention will be necessary. The long-term outcome varies.
Short-bowel syndrome develops in some infants as a result of bowel re-
section [36], while strictures develop in some who initially respond to
medical management [37]. Overall, outcome is good in most survivors.

A less well-recognized long-term complication of asphyxia is gastro-
esophageal reflux in infants with neurologic impairment [38]. This must
be considered in the infant who has persistent vomiting or in the impaired
infant who requires a gastrostomy for nutritional support. The diagnosis
is made by radiographic procedures (upper GI series), nuclear medicine
procedures (milk scan), or continuous esophageal pH probe monitoring.
Treatment may be medical with the use of pharmacologic therapy or sur-
gical with fundoplication.

METABOLIC COMPLICATIONS

Metabolic complications of asphyxia include aberrations in glucose and
calcium regulation.
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In utero, the fetus receives from the mother a continuous supply of
glucose along with fatty acids and amino acids to supply its energy needs.
In addition to being used for growth and metabolic needs, some of this
energy substrate is stored in the form of glycogen, which will support the
infant during labor, delivery, and the first few hours of life. The amount
of glycogen is substantial: Studies have shown that glycogen accounts for
up to 10% of liver weight at term [39]. After birth, as glucose levels fall,
glycogen synthesis becomes depressed and glycogen breakdown accel-
erates to restore the blood glucose level to normal [40]. Asphyxia in utero,
however, may result in depletion of the glycogen store prior to birth. The
asphyxiated newborn is then at risk for hypoglycemia.

Symptomatic hypoglycemia should be prevented by prospective man-
agement. Intravenous glucose should be started as soon as possible after
delivery and the blood glucose level monitored, since some infants will
become hypoglycemic in spite of this IV therapy.

Hypocalcemia may occur within 24 hours in asphyxiated infants. Al-
though the mechanisms are poorly understood, it has been proposed that
increased phosphorus loads resulting from hypoxia depress the parathyroid
gland and lower its responsiveness to the fall in calcium levels [41]. Calcium
levels should thus be monitored in the at-risk infant and treated if in the
hypocalcemic range.

HEMATOLOGIC COMPLICATIONS

The most common hematologic complication of asphyxia is bleeding, and
the cause is thought to be disseminated intravascular coagulation in most
cases. It is hypothesized that the asphyxial event triggers tissue factor
release from damaged endothelial cells or leukocytes, thus stimulating the
extrinsic pathway and resulting in consumptive coagulopathy. In severe
asphyxial insult, decreased factor synthesis by the liver may also play a
role [42].

The diagnosis is suspected if an asphyxiated infant is bleeding; it is
substantiated by coagulation studies. Results of such studies show a pro-
longed prothrombin time and partial thromboplastin time, elevated level
of fibrin split products, and decreased fibrinogen levels. The platelet count
may be only slightly decreased. Treatment is directed toward supportive
care, including correction of hypoxemia, acidosis, and hypotension, and
specific therapy, including blood component therapy to correct the co-
agulation abnormalities.

NEUROLOGIC ABNORMALITIES

The last complication to be considered is the effect of asphyxia on the
central nervous system. This complication has the most impact in postnatal
life, since it may result in a variety of problems including mental retardation
and motor deficits that impair function. It is also the complication about
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which we have the least predictive ability. Fetal compensatory attempts
to maintain blood flow will sometimes fail, and the infant will be left with
hypoxic-ischemic lesions. The types of lesions differ between full-term
and premature infants; the reason is felt to be differences in the blood
supply to the brain at different gestational ages. Damage in the premature
infant is primarily to the germinal matrix in the periventricular region,
while damage in the full-term infant occurs primarily in the cerebral cortex
[43].

The biochemical mechanisms involved in cell injury and death are com-
plex. They include energy failure within the cell, the effect of elevated
concentrations of tissue lactate, extracellular potassium accumulation, in-
tracellular calcium accumulation, and generation of free radicals in the
tissue [44]. The exact pathophysiology of brain injury is currently in dis-
pute. In the past, on the basis of animal autopsy studies, cerebral edema
resulting in neuronal necrosis was felt to play a prominent role in this
injury. Current information, however, suggests that it is more complicated.
Selective neuronal injury would suggest other factors as important, in-
cluding circulatory factors (as previously mentioned), regional metabolic
factors, and the role of excitotoxic amino acids in mediating this injury
[43].

Although the cellular cause of the injury is still in debate, the clinical
findings are not. The findings are dependent upon the severity of the insult
and include alterations in state such as hyperexcitability, lethargy, or coma
and the presence of seizures [45].

Management includes supportive care to improve oxygenation and
maintain blood pressure, and avoidance of hypoglycemia. Specific ther-
apies are controversial. They include phenobarbital to reduce energy de-
mands in the brain and control of cerebral edema with osmotic diuretics.
Seizure control is eften difficult and requires aggressive intervention.

At the current time, the outcome is variable and good predictors are
still lacking. New technology, including magnetic resonance imaging and
positron emission tomography, may improve our ability to predict.

Summary

Asphyxia in utero resulting from disruption in placental function is initially
compensated. When the compensatory mechanisms fail, however, the fe-
tus is subjected to hypoxic-ischemic insult. This insult leaves no organ
system untouched, and the effects on each system depend on the severity
of the insult and the vulnerability of the system. Such multisystem damage
has effects that are both short-term, such as pulmonary and metabolic
abnormalities, and long-term, such as renal failure and neurologic sequelae.
The scope of these problems emphasizes the importance of early inter-
vention to minimize the sequelae.
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3
The Role of External

Tocodynamometry in Perinatal
Medicine

MIicCHAEL KATZ AND ROGER B. NEWMAN

Aubry and Pennington [1], more than a decade ago, suggested that only
through identification of the high-risk pregnancy could the limited health
care manpower, dollars, and technology be appropriately applied to max-
imize perinatal outcome. Since preterm birth remains the greatest con-
tributor to perinatal morbidity and mortality, these authors further sug-
gested the use of external tocodynamometry to better identify patients at
risk for preterm labor and birth. They concluded that ‘‘external tocodyn-
amometry appears to be very promising in terms of a clinically useful
predictor of impending premature labor.”’

In this chapter we review some of the work that has been done in pi-
oneering the field of tocodynamometry. We will discuss the technology
that allows us to extend external tocodynamometry beyond the labor and
delivery suite. In addition, we present the investigations we have been
undertaking in an attempt to differentiate physiologic from pathologic
uterine contractility among ambulatory patients. Finally, we try to apply
these guidelines to a clinical series to test the hypothesis presented by
Aubry and Pennington, namely, whether tocodynamometry can improve
perinatal outcome.

In the late 1950s and early 1960s, Alvarez and associates performed
transabdominal intrauterine pressure measurements in hundreds of preg-
nant women, and determined what should be considered physiologic uter-
ine activity during normal gestation. They reported that during the first
30 weeks of pregnancy, most contractions generated an intrauterine pres-
sure of 10 to 15 mm Hg and occurred with a frequency of approximately
one per hour. The frequency and intensity of this activity increased very
gradually until 2 weeks preceding term, when there was a more abrupt
increase in uterine activity [2].

Later, Wood et al, who performed tocodynamometry in 26 patients dur-
ing pregnancy, reported that the six patients who had excessive uterine
activity prior to 34 weeks’ gestation had subsequently experienced pre-
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mature labor [3]. In 1968, Turnbull and Anderson [4] reported a compar-
ative study among 28 women who underwent external tocodynamometry
at 2-week intervals from 28 weeks’ gestation until the onset of labor. These
investigators expressed their findings in terms of ‘‘uterine activity units.”’
Uterine activity units are the product of contraction intensity and fre-
quency. Turnbull and Anderson did not specifically investigate preterm
labor, but they did find a consistently higher uterine activity score among
patients delivering prior to their estimated date of confinement compared
with women laboring at term. This difference in uterine activity was present
as early as 28 weeks’ gestation. The gradual increase in uterine contractility
demonstrated by these studies during the last 8 to 10 weeks of pregnancy
is interesting, but not as intriguing as the finding that ‘‘the rate of increase
in activity depends on the ultimate time in gestation of the spontaneous
onset of labor’’ {4]. Stimulated by these findings, Aubry and Pennington
[1] performed uterine activity monitoring every other week from 20 weeks
until term, and also expressed their results in uterine activity units. They
established a normal range from 40 control subjects that resembled the
findings of Alvarez and Caldeyro-Barcia [2]. When the uterine activity
from 10 patients experiencing preterm labor was computed, almost all the
recordings exceeded the normal range. This phenomenon was apparent
from weeks to months prior to the onset of premature labor.

Schwenzer, Schumann, and Halberstadt [5] performed 24-hour toco-
grams in 24 patients with uncomplicated pregnancies and compared them
with similar tracings from 26 patients hospitalized for observation with
threatened preterm labor. The patients with normal pregnancies exhibited
fewer than three contractions per hour throughout the study period (25
to 38 weeks’ gestation). They also exhibited somewhat of a circadian
rhythm, with maximum uterine activity between 2300 and 0300 o’clock,
and then after a quiet morning, increased uterine activity between 1100
and 1300 o’clock [5].

A comparison of contraction frequencies throughout gestation was not
possible for the patients with threatened preterm labor, because of the
acute nature of the studies. However, at least acutely, the tracings among
patients threatening to enter preterm labor revealed between three and
six contractions per hour and a loss of circadian pattern {5]. This infor-
mation is extremely useful in that excessive uterine activity may be de-
tected in these women by sampling for 1 or 2 hours at random in any 24-
hour period.

Bell [6] performed external tocodynamometry for 1 hour every other
week from the 20th week until delivery in a sample of 29 patients, 14 of
them “‘optimal’’ and low risk for preterm labor and 15 of them very ‘‘high
risk™ for such labor. Bell was concerned mostly with contraction intensity,
and discovered that in women entering labor prematurely, an elevation
of intrauterine pressure of more than 15 mm Hg was generated significantly
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earlier in pregnancy (20-28 weeks) than in women laboring at term (>34
weeks) [6]. Bell suggested that this premature synchronization of uterine
contractility was present at least 5 and up to 10 weeks prior to the onset
of preterm labor.

It is important to note that most of the previously described data on
the frequency of prelabor contractions were obtained on an intermittent
basis in women either in recumbency or otherwise limited in their activity.
Because the majority of women are physically active during pregnancy,
the reported data from hospitalized patients may not accurately reflect
the true prelabor uterine activity.

Toward this end Zahn [7], in Germany, recorded uterine activity for |
hour each day in 54 primiparous and multiparous women during the latter
half of pregnancy at home. His data suggested that normal uterine con-
traction frequency prior to 36 weeks’ gestation does not exceed four con-
tractions per hour [7]. Zahn found no significant differences in the fre-
quency curves between primiparous and multiparous patients. He also
performed 24-hour recordings in a large group of pregnant subjects and
described a circadian pattern very similar to that observed by Schwenzer
et al [5]. Zahn’'s findings indicated the presence of a peak in uterine activity
between 2230 and 0200 o’clock, and a minimum frequency during the
morning hours. This knowledge of circadian patterns is important for
interpretation of the day-to-day variations found in the tocographic tracings
from the same patient.

Technology

For the past several years we have been actively investigating the use of
external tocodynamometry among a referral population of women at high
risk for preterm labor.

The tocodynamometer sensor utilized in most of our studies of uterine
activity employed a design first described by Smyth in 1957 [8]. The prin-
ciple underlying this design has been termed the guard-ring principle. De-
sign features include a relatively flattened strain gauge surrounded by an
“‘inert’’ guard-ring. As the sensor is tightened, there is flattening of the
skin, abdominal wall musculature, and underlying uterine wall. This creates
an equalization of pressure approximating baseline intrauterine pressure
(8-12 mm Hg), thus establishing a continuous flat diaphragm between the
amniotic fluid and the sensor. Intrauterine pressure generated by my-
ometrial shortening is transmitted through the uterine and abdominal walls
and is recorded by the displacement of a strain gauge. Symth believed
that the major advantage of this design was its ability to record uterine
activity that correlated well (=1 cm of water) with the information obtained
by direct intrauterine pressure monitoring. The accuracy of this external
sensor has been independently confirmed by Wood et al (1965) [3], by
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Bell (1981) [9], and by Katz and Gill (1985) [10]. All of these studies doc-
ument the ability of the ‘‘guard-ring’’-type external tocodynamometer to
reliably reflect between 70 and 100% of the absolute elevation of intra-
uterine pressure. These investigators also noted that the correlation be-
tween the guard-ring sensor readings and intrauterine pressures was better
for low-intensity contractions, which are most prevalent during the pre-
labor period. In our own studies of a guard-ring-type external tocodyn-
amometer, we found it to be slightly more reliable than any of three tra-
ditional stationary tocodynamometers currently employed in our labor and
delivery suite, even when placed in a suboptimal location.

In summary, we have been extremely pleased with the guard-ring-type
external tocodynamometer because of its reliability in use, its great sen-
sitivity to even low-level uterine activity, and its accuracy in reflecting
the relative change in intrauterine pressures.

Ambulatory Tocodynamometry

BaAsic STUDIES

Just as did Zahn in earlier studies, we have emphasized the importance
of tocodynamometry at home. However, in contrast to Zahn’s work, we
felt that it would be valuable to directly compare matched groups of high-
risk patients for differences in uterine activity, rather than simply estab-
lishing the limits of normality for a sample of low-risk patients.

After referral to our preterm birth prevention program, all patients were
given instructions regarding the signs and symptoms of preterm labor and
were taught techniques of self-palpation for the detection of uterine ac-
tivity. Each patient received a tocodynamometer with a sensor design
based on the guard-ring principle and was instructed in its use. The par-
ticular sensor we utilized weighs only 198 g; it was applied to the abdomen
by a strap, allowing the patient to ambulate, drive, or work without dif-
ficulty (Termguard, Tokos Medical Corporation, Santa Ana, CA). The
sensor was attached to a light-weight (318-g) data storage and transmission
unit, which can be carried on a belt or hung from a shoulder strap (Fig.
3.1). If any contractions were perceived by the patient while recording,
the patient could press an event marker, which placed an arrow on the
tocograph strip. After the monitoring, the stored data were transmitted
at a convenient time via the telephone to receiving tocographs located in
the study center, with an average transmission time of 6 to 8 minutes per
200 minutes of monitoring. Patients were asked to record their uterine
activity four times daily for a cumulative total of at least 200 minutes per
day. Included were monitoring periods representative of the morning,
afternoon, and evening hours. Additional monitoring sessions could be
initiated at the request of either the physician or the patient. The daily
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FIGURE 3.1. Patient monitoring by tocodynamometry (right). Ambulatory toco-
dynamometer (bottom) and receiving tocograph (top) (left). Patient monitoring
(bottom) and data transmission (top). Reprinted with permission from The Amer-
ican College of Obstetricians and Gynecologists. (Obstetrics and Gynecology 1985,
66:273).

records of each patient were comprehensively reviewed for the following
characteristics:

1. Contraction frequency: Frequency of contractions per hour (> 5 mm
amplitude, lasting > than 35 s).

2. Contraction intensity: Small (< 11 mm), medium (11-20 mm), or large
(>20 mm Hg).

3. Low-amplitude, high-frequency contractions (LAHF): The percentage
of recorded uterine activity data occupied by the repetitive occurrence
of uterine contractions of < 5 mm in amplitude and < 35 s in duration
(Alvarez waves, ‘‘irritability’’).

4. Perceptive accuracy: The percentage of contractions correctly identified
(true-positive) as well as the number of marks placed in the absence
of any identifiable uterine activity (false-positive).

Only women meeting the following criteria were included in the initial
study:

1. At high risk for preterm labor (previous preterm labor and birth, mul-
tifetal gestation, uterine anomaly, etc.).

2. Referred during the second trimester for home monitoring.

3. Not receiving tocolytic therapy.

4. Not under any limitation of activity.
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The person interpreting the tocodynamometry records was blinded as to
the clinical characteristics and pregnancy outcomes of the patients. It is
important to note that preterm labor was never diagnosed solely on the
basis of uterine contraction frequency, but rather required the additional
finding of a change in cervical status. Cervical exams and the diagnosis
of preterm labor were not made by the investigators, but by the individual
patient’s primary physician who did not see the data obtained at home.

Approximately 50% of the patients in our referral population of high-
risk women ultimately experienced preterm labor. The clinical charac-
teristics and distribution of risk factors for the group of patients who la-
bored at term and those who labored preterm were very similar. This is
important, because certain risk factors may significantly affect the fre-
quency of contractions. By controlling for those differences in uterine
contraction frequency that may be attributed to a particular risk factor,
a valid assessment of uterine activity in relationship to either term or pre-
term labor could be carried out.

CONTRACTION FREQUENCY [12,13]

Uterine contractions were counted for each day, summed for each ges-
tational week, and expressed as mean (= SD) frequency contractions per
hour at each gestational week. Our results substantiate previous findings
that there do appear to be two distinct populations of patients with sig-
nificantly different baseline patterns of prelabor contractility. Those pa-
tients laboring at term (Fig. 3.2, solid circles) never experienced more
than two contractions per hour as a weekly average throughout the last
half of their pregnancy until 37 weeks’ gestation. Conversely, those pa-
tients developing preterm labor (Fig. 3.2, solid triangles) averaged two
contractions per hour as early as the 22nd week of pregnancy, and this
frequency increased progressively until labor.

Because women enter preterm labor at different times in gestation, the
uterine activity of our patients was also analyzed for the weeks prior to
the occurrence of preterm labor (Fig. 3.3). The data were compared with
those observed in patients who reached 37 weeks of gestation without
preterm labor. Again, there was a significant difference between the two
groups; most important, the differences were apparent up to several weeks
before progressive cervical changes appeared. This confirms the findings
of Aubry and Pennington and supports the proposal by Hobel et al that
preterm labor is not an acute event but rather a cascade in which de-
monstrable cervical changes and ultimately birth are the terminal sequence
of a long chain of events [14].

There were no statistically significant differences in the frequency of
uterine contractions recorded from week to week within either group,
except for one clinically meaningful situation: the week in which preterm
labor was diagnosed. When daily contraction frequency during the 7 days
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FiGURE 3.2. Frequency of contractions per hour (mean = SD) in relation to time
of gestation in patients who subsequently had preterm labor (triangles) and those
who labored at term (circles). Reproduced with permission from the American
Journal of Obstetrics and Gynecology.
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FIGURE 3.3. Frequency of contractions per hour (mean + SD) during the 8 weeks
preceding either onset of preterm labor (triangles) or attainment of 37 weeks’ ges-
tation (circles). Reproduced with permission from the American Journal of Ob-
stetrics and Gynecology.
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preceding the diagnosis of preterm labor was evaluated we found an abrupt
and significant rise during the 24 to 48 hours before hospital admission
for preterm labor. This rise was superimposed on an already elevated
baseline contraction frequency.

On the basis of data provided by these investigations, a normogram was
established to provide guidelines as to what should be considered a normal
mean weekly contraction frequency for any particular gestational week.
A computer-generated line of best fit was utilized to indicate breakpoints
for each gestational week, and the individual patient’s data were compared
with these normal limits to assess their predictive values (Fig. 3.4). None
of the patients who maintained weekly per-hour contraction frequencies
in the normal range (Fig. 3.4, shaded area) had preterm labor. Of the
patients who had a mean contraction frequency above the normal range
(Fig. 3.4, clear area), 80% had preterm labor. As more patient data are
generated, the accuracy of this division between normal and abnormal
contraction frequency in predicting preterm labor should improve. If the
prediction with larger numbers remains as accurate as it is now, evaluation
of the average hourly contraction frequency over a 7-day period may prove
clinically useful.

FIGURE 3.4. Calculated mean frequency of contractions per hour separating normal
frequency (shaded area) from excessive frequency in relation to weeks of gestation
Reproduced with permission from the American Journal of Obstetrics and Gyne-
cology.
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We decided to determine if hourly contraction frequency had a specific
relationship to any one particular risk factor. Our early experience indi-
cated that several patients who had had an excessive amount of uterine
activity but did not enter preterm labor shared a common factor, namely,
multifetal gestation. To further investigate this, we reviewed ambulatory
monitoring strips that had been obtained from 22 high-risk women with
a single fetus and 18 women with multifetal gestation, all of them laboring
after 36 weeks’ gestation. A comparison of the weekly contraction fre-
quencies for these patients has shown that women with multifetal preg-
nancies have significantly more contractions than their singleton coun-
terparts (Fig. 3.5). Additionally, within the group of patients with multifetal
gestation, there was a progressive, significant increase in contraction fre-
quency with advancing gestation. The reason these patients did not have
preterm labor despite their high rate of uterine contractility remains spec-
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FIGURE 3.5. Frequency of contractions (mean = SD) during normal term preg-
nancies among women with single (circles) or multi-fetal (triangles) gestations.
Reproduced with permission from the American Journal of Obstetrics and Gyne-
cology.
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ulative, but possibly relates to lessened intensity of uterine contractility
known to be associated with increased uterine volume [2]. No other risk
factor was found to be associated with an increase in contraction fre-
quency.

CONTRACTION INTENSITY [15]

Studies by Bell [6,9] suggest that the intensity of prelabor contractions
may help identify premature synchronization of the myometrium. In many
of the early studies, data were expressed in uterine activity units, which
are the product of frequency and intensity. Thus, assessment of intensity
seems important in estimating risk of premature labor.

As mentioned previously, external tocodynamometry does not provide
an exact measurement of intrauterine pressure, but has been shown con-
sistently to provide a reliable approximation of the generated force. We
thus defined the intensity of recorded contractions as small, medium, or
large, according to their amplitude.

The vast majority of contractions in the prelabor period were of small
intensity. Medium amplitude contractions were present from as early as
21 weeks of gestation; their proportion increased gradually toward term.
Large contractions occurred infrequently and were seen only rarely prior
to 28 weeks of gestation. Overall, there was a statistically significant in-
crease in the frequency of both medium and large contractions with ad-
vancing gestational age. The proportion of contraction intensities was
similarly distributed in women who labored prematurely and those who
labored at term, with only a modest increase in the frequency of medium
and large contractions among the women entering preterm labor. There
was, however, a significant increase in the frequency of contractions of
greater intensity during the week in which preterm labor was diagnosed.
We did note that contractions of medium intensity initially appeared sig-
nificantly earlier among patients destined to develop preterm labor (25.3
+ 2.9 weeks of gestation) compared with their appearance in women la-
boring at term (27.9 =+ 2.7 weeks). This was also true for large contractions.
Women destined to enter preterm labor first experienced contractions of
large intensity at a mean gestational age of 27.6 = 3.3 weeks, while women
who labored at term did not experience contractions of that intensity until
31.2 = 3.8 weeks. This was felt to be consistent with the observations of
Bell regarding synchronization of myometrial function [6]. The occurrence
of a large contraction prior to 30 weeks’ gestation had a sensitivity of 55%
in relation to the subsequent occurrence of preterm labor, a specificity of
86%, a positive predictive value of 80%, and a negative predictive value
of 64%. Similarly, the occurrence of a contraction of medium intensity
prior to the 28th week of gestation had a sensitivity of 91%, a specificity
of only 50%, a positive predictive value of 71%, and a negative predictive
value of 80%.

As with contraction frequency, these estimations of the predictive values
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of contractions of a specific intensity at a particular gestational week will
need to be further studied and evaluated in a larger sample of patients of
both high and low risk. We believe, however, that there is merit to the
concept of “‘premature synchronization’’ of uterine activity and that an-
tenatal evaluation of prelabor contraction intensities may contribute to
the assessment of risk. In addition, a change in the distribution of con-
traction intensity toward contractions of greater amplitude should, along
with contraction frequency, help signal impending clinical preterm labor,
when daily evaluations of uterine activity are performed.

Evaluation of the distribution of contraction intensities in women with
a singleton gestation and those with a multifetal gestation did not reveal
any significant differences. This finding differs from the result of evalu-
ations of contraction frequencies, where multifetal gestations were as-
sociated with increased frequency of uterine contractions all along. Ad-
ditional evaluations of other ‘‘traditional’’ maternal risk factors did not
reveal any differences in the distribution of contraction intensities.

Low-AMPLITUDE, HIGH-FREQUENCY
CoNTRACTIONS (LAHF) [16]

The clinical significance of this commonly observed pattern of uterine
activity or “‘irritability’” (Fig. 3.6) is controversial. It has been said that
the presence of LAHF may be associated with preterm labor, but this
proposal has never been adequately evaluated. Therefore, we have re-
viewed more than 7,250 hours of daily external tocodynamometry tracings
from 56 women at risk for preterm labor, for the presence of these re-
petitive low-amplitude contractions. Overall, 8.7 = 7.8% of recorded
uterine activity data involved this pattern. Between 21 and 31 weeks of
gestation, the percentage of time occupied by LAHF was significantly
higher in women destined to develop preterm labor compared with matched
controls who labored at term (11.2 = 12% vs. 5.7 = 7%). We found no
influence of gestational age or parity on the proportion of time occupied
by LAHF pattern. As a predictor of preterm labor, the presence of greater
than 10% LAHF on any single tocographic tracing had a sensitivity of
32%, a specificity of 82%, a 49% positive predictive value, and a 69%
negative predictive value. While this pattern may be slightly more prevalent
among women entering preterm labor, it remains generally ubiquitous,
quite variable, and as demonstrated, only marginally helpful in assessing
the risk of preterm labor.

PERCEPTIVE ACCURACY [17]

Investigations by Caldeyro-Barcia and Poseiro [11} demonstrated that
women in labor do not effectively perceive their own uterine activity until
generated intrauterine pressure exceeded 20 to 30 mm Hg. While elegantly
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FIGURE 3.6. Low-amplitude, high-frequency contractions, also known as irritability
or Alvarez waves.

done, their studies did not include women who had been trained in self-
detection techniques, which have now been popularized for patients at
risk. Furthermore, the patients in the studies by Caldeyro-Barcia and Po-
seiro were all in active labor. We believe, and have shown, that the labor
patterns characteristic of the earliest stages of preterm labor are more
intermittent and much less intense than the patterns characteristic of es-
tablished labor. Finally, all of the patients studied were in a hospital setting.
It is likely that with use of ambulatory home tocodynamometry one would
deal more closely with the true mileu in which the pregnant woman could
be expected to be aware of her own contractility.

We reviewed tocographic tracings from 44 women at risk for preterm
labor who were trained by us in self-palpation. Of over 9,500 prelabor
uterine contractions, only 15 = 21% were correctly perceived. There ex-
isted wide variations in individual accuracy—a range of 0 to 69%. Only
11% of the patients correctly identified more than 50% of their contrac-
tions, while more than half identified less than 10%.

As would be anticipated from the work of Caldeyro-Barcia, perception
improved with contractions of greater intensity. We must emphasize,
however, that only 2% of contractions in women with preterm labor were
of large intensity, and therefore such contractions are very unlikely to
provide adequate warning. The fact that the vast majority of these con-
tractions were less than 11 mm in amplitude was probably responsible for
failure of the majority of the women to correctly perceive their own uterine
activity.

Perceptive accuracy was evaluated in relation to maternal age, maternal
parity, gestational age, maternal risk factors, the occurrence of preterm
labor, and the duration of having the home monitoring device itself. None
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of these variables had any significant effect on perceptive accuracy with
the exception of the occurrence of multifetal gestation. It appears that
women carrying more than one fetus perceive fewer than half of the pre-
labor contractions perceived by their counterparts with a single fetus. This
difference was statistically significant; we speculate that the existence of
a higher resting uterine tone associated with an overdistended uterus, along
with a greater number of fetal movements, may be responsible for the
diminished accuracy of perception among women with multifetal gesta-
tions.

In addition to the fairly low incidence of correct identification of uterine
activity, we have observed that for every three contractions that were
correctly identified the women placed two marks on the record in the
absence of any identifiable uterine activity. Once again we could find no
relationship between false-positive marks and the above mentioned ob-
stetrical variables. Of interest was the fact that those women who ex-
perienced preterm labor in the current pregnancy did place significantly
more false-positive marks than those who labored at term. This may sug-
gest either the influence of anxiety or the presence of other sensations
independent of contractions but related to the occurrence of preterm labor.
It is also noteworthy that the five patients who correctly identified more
than 50% of their contractions were responsible for a disproportionately
high percentage of the false-positive marks. In essence, the most accurate
were also the most inaccurate—they performed self-monitoring with a
‘“‘shotgun’’ approach. This, once again, suggests that prelabor uterine ac-
tivity must be quite subtle and is easily confused with other common and
innocuous symptoms of pregnancy such as pelvic pressure, round ligament
pain, low back ache, intestinal peristalsis, bladder fullness, or fetal move-
ments.

In summary, while wide variations exist, the majority of women are
unable to identify more than a small percentage of their prelabor uterine
activity and seem to be easily confused by other symptomatology of preg-
nancy. None of the obstetrical variables, including the duration of mon-
itoring itself, had any significant impact on perception, except that women
with multifetal gestations were even less accurate in their perceptive ac-
curacy. While perception improved with contractions of greater intensity,
we remain concerned that awaiting the repetitive occurrence of contrac-
tions of high intensity will not allow the earliest possible diagnosis of pre-
term labor.

CLINICAL TRrIALS [18,19,20]

In one of our early studies we carried out a clinical trial to determine if
daily ambulatory external tocodynamometry performed by a group of
women at high risk for preterm labor could allow an earlier diagnosis and
therefore more effective treatment of preterm labor. The first 76 patients
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referred for ambulatory monitoring and meeting the criteria outlined earlier
were compared with 76 nonrandom contemporary controls matched for
risk indicators, maternal age, and parity. The contemporary controls in-
cluded only those women who started prenatal care at or prior to 12 weeks’
gestation, who were cared for by the same group of obstetricians through-
out pregnancy, and who were cared for in the same hospital over the same
time period as the monitored patients. It did not include any maternal
transports.

Patients in both groups were given verbal or written instructions re-
garding signs and symptoms of preterm labor and performance of self-
monitoring by palpation of the uterus. In addition, patients in the monitored
group utilized the external tocodynamometer for 200 minutes a day during
the late second trimester and the third trimester. All patients were seen
for prenatal care every 1 to 3 weeks, and they underwent regular cervical
exams for the detection of cervical changes. They were also examined as
felt to be necessary on the basis of patient self-perception of uterine ac-
tivity.

If a patient in the monitored group had more than four contractions in
a 1-hour period, she was asked to remonitor while on bed rest. If this
level of uterine activity persisted while at rest, she was instructed to come
to the hospital for continuous monitoring and evaluation of cervical status.
The diagnosis of preterm labor was made when progressive cervical change
was noted in association with regular uterine activity.

Approximately half the patients in each group developed preterm labor,
attesting to the high-risk nature of these pregnancies and the adequacy of
matching (Fig. 3.7). The mean gestational week in which preterm labor
was first diagnosed was 28.4 = 3 weeks for the monitored group and 30.8
+ 2 for matched controls. This difference approached but did not quite
achieve statistical significance. However, it suggests that monitoring may
have established the diagnosis of preterm labor at an earlier point in the
evolution of preterm labor. All the monitored patients who entered preterm
labor were suitable candidates for long-term tocolysis (i.e., dilated <3
cm, intact membranes) at the time of hospital admission, which was sig-
nificantly better than the unmonitored group, in which only 35% with pre-
term labor were candidates for long-term tocolysis. Even among the can-
didates for tocolysis, the incidence of failed tocolysis was significantly
lower in the monitored group (5% compared with 25% in the unmonitored
group, Fig. 3.7). Overall, monitored patients who entered preterm labor
gained a mean in utero time of 7.5 = 3.1 weeks, and delivery occurred
after the 36th week of gestation for 88% of them. In contrast, of the women
in the unmonitored group who received tocolysis, the mean in utero time
gained was 4.1 * 2.1 weeks, and only 59% of them achieved 36 weeks’
gestation. Both of these differences were significant and suggest an ad-
vantage to be gained by ambulatory tocodynamometry.

We have also performed a clinical trial to study if daily home tocodyn-
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FIGURE 3.7. Schematic representation of perinatal events among 76 monitored
and 76 matched high-risk patients. Reprinted with permission from the American

College of Obstetricians and Gynecologists (Obstetrics and Gynecology 1986;
68:773.)

amometry could improve the management of outpatient tocolytic therapy
for the prevention of recurrent preterm labor. Ambulatory tocodynamo-
metry was used for 60 patients released from the hospital with oral tocolytic
medications after their initial event of preterm labor was controlled by
parenteral tocolysis. This group was compared with 60 nonrandom
matched contemporary controls. The selection of patients, monitoring
protocol, and data evaluation were identical to those just described. In
the presence of excessive uterine activity, oral tocolytic dosage, timing
of doses, and patient activity were adjusted to maintain uterine activity
at a frequency of three or fewer contractions per hour. If contraction fre-



3. External Tocodynamometry in Perinatal Medicine 53

quency remained higher than this despite adjustments or despite a resting
tachycardia of 110 beats per minute, patients were instructed to come to
the hospital for monitoring and evaluation to rule out recurrent preterm
labor. Management of patients in the unmonitored group was identical,
except that adjustments in dosage, timing of doses, and activity could
only be made on the basis of pulse rate and subjective assessment by the
patient herself.

Preterm labor was first diagnosed at 28.2 + 2.5 weeks’ gestation in the
monitored group and at 29.5 = 2.7 weeks’ gestation for the unmonitored
matched controls. Oral tocolysis was started approximately 1 week later
for each group. Among monitored patients, 77% had 83 episodes of re-
current preterm labor (1.8 = 1.2 episodes per patient) compared with 67%
of the unmonitored patients, who had 59 episodes of recurrent preterm
labor (1.4 * 1.0 episode per patient). Tocolytic therapy failed to control
contractions in 22% of unmonitored patients compared with only 7% of
women performing home tocodynamometry. As a result, the proportion
of preterm births was significantly smaller for patients in the monitored
group (15% compared with 34% in the unmonitored group). In addition,
the mean in utero time gained from the time preterm labor was initially
treated was significantly longer among the monitored patients (7.4 + 3
weeks) than among unmonitored controls (4.0 = 1.2 weeks).

The clinical data provided by both studies would seem to suggest that
outpatient tocodynamometry allows making the diagnosis of preterm labor
earlier than can be expected from relying on the patient’s perception of
her own uterine activity. This early diagnosis of preterm labor translates
directly into patients being candidates for long-term tocolytic therapy, a
low failure rate for such therapy, a relatively long mean in utero time
gained, and ultimately a high rate of term births.

Conclusions

There appears to be an increasing body of work supporting the utility of
external tocodynamometry for the surveillance of patients at risk for pre-
term labor. In our continuing studies, we hope to better define the indi-
vidual elements of prelabor uterine activity that have the greatest prog-
nostic significance and can be best utilized as markers for antenatal risk
assessment. In addition to the value of external tocodynamometry as a
risk identification technique, we feel that its use in daily monitoring may
prove to be a reliable and effective tool for the high-risk patient, allowing
an early and accurate diagnosis of preterm labor and thereby maximizing
the effectiveness of tocolytic therapy. We hope that the application of
this technology to the patient at risk for preterm labor will constitute a
significant step in ongoing efforts toward reduction of preterm birth rates.
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Substance Abuse: Pregnancy
and the Neonate

IRA J. CHASNOFF

The problems of drug abuse during pregnancy have been with us since
antiquity. It was not until 1973, however, with the modern description of
the fetal alcohol syndrome [1], that public attention in the United States
was directed toward the possible teratogenic effects of recreational drugs
consumed during pregnancy. Around this time, also, descriptions of with-
drawal suffered by neonates exposed in utero to narcotics (heroin or
methadone) [2] emphasized the need for further study of the behavioral
and neurologic effects of drugs on the developing fetus and child.

It is widely recognized that women of childbearing age are regular users
of licit and illicit drugs. In the last decade, the list of substances known
to affect the unborn child has broadened. Additionally, our concept of
teratology has changed: We now recognize that, although most drugs of
use and abuse do not produce congenital malformations, they have definite
behavioral and neurologic effects that impair the neonate’s, infant’s, and
child’s development.

Drug Use Patterns in Pregnancy

Data on women of childbearing age show that they are frequent users of
legal drugs, including alcohol, and of illegal drugs. More specifically, early
studies looking at drug use during pregnancy revealed that around 75%
of women use some analgesics during pregnancy, and about 25% use sed-
ative drugs. The majority of the women involved in studies such as these
were receiving prenatal care and were obtaining many of the medications
by prescription from their physicians.

In the last 5 years the number of pregnant women who are using and
abusing illicit substances during pregnancy, especially cocaine, has in-
creased. Screening of all women enrolling at Prentice Women’s Hospital
and Maternity Center for routine prenatal care during a 6-month period
in 1982 revealed that 3% had evidence of sedative-hypnotics in their urine
at the time of admission.to the general maternity clinic [3]. This study
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was performed before cocaine had become society’s drug of choice. Cur-
rently, with an estimated 20 million Americans having tried cocaine at
least once and 5 million using it on a regular basis [4], the number of
primary cocaine users enrolling in our program, the Perinatal Center for
Chemical Dependence, has rapidly risen. In a survey conducted by the
Child Abuse Prevention Program, Department of Health Services in Los
Angeles, California, of a total of 5,973 cases of child abuse reported in
1985, 538 cases (9%) involved neonatal withdrawal due to maternal drug
use in pregnancy. In the first 6 months of 1986, 403 of 4,299 cases (9.4%)
of child abuse were due to maternal addiction during pregnancy. The pat-
tern of drug use in this population showed a shift toward an even higher
frequency of cocaine use among reported cases in the first 6 months of
1986 compared with 1985. With this shift to cocaine as the most common
primary drug of abuse, polydrug abuse has also become more common,
the majority of cocaine users abusing marijuana and/or alcohol in addition.
Thus, evaluation and management of the pregnant cocaine abuser and her
newborn must take into consideration the effects of these secondary drugs
of abuse.

Pharmacology of Illicit Drugs

It is a common belief that the placenta acts as a barrier, protecting the
fetus from various toxic substances. However, this is not so. Numerous
reviews of drug use during pregnancy show that the placenta is freely
crossed by most drugs taken by the mother during pregnancy. Drugs that
act on the central nervous system are usually lipophilic and of relatively
low molecular weight, characteristics that facilitate the crossing of the
substance from maternal to fetal circulation. For many sedative-hypnotic
medications, there is rapid equilibration of free drug between the maternal
and fetal circulation. Although the exact distribution of drug between ma-
ternal and fetal circulation is difficult to determine, it is reasonable to say
that drugs with high abuse potential (opiates, cocaine, sedative-hypnotics,
alcohol, and stimulants) are found at significant levels in the fetus if the
mother is using or abusing these drugs.

Some drugs that accumulate in the fetus can be metabolized by the fetal
liver and the placenta. Frequently, the metabolites are water soluble, which
hinders passage of the metabolite back across the placenta to the maternal
circulation where it can be excreted. Because the fetal liver is not fully
developed, anticipating the exact fate of a specific drug in the fetus is
difficult. The majority of drugs that have been studied have a longer half-
life in the fetus than in the adult. This is also true in the neonate, since
the enzymes involved in the metabolic process of glucuronidation and
oxidation are not fully developed in the fetus. In addition, the immature
renal function of the newborn may delay the excretion of drugs that have
been metabolized to an excretable form.
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Neonatal Abstinence

The fact that drugs cross the placenta and reach the fetus creates potential
problems of fetal development. These problems can be manifested as con-
genital abnormalities, fetal growth retardation, neonatal growth retarda-
tion, and neurobehavioral problems. In addition, one of the important
effects of maternal drug use during pregnancy, especially use of drugs
with high potential for abuse, is that dependence develops in the fetus as
well as the mother. Thus, the fetus will experience withdrawal along with
the mother if she stops drug use during pregnancy, or at term.

Symptoms of neonatal withdrawal from narcotics are usually present
at birth but may not reach a peak until 3 to 4 days or as late as 10 to 14
days after birth. Symptoms of withdrawal from narcotics persists in a
subacute form for 4 to 6 months after birth, with a peak at around 6 weeks
of age [5]. Abstinence symptoms in the neonate exposed to nonnarcotic
drugs in utero have been described for phenobarbital, diazepam, marijuana,
and alcohol. Although withdrawal from these substances does not appear
to result in as severe a syndrome of abstinence as withdrawal from nar-
cotics, the newborn does exhibit the irritability and restlessness, poor
feeding behavior, crying, and impaired neurobehavioral abilities that are
characteristic of the neonatal abstinence syndrome.

The most common features of the neonatal abstinence syndrome (Table
4.1) mimic aspects of adult withdrawal from narcotics. Most significant
for the neonate are the high-pitched cry, sweating, tremulousness, ex-
coriation of the extremities, and gastrointestinal upset. In an effort to re-
duce the severity of withdrawal for the narcotic-exposed newborn, low-
dose methadone maintenance programs for pregnant women have been
developed, and it is now the general recommendation to maintain a preg-
nant woman on as low a dose of methadone as possible.

Treatment of the neonate for narcotic withdrawal should be supportive,
since pharmacologic therapy can prolong hospitalization and exposes the
infant to additional agents that often are not necessary. Mothers should
be taught to swaddle the withdrawing infant closely and tightly in a blanket.

TaBLE 4.1. Signs and symptoms of neonatal

withdrawal.

Tremors Nasal stuffiness

Restlessness Rapid respirations
Hyperactive reflexes Frequent yawning

Vomiting, diarrhea Sweating

Increased muscle tone Excoriation of knees, elbows
High-pitched cry Mottling of skin

Sneezing Fever

Voracious sucking Lacrimation

Sleeplessness Seizures
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Use of a pacifier also soothes the infant’s irritability and relieves the in-
creased sucking urge. Frequent small feedings are best tolerated by the
infant.

Pharmacologic therapy with paregoric, diazepam, or phenobarbital (Ta-
ble 4.2) should be based on results of evaluation of the infant by one of
the abstinence scoring methods [2]. Excessive weight loss or dehydration
due to vomiting and diarrhea, inability of the infant to feed or sleep, fever
unrelated to infection, and seizures are the most common clinical indi-
cations for drug treatment. Other causes for these symptoms, such as
infection, metabolic abnormalities (hypoglycemia, hypocalcemia), hyper-
thyroidism, central nervous system hemorrhage, and birth anoxia should
be considered before therapy is begun.

Infants treated with paregoric have improved and more efficient sucking
behavior and exhibit better weight gain than infants treated with diazepam
or phenobarbital [6]. A major concern regarding the use of opiate prep-
arations in neonates, however, is the marked respiratory depressant effect,
although infants manifesting narcotic withdrawal should be more tolerant
of this drug than nondrug-exposed infants.

Diazepam rapidly suppresses narcotic withdrawal symptoms in the
neonate. However, the newborn infant has a limited capacity to metabolize
this drug. Use of diazepam can be associated with depression of the neo-
natal sucking reflex, and late-onset seizures have occurred in neonates
after cessation of treatment [7].

Phenobarbital will quiet the infant with neonatal withdrawal, but it does
little for the gastrointestinal symptoms. Large doses of phenobarbital exert
a marked sedative effect on the central nervous system of the infant and
impair sucking. Blood levels of phenobarbital should be followed closely
and adjusted according to the infant’s symptoms and the abstinence score
results. After symptoms have stabilized, the daily dose of phenobarbital
should be decreased to allow the drug level to decrease by 10 to 20% per
day.

TABLE 4.2. Pharmacologic therapy of neonatal abstinence.

Medication Dosage Note
Paregoric (anhydrous 0.2-0.5 ml Taper off after symptoms of withdrawal
morphine 0.4 mg/ml) every 4 hours abate for 4 to 5 days

Diazepam 1.0-2.0 mg every 8 Do not use in icteric or premature
hours infant

Phenobarbital Loading dose: 16 mg/  Follow blood levels to maintain
kg/in first 24 hours therapeutic levels; decrease daily

Maintenance dose: dose after symptoms stabilized to

2-8 mg/kg/24 hours allow phenobarbital level to decrease

by 10 to 20%/day
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Pharmacologic therapy for infants with symptoms of abstinence due to
exposure to nonopiate drugs is usually not necessary, since these infants
rarely require any more than supportive therapy. If an infant in this sit-
uation should require pharmacologic intervention, phenobarbital, given
in the same manner as for opiate withdrawal described above, would be
the medication of choice.

Neonatal Outcome

NARCOTICS

Early studies of infants delivered to heroin-using mothers showed that
these infants had a higher rate of perinatal morbidity and mortality than
infants in the general population. Common problems associated with heroin
use during pregnancy were first trimester spontaneous abortion; premature
delivery; neonatal meconium aspiration syndrome; maternal/neonatal in-
fection, including venereal disease; and severe neonatal withdrawal. At-
tempts to provide better control of these pregnancies were anchored in
methadone maintenance programs, in which pregnant women attended
prenatal obstetric clinics and received daily methadone to replace street
heroin. The initial methadone maintenance programs were successful in
that the more consistent medical and nutritional care provided for these
women resulted in improved pregnancy outcome. However, the high doses
of methadone (80 to 120 mg/day) produced a more severe and prolonged
period of abstinence for the newborn, compared with patterns of with-
drawal for infants exposed to heroin. These complications are avoided
when the pregnant woman is placed on low-dose methadone maintenance,
especially if the third trimester dose of methadone is held at less than 20
mg.

Infants delivered to mothers who use narcotics (heroin, methadone,
“T’s,” and ‘‘blues’’) have a significantly lower birth weight and length
and a smaller head circumference than nondrug-exposed infants [8]. The
inhibitory effects of narcotics on fetal growth, as well as the effects of
inadequate maternal caloric and protein intake, can produce this fetal
growth failure. However, nutritional intake is closely supervised in all
women enrolled in our program, and it appears that the significant re-
duction in growth parameters that we found in narcotic-addicted infants
is a direct result of the narcotic exposure.

Infants exposed to narcotics in utero exhibit significant impairment in
their interactive abilities, making them difficult to engage and to console.
Narcotic-exposed infants are more tremulous and irritable than drug-free
infants, demonstrating significant and unpredictable fluctuations in their
emotional responses [9]. These factors not only make these infants very
difficult to cuddle and comfort but also interrupt the normal processes of
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maternal/infant attachment that are so important to the early relationship
between infant and mother.

Infants born to mothers maintained on methadone throughout pregnancy
continue to be significantly smaller in weight and length compared with
drug-free infants through 6 to 9 months of age, but usually catch up by
12 months of age. This early stunting during a prolonged period of subacute
withdrawal could be due to the direct effect of methadone on the hypo-
thalamic-hypophyseal axis of the newborn. Following a period of slow
excretion of the methadone, the plasma and tissue drug levels fall, the
endocrinologic effects of the drug subside, and neonatal growth recovers.
The one exception is head circumference measurement for the opiate-
exposed infants; it does not exhibit catch-up growth [8]. The persistent
reduction in head size in these infants is of concern, since small head size
in young infants has been reported to be predictive of poor developmental
outcome and may be an indicator of the prolonged high-risk status of these
infants.

Two-year developmental follow-up of narcotic-exposed infants shows
that their development, measured on the Bayley Scales of Infant Devel-
opment, is within the normal range [8]. Of clinical concern, however, is
the fact that the infants demonstrate a downward trend in developmental
scores at 18 months to 2 years of age, a phenomenon not uncommon in
infants from low socioeconomic groups. This observation suggests that
the infants’ environment, with a lack of stimulation, has a more direct
influence on 2-year development than maternal drug use during pregnancy.

COCAINE

Although the annual number of opiate-addicted women delivering in our
program has remained fairly constant over the last 10 years, the number
of cocaine-using women presenting to the Perinatal Center for Chemical
Dependence has continued to escalate. Recent data from our clinic confirm
that cocaine rapidly crosses the placenta. Infants born to mothers who
have used cocaine 1 to 2 days prior to delivery excrete unchanged cocaine
12 to 24 hours after delivery and continue to excrete benzoylecgonine, a
cocaine metabolite, for up to 5 days [10]. By comparison, cocaine and its
metabolites persist in the urine of the adult user for up to 60 hours after
intranasal use [11]. The persistence of benzoylecgonine in the neonates’
urines for 5 days is evidence for slow metabolism of cocaine by the neo-
nate, probably due to the immaturity or relative deficiency of plasma cho-
linesterases and hepatic enzymes in the newborn infant.

As in other substance-abusing populations, cocaine-addicted women
have a high incidence of infectious disease complications, especially hep-
atitis and venereal disease. There is an increase in complications of labor
and delivery in cocaine-using women, so that precipitous delivery, abruptio
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placentae (usually occurring shortly after administration of cocaine), evi-
dence of fetal monitor abnormalities, and fetal meconium staining are
present in a significant number of pregnancies complicated by cocaine
use [12,13]. Gestational age tends to be slightly lower for cocaine-exposed
infants, and neonatal birth weight, length, and head circumference are
smaller compared with growth parameters for drug-free infants [13]. New-
borns who have been exposed to cocaine exhibit a high degree of irritability
and tremulousness, with a deficiency in state control [12]. The neuro-
behavioral changes for cocaine-exposed infants are in some areas more
severe than changes noted for methadone-exposed infants.

Cocaine acts peripherally to inhibit nerve conduction and prevent do-
pamine and norepinephrine reuptake at presynaptic nerve terminals, pro-
ducing an increase in catecholamine levels with subsequent vasoconstric-
tion and tachycardia and a concomitant abrupt rise in blood pressure.
Placental vasoconstriction also occurs, decreasing blood flow to the fetus.
With increased norepinephrine levels, an increase in uterine contractility
has been reported in human beings [14]. The increased incidence of pre-
cipitous labor, abruptio placentae, and premature labor in cocaine-com-
plicated pregnancies in consistent with these pharmacologic actions of
cocaine. Intrauterine growth retardation would also be expected to occur
in these infants, given the intermittent impairment of placental blood flow
due to the vasoconstrictive action of cocaine.

Maternal problems at delivery are reflected in the high rate of fetal dis-
tress noted in the cocaine-exposed infants, as manifested by fetal monitor
abnormalities and fetal meconium staining. Perinatal cerebral infarctions
have occurred in infants whose mothers have used cocaine over the few
days prior to delivery [10]. These perinatal cerebral infarctions are a severe
example of the morbidity associated with intrauterine exposure to cocaine
and are similar to intracerebral insults reported in adults who use cocaine.

ALCOHOL

Multiple case reports and studies have confirmed the existence of the fetal
alcohol syndrome (FAS). Unlike other forms of substance abuse, FAS is
a clinically observable entity with specific parameters for its diagnosis.
Nonetheless, there remain major areas of controversy surrounding the
clinical management of pregnant alcoholic women and the precise as-
sessment of the impact of alcohol use during pregnancy on the developing
fetus and child.

The reported pattern of anomalies in offspring from alcoholic pregnan-
cies is consistent in three particular parameters. These three parameters
make up the primary presentation of the FAS: (1) prenatal growth defi-
ciency in length and weight, (2) microcephaly, and (3) short palpebral
fissures.
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The facial similarities of infants and children with FAS are due to a
cluster of features associated with midfacial hypoplasia. Short palpebral
fissures are often due to microophthalmia. Other facial characteristics as-
sociated with FAS include epicanthal folds, flat nasal bridge with a short
upturned nose, indistinct philtrum, thin vermillion border of the upper
lip, hypoplastic maxilla, and flattened midface.

Mild to moderate mental retardation is reported frequently, with average
IQ scores being around 68, although the range is quite wide. Delayed
motor and language development is recognized in early infancy in most
cases, and there is no improvement in developmental abilities as the child
matures. Hyperactivity, hyperacusis, hypotonia, and tremulousness are
commonly described in young FAS infants, and symptoms of withdrawal
similar to those of narcotic abstinence in neonates have also been noted.
Evaluation of infants born to alcoholic mothers has revealed that they
have lower levels of arousal, have poor habituation, and are more restless
and irritable than drug-free infants.

Since the full FAS is seen in only some offspring of chronic alcoholic
women, it is reasonable to suspect that a less severe outcome may occur
in other children of overtly alcoholic women and in some infants of women
who drink moderately as well. In recent years, it has been recognized
that some infants of frankly alcoholic mothers escape the stigmata of FAS
while others have only a few of the characteristics. Infants with only partial
expression are thought to display fetal alcohol effects. A simple alcohol
dose/response relationship is thus not the answer to the complex issues
surrounding the etiology of FAS.

SECONDARY DRUG USE

The association between drug or alcohol use and cigarette smoking has
been repeatedly observed, and the effects of cigarette smoking on the
developing fetus must be considered in any consideration of an infant
being evaluated for intrauterine exposure to drugs of abuse. Women who
smoke have infants with significantly lower birth weights than nonsmoking
women; however, no increase in rate of neonatal mortality or occurrence
of congenital anomalies has been observed in these infants. Of interest,
among the many studies relating smoking and low birth weight, none took
into account that smoking itself was associated with heavier alcohol use;
this could have contributed a significant portion of the variance in birth
weight.

Use of additional drugs, especially marijuana and caffeine, further com-
plicates the evaluation of the effects of drugs on the fetus. Many commonly
used liquid preparations, including cough syrups, mouthwashes, and al-
cohol-based ‘‘tonics,”’ contain appreciable amounts of alcohol. Their use
and abuse have been associated with changes consistent with FAS. Ad-
ditionally, alcohol is frequently a secondary drug of abuse among opiate-
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using women. Among women enrolled in our program, 25% of heroin-
using women have evidence of concomitant alcohol use.

Special Problems

A 5- to 10-fold increase in rate of sudden infant death syndrome (SIDS)
occurs among children born to heroin-abusing mothers [15]. At the Per-
inatal Center for Chemical Dependence, we have observed a 4% rate of
SIDS deaths among infants delivered to women on low-dose methadone
maintenance. However, concomitant with the abrupt rise in the numbers
of pregnant cocaine-abusing women enrolling in our program during the
past 2 years, increases in the rate of SIDS have also been observed. In
a preliminary study of 60 cocaine-exposed infants, 15% of the infants died
of SIDS. Thus, all infants delivered to substance-abusing women in our
program receive intervention either with assessment of sleep cardiores-
piratory status (pneumogram) or with home monitoring. These procedures
are utilized as an attempt to prevent SIDS among this high-risk population.

Infants born to IV drug-using mothers have more frequent infections
than infants of oral drug-abusing mothers or drug-free infants. In a sample
of infants under the age of 1 year enrolled in our program, the proportion
of infants with an illness was greater in the offspring of I1V-addicted mothers
than in those of oral drug abusers or nonaddicted mothers. The number
of episodes of illness was also increased among infants of 1V-addicted
mothers. Some of the illnesses were the clinical manifestations resulting
from exposure to specific organisms (Chlamydia pneumonia, thrush, Mo-
nilia diaper rash), while others were caused by a spectrum of microor-
ganisms (bronchiolitis, otitis). Of note is the finding that the thrush in
these patients was qualitatively different than the thrush in these patients
was qualitatively different than the thrush usually observed in nondrug-
exposed infants. It was more severe and persisted for a longer time, despite
the use of conventional antifungal therapy. These observations suggest a
possible immune defect, although none of these infants has as yet devel-
oped severe opportunistic infections or acquired immune deficiency syn-
drome (AIDS). Immunologic studies, however, have not been performed
in a systematic manner.

Long-Term Follow-up

Little reliable information regarding long-term outcome of infants passively
exposed to drugs of abuse is available. To best evaluate these children at
school age, environmental factors must be taken into account. These en-
vironmental factors are not only socioeconomic but should include aspects
of the maternal-infant relationship, including maternal psychopathology
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and personality. One study that did attempt to control for the caretaking
environment of substance-exposed children compared these infants with
those whose families began to use drugs after the birth of the children
[16]. No differences were found between the in-utero-exposed children
and the children exposed to the social environment of drug-using care-
takers. Further studies are needed before final conclusions can be drawn
as to the long-term effects of in utero drug exposure on infant and child
development.

The problems involved in evaluating the effects of maternal exposure
to substances of abuse on the developing fetus and infant are multiple,
not the least of which are the difficulties involved in following these infants
over a long period of time. The chaotic and transient nature of the drug-
seeking environment impairs the intensive follow-up and early intervention
processes necessary to ensure maximum development by each infant. In
addition, most women from substance-abusing backgrounds lack a proper
model for parenting. These factors, compounded by the early neurobe-
havioral deficits of the drug-exposed newborns, earmark these infants to
be at high risk for continuing developmental and later school problems.
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The Use of Transcutaneous
Nerve Stimulation in the First
Stage of Labor

PATRICE KLEIN PEREZ AND
KATHLEEN CONVERY HANOLD

A safe assumption is that women in labor experience pain to some degree.
Pain results from cervical dilatation, uterine contractions, and distention
and pressure on tissues [1,2]. The stress of the experience and the per-
sistent pain affects the spinal segmental and suprasegmental reflex re-
sponses. This results in alteration of bodily functions such as ventilation,
circulation, and endocrine activity [2]. Catecholamine release, particularly
norepinephrine, is exaggerated and can lead to a 35 to 70% reduction in
blood flow to the uterus [2]. Persistent pain in labor, if not alleviated, can
contribute to uterine dysfunction, vasoconstriction, fetal hypoxia, and poor
perception of the childbirth process [1]. A study of methods that modulate
pain in laboring women is therefore indicated.

Historically, pain relief in labor has been multifaceted, ranging from
psychoprophylaxis to the utilization of narcotic analgesics, amnesic drugs,
and inhalation anesthesia. A multitude of techniques are employed in
meeting the unique needs of the woman in labor. Because of the various
physical and psychological considerations affecting patient response, dif-
ferent approaches to pain in labor have been examined. With any approach,
a balance has to be maintained between humane pain relief and maternal
and fetal safety. One method offering this balance is trancutaneous nerve
stimulation (TENS). Limited studies have described the efficacy of TENS
in the parturient woman, and further investigation is indicated [3-7].

A multitude of factors affect pain in labor. Among them are patient
personality, previous experience, availability or lack of support person(s),
cultural and educational background, anxiety level, physical response to
labor, parity fetal size, and fetus position [1].

The perception of pain in labor is thought to also be influenced by social
conditioning. Dick-Read first described the fear-pain-tension cycle in 1933.
He believed women anticipate labor with fear and anxiety due to ignorance,
prejudice, and misinformation. The resulting emotional tension increases
muscle tension, including the lower uterine segment. This can induce pain
and may impede cervical dilatation. With arrested cervical dilatation pain
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continues and labor is prolonged [8]. Many psychoprophylactic strategies
to relieve tension have been derived from Dick-Read’s beliefs.

Physiologically, the pain of uterine contractions is caused by cervical
stretching, distention of the lower uterine segment, ischemia of the muscle
fibers, and traction on the ligaments supporting the uterus [9]. Noxious
impulses from the cervix and uterus are transmitted to the spinal cord via
A delta and C afferent (sympathetic) nerve fibers through the uterine and
cervical plexus, lumbar and thoracic sympathetic chains to the white rami
{2]. The pain from these impulses is referred to the abdomen and back at
spinal segments T-10 to L-1 in the first stage of labor and S-2 to S-4 in
the second stage of labor [3].

It is in this area of neural transmission that TENS offers promise in the
modulation of pain in labor. TENS is thought to provide a counter-
stimulation to ‘‘block’ the ‘‘gate’’ of neural transmission described by
Melzak and Wall’s gate control theory of pain [6]. It is hypothesized to
stimulate large afferent fibers and to prevent the transmission of small
carrying C fibers to the brain [6]. TENS operates by emitting low-frequency
pulsed electrical waves that interfere with pain transference through the
substantia gelatinosa and stimulate an increase in naturally occurring beta
endorphins [10].

TENS is a therapeutic alternative that offers pain relief without systemic
pharmaceutical use or restraint of patient mobility. Its use in the laboring
woman provides noninvasive pain modulation, optimal maternal and fetal
safety, and the opportunity for patient control. The patient can adjust the
intensity of the pulsations to maximize her comfort. Other advantages
include the possibility of continued ambulation due to the compact size
of the TENS unit. The unit may be clipped onto clothing or monitor belts.

The battery-operated TENS unit consists of four parameters. The pulse
width is the duration of electrical stimulation or ‘‘pulses.’” It is measured
in microseconds. The pulse rate determines the number of pulses released
each second from the unit. It is measured in pulses per second (pps). The
mode describes the type of stimulus the machine delivers. Examples in-
clude standard, the constant steady delivery of stimulation, or cycle burst,
an intermittent delivery of stimulation. These parameters are generally
preset and unavailable to patient manipulation.

The intensity of the stimulus is controlled by the patient. Some units
contain two channels, each adjusted separately. Settings used for the relief
of acute pain would be indicated for the laboring patient. The electrodes
are applied to the back in the areas correlating to T-10 to L-1 for the first
stage and S-2 to S-4 for the second stage of labor. The electrodes should
be cross-channeled for maximum distribution of the current. This provides
for a fairly equal stimulation to both sides, which is more comfortable as
well as more effective.

For application of the electrodes, a variety of landmarks are used. The
root of the spine of the scapula corresponds to T-3. After locating this by
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palpation one can count down seven vertebrae to arrive at T-10. The iliac
crest corresponds to L-4. L-1 is located by palpating up four vertebrae.
The electrodes are then applied with any conducting gel and secured with
hypoallergenic tape.

After the electrodes have been secured, the intensity is adjusted so the
patient feels a tingling sensation. This should not be uncomfortable or
painful. A second unit may be applied if second stage use is desired. The
S-2 segment is located at the level of the posterior superior iliac spines
or “‘dimples.”” S-4 will be located by palpating down two vertebrae. Cross-
channeling should also be employed here.

TENS is well recognized for its effectiveness in pain relief [11-14] and
has wide applicability outside obstetrics [15]. For many years it has been
used successfully in chronic and acute postoperative pain. TENS has been
found to have a placebo effect in chronic pain patients. This effect is com-
parable to that found in double-blind studies of medications [16].

Research with TENS in labor has described pain relief in vague terms
such as ‘‘minimal or no’’ relief, ‘*‘moderate to some’’ relief, and ‘‘good”’
relief [3,6,7]. In general, the studies available [3-7] are few in number,
are poorly controlled, and utilize small numbers of patients.

European clinical trials utilizing TENS in labor were first described by
Augustinsson et al in Sweden in 1977 [3]. A convenience sample of 147
women (90 primiparae, 57 multiparae) without selection criteria was used.
TENS was applied via thoracic electrodes during the first stage of labor,
with sacral stimulation added later. Conventional pain relief measures were
available. Patients responded to a questionnaire a few hours post delivery.
Sixty-five (44%) of the women reported TENS provided good to very
good relief, 65 (44%) reported moderate relief, and 17 (12%) reported no
effect. Supplemental anesthesia was administered to 50 to 75% of the
women. TENS was not found to be helpful in the second stage of labor.
The patients reported that TENS interfered with voluntary expulsive ef-
forts. No material or neonatal complications occurred.

In clinical trials at Oxford, England, Robson [6] studied 35 women (13
primiparae, 22 multiparae) in labor. He reported that for the first stage of
labor, 20% of the patients found TENS to be of ‘‘great benefit’’ but re-
quired an additional analgesia. The remaining 80% reported obtaining
“some’’ to ‘‘considerable’ relief. They received supplementary analgesia.
““Few’’ mothers obtained any benefit from TENS in the second stage of
labor. TENS was helpful in relieving low backache in 21 of the women.

Stewart [7] reported on TENS use in labor in 54 women in Scotland.
Patients were offered TENS for “‘early labor’’ (undefined) or if admitted
for induction. Of this group, 16 (23-25%) received considerable pain relief,
38 (55-59%) received some help, and of this 5 (7%) required no additional
analgesia. Again TENS was not found helpful in the second stage of labor.

Bundsen et al [4] applied TENS to 24 women with induction of labor
in a randomized prospective study of pain relief in labor. The control
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group (n=9) used only conventional pain relief measures (nitrous oxide-
oxygen; pethidine). The TENS group (n=15) also had the option for the
use of conventional methods. Low back pain was assessed hourly during
the first stage of labor. The subjects rated the intensity of their pain each
hour using a S-point ordinal scale (‘‘no pain’’ to ‘‘almost unbearable pain’’)
and completed a postpartum interview. Pain relief was attributed to TENS
on the basis of a decrease in use of nitrous oxide in the TENS group and
reports of less low back pain. The TENS group reported minimal or mod-
erate low back pain throughout labor, while the control group felt an in-
creasing intensity of low back pain as labor progressed. The effect of su-
prapubic pain was insignificant in both groups. The newborns were
evaluated on the basis of Apgar score, blood lactate level, plasma hy-
poxanthine level, cord blood gas analysis, and neurobehavioral assess-
ment.

Bundsen and Erickson [5] applied TENS to 15 laboring women to study
its safety aspects. In the absence of an applicable safety standard, they
attempted to determine current density that constitutes an adequate safety
measure for the fetal heart when used to stimulate tissue. Results of this
study indicated current densities should not exceed 0.5 wA/mm’ when
used with laboring patients and the electrodes applied to the low back/
suprapubic regions.

In addition to the analgesic effects of TENS, the literature also reports
that TENS may decrease the length of labor. Severe pain and anxiety
during human labor causes an increase in catecholamine release [17]. Epi-
nephrine inhibits contractility, diminishing the frequency and amplitude
of contractions. Norepinephrine augments uterine activity by increasing
the frequency and amplitude of contractions, although these contractions
are not well coordinated [18]. Inhibition or modulation of pain diminishes
the catecholamine release response. Therefore, TENS is postulated to
decrease the length of labor by virtue of its pain-modulating effect.

Bundsen et al [5] reported the interval from 5 cm dilatation to delivery
was 2.3 hours (= 1.5 hours) in the TENS group compared with 2.7 hours
(= 2.3 hours) in the control group. These results were not statistically
significant. The cervical status of the control group patients was more
favorable, as determined by a modified Bishops score, and these patients
displayed faster dilatation to 5 cm. The TENS group, however, experi-
enced a more rapid dilatation from 5 to 10 cm and from 10 cm to birth.

Stewart reported shorter labors (undefined) for patients using TENS
[7]. Patients not requiring other forms of analgesia were reported to have
shorter labors. The need for minimal analgesia could be attributed to the
shorter duration of labor rather than or in addition to the effectiveness of
TENS.

The literature on TENS research in laboring women reflects a need for
further objective evaluation of its pain-modulating effects. Although the
studies cited suggest TENS is effective for achieving some pain relief in
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labor, they lack objective data regarding the nature of psychometric prop-
erties of the instruments used to measure pain or pain relief. In addition,
evaluation is without exception based on recall and includes this source
of error or bias with postpartum interview. No comparable measures of
pain assessment were used in these studies, making it difficult to determine
overall efficacy of TENS for labor management.

Confounding variables, such as the use of supplemental analgesia/anes-
thesia, lack of patient selection criteria, and homogeneity of groups, were
not objectively evaluated. Other data that are lacking include comparison
groups (except Bundsen et al), demographic data, childbirth preparation
status, and definition of variables. The literature suggests that TENS is
safe for mother and infant, reporting only minor skin irritations from hy-
persensitivity to the electrode gel or tape as sequelae.

To further evaluate the effect of TENS on laboring women, a prospective
experimental study was designed. The study was conducted in the labor
and delivery area of a large midwestern perinatal center. This center pro-
vides care to a largely indigent, high-risk (85%) population with approx-
imately 4,000 deliveries annually. Twenty-four-hour anesthesia services
are available with epidural and paracervical anesthesia and meperedine
analgesia available for pain control during labor. Because this population
is predominantly high risk, however, minimal supplementary anesthesia/
analgesia is administered due to associated maternal and fetal risks. For
this reason, TENS research was appropriate and promising as an ad-
Jjunctive, safe method for pain relief in this setting.

Criteria for selection included confirmation of a low-risk pregnancy and
early but established labor (3—4 c¢m cervical dilatation, uterine contractions
every 2-3 minutes with 50-60 second duration). Exclusion criteria included
previous cesarean section, evidence of fetal abnormalities (meconium-
stained amniotic fluid, variable or late decelerations), prematurity (less
than 37 weeks’ gestation), advanced labor (cervical dilatation greater than
5-6 cm), and the planned use of epidural anesthesia.

The women approached for the study were offered an explanation and
demonstration of the TENS unit. Informed consent for study participation
was obtained before active labor ensued. Those consenting were randomly
assigned to an experimental TENS, a placebo (the TENS apparatus with-
out batteries), or a control group. The control group received no TENS
unit. All three groups agreed to blood pressure and pulse measurements
taken 30 minutes prior to the placement of the unit and every 30 minutes
thereafter. Patients were informed that supplementary analgesia would
be available to them with a physician’s order if they so desired. Those
requesting epidural anesthesia would be dropped from the study. TENS
could be discontinued at any time upon patient request.

TENS application for the experimental group included blocking of seg-
ments T-10 to L-1 and S-2 to S-4 with TENS units. Stimulation parameters
were set in accordance with acute pain recommendations (pulse rate 50—
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100 Hz, pulse width 40-75 us, cycle burst constant). Intensity was patient
controlled, varying with comfort. Data were also collected on all medi-
cations (pain and/or any others), gravity and parity, location of pain, length
of labor, and infant’s Apgar score. TENS was discontinued if indicated
by altered maternal status (preeclampsia, chorioamnionitis, decision to
deliver by cesarean section) or fetal status (fetal distress or meconium
staining).

Blood pressure and pulse were selected as measures for their proven
validity and reliability. Physiologic responses accompany the experience
of pain as a result of the activation of the autonomic nervous system [§].
Blood pressure and pulse will increase with sympathetic stimulation and
the release of norepinephrine. Human studies with nonmedicated primi-
gravidae in labor have demonstrated a 50 to 150% increase in cardiac
output with a resultant 20 to 40% increase in blood pressure [17]. Therefore
the pain-modulation effects of TENS may be demonstrated by changes
in mean arterial pressure.

The sample consisted of 42 women among the TENS, placebo, and
control groups (n=8, n=12, n=12, respectively). The groups were found
to be homogeneous for race, age, gravidity, length of gestation, childbirth
preparation, and location of pain, based on chi-square analysis (P > 0.05).
Statistics indicated randomness was achieved. Only 26% (11 of 42; n=3,
n=35, n=3) required additional analgesia. Pitocin augmentation was uti-
lized by 14% (6 of 42; n=2, n=3, n=1) of the women. Only 4 of 42 (9%)
had any childbirth preparation.

Length of labor for the first stage was compared among the three groups
using the one-way ANOVA test. Differences were not significant even
though the data appeared to indicate a shorter first stage. The relatively
small sample size may have influenced this statistic.

Mean arterial pressure and pulse were compared by T-test for indications
of pain relief. Although individual responses appeared favorable, the re-
sults were not statistically significant.

Anecdotally, the patients rated TENS very well overall. Several patients
reported TENS helped low back pain and was a pleasant sensation. Two
patients felt the stimulation was unpleasant. Those who left the unit on
through the second stage of labor (3 of 42) felt the stimulation confused
and interfered with expulsive effort.

This study had several limitations. Mean arterial changes, although not
significant in this study, might reflect pain relief with a larger sample size.
A difficulty in maintaining standardized measures of blood pressure and
pulse was experienced. With advancing labor and parturient discomfort,
it often becomes difficult to use the same extremity and position for aus-
cultation. This may or may not have confounded the results.

Another variable requiring further research with TENS is childbirth
preparation. It may be postulated that with advance preparation, an in-
creasing understanding of the dynamics of the birth process would result,
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with a concomitant decrease in anxiety. If TENS was introduced prior to
labor it might be more effective in decreasing anxiety.

Other TENS research might involve time of application and efficacy.
Perhaps TENS might be more effective if applied during the latent phase
as opposed to the active phase. Pain modulation could begin before the
increasing discomfort of active labor. The patient, being more in control
and less apprehensive, might derive more benefit from TENS at this time.

Finally, a greater sample size would benefit further TENS research.
The potential is here, and further investigation is both warranted and nec-
essary. TENS could be an alternative treatment if anesthesia services are
unavailable. Nurses and nurse midwives can administer and utilize it to
support their patients. Parturient women desiring control yet not wanting
pain medication would benefit from TENS. It should be stressed that
TENS will not stop the pain but rather minimizes the sensation perceived
and facilitates control. TENS may alter obstetric pain control in the future.
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Prolonged Pregnancy

BRUCE A. HARRIS, JR.

Human pregnancy is generally supposed to be approximately 40 weeks
in duration, beginning with the first day of the last menstrual period (LMP)
[1]. A substantial number of human pregnancies exceed 40 weeks in length
[2]. In about 13% of these pregnancies, fetal mortality or morbidity are
encountered [3]. The remaining gestations apparently have little difficulty:
In fact, they often tend to produce babies who are larger than average
size.

The major difficulties encountered during prolonged pregnancy are in-
trauterine growth retardation (IUGR), meconium aspiration, and oligo-
hydramnios. The latter often results in umbilical cord compromise. Both
IUGR and oligohydramnios are believed to be the result of uteroplacental
insufficiency, due basically to progressive incompetence of the aging pla-
centa.

Duration of Human Pregnancy

The average duration of human pregnancy is from 38 to 42 weeks after
the LMP. This amounts to 280 days, or about 266 days after conception,
assuming that the latter takes place 13 to 14 days after the first day of the
LMP. Pregnancy is said to extend beyond 42 weeks in 3.5 to 10% of cases,
beyond 43 weeks in 4% of cases, and beyond 44 weeks in 0.4% of cases
[4]. However, about 70% of ‘‘prolonged pregnancies’” may be the result
of delayed ovulation [5]. Moreover, there is further evidence to show the
unreliability of pregnancy dating [6]. To be 90% certain that a patient will
produce an infant at 38 weeks by the best pediatric assessment, the fol-
lowing criteria must be fulfilled:

1. The LMP must have occurred 42 weeks ago.

2. The fetal heart tones (using a standard fetoscope) must have been pres-
ent for 21 weeks.

3. Fetal motions must.-have been noted by the patient for 25 weeks.
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It will be apparent that very strict criteria are required for the dating
of the supposedly prolonged pregnancy. At the University of Alabama at
Birmingham, a diagnosis of prolonged pregnancy is made according to
the following criteria:

1. A reliable menstrual history indicating that 42 gestational weeks have
been completed.

2. Performance of a bimanual pelvic examination before 12 weeks’ ges-
tation.

3. Performance of ultrasound examination as early as possible, preferably
before 20 weeks.

4. Ability to hear the fetal heart tones (with an unamplified stethoscope)
for at least 22 weeks.

A reliable menstrual history is defined to mean that the exact date of
the last menstrual period is known, the duration and amount of flow have
been normal for the particular patient, and oral contraceptives have not
been used within 3 months of that last period. If the menstrual history is
reliable, one of the other three criteria is necessary for a definite diagnosis.
If the menstrual history is unreliable, a diagnosis of prolonged pregnancy
requires that at least two other criteria be consistent with 42 or more
weeks.

It will thus be apparent that many ‘‘prolonged pregnancies’’ actually
do not fulfill the criteria for this diagnosis. Moreover, studies at the Uni-
versity of Alabama show that the increased use of ultrasonic fetal sur-
veillance in early pregnancy has substantially reduced the supposed in-
cidence of postdate pregnancy (R. Goldenberg, unpublished data).

Consequences of Prolonged Pregnancy

PERINATAL MORTALITY

Prolonged pregnancy was originally thought to carry little or no increased
risk. However, a study by McClure-Browne [7] involving all births in
England and Wales for 3 months in 1965 showed perinatal mortality rates
twice as high at 44 weeks as at term. (Nevertheless, 95% of babies deliv-
ered at 44 weeks survived, at least initially.) Of postdate babies who die,
30% die before the onset of labor, 55% during labor, and 15% following
delivery [4], with the death rate being slightly higher in male fetuses. Per-
inatal death is principally due to meconium aspiration or cord compli-
cations, [8] or generalized wasting (IUGR).

PERINATAL MORBIDITY

It has been supposed that gradual placental senescence takes place as
pregnancy continues beyond term [4]. The placental growth rate declines
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with age, although placental growth continues. The fetal growth rate de-
clines. Most important, the amniotic fluid volume declines markedly after
38 weeks’ gestation [9]. An infant with the full-blown *‘postmaturity syn-
drome’’ (PMS) shows the stigmata of intrauterine malnutrition [10]. These
include wasting, heavy meconium staining, peeling of skin, and inability
to maintain body temperature.

These changes are thought to be the result of placental dysfunction.
The placenta in postterm patients has been described as showing white
*“‘infarcts,”” fibrin deposition, and calcification [11]. The villi are said to
show diminished vascularity and increased fibrosis, and intervillous
thrombosis is described. The rate of increase in the nuclei of the aging
placenta is diminished [12].

Placental study in the postdate pregnancy has been relatively unre-
warding because of the heterogeneity of the organ. All the changes just
described may be seen in a normal-term placenta. At present, there do
not appear to be any pathognomonic changes in the postterm placenta.

In IUGR the placenta is small, with significantly less surface area for
exchange between mother and fetus than the normal-sized placenta. The
total number of cells in the placentae of growth-retarded infants in mark-
edly decreased [13]. Studies of a similar nature have not been performed
in postdate placentae, but the baby showing PMS frequently exhibits the
stigmata of intrauterine growth retardation.

A particular concern in postdate pregnancy is the presence of meconium
in the amniotic fluid. This complication occurs in about 22% of term fe-
tuses. The percentage is even larger in the postterm pregnancy. Meconium
per se is not a sign of fetal distress unless it is associated with a non-
reassuring electronic monitor tracing [3]. Nevertheless, the presence of
amniotic fluid meconium poses a constant hazard, because of the possi-
bility of intrapartum fetal meconium aspiration [8]. Fetal death in utero
or severe intrapartum fetal distress is thought to be the result of hypoxia
consequent to placental insufficiency. Fetal compromise may also result
from umbilical cord compression consequent to oligohydramnios. The lat-
ter is due primarily to diminution of output of fetal urine and fetal pul-
monary fluid, consequent to diminished transfer of water across the aging
placenta as well as to fetal renal and pulmonary dysfunction due to hy-
poxia.

Onset of Human Labor

The exact mechanism of the onset of human labor is unknown. Therefore
the etiology of prolonged pregnancy is equally obscure. It appears that
the fetus may in some way produce a signal that triggers the contractions
of true labor [14]. The route of transfer of this signal may be via the am-
niotic fluid, which in turn affects the membranes and decidua. It now
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seems generally agreed that arachidonic acid metabolites, principally
prostaglandins, serve importantly in the stimulation of labor [15].

The amnion synthesizes prostaglandin essentially to the exclusion of
other prostaglandins. The obligatory precursor of all prostaglandins of the
2-series is arachidonic acid, which in turn appears to be derived from
precursors in the amniotic fluid [16]. These precursors are acted upon by
phospholipase A, and phospholipase C, as well as other substances found
in fetal urine; these reactions involve calcium ion.

The decidua synthesizes PGE, and PGF,-alpha; myometrium produces
PGI, [17]. The latter, contrary to the other prostaglandins, tends to sup-
press uterine contractions.

Coordinated myometrial action is apparently made possible by the for-
mation of gap junctions, or intercellular bridges, between myometrial
muscle cells [18]. Formation of gap junctions is dependent upon the pres-
ence of estrogen and PGF,-alpha.

Production of PGI, during pregnancy may act as a sedative to the my-
ometrium. Production of large amounts of corticosteroids during labor
may block this synthesis, without blocking the release of PGE, and PGF»-
alpha from amnion and decidua, which are not corticosteroid sensitive.

What triggers the release of the signal from fetus to mother? The onset
of human labor appears related in some way to the fetal adrenal. For
example, fetuses with reduced amounts of adrenal tissue are often carried
well beyond the expected date of confinement [19]. However, adminis-
tration of corticoids to the postterm gravida has had an inconsistent effect
[20]. Human parturition is preceded by a progressive increase in plasma
estradiol concentrations during the final 6 weeks of pregnancy [21]. When
placental estrogen production is low, prolongation of gestation is noted
[20]. Estrogen and prostaglandins are apparently both required for the
formation of myometrial gap junctions [18]. Finally, oxytocin appears to
be a secondary, not a primary, agent in human labor, since plasma oxytocin
levels of both mother and fetus rise only after the onset of labor.

In summary, it appears that the myometrium must be primed by in-
creasing estrogen levels. Concurrently, local progesterone withdrawal is
accomplished by a progesterone-binding protein that is elaborated by the
fetal membranes in late pregnancy [14]. A fetal signal, perhaps from the
adrenal, may trigger the release of phospholipases C and A,, which in the
presence of calcium ions may act upon prostaglandin precursors in the
amniotic fluid. Estrogen and prostaglandins act to facilitate gap junction
formation; this in turn permits coordinated myometrial activity under the
influence of prostaglandins.

How and why the fetal signals fails to be transmitted in prolonged preg-
nancy is a matter of speculation. Perhaps an additional factor is needed.
For example, most postterm babies are simply large fetuses. It may be
that the smaller fetus fits more easily into the pelvis before labor, and that
the consequent distention .of the cervix sets up some sort of reflex arc.
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On the other hand, the typical wasted baby with PMS does not fit this
description. Perhaps corticoid production in these fetuses is in some way
deficient.

Dating the Pregnancy

Exact determination of gestational age is desirable. The following criteria
apply:

Determinant Considerations, Pro and Con
Last menstrual period Frequency of irregular cycles may cause error. Oral
contraceptive use may cause amenorrhea
Basal body temperature Highly valuable if available
chart, date of
conception
Initial examination Useful if examiner experienced and findings well recorded
Uterine growth Highly subjective
Quickening Highly subjective
Fetal heart tones Reliable if fetal heart tones have been audible for at least
20 weeks with non amplified stethoscope
Adjusted Highly reliable if observations made sufficiently early in
ultrasonographic age pregnancy

At the University of Alabama the pregnancy is dated by sonography
insofar as possible. Some sonographic criteria are as follows:

First trimester Sac at 4 weeks
Fetal movements at 7 weeks
Fetal heart action at 5-7 weeks
Crown-rump length at 10 weeks
(accurate within = 1 to 3 days)
Second, Biparietal diameter at 20-26 weeks
third trimesters (%= 11 days’ accuracy)
Femur length (up to 36 weeks)
(= 10 days’ accuracy)
Growth-adjusted sonographic age
(* 3 days’ accuracy)

Fetal Assessment in Prolonged Pregnancy

It is generally agreed that pregnancy should be regarded as prolonged and
worthy of special consideration when 42 weeks of gestation have been
completed, according to the very best criteria. Recently several eminent
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perinatologists have suggested that 41, rather than 42, weeks be used as
the guideline (J. Hauth, personal communication).

Estriol production, measured both in maternal urine as the conjugated
form and in maternal serum as unconjugated estriol, has been used ex-
tensively in fetal evaluation [22]. Maternal estriol production is a measure
of the function of the fetal adrenal glands and of the maternal placenta.
However, urinary estriol determinations must be done daily. They are
clumsy, expensive, and poorly adapted to outpatient care. Finally, a drop
in urinary estriol is frequently not observed until the baby’s condition
has already deteriorated. Kochenour [23] concluded that the measure-
ment of serum unconjugated estriol, rather than urinary estriol, is the
most convenient and reliable method of measurement of estrogen
metabolites.

Gauthier et al [24] felt that serum unconjugated estriol determinations
can be done biweekly. If levels are above 13 ng/ml, the baby usually does
well. If levels are below 12 ng/ml, 20% of the fetuses will show distress
during labor.

Despite the apparent accuracy of the serum unconjugated estriol mea-
surement, most clinics do not follow postterm patients with estriol de-
terminations alone at this time. The primary usefulness of estrogen assays
appears to be to support the decision to postpone delivery until some
future date. ,

In 1974, Hobbins et al [25] proposed measurement of human placental
lactogen as a means of monitoring prolonged pregnancy. Subsequent ex-
perience has failed to confirm this position. At present, this test is not
employed as a measure of fetal well-being in prolonged pregnancy.

Observation of fetal movement has been advocated by Sadovsky et al
[26] as a means of evaluating fetal well-being. Diminution of fetal move-
ments has been reported as a response to placental insufficiency. This
method may be used as an adjunct to other means of surveillance but
appears insufficient in itself; further, it produces marked maternal anxiety.

Manning et al [27,28] pointed out that biophysical monitoring of the
fetus has largely replaced older biochemical methods. The availability of
high-resolution ultrasound has made close fetal observation possible. Ma-
ternal hypoxemia (due to an aging placenta) produces fetal hypoxemia,
which in turn produces fetal apnea, diminution in fetal movement, loss
of fetal heart rate variability, and diminution of fetal tone. Fetal hypoxemia
may also produce diversion of fetal blood supply toward the brain and
away from the kidneys, resulting in diminution of fetal urine output and
the volume of fetal lung fluid. This, in turn, will be followed by oligo-
hydramnios.

On the basis of these principles, Manning has proposed the fetal bio-
physical profile. In this profile, results of the nonstress test (NST), fetal
breathing movements, fetal tone, fetal movements, and amniotic fluid vol-
ume are studied, each variable being scored either 2 or 0. In Manning’s
series, the probability of abnormal outcome was greatest when all or most
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tests were abnormal (total score <4). The positive predictive accuracy of
a score of 8 or greater was 88.1%.
The criteria used by Manning are as follows:

Fetal breathing movements: At least one episode of 30 seconds’ duration
in 30 minutes

Movement: At least 3 discrete body/limb movements in 30 minutes

Fetal tone: At least one episode of active extension with return to flexion
of fetal limbs(s) or trunk (including opening and closing of hand)

Amniotic fluid volume: At least one pocket of fluid that measures at least
1 cm in two perpendicular planes

Fetal heart reactivity (NST): At least two episodes of acceleration of 15
beats per minute and at least 15 seconds’ duration associated with fetal
movement in 30 minutes

In a recent study, Manning’s group [29] reported 307 postdate preg-
nancies that were managed using the biophysical profile. There were no
stillbirths or perinatal deaths in this group. However, perinatal morbidity
was by no means elminated.

The presence of meconium in the amniotic fluid has previously been
regarded as an ominous sign. However, the presence of meconium per
se in the amniotic fluid cannot be reliably correlated with fetal prognosis
[3]. Therefore, amniocentesis for meconium presence or amnioscopy for
the same purpose probably has no role in the management of prolonged
pregnancy.

Contraction stress testing (CST), with the addition of ultrasonic eval-
uation of amniotic fluid volume, is the principal method of evaluation of
the postdate pregnancy at UAB. The following criteria are employed:

Negative: No late decelerations

Positive: Late decelerations of at least 5 beats per minute
after each contraction in a 10-minute period

Equivocal: Occasional late decelerations

Hyperstimulation: Five or more contractions in 10 minutes

Unsatisfactory: Cannot be interpreted

The last three require repetition within 24 hours.

Disagreement exists as to the type of Electronic Fetal Monitoring to
be employed. Freeman and his group have been strong advocates of the
CST [30]. In a series of 679 postdate gravidas assessed with weekly CSTs,
this group encountered no fetal deaths. Fetal distress occurred in 37% of
cases, illustrating that even a negative CST does not guarantee that the
fetus will successfully endure the labor process. Further, Pritchard [31]
reported a case in which a CST was done three consecutive times during
1 week and was negative each time. However, fetal death in utero ensued.

The NST has also been advocated. In a series by Eden [32], this test
was performed twice weekly and supplemented with weekly ultrasonic
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fetal evaluation. Decelerations of 30 seconds in duration during the NST
(whether reactive or nonreactive) and oligohydramnios were indications
to effect delivery. A high rate of intervention (24%) and of cesarean de-
livery (29%) was reported. The authors felt that the reactive NST was at
least as good a predictor of immediate normal outcome as a negative CST.

Miyazaki and Miyazaki [33] reported a series of 125 postterm patients
with reactive NSTs. They noted a ‘“‘false reactive’’ rate of 8%, including
four antepartum deaths, one neonatal death, one case of brain damage,
and four cases of fetal distress on admission.

If the NST is used as the primary test for following prolonged preg-
nancies, the importance of variable decelerations must be stressed. Var-
iable decelerations, even in the presence of a reactive NST, are of ominous
significance, strongly suggesting oligohydramnios and impending fetal hy-
poxia due to cord compression.

It is possible that the fetus with oligohydramnios may be subjected to
a recurrent series of sublethal, but potentially very damaging, episodes
of cord compression. These episodes may pass unnotlced because the
mother is not being monitored at the time.

In summary, currently there is no foolproof single method of fetal as-
sessment in the prolonged pregnancy. A combination of biophysical pa-
rameters appears to offer the best results, but perinatal morbidity and
mortality still occur.

A Suggested Method of Management for
Prolonged Pregnancies

The first consideration in dealing with a supposed postdate pregnancy is
proper dating. When the pregnancy has reached 42 weeks as computed
by the best possible parameters, the cervix should be evaluated by the
Bishop scoring method [34]. If the Bishop score is 5 or more, induction
of labor should be offered to the patient. However, the average Bishop
score at 42 weeks is only 3.6 [35]. Moreover, routine weekly attempts at
induction, beginning at 42 weeks, do not change the time of delivery [36].
Therefore, induction of labor at 42 weeks is not the answer for most women
with prolonged pregnancies.

If the cervix is not favorable for induction (Bishop score of 5 or more),
careful ultrasound evaluation is done. A CST should be performed con-
currently. If the CST shows variable decelerations, even if negative, de-
livery should be undertaken. If oligohydramnios is present (defined as no
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