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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. 

Acknowledgements. I am grateful to the contributors for their cooperation 
in preparing the manuscripts, to my associates for their help and support, 
and to the publishers for their continued interest in this work. Above all, 
I thank Ms. Rose Aiello-Lech and Ms. MaryAnn Cichowski for their hard 
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1 
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 offetal 
growth parameters, especially the factor of uteroplacental blood flow in 
relation to fetal oxygenation. Thus the purpose of this chapter is to describe 
(I) 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 [I], uterine blood 
flow patterns cannot be distinguished from those in nonpregnant animals 
until between days 17 and 20 of gestation. At this time, uterine blood 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 ~o 
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: (I) 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 [II]. The fetus must maintain an adequate uptake of oxygen in 
the presence of very low oxygen tension (Pa2 of 25 mm Hg) in the umbilical 
circulation, in contrast to the high oxygen tension in the maternal arterial 
blood (Pa2 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 Pa2 , fetal blood is capable of transporting large amounts 
of O2 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 Pa2 of 34 mm Hg. Second, the rate of perfusion of fetal organs 
is high in comparison to O2 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/02 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. * 

Fetal weight (kg) 

Oxygen 4.03 ± 0.29 
(n = 9) 

Glucose 4.53 ± 0.38 
(n = 12) 

Uterine uptake 
(m mol/min) 

2.16 ± 0.15 

0.29 ± 0.02 

* All values expressed as mean ± standard error. 

Umbilical uptake 
(m mol/min) 

1.18 ± 0.06 
(55%) 

0.082 ± 0.008 
(28%) 

Uteroplacental utilization 
(m mol/min) 

0.98 ± 0.13 
(45%) 

0.206 ± 0.016 
(72%) 

Source: Meschia G, Battaglia FC, Hay WW, Sparks JW [13]. Used with permission from the 
Federation of the American Society for Experimental Biology. 
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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: (I) 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. 
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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 POz 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: (I) 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% 0z, 2% CO2 , 88% 
Nz). 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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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 DIAGNOSIS 

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 104. 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-Hili. 

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 (lUGR). 

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 offemur 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], 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
Iy, the low growth-profile pattern of the type I versus the late-flattening 
pattern of the type lllUGR 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 offetal 
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) 

Warsof 
et al (41) 

Shepard 
et al [42] 

Ott [43] 
Thurnau 

et al [44] 

Formula for EFW 

LoglO(BW) = 1.599 + 0.144(BPD) + 
0.032(AC) - 0.IlI(BPD2 x AC)/1000 
LoglO(BW) = 1.7492 + 0.166(BPD) + 
0.046(AC) - 2.646(AC x BPD)/1000 
Warsofs formula 

EFW = (BPD x AC x 9.337) - 299 

BW, body weight 
BPD, biparietal diameter; AC, abdominal circumference. 

r 

0.92 

0.96 

Mean error (%) 

11.0 

16.4 
8.2 

7.0 

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 

Fetal breathing movements 
(FBM) 

Fetal movements 

Fetal tone 

Fetal reactivity 

Each variable scores 2 

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 

Qualitative amniotic volume Pocket of amniotic fluid 
measures at least 1 cm in 2 
perpendicular planes 

Maximal score 10 
Minimal score 

Each variable scores 0 

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 < I cm in 2 
perpendicular planes 

o 

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 
test 

Nonreactive, 20 (39%) 

Reactive, 32 (61%) 

Contraction 
stress test 

Positive, 13 (65%) 
Negative, 7 (35%) 
Positive, 5 (16%) 
Negative, 27 (84%) 

Perinatal morbidity* 

12113 (92%)t 
217 (29%) 
2/5 (40%) 
5/27 (18%) 

*Combination of intrapartum fetal distress, low I-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 CY Mosby. 

than, the incidence seen in the general high-risk population [46,47]. The 
majority of perinatal deaths in IUGR 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 systolicldiastolic 
ratio (SID ratio) markedly increases after 24 weeks of gestation compared 
with that of normal pregnancies. The mean SID 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 SID ratio is 3.8 [49]. An 
abnormal test (SID ~ 3.0) has proved to be a good predictor of IUGR. 
The SID 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 
ir 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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(a) 

t , 
(b) 

FIGURE 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, LIS 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]. 

1. 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 
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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 oflate 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. 



16 Chin-Chu Lin 

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. 

Pattern of FHR 
Mode of delivery deceleration 

Cesarean section, Late, moderate 
early labor to severe 

Cesarean section, Late, moderate 
late labor to severe 

Vaginal Late, mild 
Vaginal Variable, 

severe 
Vaginal Variable, mild 

to moderate 
Vaginal None 

Fetal blood values (mean ± SD)* 

Number of Lactate 
patients (mg/100 ml) pH 

5 21.1 ± 9.5 7.26 ± 0.04 

5 71.5 ± 42.4 7.07 ± 0.22 
2 36.8 ± 19.3 7.24 ± 0.06 

48.9 7.20 

2 34.0 ± 9.1 7.28 ± 0.06 
22 23.4 ± 6.7 7.28 ± 0.01 

Base Excess 
(MEQ/Li) 

-5.0 ± 3.6 

-14.6±6.9 
-7.0 ± 4.2 

-10.0 

-7.3 ± 4.0 
-4.8 ± 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 

1 
Redistribution of organ blood flow 

l 
Oxygen debt to brain cells 

1 
Impaired autoregulation of cerebral blood flow 

1 
Intracellular swelling 

I 
Focal ischemia 

Generalized brain swelling 

I 
Inceased intracranial pressure 

l 
Cerebral necrosis 

l 
Atrophic cortical sclerosis 

FIGURE 1.5. Illustration of the sequence of events in a proposed pathogenesis of 
perinatal asphyxia causing permanent brain damage. From Brann A W. 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 
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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. 

3. 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. 

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 ofthe 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 oflabor. 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 
(I) 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 non ideal 
concurrent exchange model. As has been substantiated in a number of 
animal models, this results in the fetal venous P02 being less than the 
maternal venous Po2 • The fetal P02 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/IOO ml compared with 
the adult female value of 13 g/IOO ml [4]. This process is under the 
control of erythropoietin, produced endogenously by the fetus [5]. 

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 CO2 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 CO2 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. 

CARDIOV ASCULAR 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- I receptors. It has been used with good 
clinical response l17], 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 lIS]. It is produced by type II alveolar 
cells and is involved in a dynamic process of production, secretion, uptake, 
and reutilization l I 9]. 

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 II 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 [2 I]. 

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
mally 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, a,s 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 (132-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. 

HYPol:alcemia 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 playa 
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 playa 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 ('ften 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 
MICHAEL KATZ AND ROGER B. NEWMAN 

Aubry and Pennington [I], 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 ai, 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 pre term 
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 1 
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 

BASIC 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: 

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

2. Contraction intensity: Small « II mm), medium (I1-20 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: 

l. 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 (± SO) 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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WEEKS' GESTATION 

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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WEEKS BEFORE LABOR 

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. 
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We decided to determine if hourly contraction frequency had a specific 
relationship to anyone 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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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 of91%, 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 [II] 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 



-j 

I 
I 

V ....... r/ V " 
I 
I 
.1 

I 
I 

.. T 
"- I - I 
""'-

<0 

'f . . 

3. External Tocodynamometry in Perinatal Medicine 49 

\. .- . 
.f\. II"'\- ""';' oJ' 

-

, '0 

I 
I 

I 

, 

f,o- ; 'If 
I 

1 
I 
'n 

.... 0 1 ' ~ ...; 

J.F. Low Amplitude High 
, ~, .. Of .. ~ - =~-~ 

00 
I 

~ "" r- 20 - r' ... I .~ . 
0 

"0 

I , c 
I 
0 

I 

'r V ' 'wi" rv ~ ,... r.rJ v'r-.-
.L 
I 

G;) 

I .., 
Frequency 

T 
~~ . - I 
00 
I 

'0 r ./" r-
20 ..• I ..:,," 0 

1 0 0 
0 

101 102 

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 TRIALS [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 I-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 pre term 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-
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quency remained higher than this despite adjustments or despite a resting 
tachycardia of Ito 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 I 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 pre term 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 pre term 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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4 
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 [I], 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 offree 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 fetlls 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. 



4. Substance Abuse: Pregnancy and the Neonate 57 

Neonatal Abstinence 

The fact that drugs cross the placenta and reach the fetus creates potential 
problems offetal 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 IO 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 Iowa 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 
Restlessness 
Hyperactive reflexes 
Vomiting, diarrhea 
Increased muscle tone 
High-pitched cry 
Sneezing 
Voracious sucking 
Sleeplessness 

Nasal stuffiness 
Rapid respirations 
Frequent yawning 
Sweating 
Excoriation of knees. elbows 
Mottling of skin 
Fever 
Lacrimation 
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 to to 20% per 
day. 

TABLE 4.2. Pharmacologic therapy of neonatal abstinence. 

Medication 

Paregoric (anhydrous 
morphine 0.4 mg/ml) 

Diazepam 

Phenobarbital 

Dosage 

0.2-0.5 ml 
every 4 hours 

1.0-2.0 mg every 8 
hours 

Loading dose: 16 mg/ 
kg/in first 24 hours 

Maintenance dose: 
2-8 mg/kg/24 hours 

Note 

Taper off after symptoms of withdrawal 
abate for 4 to 5 days 

Do not use in icteric or premature 
infant 

Follow blood levels to maintain 
therapeutic levels; decrease daily 
dose after symptoms stabilized to 
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: (I) 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 F AS 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 F AS 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 F AS 
while others have only a few of the characteristics. Infants with only partial 
expression are thought to display fetal alcohol effects. A simple alcohol 
doseiresponse 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 lO-fold increase in rate of sudden infant death syndrome (SlDS) 
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 IV -addicted mothers 
than in those of oral drug abusers or nonaddicted mothers. The number 
of episodes of illness was also increased among infants of IV -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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5 
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 ofthe 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-IO to L-I 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 contro!' 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 offour 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-I 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-IO. The iliac 
crest corresponds to L-4. L-l 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 oflabor. 

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 = 5) 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 5-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 f.lA/mm2 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 aI), 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
junctive, 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 cm 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 em), 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-IO to L-J 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 fLs, 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 [8]. 
Blood pressure and pulse will increase with sympathetic stimulation and 
the release of norepinephrine. Human studies with non medicated 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 :l.rterial 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% (II of 42; n = 3, 
n = 5, 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 ANOV A 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 mayor 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 TEN S 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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6 
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) 
[l]. 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 



76 Bruce A. Harris, Jr. 

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 [II]. 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 .tum 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 z and phospholipase C, as well as other substances found 
in fetal urine; these reactions involve calcium ion. 

The decidua synthesizes PGEz and PGF2-alpha; myometrium produces 
PGI2 [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 PGFz-alpha. 

Production of PGI2 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 PGEz and PGF2-

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 z, 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 

Last menstrual period 

Basal body temperature 
chart, date of 
conception 

Initial examination 
Uterine growth 
Quickening 
Fetal heart tones 

Adjusted 
ultrasonographic age 

Considerations, Pro and Con 

Frequency of irregular cycles may cause error. Oral 
contraceptive use may cause amenorrhea 

Highly valuable if available 

Useful if examiner experienced and findings well recorded 
Highly sUbjective 
Highly sUbjective 
Reliable if fetal heart tones have been audible for at least 

20 weeks with non amplified stethoscope 
Highly reliable if observations made sufficiently early in 

pregnancy 

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

First trimester 

Second, 
third trimesters 

Sac at 4 weeks 
Fetal movements at 7 weeks 
Fetal heart action at 5-7 weeks 
Crown-rump length at 10 weeks 

(accurate within ± I to 3 days) 
Biparietal diameter at 20-26 weeks 

(± II 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 



6. Prolonged Pregnancy 79 

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 O. 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 (induding opening and closing of hand) 
Amniotic fluid volume: At least one pocket of fluid that measures at least 

I 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 a& 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: 
Positive: 

No late decelerations 
Late decelerations of at least 5 beats per minute 
after each contraction in a to-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 unnoticed 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 
area in which at least 1 cm of amniotic fluid is present), delivery should 
be undertaken. Induction with oxytocin may be attempted, with very 
careful monitoring of mother and fetus. Cesarean delivery should be readily 
available. 
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If the CST is positive and reactive, delivery should be undertaken. In­
duction of labor may be attempted, with ready resort to cesarean delivery. 
If the CST is positive and nonreactive, induction of labor, while feasible, 
is regarded by many authors as likely to be associated with severe fetal 
distress. In such a situation elective cesarean section is, in my opinion, 
the wisest choice. 

If a positive nonreactive CST is obtained, the fetus may already be in 
serious trouble. The patient should be transported immediately to the de­
livery suite, placed in the left lateral decubitus position, and given oxygen 
and fluids. If prompt improvement of the tracing does not occur, delivery 
should be undertaken at once, preferably by C-section. 

If the CST is negative, variable decelerations are not noted, and the 
amniotic fluid volume is satisfactory, the patient may be reevaluated in 
1 week's time. However, as time passes, tension grows. At 42 weeks of 
gestation, the risks and benefits of elective cesarean delivery, versus the 
risks and benefits of continued pregnancy, should be carefully explained 
to the patient and her spouse. Every effort should be made to allow the 
patient to make' a fully informed choice between elective delivery and 
continuation of the pregnancy [37]. No matter how close the surveillance 
or how skilled the observer, the intricacies of prolonged pregnancy have 
not yet been entirely solved, and an occasional fetal or neonatal death or 
injury cannot be completely obviated by any of our current methods of 
management. 

The Conduct of Labor in Prolonged Pregnancy 

The fetus who has stayed overlong in the womb is regarded as being at 
high risk. Labor should be conducted in the left lateral recumbent posi­
tion-the position in which uterine and renal blood flow are maximal. 
Leveno and his associates [38] have pointed out that the pathophysiology 
of intrapartum fetal distress in prolonged pregnancy is related to oligo­
hydramnios and umbilical cord compression. The former is almost certainly 
the result of placental insufficiency. Accordingly, constant fetal monitoring 
and ready availability of fluids, oxygen, and skilled nursing care are es­
sential. Cesarean delivery should be possible on very short notice, and 
skilled neonatal care, as well as intensive-care nursery facilities, should 
be present in the hospital where labor is conducted. Intrapartum morbidity, 
according to Freeman [30], is related to episodes of fetal distress and to 
meconium passage during labor. Meconium passage is very common in 
postterm fetuses, and per se it does not carry an ominous significance [3]. 
Nevertheless, the presence of meconium in the amniotic fluid during labor 
carries the risk of meconium aspiration by the fetus [8]. Any fetus born 
through meconium, whether vaginally or by cesarean section, should be 
subjected to careful suctioning of the upper airway as soon as the head 
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is accessible. Directly after birth and clamping of the cord the infant should 
be handed over to the pediatrician. A laryngoscope should be introduced 
and the vocal cords visualized. Any meconium above the cords should 
be removed by careful suctioning; an endotracheal tube should also be 
introduced and as much meconium sucked out of the pulmonary tree as 
possible. Successive endotracheal tubes should be passed until no more 
meconium can be obtained. This may take several tubes. Despite this 
very thorough airway management, however, fatal meconium aspiration 
syndrome may still occur, perhaps as the result of aspiration by the fetus 
in utero. Such aspiration has definitely been proven to occur, both in 
humans and in experimental animals, if the fetus is sufficiently stressed 
[8]. 

A final hazard of labor is the risk of macrosomia. Many postdate babies 
are simply large babies. This, in turn, raises the specter of shoulder dys­
tocia. The accoucheur who attends a woman in labor with a postdate 
pregnancy should be well versed in the management of shoulder dystocia 
and have a plan constantly ready for overcoming this serious complication. 

If the postdate infant appears, on good evidence, to exceed 4,000 g in 
weight, and certainly if it exceeds 4,500 g, cesarean delivery should be 
very strongly considered. 

Care of the Newborn 

Delivery of the postdate infant should occur in an institution where skilled 
neonatal care is readily available. If such care is not present in the primary 
hospital, transfer of mother and fetus to a level III unit is desirable prior 
to delivery. 

The newborn who has been the victim of placental insufficiency, cord 
compression, and/or meconium aspiration requires expert care. The baby 
is at risk of dehydration, hypoglycemia, hyperviscosity, acidosis, and ce­
rebral and adrenal hypofunction. All of these are, of course, the stigmata 
of intrauterine growth retardation-the hallmark of chronic placental in­
sufficiency. Again, skilled neonatal care and a neonatal intensive care unit 
must be readily available for the treatment of these conditions. 
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7 
Hypertension in Pregnancy 

BRUCE A. HARRIS, JR. 

Definition 

Pregnancy hypertension has been defined in many ways [1,2]. At the U ni­
versity of Alabama at Birmingham, the following criteria are employed: 

1. Blood Pressure: At least 130/80 mm Hg on two separate occasions, or 
a rise of 30/15 mm Hg above the previous reading. (Other authors [1] 
regard 140/90 mm Hg as the upper limit of normal blood pressure in 
pregnancy. However, many cases of undoubted pregnancy-induced 
hypertension take place when the maximum blood pressure is below 
140/90 mm Hg.) 

Hypertension may be the sole necessary criterion for the diagnosis; al­
buminuria and edema may be present, but not necessarily so. If albu­
minuria and edema are present, the following criteria apply: 

2. Proteinuria: 400 mg protein per liter of urine in 24 hours, or more than 
1 giL in two random collections. 

3. Edema: Must be substantial and must be cephalad to the inguinal lig­
ament. 

Classification 

Many classifications have been proposed for the hypertension associated 
with pregnancy. Table 7.1 shows the scheme currently in use at the U ni­
versity of Alabama. 

Etiology 

The etiology of PIH is uncertain: many theories have been advanced [2]. 
It is clear that in women afflicted with PIH, sensitivity to vasopressors 
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TABLE 7.1. Classification of pregnancy hypertension used at the University of 
Alabama, Birmingham. * 

Type 

Pregnancy-induced hypertension (PI H) 
(also called preeclampsia-eclampsia, 
acute toxemia) 

Mild 

Severe 

Chronic hypertensiont (CH) 

PIH Superimposed on CH (also called 
pregnancy-aggravated hypertension 
[PAH]) 

Signs 

Blood pressure: 30/15 mm Hg rise in blood 
pressure since last reading 

Proteinuria (not necessarily present): < 5 g in 
24 hours 

Urine output: > 500 ml in 24 hours 
Edema: need not be present 
Blood pressure: 160/110 mm Hg (or greater); 

60130 mm Hg rise (or greater) since last 
reading 

Proteinuria (usually present): > 5 g in 24 
hours 

Urine output: < 500 ml in 24 hours 
Evidence of involvement of parenchymatous 

organs (including blood) 
Edema: need not be present, but usually is; 

may reach level of anasarca andlor 
pulmonary edema 

Any diastolic blood pressure > 90 mm Hg 
before 26 weeks of gestation 

Any diastolic blood pressure ~ 85 mm Hg 
before 26 weeks' gestation 

In a patient with known CH, the appearance 
of albuminuria, signs of parenchymatous 
organ involvement, or a rise in blood 
pressure of 30115 mm Hg or more since last 
observation 

* Another type, "transient" or "gestational hypertension," is often added. We believe this 
condition represents a manifestation of CH. 
tChronic hypertension may be "essential" or may be due to known pathologic entities such 
as chronic renal disease of whatever origin. 

is markedly increased, while normal pregnant women are resistant to va­
sopressors [3,4]. This increased sensitivity to vasopressors is noted as 
early as the 16th week of pregnancy, long before the disease is clinically 
manifest. It is thus apparent that PIH is actually a chronic disease. If the 
pregnant patient with PIH is hospitalized, her blood pressure may decline 
but her sensitivity to pressor agents remains [5]. 

How is this increased pressor sensitivity mediated? In normal pregnancy, 
the endothelium, internal elastic lamina, and smooth muscle of the media 
of the decidual spiral arterioles are replaced by trophoblast and fibrin [6]. 
These changes extend into the myometrium. This replacement of the mus­
cular coats of the spiral arterioles allows these vessels to dilate and remain 
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dilated under the influence of the maternal blood pressure. In women with 
PlH, the same changes occur, but to a much more limited extent. The 
changes are limited to the decidual portions of the spiral arterioles. As a 
result, the uterine vasculature retains its ability to respond to vasoa,ctive 
influences. 

In PlH, not only do the spiral arterioles retain their ability to respond 
to vasoactive influences, but they also are reduced in diameter, being only 
about 40% of the diameter of the corresponding vessels in normal preg­
nancy [6]. 

There is no satisfactory animal model for PlH. However, Abitbol et al 
[7] have produced uterine ischemia in pregnant animals by aortic 
compression. The lesions produced in the parenchymatous organs of these 
animals have been said to resemble those seen in the organs of women 
afflicted with PlH. Other investigators [8] have noted a rise in blood pres­
sure in association with placental ischemia. 

The idea that a poorly perfused placenta might produce, or fail to pro­
duce, vasoactive substances naturally follows from the preceding consid­
erations. Everett et al [9] have demonstrated that prostaglandin synthetase 
inhibitors (indomethacin and acetylsalicylic acid) prevent the normal 
pregnant woman's resistance to vasopressors. 

Because of the foregoing considerations, the most commonly held cur­
rent theory is that PlH represents a state in which an inadequately perfused 
placenta fails to produce sufficient quantities of vasodilatory prostaglan­
dins, such as (but not limited to) PGE2 • There is some evidence to support 
this idea: PGE2 production is diminished in women with preeclampsia 
[10]. Moreover, PGE2 infusion diminishes the angiotensin sensitivity of 
pregnant women. 

Prostacyclin, or PGI2 , is a very potent systemic vasodilator. It has been 
postulated that failure of placental generation of PGl2 may be involved in 
the etiology of PlH [11]. Glance et al [12] have shown that injection of 
angiotensin II into the fetal circulation of isolated human placental co­
tyledons increases the production of prostaglandin E and 6-keto-prosta­
glandin F-l-alpha (the stable metabolite ofprostacyclin). However, Parisi 
and Rankin [13], studying ovine placentas, found that prostacyclin not 
only does not diminish, but actually further increases the placental vascular 
constriction produced by angiotensin II. 

Furthermore, Jouppila et al [14] showed that PGl2 infusion caused sig­
nificant decreases in blood pressure in women with PIH. However, there 
was no change in placental and umbilical blood flow during the infusion. 

A recent study [15] assessed production of PGI2 and thromboxane 
(TXA2) in perfused placentas derived from hypertensive pregnancies. 
TXA2 is the antagonist of PGI2 and has profound vasoconstrictor and 
platelet-aggregatory properties. Both sides of the placenta produced about 
five times more TXA2 metabolites than PGI2 metabolites. It is possible 
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that the relative increase of TXA2 production in the placentae of hyper­
tensive gravidae may contribute to the vasoconstrictive and thrombotic 
changes seen in the placentae of these individuals. 

Thus, a rationale has been made for prophylactic treatment of hyper­
tensive complications of pregnancy with small amounts of prostaglandin 
synthetase or thromboxane synthetase inhibitors. Such studies are now 
in progress in many centers. 

In summary, it now seems possible that reduction of placental perfusion 
may cause the production of vasoconstrictor substances or the failure of 
production of vasodilatory substances. The exact nature of these sub­
stances remains obscure at this time. 

Incidence and Distribution 

The incidence of PIH and PAH has been variously quoted [2] as from 5 
to 15% of pregnancies in the United States. PIH and PAH occur more 
commonly among women with multiple pregnancy, polyhydramnios, pri­
migravidity, hydatidiform mole, diabetes, and fetal hydrops. 

Pathologic Physiologic Changes in PIH 

Generalized vasospasm is the best-known manifestation of PIH [16]. As­
sociated with this phenomenon is a 30 to 40% reduction in the blood volume 
[17] (with respect to the volumes encountered in normal pregnancy). So­
dium is retained, to the extent of about 900 mEq [18]. Concurrently, there 
is an increase in concentration of intracellular sodium and a decrease in 
intracellular potassium; associated with these phenomena is an increase 
in neuromuscular hyperactivity. 

In the chronic hypertensive gravida, there is already a hyperplastic­
arteriosclerotic change in the radial arteries of the myometrium and their 
derivatives, the spiral arterioles of the decidua [9]. Thus, a foundation 
may be laid for the subsequent development of superimposed PIH, since 
the possibility of reduced utero placental blood flow already exists. It is 
therefore not surprising that plasma volume fails to increase in CH [19] 
or that in affected women, pregnancy-derived increases in plasma volume 
fall short of what would be expected for the normal gravida [20]. 

During normal pregnancy, there are increases in plasma renin activity 
and in plasma renin, renin substrate, angiotensin II, and aldosterone con­
centration. In PIH, the level of renin substrate apparently remains ele­
vated. Plasma renin concentration, plasma renin activity, angiotensin II 
concentration, and aldosterone level have all been reported to be increased, 
decreased, or unchanged [21]. 
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Pathology 

Since PIH is a disease of pregnancy, the placenta might be expected to 
show fundamental changes. In 1950, Zeek and Assali [22] described a 
necrotizing arteriolitis, or "acute atherosis," in the walls of the spiral 
arterioles in PIH. The affected vessels are necrotic: Their walls are in­
fIltrated with fat-laden "foam cells." This lesion may progress to infarction 
of the corresponding placental lobules. This work has been confirmed by 
Husten and co-workers [23] using more modern techniques. Similar 
changes are observed in intrauterine growth retardation. Infarction of areas 
of the decidua and the overlying placental lobules may cause release of 
tissue factor III (thromboplastin), initiating the coagulation cascade and 
producing a tendency to disseminated intravascular coagulation (DIC). 
Concurrently, decidual necrosis may produce prostaglandin precursors, 
triggering the prostaglandin cascade and producing uterine irritability. 

Light microscopy of the placenta does not show specific lesions. At 
various times, lesions such as syncytial knotting, intervillous fibrin de­
position, intervillous thrombosis, and ischemic necrosis of villi have been 
described as characteristic of PIH. However, all these conditions can be 
demonstrated in normal placentae. Moreover, studies of villi from the 
placentae of women with PIH do not show changes in biochemical activity 
[24]. 

The kidney shows swelling of the glomerulus, with diminution of the 
capillary lumen and thickening of the basement membrane bordering the 
epithelial cells [16,25,26]. This lesion is reversible after delivery. It is called 
glomeruloendotheliosis and is thought by some to be pathognomonic of 
PIH. Associated with these changes is a 25 to 50% reduction of renal 
plasma flow and glomerular filtration rate. 

The liver shows a hemorrhagic necrosis of the peripheral areas of the 
lobules. This may be so extensive that a massive subcapsular hematoma 
may result (especially on the right). Spontaneous rupture of the liver may 
then occur [27]. 

In the brain [27] hemorrhage may be massive. Cerebral hemorrhage is 
one of the principal causes of death in PIH. However, cortical petechial 
hemorrhages are a more common finding. Fresh hemorrhages in the retinae 
may well reflect similar conditions in the cerebral cortex. 

Subendocardial hemorrhages are frequently found [27]. The adrenals 
also show areas of necrosis and hemorrhage. The retinae show the per­
vasive arteriolar spasm of PIH; this may be associated with changes char­
acteristic of chronic hypertension. Retinal edema and retinal detachment 
may occur; scleral edema may be so severe that the eyelids cannot be 
closed. 

The blood frequently shows thrombocytopenia, microangiopathic he­
molytic anemia, and a substantial diminution of serum albumin in favor 
of high-molecular-weight globulin [11]. Hemolysis, elevated liver enzyme 
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levels, and low platelet counts are frequent concomitants of severe PIH, 
and the acronym of "HELLP syndrome" has been applied to this group 
of manifestations [28]. The hemolytic anemia is thought to be the result 
of intense spasm of small vessels, with resulting endothelial damage. A 
similar explanation might account for platelet deficiency. Hypoalbumi­
nemia may result from selective loss of albumin through damaged glo­
meruli, while elevated liver enzyme levels are the result of the hemorrhagic 
necrosis previously described. 

Clinical Management 

The first step in management is to distinguish PIH from CH. The patient 
with CH is usually a multipara; often she is older than 35 years. She may 
show old retinal changes or have a history of having been hypertensive 
prior to the 20th week of pregnancy. By contrast, the patient with PIH 
is usually a primigravida, often in her teens, with no antecedent hyper­
tension. Her retinae show arteriolar spasm and her disease (with the ex­
ception of hydatidiform mole) has its clinically recognizable onset at or 
after the 26th week of pregnancy. 

The patient with PAH has a history and/or physical findings strongly 
suggestive of underlying CH; now, late in pregnancy, she develops an 
acute rise of blood pressure and albuminuria. Blood pressures in PAH 
are often extremely high: readings of 190/120 mm Hg or higher are by no 
means uncommon. 

CHRONIC HYPERTENSION 

If the chronically hypertensive gravida is taking drug therapy, we proceed 
as follows. All diuretics are gradually discontinued. (Reduction of cir­
culating blood volume is undesirable, since this reduces placental per­
fusion.) Antihypertensives are cautiously stopped. If they prove to be 
required (see below), we substitute alpha-I-methyldopa, a drug that has 
been extensively studied [19] and that has stood the test of time in our 
clinic. The following protocol constitutes our standard management of 
CH: 

1. Regular diet without added sodium. 
2. Cessation of work. 
3. Two hours of bed rest every day in the left lateral decubitus position. 
4. With a fixed diastolic blood pressure of 100 mm Hg or more, alpha­

I-methyldopa (Aldomet) is used, in a dose of 250 mg, from twice daily 
to four times daily depending on response. 

5. If alpha-I-methyldopa does not control the blood pressure, propranolol 
(10 mg four times daily) may be used. (Propranolol and other beta-
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blockers are the subjects of controversy; see the section on drug ther­
apy.) 

6. Cessation of smoking (reduction of uterine blood flow is clearly un­
desirable). 

7. Close observation of renal function with serum creatinine determi­
nations. 

8. Weekly or biweekly visits, with close attention to blood pressure, pro­
teinuria, and any untoward symptoms. 

9. Ultrasound studies, preferably by 20 weeks of pregnancy, for definition 
of dates and as a baseline to detect intrauterine growth retardation 
(lUGR) later. Ultrasound is done again at 28 weeks. If IUGR is sus­
pected, ultrasound evaluation is repeated every 2 weeks. 

10. Electronic fetal monitoring (contraction stress test [CST]) weekly, be­
ginning at 32 weeks or as early as 30 weeks if hypertension is severe 
(above 150/100 mm Hg) or if IUGR has been definitely diagnosed. 

11. Amniocentesis for lecithin/sphingomyelin ratio and/or phosphatidyl-
glycerol level if disease is severe or CST is positive. 

12. Pregnancy not allowed to go beyond term. 

However, if there is no PAH, no labor, and the CST is negative, one may 
await spontaneous labor at term. Labor is induced if untoward manifes­
tations appear. 

ACUTE PIH 
An otherwise normal patient whose previous diastolic blood pressures 
were equal to or less than 85 mm Hg, who shows a rise of 15 mm Hg in 
her diastolic blood pressure or acute and persistent blood pressure of 140/ 
90 mm Hg, regardless of other signs and symptoms, is regarded as having 
acute PIH. 

Management steps are as follows: 

1. Hospitalize. 
2. Give a regular diet without added salt. 
3. Place the patient at bed rest in the labor and delivery suite. 
4. Give no diuretics. 
5. Give no antihypertensives unless the diastolic pressure is regularly 100 

mm Hg or more. 
6. Do electronic fetal monitoring (contraction stress test) daily. 
7. Do ultrasound evaluation of the pregnancy. 
8. Perform amniocentesis for lecithin/sphingomyelin ratio and/or phos-

phatidylglycerol level. 

In many cases the symptoms abate, and occasionally the patient may be 
sent home under carefully guarded conditions. If, however, the condition 
appreciably worsens despite optimum care, delivery should be seriously 
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considered. If central nervous system hyperactivity is noted, magnesium 
sulfate should be given as noted below. 

SEVERE HYPERTENSION 

If the blood pressure reaches 160/100 mm Hg, S g or more of protein 
appears in the urine, less than SOO cc of urine is excreted in a 24-hour 
period, or evidence of damage to a parenchymatous organ or organs (in­
cluding the blood) develops, delivery should be undertaken, whether or 
not the amniotic fluid lipid profIle has reached a desirable level. Otherwise, 
the baby may die or the mother may have a brain hemorrhage, pulmonary 
edema, eclampsia, or placental abruption. 

The following protocol is employed: 

1. Four grams of magnesium sulfate is given intravenously over 20 minutes. 
Thereafter, the infusion is delivered at a rate of 2 to 3 glhour. Magnesium 
levels are monitored every 6 hours. A desirable level is 6 to 7 mEq/L. 

2. With diastolic blood pressure rise to 100 mm Hg or more, hydralazine 
is given intravenously in small repeated boluses of 2.S to 10 mg at in­
tervals of IS to 30 minutes depending upon response. 

3. The severely hypertensive patient should ideally be followed either with 
a central venous pressure (CVP) monitor or with a flow-directed pul­
monary artery catheter. The latter is superior, in our opinion, since in 
some patients the CVP does not reflect changes in the pulmonary cap­
illary wedge pressure. An arterial line should also be placed for accurate 
monitoring of blood pressure. 

4. Constant fetal monitoring is instituted; rapid delivery may be required 
in the event of fetal deterioration. 

S. An indwelling bladder catheter is placed for recording of urinary intake 
and output. 

6. Oxygen is given at the rate of 7 Llminute by face mask. 
7. Delivery is vaginal, if possible. Induction should be carried out, using 

intravenous oxytocin delivered by a calibrated infusion pump. If sat­
isfactory contractions and progressive cervical dilatation have not oc­
curred within 4 hours, cesarean delivery should be strongly considered. 
Any evidence of fetal distress is also grounds for consideration of ce­
sarean delivery. 

8. Epidural anesthesia may be employed if the anesthesiologist is highly 
knowledgeable and especially qualified in the field of obstetric com­
plication~. In other situations, meperidine for labor sedation and pud­
endal block supplemented with nitrous oxide inhalation may be used 
for delivery. The latter may be by easy low forceps, if an easy spon­
taneous delivery cannot be achieved. If cesarean delivery is required, 
a general anesthetic is suggested unless the anesthesiologist is specially 
qualified, as noted above. 
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Both conduction and general anesthesia pose grave problems. Conduction 
anesthesia can produce profound peripheral vasodilatation, with severe 
reductions in uterine blood flow and resultant fetal jeopardy. On the other 
hand, catastrophic rises in maternal blood pressure may occur during tra­
cheal intubation, which is a necessary part of use of any general anesthetic. 

ECLAMPSIA 

If convulsive seizures develop, they are controlled with magnesium sulfate, 
as noted above. If magnesium sulfate does not control convulsions, in­
travenous pentothal may be administered by an anesthesiologist. Once 
convulsions have been controlled, an adequate serum level of magnesium 
(6-7 mEq/L) may be maintained. 

The prevention of injury to the tongue and mouth of the patient and 
protection of the airway to prevent aspiration are of great importance. 
Appropriate use of obturators to prevent chewing of the tongue, as well 
as endotracheal intubation, are indicated. 

The remainder of the management of eclampsia is similar to the man­
agement of severe hypertension, as previously described. Induction is 
carried out when the patient is oriented as to time and location. Delivery 
by cesarean section is undertaken in the event of fetal distress or failure 
of induction. Once convulsions have occurred, delivery is mandatory. It 
is not uncommon for the patient to look reasonably well on the morning 
after a convulsion, but failure to effect prompt delivery will result in re­
currence of the seizures and frequently cerebral edema, often with the 
most dire consequences. 

DRUG THERAPY 

Magnesium Sulfate 

This drug has a curarelike action, blocking release of acetylcholine at the 
myoneural junction. Although neurologists and internists decry its use, 
magnesium remains the "Rock of Gibraltar" for most American teaching 
institutions in the care of obstetric hypertension. Magnesium also slows 
or blocks cardiac conducting system transmission, decreases smooth­
muscle contractility, and depresses central nervous system irritability [29]. 
In all probability [29], magnesium sulfate also exerts an anticonvulsant 
effect on the cerebral cortex. Magnesium sulfate also causes diminution 
of uterine contrac~ility, although the mechanism of this process is obscure. 
The therapeutic level of magnesium ion is 6 to 7 mEq/L. Reflexes tend 
to be lost at 10 mEq/L. The lethal level is approximately 20 mEq/L. The 
antidote is calcium gluconate: 10 cc of 10% calcium gluconate can be given 
intravenously over a period of 3 minutes. 
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Alpha-Methyldopa 

This drug is a centrally acting antihypertensive agent. It operates by fa­
voring the production of methyl-norepinephrine instead of norepinephrine 
[21]. Alpha-methyldopa does not reduce cardiac output or renal blood 
flow. For these reasons, obstetricians have long favored this drug for the 
control of chronic hypertension in pregnancy, especially when the diastolic 
blood pressure is at a fixed level of 100 mm Hg or more. Alpha-methyldopa 
has a slow onset of action (12 hours), with its maximum effect being 4 to 
6 hours later. The duration of action of this drug is of the order of 8 hours. 
Alpha-methyldopa may also cause affective disorders, hepatitis, and a 
positive Coombs' test. 

Diazoxide 

This drug is related to the thiazide diuretics. It causes relaxation of arterial 
smooth muscle [30]. It also enhances sodium and water retention, inhibits 
insulin release, and increases uricemia and serum levels of free fatty acids. 
Diazoxide is also a powerful inhibitor of uterine contractions. In the usually 
recommended dose (300 mg intravenously) diazoxide will produce very 
substantial drops in both systolic and diastolic blood pressure. For this 
reason, diazoxide should not be used prior to delivery, since blood flow 
through an already compromised uteroplacental unit would be further re­
duced. 

Sodium Nitroprusside 

This drug [30] is the most effective agent available for the immediate treat­
ment of hypertensive emergencies. It is a profound arteriolar dilator and 
has the advantage of almost immediate action. The effect is very short, 
so that the action of the drug can be turned on and off almost at will. 
Sodium nitroprusside should not be used while a living fetus is present 
in the uterus except during the most profound emergencies. (Occasionally, 
the anesthesiologist may find this drug useful should induction of general 
anesthesia be required prior to cesarean delivery in a severely hypertensive 
patient.) Prolonged use of sodium nitroprusside may lead to cyanide poi­
soning of both mother and fetus. 

Hydralazine 

Hydralazine is a direct dilator of arteriolar smooth muscle [31]. It appar­
ently does not reduce uteroplacental blood flow. Hydralazine decreases 
systemic blood pressure and increases cardiac output. Renal blood flow 
seems to be unchanged or increased. The maximum effect of this drug, 
given orally, occurs in 3 to 4 hours. If the drug is given by vein, the max­
imum effect occurs in about 30 minutes. Hydralazine is used when diastolic 
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pressure reaches levels of 100 to 110 mm Hg or more. At such levels there 
is danger of cerebral hemorrhage. Hydralazine is given in bolus doses of 
2.5 to 10 mg intravenously, with additional boluses being given as needed 
every 30 minutes or so. The important consideration in hydralazine therapy 
is to avoid sudden drops in maternal arterial blood pressure, especially if 
the diastolic pressure drops significantly below 90 mm Hg. Such drops in 
diastolic blood pressure may diminish uteroplacental blood flow and en­
danger the fetus. 

Oral use of hydralazine is indicated occasionally during pregnancy when 
maximum doses of alpha-I-methyldopa are not sufficient to reduce dan­
gerous blood pressure levels. An initial dose of 10 mg is given daily. This 
dosage may be increased to 50 mg daily. 

Thiazide Diuretics 

From about 1953 to about 1970, American obstetricians administered 
countless numbers of thiazide pills to pregnant women, in the belief that 
these drugs would prevent hypertension as well as alleviate disagreeable 
symptoms, such as edema. The former effect has never been established; 
the latter effect is often accompanied by fatigue and exhaustion associated 
with sodium and potassium loss. Thiazides cause a temporary depletion 
of plasma volume [31]. An antihypertensive effect is also present, and is 
prolonged. Because the volume depletion is temporary and the antihy­
pertensive effect prolonged, a few obstetricians stilI advocate limited use 
of thiazides. 

Most obstetricians oppose the use of thiazides in pregnancy hyperten­
sion. The blood volume is already reduced, and further reductions are 
thought to have a negative effect upon uteroplacental blood flow. Thiazides 
also increase serum glucose and uric acid levels and, like diazoxide, de­
press uterine contractility. Other side effects of thiazide diuretics include 
acute hemorrhagic pancreatitis in the mother and thrombocytopenia in 
the fetus. 

Beta-Blockers 

The beta-blockers lower blood pressure by reducing myocardial contrac­
tility and heart rate. Moreover, renal renin secretion is diminished. Finally, 
unopposed alpha stimulation acts on the central nervous system to de­
crease blood pressure [31]. 

Propranolol has been widely used for the treatment of pregnancy hy­
pertensi.on in Europe, but has not been extensively employed in the United 
States. Good results [32] have been reported in hypertensive women 
treated during pregnancy with propranolol. 

Oxyprenolol [15] has not been shown to be superior to methyldopa for 
mild to moderate hypertension. 

Metoprolol [33] shows no convincing evidence of good blood pressure 
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control in hypertensive pregnant women. Although this drug has some 
blood-pressure lowering effect, it does not appear to prevent the devel­
opment of preeclampsia. 

Propranolol and other beta-blockers readily cross the placenta. They 
increase uterine irritability and may cause fetal cardiac arrhythmias. For 
these reasons, most American obstetricians feel that drugs of this type 
are contraindicated during pregnancy. Certainly, further studies [31] are 
indicated before these drugs can be recommended for hypertensive preg­
nant patients. 
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8 
Current Concepts and Practice in 
Improving Fetal Outcome in 
Diabetic Pregnancies 

CHIN-CHU LIN AND JUDITH HIBBARD 

Maternal diabetes has been known to be a significant cause of perinatal 
morbidity and mortality for many decades. Although the incidence of di­
abetes in obstetric populations varies from country to country, the impact 
of poorly controlled diabetic pregnancies on fetal outcome is always se­
rious. 

Gabbe [1] has reviewed the changes in the management of pregnant 
diabetics and the consequent improvement of fetal outcome over a 6-de­
cade period. Prior to the availability of insulin, the physician's primary 
concern was maternal survival. At that time, many pregnant diabetic 
women died from ketoacidosis or diabetic coma. Prior to 1940, the inci­
dence of sudden and unexpected intrauterine fetal death in diabetic preg­
nancies was reported to be 30%. It became possible to reduce perinatal 
mortality to 20% between 1940 and 1970 and to 10% or less between 1970 
and 1980 (Fig. 8.1). This steadily improved fetal outcome is the result of 
team care, of identification of high-risk groups by systematic classification, 
of the use of early delivery to avoid sudden fetal deaths, and of the use 
of cesarean section to prevent birth trauma from vaginal delivery of the 
macrosomic fetus. 

Most sudden fetal deaths are observed after the third trimester of preg­
nancy, with the worst prognosis seen in cases complicated by vascular 
disease, renal disease, hypertension, polyhydramnios, diabetic ketoaci­
dosis, and macrosomic fetus. Therefore, both White's classification [2] 
and Pedersen et aI's "poor prognostic signs" [3] became clinically useful 
in the prediction of fetal outcome in diabetic pregnancies. However, the 
strategy of early delivery, that is, women with diabetes class D, F, and 
R delivering at 35 weeks' gestation and those with class B or C at 37 
weeks' geJtation, is inevitably associated with a higher incidence of res­
piratory distress syndrome (RDS). 

Revolutionary changes in obstetric care during the 1970s and 1980s have 
further improved fetal outcome in diabetic pregnancies. Tight maternal 
blood glucose control, antepartum fetal surveillance, and the use of pre­
conceptional diabetic control to avoid congenital malformations of the 
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1920-30 1931-40 1944-50 1951-60 1961-70 1971-76 1976-79 

FIGURE 8.1. Perinatal mortality in pregnancies complicated by insulin-dependent 
diabetes mellitus, classes B through R. Number at top of column indicates total 
number of cases in each time period. Reproduced with permission from Gabbe 
SG: Management of diabetes in pregnancy: Six decades of experience, in Pitkin 
RM, Zlatnik FJ (eds): 1980 Year Book of Obstetrics and Gynecology . Copyright 
© March, 1980, by Year Book Medical Publishers, Inc., Chicago. 

infants of diabetic mothers (IDMs) are the important concepts in the man­
agement of diabetic pregnancies today . This chapter reviews these new 
concepts and their impact on fetal outcome in diabetic pregnancies. 

Diabetes as a Cause of Abnormal Fetal Growth 
and Development 

At the present time, congenital malformation has emerged as one of the 
major causes of perinatal mortality in diabetic pregnancy, accounting for 
30 to 40% of all perinatal losses [3]. Table 8.1 lists the major developmental 
abnormalities in multiple systems in infants of diabetic mothers described 
in one current obstetric textbook [4]. These birth defects, which involve 
the central nervous system, the cardiovascular system, the gastrointestinal 
system, the genitourinary system, and the skeletal system, are described 
elsewhere [4-9]. Davis and Campbell [10] have reported that a specific 
GI abnormality, small left-side colon, was seen in up to 40% of IDMs in 
their study series. Mills et al [II] have reported that poor diabetic control 
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TABLE 8.1. Congenital 
malformations in infants of 
diabetic mothers. 

Cardiovascular 
Transposition of great vessels 
Ventricular septal defect 
Atrial septal defect 
Hypoplastic left ventricle 
Situs inversus 
Anomalies of aorta 

Central nervous system 
Anencephaly 
Encephalocele 
Meningomyelocele 
Microcephaly 

Skeletal 
Caudal regression syndrome 
Spina bifida 

Genitourinary 
Absent kidneys (Potter syndrome) 
Polycystic kidneys 
Double ureter 

Gastrointestinal 
Tracheoesophageal fistula 
Bowel atresia 
Imperforate anus 

Source: Samuels and Landon [4]. 
Used by permission from Churchill 
Livingstone. 

during the critical period of embryonic organogenesis, prior to the eighth 
week of gestation, is associated with a risk of congenital malformations 
two to six times higher than normal for most defects. A 252: 1 increase in 
the incidence of caudal regression in diabetes compared with the incidence 
in the control group was seen in this study. 

Early fetal growth delay has been considered the major mechanism of 
fetal malformation in diabetes in animal experiments [12-16]. Severe hy­
perglycemia [12,13] and hypoglycemia [16] are associated with the oc­
currence of yolk sac damage, neural tube defects, and hypoplastic de­
velopment or growth retardation of the embryo. The use of insulin [12] 
or arachidonic acid therapy [15] in the prevention of these embryopathies 
has met with some success in these animal models. In human pregnancies, 
early fetal growth delay has been demonstrated by ultrasound at 7 to 14 
weeks of gestation in severely diabetic women [17]. Major congenital mal­
formations were found in 27% of these pregnancies. Furthermore, women 
with poor diabetic control at conception have twice the normal incidence 
of spontaneous abortion during the first trimester [18]. These data again 
suggest that abnormal embryonic development may be the cause of early 
spontaneous abortion in insulin-dependent diabetes. 
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1.2 

FETAL HYPERINSULINISM AND FETAL MACROSOMIA 

The problem of excessive fetal growth in utero may reflect the excessive 
glucose and amino acids received from the mother. In the 1950s and 196Os, 
evidence of both hyperplastic/hypertrophic changes in the pancreatic beta­
cells of IDMs and overproduction of insulin was documented [19-21]. 
Pedersen et al [22] then proposed the hypothesis that maternal hypergly­
cemia stimulates fetal hyperinsulinism and fetal macrosomia in diabetic 
pregnancies. Freinkel and Metzger [23] suggested that, in addition to ex­
cessive fetal insulin production, other growth factors may also play roles 
in fetal anabolism and increased fetal growth. 

More recently, several investigators [24-26] have claimed that amniotic 
fluid (AF) insulin is a reliable indicator for fetal prognosis in diabetic preg­
nancies, and that a high level of AF insulin may alert the obstetrician and 
pediatrician to the potential risks of intrauterine fetal death, fetal macro­
somia, or severe hypoglycemia in the newborn infant during the immediate 
neonatal period. Weiss and associates [26] reported that, in poorly con­
trolled diabetic pregnancies, the levels of insulin in cord serum and in 
urine were 20 times higher than normal values. We have studied amniotic 
fluid C-peptide (AFCP), insulin, and glucose levels in 33 diabetic arid 126 
nondiabetic pregnant women at 36 weeks or more of gestation and found 
that the AFCP level is the most reliable indicator of fetal outcome [27]. 
Levels of AFCP late in diabetic pregnancy are positively correlated with 
maternal diabetic control as well as with an increased risk of fetal ma­
crosomia. The mean level of AFCP of the well-controlled diabetic group 
was not distinguishable from that of nondiabetic women, but was signif­
icantly lower than that of the poorly controlled group (Fig. 8.2). Fur­
thermore, the incidence of fetal macrosomia was 44% in the high AFCP 
level group (~1.0 pmol/ml), compared with a 12% incidence in the low 
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FIGURE 8.2. Statistical comparison of am­
niotic fluid C-peptide (AFCP) levels (mean 
± SEM) in groups with different degrees 
of diabetic control (good, fair, poor) and 
a nondiabetic control group. From Lin 
et al [27], used with permission from CY 
Mosby. 
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AFCP level group (p <0.05). A similar study by Tchobroutsky et al [28] 
indicated that levels of AFCP, but not of AF insulin, correlated well with 
infant birth weight or with birth weight adjusted for gestational age. This 
study suggested that AFCP rather than AF insulin should be used to in­
vestigate fetal hyperinsulinism in insulin-treated diabetic women. 

Figure 8.3 illustrates the maternal-placental-fetal relationship in appro­
priate- (AGA), large- (LGA), and small-for-gestational age (SGA) infants 
based upon our hypothesis that insulin is an important factor in the reg­
ulation of intrauterine fetal growth [29]. Appropriate amounts of insulin 
secreted by the AGA infant leads to normal somatic growth, glycogen 
storage, and deposition of fat tissue. The maternal hyperglycemia that 
causes fetal hyperglycemia and hyperinsulinism is probably the main 
mechanism of diabetogenic fetal macrosomia and excessive storage of 
glycogen and fat. In contrast, the low secretion of fetal insulin secondary 
to chronic fetal hypoglycemia in the SGA fetus may lead to retardation 
of somatic growth, deficient storage of glycogen in the liver and heart, 
and lack of subcutaneous fat deposition. Thus, the data from our study 
of AFCP suggest that persistently low endogenous production of insulin 
in the SGA fetus and high production in the LGA fetus may lead to the 
different fetal growth rates observed in these two abnormal fetal growth 
patterns [29]. 

The placenta plays a central role in the delivery and regulation of ma­
ternal nutrients to the fetus. Glucose is transported across the placenta 
by facilitated diffusion in direct proportion to maternal blood glucose lev­
els, up to a saturable maximum. Fetal blood glucose levels remain ap­
proximately two-thirds of the maternal glucose level, or 20 to 30 mg/dl 
lower than those of the maternal blood. However, Meschia and associates 
[30] have reported that the fetal lamb receives only one third of the glucose 
that the uterus takes up from the maternal circulation. Their data suggest 
that the uterus and placenta are important sites of glucose utilization. 

In contrast, amino acids are actively transported to the fetus [31]. Neu­
tral and basic amino acids represent the bulk of the amino acids transported 
across the placenta, while acidic amino acids are not transported to the 
fetus. In general, the level of most amino acids in fetal circulation is ap­
proximately twice that in the maternal circulation. Like glucose, some 
amino acids may stimulate insulin synthesis [32]. 

Free fatty acids cross the placenta in small amounts by gradient-de­
pendent diffusion and are esterified to triglyceride by fetal adipocytes. 
Ketoacids also can diffuse across the placenta and are readily utilized by 
the fetus during periods of maternal starvation [33]. The placenta also 
serves as a modulator of maternal metabolic fuels by synthesizing hor­
mones that are lipolytic and antagonistic to insulin, such as human cho­
rionic somatomammotropin (hCS), estrogen, and progesterone. However, 
hCS stimulates lipolysis and the secretion of maternal insulin, which in 
turn assures the availability and adequate transfer of glucose and amino 
acids, particularly during the period of accelerated fetal growth in the 
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FIGURE 8.4. Maternal-placental-fetal integration of fuels for the promotion of fetal 
growth. HCS, human chorionic somatomammotropin; TO, triglyceride. From 
Hollingsworth and Cousins [9], used with permission from WB Saunders. 

second half of gestation. The maternal nutrients that are transported across 
the placenta to the fetus are summarized in Figure 8.4. 

Although macrosomic infants delivered by class A, B, or C diabetic 
mothers. are frequently found to have a large placenta [34], the converse 
is not necessarily true; many growth-retarded infants of diabetic mothers 
with vascular complications may have placental vascular changes rather 
than a smaller placenta [35-37]. 

INTRAUTERINE FETAL DEATH 

Through improved understanding of the pathophysiology of diabetes in 
pregnancy, as well as through development of techniques to prevent ma­
ternal and fetal complications, perinatal mortality in diabetic pregnancies 
has been reduced from 30% in the 1940s to 2 to 5% in the 1980s. Many 

~r-----------------------------------------

FIGURE 8.3. Insulin regulation of intrauterine growth. (a) Appropriate-for-gesta­
tional-age fetuses. (b) Large-for-gestational-age fetuses of diabetic mothers. (c) 
Small-for-gestational-age (intrauterine growth retardation, IUOR) fetuses of hy­
pertensive mothers with compromised placental function. From Lin et al [29], 
used with permission from CV Mosby. 
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investigators have reported that if optimal care is delivered to diabetic 
pregnant women, the perinatal mortality rate, excluding infants with major 
congenital malformations, is equivalent to that observed in normal preg­
nancies [38-45]. Nevertheless, the exact mechanism that leads to sudden 
intrauterine fetal death in diabetic pregnancy is still not fully understood. 
Fetal sheep studies have demonstrated decreased fetal oxygenation in as­
sociation with hyperinsulinemia and hyperglycemia [46,47]. Hyperglycemia 
and hypoxemia may also result in lactic acidosis and fetal death in rhesus 
monkeys [48]. This phenomenon of maternal hyperglycemia-induced fetal 
hyperlactatemia and fetal acidosis can also be observed in human preg­
nancies [49]. Fetal hypoxemia and acidosis may be due to a high-demand, 
insulin-induced anabolic state [50]; to a low-supply, diminished uteropla­
cental blood flow state [51]; or to both. The extreme example of fetal 
jeopardy, however, is encountered in the state of maternal diabetic ke­
toacidosis, which may result in either severe fetal distress or sudden fetal 
death [52-55]. 

In an effort to avoid sudden intrauterine fetal death, obstetricians have 
routinely terminated pregnancies complicated by diabetes several weeks 
before term. These attempts to avoid fetal death have often led to neonatal 
mortality from iatrogenic prematurity [1]. On the other hand, birth trauma 
still accounts for considerable neonatal morbidity and occasionally mor­
tality in IDM. Shoulder dystocia secondary to vaginal delivery of a ma­
crosomic fetus is the primary reason for perinatal mortality in this category 
[56,57]. Iatrogenic prematurity and birth trauma are both avoidable causes 
of perinatal mortality in the pregnancy complicated by diabetes mellitus. 

NEONATAL MORBIDITY 

The immediate neonatal complications of IDM include hypoglycemia, hy­
pocalcemia, hyperbilirubinemia, macrosomia with or without birth trauma, 
respiratory distress syndrome (RDS), and major congenital malformations. 
Overall neonatal morbidity correlates inversely with low gestational age, 
from 80% at 34 weeks of gestation to 40% at 40 weeks of gestation [58]. 
Table 8.2 shows the combined incidence of each category of neonatal 
morbidity recalculated from 12 reports in the literature dating from the 
late 1960s to the early 1980s. Because of a higher incidence of preterm 
deliveries among insulin-treated patients compared with patients with 
gestational diabetes, it is not surprising that the incidence of hyperbili­
rubinemia, hypoglycemia, hypocalcemia, and RDS are higher among in­
fallts from the former than from the latter group. It is interesting to observe 
that gestational diabetes is associated with a lower incidence of fetal ma­
crosomia and major congenital malformations than is maternal insulin­
dependent diabetes. Nevertheless, the incidence of these two fetal com­
plications in gestational diabetes is still high enough to warrant concern, 
and the effort to reduce their incidence applies equally to the management 
of gestational diabetes and insulin-treated diabetes in pregnancy. 
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Management to Reduce the Incidence of Fetal 
Macrosomia and Congenital Malformations 

Preconceptional diabetic control, diabetic screening early in pregnancy, 
early detection of poorly controlled cases, and tight diabetic control 
throughout pregnancy are the four major tasks for improving the outcome 
for IDMs. In addition, antepartum fetal surveillance, treatment of major 
complications, appropriate intrapartum management, and intensive care 
of the newborn IDM, particularly those infants with neonatal morbidity, 
will further improve perinatal outcome for these high-risk infants. Each 
of the above concepts and their practice will be discussed separately in 
subsequent sections of this chapter. 

SCREENING FOR GESTATIONAL DIABETES 

Early diagnosis of gestational onset diabetes is crucial, since glucose in­
tolerance is a potential hazard to both the mother and the fetus. Tradi­
tionally, obstetricians have used a 3-hour glucose tolerance test (GTT) 
for pregnant women to obtain the definitive diagnosis of gestational onset 
diabetes. Since the GTT is a relatively difficult and time-consuming test, 
only patients with certain historical risk factors are screened. These risk 
factors include a family history of diabetes, previous stillbirth, previous 
macrosomic baby, previous baby with congenital anomalies, maternal age 
over 30, and obesity. 

This method of selective screening has been shown to be inadequate. 
First, it is obvious that the majority of primigravida patients with gesta­
tional diabetes would not be detected because most of the high-risk factors 
are based on the patient's obstetric history. Second, the use of historical 
risk factors in diagnosis has been shown to have a sensitivity of only 63% 
and a specificity of only 56% [62]. 

Conclusions from recent investigations have led to the recommendation 
that a routine prenatal diabetes screening procedure be used for all preg­
nant women [63-68]. The screening method involves determination of the 
maternal plasma glucose level I hour after ingestion of a 50-g oral glucose 
challenge, known as the "50-g glucola screen." Table 8.3 demonstrates 
the incidence of a positive glucola test according to different plasma glu­
cose levels in 96 pregnant women studied by Carpenter and Coustan [63]. 
Using a threshold of 145 mg/dl would require that further diagnostic testing 
(GTT) be done on 17% of the screened population, while a threshold of 
135 mg/dl would require diagnostic testing on 25% of the screened pop­
ulation. Because of occasional cases of gestational onset diabetes with a 
glucola test value between 130 and 135 mg/dl, Carpenter and Coustan 
recommended a cutoff point of 130 mg/dl. However, a cutoff value of 
;?;140 mg/dl was recommended by the Second International Workshop 
Conference on Gestational Diabetes Mellitus [66,67]. The 50-g, I-hour 
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TABLE 8.3. Incidence of positive glucose 
tolerance test among % gravidas with 50-g, 
I-hour screening test values> 134 mg/dl 
(plasma, glucose oxidase). 

Screening test result 
(mg/dl) 

135-144 
145-154 
155-164 
165-174 
175-184 

>185 

Incidence of gestational 
diabetes (%) 

14.6 
17.4 
28.6 
20.0 
50.0 

100.0 

Source: Carpenter and Coustan [63]. Used with 
permission from CV Mosby. 

screening protocol does not stipulate that the patient be fasting or post­
prandial for the test. Thus, the test is convenient to administer at any 
time during pregnancy. Although one screening test at 24 to 28 weeks is 
widely recommended, some investigators have suggested two screening 
tests: one at the first prenatal visit and another during the second trimester 
of pregnancy [68]. Furthermore, since good health for pregnancy begins 
before conception, it has been suggested that aU women in the reproductive 
age group should have regular health checkups, and that appropriate eval­
uation of glucose intolerance should be included as part of prospective 
health screenings [66]. 

The first well-documented criteria for the diagnosis of gestational onset 
diabetes are those proposed by O'Sullivan and Mahan [62], based upon 
a tOO-g, 3-hour oral glucose tolerance test. Since then, many modified 
GTT criteria have been proposed, as shown in Table 8.4 [62,63,69-71]. 
Modern laboratories have replaced the Somogyi-Nelson method of whole 
blood glucose analysis with the more specific glucose oxidase method 
using plasma instead of whole blood. The tOO-g, 3-hour oral GTT should 
be administered after an overnight fast and after a period of preparation 

TABLE 8.4. Criteria for lOO-g, 3-hour glucose tolerance test 
in pregnancy. 

Values* (mg/dl) 

Whole blood Plasma Plasma Plasma Plasma 
Sample [62'] [63] [69) [70) [71) 

Fasting 90 95 90 no 105 
I-hour 165 180 205 200 190 
2-hour 145 155 195 150 165 
3-hour 125 140 160 130 145 

*If any two values are met or exceeded, gestational diabetes is diagnosed. 
'Data from studies numbered in the reference list. 
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consisting of at least 2 days of a diet containing at least 150 g of carbo­
hydrates per day. This dietary priming is necessary to avoid the possibility 
offalsely high values on the GTT due to previous carbohydrate depletion. 
In addition, the patient should refrain from smoking, eating, drinking, or 
excessive activity during the test period. 

Although a 50-g, I-hour blood glucose screening test followed by a 100-
g, 3-hour glucose tolerance test has been a widely accepted and effective 
way of identifying diabetic patients, there are occasional patients who 
cannot tolerate oral glucose loading. With such a patient it may be nec­
essary to perform the rapid intravenous GTT with a standard 25-g dose, 
as proposed by Solomons et al [72]. Glucose polymer (Polycose), a taste­
less mixture containing 3% glucose, 7% maltose, 5% maltotriose, and 85% 
polysaccharides, has also been used in oral carbohydrate tolerance testing 
with high efficacy and few gastrointestinal symptoms [73,74]. Recently, 
capillary blood glucose screening with a glucose reflectance meter has 
been reported to be useful [75]. However, this simpler screening method 
cannot be recommended until further data based on a large study popu­
lation become available. 

It has been reported that 22% of patients with gestational onset diabetes 
eventually become permanent diabetics when followed for between 2 and 
8 years. Follow-up of these patients over a 16-year period showed a 60% 
incidence of permanent diabetes [76]. Therefore, close follow-up of ges­
tational onset diabetes patients is highly recommended. 

In a private practice setting, Dietrich et al [77] prospectively compared 
the efficacy of routine screening versus selective screening for gestational 
onset diabetes on the basis of the presence of high-risk factors. One thou­
sand patients were tested in a routine screening group and 453 of 1,000 
in a selective screening group. The incidence of gestational onset diabetes 
in the selectively screened group (4.2%) was twice that of the routinely 
screened group (2.1%). Evidence of glucose intolerance without a risk 
factor was found in only one case (111000, 0.1%) in the routinely screened 
group. Therefore, the authors argued that selective diabetic screening re­
duces office time and patient inconvenience and is very cost effective. 
However, we do not recommend the use of their protocol proposal for 
the reasons mentioned earlier in this section. 

PRECONCEPTION AND EARLY POSTCONCEPTION 

DIABETIC CONTROL 

The common goal of modern obstetrics is to maximize the quality of fetal, 
newborn, and infant life in such a manner as to provide every baby with 
the greatest potential for physical, mental, and emotional development. 
Thus, the concept of preventive measures in obstetrics was introduced 
by Aubrey and Pennington [78] and by Nesbitt [79] more than a decade 
ago, with an emphasis on identifying high-risk factors, on reproductive 
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counseling and prenatal screening, and on the timing of desired pregnancies 
in relation to the overall medical and emotional health status of the pro­
spective mother. During the past 10 years, efforts have been made by 
perinatal obstetricians and neonatologists to identify prenatally those fe­
tuses at risk for abnormal development before and after birth. Precon­
ception and early postconception counseling has become an important 
issue for obstetricians in the 1980s [80]. However, a major problem facing 
the obstetrician is the large number of women with poorly controlled di­
abetes who first request care at a gestational age many weeks beyond the 
critical period of fetal organogenesis. 

Recent studies by Fuhrmann and associates [81,82] have demonstrated 
that strict metabolic control of insulin-dependent diabetes in women before 
conception significantly reduces the incidence of congenital malformations 
to a level comparable to that ofthe nondiabetic population. The incidence 
of congenital anomalies in the group with pre conceptional diabetic control 
is less than one-tenth that of the group without preconceptional control 
[81]. Among 200 patients enrolled in an intensive prepregnancy metabolic 
treatment program, only 1 of 57 newborn infants had a congenital anomaly. 
In contrast, 9 of 145 newborns had major congenital anomalies in the group 
of 144 pregnant diabetic women who were hospitalized for evaluation and 
diabetic control after 8 weeks of gestation without preconceptional control 
[82]. Goldman et al [43] reported that among 75 pregnant women with 
juvenile-onset insulin-dependent diabetes, the incidence of congenital 
malformations was 9.6% among offspring of 31 patients who did not attend 
a preconceptional clinic and was zero among those of 44 women with 
preconceptional diabetic control. Other investigators, however, reported 
less dramatic results in preventing fetal anomalies by good diabetic control 
of insulin-dependent mothers prior to fetal organogenesis. In a study by 
Mills [83], the incidence of major congenital malformations was 2.1 % 
among 389 nondiabetic controls, 4.9% among 347 insulin-dependent di­
abetic women with early euglycernic control prior to 21 days of conception, 
and 9% among 279 diabetic women with late diabetic control. Given these 
results, one may speculate that preconception and early postconception 
diabetic control could reduce by 50% the major congenital malformations 
caused by a diabetogenic effect, but probably not to the level of the non­
diabetic population. This question will not be resolved until data from a 
much larger study are available. 

Goldman et al [43] compared hemoglobin Ale levels, blood glucose lev­
els, and daily insulin doses between two groups: women with preconcep­
tion diabetic control and those without diabetic control until late in the 
first trimester. All three parameters were found to be significantly higher 
in the latter than in the former group during the first and second trimester. 
By the third trimester, there were no differences between the two groups 
in any of the three parameters studied. Nevertheless, three congenitally 
malformed infants were born to the group of 31 noncontrol mothers while 
there were no congenital anomalies among the infants of the 44 mothers 
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with preconceptional diabetic control. Key et al [84] reported that women 
with insulin-dependent diabetes had a steadily increased risk of sponta­
neous abortion or fetal congenital malformations once their hemoglobin 
Ale level exceeded 9.5%. When the hemoglobin Ale level reached 15.5%, 
virtually 100% of the conceptuses were either malformed or were spon­
taneously aborted (Fig. 8.5). The critical cutoff point of 9.5% or greater 
hemoglobin Ale level effectively discriminated between the group with 
adverse pregnancy outcome and those with normal outcome. The sensi­
tivity of this threshold was 97% in this particular study. 

Other investigators have reported similar results using hemoglobin Ale 
level to assign the degree of risk of giving birth to an infant with congenital 
malformations in diabetic pregnancies [6,85]. These data strongly support 
the need to assess the quality of diabetic control in all diabetic women 
before conception and during the early postconception weeks. Measure­
ment of hemoglobin Ale has been shown to provide an integrated, ret­
rospective index of glucose control that reflects the mean blood glucose 
concentration during the 4 to 8 weeks prior to its measurement. Although 
measurement of hemoglobin Ale is useful in identifying diabetic individuals 
who are poorly controlled and for counseling patients in early pregnancy 
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regarding their risk for fetal malformations, a recommendation for ter­
mination of pregnancy on the basis of the results of this test alone is in­
appropriate. 

TIGHT BLOOD GLUCOSE CONTROL 

THROUGHOUT PREGNANCY 

It is important to achieve and maintain tight glycemic control throughout 
the entire gestational period. It has been demonstrated that tight glycemic 
control of diabetes in pregnant women can result in a perinatal mortality 
rate similar to that seen with nondiabetic pregnancies [39,86]. In addition, 
it has been shown that good control early in pregnancy can decrease the 
incidence of fetal macrosomia and the neonatal complications [45,87]. 

The normal pregnant woman undergoes metabolic changes in the early 
part of pregnancy that result in blood glucose levels lower than those in 
nonpregnant women. Increased estrogen and progesterone production 
cause stimulation of the pancreatic l3-cells, leading to an increase in insulin 
production. Hepatic glycogen storage is increased, while glucose pro­
duction decreases. There is also increased sensitivity to insulin, with in­
creased glucose utilization peripherally. These changes result in what 
Phelps et al have called "accelerated starvation," and are manifest in 
lower serum glucose levels [88]. In the latter half of pregnancy, production 
of human placental lactogen, cortisol, and prolactin rises significantly. 
These hormones have a contrainsulin effect and act to mobilize glycogen 
stores and increase glucose production. 

The nondiabetic pregnant woman is able to maintain glucose values 
within a fairly narrow range. Hollingsworth [89] found the mean 24-hour 
plasma glucose level to be 84 ± 10 mg/dl, Phelps et al [88] reported a 
value of 96 ± 3 mg/dl, and Cousins et al [90] reported a value of 87 ± 2 
mg/dl. The range of blood glucose values across the three studies was 75 
to 130 mg/dl. The goal of most diabetic control programs is to achieve 
glucose levels within this range. Thus, "tight" diabetic control is consid­
ered a fasting glucose of less than 100 mg/dl with postprandial levels of 
less than 120 mg/dl. 

In the pregestational insulin-dependent diabetic, an intensive program 
for diabetic control must be instituted. This is best accomplished by a 
team approach that includes a perinatologist, an internist, a dietitian, and 
a social worker. It is imperative for the patient who comes for prepreg­
nar.cy counseling to achieve good glycemic control prior to conception. 
Many diabetics, however, first seek obstetric care when they are already 
well into the first trimester. 

If poor glycemic control is noted, hospitalization is mandatory to achieve 
the goals mentioned above, to educate the patient, and to institute home 
glucose monitoring. For a poorly controlled diabetic this will usually re­
quire several days to a week. Hospitalization is followed by home mon-
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itoring with weekly visits to the clinic, rehospitalization being reserved 
for those patients who again develop poor control or who show signs of 
ketoacidosis. Home monitoring of glucose levels has been shown to have 
results equivalent to those achieved by hospitalizing patients [91-93]. No 
difference was found in duration of pregnancy, mean glucose levels, preg­
nancy complications, or infant morbidity when comparing hospitalized 
diabetics with those on a home-glucose monitoring regimen. 

Diet 

As in the nonpregnant diabetic, diet is one of the cornerstones of man­
agement [94]. The pregnant diabetic requires the same caloric intake as 
her nondiabetic counterpart: an additional 300 kcalJday to meet the energy 
needs of fetus, placenta, and maternal tissues [95]. A weight gain of 24 
to 25 pounds (10-12 kg), similar to that for the nondiabetic pregnant wom­
an, is recommended [95,96]. This includes a weight gain of 2 to 4 pounds 
(1-2 kg) in the first trimester, followed by 0.5 to 1.0 pounds (0.25-0.50 
kg) per week during the last two trimesters [89,97]. To achieve this weight 
gain, 30 kcal/kg of the ideal body weight (lBW) is recommended in the 
first trimester, with an increase to 36 to 38 kcal/kg in the second and third 
trimesters [95,96]. In the underweight or malnourished woman this may 
be increased as high as 50 kcal/kg of IBW, while in the obese woman 24 
to 33 kcal/kg IBW may be sufficient [97-99]. A high-protein diet (1.3-2.0 
g/kg of body weight) comprising about 20% of the total daily intake is 
recommended for adequate growth of fetal and maternal tissues [68,96-
99]. In addition, Coustan and Carpenter [68] believe that high protein intake 
dampens the glycemic swings induced by carbohydrates. Carbohydrates 
should comprise about 40 to 45% of the diet. Jovanovic and Peterson [99] 
suggested that a low carbohydrate intake at breakfast will help prevent 
the late morning hyperglycemia that is a result of the morning cortisol 
peak. The remainder of the diet, 35 to 40%, is composed of fat. 

The caloric intake is divided among three meals and one to three snacks 
daily. A late evening snack, comprising about 15% of the total daily caloric 
intake, is essential to protect against early morning hypoglycemia 
[96,98,99]. Diet must be highly individualized, taking into consideration 
the timing and characteristics of the prescribed insulin regimen as well as 
the life-style, ethnic preferences, and exercise habits of the patient. 

Insulin Therapy 

In the long-standing diabetic, the first trimester insulin needs are usually 
less than prepregnancy requirements, and insulin doses need to be adjusted 
downward. This results from increased tissue sensitivity to insulin and, 
in some cases, from decreased caloric intake secondary to mild nausea 
or emesis [89]. Weiss and Hofmann [l00] found this decrease in insulin 
requirement, 7.2% from weeks 10 to 17, to be so small that it might not 
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be detected. In general, in early pregnancy the daily insulin requirement 
is 0.7 to 1.0 units/kg/day [101,102]. As the pregnancy progresses beyond 
17 weeks, insulin requirements rise to a peak at 36 weeks, when 1.0 to 
1.6 units/kg/day are needed [100-102]. Insulin levels approximately 30% 
higher than in the nonpregnant state are needed during this time [89]. 
Frequent monitoring of glucose levels, with appropriate insulin adjust­
ments, is necessary. 

Insulin therapy must be individualized for each patient. In general, good 
control can be achieved using a split-dose or multiple-dose regimen of 
intermediate and short-acting insulins. In the split-dose regimen, the 
morning dose, administered just before breakfast, comprises roughly two­
thirds of the total daily insulin requirement, while the evening dose, given 
just before dinner, contains the remainder [103]. The morning dose contains 
NPH and regular insulin in a ratio of 2: 1, while the evening dose is in a 
ratio of 1: I. NPH and regular insulins can be mixed in the same syringe 
and still retain their separate effects [104]. 

Jovanovic and Peterson [86,101] advocated multiple injections to more 
closely cover the periods of hyperglycemia after eating. The regimen in­
cludes NPH and regular insulin prior to breakfast, regular insulin prior to 
dinner, and NPH at bedtime. Others [96,100] have advocated multiple 
injections of insulin, including regular before every meal and longer acting 
insulin in the morning and again at dinner or at bedtime. Again, these 
regimens are highly individualized. 

The portable open-loop continuous insulin pump has been used to treat 
pregnant diabetics. This system delivers a continuous subcutaneous basal 
level of regular insulin. Boluses of insulin are given with meals and snacks 
[88,103,105]. Mean serum glucose and glycosylated hemoglobin levels de­
crease significantly with pump therapy. Potential problems with pump 
therapy include episodes of hypoglycemia, or, if the pump should fail or 
the subcutaneous needle become dislodged, ketoacidosis. Newer models 
with alarm systems make the latter less likely to occur. A recent random­
ized clinical trial of the pump versus a multiple injection regimen in preg­
nant diabetics showed that there was no difference between the two groups 
with respect to glucose levels, symptomatic hypoglycemia, or g1ycosylated 
hemoglobin levels [102]. With either method, the patient must be highly 
motivated for good results to be achieved. 

Human insulin, which is biosynthesized by bacteria, is now widely 
available. This type of insulin is less antigenic than the bovine and porcine 
insdins. Theoretically, it should also be less antigenic than the highly 
purified insulins [106]. Patients with insulin antibodies have problems with 
insulin resistance. Insulin antibodies in pregnant women have also been 
associated with higher neonatal morbidity [107]. A significant decrease in 
antibody titers has been noted in both pregnant and nonpregnant patients 
with high insulin antibody levels when the patients changed to less im­
munogenic insulin [107,108]. Thus, human insulin is used in many centers 
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for newly diagnosed as well as for long-standing diabetics. In gestational 
diabetics requiring insulin, only those preparations that have low anti­
genicity are recommended [67]. These women usually will not need insulin 
after delivery, but a significant percentage, years later, will become insulin­
requiring diabetics. Because of this, it is preferable that they do not develop 
insulin antibodies. As in our pregestational diabetics, we recommend hu­
man insulin for use in gestational diabetics because of its theoretical ad­
vantage over the highly purified monocomponent insulins. 

Home Glucose Monitoring 

Whatever insulin regimen is chosen, it is essential that the patient learn 
home glucose monitoring. Several studies have shown that careful self­
monitoring in an ambulatory setting is equal to long-term hospitalization 
in achieving glycemic control [91-93,109]. Several home-monitoring 
methods are available using glucose oxidase-impregnated reagent strips 
[98,103]. A color change, the intensity of which is proportional to the 
glucose level, occurs when capillary whole blood obtained by finger prick 
is applied to the strip. The strip can be read visually by comparing the 
color with colors on a chart. A more accurate reading can be obtained by 
use of a reflectance glucose meter [110]. These meters are small battery­
operated devices with a digital readout of the glucose level. Most are 
available for under $300. The glucose levels in capillary whole blood cor­
relate well with plasma glucose levels [110], although it should be re­
membered that plasma or serum glucose levels are approximately 15% 
higher than in whole blood [96]. Granodos [98] reviewed in detail the var­
ious test strips, meters, and finger-pricking devices available to patients. 
Whatever system is chosen for monitoring, the patient must be highly 
motivated. All patients check their glucose level prior to each meal and 
at bedtime. Postprandial values may also be obtained. A daily diary of 
glucose values is kept by each patient. 

Insulin-requiring diabetics make weekly clinic visits at which time a 
fasting and a 2-hour postbreakfast glucose level is obtained. The home 
glucose values are reviewed and insulin adjustments are made as neces­
sary. As mentioned previously, the goal of therapy is to keep the fasting 
glucose level below 100 mg/dl (60-80 mg/dl is ideal) and postprandial levels 
below 120 mg/dl. A dietitian/educator should be available for consultation 
and teaching on a weekly basis. 

Special Situations 

Gestational Onset Diabetes 

The gestational onset diabetic has an intolerance for carbohydrates. Insulin 
is produced by the pancreas, but there is a delay in its release; possibly 
there is inadequate production capacity late in pregnancy when the con-
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trainsulin hormones are rising [89]. The vast majority of gestational onset 
diabetics can be managed by diet alone, but 10 to 20% will require insulin 
therapy. The same dietary principles discussed above hold true for the 
gestational onset diabetic. Caloric intake and weight gain recommendations 
are the same as those for nondiabetic women [67]. Calories are divided 
among three meals and a bedtime snack. Weight reduction is not permitted. 
Recent research in Europe in small patient populations suggests that caloric 
restriction in the obese gestational onset diabetic may improve glycemic 
control with no adverse effects on the outcome of the pregnancy [11 1 ,1 12]. 
Further studies with larger patient populations are needed before diet re­
striction is adapted to the treatment of the obese gestational diabetic. 

Gestational diabetics are also seen weekly in the clinic, at which time 
a fasting blood sugar is obtained. Levels greater than 105 mg/dl in a patient 
on diet therapy indicate the need to institute insulin therapy. Coustan and 
Carpenter [68] recommended a weekly glucose profile including a fasting, 
a 2-houf postprandial, and a late afternoon glucose level. Insulin therapy 
is begun if the fasting glucose level is greater than 100 mg/dl or if either 
of the other two levels exceeds 120 mg/dl. These levels were chosen em­
pirically in an effort to mimic the normoglycemia of nondiabetic preg­
nancies [88-90]. If insulin therapy becomes necessary, the patient is man­
aged in a manner similar to the pregestational insulin-dependent diabetic 
described above. 

The issue of using insulin prophylactically in gestational diabetics has 
recently been the subject of debate. Such therapy is advocated in an effort 
to decrease the incidence of fetal macrosomia. In a combined prospective­
retrospective study, Coustan et al have shown that prophylactic use of 
insulin decreases macrosomia [57,113]. Thus, in an attempt to achieve 
eugiycemia and decrease fetal and neonatal morbidity, Coustan advocated 
the use of prophylactic insulin for all gestational diabetics [57,68,114]. 

Persson et al [115], however, found no advantage to prophylactic insulin 
use in a prospective randomized trial. Leikin et al [116] showed that pro­
phylactic insulin was effective in preventing macrosomia in lean gestational 
diabetics but not in those who were obese. They speculated that all obese 
gestational diabetics may require insulin treatment rather than just pro­
phylaxis. Because insulin therapy is not without complications (hypogly­
cemia, insulin antibodies, etc.), is expensive, and requires intense patient 
education, monitoring, and resources, we do not advocate the use of pro­
phylactic insulin until more evidence proves it to be beneficial. 

Type I Versus Type II Diabetes 

Because their hormonal-metabolic adjustments are not the same, it is im­
portant to recognize the differences between type I (insulin-dependent, 
juvenile onset) and type II (non-insulin-dependent, mostly adult onset) 
diabetic women in pregnancy. Women with type I diabetes have a marked 
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decrease in pancreatic beta cell function with a significant decrease in, 
or even an absence of, circulating serum insulin levels. Although type I 
diabetes usually develops in children, adolescents, or young adults, oc­
casional cases may develop in middle-aged or older adults. Type II diabetes 
may develop anytime from childhood to the fifth decade, but in general 
individuals tend to be older and more obese. In type II diabetes, circulating 
levels of insulin may be normal or even higher than normal; rather, the 
physiologic release of insulin in response to the ingestion of food is delayed. 
This is due to either increased insulin resistance in the target tissues at 
the receptor level or, in some type II patients, a postreceptor defect in 
insulin action [8]. Women in the reproductive age group who have type 
II diabetes are hyperglycemic, but frequently do not require insulin to 
control plasma glucose level when they are not pregnant. 

Hollingsworth and associates [9,117] have studied levels of C-peptide, 
glucagon, cortisol, and prolactin hourly around the clock during the third 
trimester and at 3 months postpartum in patients with type I and type II 
diabetes. Type I patients had barely detectable C-peptide values and very 
small meal-related oscillations. In contrast, women with type II diabetes 
had higher than normal fasting and mean 24-hour values, but decreased 
C-peptide release following meals. Furthermore, type I patients had a sig­
nificantly lower glucagon level, a lower prolactin level, and a higher cortisol 
level compared with levels in type II patients. 

Several variables must be considered in dietary therapy for type I di­
abetic gravidas. These include the state of pregnancy, life-style and food 
preferences, timing of meals, level of physical activity, and caloric re­
quirements for pregnancy. Because nocturnal hypoglycemia is often a se­
vere and common problem in type I pregnant women, emphasis is placed 
on the bedtime snack. A consistent dietary program of three meals plus 
snacks at midmorning, midafternoon, and bedtime provides ideal intervals 
between periods offood intake. The distribution of carbohydrate through­
out the day should be balanced with the insulin regimen. The insulin dose 
before the evening meal must be carefully adjusted to avoid the often 
unrecognized hypoglycemia that can occur after midnight. Hypoglycemia 
due to an overdose of insulin is the most common and serious complication 
of type I diabetic pregnancy. 

On the other hand, many obese type II diabetics with insulin resistance 
are unaware of impaired glucose tolerance before pregnancy. Therefore 
they often seek medical care late in pregnancy, resulting in the devel­
opment of fetal macrosomia, polyhydramnios, and other maternal com­
plications. These patients, because of exaggerated insulin resistance during 
pregnancy, may also become quite difficult to control. Although many 
investigators [118-120] believe that caloric restriction in obese pregnant 
women is contraindicated, excessive weight gain is also discouraged for 
the type II obese diabetic patient [117]. Ketonuria is rarely observed in 
such patients even if they lose weight or fail to gain a normal amount of 
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weight. As a dietary recommendation, N ey et al [121] found that a high­
carbohydrate, high-fiber, low-fat diet significantly decreases insulin re­
quirements in both type I and type II diabetics during pregnancy. 

Diabetic Ketoacidosis 

Ketoacidosis occurs in approximately 9% of all pregnant diabetics. This 
condition is partly responsible for the tenfold increase in maternal mortality 
found in pregnant diabetics [122]. The pregnant diabetic is much more 
prone to ketoacidosis than her nonpregnant counterpart because of the 
state of "accelerated starvation" and insulin resistance discussed previ­
ously. Initiating events in pregnancy are similar to those in nonpregnant 
diabetics [53,54,123]. Insulin deficiency, whether it is associated with a 
relative or absolute excess of glucagon, will initiate ketotic metabolism. 
In addition, stress (especially secondary to infection), fasting, and de­
hydration all contribute to the initiation of ketoacidosis. There is decreased 
peripheral utilization of glucose along with increased glycogenolysis in 
the liver. The reSUlting hyperglycemia initiates a net osmotic movement 
of sodium and water into the extracellular space as well as causing hy­
perosmotic diuresis; dehydration can be severe. Free fatty acids are mo­
bilized from the fat stores and are oxidized, increasing the number of 
ketone bodies in the blood circulation. Hypovolemia and hypotension 
cause decreased uterine blood flow and decreased placental perfusion, 
resulting in fetal hypoxia [54]. Fetal mortality in ketoacidosis is reported 
to be as high as 50 to 90% [53,54]. Maternal ketonuria has also been cor­
related with intellectual deficits in children [124]. Thus it behooves the 
obstetrician to first make the diagnosis and then to promptly begin treat­
ment. 

The pregnant patient with ketoacidosis presents with the same symptoms 
as a nonpregnant patient with this condition. Polydipsia, polyuria, and 
weight loss are early symptoms. Later the patient complains of nausea 
and vomiting, abdominal pain, malaise, drowsiness, and weakness. On 
examination one can find dry mucous membranes, poor tissue turgor, 
sunken eyeballs, hypotension, tachycardia, hyperventilation, oliguria, 
fruity odor of the breath, and, in severe cases, coma. 

The urine will reveal a 4 + glucose reading and a high level of ketones. 
The serum glucose level is usually greater than 300 mg/dl but can be lower 
in the pregnant patient. The serum ketone level will be increased. Arterial 
blood gases will reveal metabolic acidosis, with a pH of less than 7.30; 
the blood bicarbonate level will be less than 15 mEq/L. Potassium level 
is usually elevated or normal, despite urinary losses, because potassium 
is being driven into the extracellular space. 

In the treatment regimen that follows, immediate hydration with 0.9% 
NaCI must be the first step, with I to 2 L administered in the first hour. 
The solution is then changed to 0.45% NaCl, and the rate is decreased to 
150 to 200 ml/hr. The total body fluid deficit can be 3 to 10 L. An intra-
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venous bolus of regular insulin should be given, 0.4 unit/kg, followed by 
continuous insulin intravenous infusion at a rate of 5 to IO units/hour. 
Intravenous boluses at a rate of 10 to 50 units/l to 2 hours or subcutaneous 
injections of IO to 20 units/hour may also be used. The low-dose infusion 
of 5 to IO units/hour is now favored in many centers because it is thought 
to decrease the incidence of hypoglycemia and hypokalemia that can be 
seen with the other regimens. As the acidosis resolves, the infusion dosage 
can be adjusted downward. It is important to remember that the glucose 
level normalizes before the acidosis resolves and that IV insulin therapy 
should be continued until resolution of the acidosis occurs. Once treatment 
has begun, the K + level will decrease as K + is driven intracellularly. If 
the K + value is initially high, one can add 20 mEq KCI to the second or 
third liter of IV solution and monitor K + levels every hour with further 
potassium replacement as needed. If the K + level is normal or low, re­
placement is begun immediately, not to exceed a maximum of 20 mEq/ 
hour. If KCI of this magnitude is required, a cardiac monitor should be 
used. 

Bicarbonate is administered only if the pH is less than 7.0. As the ke­
tones are oxidized, bicarbonate is produced, and the pH will usually nor­
malize without bicarbonate administration. If bicarbonate is administered, 
88 mEq in a liter of 0.45% NaCI solution is slowly infused over a period 
of 1 hour [54,123]. Blood glucose levels, arterial blood gases, pH, and 
K + levels should be checked every hour until the hyperglycemia and 
acidosis are clearly resolving. When the glucose level has reached ap­
proximately 250 mg/dl, the IV solution should be changed to D5W in 0.45% 
normal saline to prevent cerebral edema, a rare event that can occur be­
cause the brain continues to be hyperosmolar after the serum osmolarity 
has declined [54,123]. 

Continuous fetal heart rate monitoring is mandatory during an episode 
of maternal ketoacidosis. As discussed above, the fetus can suffer from 
hypoxia, which will be manifested as fetal tachycardia, late decelerations, 
or episodes of bradycardia [52,55]. Prompt, aggressive therapy of the ke­
toacidosis can reverse the fetal distress [52,55,125] and the pregnancy can 
continue. If the fetal distress does not resolve in a reasonable period of 
time, delivery by C-section may become necessary. 

Influence of Diabetic Control on Fetal Outcome 

"Degree of diabetic control" is a poorly defined phrase that varies with 
the opinion and experience of different investigators. However, the general 
consensus is that both the mean glucose level [38-45,58,59,61] and the 
range of fluctuation of glucose levels [60] are closely related to fetal out­
come. Tables 8.5 and 8.6 illustrate the correlation between low maternal 
blood glucose level and low incidence of perinatal morbidity seen in a 
study in Sweden during the 1960s [40] and in another study in the United 
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TABLE 8.5. Perinatal outcome in relation to maternal blood 
glucose control. 

Perinatal outcome 

Death 
Hypoglycemia* 
Jaundice' 
Respiratory distress* 
Malformation § 

Mean maternal blood glucose values (mg/dl) 

<100 100-150 >150 

2/52 (3.8%) 12/77 (16%) 9/38 (24%) 
6152 (12%) 8/77 (10%) 4/38 (11%) 
0/52 (0%) 6/77 (8%) 3/38 (8%) 
9152 (17%) 24/77 (31%) 9/38 (24%) 
2/52 (3.8%) 12/77 (16%) 5/38 (13%) 

*Includes infants with recorded blood glucose values at or below 20 mgt 
dl. Only three infants had obvious clinical signs of hypoglycemia. 
'Includes severe jaundice that required exchange transfusion. 
*Includes both idiopathic respiratory distress (hyaline membrane disease) 
and severe aspiration. 
'Includes both perinatally dead infants and those surviving the neonatal 
period. 
Source: Modified from Karlsson and Kjellmer [401. used with permission 
from CV Mosby. 

States during the 1980s [44]. Similarly, patients with greater glucose var­
iability tend to have more neonatal complications [60]; Table 8.7 dem­
onstrates this association. In other studies, tight blood glucose control 
during the third trimester failed to demonstrate a reduction in perinatal 
morbidity, as shown in Table 8.8 [61]. We used a mean fasting blood glu­
cose level of less than 90 mg/dl with a standard deviation (SD) of less 
than 25 mg/dl, and a mean nonfasting blood glucose level of less than 120 
mg/dl with a SD of less than 30 mg/dl as our criteria for good diabetic 
control in a study of 74 diabetic pregnant women in our own institution 
[45]. We found that good blood glucose control in pregnant diabetic patients 

TABLE 8.6. Neonatal morbidity in relation to maternal glucose control. 

Gestational age (wk) 
Nursery days 
Birth weight (g) 
Large for gestational age (> 90th percentile) 
Hypoglycemia « 30 mg/d\) 
Respiratory distress syndrome 
Hyperbilirubinemia (> 12 mg/d\) 
Polycythemia (> 65%) 
Hypocalcemia « 7 mg/d\) 

Mean capillary blood glucose 
values (mg/d\) 

< 110 (n = 43) '" 110 (n = 32) 

38.42 ± 1.4 
4.72 ± 1.4 

3.199 ± 546 
4 (9.3%) 
8 (18.6%) 
1(2.3%) 

10 (23.2%) 
1(2.3%) 

o 

38.15 ± 2.2 
6.56 ± 2.0 

3.240 ± 943 
II (34.3%) 
I3 (40.6%) 
7 (21.8%) 
I3 (40.6%) 
3 (9.3%) 
2 (6.2%) 

Source: Modified from Landon et al [441. used with permission from CV Mosby. 

Significance 

NS 
p < 0.001 

NS 
p < 0.05 
p < 0.05 
p < 0.01 

NS 
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TABLE 8.8. Neonatal outcome in relation to maternal glucose control. 

Mean preprandial glucose (mgldl) 

Group I. < 115 Group 11.115-172 Group III. > 172 

Morbidity'" 
Hypoglycemia 
Hypocalcemia 
Hyperbilirubinemia 
Respiratory distress 

Macrosomia" , 
Malformations' 

7/18 (40%) 
3/18 (17%) 
2/18(11%) 
0/18 (-) 

5/18 (28%) 
0/18 (-) 

'Stillbirths and neonates with trisomy 18 excluded. 

20/77 (26%) 
8/77 (10%) 

15/77 (19%) 
6/77 (8%) 

31/77 (40%) 
7/79 (9%) 

'No statistical differences between groups I. II. and III. 
Source: Levano et al [61]. Used with permission from CV Mosby. 

5/21 (24%) 
5/21 (24%) 
4/21 (19%) 
3/21 (14%) 
7/21 (33%) 
4/24 (17%) 

between 20 and 31 weeks of gestation significantly reduced the incidence 
offetal macrosomia, compared with fair to poor control; the incidence of 
fetal macrosomia was not reduced among patients in whom good diabetic 
control was not achieved until after the 32nd week of gestation (Table 
8.9). We concluded that the influence of maternal diabetic control on fetal 
growth and the development of fetal macrosomia at birth is more important 
in early than in late gestation. Our opinion is strongly supported by a 
recent study of serum fructosamine levels in the mother and ultrasound 
measurements of the fetus early in pregnancy [87]. 

The perinatal mortality rate of diabetic pregnancies in the 1980s is 
equivalent to that observed in normal pregnancies if infants with major 
congenital malformations are excluded [4]. This favorable fetal outcome 
can be attributed to the optimal care of pregnant diabetic women with 
good blood glucose control. 

TABLE 8.9. Incidence of large-for-gestational-age (LOA) neonates and of 
high amniotic fluid C-peptide (AFCP) according to maternal blood glucose 
control pattern. 

Maternal blood glucose control 
pattern LGA High AFCP 

Week 20-31 Week 32 to delivery No. of patients No. % No. % 

Good --> good 14 2 14.3 2 14.3 
Good --> fair/poor 4 0 0 2 50.0 
Fai .. /poor --> good 27 12 44.4* 15 55.6* 
Fair/poor --> fair/poor 21 9 42.9 8 38.1' 

'p < .005 by X 2 test compared with incidence of LGA or high AFCP in "good-good" 
control group. 
Reprinted with permission from the American College of Obstetrics and Gynecology 
(Obstetrics and Gynecology 1986; 67:51-56.) 
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ANTEPARTUM EVALUATION OF THE MOTHER 

AND THE FETUS 

Maternal Assessment 

Diabetic pregnant women with such high-risk factors as poor diabetic 
control, type I diabetes, White's class DFR diabetes, or poor obstetric 
history tend to develop complications more often than low-risk well-con­
trolled women. These complications include pregnancy-induced hyper­
tension, pyelonephritis, diabetic ketoacidosis, polyhydramnios, fetal ma­
crosomia, IUGR, preterm labor, and intrauterine fetal death [2-4,126--
128]. To avoid poor perinatal outcome and to assure maternal health with­
out deterioration during the course of pregnancy [129,130], periodic ma­
ternal assessments are necessary. 

Home, outpatient clinic, or in-hospital monitoring of blood glucose levels 
and the prevention of diabetic ketoacidosis have been discussed previ­
ously. Renal function is assessed at the first prenatal visit and every 2 
months thereafter, along with creatinine clearance, blood urea nitrogen 
level, and uric acid level. A urine culture is obtained at least once each 
trimester. An ophthalmologic examination is also performed each trimester 
to detect vascular changes or proliferative retinopathy. Blood pressure is 
monitored closely because hypertension appears with increased frequency 
in diabetic patients. Hypertension is the most dangerous complication of 
diabetic pregnancy, since it frequently causes poor fetal outcome. 

Antepartum Fetal Surveillance 

Both biochemical and biophysical monitoring are used to ascertain normal 
fetal growth and development throughout pregnancy. 

Hemoglobin A lc , Fructosamine, and Amniotic Fluid C-Peptide Levels 

During the first trimester, glycosylated hemoglobin (HbA,d level has been 
used to determine the degree of risk for diabetic women of giving birth 
to an infant with congenital malformations [6,59,84,85]. Recently it has 
been found that the HbA,c concentration correlates well with the mean 
maternal glucose level [131-135], with birth weight, and with birth weight 
corrected for gestational age [135]. Therefore, in addition to maternal glu­
cose level monitoring, the HbA,c level should be assayed at least once a 
month during the second and third trimesters of pregnancy. 

More recently, the concentration of fructosamine, an indicator for serum 
glycosylated protein levels, was found to be higher in the serum of mothers 
of diabetic macrosomic infants. Fructosamine levels were highest in 
women with established diabetes, intermediate in women with gestational 
onset diabetes, and lowest in nondiabetic women [136]. The same inves­
tigators found that serum fructosamine concentrations were significantly 
elevated in mothers. of macrosomic infants during the first trimester; 
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ultrasonic measurements revealed that sustained elevation of the fruc­
tosamine level correlated well with the development of a macrosomic fetus 
during the first and second trimesters [87]. 

The relationship between amniotic fluid C-peptide and fetal growth has 
been described in previous sections of this chapter [27-29]. Increased cord 
blood C-peptide levels were seen in infants of diabetic mothers, particularly 
infants with macrosomia and neonatal hypoglycemia [137], In addition, 
amniotic fluid C-peptide has been shown to respond positively to an ar­
ginine challenge in insulin-treated diabetic women in late pregnancy [138]. 
These investigators also found that C-peptide concentration was correlated 
with both insulin concentration and birth weight. Both the insulin and C­
peptide levels were significantly higher in diabetic pregnancies associated 
with fetal morbidity than in those without fetal morbidity. Thus, amniotic 
fluid C-peptide level is useful in detecting fetal hyperinsulinism in late 
pregnancy, and a diagnosis of fetal macrosomia can be made with its use 
in conjunction with the ultrasonic measurements to be discussed in the 
following section. 

Ultrasound Evaluation 

Ultrasonography is an extremely valuable tool in evaluating fetal size and 
fetal growth pattern and in detecting polyhydramnios and congenital mal­
formations. In the first trimester it is used to detect early fetal growth 
delay [17], a missed abortion, or a blighted ovum [139,140], For detection 
of fetal congenital malformations, initial ultrasonography may be per­
formed at 16 to 18 weeks of gestation. Determination of maternal serum 
alpha-fetoprotein (AFP) should be employed at this time in association 
with ultrasonography in an attempt to detect neural tube defects [141,142]. 
In general, CNS anomalies account for approximately 40% of all fetal 
anomalies, while fetal cardiac anomalies account for another 20 to 30% 
[143]. In a large series of ultrasound studies for the detection of major 
fetal malformations, Manning et al [144] reported a detection rate of 70% 
in 2,175 referred high-risk patients. Campbell and Pearce [145] correctly 
diagnosed 95% of 425 fetuses with malformations, based on 2,372 patients 
screened. During the second and third trimester, ultrasound studies may 
be repeated at 4- to 6-week intervals to assess fetal growth and amniotic 
fluid volume. 

Macrosomia is the leading risk factor for shoulder dystocia. Several 
studies have employed ultrasound measurements to predict fetal size [146-
148~. In most infants weighing more than 4,000 g, the chest diameter will 
be at least 1.4 cm greater than the biparietal diameter [146]. In a study 
by Bracero and associates [148], mean values of both the abdominal di­
ameter/femur length ratio and the abdominal diameterlbiparietal diameter 
ratio were highest in the LGA diabetic group. When both ratios were used 
together, the accuracy of diagnosis of LGA reached 92%. 

Diabetic halo, a double-ring outline of the fetal head on ultrasonography, 
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has been described in association with poorly controlled diabetic preg­
nancies [149]. In a study of 42 diabetic patients, diabetic halo, with a 
space of 4 mm or more between the fetal scalp and parietal bone, was 
present in 12 cases. Nine of the 12 pregnancies with halo resulted in the 
birth of LGA infants. 

While the various methods of diagnosing fetal macrosomia described 
above have a relatively high sensitivity, false-positive predictions cannot 
be totally eliminated. Therefore, decisions regarding the best route of de­
livery for an infant suspected to be macrosomic should be based on both 
ultrasound data and clinical assessment. 

Plasma Unconjugated Estriol and Urinary Estriol Assays 

Estriol assays were once a widely used antepartum test to evaluate fetal 
well-being in diabetic pregnancies. Because estriol levels in maternal serum 
or maternal urine are a reflection of the status of the fetoplacental unit, 
pregnant diabetic patients tend to have high estriol values until a sudden 
deterioration of placental function occurs, prior to fetal death. Goebels­
mann et al [I50] advocated daily measurements of urinary estriol in diabetic 
pregnancies in order to closely monitor placental function and detect a 
compromised fetus. Subsequently, unconjugated plasma estriol was re­
ported to be more useful [151]. However, many clinicians avoid this test 
because the complicated assay procedure leads to delays in reporting re­
sults to the doctor. It is also not as effective as fetal heart rate monitoring 
or biophysical profile scoring in determining the fetal status. Dooley et al 
[152] reviewed 138 pregnancies in which more than 3,000 urinary estriol 
assays were performed. Twenty-one assays revealed a significant drop in 
the estriol/creatinine ratio, but only two cases were actually associated 
with fetal distress. These data confirm the observations of others that 
there is limited clinical value for the urinary estriol assay in pregnancies 
complicated by diabetes [152]. 

Biophysical Methods 

Maternal monitoring of fetal movement is an easy and practical method 
that has proven useful in assessing the fetal condition in a variety of high­
risk pregnancies [153,154]. Either the total number of fetal movements 
throughout the day or many recordings of the number of fetal movements 
during 30- to 60-minute periods within 1 day may be used. A marked de­
crease in fetal movements to fewer than 10 in a 12-hour period may indicate 
fetal jeopardy, and fetal heart rate testing should be performed immedi­
ately. Today, fetal heart rate (FHR) testing, both the nonstress test (NST) 
and the contraction stress test (CST), remain in the front line among var­
ious methods of evaluating fetal well-being in diabetic pregnancies. In 
view of the subsequent sharp decline in the incidence of intrauterine fetal 
deaths, the application of the CST to the management of diabetic preg­
nancy a decade ago marked an important milestone in perinatal care [69]. 
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Positive CSTs have been observed in the fetuses of approximately 10% 
of insulin-dependent diabetic patients and are associated with an increased 
incidence of perinatal mortality, late decelerations in labor, low Apgar 
scores, RDS, and reduced birth weight [69]. In our experience, both non­
reactive NSTs and positive CSTs in diabetic pregnancies were less than 
10%, while the incidence of abnormal tests in IUGR was approximately 
30% [153-155]. Nevertheless, testing should begin at 30 weeks in diabetic 
pregnancies and should be performed twice weekly [156]. In patients with 
vascular disease, hypertension, poor diabetic control, or a history of pre­
vious stillbirth, for whom the incidence of abnormal tests and intrauterine 
deaths is greater, testing is often performed daily. At the present time, 
most medical centers in the United States use the NST as a screening 
test, backed up by either the CST or the biophysical profile score [157] 
to evaluate fetal health in various high-risk pregnancies. 

The variables constituting the biophysical profile proposed by Manning 
[158] are the nonstress test, fetal breathing movements, fetal movements, 
fetal tone, and amniotic fluid volume. Baskett [159] tested 1,996 high-risk 
fetuses with the biophysical proftle and found that an abnormal biophysical 
profile score had a positive predictive value of perinatal complications of 
79%. A normal profile score obtained within a week before delivery, with 
the amniotic membranes intact at the time of testing, was associated with 
a perinatal mortality rate of 0.5/1,000 total births, compared with an overall 
rate of 4.4/1,000 births when lethal anomalies are excluded. In insulin­
requiring diabetic pregnancies, a fetal biophysical profile score of 8 was 
at least as reliable as a reactive NST or a negative CST [156]. 

Recently, umbilical velocity waveforms and calculated systolic/diastolic 
(SID) ratios appear to offer promise for the clinical assessment of placental­
umbilical circulation function in high-risk pregnancies [160-163]. In dia­
betic pregnancies, many patients demonstrate an SID ratio of 3 or more 
[164], in contrast to an SID ratio of2.5 in normal pregnancies between 31 
and 39 weeks of gestation [160]. A significant positive correlation between 
SID ratios and serum glucose level has been shown to exist in diabetic 
pregnancies ll64]. Furthermore, those diabetic pregnancies with an SID 
ratio of 3 or more were associated with an increased number of stillbirths 
and neonatal morbidity. 

Fetal Maturity Studies 

The amniotic fluid lecithinlsphingomyelin ratio (LIS ratio) has proven to 
be an invaluable index offetal pulmonary maturity. Although the reliability 
of the LIS ratio in diabetic pregnancies has been questioned, most diabetic 
study series report a low incidence of RDS with a mature LIS ratio of 2.0 
or greater. In one study of 93 insulin-dependent diabetic patients, an 
LIS ratio of2.0 or greater was associated with a 3% risk ofRDS [69]; this 
result was no higher than that observed in a nondiabetic population. The 
presence of phosphatidylglycerol (PG) is a final marker of fetal pulmonary 
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maturation. Fetal hyperinsulinism in diabetic pregnancies is believed to 
be associated with a delayed appearance of PG and an increased incidence 
of RDS [165]. Infants of diabetic mothers have been reported to develop 
RDS after an LIS ratio between 2.0 and 3.0 and a negative PG were ob­
tained [165]. Therefore, caution must be used in planning the delivery of 
a diabetic patient with a mature LIS ratio but absent PG. If the antepartum 
assessment of fetal well-being remains reassuring, delivery may be delayed 
for 1 to 2 weeks. 

Brazy et al [166] studied amniotic fluid cortisol in normal and diabetic 
patients and found that the incidence of RDS was 26% when the amniotic 
fluid cortisol level was less than 4.3 ng/dl and only 2 to 9% RDS if the 
cortisol level was above the 4.3 ng/dl cutoff point. In normal pregnancies 
the cortisol level was low until 35 weeks' gestation; it rose sharply at 36 
weeks and continued in an upward trend to 39 weeks. In many diabetic 
pregnancies, the rise in cortisol level after 35 weeks was delayed or absent. 
This observation may help to explain the phenomenon of delayed fetal 
lung maturity in diabetic pregnancies. 

Timing of Delivery 

Management protocols developed during the 1970s advocated routine 
hospitalization 4 to 5 weeks before delivery for patients with insulin-de­
pendent diabetes mellitus. Gabbe et al [58] employed daily estriol moni­
toring and weekly CSTs for fetal surveillance for their series of 260 pa­
tients. Pregnancy was rarely terminated for fetal indications before 38 
weeks in the absence of documented pulmonary maturity. Using such a 
protocol, perinatal mortality was less than 5% and fetal death rates were 
no higher than those in the nondiabetic population. 

With the availability of daily home glucose testing to maintain nor­
moglycemic control, as well as outpatient FHR testing twice per week, 
obstetricians are now better able to manage well-controlled diabetic preg­
nant women as outpatients until the decision is made for delivery [156]. 
Expectant management has permitted more patients to enter spontaneous 
labor. Inpatient care is reserved for those patients who require daily fetal 
surveillance as well as intensive diabetic control. Women with severe vas­
cular disease, hypertension, fetal compromise, fetal growth retardation, 
or poor diabetic control belong in this category. These complications may 
dictate delivery prior to 38 weeks' gestation. Although documentation of 
a mature LIS ratio before premature delivery is the general rule, such 
documentation may not be necessary in the management of diabetic preg­
nancies with any of these complications. Today, fewer elective cesarean 
sections are being performed, and the criteria for induction of labor have 
been loosened somewhat for the management of the diabetic pregnant 
women at term. 
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Intrapartum Management 

Since the focus of prenatal care has changed to maintaining euglycemia 
throughout pregnancy, there has been a remarkable decrease in intrauterine 
deaths and neonatal mortality in insulin-dependent diabetics. Much less 
attention has been focused on the intrapartum control of glucose levels 
and neonatal morbidity. Euglycemia during the intrapartum period is also 
desirable. In studies of chronic sheep preparations, hyperinsulinemia and 
hyperglycemia produced fetal hypoxia [46,47]. Glucose-induced hypox­
emia may contribute to the fetal distress and demise seen in poorly con­
trolled diabetic pregnancies. Neonatal hypoglycemia, which can lead to 
seizures, has been shown to result from transient or sustained maternal 
hyperglycemia. Soler and Malin [167] have demonstrated a direct rela­
tionship between maternal intrapartum glucose level and neonatal hy­
poglycemia. In their study series, when maternal blood glucose was greater 
than 130 mg/dl, the incidence of neonatal hypoglycemia was 41.1 %, 
whereas when the glucose level was less than 90 mg/dl, the incidence was 
only 7.4%. Midovnik et al [168] showed that when the maternal glucose 
level was greater than 90 mg/dl, neonatal hypoglycemia occurred in 47.0% 
of the neonates, compared with 14.0% when the glucose level was less 
than 90 mg/dl. Euglycemia in labor, however, does not totally eradicate 
neonatal hypoglycemia [167-169]; another mechanism must also contribute 
to this condition. Jovanovic and Peterson [170] postulated that tight long­
term as well as intrapartum diabetic control is the key to the eradication 
of neonatal morbidity. Euglycemia in labor is also thought to decrease 
other neonatal complications including hypocalcemia, polycythemia, and 
hyperbilirubinemia. 

Jovanovic and Peterson [170] have shown that in tightly controlled eu­
glycemic diabetic parturients, insulin requirements decrease to zero during 
active labor while glucose requirements remain relatively constant at 2.55 
mg/kg/min. The work of Golde et al [169] supports these findings. It is 
postulated that contractions may decrease the supply of placental antiin­
sulin hormones to the maternal circulation. In the second stage of labor, 
however, insulin requirements return. Insulin requirements decrease rap­
idly with delivery of the placenta; there is a sudden decrease in placental 
lactogen and a decrease in growth hormone release, with a concomitant 
increase in sensitivity to insulin. Oxytocin is frequently used to induce 
or enhance labor in diabetic pregnancies. However, oxytocin has been 
shown to have no influence on patients' insulin requirements. 

The key points in the intrapartum management of diabetics include (I) 
frequent blood glucose determinations, most easily done with a bedside 
reflectance meter, (2) D5W intravenously to assure a constant supply of 
glucose to the fetus, (3) insulin administration as needed, and (4) a decrease 
in insulin administration at the time the placenta delivers. 

Bearing these points in mind, one must evaluate intrapartum subcuta-
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neous insulin regimens compared with intravenous regimens. The advan­
tage of the subcutaneous regimens is that they are fairly simple, no IV 
pumps are required, and they are controIled mainly by varying the rate 
of the IV glucose infusion. However, less constant insulin levels are 
achieved compared with an IV insulin regimen, and if the delivery is more 
rapid than expected the patient may have a large amount of circulating 
insulin at delivery, resulting in maternal hypoglycemia. Management of 
the intrapartum patient with a constant intravenous infusion of insulin and 
glucose provides a more consistent insulin level that can be rapidly de­
creased after delivery. 

White [2] proposed only an IV infusion of D5W with no insulin for those 
undergoing short labor or C-section, and administration of the prepreg­
nancy insulin dose after delivery. Long inductions are managed with 50% 
of the prepregnancy dose of insulin as NPH and the other half administered 
after delivery. Soler and Malen [167] suggested a uniform 24 units ofNPH 
subcutaneously in the morning of an induction or elective C-section. This 
is repeated 14 to 16 hours later if the patient still has not delivered. Haigh 
et al [171] suggested giving one-third of the usual dose as NPH if delivery 
is expected in 4 to 6 hours, two-thirds of the usual dose as NPH if delivery 
is expected in 6 to 10 hours, and the fuIl dose as NPH if delivery is more 
than 10 hours away. Additional coverage is given with regular insulin as 
needed. At the first meal after delivery, one-third of the pregnancy dose 
or two-thirds of the prepregnancy dose is given. 

Nathass et al [172] described a closed-loop computerized system that 
reads a glucose level constantly and administers IV solutions of normal 
saline, saline with insulin, or normal saline with D5W. Insulin rates vary 
from 0.2 to 9.8 units/hour with an immediate decrease in the rate at the 
time of delivery. This system, however, is not practical except in a research 
setting. Cohen and Gabbe [173] described an open-loop system using a 
continuous subcutaneous insulin infusion pump along with the usual D5W 
IV infusion. The pump delivers 0.1 unit of regular insulin every 8 minutes, 
and the rate is adjusted as needed. 

The easiest regimen suggested is one in which 10 units of regular insulin 
are added to 1 L of D5W and run at 100 to 125 cC/hour, thus administering 
1.0 to 1.25 units of insulin per hour [127,174]. The insulin concentration 
is increased as needed by the addition of regular insulin to the IV solution, 
keeping the IV rate constant. Bowen et al [175] suggested a similar regimen 
but used DIOW with twice the concentration of insulin. An alternative is 
that the insulin can be "piggy-backed" into the D5W IV solution via a 
pump as needed [169,176,177]. Jovanovic and Peterson [86] suggested 
having three IV solutions at the bedside with a three-way stopcock. The 
patient is begun on 0.9 NS and a blood sugar level is determined. If the 
glucose level is less than 70 mg/dl, DI0W is administered; if the glucose 
level is from 70 to 110 mg/dl, D5W is given; and for a glucose level greater 
than 110 mg/dl, 0.9 NS with 2 units of regular insulin IV is given. Midovnik 
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et al [168] used a similar regimen but substituted D5W with lactated Ring­
er's or lactated Ringer's with 2 units of regular insulin, respectively. In 
all regimens, blood glucose levels are checked every 1 to 2 hours and 
adjustments in the rates of the infusions are made accordingly. 

Continuous intrapartum fetal heart rate monitoring is essential in all 
diabetic pregnancies. In those patients undergoing induction of labor, an 
intrauterine pressure catheter is helpful in assuring adequate labor. An 
ongoing assessment of the progress of labor is also important. Fetal scalp 
blood sampling should be used if appropriate. One should be watchful for 
shoulder dystocia in macrosomic infants. If the second stage of labor is 
prolonged, the incidence of shoulder distocia approaches 25% [178,179]. 
Macrosomia is associated with traumatic delivery in 15% of these preg­
nancies and the obstetrician should be prepared to perform various ma­
neuvers to deliver such an infant [180]. If signs of cephalopelvic dispro­
portion occur, a C-section should be performed without delay. 

Management of immediate neonatal complications such as perinatal as­
phyxia, hypoglycemia, hypocalcemia, polycythemia, hyperbilirubinemia, 
RDS, congenital malformations, and birth trauma are largely the respon­
sibility of the neonatologist and the pediatric nurses in the intensive care 
nursery. A detailed discussion of pediatric management will not be offered 
in this chapter. 

Table 8.10 summarizes antepartum maternal management as well as 
fetal surveillance in insulin-dependent diabetic pregnancies. Each category 
of these management procedures has been discussed in detail in this chap-

TABLE 8.10. Protocols for antepartum maternal management and fetal 
surveillance in insulin-dependent diabetic pregnancies. 

Maternal management 

Preconception ana early postconception 
control 

Tight antepartum glycemic control 
Individualized diet adjustment 
Home glucose monitoring four times 

daily 
Clinic visits weekly for fasting/ 

postprandial glucose 
Readjustment of insulin doses 

Hospitalization for: 
Poor diabetic control 
Diabetic ketoacidosis 
Severe complications 
Fetal compromise 

Planned delivery 
Fetal maturity 
Fetal jeopardy 

Fetal surveillance 

Hemoglobin A,e measurement at initial 
visit, then once per month 

Ultrasonography, initially at 16--18 weeks, 
then at 4-6-week intervals (fetal 
growth, major malformations, 
macrosomia, polyhydramnios) 

Plasma/urinary estriol levels not 
necessary in the 1980s 

Nonstress test (NST) twice weekly after 
30 weeks, daily in severely ill cases 

. Contraction stress test (CST) or 
biophysical profile score (BPS) only if 
NST is nonreactive 

Amniocentesis for LIS ratio and PG* 
levels at 37-38 weeks 

*LlS ratio, lecithin/sphingomyelin ratio; PG, phosphatidylglycerol. 
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ter. To achieve the best maternal and fetal outcome, a continuous, me­
ticulous effort by a team that includes the obstetrician, the pediatrician, 
ultrasonographers, nurse educators, laboratory technicians, and dietitians 
must be employed throughout the antepartum, intrapartum, and neonatal 
periods. Of course, the cooperation of the patients themselves is the most 
important factor leading to a successful perinatal outcome in diabetic 
pregnancies. 
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9 
The Immune Immature Newborn 

LEIGH G. DONOWITZ 

The fetus and neonate are immune-compromised patients with increased 
susceptibility to infection when compared with older children or adults. 
Deficiencies have been documented in each of the main components of 
the immune system in the neonate. 

Mechanical Barrier to Infection 

The skin and mucous membranes of newborns have been shown to be 
more permeable to exogenous antigen then those in older patients. The 
stratum corneum is poorly developed before 26 weeks of gestation. This 
usual barrier to exogenous antigen is only a few cells thick and is poorly 
keratinized. Harpin and Rutter [1] studied 70 infants born between 25 to 
41 weeks of gestation and showed that skin application of phenylephrine, 
a powerful\llpha-agonist, caused no skin blanching and no water loss in 
babies with gestational ages greater than 37 weeks. In contrast, there was 
marked skin blanching and water loss at the site of phenylephrine appli­
cation in neonates born before 32 weeks of gestation. Regardless of ges­
tational age, at 2 weeks of age the neonate develops skin maturity. Before 
this, this immature barrier to infection is a very real source of bacterial 
entry, especially for the premature newborn. 

Phagocyte Function 

Migration of polymorphonuclear leukocytes (PMNs) toward a site of 
exogenous antigen, ingestion of the foreign substance, and successful 
completion of bactericidal mechanisms make up a complex biologic 
phenomenon. Current information shows that the neonatal granulocyte 
demonstrates abnormalities in migration and ingestion but has fairly re­
liable intracellular bacterial killing ability. 

Miller [2] showed that neonatal PMNs were significantly less effective 
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than adult PMNs in migrating toward any of the usual chemotactic stimuli. 
Similarly, Pahwa et al [3] demonstrated that cord blood PMN s were sig­
nificantly less effective in movement than adult PMNs. Klein et al [4] 
looked at PMN and monocyte migration with agarose gel technique and 
showed that PMN s in newborns migrated at levels less than 50% those 
of normal adult chemotaxis, and monocytes migrated at approximately 
25% of adult values. Other studies have documented the decreased phag­
ocytic cell movement, decreased deformability of the cell membranes, 
decreased lectin-induced aggregation [5], and decreased capping of PMN s 
when exposed to conconavolin A [6]. The significance of the latter finding 
is that PMN receptors do not orient normally or cap as they would in the 
adult or older child, suggestive of a functional and developmental mem­
brane defect in the neonatal PMN. 

Data on ingestion reliably show that neonatal PMN s in the presence of 
adult sera have normal phagocytic properties [7-9]. At adult serum con­
centrations of less than 3%, neonatal PMNs did not phagocytize as well 
as adult PMNs [10]. Thus there appears to be a serum factor in neonates 
responsible for defective phagocytosis. 

Bacterial intracellular killing of ingested microorganisms by PMNs ob­
tained from normal term and preterm infants has been shown to be normal 
in many studies [8,1l,12]. Mills et al[13] showed decreased chemolumi­
nescence of PMN s in the newborn and concluded that neonates have de­
creased oxidative metabolic responsiveness and lowered bactericidal ac­
tivity. Other authors have found variations in premature bactericidal 
activity of PMNs and abnormalities in PMN bactericidal activity in sick 
infants. These data suggest that intracellular PMN killing ability is at nor­
mal adult levels against most microorganisms in the well newborn. 

Immunoglobulins 

IgM is the first immunoglobulin synthesized by the fetus at 30 or more 
weeks of age, but normal IgM production occurs as a result of stimulation 
from gastrointestinal colonization. IgM is the major antibody that is syn­
thesized during the first few months of extrauterine life, and levels are at 
approximately 80% of adult values by I year of age. Identification of a 
newborn with elevated IgM levels suggests that there has been increased 
fetal antigenic stimulation and is suggestive of intrauterine infection [14]. 

Maternal IgG is transferred to the fetus in only negligible quantities 
until the second trimester of pregnancy. By term, the levels of IgG mea­
sured in the fetus generally exceed the maternal levels because an active 
transport of IgG takes place during the third trimester [15]. Significant 
synthesis of IgG commences at 6 months of extrauterine life and reaches 
60% of adult levels by I year. With rapid disappearance of maternal IgG, 
the newborn is essentiallyhypogammaglobulinemic from 3 to 6 months 
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of age. 
The infant born to a mother with high circulating levels of antibody 

against a specific antigen such as measles or rubella is protected. If the 
immune mother's antibody levels are low and her own immunity is based 
on a brisk anamnestic response such as prior immunization against tetanus 
or diphtheria, the infant will have only partial or poor immunity. Mothers 
who have had diseases that primarily result in the production of IgM an­
tibodies for protection (e.g., Salmonella, infection, Escherichia coli in­
fection) confer no immunity to their newborns because IgM is not tran­
splacentally transferred. 

Complement 

Complement studies have shown a decrease in classic pathway activity 
in the neonate, but the most pronounced deficiencies are those of the 
alternate pathway. Activation of the classic and alternate complement 
systems appears to be normal. The most important deficiency in the com­
plement system is markedly decreased opsonic activity compared with 
adult values [16]. Fibronectin, a large opsonic glycoprotein that promotes 
reticuloendothelial clearance of bacteria, has been studied by Gerdes et 
al [17] and has been shown to be present at approximately 50% of normal 
adult values in the term infant. The fibronectin serum level reaches adult 
values at 2 months of age. 

Reticuloendothelial System 

The reticuloendothelial system and specifically the spleen in newborns 
has been shown to be deficient in removal of exogenous antigen from the 
circulating blood. Holyrode and colleagues [18] looked at red blood cell 
(RBC) pocking as a measure of asplenia or functional asplenia. They dem­
onstrated that 2.6% of RBCs are pocked in the normal adult, 24% are 
pocked in the term infant, and 47.2% are pocked in the preterm infant. 
The last value compares with the prevalence of pocked RBCs seen in 
traumatically splenectomized or autosplenectomized adult patients. 

Multiple factors affect the infection risk of the developing fetus and 
newborn. The sterile fetal environment is rapidly replaced by micro­
organisms from the inanimate environment, the mother, hospital per­
sonnel and visitors. Organisms that normally colonize are potentially 
invasive in the newborn because of the immature immune system. For 
these reasons, careful surveillance for infection, rapid evaluation, and in­
itiation of empiric therapies are required for optimal care of this immune­
compromised host. 
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10 
Diagnosis of Neonatal Infection: 
Utilization of the Absolute 
Neutrophil Count 

CHARLES R. ROSENFELD 

Sepsis and pneumonia occur in one to two neonates per 1,000 live births 
in most nurseries in Western nations. Diagnosis of the newborn with sus­
pected bacterial infection, however, continues to be a dilemma of signif­
icant concern, impacting not only the duration of antimicrobial therapy 
but also the duration and cost of hospitalization. Although numerous lab­
oratory tests have been suggested as diagnostically useful, no single test 
in particular has been shown to be "the best test." Therefore, it is im­
portant to delineate a reasonable approach to the diagnosis and evaluation 
of the infant at risk for bacterial infection, whether of intrauterine or ex­
trauterine etiology. This chapter provides such an approach, with particular 
emphasis on the utilization of peripheral neutrophil values in establishing 
the diagnosis of neonatal infection. 

Risk Factors 

In approaching this diagnostic dilemma, the age of the infant is an important 
consideration, since age in days impacts on the source and type of infection 
that occurs. Neonates should be divided into groups younger than and 
older than I week of age. In the neonate less than 3 days of age one must 
be concerned with the maternal antepartum and intrapartum course as 
well as the outcome of prior pregnancies. For example, it is imperative 
that the physician know whether there was intrapartum maternal fever, 
prolonged rupture of the membranes (i.e., >24 hours), evidence of cho­
rioamnionitis (e.g., maternal fever and uterine tenderness), foul-smelling 
or purulent amniotic fluid, or administration of antibiotics to the mother. 
Although each of these is considered an important factor in the occurrence 
of neonatal infection, the predictive value of each remains unclear. For 
example, it is unclear what foul-smelling amniotic fluid or infant really 
means and how this actually correlates with the incidence of neonatal 
sepsis and/or pneumonia. In the case of intrapartum administration of an­
tibiotics to the mother, it is important to determine if such administration 
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was to treat suspected disease or to prevent subsequent postpartum in­
fection. If the latter is the case, it is extremely unlikely that the infant 
requires any evaluation other than routine physical examination and close 
observation [1]. 

Consideration also should be given to whether delivery was term or 
preterm, since the risk for infection in the preterm infant exposed to pro­
longed ruptured membranes, with evidence of chorioamnionitis, might be 
somewhat higher than the risk in the term infant. Also, it has been sug­
gested that preterm delivery might be reflective of the effects of bacterial 
invasion of the fetal membranes, which would expose this particular group 
of infants to a somewhat greater risk for infection [2]. This, however, 
remains speculative at best. 

Finally, if a woman has had a prior pregnancy complicated by neonatal 
group B streptococcal infection, there may be increased risk for neonatal 
infection in subsequent pregnancies, especially if the woman remains a 
carrier of this particular pathogen. In this instance cervical and/or rectal 
cultures at 28 to 30 weeks of gestation should be considered, as should 
intravenous administration of ampicillin to the mother during labor [3,4]. 
In other instances screening cultures for group B streptococcus are not 
cost effective and thus have little or no role in the assessment of neonatal 
risk for infection in large unspecified populations, because of the low in­
cidence of neonatal disease [5-7]. 

Clinical Signs of Neonatal Infection 

Clinical manifestations of neonatal bacterial disease may be nonspecific, 
and as noted in Table 10.1, are quite variable in their association with 
infection. Furthermore, they are commonly seen in the presence of other 
problems. For example, if the incubator heating mechanism is malfunc­
tioning, the preterm infant may develop hypothermia or hyperthermia due 
to changes in the environmental temperature. It also must be remembered 
that if an infant is on servo-control for temperature regulation, the de­
velopment of relative hypothermia may be masked by the automated rise 
in incubator temperature. The opposite may be the case with hyperthermia. 
Thus, it is important to routinely examine temperature changes in both 
the incubator and the infant, looking for an increase in incubator or en­
vironmental temperature to offset hypothermia and a decrease in envi­
ron.nental temperature associated with hyperthermia. 

Hypoglycemia also occurs frequently in association with neonatal sepsis. 
Like the other manifestations, it is not specific and may be seen in cir­
cumstances unrelated to infection, for example, in the unidentified small­
for-gestational-age infant. However, when sepsis is present, hypoglycemia 
may be preceded by the development of glycosuria and sometimes hy­
perglycemia due to impaired glucose utilization, especially in the small 
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TABLE IO.1. Clinical manifestations associated with 
neonatal sepsis. 

Clinical sign 

Temperature instability 
Respiratory distress 
Neurologic abnormality 
Hyperbilirubinemia 
Gastrointestinal disturbances 

Percent of neonates affected 

50-60 
>33 

15-25 
35 

10-30 

infant [8]. In the case of neurologic abnormalities, it is of course necessary 
to first determine whether an intracranial hemorrhage has occurred, es­
pecially in the preterm infant weighing less than 1,500 g at birth. 

Although the clinical signs associated with neonatal sepsis may be rel­
atively nonspecific, when taken into context with other clinical signs or 
manifestations and the maternal history, they generally provide a very 
strong index of suspicion that must not be ignored. For example, because 
ofthe relatively rare occurrence of respiratory distress in infants weighing 
more than 1,500 g at birth in our hospital, a diagnosis of pneumonia is 
entertained in any infant with respiratory distress until proven otherwise. 
In the past, we have seen group B streptococcus as a major cause of 
respiratory dysfunction in these infants [9]. 

Diagnosis of Neonatal Infection 

CULTURES 

The most definitive method for determining whether bacterial infection 
has occurred is to obtain a positive culture of a bacterial pathogen. This, 
however, is not always possible; in many instances negative blood cultures 
are found in cases where the clinical evidence of disease is overwhelming. 
It should be noted that urine cultures, that is, suprapubic bladder aspi­
rations, are not indicated in the first week after birth because of their very 
low yield [10]; however, they should be considered in the evaluation for 
neonatal infection thereafter. 

Use of the spinal tap to obtain cerebrospinal fluid for culture and other 
studies in the first 1 to 3 days after birth is less clear. At Parkland Memorial 
Hospital we documented only five cases of neonatal meningitis in the first 
week after birth over a 5-year period, 1978 to 1982, among some 60,000 
live births. This incidence of approximately 1 in 10,000 live births raises 
the question of the utility, cost effectiveness, and necessity of performing 
routine lumbar punctures in all infants being evaluated for suspected in­
fection in the first 3 days of life, especially the term infant with questionable 
indications. Furthermore, one also could question the advisability of lum­
bar puncture and assessment of spinal fluid in the infant with substantial 
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respiratory distress, regardless of gestational age, since there is evidence 
that the procedure itself may lead to worsening of the disease and the 
yield is so low. This question is presently under study in our institution. 

LABORATORY TESTS 

Turning our attention to the laboratory, it is obvious that numerous di­
agnostic tests for establishing a diagnosis of neonatal infection are presently 
available to the clinician (Table 10.2). In order to use these tests optimally, 
knowledge of their sensitivity (i.e., the probability that a result will be 
positive in the presence of a specific disease) and specificity (i.e., the 
probability that a result will be negative in the absence of a specific disease) 
must be obtained. These data, however, are not available for many if not 
most of the available tests. 

In our experience, the gastric aspirate has been associated with an ex­
tremely high incidence of false-positive cultures and/or smears (i.e., pos­
itive cultures in infants not considered at risk for infection; unpublished 
observations); this is similar to the experience of others [11,12]. Moreover, 
it has been shown that the white cells seen on smears of the gastric aspirate, 
and probably of the external ear fluid, are more likely to represent maternal 
than fetal cells [13]. The chest radiograph also can be misleading. For 
example, it has been our experience and that of others that group B strep­
tococcal sepsis and pneumonia frequently present with chest x-ray findings 
not different from those seen in the preterm infant with hyaline membrane 
disease or the term infant with transient tachypnea [9,14-16]. We and 
others also have seen this nonspecific radiographic pattern with early­
onset infection with Escherichia coli and other pathogens in the preterm 
infant. However, we have recently observed that the urine latex fixation 
test for group B streptoccocus is extremely useful in the diagnosis of this 
particular type of neonatal infection, especially when the cultures are pos­
itive. Nevertheless, this too requires documentation of sensitivity and 
specificity. 

TABLE 10.2. Suggested laboratory tests for the 
evaluation of suspected neonatal sepsis or pneumonia. 

Examination of the buffy coat 
Limulus assay for endotoxin 
Counterimmunoelectrophoresis 
Latex agglutination test 
Measurement of C-reactive protein 
Erythrocyte sedimentation rage 
Umbilical cord or placental histology 
Culture/smears of gastric aspirate or fluid from the external ear 
Amniocentesis 
Chest radiograph 
Peripheral neutrophil count 
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The final laboratory test noted in Table 10.2 is the peripheral neutrophil 
count, a test that is available in every hospital and easily done. In early 
studies it was demonstrated that the total white blood cell count was non­
specific and of little use in the diagnosis of neonatal infection [17,18]. 
However, it was suggested that absolute peripheral neutrophilic values 
might be of some utility in diagnosing neonatal infection [19-23]. For ac­
curate use of this or any other test in the neonatal period, it is of paramount 
importance to first determine what perinatal factors might affect the dis­
tribution of peripheral neutrophilic values and to establish reference ranges 
(the range of values considered normal) that take these factors into ac­
count, thereby increasing the usefulness of this or any other laboratory 
test used in the neonate. Such a study was performed at our institution 
on infants in the first 28 days after birth. The study included 434 infants 
who were considered either normal or without significant complications; 
905 blood counts were obtained from these neonates [24]. Using these 
counts we established normal reference ranges (Fig. 10.1 and 10.2) for 
the total absolute neutrophil values (i.e., the sum of mature plus immature 
neutrophilic forms), the total absolute immature neutrophil values (the 
sum of all immature forms), and the "ratio" or proportion of the total 
immature forms to total neutrophil values (Iff ratio). To obtain the absolute 
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FIGURE 10.2. Reference ranges for total absolute immature neutrophil values and 
the ratio of total immature to total absolute neutrophil values from birth to 60 
hours of age. Data modified from Monroe et al [24]. 

neutrophil values, a corrected white blood cell count must be used. This 
can be obtained from the Coulter Counter white blood cell count (WBCee) 

value using the following equation, which removes the effects of nucleated 
red blood cells (NRBC): 

100 
WBC = WBCee x NRBC + 100 

In our studies we found that a number of common perinatal events had 
no effect on the absolute neutrophil values [24] (Table 10.3). However, 
numerous other perinatal events had, in some instances, rather striking 
effects on these values (Table 10.4). Most impressive was the development 
of <;ignificant neutropenia in two groups-infants of hypertensive mothers 
and infants who had experienced perinatal asphyxia, that is, who had Ap­
gar scores below 6 at 1 and 5 minutes. In nearly all other instances the 
effect on neutrophil dynamics was to cause neutrophilia. In the majority 
of cases this was associated with a proportionate increase in the immature 
neutrophil values, resulting therefore in no change in the liT ratio, for 
example, pneumothorax, surgery, seizures, and meconium aspiration 
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TABLE 10.3. Perinatal factors with no significant 
effect on peripheral neutrophil values. 
Duration of ruptured membranes without maternal fever 
Birth weight 
Gestational age 
Route of delivery 
Duration of ruptured membranes without maternal fever 
Uncomplicated hyaline membrane disease 
Uncomplicated transient tachypnea 
Phototherapy 
Prophylactic use of antibiotics 
Meconium staining without lung disease 

Source: Monroe et al [24]. 

syndrome. From these observations and the development of the normal 
reference ranges, two things became obvious: (I) that the absolute pe­
ripheral neutrophilic values cannot be adequately evaluated in the absence 
of complete knowledge of the intrapartum and neonatal course, and (2) 
that the age after birth at which the count is obtained must be known for 
the first 72 hours to correctly interpret the values reported by the labo­
ratory. 

U sing our reference ranges and knowledge of the perinatal factors listed 
in Table 10.4, we examined the predictive value of the absolute neutrophil 
counts for neonatal infection. In our study, 156 infants had a diagnosis of 
infection and all were screened by the neutrophil counts as abnormal; 
thus, the sensitivity was extremely good. When the neutrophil counts ob­
tained from these infants and noninfected infants were further examined, 
we found that of 459 counts with no abnormality in any of the three neu­
trophilic parameters, only 4 occurred in infants with confirmed or sus-

TABLE 10.4. Perinatal events affecting peripheral neutrophil values. 

Total neutrophil counts Immature neutrophil counts 
Event ! t t 

Maternal hypertension 76 0 6 
Periventricular hemorrhage 62 23 31 
Asphyxia 14 28 28 
Hemolytic disease 0 47 53 
Asymptomatic hypoglycemia 0 44 63 
Maternal fever 0 46 65 
Surgery 0 100 90 
Stressful labor 0 67 81 
Meconium aspiration syndrome 0 78 56 
Seizures 0 71 71 
Pneumothorax 0 80 80 
Oxytocin induction ~ 6 hours 0 27 50 

Source: Monroe et al [24]. Values represent the percent of counts increased or decreased. 
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pected bacterial disease. That is, fewer than 1% of normal counts were 
seen in infected infants, whereas 99% of these normal counts occurred in 
infants without evidence of infection or with noninfectious complications. 
When counts were examined for the types of abnormalities that occurred, 
for example, neutrophilia or neutropenia, and for the distribution between 
infected and noninfected neonates, the specificity was observed to be rel­
atively low-34% of the abnormal counts had occurred among infants 
without evidence of infection. Neutropenia, however, was substantially 
more frequent in neutrophil counts from infected infants, 77% versus 23%. 
The relatively poor specificity occurs because of the substantial number 
of common perinatal events that tend to alter neutrophil dynamics and 
mimic the effects of bacterial disease. However, since sepsis is a life­
threatening yet treatable disease and false-positive results do little harm, 
the greater sensitivity of this test is preferred. Furthermore, the reduced 
specificity can be balanced by a greater awareness of those factors that 
result in false-positive values (Table 10.4). 

When these reference ranges were applied to infants with group B 
streptococcal infection in the first 24 hours after birth [9], 39 of 45 infants 
(87%) had abnormal total absolute neutrophil values, 19 (42%) had elevated 
immature neutrophil counts, and 41 (91%) had an abnormal liT ratio. All 
infants (100%) were correctly identified when both the total absolute neu­
trophil count and the lIT ratio were used. Among infants under 37 weeks 
of gestation with group B streptococcal infection, neutropenia was ob­
served in 70%, whereas in term infants the findings were variable, that 
is, neutrophilia occurred as commonly as neutropenia. The liT ratio, how­
ever, was abnormal in 83% and 88% of the preterm and term infants, 
respectively. The usefulness of these reference ranges for the absolute 
neutrophil values in screening infants at risk for infection has since been 
confirmed by others [25]. 

Since neutropenia has been considered a frequent finding in newborn 
infants with neonatal sepsis, especially preterm infants, and we had shown 
it to occur commonly within the context of other settings [24], we studied 
the pattern of peripheral neutrophil values in three groups of infants with 
a high likelihood of developing neutropenia [26], that is, those with per­
inatal asphyxia, sepsis, or a maternal history of hypertension. In these 
studies the mean total absolute neutrophil value was below the lower limits 
of the normal reference range in infants with perinatal asphyxia (n = 13) 
and maternal hypertension (n=20). Moreover, mean values remained in 
the neutropenic range throughout the first 60 to 70 hours of life. In contrast, 
the mean value for septic infants (n = 13), most of whom were term, was 
within the reference range from birth to 12 hours, and significant neutro­
philia was observed thereafter. 

When the infants within these groups were examined individually, neu­
tropenia was observed in 8 of 13 asphyxiated neonates (62%) and 10 of 
20 infants delivered of hypertensive mothers (50%) (all of whom had preg-
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nancy-induced hypertension); within these two groups of infants, more 
than 80% remained neutropenic at 60 hours. However, when the immature 
neutrophil counts and liT ratio were examined in infants of hypertensive 
mothers, values were abnormal in only 2 of 47 counts (4%) and 6 of 47 
counts (13%), respectively. Thus, the presence of neutropenia alone among 
these infants should not be considered suggestive or reflective of infection. 
In contrast, the immature neutrophil count and liT ratio were more likely 
to be abnormal in septic infants, 46% and 61%, respectively. Unfortu­
nately, the neutrophilic values from the asphyxiated infants were somewhat 
intermediate; that is, 4 of 35 counts (II %) and 8 of 35 counts (23%) had 
either an abnormal immature neutrophil value or liT proportion, respec­
tively. The former values, however, were not significantly different from 
the normal range (p > .05), but the latter were (p < .05). Thus, an as­
phyxiated infant may present with significant neutropenia and an elevated 
liT ratio, making the initial cell count difficult to interpret and the clinical 
information of utmost importance. If all three neutrophilic values are ab­
normal, however, a diagnosis of bacterial infection should be strongly 
considered. 

Guidelines for Using Peripheral Absolute 
Neutrophil Values 

In view of the above discussion, the following guidelines can be suggested 
for use of the peripheral absolute neutrophil values in the diagnosis and 
evaluation of neonatal infection. First, a thorough maternal intrapartum 
history and neonatal physical exam must be obtained. If these are strongly 
supportive of a diagnosis of or risk for bacterial disease, antibiotics should 
be administered after obtaining a blood culture and a complete white blood 
cell count with differential count, repeating the differential count at 8 to 
12 hours. If the absolute neutrophil values are abnormal on both counts, 
especially the liT ratio, and factors affecting the counts are not present, 
then 5 to 7 days of antibiotic therapy should be considered with a follow­
up cell count at 24 and 72 hours. If the intrapartum history is only sugges­
tive, for example, prolonged rupture of membranes without maternal fever 
or foul-smelling infant; Apgar scores are good; and the infant is term, one 
should obtain a differential white blood cell count and maybe a blood 
culture and closely observe the infant while monitoring peripheral neu­
trophil values at 12 and 24 hours of age. The presence of normal neutrophil 
values would result in no antibiotic therapy. If, in this situation, the infant 
is preterm, antibiotics might be started shortly after birth but discontinued 
at 48 to 72 hours if (1) the absolute neutrophil values are normal, (2) the 
clinical course does not suggest infection, and (3) blood cultures are neg­
ative. This approach has been used in our institution over the past 4 to 5 
years and has shortened the course of antibiotic therapy by 3 to 5 days. 
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This also has proven especially useful as an approach to the term infant, 
resulting in earlier discharge and a decreased cost for hospitalization in 
our institution. 
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11 
Group B Streptococci at Parturition: 
I. A Case-Control Study 

V. SCHAUF, P. HOLOBAUGH, K. NELSON, K. MALLIN, 
M. ISMAIL, AND THE COLLABORATIVE GROUP B 
STREPTOCOCCUS RESEARCH GROUP 

Group B streptococcus (GBS) infection acquired from the mother in the 
perinatal period continues to contribute importantly to neonatal morbidity 
and mortality [1-3]. Antimicrobial treatment of GBS carrier mothers prior 
to onset of labor proved disappointing because the carrier state was not 
eradicated [4]. Other strategies for treatment during pregnancy, including 
simultaneous treatment of husbands or treatment until the time of delivery, 
failed or were impractical to prevent most cases [5,6]. Penicillin treatment 
of the infant immediately after delivery was not effective in reducing GBS 
morbidity or mortality in premature infants, who account for a large frac­
tion of GBS disease [7]. As early as 1978, Baker [8] suggested that many 
GBS infections are acquired in utero and that studies of prophylaxis should 
be directed toward women. 

Intrapartum antibiotics have been shown to interrupt transmission of 
GBS from mother to infant [9,10] and have been claimed to prevent early­
onset disease [11,12] (Tuppurainen et al. Abstract 1455, Society for Pe­
diatric Research, 1986). Thus, current interest in early intervention focuses 
on the intrapartum period. Because GBS colonization may not be routinely 
evaluated [13] and varies during pregnancy [14-17], the colonization status 
of many parturients is unknown. Because most GBS colonized pregnancies 
are not associated with fetal or maternal morbidity, the problem has been 
to identify at-risk pregnancies readily in the delivery room. 

Epidemiologic methods used to identify at-risk pregnancies have in­
cluded comparison of early- versus late-onset disease [18], comparison of 
perinatal events in colonized versus uncolonized mothers and/or infants 
[3,19,20], calculation of disease attack rates [10-12], and clinical obser­
vation [21,22]. However, results using the case-control method to evaluate 
at-risk pregnancies have not been reported. 

To help plan an effective strategy to prevent this disease, we prospec­
tively collected data on the incidence of GBS disease in five Chicago-area 
hospitals. To identify risk factors of importance, we performed a case­
control study in four of the hospitals. On the basis of these results, the 
use of intrapartum antibiotics for certain high-risk pregnancies is discussed. 
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Methods 

The prospective study was conducted from 1979 to 1981 at Christ Hospital, 
Cook County Hospital, Foster G. McGaw Hospital of Loyola University, 
the University of Chicago Hospital, and the University of Illinois Hospital. 
Infants with invasive GBS infection documented by blood andlor cere­
brospinal fluid GBS isolates were identified prospectively by daily sur­
veillance of nurseries, pediatric wards, and microbiology laboratories. In 
addition, disease rates for 1976 to 1979 were determined retrospectively 
by chart review in two of the study hospitals. Infants with GBS isolated 
from blood or CSF in the first 5 days of life were designated as having 
early-onset infections. Late-onset infections were those occurring after 
age 5 days. 

The case-control study employed the methodologic standards of Horwitz 
and Feinstein [23]. Data collected for the case-control study described 
the course of the perinatal period for mothers and infants. Infants with 
early-onset GBS infection were identified prospectively in four of the hos­
pitals; data for these infants were compared with data for control infants 
born in the same hospital and within 2 weeks of each affected infant. 
Where possible, four control infants were included for each infant with 
early-onset GBS infection. 

The control infants had participated as placebo recipients in a double­
blind trial of penicillin prophylaxis for GBS infection [5]. Three infants 
with early-onset GBS infection had likewise received placebo and 22 had 
not participated in the trial. 

Over 200 data items concerning the maternal and neonatal hospital 
course were collected from hospital records, entered onto a precoded data 
collection form, manually edited, entered into a computer, and given fur­
ther edits by computer. The statistical analysis system was used to analyze 
the data. Fisher's exact test, Student's T test, chi-square, or chi-square 
with Yates' correction was performed to determine statistical significance. 

Results 

During the period of prospective case identification, there were 34 babies 
with early-onset and 11 babies with late-onset GBS infection. Of these, 
25 with early-onset disease and 8 with late-onset disease were born in the 
study hospitals. The remaining infants had been transferred to these hos­
pitals after birth. 

The overall incidence of early-onset GBS infection in the study hospitals 
was 0.9/1,000 live births (Table 11.1). The rate varied in the different hos­
pitals (maximum 1.3/1,000 live births; minimum 0/1,000 live births). The 
retrospectively determined yearly rates shown in Table 11.2 ranged from 
a minimum of 0 to a maximum of 2.6/1,000 live births. 
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TABLE 11.2. Group B streptococcus (GBS) infection in neonates born in two study 
hospitals in the years 1976 to 1979. 

Total GBS casesl No. of EOGBS* casesl 
Hospital Year No. of live births 1,000 live births 1,000 live births 

University of Illinois 1977 2,430 2.9 1.6 
1978 2,306 3.0 2.6 
1979 2,311 0.0 0.0 

Foster McGaw 7176-fJ177 1,918 1.0 0.5 
7177-6178 1,649 0.6 0.6 
7178-6179 1,503 2.0 2.0 

*EOGBS, early-onset GBS. 

Table 11.3 shows the age of onset of GBS infection for infants identified 
during the prospective observation period. Cases occurred most frequently 
on the first day of life. One of the affected infants was one of a pair of 
twins. There were five deaths among the infants with early-onset disease, 
a case fatality rate of 20%. 

The control infants came from the four hospitals experiencing early­
onset GBS disease during the period of prospective GBS case identifi­
cation. There were 97 control infants, two of them twins from separate 
sets. 

The perinatal course of infants with early-onset GBS infection differed 
significantly from that of the control infants (Table 11.4). Pregnancies of 
mothers of infected infants were characterized significantly more fre­
quently by short gestation, long duration of rupture of membranes, ce­
sarean section, maternal fever, and endometritis. Pregnancies of mothers 
of infected infants did not differ significantly with respect to age, race, 
source of medical payment, gravidity, parity, abortion history, meconium 
staining of infant or amniotic fluid, use of anesthetic, fetal monitoring, 

TABLE 11.3. Days 
from birth to onset of 
group B streptococcus 
(GBS) infection. 

Day No. of babies 

1 21 
2 6 
3 2 
4 1 
5 2 
6 2 
7 1 
8-15 2 

16-23 3 
24-31 
32-42 
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TABLE 11.4. Perinatal risk factors for early-onset group B streptococcus 
(GBS) infection. 

Risk factor GBS Control X2 p Odds ratio 

Premature labor «38 weeks) 12/25 3197 32.7 < .005 28.9 
Cesarean section 6124 7/97 4.5 < .05 4.3 
Membrane rupture 

> 48 hours 5/25 1197 .003* 24.0 
> 24 hours 11/25 10197 13.6 < .005 6.8 
> 12 hours 15/25 13197 24.7 < .005 9.7 

Maternal temperature ~ loo.4°F 13/24 20/96 10.7 < .005 4.5 
Endometritis 7/23 2/97 18.0 < .005 20.8 

* Fisher's exact test. 

maternal urinary tract infection, unexplained maternal fever, or maternal 
diabetes. 

Affected infants were significantly more likely to have low Apgar scores; 
to be premature and small for gestational age; to require resuscitation, 
intubation, intensive care, transfusions, and antibiotics; to experience 
jaundice, apnea, and shock; and to have abnormal chest x-rays and a 
diagnosis of hyaline membrane disease. Affected infants required signif­
icantly more days in the hospital and in neonatal intensive care units than 
control infants (4.4 days vs. 16.0 days, p <.0001, and 0.8 days vs. 11.2 
days, p <.0001, respectively). Five affected premature infants died, but 
no control infants died. When twins were excluded from the analysis of 
both groups, the results were not significantly changed. 

The case-control study was also analyzed separately for 16 cases and 
59 controls from the one hospital contributing the largest number of cases 
and four of five deaths, Cook County Hospital. The perinatal course in 
a single hospital again revealed significant differences between pregnancies 
of mothers of infected infants and mothers of controls (Table 11.5). The 
pattern of differences was similar to that shown in Table 11.4. Also a 

TABLE 11.5. Perinatal risk factors for early-onset group B streptococcus (GBS) 
infection, Cook County Hospital. 

Risk factor GBS Control X' p Odds ratio 

Abortions ~ 2 3/16 4/58 .026* 3.1 
Premature labor «38 weeks) 9/16 0/59 33.0 < .005 75.9 
Antibiotics before delivery 2/15 0/59 .039* 9.1 
Cesarean section 5/15 2/59 9.5 < .005 14.2 
RUpture of membranes 

> 48 hours 3/16 0/57 .008* 13.6 
> 24 hours 8/16 6/59 10.6 < .005 8.8 
> 12 hours 10/16 8/50 14.2 < .005 10.6 

Maternal temperature ~ 100.4°F 9/15 13/59 6.4 .025 5.3 
Endometritis 5/15 2/59 9.5 < .005 14.2 
Antibiotics after delivery 9/15 3/57 .039* 27.0 

*Fisher's exact test. 
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history of abortions or antibiotic use before and/or after delivery was found 
significantly more often in mothers of infected infants. Affected infants 
experienced significant morbidity, as noted for the entire study group. 
Four of 16 infants died, a case fatality rate of 25%. 

Discussion 

The GBS disease rates reported for this study (Tables 11.1 and 11.2) are 
slightly lower than those reported for 1974 by us (3/1,000) [14], those re­
ported for Cook County Hospital during 1972 to 1979 [24], and those re­
ported recently in Chicago [17] and for other parts of the United States 
[2,3]. The variations in incidence noted among the hospitals (Table 11.1), 
over time (Table 11.2), and among various reports [3,14,17,20,24,25] may 
reflect the difficulty in establishing reliable incidence rates for a disease 
of low incidence rather than true differences in incidence [26]. In any 
case, the rates of GBS disease in our study hospitals were within the 
range of statistical variations of the rates found in previous studies in 
Chicago. 

The mortality rate of 20% in our present series of early-onset GBS in­
fection is similar to that in our earlier report [27] and compares favorably 
with the rates in several other reports [17,24,25]. We did not analyze our 
data on the affected infants to determine which components of their illness 
were attributable to GBS infection, which to prematurity, and which to 
the combination. Both ,GBS infection and prematurity may be important 
prognostic variables, considering the severe disease that occurs in some 
term infants and the high mortality in infected premature infants. 

During the years of our study, there were approximately 3.5 million 
live births yearly in the United States (National Center for Health Sta­
tistics). Assuming a rate for early-onset GBS infection of 1 in 1,000 live 
births and a 20% mortality rate, an estimated 700 deaths would occur 
yearly. The annual years of potential life lost to this disease in the United 
States can be estimated at 700 x 65 or 45,500 years, about 10% the loss 
due to prematurity [28]. Additionally, GBS infection was reported to be 
associated with 10% of all neonatal deaths in Winnipeg, Manitoba, in the 
last decade [11]. GBS infection remains an important cause of perinatal 
morbidity and infant mortality despite extensive awareness of the disease, 
several proposed preventive strategies [5,6,9,10,12,17,29,30], and effective 
antimicrobial therapy [5,27]. 

Even though GBS infection is relatively common, currently culture re­
sults may not be available for all women in' labor, nor is it feasible to treat 
all women in labor with antibiotics [13,31]. While there is hope that rapid 
screening tests may prove useful in selecting women for antimicrobial 
prophylaxis [32], at present these are not generally available. Similarly, 
although culture results would have been helpful in identifying at-risk 
women in our study, it was not feasible for us to include cultures for all 
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subjects. Thus, we performed a case-control study to identify clinical risk 
factors that might help identify women whose infants could benefit from 
intrapartum therapy. 

Premature labor, prolonged rupture of membranes, cesarean section, 
fever, or endometritis are many times more likely in pregnancies in which 
there is a GBS-affected infant than in normal pregnancies (Tables 11.4 
and 11.5). Some of these risk factors have previously been identified using 
different approaches, including comparison of parameters of early- versus 
late-onset disease [18] and calculations of disease attack rates [10]. In our 
study, these risk factors were identified when the data from all hospitals 
were examined, and also when the data from Cook County Hospital were 
analyzed separately, which indicates that these risk factors are of impor­
tance across the socioeconomic spectrum of our study. The additional 
risk factors identified in the more uniform population of a single hospital 
included a history of abortions and use of antibiotics before and/or after 
delivery. Some of the factors that our study and others reported in the 
literature have identified as "risk factors" for early-onset neonatal GBS 
disease may in fact be "early markers" of the effects of GBS infection. 
Nevertheless, from the perspective of the clinician armed with an effective 
antimicrobial, knowledge of perinatal events that suggest early intervention 
might be helpful in devising a strategy to reduce the morbidity and mortality 
of early onset GBS infection. 

Even when premature labor was excluded from the analysis, the other 
maternal risk factors remained significant, indicating that the several sig­
nificant risk factors were not dependent on the presence of premature 
labor. In general, exclusion from analysis of patients with each of the 
other risk factors did not remove the significance of the remaining factors. 
Not enough cesarean deliveries occurred to distinguish the risk of primary 
versus secondary procedures. However, most of the cesarean sections 
analyzed were primary. 

Several previously reported associations had no demonstrated signifi­
cance in our study. These included maternal GBS bacteriuria [33], race 
[34], and persistent fetal circulation [35]. The sample size is adequate to 
have documented the proposed racial association; however, it may not 
have been large enough to detect associations with maternal bacteriuria 
or persistent fetal circulation. 

Our findings in the case-control study (Tables 11.4 and 11.5) and the 
high frequency of cases on the first day of life (Table 11.3) underline the 
importance of maternal infection as a determinant of early-onset GBS in­
fel-tion. The actual costs and benefits of intrapartum antibiotics for women 
at risk of delivering an infant with early-onset GBS infection need further 
evaluation. It will be necessary to determine if placentally transferred in­
trapartum antibiotics such as ampicillin [36] increase neonatal morbidity 
by obscuring results of neonatal bacterial cultures. This might conceivably 
occur if antibiotics given to the mother perinatally were transferred to the 
infant in sufficient concentration to cause the infant's cultures to be 
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"falsely negative," but not in sufficient amount to treat effectively or 
prevent a GBS infection in an infant. Intrapartum ampicillin administration 
has been advocated for GBS-colonized women with certain perinatal risk 
factors [12]. In addition, intrapartum penicillin or ampicillin may be ap­
propriate for at-risk women who are not allergic to beta-lactam antibiotics 
and for whom colonization status is unknown. 

Summary 

To help form a basis for an effective strategy to prevent neonatal group 
B streptococcal (GBS) infection, we prospectively collected data on its 
incidence in five Chicago area hospitals from 1979 to 1981 and performed 
a case-control study in four of the hospitals to identify risk factors of 
importance. Data describing the perinatal course for infants identified 
prospectively with early onset GBS infection were compared to data for 
control infants born in the same hospital and within two weeks of each 
affected infant. The incidence of early onset GBS infection was 0.9/1000 
live births. Cases occurred most frequently on the first day of life. The 
case fatality rate was 20%. Maternal risk factors included gestation <38 
weeks, prolonged rupture of membranes, Cesarean section, fever, and 
endometritis. The selective use of intrapartum antibiotics for certain high 
risk pregnancies is discussed. 
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12 
Group B Streptococci at Parturition: 
II. Infant Intervention 

V. SCHAUF, L. RIFF, K. NELSON, AND 
THE COLLABORATIVE GROUP B STREPTOCOCCUS 
RESEARCH GROUP 

Prophylactic use of antibiotics has been proposed for prevention of group 
B streptococcal infection of infants, the most frequent cause of sepsis 
neonatorum in the United States. In the preceding chapter, strategies for 
intrapartum antibiotics were discussed [1,2]. The alternative strategy, 
prophylaxis for the neonate, was evaluated in the study reported here. 

Penicillin has been used to prevent neonatal inf~ction by penicillin-sus­
ceptible gonococci, group A streptococci, and other susceptible bacteria 
[3-5]. Parenteral penicillin has been claimed to be effective for prevention 
of neonatal colonization and early-onset infection due to group B strep­
tococcus (GBS) [6,7], but was not effective in premature infants with in­
trapartum infection [8]. Parenteral penicillin appears safe for neonates, 
and anaphylaxis has not been reported. None of the studies of penicillin 
for GBS prophylaxis employed a placebo to control for subjective clinical 
decisions, such as the decision to evaluate an infant for sepsis neonatorum. 
The risks and benefits of routine use of prophylactic penicillin have not 
been fully determined. 

To evaluate penicillin prophylaxis, the Chicago Collaborative GBS Re­
search Group performed a randomized, double-blind trial of the effects 
of intramuscular penicillin given in the first minutes of life. Over 2,800 
infants born in five Chicago-area hospitals participated in the study, which 
included safety observations for all subjects. All subjects were observed 
for the occurrence of GBS infection; a subgroup was evaluated for GBS 
colonization, a recognized risk factor for early-onset disease. 

Patients and Methods 

The study was conducted from 1979 to 1981 at Christ Hospital, Cook 
County Hospital, Foster G. McGaw Hospital of Loyola University, the 
University of Chicago Hospital, and the University of Illinois Hospital. 
Excluded at Cook County Hospital were infants weighing less than 2,000 
g; they were enrolled in another research protocol [8]. Also excluded were 
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women from whom informed consent was not obtained and women de­
livering when the injection could not be administered because research 
staff were off duty. 

Nurse research assistants obtained informed consent from the parturient 
women before or on admission for delivery. The protocol had been ap­
proved by the institutional research review committee of each hospital in 
the study. Then infants were randomized to receive intramuscular penicillin 
or placebo as soon as possible after delivery. Syringes containing 100,000 
U aqueous penicillin G or 0.9% saline placebo were prepared, coded, 
stored at 4°C for no longer than 2 (usually 1) weeks, and used in random 
order. Penicillin in syringes stored at 4°C were shown to retain full activity 
for at least 15 days (see below). 

All infants received standard pediatric care. Because over 2,800 infants 
were studied, it was not feasible to include a blood culture before injection 
of penicillin or placebo for all subjects. Blood samples for culture were 
taken when an infant had signs suggestive of sepsis neonatorum or because 
of prolonged rupture of membranes. Infants with signs of sepsis neona­
torum were not excluded from the study unless recognition, evaluation, 
and treatment took place immediately at delivery. Thus, cultures may 
have been obtained after the injection of penicillin or placebo. Additional 
antibiotics were administered to infants upon diagnosis of possible sepsis 
neonatorum. When available, serum, urine, and cerebrospinal fluid (CSF) 
were stored at -70°C; urine was concentrated 50-fold and counterim­
munoelectrophoresis (CIE) was performed [9]. The code was broken and 
replaced on only three occasions at the request of the clinicians caring 
for the infants. All mothers received standard obstetric care. Bacterial 
cultures were obtained as clinically indicated. 

Infants with GBS isolated from blood or CSF in the first 5 days of life 
were designated as having early-onset infection. Late-onset infection was 
that occurring after age 5 days. To identify subsequent infectious morbidity 
and/or mortality after subjects' discharge, we conducted surveillance of 
participating hospital microbiology records for blood and/or CSF GBS 
isolates and of pediatric wards for readmission of subjects. A questionnaire 
was mailed to parents, in English and Spanish, to determine subsequent 
illnesses, physician visits, and hospitalizations. 

Mothers and infants enrolled in four of the study hospitals during des­
ignated culture survey periods were evaluated for GBS colonization. In­
cluded were 348 mothers during labor, 479 infants at delivery, and 400 
infants at hospital discharge, 12%, 17%, and 14% of all subjects, respec­
tively. 

We obtained maternal cultures from vagina and rectum at admission 
for labor; from infant ear canal and umbilicus shortly after birth; and from 
infant rectum and throat at discharge. Samples were inoculated imme­
diately into selective media containing Todd-Hewitt broth with nalidixic 
acid (IS j..lg/ml), polymixin (1.0 j..lg/ml), and 0.1 j..lg/ml of crystal violet [10]. 
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Hemolytic and nonhemolytic colonies of appropriate morphology were 
screened by the CAMP test [II]. Final identification was by the Lancefield 
method [12,13]. 

Syringes containing 100,000 U aqueous penicillin G per 0.5 ml were 
stored at 4°C for 6, 7, 8, 14, 15, and 22 days and tested for penicillin 
activity by the agar-well diffusion technique [14]. Full penicillin activity 
was present at all time points except for day 22. 

The efficacy of penicillin in reducing GBS colonization at discharge in 
babies of colonized mothers was defined as 

Efficacy = 

(placebo GBS positive/total placebo) - (penicillin GBS positive/total penicillin) 
placebo GBS positive/total placebo 

Over 200 data items concerning the maternal and neonatal hospital 
course were collected from hospital records, entered onto a precoded data 
collection form, manually edited, entered into a computer, and given fur­
ther edits by computer. The statistical analysis system was used to perform 
standard statistical tests (e.g., Fisher's exact test, Student's T test, and 
the Chi-square test). 

Results 

PATIENT POPULATION 

The subjects were of diverse racial and socioeconomic background (Table 
12.0. The penicillin and placebo groups were similar in distribution by 
hospital, race, and source of medical payment. Mothers of the two study 
groups did not differ significantly in age, gravidity, parity, abortion history, 
blood group distribution, history of penicillin allergy, frequency of in­
duction of labor, duration of rupture of membranes or labor, frequency 
of vaginal examinations, use of general anesthetic, internal fetal moni­
toring, or route of delivery. The infants in the two groups were similar in 
weight, gestational age, Apgar scores, and birth weight distribution in cat­
egories 1,500 g, 1,501 to 1,999 g, 2,000 to 2,499 g, and 2,500 g or over. 
By chance, mothers of penicillin recipients had more often received in­
trapartum and postpartum antibiotics, even though maternal infectious 
morbidity data did not differ between the groups. 

PENICILLIN ADMINISTRATION 

There were 1,441 placebo and 1,432 penicillin injections given at a mean 
of 12 minutes after birth in both groups. Over 85% of injections of penicillin 
and placebo were administered within 15 minutes of birth. 



170 V. Schauf et al. 

TABLE 12.1. Demography of mothers of penicillin 
and placebo recipients. 

Placebo Penicillin 

Hospital (no.) 
University of Illinois 171 187 
University of Chicago 246 252 
Christ 454 443 
Loyola 157 152 
Cook County 413 398 

Total 1,441 1,432 

Race (%) 
Caucasian 39.2 40.3 
Black 47.6 47.2 
Hispanic 11.9 11.1 
Other 1.3 1.4 

Third party medical payment (%) 
None 7.5 8.4 
Public 30.0 30.5 
Private insurance 41.1 40.8 
Unknown 21.4 20.3 

GBS COLONIZATION 

GBS were present in the vagina and/or rectum of 16.1% of the 348 mothers 
evaluated for GBS colonization. Mothers receiving intrapartum antibiotics 
had a GBS recovery rate similar to the rate in those who received no 
antibiotics (2/15 = 13.3% vs. 54/333 = 16.2%). However, the group of 
antibiotic-treated women was too small and heterogeneous to allow a valid 
conclusion regarding an antibiotic effect on maternal GBS recovery. 

The results for all infants evaluated prospectively for GBS colonization 
at birth and/or at discharge from hospital are shown in Table 12.2. Penicillin 
and placebo recipients had a similar rate of colonization at birth. At dis­
charge, penicillin recipients had significantly reduced throat colonization 
compared with placebo recipients (7.1% vs. 1.6%, p <.025). Rectal col­
onization was also less in the penicillin recipients at discharge; however, 
statistical significance was not achieved. 

Penicillin was effective in reducing GBS colonization in infants of col­
onized mothers. The infants of 31 mothers with GBS-positive cultures at 
delivery had selective cultures obtained for GBS at birth and at discharge 
(Table 12.3). These mothers had not received antibiotics in the 48 hours 
preceding delivery. There were 17 mother-infant pairs in the placebo group 
and 14 in the penicillin group. GBS was present at birth in approximately 
half of the infants in each group. At discharge, the colonization rate in 
the placebo group had not changed significantly. In contrast, only one 
infant in the penicillin group still harbored GBS. Penicillin was 84.9% 
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TABLE 12.2. Neonatal colonization with group B 
streptococcus (GBS). 

No. of infants positive for 
GBS Ino. of infants tested 

(% positive) 

Infant cultures Placebo' Penicillin' x2 P 
At birth 

Ear 17/250 (6.8) 16/229 (7.0) 
Umbilicus 121228 (5.3) 10/251 (4.0) 

At discharge 
Throat 15121 I (7.1) 3/189 (1.6) 5.831 <.025 
Rectal 12/211 (5.7) 5/189 (2.6) 

'Received at delivery. 
IYates correction. 

effective in reducing GBS colonization at discharge in babies of colonized 
mothers; from Table 12.3: 

(8/17 - 1I14) 
8/17 

84.9% 

GBS INFECTIONS 

Three placebo recipients had early-onset GBS infection, a rate of 2.1I 
1,000. No penicillin recipient developed early-onset infection. Two placebo 
and two penicillin infants developed late-onset infection. Early-onset plus 
late-onset GBS infection occurred in five placebo recipients (3.5/1,000) 
and in two penicillin recipients (1.4/1,000). 

The status of the seven infants with GBS infection and their mothers 
was evaluated. The four female and three male babies were of 38 weeks' 
gestation or more, weighed over 2,500 g, and all but one were Caucasian. 

TABLE 12.3. Colonization with group B 
streptococcus (GBS) of infants of 
colonized mothers (longitudinal study). 

Infant cultures 

At birth 
At discharge 

No. of infants positive for 
GBS INo. of infants tested 

(% positive) 

Placebo* 

9/17 (52.9) 
8/17 (47.1)1 

Penicillin * 

6/14 (42.9)' 
1114 (7. I)' 

*Received at delivery. 
'Penicillin recipients, discharge vs. delivery, 
p = .04. 
IDischarge culture, penicillin vs. placebo, 
p = .02. 
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Six of the infants had Apgar scores equal to or greater than 6; six were 
born in one private hospital and developed fever, respiratory, and/or neu­
rologic signs of infection, requiring intensive treatment. The asymptomatic 
infant was identified by blood culture because of prolonged rupture of 
membranes and did not receive any antibiotic treatment; that infant was 
the only one to receive triple-dye prophylactic cord care. 

Fever, GBS isolate, and/or postpartum antibiotic use was present in 
three mothers of placebo recipients with GBS infection and in neither of 
the two mothers of penicillin recipients with GBS infection. One mother 
in each group was delivered by cesarean section. 

TABLE 12.4. Bacterial isolates from neonates requiring 
diagnostic culture of blood, CSF, and/or urine during 
first hospitalization. 

No. of positive infants/total 
infants cultured (%) 

Organisms isolated* Placebo' Penicillin' 

Blood cultures 16/148(10.8) 8/125(6.4) 
GBS' 4 0 
ex-streptococcus 4 0 
Staphylococcus epidermidis 8 8 
S. aUreus 0 
Diphtheroids 
Fusobacterium nucleatum 0 I 
Neisseria sicca 0 I 
Escherichia coli 0 4 
Pseudomonas 0 1 

Total 18 16 
CSF cultures 5/79(6.3) 4/69(5.8) 

GBS' I 0 
Group D streptococcus 1 0 
S. epidermidis 2 
E. coli 0 
Bacillus sp. 2 
No indentification 2 0 

Total 8 3 
Urine cultures 20171(28.2) 14/58(24.1) 

GBS' 4 0 
S. epidermidis 8 3 
S. aureus 2 0 
E. coli 7 8 
Klebsiella pneumoniae 0 2 
Other 12 4 

Total 33 17 

*Some cultures contained more than one organism and some pa­
tients had several positive cultures counted. 
'Received at delivery. 
'GBS isolates only during first hospital admission. 
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INFANT OUTCOME 

Penicillin prophylaxis had no deleterious effect on hospital course, duration 
of hospital stay, or neonatal respiratory or central nervous system status, 
compared with placebo. Infectious morbidity or suspicion of neonatal in­
fection during hospitalization was similar in the penicillin and placebo 
groups, as judged by the percent of infants requiring antimicrobial therapy 
(6.6% vs. 6.5%), diagnostic lumbar puncture (4.8% vs. 5.5%), blood culture 
(8.7% vs. 10.4%), or urine culture (4.3% vs. 5.0%). 

The frequency of positive cultures from blood, eSF, or urine was similar 
in penicillin and placebo recipients (Table 12.4). However, streptococcal 
isolates were obtained only from placebo recipients. In contrast, Esche­
richia coli was isolated from blood and/or eSF of penicillin recipients 
only. Serum, urine, and/or eSF was negative for GBS antigen by eIE in 
10 culture-negative penicillin recipients and in 4 culture-negative placebo 
recipients suspected of sepsis neonatorum. 

More than 95% of the subject's parents were queried after discharge 
about subsequent illnesses and physician visits; parents were asked to 
describe all illnesses. The response rate in the first 2 years was 57%. There 
was remarkable similarity between the penicillin and placebo recipients 
in the reported prevalence of infections, febrile illnesses, and allergies. 
Penicillin and placebo recipients' parents reported similar rates of yeast 
infections (161776 vs. 121786) and total infectious morbidity (2731776 vs. 
2871786). 

TOLERANCE OF INJECTION 

The saline and penicillin injections were well tolerated. No hypersensitivity 
reactions were observed. Minor reactions, including local swelling, red­
ness, and nonspecific rashes, occurred in 2.7% of placebo and 2.6% of 
penicillin recipients. 

TABLE 12.5. Mortality of subjects by study 
group. 

Placebo Penicillin 

During nursery stay 4 (2)* 8 (2) 
After nursery stay 4 (2) 2 
Total deaths 8 (4) 10 (2) 
Total enrolled 1,441 1,432 
Total deaths/I ,000 infants 6.9 5.5 

*Number of infants in whom infection may have con­
tributed to death is shown in parentheses. 
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MORTALITY 

Neonatal and postneonatal mortality as determined from hospital records, 
hospital surveillance, and follow-up letters was similar in the two groups 
(Table 12.5). There were 8 deaths in the placebo group and 10 in the pen­
icillin group. None was attributed to GBS infection. No evidence of GBS 
pneumonia was seen in any autopsy. In the penicillin group, one premature 
1,020-g infant with respiratory distress syndrome and necrotizing entero­
colitis died with late-onset invasive E. coli infection. 

Discussion 

Penicillin G was effective in reducing neonatal GBS colonization and was 
well tolerated. This randomized, double-blind trial differed in design from 
earlier studies [1-4,6-8,15] in that the use of a placebo made it possible 
to control for subjective clinical decisions, such as the decision to evaluate 
infants for sepsis neonatorum, and decreased the chance of attributing to 
penicillin an effect due to other factors. 

Penicillin decreased the frequency of GBS throat carriage in the cross­
sectional study of babies at the time of hospital discharge (Table 12.2). 
In infants of GBS-colonized mothers, penicillin significantly decreased 
throat and rectal GBS carriage at hospital discharge, even though both 
the penicillin and placebo recipient infants were equally exposed to GBS 
at delivery (Table 12.3). This decrease in GBS colonization was not due 
to intrapartum antimicrobial treatment, since mothers of infants in this 
group had received no intrapartum antibiotics. Reduced rectal colonization 
was also observed in the cross-sectional study (Table 12.2), but was not 
statistically significant. The efficacy of penicillin for GBS carriage dem­
onstrated in our study expands previous observation [6] by studying the 
infants of GBS-colonized mothers as well as un selected infants. 

Our study excluded infants born at Cook County Hospital weighing less 
than 2,000 g, who were in another trial [8]. In the latter trial, penicillin 
administered at birth was not effective in reducing GBS infection. There­
fore, practices based on the present study should be limited to infants 
weighing more than 2,000 g. 

Reduction of GBS colonization may be important in preventing GBS 
infection, as first suggested by Yow et al [1]. Heavily colonized infants 
are at risk to develop invasive early-onset GBS disease [16]. Penicillin 
reduction of neonatal GBS carriage has been associated with a reduction 
in GBS disease [6]. 

Penicillin was reported effective in preventing invasive early-onset GBS 
infection in a series of over 30,000 subjects in Dallas [6,7]. However, a 
change in mortality rate could not be evaluated because too few deaths 
occurred [6,7]. In our study, no early-onset GBS infections occurred in 
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the penicillin group, despite the occurrence of three early-onset GBS in­
fections in the placebo group. However, the number of GBS infections 
was too small to confirm statistically whether penicillin was effective in 
reducing GBS disease. 

We observed GBS infection in term infants that produced morbidity 
but not mortality. Symptomatic neonatal GBS infection occurred in only 
one hospital, which does not use triple-dye cord care. This observation 
raises the question whether triple dye may have a role in preventing GBS 
infection from an umbilical portal of entry. Studies of triple dye for pre­
venting GBS colonization have not revealed a consistent effect [17-19]. 
Signs of maternal infection were present in three mothers of infants with 
GBS infection who had received placebo. Since so few GBS infections 
occurred, this observation may be of no significance. Alternatively, by 
chance, infants of infected mothers may have been randomized more often 
to placebo than to penicillin. 

The occurrence and/or demonstration of infection in penicillin recipients 
may have been obscured by the greater use of intrapartum antibiotics. 
Also, it is possible that the penicillin prophylaxis led to false-negative 
streptococcal cultures and underdiagnosis of streptococcal disease. Im­
portantly, there was no increase in late-onset GBS cases in penicillin re­
cipients and no evidence of culture-negative GBS infection in clinical 
specimens examined by CIE or at autopsy. In GBS-infected mice, a single 
dose of ampicillin often did not sterilize the blood [20]. However, infected 
infants treated with antibiotics before or after delivery may subsequently 
have negative bacterial cultures, and decisions regarding continued an­
timicrobial therapy would have to take this possibility into account. 

Penicillin had no effect on the rate of subsequent antibiotic use or on 
the culture yield (Table 12.4). No streptococcal isolates were obtained 
from the blood, urine, or CSF of penicillin recipients. In contrast, E. coli 
were isolated from blood and/or CSF of four penicillin recipients, including 
a premature infant whose infection may have been secondary to necrotizing 
enterocolitis. No E. coli were isolated from blood and/or CSF of placebo 
recipients. 

The number of patients was too small to demonstrate whether penicillin 
prophylaxis had an effect on bacterial infection. However, both groups 
of infants had similar requirements for diagnostic procedures and similar 
rates of positive culture and posthospital illness. These similarities suggest 
that GBS colonization can be reduced without increasing overall infectious 
morbidity. The isolation of E. coli in our penicillin group and the increase 
in infections in the first year, but not later years, of the Dallas study [6,7] 
are of concern. Further experience with penicillin prophylaxis is needed 
to see if possible improvement in morbidity due to control of susceptible 
organisms is offset by morbidity and/or mortality due to penicillin-resistant 
organisms, including E. coli. 

No detrimental effects of penicillin were detected either by direct ob-
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servation or by questionnaire survey. In earlier trials, severe reactions to 
penicillin were not reported in the neonate, apart from the possible oc­
currence of Herxheimer phenomena with congenital syphilis [21]. The 
prevalence of IgM penicilloyl antibodies in 5-year-old children was not 
influenced by neonatal penicillin administration [22]. Some infants in our 
trial underwent additional studies of their microbial flora and of the fre­
quency of f3-lactam hypersensitivity, and no late detrimental effects of 
penicillin were seen [23,24]. 

In this study penicillin was well tolerated and effective for reducing 
GBS colonization without increasing overall infectious morbidity. None 
ofthe GBS disease we observed occurred in premature infants, who have 
the highest incidence of GBS disease and the highest mortality from GBS 
infection [25]. Premature infants may already be infected at birth; penicillin 
at delivery was not effective in these infants [8]. Whether early-onset GBS 
infection in term infants occurs often enough and is severe enough to 
justify widespread penicillin prophylaxis at birth remains to be determined. 

Intrapartum ampicillin administration to carrier mothers also rendered 
infants GBS culture negative, even on the first day of life [1,26]. However, 
attempts to identify pregnant women at high risk of delivering a GBS­
infected preterm infant using cultures taken early in pregnancy have been 
frustrated because such cultures are not entirely predictive of culture status 
at delivery [13 ,27]. 

The decision to implement widespread routine chemoprophylaxis of 
GBS infection needs further study. The impact of penicillin prophylaxis 
on prevention of invasive infection was not established in our study, and 
was not the same in the Dallas versus the Cook County studies [6-8]. For 
now, where GBS disease rates are excessive, intrapartum antibiotic 
administration might be considered for mothers who may harbor GBS if 
the estimated fetal weight is less than 2,000 g. For infants weighing more 
than 2,000 g, 100,000 U of aqueous penicillin G could be given to the 
infant intramuscularly at delivery to reduce GBS colonization. Surveillance 
for penicillin-resistant infections is necessary if penicillin prophylaxis is 
to be implemented. 

Summary 

Infants participated in a randomized, double-blind comparison of a single 
dose of intramuscular penicillin G or placebo for safety and effect against 
group B streptococci (GBS). Over 2,800 infants were studied for safety. 
A subgroup of infants and mothers were evaluated for GBS colonization 
during periodic culture surveys. Penicillin significantly decreased infant 
GBS throat carriage and was 84.9% effective in reducing GBS colonization 
at discharge from hospital in babies of colonized mothers. Early-onset 
GBS infection occurred in three placebo and no penicillin recipients. Pen-
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icillin was well tolerated and total infectious morbidity was similar in the 
two groups. Among infants requiring diagnostic evaluation, blood or CSF 
contained streptococcal isolates only in placebo recipients, and E. coli 
only in penicillin recipients. In late survey of participants, no detrimental 
effects of penicillin were detected. Penicillin appears safe and effective 
for reducing GBS colonization. Where GBS disease is producing excessive 
morbidity in term infants, GBS colonization may be decreased with pen­
icillin. The question of routine, widespread penicillin prophylaxis needs 
further study. 
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13 
Respiratory Distress Syndrome (RDS) 

MARTHA D. MULLETT 

Premature infants have been known to die from pulmonary failure for 
many years. In the 1950s this cause of mortality in the neonatal period 
was treated supportively with temperature regulation, oxygen, and anti­
biotics. In the early 1960s it was determined that pulmonary failure was 
caused by lack of a surface active substance in the lung [1]. This substance 
was named pulmonary surfactant, and the clinical disorder was named 
respiratory distress syndrome (RDS). The pathologic description of the 
disorder led to the name "hyaline membrane disease" [2]. Therapies en­
compassing more specific measures, such as continuous positive airway 
pressure, ventilatory support, nutrition, and medications such as sodium 
bicarbonate, were devised to improve survival in infants with RDS [3,4]. 
Even with the utilization of these measures, RDS was still the major factor 
contributing to death in 11,900 infants per year in the years 1969 to 1973. 
The average contribution of RDS to the neonatal mortality rate-20%­
made it the highest single factor associated with death in neonates [5]. 

In 1968 Liggans and Howie [6] described the prevention of RDS in sheep 
by the prenatal use of steroids. Results of a controlled multicenter study 
completed in 1982 revealed that prenatal steroids are effective in girl sin­
gletons but that boys and twins do less well [7]. In 1982 Herron et al [8] 
aimed at preventing RDS by preventing prematurity. 

While obstetric interventions were being tried in the late 1970s and early 
1980s, research was also being directed by many different disciplines to­
ward understanding the surface active substances in the lung and deter­
mining what properties of these substances are necessary for normal lung 
function. Since then many breakthroughs in understanding of surfactant 
composition and function have been made. 

Production and Physiology of Surfactant 

Microscopically the lung appears as multiple thin-walled chambers, called 
alveoli, that are lined with two types of cells. A thin flat epithelial cell 
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covering most of the surface of the alveolus is the type I pneumocyte. A 
few rounded cells containing dark-staining laminated inclusions are also 
present and are called type II pneumocytes. Capillaries are numerous in 
the alveolar walls and the interstitial spaces are thin, giving the lung a 
lacy appearance microscopically. 

The source of surfactant in the lung is the type II pneumocyte. Dark 
granules in these pneumocytes, called lamellar bodies, contain bilayers 
of surfactant. The surfactant is synthesized in the endoplasmic reticulum, 
then stored in lamellar bodies, and finally extruded at the surface of the 
cell into the layer of fluid lining the alveolus, called the subphase. In the 
subphase the initial form in which surfactant is found is thought to be 
tubular myelin. This form can be seen as a regular reticular pattern when 
specimens are carefully prepared. Tubular myelin is thought to change 
into the functional form of surfactant, a monolayer at the airlliquid interface 
(Fig. 13 . 1) [9,10]. 

Surfactant is obtained for study from animal sources by fractionating 
lung homogenates or by alveolar washes [II]. The composition of whole 
surfactant obtained is very similar in many different animal species [12]. 
It is composed primarily of phosphatidylcholine, but contains other lipids 
and a small amount of protein [13] (Table 13.l). The protein appears to 

Air 

Subphose 

FIGURE 13.1. A schematic representation of surfactant production, extrusion, and 
reutilization. ER, endoplasmic reticulum; G, Golgi apparatus; LB, lamellar bodies; 
TM, tubular myelin, M, monolayer. Reprinted with permission from Shapiro et at. 
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TABLE 13.1. Calflung surfactant extract. 
Components 

Phosphatidylcholine (80% disaturated, mostly DPPC*) 
Phosphatidylglycerol 
Phosphatidylethanolamine 
PhosphatidylinositoUphosphatidylserine 
Sphingomyelin 
Lysophosphatidylcholine 
Cholesterol and cholesterol esters 
Protein 

*DPPC, dipalmitoylphosphatidylcholine. 

Percentage 

79 
6 
3 
5 
2 

<I 
4 

Reproduced by permission of Pediatrics 76, 594, copyright 1985. 

be an integral part of the surfactant, as it is present in the lamellar bodies 
as well as in the tubular myelin form. 

To understand the action of surfactant it is necessary to understand the 
physiologic consequences of its loss in the lung as well as its biophysical 
and physicochemical properties. Lack of surfactant in the lung results in 
three clinical findings: (I) the lungs become stiff-they have low com­
pliance, (2) there are areas of atelectasis, and (3) the alveoli are filled with 
proteinaceous fluid. Surfactant has four main properties that appear es­
sential to its function as a surface active substance in the lung and prevent 
the consequences of surfactant loss: (I) It lowers surface tension, (2) it 
is rapidly adsorbed, (3) it rapidly spreads, and (4) it has the ability to vary 
surface tension during compression [II]. 

The concept of surface tension is best illustrated by the blowing of a 
soap bubble through a small plastic ring. The bubble produced has a ten­
dency to collapse if the blowing pressure stops. This tendency to collapse 
is the result of surface tension on the radius of the bubble, trying to pull 
inward. The amount of tension is greater with small bubbles, and therefore 
they collapse more quickly. Surface tension for a bubble can be mathe­
matically described by Laplace's equation: 

4 
IlP=-a 

R 

In this equation !lP is pressure across the surface, R is the radius, and a 
is the surface tension. Therefore, the surface tension is inversely pro­
portional to the radius and progressively increases as the radius decreases. 

Another explanation of surface tension and surface tension-lowering 
substances is depicted in Figure 13.2. Water molecules under the surface 
of the water in a test tube have an attraction to each other in all directions. 
Water molecules located at the surface of the water are attracted in all 
directions except upward. This causes tension on the surface of the water, 
and a meniscus is formed. If we exchange the test tube for the alveolus 
and line up the water molecules in a layer as they are in reality (Fig. 13.3), 
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• water molecules 
_ forces of attraction 

_test tube 

t 

+ 

FIGURE 13.2. Water molecules form a meniscus because of forces of attraction. 

the molecules in the subphase are equally attracted to each other and the 
molecules on the surface tend to pull together, trying to decrease the radius 
of the alveolus. !f a bipolar molecule that is surface active, such as di­
palmitoylphosphatidylcholine (DPPC), is added to the water it will line 
up with its hydrophilic end facing the subphase and its hydrophobic end 

• water molecules 
- forces of attraction 
~ surfactant molecule 

alveolus 
subphase 

( ) 
~ . ~.~ 

FIGURE 13.3. In a schematic alveolus, the forces of attraction between water mol­
ecules are broken by bipolar surfactant molecules. 
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facing the lumen. This will break the attraction between the water mol­
ecules and therefore stop the tendency to collapse. This property is known 
as lowering of the surface tension; it is the first property of surfactant. 

The second property of surfactant is rapid adsorption. To adsorb is to 
be held on a surface. For surface active substances to change the surface 
tension they must be present on the surface of the substance and not just 
in solution. In the lung adsorption must be rapid in order to alter surface 
tension and allow respiration to occur rhythmically. 

The third property of surfactant, rapid spreading, is necessary for the 
tubular myelin form of surfactant, which is thought to be extruded into 
the alveolus to change to the monolayer form and line the alveolus. Rapid 
spreading of a surface active substance can be illustrated by envisioning 
a greasy skillet with a thin layer of water added. When a drop of liquid 
soap touches the surface of the water, rapid spreading across the surface 
occurs as the soap breaks up the grease. If this type of spreading does 
not occur, the surfactant cannot cover the total alveolar surface area of 
the lung adequately. 

As the lung expands and contracts, the surfactant spreads out and then 
concentrates in the monolayer on the alveolar surface. Because surface 
tension increases as the alveolus gets smaller (Laplace's law), the sur­
factant has to decrease the surface tension more in a small alveolus or 
the alveolus would collapse at expiration. This dynamic action of surfactant 
occurs with respiration. 

As noted in Table 13.1, the main component of surfactant is DPPC. In 
the early 1960s single-component surface active substances were used in 
both animal and human trials to treat the lack of surfactant-respiratory 
distress syndrome [14,15]. These trials were unsuccessful, and at the time 
the cause for failure was not clearly understood. After much research into 
the biophysical properties of surfactant, it is now understood why these 
single-component surface active substances do not work in RDS. Single 
components have only a portion of the four properties necessary for sur­
factant to work. DPPC does lower surface tension very well and it does 
vary the surface tension during dynamic compression. It does not, how­
ever, adsorb or spread quickly, and therefore does not function in vivo. 

Much research activity has focused on the function of the small amount 
of protein that is present in surfactant. The protein has been separated 
into three fractions-28 to 35 kD (kilodalton), 18 kD, and 5 kD [16]. These 
proteins have been found in lamellar bodies as well as in surfactant re­
covered from the lung by lavage. They are felt to help with the formation 
of the monolayer as well as in the reutilization of surfactant. Recent work 
indicates that these proteins may help with regulation of surfactant se­
cretion [17] and with rapid adsorption of surfactant [18]. There is some 
evidence that surfactant reenters the cell and is repackaged and reexcreted 
in a type of recycling process. This reutilization process may also be en­
hanced by the presence of the proteins [19]. 
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The presence of surfactant in the developing fetus is known to be de­
velopmentally as well as hormonally regulated [20]. Both types of regu­
lation have been manipulated in the attempt to prevent serious RDS in 
infants. The use of steroids for the induction of enzymes has hormonally 
altered the appearance of surfactant in the fetus. Nature also contributes 
to this by stressing the fetus when prolonged rupture of the membranes 
or intrauterine growth retardation have occurred. The developmental pro­
cess is presently being enhanced by Herron et aI's strategy of preventing 
prematurity [8]. Now, with a better understanding of the action of sur­
factant and the development of exogenous sources, we will soon have the 
capability to treating infants in whom previously our obstetric attempts 
at prevention of RDS would have failed. 

Surfactant Trials 

In the last 6 years three types of exogenous surfactants have been used 
in clinical trials in infants-synthetic, human, and animal surfactants. In 
all of these studies the surfactant has been administered intratracheally. 
The trials have been generally implemented during two specific time pe­
riods: (1) immediately after delivery for very low birth weight prematures, 
and (2) after the disease has been established but usually before 12 hours 
of age in slightly larger prematures. This latter trial is called a rescue trial. 
The composition of each type of surfactant and the outcome of the clinical 
trials are presented below. 

SYNTHETIC SURFACTANT TRIALS 

The first trial using synthetic surfactant, done in 1967, failed [I 4]. This 
trial used dipalmitoyllecithin alone, and there was no improvement noted 
in the infants. Recently a synthetic surfactant composed of 70% DPPC 
and 30% phosphatidylglycerol was used in two controlled randomized trials 
[21,22] after results of a pilot by Morley et al [23] appeared hopeful. An­
other randomized, controlled trial used a synthetic DPPC (70%) and high­
density lipoprotein (30%) [24]. None of these three controlled trials dem­
onstrated an improvement in the treated infants. One of the trials had a 
delivery room protocol and a rescue protocol. The other two trials were 
delivery room protocols only. 

HUMAN SURFACTANT TRIALS 

Human surfactant has been harvested from the amniotic fluid of women 
undergoing cesarean section [25]. After purification it was used in two 
controlled randomized trials in infants. One was a delivery room instal­
lation in 51 infants delivered at 24 to 29 weeks of gestation [26]; the other 
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was a rescue study in 46 infants weighing less than 1,500 g with severe 
RDS who were enrolled by 10 hours of age [27]. In both trials significant 
improvement was noted in ventilatory requirements in the treated infants. 
There was also significant improvement in mortality in the treated group 
as well as a reduced incidence of bronchopulmonary dysplasia, pneu­
mothorax, and pulmonary interstitial emphysema. The incidence of patent 
ductus arteriosus in all infants was the same. In both trials multiple doses 
of the human surfactant were given when the ventilatory indices began 
to decline. This decline, indicating a secondary lack of surfactant, appears 
to occur between 14 and 26 hours of age. 

ANIMAL SURFACTANT TRIALS 

The most extensive experience with exogenous surfactant has been with 
surfactant derived from animal sources. Generally it has been bovine in 
origin. The first trials, in infants treated by Fujiwara et al in Japan [28], 
were uncontrolled. The type of surfactant used was surfactant T A, which 
is from a bovine source. The drug appeared efficacious and no short-term 
sequellae were noted [28]. The only clinical problem appeared to be an 
increased incidence of patent ductus arteriosus at 36 hours of age, which 
responded to prostaglandin synthetase inhibitors [29]. Subsequently there 
have been four controlled, randomized trials of bovine surfactant. In three, 
calf lung lavage surfactant extract has been used in delivery room trials 
[13,30,31] and in one, surfactant TA has been used in a rescue trial [32]. 
Each of these trials revealed a significantly improved pulmonary course. 
Kwong et al [30] enrolled 27 infants 24 to 28 weeks of gestation; End­
horning et al [31] enrolled 72 infants less than 30 weeks of gestation; while 
Shapiro et al [13] enrolled 32 infants 25 to 29 weeks of gestation. Gitlin 
et al [32], using the rescue protocol, and enrolled 41 infants weighing be­
tween 1 and 1.5 kg with severe RDS. Endhorning et al had an improved 
incidence of pulmonary interstitial emphysema and Gitlin et al had an 
improved incidence of pneumothorax. None had any complications related 
to the treatment, and no other factors reached significance. None of the 
infants received a second dose of surfactant. Only one study mentions 
deterioration in a few infants between 24 and 48 hours, possibly indicating 
a need for a second dose of the drug [13]. 

Discussion 

In order to speculate on the effect that use of exogenous surfactant may 
have on the morbidity and mortality of infants, I have combined the six 
controlled studies-human surfactant and animal surfactant-together into 
two groups-delivery room and rescue trials. This permits review of a 
larger sample and may allow better prediction of the alterations to be 
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expected in the morbidity associated with prematurity and RDS. The only 
noted difference in the preparations in these studies appears to be a pos­
sible variation in the length of effectiveness. Human surfactant may have 
a shorter action than the presently used bovine sources, but since multiple 
doses of human surfactant were given, the studies may be comparable. 

Taken together, an improvement in mortality is noted in both the de­
livery room and the rescue trials (Table 13.2). Pneumothorax and pul­
monary interstitial emphysema improved in both protocols, and patent 
ductus arteriosus remained equal in incidence. Bronchopulmonary dys­
plasia and intraventricular hemorrhage may demonstrate a trend toward 
improvement, but the groups are not large enough to draw conclusions. 
A large multicenter trial is to be reported early in 1988 using surfactant 
T A in trials supported by Ross Laboratories. The morbidity aspects of 
this therapy may be answered at that time because of the size and con­
trolled nature of the study. 

Treatment with exogenous surfactant has been reported for the synthetic 
surfactant [21,33] as having no adverse effect after 2 years. Two-year fol­
low-up on one of the bovine preparations has been reported, revealing no 
long-term side effects, particularly allergic, but also no long-term beneficial 
effect except for an improvement in incidence of early neonatal death 
[34]. The major concern of most investigators is the possibility that there 
may be some sensitization to the protein component of the surfactant de­
rived from human or animal sources. 

The trial by Enhorning et al [31] documents duration of intermittent 
mandatory ventilation and length of stay in neonatal intensive care with 
no statistical difference between the groups. Merritt et al [26], however, 
did show statistical significance for the length of stay in neonatal intensive 
care, 70.25 ± 25 days in the treated group versus 122.5 ± 33.5 days in 
the controls (p <.015). To calculate the possible impact of this change on 
neonatal intensive care units, let us look at the data from Merritt et al 

TABLE 13.2. Effect of exogenous surfactant on morbidity and 
mortality of premature infants. * 

Delivery room 
trials Rescue trials 

Treated Controls Treated Controls 

Total 84 75 40 47 
Died 8 24 6 12 
Patent ductus arteriosus 48 47 29 28 
Pneumothorax 14 25 4 20 
Pulmonary interstitial emphysema 4 27 4 16 
Bronchopulmonary dysplasia 33 40 6 15 
Intraventricular hemorrhage 35 45 26 32 

*Combined data from controlled neonatal surfactant trials, references 
\3,25,26,30,31, and 32. 
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[26] differently. Using their survival rate times the length of stay in the 
treated versus untreated groups, the total number of patient days is in­
creased in the treated group-l ,820 days versus 1,680 days in the untreated 
group. This is because many more infants survived in the treated group, 
even though they remained hospitalized a shorter time. 

The effect of surfactant therapy on future bed needs in neonatal intensive 
care units remains difficult to interpret and predict. The number of patient 
days may be increased with surfactant therapy, but the infants may be 
less sick and able to be transferred to intermediate care earlier, rather 
than remaining on a ventilator and in a maximum care unit. 
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When Conventional Mechanical 
Ventilation Fails 
JAY P. GOLDSMITH, RODNEY B. STEINER, AND 
ROBERT M. ARENS MAN 

The modem era of assisting neonatal ventilation dates back approximately 
3 decades. During this time, numerous advances in diagnosis, ventilatory 
equipment, technique, adjunctive pharmacologic therapy, nutritional sup­
port, and understanding and treatment of cardiovascular aspects of res­
piratory pathology have helped to dramatically reduce morbidity and 
mortality from neonatal respiratory failure. Initial experience with neonatal 
assisted ventilation was far from encouraging in the treatment of respi­
ratory distress syndrome (RDS) and other causes of ventilatory failure. 
The first major series reported only one long-term survivor in 18 infants 
affected with RDS [1]. Another early series reported that only 7 of 20 
babies survived [2]. In a large group of ventilated infants (n = 196) treated 
at Stanford University from 1962 to 1969 for various causes ofrespiratory 
failure, only 33% survived [3]. Swyer's [4] survey of intensive care units 
in 1969 revealed only a 39% survival of infants with RDS who required 
assisted ventilation. Results were so poor in the first decade of experience 
with conventional mechanical ventilation that Behrman [5] concluded in 
a 1970 editorial that there was no proof that assisted ventilation was su­
perior to oxygen therapy alone in premature infants and mechanical ven­
tilation was not "the established treatment for hyaline membrane disease." 

Today in most level III centers, the major causes of death in ventilated 
infants are intraventricular hemorrhage and sepsis rather than mechanical 
problems, pulmonary hypertension, and/or barotrauma complications. 
Although recent large series are rare and comparisons between institutions 
are difficult, survival in the last few years has dramatically improved over 
the early efforts with this technique. In one of the largest reported series, 
Schreiner and co-workers [6] analyzed 909 infants treated with mechanical 
ventilation between 1976 and 1978. They reported 68.3% of their patients 
were successfully weaned from assisted ventilation with large variations 
in outcome dependent upon birth weight, disease process, and barotrauma. 
Survival generally improved in each year studied and also improved with 
each incremental birth weight category (except for infants weighing more 
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than 2,500 g). The complication of pneumothorax decreased survival from 
75 to 60% in RDS, from 83 to 67% in persistent pulmonary hypertension 
of the newborn, and from 76 to 45% in meconium aspiration syndrome. 
At Ochsner Foundation Hospital, we now achieve an overall survival rate 
of 89% in infants placed on assisted ventilation (all infants weighing more 
than 500 g at birth, excluding those with lethal congenital anomalies). Of 
100 consecutive inborn infants born between 1981 and 1986 weighing 1,000 
to 1,500 g, 97 survived with the aid of mechanical ventilation. Of 342 
outborn infants of the same birth weight born during this same period, 
93% survived with assisted ventilation. 

Even "successful" weaning from ventilatory support is not without a 
real incidence of short- and long-term complications. Pulmonary sequelae 
range from minimal bronchial hyperreactivity, which resolves within 
weeks, to crippling bronchopulmonary dysplasia (BPD), which may make 
the patient oxygen dependent for years. In their multicenter review, Mar­
kestad and Fitzhardinge [7] reported an incidence of BPD of 4 to 38% 
following assisted ventilation in various hospitals, with a resulting mortality 
in affected patients of 23 to 39%. Thus, the patient who survives assisted 
ventilation consisting of extremely high inflating pressures only to develop 
oxygen-dependent BPD and possibly succumb a year later to pneumonitis 
and/or cor pulmonale may be listed as a survivor in a neonatal intensive 
care unit report, but should not be considered a therapeutic success. 

Despite increasing survival and decreasing morbidity rates over the past 
few years, investigators have attempted to develop new techniques that 
can improve outcome even further. The small but nevertheless substantial 
morbidity and mortality that still accompany assisted ventilation today 
make it essential to look beyond our current conventional applications. 
Two recent therapies undergoing experimental trials are high-frequency 
ventilation and extracorporeal membrane oxygenation. Both therapies are 
quite controversial and, despite relatively good outcomes in their short 
histories (especially when compared with early trials of assisted ventila­
tion), neither has gained wide acceptance. 

There are three critical questions in the application of both new tech­
niques: (1) Should these therapies be used initially or as "rescue" treat­
ment? (2) What is maximal conventional therapy, and when should ex­
traordinary therapy be instituted? (3) Which patients can be helped? Most 
investigators have used these therapies as rescue techniques rather than 
treatments of first choice (initial therapies). The criteria for instituting 
these therapies have not been consistent among institutions, thus leading 
to doubts that the therapies were necessary and the suspicion that patients 
might have survived with conventional ventilation alone. It is interesting 
to note that these same problems of entry criteria plagued initial evaluations 
of mechanical ventilation for RDS [5]. 

This chapter reviews some of the methods and indices for predicting 
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failure of mechanical ventilation and then briefly describes current modes 
of high-frequency ventilation and extracorporeal membrane oxygenation 
with a summary of recent outcome data. 

Predictive Scoring Systems 

If we could correctly predict with a high degree of sensitivity and specificity 
which patients would not survive assisted ventilation and which patients 
would develop unacceptable complications, the institution of experimental 
and possibly more dangerous therapies could proceed rationally. However, 
predictions are fraught with problems. Most predictive systems are ret­
rospectively based on results obtained in past years, when techniques of 
ventilation were less well developed. A scoring system that has a positive 
predictive value of 80 to 90% mortality in one institution may not predict 
similar mortality in another. However, if patients are allowed to become 
moribund before qualifying for these experimental therapies, the new mo­
dalities will not be tested fairly. 

Criteria for determining failure of conventional mechanical ventilation 
fall into three categories: (1) death, (2) failure to oxygenate (unacceptably 
low Po2), or (3) failure to ventilate (unacceptably high Peo2). To avoid 
the first category, death, we must determine criteria in the second and 
third categories, which allow us to move on to new therapies before the 
patient is beyond help. 

FAILURE TO OXYGENATE 

Failure to oxygenate (hypoxemia) is usually a complication of respiratory 
failure in near-term, term, or postterm infants. It is a direct result of per­
sistent pulmonary hypertension ofthe newborn (PPHN), which is primary 
or secondary to numerous pathologic processes (e .g., meconium aspiration 
syndrome [MAS], asphyxia, group B streptococcal pneumonitis, large­
baby RDS, and congenital diaphragmatic hernia lCDH]). Persistent hy­
poxemia may also be secondary to pulmonary hypoplasia resulting from 
extreme immaturity, oligohydramnios sequence, CDH, or other causes. 
In the latter cases, failure to oxygenate will also be accompanied by severe 
hypercapnia. 

The original entry criteria for extracorporeal membrane oxygenation 
(ECMO) developed by Bartlett and co-workers [8] and Wetmore and col­
leagues [9] used a combination of factors including barotrauma, unac­
ceptable blood gas determinations, and a scoring system termed the neo­
natal pulmonary insufficiency index (NPII). This index was based on 
measurements of blood gas pH (i.e., acidosis) and inspired oxygen con­
centration (Fio2) over time and was calculated on a graph (Fig. 14.1). The 
values obtained by counting boxes when the Fio2 was greater than the 
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FIGURE 14.1. Neonatal pulmonary insufficiency index (NPII). Time zero is birth. 
In a normal infant, the value for inspired oxygen (Fio2 ) is at the bottom, and the 
pH nearer the top. As pulmonary failure increases, the lines converge (at arrow). 
The squares are counted whenever the Fioz line is above the pH line, and the 
cumulative total of squares is the NPII. From Wetmore et al [9], used with per­
mission. 

pH (on the Y axis) over time (on the X axis) were compared with values 
of other patients with the same disease treated at that institution to predict 
percentage of expected mortality. However, since most institutions now 
treat patients suffering from PPHN with hyperventilation protocols using 
induced alkalosis (pH greater than 7.55), points cannot be attained in the 
box scoring system and thus the NPII has been discarded by most in­
vestigators [10]. 

Probably the most commonly used predictor of mortality in patients 
who cannot be oxygenated is the alveolar-arterial oxygen gradient 
([A-a]Do2). This calculation gives an estimate of how much oxygen crosses 
from the alveolae (A) into the bloodstream (a), thus estimating shunt. The 
equation is expressed as: 

(A-a)D02 
where PA02 

POz 

PA02 - P02 

alveolar oxygen tension 
arterial oxygen tension 

The POz is measured directly from an arterial blood sample and P AOZ can 
be calculated from the alveolar air equation. However, when the Fioz is 
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1.0 during maximal ventilatory therapy, and assuming the alveolar carbon 
dioxide tension is equal to arterial carbon dioxide tension (Pco2) and the 
respiratory exchange ratio is 1.0, the calculation of this equation can be 
greatly simplified to: 

(A-a)Doz = (PATM-PHZO) - (Po z + Peoz) 

where P ATM = atmospheric pressure (= 760 mm Hg at sea level) 
PH20 = water vapor pressure (47 mm Hg) 

Poz = arterial oxygen tension 
Peoz = arterial carbon dioxide tension 

Thus [II]: 

(A-a)Doz = 713 - (Po2 + Peoz) 

Several retrospective studies have used (A-a)Doz as a predictor of mor­
tality in large babies with respiratory failure secondary to PPHN or pul­
monary hypoplasia (Table 14.1) [10,12-14]. In one report, an (A-a)Doz of 
620 torr or greater for 12 consecutive hours predicted 100% mortality de­
spite the use of maximal conventional support and pulmonary vasodilators 
[12]. An (A-a)Do2 greater than 600 torr for 12 consecutive hours predicted 
94% mortality in the same institution [13]. Beck and co-workers [14] re­
viewed 30 term infants with PPHN and found that an (A-a)Doz of61O torr 
for 8 consecutive hours would predict a 79% mortality rate. All of these 
infants were treated with hyperventilation and alkalinization. Moreover, 
an (A-a)Do2 of 605 torr or more for 4 hours with a peak inflating pressure 
(PIP) greater than or equal to 38 em H20 predicted an 84% mortality rate 
in this same institution [14]. However, Cook and co-workers [15] found 
that the (A-a)Do2 criteria of 610 torr for 8 hours or greater than 605 torr 
for 4 hours with a PIP greater than 38 em H20 predicted only a 55% mor­
tality rate in their institution. Moreover, these and other investigators ar­
gued that by using hyperventilation for the treatment of PPHN and low­
ering the Pco2 to the 15- to 35-torr range, a patient may meet (A-a)Doz 
predictive mortality criteria when the P02 is in a very acceptable range 
by traditional standards (78-98 torr). 

A more recent predictor that incorporates oxygenation ability with ven-

TABLE 14.1. Alveolar-arterial oxygen gradient ([A-a]DOz) criteria for 
extracorporeal membrane oxygenation. 

Criteria Study 

(A-alDOz >620 torr ;.12 hours Ormazabal et al [12] 
(A-alDOz >600 torr ;.12 hours Krummel et al [J3] 
(A-alDOz >610 torr ;.8 hours Beck et al [14] 
(A-alDOz >605 torr ;.4 hours Beck et al [14] 

+ PIP* >38 em HzO 

*PIP, peak inflating pressure. 

Predicted Mortality (%l 

100 
94 
94 
84 
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tilatory support is called the oxygen index [16]. This index attempts to 
determine how much damage is being inflicted on the lung (by measuring 
mean airway pressure) in the achievement of adequate oxygenation. If 
the mean airway pressure (~) to P02 ratio is greater than or equal to 0.4 
on four consecutive blood gas measurements over a 3-hour period, an 
80% mortality rate is predicted. 

FAILURE TO VENTILATE 

Failure to ventilate is usually a complication of respiratory failure in pre­
mature infants as a direct result of severe RDS or barotrauma. Occa­
sionally, large babies with pulmonary hypoplasia will be hypercapnic with 
associated severe hypoxemia despite maximal ventilatory support. 

Predictive criteria in this group of infants are based on combinations 
of data on birth weight, ventilatory support, barotrauma, and resultant 
blood gas values. Kimble and co-workers [17] looked retrospectively at 
38 infants weighing less than 1,500 g at birth to predict mortality. They 
combined birth weight, presence or absence of pneumothorax, and mean 
airway pressure in a mathematical model to predict the probability that 
the infant would not survive tertiary care. The calculation was made as 
follows: 

Mean airway pressure (age 7 days) - 7 + pneumothorax 
(yes = 9, no = 0) + birth weight 

Points for birth weight are given in chart A, Table 14.2.The probability 
of not surviving is derived from chart B of Table 14.2. Although these 
investigators looked at early neonatal events in attempting to design their 
model (i.e., Apgar scores, first mean airway pressure, first pH, inborn 
versus outbom status), these factors did not have significance in predicting 
outcome. 

More recently Gaylord and co-workers [18] developed the "Z" score 
for predicting mortality in infants of very low birth weight with pulmonary 
interstitial emphysema (PIE). They retrospectively analyzed 70 infants to 
construct their predictive formula, which foretold mortality in this group: 

Z = birth weight - (27 x highest PIP on day 1) 

If the Z value was less than 393, the infant had an 81 % probability of not 
surviving (Fig. 14.2). 

Finally, Bohn and colleagues [19] examined the "ventilator index" 
(mean airway pressure x respiratory rate) in conjunction with Peo2 in 
order to predict survival in infants with CDH. In reality this system can 
probably be applied to all severe forms of pulmonary hypoplasia. These 
investigators studied 66 infants with CDH in the first 6 hours of life and 
determined a predictive system based on a ventilatory index greater than 
1,000 in conjunction with the Peo2 value. Infants with CDH with a pre-
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TABLE 14.2. Probability of infant not surviving 
through end of tertiary care. 

Score: 
Mean airway pressure - 7 

(round to nearest integer) 
Pneumothorax (yes = 9, no = 0) 
Birth weight (points from chart A) 

TOTAL 
Probability of not surviving 

(from chart B) 
Chart A 

Birth weight (g) Points Birth weight (g) 

500 II 1,050 
550 10 1,100 
600 10 1,150 
650 9 1,200 
700 9 1,250 
750 8 1,300 
800 8 1,350 
850 7 1,400 
900 7 1,450 
950 6 1,500 

1,000 5 

Chart B 

Points Probability Points 

< 8 <.01 22 
8 .01 23 
9 .02 24 

10 .02 25 
II .03 26 
12 .04 27 
13 .06 28 
14 .09 29 
15 .12 30 
16 .16 31 
17 .21 32 
18 .28 33 
19 .36 34 
20 .44 >34 
21 .53 

Points 

5 
4 
4 
3 
3 
2 
2 
I 
0 
0 

Probability 

.62 

.70 

.77 

.82 

.87 

.90 

.93 

.95 

.96 

.98 

.98 

.99 

.99 
>.99 

Source: Reprinted with permission from Kimble et al [17], 
© Williams & Wilkins, 1983. 

operative Peo2 greater than 40 torr had a 77% mortality rate. If the ven­
tilatory index was greater than 1,000 to achieve a Peol less than 40 torr 
before surgery, the mortality rate was still 50% (Fig. 14.3a). Postopera­
tively, if the Peo2 could be ventilated to less than 40 torr, only 1 of 31 
infants died. Conversely, only 2 of 27 infants survived if the Peo l was 
greater than 40 torr following surgery (Fig. 14.3). 



14. Assisted Ventilation 197 

100 

90 

80 

70 

~ 
60 

"tl 50 Q) .... 
'0. 
x 
w 40 

30 

20 

10 

-BOO -600 -400 -200 0 200 400 600 800 1000 1200 1400 

Z Score 

FIGURE 14.2. Relationship of Z score to mortality. Reproduced by permission of 
Pediatrics 76, 219, © copyright 1985. 

As we have seen, there are numerous predictive systems, all contro­
versial and all individualized to distinct disease processes, birth weight 
groups, and individual institutions. Our experience with high-frequency 
jet ventilation and ECMO at Ochsner Foundation Hospital indicates that 
the Z number is probably the best predictor for infants less than 2,000 g 
birth weight with RDS, especially those with complicating PIE. In infants 
greater than 2,000 g birth weight, the 12-hour (A-a)Do2 criteria work best 
for MAS and PPHN. However, the Bohn criteria (ventilation index versus 
Peoz) most reliably predict survival in all forms of pulmonary hypoplasia. 

High-Frequency Ventilation 

In 1983, O'Rourke and Crone [20] described high-frequency ventilation 
(HFV) as "a pattern of ventilation using relatively high respiratory rates 
and small tidal volumes that are either less than or approximate to the 
patient's dead space volume" (p. 2845). Generally, rates of HFV are at 
least four times greater than the patient's normal respiratory rate. The 
Food and Drug Administration defines HFV as a rate of ventilation of 
150 breaths per minute to 3,000 events per minute [21]. 

Three types of HFV have evolved (Table 14.3). The first is high-fre­
quency positive pressure ventilation (HFPPV). This is basically conven-
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FIGURE 14.3. Pco2 values correlated with ventilatory index (VI) (VI = mean airway 
pressure [MAP] x respiratory rate [RRD. a. In 58 patients before repair of con­
genital diaphragmatic hernia. Control of Pco2 «40 mm Hg) accurately predicted 
survival where VI was < 1,000 (group B). Mortality was 100% in group C and 50% 
in group D. b. In 54 patients after surgical repair of congenital diaphragmatic 
hernia. All patients with Pco2 <40 mm Hg and VI < 1,000 survived (group B). All 
patients in group C died. From Bohn et al [19], used with permission. 
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tional mechanical ventilation at very fast rates. In neonates these rates 
are approximately 75 to 150 breaths per minute. Tidal volumes are small, 
but some of the HFV "physiology" (i.e., enhanced diffusion) must be 
operative for this technique to work. Most conventional ventilators now 
have rate adjustments to 150 breaths per minute, although few were de­
signed with these high frequencies in mind. However, Boros and colleagues 
[22] have warned that tidal volume may drop to an inadequate amount in 
certain ventilators when rates above 75 breaths per minute are used, and 
patients may deteriorate when ventilated in this "unconventional" fashion. 

HIGH-FREQUENCY JET VENTILATORS 

High-frequency jet ventilators (HFJV) (Fig. 14.4) deliver rapid pulses of 
pressurized gas through a narrow-bore cannula, a jet injector inside the 
trachea, or a specially designed endotracheal tube. The injector requires 
very high driving pressures and can operate effectively at rates from 150 
to 900 cycles per minute. The high velocity of the injected gases produces 
a Venturi effect, creating areas of negative pressure proximal to the injector 
site, which entrains ambient gases in the airway [24]. Inspiration and ex­
piration are determined by a pneumatic or solenoid valve that interrupts 
gas flow to the injector. Expiration is passive. Tidal volumes are difficult 
to measure, but are assumed to be equal to or slightly more than anatomic 
dead space. 

Generally, patients requiring HFJV are connected simultaneously to 
conventional mechanical ventilation for "sighs" at 4 to 10 breaths per 
minute. A recently developed triple-lumen endotracheal tube incorporates 

HIGH PRESSURE 
GAS SOURCE 

FLOWMETER 

HEATED 
HUMIDIFIER 

l~ HUMIDIFICATION 
'. ' SYSTEM FOR JET 

VALVE 

FIGURE 14.4. Diagram of a high-frequency jet ventilator. From Bancalari and 
Goldberg [23], used with permission. 
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the jet injector port and a monitoring port at the proximal end in a standard­
sized neonatal tube [25]. Patients who meet entry criteria are generally 
started on HFJV peak inflating pressures 25 to 33% below the pressure 
settings on CMV with rates from 300 to 500 cycles per minute and an 
inspiratory time of 0.02 seconds. Mean airway pressures resulting from 
these settings are generally 20 to 25% less than those on conventional 
mechanical ventilation prior to initiating jet ventilation. This reduction in 
airway pressures makes HFJV attractive for patients with RDS compli­
cated by barotrauma, especially PIE. 

Disadvantages of HFJV include problems with humidification and re­
ports of "necrotizing tracheobronchitis" [26,27]. Recently developed 
humidification systems may have solved many of these problems. More­
over, endotracheal tube resistance is increased because of the injector 
and pressure cannulae. Expiration in HFJV is passive, which increases 
the risk of air trapping if airway resistance or inspiratory time is increased 
[28]. Early reports of increased barotrauma and especially of pneumo­
pericardium dampened some of the initial enthusiasm for this modality 
[29]. 

HIGH-FREQUENCY OSCILLATORY VENTILATORS 

High-frequency oscillatory ventilators (HFOV) (Fig. 14.5) are essentially 
airway vibrators . They operate at rates ranging from 400 to 3,000 cycles 
per minute. Two types of HFOV are classified according to the way in 
which gas is delivered to the patient. True "oscillators" move gas toward 

FLOWMETER 

HEATED 
HUMIDIFIER 

PRESSURE 
TRANSDUCER 

FIGURE 14.5 . Diagram of high-frequency oscillatory ventilator. From Bancalari 
and Goldberg [23], used with permission . 
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and away from the patient by piston pumps or vibrating diaphragms. "Flow 
interrupters" are machines that intermittently interrupt a constant uni­
directional flow of gas via a rotating ball valve. In both systems there is 
little, if any, bulk gas delivery [25]. The airway also must be connected 
to a source of continuous fresh gas flow or bias flow in order to provide 
the necessary inspired oxygen and eliminate carbon dioxide. This bias 
flow is eliminated through a controlled leak or low-pass filter which acts 
as a variable resistance, permitting adjustment of the mean airway pressure 
[23]. 

HFOV may be used in combination with conventional ventilation. The 
expiratory phase is active, thus generating less risk of gas trapping [27]. 
Most oscillators have constant inspiratory/expiratory (liE) ratios. Warming 
and humidification of gases can be effectively accomplished via the bias 
flow. Measurement of HFOV pressures has been difficult, and the validity 
of such measurements has come under question. Development and avail­
ability of these types of machines are extremely limited [25]. 

EXPERIENCE IN NEONATES 

Most experience with true HFV in neonates has been "rescue" trials for 
short periods in small (less than 2,000 g) infants with RDS. Attempts to 
ventilate larger babies (term and near-term) with these devices have gen­
erally been less successful. 

In 1980, Bland and co-workers [30] used high rates (60 to 110 breaths 
per minute) on a conventional ventilator, treating infants with RDS to 
demonstrate that low-pressure, small-tidal-volume ventilation at faster than 
normal rates could maintain effective blood gases while decreasing the 
complications of barotrauma. Frantz and co-workers [31] used HFOV 
(frequencies up to 1,800 cycles per minute) in 10 infants for 1 hour and 
noted improvement in gas exchange at lower tracheal pressures. Another 
five patients with severe PIE were treated with HFOV for 2 to 26 days. 
No adverse effects of the ventilator were noted, and all patients had at 
least temporary radiologic and clinical improvement. Marchak and co­
workers [32] supported these findings in the treatment of eight neonates 
with severe RDS. Oxygenation improved with lower tracheal pressures 
than those treated by conventional mechanical ventilation, but the patients 
were ventilated for only 67 to 233 minutes. 

HFJV was used by Pokora and co-workers [33] to treat 10 neonates 
with respiratory failure. These infants had a variety of disease pathologies, 
a large weight range (700 to 4,030 g) and gestational age range (26 to 40 
weeks), and variable outcomes. Of nine infants with barotrauma compli­
cations in this group, seven had decreased gas leakage. Three of six infants 
treated for longer than 20 hours developed thick secretions leading to tra­
cheal obstructions, which the authors postulated were due to inadequate 
humidification. 
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Boros and co-workers [29] used HFJV in 23 infants with life-threatening 
pulmonary air leaks over a 4-year period. Seventeen patients improved 
and nine ultimately survived. 

HFJV was compared with conventional mechanical ventilation by Carlo 
and colleagues [34] in 12 preterm infants (birth weight 1,900 ± 600 g) for 
a short period (1-3 hours). These investigators demonstrated that HFJV 
produced a 30% decrease in average inflating pressures, a 29% decrease 
in mean airway pressure, and a decrease in Pco2 , but no change in ox­
ygenation. They recently followed up this study with a similar comparison 
of HFJV and conventional mechanical ventilation in 41 infants (mean birth 
weight 1,447 g) for 48 hours [35]. The blood gas and airway pressure find­
ings were comparable to those in the shorter study. The incidence of bar­
otrauma, progression of intraventricular hemorrhage (lVH), and mortality 
were similar in the two groups. They concluded that HFJV can maintain 
adequate ventilation and oxygenation with lower mean airway pressures 
for 48 hours during the acute stages of RDS without increasing the inci­
dence of complications. 

Studies in the treatment of pulmonary hypoplasia and PPHN with HFV 
have been less encouraging. Reports by Karl et al [36], Boros et al [29], 
Bohn et al [37], and Harris et al [38] have shown temporary improvement 
but poor survival in the treatment of CDH with HFV. These reports de­
scribe a total of 25 infants with left-sided CDH. Eleven of these patients 
were treated with HFJV; 14 were placed on HFOV. In most patients, 
blood gas values improved temporarily at lower mean airway pressures. 
However, only two of these patients ultimately survived. Moreover, at 
Ochsner Foundation Hospital, we attempted to use HFJV in 10 term in­
fants ages 12 to 86 hours who met criteria for ECMO. These infants all 
had PPHN secondary to asphyxia, MAS, and/or CDH. Despite improve­
ment in Pco2 in all patients, and transient improvement of P02 (in 8 of 10 
patients), 7 of 10 patients eventually deteriorated (after a mean HFJV 
time of 6.7 hours) and had to be placed on ECMO. Six of these seven 
survived. Of the three infants not placed on ECMO, one survived. Thus, 
in our experience, I of 10 term infants survived after HFJV treatment 
alone. 

In summary, it seems that a pattern is slowly emerging. HFV may 
ventilate small babies with RDS at lower airway pressures than conven­
tional mechanical ventilation, and thus may produce less barotrauma if 
used as the initial therapy. As a rescue treatment for small infants with 
RDS complicated by barotrauma (especially severe PIE), the lower pres­
sures of HFV may allow salvage of infants who previously were unre­
sponsive to treatment. However, the use of HFV in large babies with 
PPHN, MAS, and especially pulmonary hypoplasia (e.g., CDH) has been 
less encouraging and may be futile. As of this date, multiple equipment 
and airway problems remain and this modality is still considered exper­
imental [25]. 
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Extracorporeal Membrane Oxygenation 

Prolonged extracorporeal membrane oxygenation (ECMO) using a mem­
brane oxygenator has been successfully used in several centers to treat 
infants with severe respiratory failure [8-10, 39-41]. The membrane lung 
is the key component of this procedure. It has two compartments divided 
by a gas-permeable membrane of silicone polymer separating the gas phase 
on one side from the blood phase on the other. Once the membrane lung 
and circuit become coated with a protein monolayer, blood is no longer 
in contact with the thrombogenic foreign smface, and gas exchange can 
continue for days without excessive hemolysis. 

BYPASS PROCEDURE 

ECMO has been successfully performed in over 1,000 patients using either 
venoarterial or venovenous bypass. The majority of patients have under­
gone the former type of bypass, and this now seems to be the preferred 
route. Previous problems with vascular access because of the use of small 
leg or umbilical vessels have been solved with the use of the internal jugUlar 
vein and common carotid artery for access into the central circulation. 
Venous outflow is established from the right atrium/superior vena cava 
via the right internal jugular vein with a 10-16 French cannula. Blood is 
returned to the aortic arch via an 8-12 French cannula positioned in the 
right common carotid artery. This route allows support of cardiac function 
as well as enhanced oxygenation; thus, this is the procedure of choice, 
especially in infants with hypoxic cardiomyopathy [42]. 

Placement of ECMO cannulae is generally performed in the neonatal 
intensive care unit. After appropriate analgesia, the vessels are isolated 
and the patient is anticoagulated with heparin, 100 to 200 units/kg of body 
weight. When the cannulae are in place, they are connected to the circuit 
(which has been previously preassembled, sterilized, and primed with 
packed cells, fresh frozen plasma, and platelets). Flow is started slowly 
to allow a gradual mixing of the prime solution with the patient's blood. 
Cannulae positions are confirmed by chest roentgenograms. 

Once the bypass circuit is operational, deoxygenated blood travels by 
gravity from the right atrium through the polyvinyl tubing to a small venous 
bladder (capacity of 50 cc). In the event of inadequate venous return, the 
bladder collapses, causing the pump to shut off. Blood then travels to a 
5-inch roller pump that propels it in a non pulsatile manner through the 
membrane lung (SciMed 0.4 m2 or SciMed 0.8 m2). Blood is then routed 
through a heat exchanger, where it is rewarmed before being returned to 
the aortic arch via the arterial cannula. Anticoagulation is required to pre­
vent clotting in the circuit. By means of continuous heparin infusion, the 
whole blood clotting time is maintained at 180 to 250 seconds, the platelet 
and fibrinogen levels being maintained near normal. Multiple ports can 
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be incorporated into the tubing system for blood sampling and infusion. 
Using this bypass circuit, approximately 85% of venous return can be 
diverted away from the heart and lungs (Fig. 14.6) [42]. 

Once bypass is established, ventilator parameters are decreased to non­
toxic levels using an inspired oxygen concentration of 0.21 to 0.40, breath 
rates of 20 to 40 per minute, and only enough mean airway pressure to 
avoid pulmonary atelectasis. Activated clotting times are determined 
hourly and maintained at two to three times normal by varying the rate 
of the heparin infusion. Transfusions of packed red blood cells and fresh 
frozen plasma maintain the hematocrit between 40 and 45%. Platelet counts 
are determined every 8 hours, and infusions of platelet concentrates are 
given to keep the platelet count above 125,000/mm3 • Standard hyper­
alimentation protocols are used for nutritional support, including amino 
acid solutions, lipids, trace elements, and multivitamins. Standard anti­
biotics are given prophylactically but altered according to daily culture 
reports. Respiratory therapy consisting of lavage, suctioning, cupping, 
and postural drainage is done frequently to promote alveolar recruitment 
and maintain a patent airway. The infants are allowed to recover from 
paralysis, and normocapnia is maintained to promote respiratory muscle 
tone and coordination [43]. 

Flow through the bypass circuit controls the mixed arterial P02 by vary-

o 0 

Heat 
Exchanger 

Lung 
Membrane 

FIGURE 14.6. Schematic of venoarterial extracorporeal membrane oxygenation 
circuit. From Redmond et at '(42], used with permission. 
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ing the relative contributions of the pump and the infant's heart and lungs. 
The arterial P02 sampled from the umbilical artery catheter represents a 
mixture of oxygenated blood from the ECMO circuit (saturation greater 
than 95%) and the partially oxygenated blood that has traversed the infant's 
pulmonary circuit. Initial flow rates are set at approximately the cardiac 
output calculated for the infant on bypass. At any given ECMO flow rate, 
as the umbilical artery catheter POz increases, this additional oxygen can 
only come from the lungs. This indicates cardiopulmonary recovery, and 
the ECMO flow rate can be reduced. This process continues until flow 
is negligible (50 cc/min). The infant is then allowed to idle for a few hours 
by exclusion from the circuit, to make sure there are no setbacks. 

The cannulae can then be removed. Both the carotid artery and internal 
jugular vein are permanently ligated to avoid the risk of thrombosis and 
embolization. Despite carotid artery ligation, digital subtraction angiog­
raphy in 10 infants has demonstrated symmetrical blood flow in the in­
tracranial vasculature [44]. Time on bypass ranges from 4 to 14 days, 
averaging 5.3 days in our patients. Once off bypass, patients are placed 
back on CMV, but usually can be extubated within 48 to 72 hours. 

COMPLICATIONS 

ECMO is an extremely invasive and highly technical procedure. Com­
plications are most often secondary to bleeding, a result of the antico­
agulation necessary for the procedure. Excessive bleeding may occur from 
surgical wounds, intraabdominal hemorrhage after CDH repair, intrapul­
monary bleeding, or hemorrhage in the germinal matrix/intraventricular 
area. The latter complication may necessitate removal from bypass, al­
though some institutions have maintained infants on ECMO with decreased 
anticoagulation in the face of minor intracranial hemorrhage. Other com­
plications may occur from equipment failure, air embolism in the circuit, 
or accidental decannulation [45]. Many of the technical problems can be 
avoided by the continuous attention of a specially trained technician. These 
individuals may be physicians, perfusionists, nurses, or respiratory ther­
apists. All ECMO personnel should have specific training in the procedure 
as well as suitable animal laboratory experience in prolonged perfusion 
before attempting ECMO in a clinical setting. Before an ECMO program 
is begun, manpower needs must be established and commitments made 
by the personnel involved. Insufficient planning, preparation, laboratory 
experience, or manpower will place patients at increased risk during this 
procedure. 

PATIENT SELECTION 

Entry criteria for ECMO are controversial. As a "rescue" therapy, the 
goal is to accurately select patients who will fail mechanical ventilation 
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before they are moribund. Predictive indices discussed earlier are best 
individualized to the disease state and the institution. At Ochsner Foun­
dation Hospital, we have found the single best predictor for primary and 
secondary PPHN to be the (A-a)Do2 • However, for pulmonary hypoplasia 
(i.e., CDH), the (A-a)Do2 and Bohn's ventilator index are both used. 

Contraindications to ECMO are conditions that preclude a quality out­
come or a successful bypass run [45]. All patients must weigh more than 
2,000 g or have a gestational age greater than 35 weeks. The high incidence 
of intraventricular hemorrhage in infants less than 35 weeks of age or 
2,000 g in weight precludes these patients from ECMO therapy. A preex­
isting intracranial hemorrhage in any infant is also usually a contraindi­
cation. Therefore, all patients must have cranial ultrasonography before 
cannulation for bypass. Any congenital and/or neurologic abnormalities 
that would preclude quality of survival are also contraindications. Some­
times this determination is quite difficult to make in asphyxiated infants, 
especially when historical information is in doubt. The patient must also 
have reversible pulmonary disease indicated by a maximum of 7 to 10 
days of previous conventional ventilatory support. After aggressive treat­
ment for this length of time, chronic lung disease may make the pulmonary 
process irreversible and bypass is of no avail. 

OUTCOME 

As of October 1987, the National ECMO Registry in Ann Arbor, Michigan, 
has recorded 978 infants treated in 25 centers nationwide with 789 (80.7%) 
survivors. Survival has depended on the disease process (MAS, RDS, and 
PPHN have better survival rates than CDH) and the experience of the 
ECMO center. Centers with fewer than 10 cases have higher mortalities. 
Intracranial hemorrhage occurred in 13.5% of the registered patients with 
an associated mortality of 55%. 

The only prospective randomized study of ECMO, by Bartlett and col­
leagues [46], caused great controversy because of the statistical method 
employed. Using the "play the winner" rule of Wei and Durham [47], 
Bartlett et al assigned patients to conventional or ECMO therapy in a 
manner analogous to a balls-in-um selection process. One pair of treatment 
balls was placed in ajar, one ball marked "ECMO therapy" and the other 
ball marked "conventional therapy." The protocol called for the addition 
of one ECMO ball for each ECMO survivor or conventional therapy death 
and vice versa. Randomization was stopped when 10 balls of one therapy 
were added. In Bartlett's study, the first infant was randomized to ECMO 
and survived. The next infant was randomized to conventional therapy 
and died. The next nine infants were all randomized to ECMO and all 
survived. Assuming the entry criteria predicted 90% mortality, this study 
demonstrated a 98% probability that ECMO was a superior form of therapy 
for patients meeting the entry criteria. 
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Results at Ochsner Foundation Hospital are comparable to the national 
data. Since October 1983, physicians at Ochsner Foundation Hospital have 
treated 87 neonates with ECMO (Table 14.4). MAS accounted for nearly 
one half (41) of the patients in this group. Only 1 of the 87 patients was 
inborn; the rest were transferred for tertiary care or specifically for ECMO 
therapy. Overall survival of ECMO patients was very encouraging (81%), 
but there was a variance in survival according to the primary cause of 
respiratory failure. Survival for MAS was 87% and for primary PPHN 
was 89%. In the CDH group, a 66% survival was achieved, including four 
patients who required patch repair of the diaphragm. 

Five patients were placed on ECMO who had congenital heart anom­
alies. Four had been evaluated with 2D echocardiography by at least one 
and sometimes two pediatric cardiologists before cannulation. The diag­
nosis of total anomalous pulmonary venous return was missed in four 
cases, and the patients were placed on ECMO for treatment of refractory 
pulmonary hypertension. After several days on bypass, the lack of sub­
stantial improvement in oxygenation led the team to catheterize the pa­
tients in order to arrive at a correct diagnosis. Three of these four patients 
survived operative repair. 

The vast majority of neonates (86 of 87) undergoing ECMO at Ochsner 
have been outborn. Many have been successfully transported over 1,000 
miles by jet in severely hypoxic condition. The extended geographic dis­
tribution of our patient population makes the task of neurologic follow­
up very difficult. However, even the earliest reports of ECMO survivors 
reported that 75% of patients were neurologically normal at 7 to 10 years' 
follow-up [48]. These reports are encouraging, as are more recent short­
term follow-up data, but more follow-up information is necessary to prop­
erly evaluate this therapy. However, it will be difficult to separate the 
etiologic factors responsible for poor neurologic outcome in ECMO pa­
tients, because nearly all infants are profoundly hypoxic before ECMO 
is initiated. 

TABLE 14.4. Results of extracorporeal membrane oxygenation in neonates at 
the Ocshner Foundation Hospital, October 1983-0ctober 1987. 

Diagnosis Number Survivors Percent survival 

Acute respiratory failure 
Meconium aspiration syndrome 41 36 87 
Primary persistent pulmonary hypertension 18 16 89 

of newborn 
Respiratory distress syndrome 4 3 75 
Sepsis 3 3 \00 
Nonimmune hydrops fetalis 0 0 

Congenital heart disease 
Total anomalous pulmonary venous return 4 3 75 
Coronary camarel fistula 1 0 0 

Congenital diaphragmatic hernia 15 \0 66 
Total 87 7T 82 
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Conclusions 

Conventional mechanical ventilation for neonatal respiratory failure has 
improved remarkably over the past three decades. However, a small per­
centage of patients (5-30%) still succumb or have severe morbidity. Early 
selection of these patients for alternative therapies is now being attempted 
through a variety of predictive indices, which are controversial and vary 
from institution to institution. They must continually be reassessed in light 
of improvements in ventilator management and pharmacologic therapy 
(i.e., surfactant therapy). The goal is to ensure optimal management and 
minimal risk for each patient. 

Over the last several years, high-frequency ventilation and extracor­
poreal membrane oxygenation have been developed in an attempt to rescue 
patients who fail conventional mechanical ventilation. However, with ad­
ditional experience HFV may become the initial treatment of choice in 
premature infants with RDS. The two therapies (HFV and ECMO) seem 
complementary. It appears now that HFV may be more appropriate for 
premature infants with unrelenting hypercapnia, such as premature infants 
with RDS and pulmonary interstitial emphysema. Experience with 
HFV for treatment of hypoxic conditions such as persistent pulmonary 
hypertension of the newborn (PPHN) and pulmonary hypoplasia has 
not been encouraging. On the other hand, ECMO seems best suited to 
problems of oxygenation (such as PPHN and congenital diaphrag­
matic hernia [CDH]), and is confined at this time to infants weighing 
more than 2,000 g. 

Currently, experience with each modality is limited to relatively few 
medical centers. Both therapies are considered extraordinary, and neither 
has gained widespread acceptance. Both therapies are highly technical, 
requiring advanced training of many skilled people. Neither should be 
instituted as an emergency procedure in an unprepared setting. Hospitals 
without facilities for HFV or ECMO may wish to develop their own pre­
dictive criteria for patients who will fail conventional mechanical venti­
lation and transport suitable candidates to centers with ongoing HFV and/ 
or ECMO programs, to ensure the best possible treatment for their pa­
tients. 
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15 
Surfactant: Its Role in the Therapy of 
Respiratory Distress Syndrome 

VIVEK GHAI, LUCKY JAIN, AND 
DHARMAPURI VIDY ASAGAR 

Over the past 2 decades major gains have been made in the area of the 
management of hyaline membrane disease [1-3]. Surfactant replacement 
therapy is probably the most exciting therapeutic milestone. It is expected 
that the introduction of this therapy will alleviate many of the complications 
associated with the classic therapeutic measures. Although surfactant is 
yet to be released for clinical use, this chapter summarizes the available 
literature and presents the results to the reader. 

Pulmonary Surfactant 

Bubbles are inherently unstable and have a tendency to collapse. The 
strength of the tendency to collapse is determined by the force of the 
surface tension operating across the bubble. 

The pulmonary alveolus can be regarded as a bubble with a tendency 
to collapse if a distending pressure is not maintained from within to oppose 
this tendency. This relation is expressed mathematically by Laplace's 
equation: 

2T 
P =­

R 

where P = pressure across the surface necessary to prevent collapse 
R = radius of curvature of the bubble 
T = force of surface tension 

Obviously, during expiration, and at low lung and alveolar volumes (and 
thus low R values), if T were to remain constant an enormous intraalveolar 
pressure would be required to keep the alveolus open. Nature has obviated 
this by providing a substance-pulmonary surfactant-that maintains al­
veolar stability at low lung volumes by decreasing the force of the surface 
tension operating across the alveolus. 
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The existence of such a surface active material was first hypothesized 
by Von Neergard [4] in 1929 on the basis of differences in pressure volume 
characteristics of fluid-filled and air-filled lungs. It was seen that during 
lung inflation, work needs to be done against both the tissue elastic force 
(fluid-filled lung) and the force of surface tension. A major portion of the 
work is needed to overcome the force of surface tension. The difference 
in the pressure-volume curves between the inspiratory (inflation) or ex­
piratory (deflation) phases (hysteresis) indicates that the surface tension 
must constantly change during any given cycle, and that on deflation (end 
expiration) the surface tension must be very low compared with the tension 
in saline or biologic fluids. 

This observation went unheralded until the 1950s when Pattie [5] and 
Clements et al [6] showed that alveolar fluid stabilized small bubbles and 
that it did so in vivo by forming an insoluble film at the air-liquid interface 
of the alveolus. This film modifies the surface tension of this interface in 
proportion to the change in alveolar surface area. It was later demonstrated 
that this surface activity resided in the lipid fraction of pulmonary prep­
arations [7], specifically in the dipalmitoylphosphatidylcholine (DPPC) 
fraction. 

A few years earlier A very and Mead [8] had demonstrated that RDS 
was due to a relative deficiency of pulmonary surfactant. This observation 
led, in the mid I960s, to attempts by Robillard et al [9] and Chu et al [10] 
to treat hyaline membrane disease with aerosolized DPPC. These early 
trials met with little success. The issue of surfactant replacement therapy 
remained dormant until Enhorning and Robertson [II] showed that dep­
osition of natural surfactant into the trachea of preterm rabbits improved 
their pressure volume (P- V) relationships and lung volumes. This set the 
stage for the successful clinical trials by Fujiwara et al in 1980 [12], who 
instilled a bovine surfactant preparation suspended in saline into the lungs 
of infants with hyaline membrane disease. Much work, both clinical and 
experimental, has been done since then. The purpose of our review is to 
present the relevant aspects of surfactant therapy in RDS. 

Composition of Natural Surfactant 

Surfactant as recovered by alveolar lavage varies from batch to batch in 
its composition depending on the methodology of separation used. Never­
theless there is enough consistency to discuss its composition. Natural 
surfactant differs little in its lipid or protein composition across mammalian 
species. It comprises phospholipids (85% by weight), neutral lipids and 
cholesterol (5% by weight), and protein (10% by weight) [13]. 

DPPC, the major constituent of surfactant, is thought to be the "effec­
tor" of its surface tension-lowering properties. Pure DPCC, however, is 
an ineffective surfactant. At temperatures below 41 DC it exists in a gel 



15. Surfactant Therapy 215 

(solid) state, with little or no capability to form monolayers or to spread 
rapidly across the alveolar lining. At temperatures above 41°C the stable 
form is a liquid crystalline form that exists in a bilayer. Conversion of 
this bilayer to the functionally active monolayer form is required. Other 
surfactant components (proteins, lipids) may facilitate and make possible 
DPPC's surfactant function in a variety of ways that are not completely 
understood at present. 

Phosphatidylglycerol (PG) has received a considerable attention in the 
past as a functional component of surfactant. It is present in high con­
centrations in surfactant phospholipid [13], as unique from membrane and 
other tissue lipids in the body. During fetal lung development its appear­
ance in the surfactant fraction indicates mature production and function. 
It is conspicuously absent from the surfactant of infants with the respi­
ratory distress syndrome. It has been postulated that it may affect surface 
properties [14], help stabilize surfactant's physical structure, or help 
spreading [15] and adsorption [13]. It has recently been recognized that 
animals with surfactant deficient in PG are asymptomatic [16] and that 
surfactant deficient in PG has normal surface properties [17,18]. The roles 
of the other surfactant lipids (cholesterol, free fatty acids, neutral lipids, 
phosphatidylinositol, etc.) are even less defined. 

The protein constituents (10%) of natural surfactant are mainly con­
taminating serum proteins. These can generally be removed by further 
purification. After removal of contaminants two specific proteins are left 
behind. 

The major surfactant-associated protein (SP) (variously called SP-A (35 
kd apoprotein A) is a glycoprotein rich in glycine and hydroxyproline and 
contains regions homologous to collagen. The other surfactant apoprotein 
(SP-B) (molecular weight 6 to 14 kD) is a very hydrophobic (lypophilic) 
protein that is closely associated with the surfactant phospholipids. The 
emerging consensus is that SPs are important for regulatory, structural, 
and biophysical attributes of surfactant. 

Types of Exogenous Surfactant for Clinical Use 

On the basis of extensive laboratory investigation and studies in animal 
models, a large number of exogenous surfactants have been tested in hu­
man infants. The general categories of surfactants and their chemical 
composition are shown in Table 15.1. 

NATURAL SURFACTANTS 

Natural surfactants have their origin from animal lung wash (heterologous) 
or human amniotic fluid (homologous) [12,19]. Simple centrifugation and 
filtration procedures are us~d to recover the large surface active aggregates 
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TABLE 15.1. Types of exogenous surfactant. 

Natural surfactant 
Homologous: human amniotic fluid surfactant 
Heterologous: lipid extract of bovine lung lavage 

Modified natural surfactant 
Lipid extract + DPPC + PG 
Lipid extract + DPPC + palmitic acid + tripalmitoylglycerol 

Artificial surfactant 
DPPC 
DPPC + PG (7:3) 
DPPC + HDL (10:1) 

Synthetic natural surfactant 

DPPC, dipalmitoylphosphatidylcholine; PG, phosphatidylglycerol; 
HDL, High-density lipoprotein. 

of surfactant. Calf lung alveolar wash has been the main source of het­
erologous surfactant, although other animals have been employed [20]. 
Homologous surfactant is derived from amniotic fluid collected at the time 
of cesarean section. Because of the differences in isolation techniques, 
quality of natural surfactants may vary considerably, making some mod­
ification necessary [21,22]. The goals of such modifications have been to 
enhance surface properties, decrease protein content, and improve sta­
bility. Modified natural surfactants are usually recovered by lipid extrac­
tion, followed by selective addition or removal of compounds [23,24]. 

ARTIFICIAL SURFACTANTS 

Artificial surfactants, on the other hand, are a mixture of synthetic com­
pounds like DPPC and PG. Some investigators have employed additional 
compounds like lexadecanol and tyloxapol [25]. 

Efforts are being made to reconstruct synthetic "natural surfactant" in 
vitro from specific apoproteins using molecular biologic techniques [26]. 

Surfactant Therapy in RDS 

EXPERIMENTAL STUDIES 

A variety of animal models have been used by investigators to study the 
physiologic effects of surfactant replacement therapy. The first demon­
stration of the efficacy of surfactant in the therapy of RDS (or hyaline 
membrane disease [HMD]) was provided by Enhorning and colleagues in 
a premature rabbit model for hyaline membrane disease [Il]. In this study, 
natural surfactant was instilled into the trachea prior to the first breath. 
Surfactant instillation prevented alveolar collapse and promoted alveolar 
expansion to the extent seen in term animals. 
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Fr9m available evidence it is quite clear that instillation into the trachea 
of a sonicated aqueous solution of sUliactant is better then administration 
of a nebulized form of surfactant. This was first demonstrated by Ikegami 
et al in a rat model [27]. In preterm lambs with HMD, Ikegami et al dem­
onstrated that the maximal response to surfactant occurs with an admin­
istered dose of 40 to 60 mg of surfactant lipid per kilogram of body weight 
[28]. Metcalf et al [29] showed that the extent of improvement in pressure­
volume curves in their preterm rabbits was proportional to the administered 
dose, up to a dose of around 40 mg/kg. Higher doses had no further effect 
on the P-V curves, suggesting that beyond this point structural immaturity 
of the lung was the limiting factor. On the basis of some of these data and 
the early clinical experience of Fujiwara's group, most investigators have 
used doses ranging from 25 to 200 mg/kg of surfactant phospholipid in 
clinical practice. We have used and obtained good results with a dose of 
100 mg/kg in both animal [30] and clinical studies [31]. Most investigators 
have used single-dose administration of surfactant. However, Walther, et 
aI [32] have demonstrated in premature lambs that repetitive treatment 
may be potentially useful. 

The premature lamb with HMD has been the most extensively studied 
model for HMD. Jobe et al [33] have demonstrated prolonged survival 
and improved pulmonary function in lambs. They also demonstrated that 
treatment given after the development of respiratory failure would improve 
pulmonary status ("rescue" therapy) [34,35]. This effect was not, however, 
sustained and Wl:l.S attributed by the authors to bronchioepithelial injury 
and respiratory failure leading to leakage of serum proteins into the alveolar 
space. These serum proteins may function as inhibitors of surfactant func­
tion. Enhorning et al [36] used premature rhesus monkeys as a model for 
study. In their studies, animals were sacrificed by 6 hours of age and the 
evaluation was thus short term. 

In the last 4 years our group has developed a premature baboon model 
for HMD. These baboons, delivered at 75% gestation, developed radio­
logic, biochemical, physiologic, and histologic evidence of HMD. Sur­
factant-treated baboons showed marked improvement in inspired oxygen 
concentration (Fio2), arterial-alveolar (alA Po2), mean airway pressure, 
and lung compliance compared with controls (Fig. 15.1). These changes 
were well sustained until sacrifice at age 16 hours. Radiologic features 
also showed marked improvement [30]. The baboons treated with sur­
factant, however, showed a higher incidence of patent ductus arteriosus. 
On histopathologic study, the control baboon demonstrated typical changes 
of hyaline membrane disease, whereas the surfactant-treated baboons 
showed complete alveolar expansion. Pressure-volume curves on isolated 
lungs following sacrifice demonstrated improvement in lung mechanics, 
for example, better deflation curve and hysteresis of the P-V loop. In 
further studies we demonstrated that while both early (within 10 minutes 
of birth) and late (2 hours of age) recipients demonstrated good response 
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FIGURE 15.1. Sequential values of inspired oxygen (Fio,), mean airway pressure 
(MAP), arterial-alveolar oxygen ratio (alA POz), (from birth to 16 hours of age) in 
premature baboons. All values shown are mean ± SE. The surfactant-treated 
group is shown by a solid line and the control group by a dotted line. The arrow 
indicates the time of surfactant instillation. Reproduced by permission of Pediatrics 
75, 1132, © copyright 1985. 

to surfactant therapy, response was better with early treatment [37], sug­
gesting that delivery room (prophylactic) treatment may be preferable. 
However, other studies have indicated that early treatment in the delivery 
room may lead to considerable overtreatment. 

We have also conducted long-term survival studies on our model. We 
were able to successfully maintain the baboon on assisted ventilation with 
and without surfactant therapy for up to 8 days. It was shown that sur­
factant therapy may prevent residual lung disease [38]. 

In most studies, surfactant-treated animals developed a symptomatic 
patent ductus arteriosus (PDA) soon after treatment, probably resulting 
from the lowering of pulmonary vascular pressure secondary to improved 
lung mechanics and oxygenation. However, despite the PDA the surfac­
tant-treated animals did consistently better than the control animals. 

Animal studies have thus increased our understanding of the patho­
physiology of hyaline membrane disease and surfactant therapy and have 
made clinical trials and clinical use feasible. 
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CLINICAL TRIALS 

The use of surfactant for prevention of RDS has been reported in a large 
number of studies. Although there has been considerable variation in pa­
tient population, methodology, and type of surfactant employed by various 
investigators, most clinical trials have been well designed and executed. 
Depending on whether surfactant has been used immediately after birth 
or later after development of signs and symptoms of RDS, clinical trials 
can be grouped as "prophylactic" or "rescue." 

Prophylactic Treatment 

Prophylactic treatment involves administration of surfactant, ideally prior 
to the infant's first breath and definitely before signs and symptoms of 
RDS have appeared. Several methods of administration have been em­
ployed for prophylactic studies [39,40]. Nasopharyngeal administration 
of surfactant has been used with varying results. Endotracheal adminis­
tration gives more consistent results; it involves injection of surfactant 
solution through a feeding tube placed in the endotracheal tube fol­
lowed by ventilation. To ensure even distribution, the infant is rocked 
from side to side and cephalad to caudad; or alternatively, one-fourth 
of the total amount is instilled into each of the four lung quadrants 
with the infant turned to a different position each time. The dose of sur­
factant employed has been empirical, varying from 20 to 150 mg/kg of 
surfactant phospholipid. Dry powders and saline suspensions have been 
employed. 

Artificial surfactants were the first to be employed for prophylactic 
therapy. Initial attempts were aimed at administration of aerosols of DPPC 
to spontaneously breathing preterm infants. Investigators employed a 7:3 
mixture of DPPC and PO or DPPC and high density lipoprotein (HDL). 
The first reports were, however, not very encouraging. Robillard et al [9] 
reported no improvement in clinical status following aerosol administra­
tion, although a slight change in compliance of lungs was noticed. Morley 
et al [39], employing a single 25-mg dose of DPPC and PO blown into the 
airways of infants in the delivery room, reported comparable oxygen re­
quirements but lower ventilatory pressures at 6 hours of age and a lower 
mortality rate in the surfactant treated group. Milner, et al [41], Wilkinson 
et al [42], and Halliday et al [43] used various forms of artificial surfactant 
but were unable to demonstrate any beneficial effect. In a recent multi­
center trial of artificial surfactant, Morley's [44] 10-center study group 
has reported some decrease in ventilatory support and a reduction in mor­
tality rate from 27 to 14% in surfactant-treated infants. 

Human amniotic fluid surfactant has been recently employed by Merritt 
et al [45] for prophylactic treatment of infants born to mothers with doc­
umented immature lecithin/sphingomyelin (LIS) ratio and absence of PO, 
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indicating deficiency of surfactant. There were significantly fewer deaths 
in the treated group and a lower incidence of complication. 

Enhorning et al [46] have reported prophylactic use of lipid extract of 
bovine lung lavage in 72 preterm infants with better oxygenation and lower 
incidence of pulmonary interstitial emphysema. Shapiro et al [42], using 
a similar study design, reported a reduction in severity of respiratory dis­
tress in treated infants at 12 to 26 hours of age, but such differences were 
not evident at 48 to 72 hours. Kwong et al [40] have also reported beneficial 
effect with the prophylactic use of modified natural surfactant. 

Table 15.2 summarizes some of these studies. 

"Rescue" Treatment 

In contrast to prophylactic treatment, where surfactant is employed in 
the delivery room prior to the first breath in premature infants at high risk 
for developing RDS, "rescue" treatment implies its use in infants who 
have developed the full-blown picture of hyaline membrane disease. In 
the trials reported so far, most investigators have employed this mode in 
infants manifesting moderately severe RDS. Although study design and 
methodology remain the same as with the prophylactic group, certain dif­
ferences exist. Infants were at least 4 hours old and were intubated at the 
time of treatment. Most investigators have employed a single dose of saline 
suspension of surfactant deposited into the lung via the endotracheal tube, 
but multiple treatments have also been tried. 

There are only a few reports on the use of artificial surfactant in rescue 
treatment. Milner et al [48] and Wilkinson et al [42] failed to demonstrate 
improvement after use of artificial surfactant in infants with established 
RDS. 

Hallman et al [49,50] have employed human amniotic fluid surfactant 
in treatment of premature infants with RDS. They showed marked re­
duction in the severity of RDS. 

Modified natural surfactants have been employed in a large number of 
rescue trials. In their historic trial reported in 1980, Fujiwara et al [12] 
employed reconstituted bovine surfactant for treatment of RDS in infants 
who were several hours old. A dramatic improvement in ventilatory status 
was reported within minutes after administration of surfactant. The authors 
have subsequently published numerous reports confirming their initial re­
sults [51,52]. 

Raju et al [31] from our institution have recently reported results of a 
randomized controlled trial of bovine surfactant (surfactant T A) in infants 
with severe RDS. Infants with birth weight of 750 to 1,750 g who had 
clinical and radiologic evidence of severe RDS were enrolled at 6 hours 
of age. Sick infants were on assisted ventilation and required more than 
50% inspired oxygen concentration. They had a mean airway pressure of 
8 cm H20 or greater with evidence of poor oxygenation (arterial-alveolar 
oxygen gradient of 0.24 or less). Infants were assigned to either surfactant 
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or placebo group using a stratified randomization scheme based on infant 
sex and on birth weight intervals of 250 g. A single dose of surfactant T A, 
100 mg/kg in 3.3 saline, was sonicated and administered via the endotra­
cheal tube. Infants in the placebo group received I ml/kg (maximum I ml) 
of sterile normal saline. The treated group showed an early and significant 
improvement in oxygenation and required considerably less ventilatory 
support. The combined incidence of death and severe bronchopulmonary 
dysplasia was 17.6% in the surfactant-treated group as opposed to 69.2% 
in the placebo group. Air leak syndromes (pneumothorax and pulmonary 
interstitial emphysema) occurred less frequently in the treated group, al­
though the incidence of hemodynamically significant patent ductus arter­
iosus was higher in this group. Overall, our study demonstrated consid­
erable beneficial effect from a single dose of surfactant T A. Gitlin et al 
[53] have recently reported similar results. Table 15.3 summarizes some 
rescue studies. 

Effect of Surfactant on Course and Complications 
ofRDS 

Most controlled trials have reported a significant reduction in complica­
tions of RDS with surfactant therapy. Surfactant treatment reduces the 
occurrence of air leak syndromes. Initial trials with surfactant had reported 
a higher incidence of patent ductus arteriosus in treated infants [12,24,50], 
but most prophylactic treatment trials have shown no difference in inci­
dence of this condition between control and treated groups. Although data 
on incidence of other major complications associated with prematurity 
and RDS have not been reported consistently, no significant difference 
is noticeable between the two groups. Most recent studies have reported 
a marked reduction in mortality in surfactant-treated infants. In the treated 
infants followed up so far, despite the reduction in acute complications, 
the incidence of bronchopulmonary dysplasia has not registered any con­
sistent decline. 

There are concerns regarding the long-term effects of the foreign protein 
present in exogenous surfactant as well as the possibility of transmission 
of infections with administration of surfactant. Experience thus far pro­
vides no foundation for these concerns. 

Summary 

From data published so far, surfactant therapy has proved to be effective 
in reducing the incidence and severity of RDS. Its use has not been as­
sociated with any short-term untoward effects. Long-term follow-up stud­
ies are still awaited. Surfactant is not available commercially at present 
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because of federal testing requirements. Considering the ease of admin­
istration and relative low cost, it can be expected that exogenous surfactant 
will be available routinely in the delivery room or neonatal intensive care 
unit for the prevention of RDS. 
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16 
Perinatal Factors and Intraventricular/ 
Subependymal Hemorrhage in the 
Very-Low-Birth-Weight Infant 
ARTHUR A. STRAUSS 

Background 

INCIDENCE 

lntraventricularlsubependymal hemorrhage (IVH/SEH) in the very-low­
birth-weight (VLBW, ~ 1,500 g) infant is a both common and potentially 
devastating event. Bleeding occurs in approximately 40% of VLBW in­
fants, with major hemorrhaging occurring in up to half of these infants 
[1,2]. Bleeding usually occurs in the first 3 days after birth. Major hem­
orrhages have been associated with abnormal neurologic outcome in at 
least 50% of affected infants [2-5]. 

GRADING 

The grading system described by Papile et al [5] has been most frequently 
used as a means of uniform communication among researchers. A more 
descriptive approach has been advocated by some authors [3,6]. Minor 
hemorrhages consist of isolated subependymal/choroid plexus bleeding 
(grade I IVH/SEH) or of intraventricular hemorrhage without ventricular 
dilatation (grade 2 IVH/SEH). Major hemorrhages involve ventricular dil­
atation (grade 3 IVH/SEH) or intraparenchymal bleeding (grade 4 IVHI 
SEH). Parenchymal bleeding has been observed without an intraventricular 
component. The presence of peri ventricular leukomalacia (increased non­
vascular density or cystic changes in the peri ventricular area) should also 
be noted [6,7]. 

PATHOGENESIS 

Anatomic and physiologic developmental characteristics of the germinal 
matrix and choroid plexus areas of the preterm infant's brain are said to 
make this group of newborn infants vulnerable to a variety of perinatal 
events [2,4,8]. These characteristics include persistence of the germinal 
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matrix area, relative hyperemia of the peri ventricular area versus the ce­
rebral cortex, peri ventricular capillary tenuosity, and impairment of vas­
cular autoregulation [8]. Hypoxic-related effects (increase in cerebral blood 
flow, further impairment of vascular autoregulation, increase in venous 
pressure, and endothelial injury) that directly or indirectly involve the 
immature central nervous system make this region prone to capillary rup­
ture with subsequent injury [2,8]. Adverse perinatal events stated to be 
related to IVHfSEH include perinatal asphyxia, labor and its duration, 
mode and presentation of delivery, immediate neonatal management, and 
subsequent neonatal complications [9,10]. 

Perinatal Factors 

FETAL DISTRESS 

Current literature regarding IVHfSEH is divided over whether the pre­
dominant factors in the pathogenesis of this lesion are intrapartum or 
postnatal in origin [9-12]. One group has postulated that prepartum events 
may be related to subsequent IVHfSEH in some infants as well [13]. 

The immature fetus is at a disadvantage in the face of fetal compromise 
related to either uteroplacental insufficiency or umbilical cord compres­
sion. Abnormal fetal heart rate (FHR) patterns in the immature fetus have 
the following characteristics: 

I. They progress more rapidly to severe heart rate abnormalities than do 
those in the term infant. 

2. Late decelerations are associated with a higher incidence of neonatal 
depression and metabolic acidosis compared with the term fetus. 

3. Abnormal patterns and acidosis are correlated with adverse neonatal 
outcomes [14-17]. 

Few studies have addressed the specific role of fetal distress objectively 
measured with either physiologic or biochemical means in relation to IVHf 
SEH. Ominous FHR patterns (late or moderate-to-severe variable de­
celerations, decreased heart rate variability) have been related to both 
direct (ultrasound documentation of major IVHfSEH [18]) and indirect 
(elevated brain-specific creatinine kinase, metabolic acidosis, adverse 
neurologic outcome) evidence of IVHfSEH by some authors [17, 19,20]. 
Preliminary data suggesting that the presence of ominous FHR patterns 
correlate with a high incidence ofIVHfSEH, extent of bleeding, and mor­
tality rate could not be confirmed by more recent studies, including ad­
ditional observations in our center (unpublished data) [13,21]. The low 
incidence of severe IVHfSEH in these latter studies may have been re­
sponsible for the inability of FHR pattern analysis to serve a predictive 
function, as was hypothesized earlier [18]. Alternatively, the poor cor­
relation of abnormal FHR patterns and neonatal death may be related to 
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expeditious delivery in those cases with ominous periodic FHR or de­
creased baseline variability [15]. The same explanation may be made for 
severe IVH/SEH. 

OTHER OBSTETRIC FACTORS 

While various authors have related presence and duration of labor, mode 
and presentation of delivery, and pregnancy complications (toxemia, 
bleeding, amnionitis) to IVH/SEH, such studies have suffered from ret­
rospective data collection or small numbers of patients [9,10]. Brain-spe­
cific creatine kinase elevations have not been related to either mode of 
delivery or presence of labor in the limited investigations reported to date 
[20,22,23]. At this time, there are no convincing data that identifiable ob­
stetric factors, independently of fetal distress/acidosis and premature de­
livery, contribute to IVH/SEH in VLBW infants [12,13,18,21,23]. 

Neonatal Factors 

Neonatal factors reported to be associated with neonatal intracranial 
hemorrhage (other than birth weight less than 1,800 g and gestational age 
less than 34 weeks) have included hyaline membrane disease, hypercerbia, 
hypoxia, hypotension/hypertension, assisted ventilation, air leaks (pneu­
mothorax, pulmonary interstitial emphysema), use of muscle relaxants or 
sodium bicarbonate, volume expansion, coagulopathy, and mode of clo­
sure of patent ductus arteriosus [2,8,15,18]. Neonatal complications related 
to prematurity and its management have been felt to be of primary im­
portance in the evolution of IVHlSEH by some authors [12]. More research 
is needed to identify those postnatal events (or combination of events) 
that contribute to IVH/SEH. 

Possibilities for Prevention 

The extent, rather than the incidence, of intracranial hemorrhage is of 
critical importance with respect to the neurobehavioral development of 
surviving VLBW infants [2-5]. Intraparenchymal hemorrhages, in partic­
ular, have been found to be associated with profound alteration of cerebral 
blood flow [24]. Conversely, in the absence of major central nervous sys­
tem hemorrhage, the majority of VLBW infants appear to have a relatively 
good prognosis [5]. The condition of the infant at birth, that is, asphyxiated, 
acidotic, depressed, and requiring assisted ventilation beyond immediate 
delivery room resuscitation, may be a more significant factor in deter­
mining the degree of IVH/SEH when it occurs in the early postpartum 
period than a variety of obstetric variables [18]. Avoidance of these con-
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ditions, if possible, may result in a minimal incidence of severe I YH/SEH. 
Not surprisingly, use of surfactant to modify respiratory distress syndrome 
has not been shown to decrease the llik or severity of IYH/SEH [25]. 
Attempts at prevention of fluctuations in blood pressure and air leaks, 
selective use of sedation and/or paralysis in the infant exhibiting asyn­
chronous respirations during assisted ventilation [26], and gentle resus­
citation technique (early intubation, avoidance of routine volume expan­
sion, and use of hyperosmolar agents) may decrease the incidence of IYHI 
SEH in the sicker infants [18]. Attempts at prophylaxis via pharmacologic 
means (i.e., phenobarbital), have yielded mixed results, with potentially 
severe complications [27-29]. Maternal transport and delivery of the 
YLBW infant in a perinatal center may contribute to a decreased incidence 
of IVH/SEH compared with transported infants [18]. The ultimate pre­
vention oflYH/SEH, obviously, would be to identify preventable factors 
that lead to premature delivery and to make an educational and economic 
commitment to this problem. 

Conclusion 

Despite suggestions that perinatal events may be of paramount importance 
with regard to IVH/SEH in the YLBW infant, there are no consistent data 
that reveal what markers could serve as reliable predictive indicators of 
potential risk for major IVH/SEH (i.e., fetal distress, creatine phospho­
kinase isoenzyme, acid-base balance) other than premature delivery as­
sociated with respiratory distress. Delivery in a perinatal center with 
modem neonatal intensive care techniques may keep the incidence of se­
vere IVH/SEH at a minimum, thereby optimizing neurologic outcome for 
these at-risk infants. The issue of ischemic lesions independent of IYHI 
SEH, which may not be preventable or identifiable shortly after birth and 
which have similar effects to major IVHlSEH, is an area of active research 
at the present time. 
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17 
Delivery of an Infant with an 
Unanticipated Birth Defect 

MARY F. HAIRE 

The onset of pregnancy involves the couple in a reorganization of rela­
tionships, including a critical review of friends and relatives in an attempt 
to determine the possible effect a child will have on close relationships. 
Pregnancy and postpregnancies, therefore, are periods of destabilization 
[1]. Such destabilization is a recognized part of the growth process. How­
ever, for the couple delivering a child with a birth defect, especially if 
that birth defect was unanticipated, the postpregnancy period is one of 
special stress. 

A couple's beliefs and expectations regarding childbearing are influenced 
by a number of factors, such as past experiences with children, cultural 
influences, and family expectations [2]. Americans, in particular, place a 
high importance on beauty, perfection, and success. These expectations 
are usually established long before the pregnancy and may be seriously 
tested by the delivery of a child with a birth defect. Many people see the 
child as a reflection of the parents' ability to reproduce and (eventually) 
to raise a child [3,4]. There is often an unconscious belief that reproduction 
is natural and therefore easy. Complications are not an acknowledged 
part of most people's fantasies regarding childbearing. 

Additionally, fears during pregnancy may be unvoiced or unacknow­
ledged [4,5]. These fears may be based on a general lack of knowledge. 
For instance, few couples know prior to pregnancy that the incidence of 
serious birth defects is as high as 2 to 4% in the general population. Thus 
they are often unprepared for even the possibility of a child who is not 
perfect. When a child is born with a birth defect, the stress of dealing 
with the complications related to that defect are added to the stress of 
attending to the needs of any newborn baby. We know that stress is nec­
essary for continued growth; however, if the stressful event overwhelms 
the parents' coping skills, the disequilibrium may be prolonged or complete 
[3,6]. The individual's perception of stress depends on (I) past experience 
with handling stress, (2) past ability to adapt successfully to stress, (3) 
other stressors ongoing in the person's life, and (4) support available from 
family and professionals [5,7]. The birth of a child with a serious defect 
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requires, in many instances, considerable alterations in life-style [8]. Such 
a child affects the time the parents have to spend with other children and 
the time they have to spend together alone. Having a child with a birth 
defect can often alter their social life drastically, since it is difficult to find 
sitters willing to care for such an infant. If it becomes necessary for the 
mother to stay home to care for the child, the financial status of the family 
may be further burdened. 

Denial 

Often, the initial response of parents to being told that their child has a 
major birth defect is shock [9]. They are unable to absorb detailed medical 
information. Facts need to be repeated several times before the parents 
can assimilate the information. Simple honest answers, given when the 
parents show readiness to hear the information, is the best approach during 
this first phase [3,10]. 

Denial is an attempt to maintain affective equilibrium [II]. Failure on 
the part of health professionals to recognize the parents' need for some 
degree of denial may precipitate or reinforce despair [3]. Parents need 
time to mobilize their defenses and coping behaviors. However, denial 
should not be allowed to continue for any long period of time. 

Acceptance 

Parents signal their readiness to move from denial to acceptance by asking 
questions or by expressing anger. Anger can provide a strong stimulus to 
combat despair. Our insistence, either overtly or covertly, on maintaining 
a positive mood therefore trivializes the parents' distress. Anger may be 
due to their recognition of the cost of care now and in the future, the 
burden that such care may place on their other children, and the necessary 
alterations in their life-style [8]. Therefore, anger is to be encouraged and 
attempts should be made to channel that anger into constructive activities. 
Cues that may indicate parents' inability to absorb information include 
restless body movements, unexpressive gestures, and questions unrelated 
to the conversation. Other evidence of maladaptive coping behaviors in­
cludes devotion of all energies and resources into caring for the one child 
to the exclusion of others, or conversely, rejection of the affected child 
totally and failure to develop any kind of positive relationship [4, II]. 

Treatment Issues 

Treatment issues are often very difficult for both parents and health care 
professionals. In decioing on treatment versus nontreatment, professionals 
should remember that parents are the true risk takers [12]. They must 
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ultimately bear the burden of choice of treatment or nontreatment. It is 
the parents who must speak for the involved child, other children in the 
family, and other family members. It is the parents who must live with 
the responses of family and friends to the choices made. Their need for 
adequate honest information at appropriate times and for professional 
support is considerable. 

Frequently the outcome for a child with a serious birth defect is un­
certain. That uncertainty adds to the parents' difficulties in adapting to 
their child's condition. Certainly the parents have concerns over the future 
appearance of the child and the child's level offunctioning, areas that are 
sometimes difficult for us to determine or predict at the time of birth [8,13]. 
They have very legitimate concerns over the duration of illness, the number 
of hospitalizations that may be expected, and the helplessness of the child, 
all of which add to the sense of powerlessness for the parents and the 
professionals caring for the child [8,10,14]. 

Should separation from the infant be necessary at birth for medical rea­
sons, parents should be reassured that normal attachment can still occur. 
Parental motivation and involvement in caretaking activities and decision 
making are of equal importance to early contact in the delivery room 
[10,15,16]. 

When the child's condition is so severe that termination of treatment 
is being considered, professionals should keep in mind that decisions to 
terminate treatment require (I) sufficient time for the parents to accurately 
observe and assess the baby's condition, (2) a mature assessment of avail­
able options, and (3) parental involvement in the decision, which may be 
influenced by publicity or other media coverage and by the knowledge of 
advances in neonatal technology. 

Support by Professionals 

When the birth defect is uncorrectable, parents must learn to deal with 
chronic sorrow [8]. Chronic sorrow may be defined as the persistence of 
grieving behaviors stimulated by constant reminders of the child's defect, 
and the ongoing effect of that condition on family life. Chronic sorrow is 
resolved only by the death of the child or the parents [3,8]. Manifestations 
of chronic sorrow should not be interpreted as either helplessness or in­
ability to function, or as lack of joy about the child [15]. 

There are many ways in which professional staff can work with parents 
to help them adapt to the child who has a serious birth defect. Acceptance 
of the parents' initial grieving behaviors aUows them to express the intense 
emotions stimulated by the birth of the baby. Such acceptance sets up 
trust in the relationship, which can further promote the professional's 
ability to assist the parents [3,4], Positive regard of the parents and their 
responses recognizes their worth as people and as parents at a time when 
their self-esteem may be very low. We can further promote positive self-
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esteem by teaching the parents how to care for their child, helping them 
to anticipate problems, and making referrals to community agencies, most 
especially to parent support groups [3,4,16,17]. With such interventions 
there is every reason to believe that parents can learn to appreciate the 
specialness of this child [6]. 
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18 
Hemodynamically Significant Patent 
Ductus Arteriosus in Low-Birth­
Weight Infants: Fact or Fiction? 

CHARLES R. ROSENFELD 

Both the ductus arteriosus and foramen ovale provide a means whereby 
blood flow in the fetus is diverted away from the high-resistance pulmonary 
vascular bed to the much lower resistance systemic circulation. At birth 
or soon thereafter the pulmonary vascular bed experiences a substantial 
degree of vasodilation and lowering of vascular resistance by mechanisms 
presently unknown, whereas systemic vascular resistance increases. The 
former occurs in order to permit the dramatic rise in pulmonary artery 
blood flow that is necessary for initiation of lung function and thus the 
exchange of respiratory gases, to replace the function of the placenta. In 
concert with these changes in lung function and pulmonary blood flow is 
the anatomic closure of the foramen ovale and the functional closure of 
the ductus arteriosus. However, in contrast to the foramen ovale, the 
ductus arteriosus generally remains patent for some time after birth. 
Whereas this patency is of little consequence to the well term infant [I], 
it may result in substantial problems in the preterm infant due to the mag­
nitude of the left-to-right shunt that may occur. This chapter discusses 
the patent ductus arteriosus (PDA) in the preterm infant, pointing out 
present-day problems in our understanding of its role in neonatal illness 
and thus in the care and treatment of the preterm infant, in particular the 
infant of less than 1,500 g birth weight. 

In early studies of the preterm infant with hyaline membrane disease 
(HMO), it was observed that neonatal death occurred more frequently in 
those infants without spontaneous closure of the PDA than in infants 
without evidence of a PDA, 71 versus 19%, respectively [2]. Moreover, 
when the PDA was surgically closed, death did not occur in infants without 
hyaline membrane disease (HMO), but did so in 60% of infants with a 
diagnosis of HMO. Thus, it appeared that the simultaneous occurrence 
of HMO and PDA substantially increased the risk for neonatal death. As 
survival of the low-birth-weight (LBW) infant « 1 ,500 g) rose in the early 
and mid-1970s, PDA was observed to be an increasingly common problem. 
For example, Siassi et al [3] reported that the incidence of PDA increased 
with decreasing gestational age and birth weight, occurring in 50% or more 
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of infants under 32 weeks' gestational age and weighing 1,500 g or less at 
birth. In fact, it was observed to occur in 77% of infants from 28 to 30 
weeks of gestation and 83% of those under 1,000 g birth weight. The num­
ber of infants evaluated, however, was quite small, 13 and 6, respectively. 

When these investigators compared the incidence of HMD and that of 
PDA at the same gestational ages, the values were very similar, suggesting 
a close association between the two and the possibility that the presence 
of one might in fact affect the course and/or occurrence of the other. This 
of course is supportive of the observations by Edmonds et al [2]. In sub­
sequent studies, Cotton and co-workers [4] reported similar relationships 
in a much larger population of infants less than 1,500 g birth weight 
(n = 100), that is, a hemodynamically significant PDA (sPDA) occurred in 
69% of infants with HMD compared with 32% in infants without HMD, 
and the incidence of sPDA increased with decreasing birth weight, reaching 
69% in infants weighing less than 1,000 g. Furthermore, they reported a 
higher mortality among infants with evidence of a sPDA, as well as a 
longer need for ventilatory support. Finally, Cotton et al [4] also noted 
that sPDA was generally evident within the first week after birth. 

Similar observations have been reported by others [5]. Thus, sPDA 
might contribute not only to the mortality among LBW preterm infants, 
but also to their morbidity, especially in the presence of HMD. 

In view of their own observations and those reported by others, Cotton 
and co-workers [6] sought to determine the effect of early aggressive med­
ical management (i.e., fluid restriction, diuresis, etc., over 72 hours) plus 
surgical ligation on the outcome of LBW infants with sPDA. For their 
outcome variables they chose to examine the duration of intubation (i.e., 
the need for ventilatory support), the time in days to reach a reasonable 
oral caloric intake (80 caVkg·day), mortality, and the cost of hospitalization. 
The incidence of sPDA was greater than 50% in their study population, 
which consisted of both inborn and transferred or outborn infants. Al­
though there was no difference in the mortality between infants receiving 
medical therapy alone and those receiving medical plus surgical therapy, 
infants included in the latter group were observed to have the following 
characteristics: (1) They required a shorter duration of ventilatory support, 
(2) they reached an oral intake of 80 cal/kg·day sooner (l3±3 vs. 24±4 
days), and (3) their total cost of hospitalization was lower. Thus, they 
concluded from these findings that aggressive medical management, which 
included fluid restriction and diuretic therapy, should be used no more 
than 48 to 72 hours, and in the absence of significant improvement, as 
determined clinically, radiographically, or by echocardiogram, surgical 
ligation should be considered. 

Since a potential advantage to early aggressive management of the sPDA 
was demonstrated in the above and other studies [6,7], the utility of early, 
prophylactic closure of the PDA prior to significant shunting was raised 
by a number of investigators. However, to design a study that would min-
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imize the risks of early closure, either surgical or pharmacologic, and re­
strict the population studied, it would be necessary to predict with some 
accuracy which LBW infants are at highest risk of developing a sPDA. 
Therefore, Cotton et al [8] next sought to determine the characteristics 
of the LBW infants in their special care nursery who were at-risk for 
developing sPDA and to establish a discriminate function that would permit 
them to identify and include such neonates for subsequent therapeutic 
trials. One-hundred infants were studied, consisting again of both inborn 
and outborn neonates; the incidence of sPDA was 50% and the onset was 
at less than 7 days of age. Through the use of univariant analysis, five 
characteristics were identified that separated infants with and without 
sPDA: birth weight, presence or absence of HMD, presence or absence 
of intrauterine growth retardation, the use of continuous positive airway 
pressure (CPAP) or intermittent positive pressure breathing (lPPB), and 
the presence or absence of an acute perinatal "stress" (e.g., low Apgar 
score, hypovolemia, hypotension, etc). Infants with a sPDA were found 
to be smaller (l,078 vs. 1,215 g) but appropriate for gestational age, and 
more likely to have HMD (50% vs. 23%), require ventilatory support (86% 
vs. 45%), and have a history of perinatal "stress" (91% vs. 63%). Using 
these factors, a discriminant model was constructed that correctly pre­
dicted outcome in 80 of 100 (80%) infants-35 of 44 (80%) with subsequent 
sPDA and 45 of 56 (80%) without sPDA. When prospectively applied 1 
year later to a similar population of neonates admitted to the institution, 
with a 51% (48/94) incidence of sPDA, 80% were correctly predicted-
44 of 48 (92%) with sPDA and 31 of 46 (67%) without sPDA. There was, 
however, no note in this report of the fluid therapy used, the extent of 
volume expansion in the first 24 hours after birth, or any differences that 
might have existed between the inborn and outborn infants, factors that 
potentially might have influenced the occurrence of sPDA. Nevertheless, 
it appeared that a tool was now available to facilitate the design of sub­
sequent clinical studies related to the management of sPDA. 

Because of the relatively high incidence (-50%) and early onset «5-
6 days of life) of sPDA reported by the above investigators and those in 
numerous other institutions [1-5], and because of what seemed to be a 
rather infrequent occurrence and late onset of sPDA among infants in the 
Special Care Nursery at Parkland Memorial Hospital, Dallas, which is 
essentially a totally inborn population, we reviewed the charts of all infants 
of 1,500 g or less birth weight who survived more than 72 hours and were 
delivered over a 12-month period (June, 1978, through May, 1979). With 
the criteria of Cotton et al [6], only 5 of 81 infants (6.2%) had documen­
tation in their chart of having a sPDA; furthermore, the mean age of onset 
was 20 (±9) days rather than 5 to 6 days of life. Twenty-eight other infants 
(35%) had evidence of a clinically evident PDA murmur, but were not 
considered to be symptomatic (i.e., the PDA was not hemodynamically 
significant); the age of onset in this group also was late, 14 days. In view 
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of these obvious differences in the incidence (ours being actual incidence 
among all infants delivered in a single institution rather than among infants 
admitted to intensive care) and the age of onset, we designed a descriptive 
study similar to that of Cotton et al [6], utilizing their criteria for the di­
agnosis of sPDA (Table 18.1), in order to permit a reasonable comparison 
between the two populations. We also sought to determine the prognostic 
value of the M-mode echocardiogram obtained at 7 to II days of age, 
since sPDA did not occur until day 14 or thereafter. Furthermore, since 
fluid therapy had been reported to have a substantial effect on the oc­
currence of sPDA [9,10], we sought to determine the role of volume ex­
pansion in the first 24 hours after birth and of routine fluid therapy in the 
first day and week of life. Finally, we examined the role of birth weight, 
gestational age, Apgar score, acute perinatal "stresses," HMD, hypo­
calcemia «7.5 mg%), and prolonged rupture of membranes (>24 hours) 
in the occurrence of sPDA. 

Over an II-month period, 120 consecutively born infants of 1,500 g or 
less birth weight and who had survived 72 hours or more were admitted 
to the study [II], the minimum number necessary to obtain statistical dif­
ferences between infants with and without a sPDA if the incidence was 
12 to 15%. Of the total group enrolled in the study, 19 (16%) developed 
a sPDA (Fig. 18.1) and 25 others (21 %) had evidence of a PDA murmur 
but were not symptomatic. As illustrated in the figure, the incidence of 
sPDA was 12% for infants of 1,500 to 1,000 g and 26% for infants less 
than 1,000 g birth weight. The mean age of onset of sPDA was 15 (±3) 
days, with only four infants (21%) demonstrating a sPDA before 7 days 
of age. With univariant analysis, six perinatal factors were found to be 
either significantly different (p <.05) or of borderline significance (.05< 
p <.1) between infants with and without sPDA; they are listed in Table 
18.2. Most of these items were consistent with observations in previous 

TABLE 18.1. Criteria for the diagnosis of symptomatic or hemodynamically 
significant patent ductus arteriosus. 

Clinical evidence of left-to-right shunt (four or more present) 
Resting heart rate> 150 bpm 
Hyperdynamic precordium 
Bounding pulses 
Characteristic murmur 
Cardiomegaly by chest x-ray 
Shunt by echocardiogram (e.g., LA:AO, LV) 

Clinical evidence of congestive heart failure (two or more present) 
Gallop rhythm 
Pulmonary edema 
Hepatomegaly 
Apnea and bradycardia 
Hypercapnea (Pco, >50 mm Hg) 

LA, left atrium; AO, aortic root; LV, left ventricle. 
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THE OCCURRENCE OF SYMPTOMATIC PDA 

BY BIRTH WEIGHT 
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FIGURE 18.1. Incidence and distribution of symptomatic and asymptomatic patent 
ductus arteriosus in inborn infants of 1,500 g or less birth weight. Values in par­
entheses represent number of infants. From Furzan et al [11], used with permission. 

reports. Of note, however, is the "new" observation that the use of volume 
expansion in the first 24 hours after life was a significant factor, occurring 
more than twice as often in infants with sPDA, whereas fluid therapy in 
the first 2 weeks was not important as an individual factor, increasing 
from 85 ml/kg·day on day I of life to 130 mVkg·day on day 7 and to greater 
than 150 ml/kg·day by day 14. There was no difference in either neonatal 
mortality or the occurrence of necrotizing enterocolitis and intracranial 
hemorrhage. 

Rather than use only those factors obtained by univariant analysis to 
establish a working discriminant function useful for the prediction of sPDA, 

TABLE 18.2. Factors differing in infants with and without 
hemodynamically significant patent ductus arteriosus (sPDA), as 
determined by univariant analysis. 

With Without 
Variable sPDA sPDA p 

No. of infants 19 101 
Birth weight (g) 1,048±247 1,189±223 <.05 

(685-1,495) (590-1,500) 
Gestational age (weeks) 29.4±2.2 31.2±2.2 <.05 
Use of volume expanders 10 (53%) 22 (22%) <.05 
Hyaline membrane disease 9 (47%) 30 (30%) <.05 
Hypocalcemia 18 (95%) 77 (76%) >.05, <.1 
Use ofCPAP 12 (63%) 37 (37%) >.05, <.1 
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as is frequently done, we performed a stepwise multi variant discriminant 
analysis, utilizing all of the factors evaluated, thus permitting the evaluation 
of interacting variables. From this analysis, four factors when taken to­
gether provided the best predictor for the occurrence of sPDA: the ob­
stetric estimate of gestational age in weeks, race, the use of volume ex­
panders, and fluid intake of more than 100 ml/kg'day in the first 24 hours 
after birth. With this model, the outcome in 95 of 120 infants (79%) was 
correctly predicted (similar to results of Cotton et al [8])-sPDA was cor­
rectly predicted in 15 of 19 infants (79%) and the absence of sPDA in 80 
of 101 infants (79%). When Cotton's discrimination function was applied 
to our population of infants for reasons of comparison, 73% of all infants 
were correctly classified, 68% with sPDA and 73% without sPDA. How­
ever, in contrast to the experience of Cotton et al [8], when our model 
was applied to a similar population of infants delivered in our institution 
I year later, its ability to correctly predict sPDA was quite poor, reflecting 
the dramatic decrease in the use of volume expanders in our institution, 
from 27% of infants (32 of 120) to nearly zero, and the general use of 60 
to 70 mllkg'day of fluid therapy in the first day of life. This of course is 
reflective of our indications for the administration of volume expanders: 
delayed capillary filling (>3.0 s) and hypotension reflected by a systolic 
blood pressure of more than one standard deviation below the mean for 
age and weight as reported by Bucci et al [12]. Nevertheless, the mean 
age of onset and incidence of sPDA remained 2 weeks and 15%, respec­
tively. 

To the best of our knowledge, no other group of investigators has care­
fully examined the role of volume expansion in the occurrence of sPDA 
in low-birth-weight infants, even though available experimental data are 
supportive of a pathogenic role via stimulation of vasodilating prosta­
glandins [13]. It is of interest that even though our fluid therapy in the 
first day and week of life was similar to that reported by Lorenz et al [14], 
their reported incidence of sPDA was nearly twice that reported by us 
and the age of onset was less than 7 days. However, upon careful in­
spection of their data, it was observed that nearly all of their infants re­
ceived some form of therapy with volume expanders in the initial 24 hours 
of life, that is, their infants received a mean of 7 to 8 ml/kg of blood prod­
ucts and some received as much as 30 ml/kg [14]. When a subpopulation 
of these infants was studied with serial echocardiography, they observed 
a 65% incidence of hemodynamically significant PDA within the first week 
after birth that was not related to apparant fluid therapy during that time 
[15]. As noted above, however, they did not control for the use of volume 
expanders or take such use into account when they analyzed their data. 
Because of the low incidence of sPDA and virtual absence of the use of 
volume expansion in our institution, we are unable to study this problem 
further; however, a properly designed study seems indicated in an insti­
tution where this mode of fluid therapy is commonly employed. 
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We were able to obtain echocardiograms on S5 of 120 study infants 
between 7 and 11 days of age, when a sPDA was not apparant either 
clinically or radiographically, to determine usefulness of echocardiography 
in predicting the occurrence of sPDA [11]. Since four infants had a sPDA 
prior to 7 days of age, they were not included in this analysis. Significant 
differences were found in left atrial size, left atrium/aortic root ratio, and 
the indices of the left ventricle and left atrium to birth weight (Table IS.3). 
Therefore it appears that infants who subsequently develop a sPDA have 
echocardiographic data different from data in asymptomatic infants prior 
to the onset of sPDA. When infants with HMD who developed sPDA 
were compared with those who did not, they had significantly higher val­
ues, but they were not different from infants without HMD who developed 
sPDA. These data and those noted above are suggestive that sPDA and 
HMD might not necessarily occur together and that other factors might 
actually influence this relationship, for example, the use of volume ex­
pansion and/or excessive intravenous fluid therapy in the first day of life. 

These observations raise important questions regarding the need for 
prophylactic closure of the PDA in the first day of life in all low-birth­
weight infants [16] as well as the hypothesis suggested by Jacob et al [17] 
that infants weighing less than 1,200 g at birth have both sPDA and HMD, 
with sPDA playing the major role in the course of their pulmonary disease. 
In fact, Mahony et al [IS] recently have reported that SO% of low-birth­
weight sick infants will never demonstrate signs of a hemodynamically 
significant PDA, and although prophylactic therapy may decrease the in­
cidence of sPDA, it does not alter morbidity, for example, duration of 
ventilatory support or oxygen therapy. It should be pointed out, however, 
that this differs from the observations of Dudell and Gersony [19], who 
reported that more than 60% of sick infants of less than 1,500 g birth 
weight continued to have evidence of sPDA on day 3 of life, as evidenced 
by a contrast echocardiogram, and that heart failure and the need for PDA 

TABLE 18.3. Echocardiographic data in infants with and 
without subsequent development of hemodynamically 
significant patent ductus arteriosus (sPDA). * 

Variable 

No. of infants 
Age (days) 
Left atrium (em) 
Left atrium/aortic root ratio 
Left ventricle (mm)/birth weight (g) 
Left atrium (mm)/birth weight (g) 

*Values are mean ± SD. 
'p <.05 

With 
sPDA 

15 
8.2 ± 1.0 
0.83 ± 0.21' 
1.42 ± 0.30' 

13.67 ± 3.1 ' 
8.26 ± 2.44' 

Source: Furzan et al [II], used with permission. 

Without 
sPDA 

70 
8.7 ±1.2 
0.72 ± 0.14 
1.17 ± 0.26 

11.13 ± 2.0 
6.13 ± 1.3 
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closure occurred in 97% and 75%, respectively. Thus, it appears that the 
substantial variation in the occurrence of sPDA between institutions [20] 
is not fully understood and might actually be reflective of differences in 
clinical management in the first 24 hours of life, such as the use of volume 
expanders. Until this is made more clear, a recommendation for early 
prophylactic closure of the PDA in low-birth-weight infants cannot be 
made. 
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19 
An Update on Genetic 
Prenatal Diagnosis 

AMY A. LEMKE 

Each year approximately 3 to 5% of live born babies, 150,000 children in 
the United States alone, are born with congenital anomalies [I]. Some of 
these conditions have hereditary or genetic causes. Only during the past 
20 years has prenatal diagnosis of genetic conditions moved from a research 
orientation to a major clinical service. With all of the new developments 
in the field of medical genetics, it has become increasingly vital that phy­
sicians and health care specialists who work with families at risk for genetic 
disease be aware of the advances in prenatal diagnosis that may be im­
portant to their patient care. Therefore, this chapter reviews current 
methods of genetic prenatal diagnosis, as well as techniques of maternal 
screening. 

Prenatal Diagnostic Techniques 

Most often, prenatal genetic testing is used to look for conditions that 
would result in significant disability, handicap, or premature death. Al­
though prevention of genetic disease is one reason for testing, a decision 
to terminate a pregnancy involving a detected abnormality is not a pre­
requisite for prenatal diagnosis. For many couples at risk of having a child 
with a prenatally diagnosable condition, the option of monitoring preg­
nancies and the availability of elective abortion allow parents to undertake 
pregnancies that they would otherwise forego. According to Thompson 
and Thompson [2], only about 2% of pregnancies for which prenatal di­
agnosis is undertaken are terminated, due to a detected genetic abnor­
mality. More commonly the fetus is unaffected and the pregnancy con­
tinues. 

AMNIOCENTESIS 

Mid-trimester amniocentesis is the most widely used method of prenatal 
detection of genetic conditions. This procedure is usually performed 16 
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to 18 weeks after the last menstrual period. Ultrasound is used to confirm 
gestational age and estimates the placental and fetus location, as well as 
detects multiple pregnancies, missed abortions, or gross malformations. 
A needle is then inserted into the lower abdomen and 20 to 30 ml of am­
niotic fluid is aspirated. The cells shed from the amnion or fetus in the 
collected amniotic fluid are cultured and analyzed for chromosome ab­
normalities or other diagnosable conditions. At present, 2 to 4 weeks are 
often needed for results of chromosome studies, and roughly 3 to 6 weeks 
for results of biochemical and DNA studies. Besides the parental anxiety 
experienced during the wait for results, maternal complications can include 
cramping, spotting, or leaking of amniotic fluid. The main risk of the pro­
cedure is loss of the pregnancy. In the United States, the rate of spon­
taneous abortion following amniocentesis is approximately 0.5% [3]. Other 
complications, though rare, include infection, Rh immunization, and dim­
pling marks on the fetus from the needle. 

With respect to procedural complications, a repeat amniocentesis may 
have to be performed in a small number of cases because there is either 
not enough amniotic fluid or there is failure of cell growth. Most established 
laboratories have less than 1% culture failure rates. 

Indications 

Chromosome Abnormalities 

The majority of amniocenteses are performed for cytogenetic studies. A 
common indication is advanced maternal age. At age 35 there is a 0.25% 
risk of having a liveborn with trisomy 21 and a 0.49% risk of having a 
liveborn with any chromosomal abnormality. By age 45, the risk for tri­
somy 21 rises to 3.33% and is 5.26% for any chromosome abnormality 
[4]. In the United States the general age for women to be offered amni­
ocentesis has been 35 or older at delivery, although this age requirement 
varies. A paternal age effect may also be a consideration when offering 
prenatal diagnosis. 

Other couples offered amniocentesis are those who have had a previous 
live-born child or miscarriage with a chromosome abnormality. The most 
common chromosome abnormality in newborns is trisomy 21, or Down 
syndrome. It represents roughly one half of the abnormal chromosome 
results from amniocentesis. Once a couple has had a child with a numeric 
chromosomal abnormality such as Down syndrome, the risk of chromo­
somal abnormality in future pregnancies rises to approximately I %. In 
cases where a normal parent is a known carner of a balanced translocation 
or other chromosome rearrangement, the risk for having a child with a 
chromosomal abnormality or having a miscarriage may be much higher. 
It is important that chromosome studies be performed on all infants clin­
ically suspected of having a chromosomal abnormality. The results can 
help predict the risk of the parents having another affected pregnancy. 
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Fetal sexing through karyotyping is important for X-linked diseases when 
there is not a more specific means of diagnosis. An example of such a 
case is Duchennes muscular dystrophy in families non-informative for 
DNA studies. With X-linked inheritance, a carrier female has a 50% chance 
of having affected sons and a 50% chance of having carrier daughters. 
Knowing that the fetus is female provides reassurance to the parents, 
because virtually all affected individuals are males. If the fetus is male, 
there is a 50% chance that the fetus will have the condition. 

The fragile X syndrome, another probable X-linked condition, is esti­
mated to be the second most common genetic cause of mental retardation 
in males, after Down syndrome. This condition can potentially be diag­
nosed prenatally by culturing amniotic fluid cells in a medium deficient 
in folic acid. Affected males show a portion of cells with the X chromosome 
having a fragile site near the end of the long arm (Xq27). Since fragile X 
syndrome appears to follow X-linked inheritance, women who are at risk 
to have a child with the fragile X syndrome can be offered prenatal testing 
for chromosome analysis. In some of these cases, fetal blood analysis 
may provide a more accurate prediction of fragile X. 

Occasionally the cytogenetic findings from amniocentesis cannot be 
readily explained. In such cases, it may be helpful for the parents to have 
their chromosomes analyzed to rule out a normal familial variation. 

Neural Tube Defects 

Some of the most common congenital central nervous system abnormalities 
are neural tube defects, including spina bifid a and anencephaly. In the 
United States Caucasian population, approximately 1 to 2 in 1,000 liveborn 
infants have such anomalies. Neural tube defects appear to be inherited 
in a multifactorial manner, and the recurrence risk after having one affected 
child is 2 to 4%. Couples who have had a child with a neural tube defect, 
and their siblings, are potential candidates for prenatal testing. 

Prenatal diagnosis of open neural tube defects is possible by measure­
ment of amniotic fluid alpha-fetoprotein. This protein is found in fetal 
serum and is normally excreted in fetal urine in small amounts into the 
amniotic fluid. When there is an open neural tube defect, alpha-fetoprotein 
leaks through the membrane covering the defect into the amniotic fluid, 
and a high alpha-fetoprotein concentration can be found. Elevated levels 
of amniotic fluid alpha-fetoprotein are detected in approximately 95% of 
cases of open neural tube defects. Increased amniotic fluid alpha-feto­
protein levels can also be caused by factors other than neural tube defects, 
including the presence of gastroschisis, omphalocele, cystic hygroma, and 
nephrosis. Measurement of acetylcholinesterase may provide additional 
confirmation for the presence of a fetal defect and also may reduce the 
incidence offalse positive results based on increased amniotic fluid alpha­
fetoprotein alone. 

Limitations of testing for neural tube defects include the fact that closed 
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or very small defects may not produce elevated alpha-fetoprotein levels 
and so escape detection. Also there is the problem offalse-positive results 
and the unnecessary anxiety this causes the parents. 

Inborn Errors of Metabolism 

Human biochemical disorders, often called inborn errors of metabolism, 
are conditions in which a specific genetically determined enzyme defect 
produces a metabolic block that has pathologic consequences. Most inborn 
errors of metabolism follow autosomal recessive inheritance, and a few 
are X-linked recessive. These metabolic diseases usually result in currently 
untreatable, often progressively debilitating, conditions. In diseases where 
the responsible enzymes are expressed in amniotic fluid cells, prenatal 
diagnosis from measurement of the enzyme activity is possible. Testing 
is not usually of the actual defective gene, but of its gene product. There 
are many genetic metabolic disorders amenable to this type of prenatal 
testing including disorders of carbohydrate metabolism-galactosemia, 
lysosomal storage diseases-Tay Sachs disease, organic acidemias and 
urea cycle defects. 

DNA Abnormalities 

Techniques have recently become available to allow testing for the gene 
itself rather than the gene product. These methods have been developed 
to quantitate the number of genes in a cell, as in alpha-thalassemia. Mes­
senger RNA for the alpha-globin chain is first isolated and radiolabeled 
DNA is synthesized to be used as a probe. DNA from the cell to be tested 
is denatured to single strand. The probe will hybridize to the alpha-globin 
genes in the single-stranded DNA and the new double-stranded DNA seg­
ments can be measured for radioactivity level. The amount of radioactivity 
corresponds to the number of alpha genes present. No hybridization is 
seen in homozygous alpha-thalassemia (all four genes absent), because 
the sequences are absent. Heterozygotes (carriers, one to three genes ab­
sent) show that 25 to 75% of the usual amount of DNA hybridizes. 

Another technique to recognize DNA abnormalities is the use of re­
striction endonucleases. These enzymes are isolated from bacteria that 
use them to "digest" foreign DNA. These bacterial enzymes are used to 
recognize and cut DNA at specific nucleotide sequences. Sickle cell anemia 
and some beta-thalassemias have been demonstrated to be due to DNA 
mutations that are recognized by certain restriction endonucIeases. Pre­
natal diagnosis of beta-thalassemia should be possible using amniocyte 
DNA. 

For a few genetic conditions in which the exact gene abnormality is not 
known, the techniques utilizing linkage analysis can be used to indirectly 
deduce the gene causing the disorder. Benign genetic markers, called re-
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striction fragment length polymorphisms, are used, which are closely 
linked to the gene(s) that result in disease. Examples of conditions for 
which such genetic markers have been located for linkage analysis are 
cystic fibrosis, certain muscular dystrophies, hemophilia A and B, some 
of the hemoglobinopathies, and Huntington's disease. Much of the X 
chromosome, and therefore X-linked recessive diseases, probably will be 
linked to specific markers in the very near future. 

For each specific family seeking prenatal diagnosis, the size of the DNA 
fragment to which the disease gene is linked must be determined by DNA 
studies of family members, optimally prior to pregnancy. The gathering 
of this information can take a few weeks to months. Ideally, blood is 
obtained from known heterozygotes and at least one known homozygous 
normal or affected family member. Other family relatives may be included. 
Families must be "informative," for prenatal diagnostic studies to be per­
formed. In informative cases, the carrier of a deleterious gene also is het­
erozygous for a closely linked marker. This linked marker can therefore 
be followed in the family. It should be noted that there are still technical 
limitations to this approach, but the number of genetic conditions for which 
linked markers are available will most certainly increase. 

CHORIONIC VILLUS SAMPLING 

Chorionic villus sampling (CVS) is a first-trimester technique of obtaining 
fetal cells for genetic analyses. The sampling is usually performed at ap­
proximately 8 to 10 weeks from the last menstrual period and in some 
cases is performed later in the pregnancy. Chorionic villi can be either 
aspirated transcervically through a flexible catheter or transabdominally, 
both under ultrasound guidance. Results are usually available in 1 to 10 
days. 

The indications for chorionic villus sampling include chromosome stud­
ies, metabolic assays, and restriction enzyme analysis. Alpha-fetoprotein 
(AFP) cannot be measured in the cells obtained by this technique, and 
therefore a maternal serum AFP screening is currently recommended at 
16 weeks from the last menstrual period, to screen for neural tube defects. 

Advantages in offering CVS include privacy, speed of results, and less 
risk from an earlier abortion if chosen. Because the procedure is new, 
the fetal loss rate and maternal risks are being tabulated by the National 
Institutes of Health from a multicenter study. Preliminary data indicates 
that the risk of miscarriage related to CVS is approximately 1-2%. Ma­
ternal infection has been reported in the transcervical approach and in 
both CVS approaches, some discomfort such as bleeding and nausea can 
occur in a small percentage of patients. There is a small chance (1-2%) 
that an abnormality will be found in the CVS sample which is not present 
in the fetus. An amniocentesis may be necessary to obtain more accurate 
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information. There is also a small chance (less than 1 %) that CVS results 
will be normal, but the baby may be born with a chromosomal abnormality. 

ULTRASONOGRAPHY 

With increasing experience gained by sonographers and the new sophis­
tication of scanners and real-time units, an increasing number of congenital 
malformations can be detected by ultrasonography. This technique is not 
yet usable in early pregnancy for detection of most anomalies, but the 
resolution of ultrasound generally allows relatively good visualization of 
the fetus after 17 to 20 weeks. In addition to its use in prenatal diagnosis 
as a necessary tool in either amniocentesis or chorionic villus sampling, 
ultrasound is also indicated for suspicion of abnormal gestation size, the 
presence of oligohydramnios or polyhydramnios, abnormal alpha-feto­
protein levels, drug exposure during the pregnancy, or a family history 
of a specific genetic condition. Examples of conditions prenatally diag­
nosed by ultrasound include neural tube defects, limb defects, polycystic 
kidneys, diaphragmatic hernia, and duodenal atresia. Also, a more spe­
cialized form of ultrasound, fetal echocardiography, can detect certain 
congenital heart defects. 

Risks associated with ultrasound are difficult to assess because of the 
relative newness of the procedure. Stark et al [5] found no biologically 
significant difference in physical, neurologic, and developmental param­
eters in 425 children, ages 7 to 12 years, who were exposed to ultrasound 
in utero compared with controls. It appears that ultrasound exposure to 
the fetus carries little risk, however, should be used only in pregnancies 
at risk or where it may benefit pregnancy management. 

OTHER METHODS 

Fetoscopy 

Direct fetal visualization, usually performed at 17 to 20 weeks' gestation, 
utilizes a small-bore fiberoptic endoscope that is inserted in the uterus 
under local anesthesia. A separate channel may also be used for fetal skin 
or blood sampling. Indications for fetoscopy include pregnancies at risk 
for fetal structural abnormalities that are recognizable from viewing only 
a small area of the fetus. As part of known genetic syndromes, conditions 
involving major clefts, limb defects, extra digits, and malformed ears have 
been detected by fetoscopy. Fetal blood sampling has been done for preg­
nancies at risk for hemoglobinopathies and coagulation disorders. Indi­
cations for fetal skin biopsy include genetic conditions such as ectodermal 
dysplasia, Ehlers-Danlos syndrome, and epidermolysis bullosa. Few cen­
ters in the United States are experienced in performing fetoscopy, and 
there is an estimated 5 to 8% risk for fetal demise and early pregnancy 
loss from the procedure. 
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Percutaneous Umbilical Blood Sampling 

Fetoscopy for fetal blood sampling may be used less as the experience 
with percutaneous umbilical blood sampling (PUBS) becomes a more 
widely used procedure for fetal assessment and therapy. Currently per­
formed in the second and third trimester of pregnancy, this technique 
allows sampling of fetal blood from the umbilical cord by means of an 
ultrasound-guided needle. Indications can include chromosomal studies, 
isoimmune disorders, and nonimmune fetal hydrops. Advantages include 
rapid evaluation of chromosomes (48 to 72 hours) of equivocal amni­
ocentesis results, diagnosis offetal hematologic disorders for which DNA 
analysis can not be performed, and having access to a fetal blood sample 
to assess fetal infection or fetal antigen status. Also, the risk of PUBS 
appears to be much less than that of fetoscopy [6]. 

Radiography 

Direct radiography after mid-trimester has allowed the prenatal diagnosis 
of malformation syndromes with skeletal abnormalities, such as certain 
types of dwarfism. Also, contrast radiography utilizing a water-soiuble 
dye can show fetal swallowing and thus defects such as esophageal and 
duodenal atresia. Although sometimes helpful in prenatal diagnosis, ra­
diography probably will be used less frequently as ultrasound techniques 
continue to improve. 

Maternal Screening 

MATERNAL SERUM ALPHA-FETOPROTEIN 

Ninety to 95% of neural tube defects occur in families without a positive 
family history of similar problems. Even if amniocentesis were chosen in 
all families with a previously affected child, the disease incidence would 
be decreased by only 10%. Since AFP in the amniotic fluid enters the 
maternal circulation, the idea arose to measure serum AFP to predict which 
fetuses might have a neural tube defect. Since the maternal serum AFP 
(MSAFP) concentration increases rapidly from week 15 to week 24 of 
pregnancy, a correct estimation of the gestational age is important for 
diagnostic purposes. Optimal timing for measurement of MSAFP seems 
to be between 16 and 18 weeks from the last menstrual period. 

Elevated MSAFP levels can indicate a neural tube defect, but can be 
"elevated" due to miscalculated gestational age, multiple gestation, or 
fetal demise. After a normal ultrasound examination that confirms an ap­
propriately dated, single, viable fetus, the risk to the baby for a neural 
tube defect is approximately 10% if MSAFP levels are elevated. Also of 
importance is that low MSAFP levels have been associated with Down 
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syndrome [7]. Abnonnal AFP results may require further testing, including 
a repeat MSAFP, ultrasonography, and possibly amniocentesis. 

Because measurement of MSAFP levels is only a screening test and 
not specifically diagnostic, it is important that the couple be informed 
about the possible meanings of an abnormal MSAFP, including a good 
chance that an abnormal result does not necessarily indicate the baby is 
abnormal. 

CARRIERS AT RISK 

Part of routine early obstetric care should include obtaining a family history 
to determine if the pregnant woman is at risk of being a carrier of a genetic 
condition. Genetic screening is offered to families having a significant his­
tory of a genetic disease, as well as to those from various ethnic back­
grounds. Couples of Ashkenazi Jewish descent are at increased risk for 
carrying the Tay-Sachs gene (1 in 27); 8% of Black Americans are at risk 
for having sickle cell trait; and Greeks, Italians, and Southeast Asians are 
at increased risk for carrying the thalassemia gene. If carrier testing sug­
gests that both parents are carriers of the same autosomal recessive dis­
ease, the chance for an affected pregnancy is 25%. Prenatal testing can 
be offered in many cases to determine if the fetus has the hereditary con­
dition. 

FETAL CELLS IN MATERNAL CIRCULATION 

A recent development with potential implications for prenatal diagnosis 
is the discovery that fetal cells can be recovered in maternal serum during 
very early pregnancy [8]. Researchers have recovered nucleated fetal cells 
from maternal serum that could potentially be used to analyze fetal chro­
mosomes [9] and possibly to detect inborn errors of metabolism, or to 
look for DNA markers. However, many technical obstacles must still be 
overcome before this type of maternal screening is feasible for prenatal 
diagnosis. 

Future Therapy Considerations 

One of the ultimate goals of prenatal testing is to treat the affected fetus 
to prevent sequelae of disease. Although treatment for the fetus is not 
often available after prenatal diagnosis of a genetic disease, a few con­
ditions have been treated prenatally with success. These conditions include 
biotin-responsive multiple carboxylase deficiency and vitamin BI2-re­
sponsive methylmalonic acidemia. In pregnancies known to involve an 
affected fetus, mothers can be given large oral doses of biotin and vitamin 
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B12 , respectively. By and large, if actual gene therapy or specific enzyme 
replacement were possible, this would truly broaden the area of fetal ther­
apy. 

Some structural defects have been treated prenatally. Generally, treat­
ment has been considered for those abnormalities that interfere with fetal 
organ development and those in which in utero correction would allow 
the fetus to grow normally. After detection by ultrasonography, two con­
ditions for which in utero surgery has been performed are hydrocephalus 
and urethral obstruction. Treatment is not always beneficial, however, 
and surgery at term is still the preferred option if irreversible damage has 
not occurred. 

It should be mentioned that attempts at "gene therapy," such as in the 
case of Lesch-Nyhan syndrome, seem to have raised some hope for treat­
ment of genetic diseases, it appears that in the near future. However, such 
therapy is far from routine application. 

Conclusion 

Growth in the field of medical genetics and prenatal diagnosis has de­
veloped tremendously, in part because of the increased number of tech­
niques available to diagnose various conditions. Certainly the use of re­
striction fragment-length polymorphisms and gene mapping will become 
applicable to more families who have a known genetic disease, and this 
will most likely fuel the demand for prenatal diagnosis. The continued 
responsibility of health care professionals will include being aware of not 
only the new genetic technologies, but also the psychological impact these 
developments can have on the families at risk. Finally, it cannot be ignored 
that a variety of ethical concerns have been raised with regard to genetic 
testing; these ethical concerns should be openly discussed with the family 
involved. 
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20 
The Effects of Nursing Care on 
Medical Malpractice* 

MARY F. HAIRE 

In any discussion of clinical practice today, the medicolegal climate is a 
frequent topic of concern. The issue of legality of practice is, in addition, 
often raised in the professional literature. However, over the years the 
basic relationships between nursing practice and the law have remained 
unchanged. Nurses are still responsible for their own practice, and doc­
umentation of that practice is still their best defense. 

The role of the nurse in health care delivery is changing, however. 
Nursing salaries have increased. The number of nurses in private practice 
has increased. The number of nurses carrying individual malpractice in­
surance has increased, and we have insisted very vocally on recognition 
of the independent nature of our professional role. It is possible, therefore, 
that the increasing number of nurses named individually in lawsuits is a 
recognition of the independent identity of the nursing role. 

While nursing is independent, it is not, except in rare instances, in com­
petition with medicine. Medicine and nursing continue to be interdependent 
in health care delivery [I]. Instances of competition do exist where nurse 
midwives and obstetricians practice in the same setting, and where some 
nurse practitioners and family practice physicians offer similar services. 

An awareness of the legal system and its expectations for professionals 
can assist nurses by allowing them to use the legal system as a protection 
rather than a punishment [2]. Failure to maintain such an awareness of 
the interrelationship between professional practice and the law can easily 
result in negligence or malpractice charges. 

Professional Accountability 

Professional accountability involves more than simply accepting respon­
sibility for one's actions [3]. Accountability includes identification of those 
to whom the professional is accountable and recognition of the activities 
required to fulfill the professional role [4]. 

*Portions of this presentation were published as "Accountability in Nursing Prac­
tice" in Vanderbilt Medical Center Nursing Notes, April/May 1984. 
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Certainly the professional is accountable to the patient in several areas. 
Maintenance of the education and specialized skills that are part of the 
professional's role is necessary to protect the patient from harm from 
outmoded practices [2,5,6]. I believe the time will come when failure to 
participate in continuing professional education may be grounds for neg­
ligence if harm occurs to a patient through lack of current knowledge. 

Accountability means recognition of the patient's right to know [7]. If 
questions are asked regarding the care that is being administered, they 
should be answered by the person who has the best understanding of the 
information. If the nurse has such understanding and is asked, she or he 
should have the freedom to answer the questions. If not, the nurse should 
accept responsibility for ensuring that the patient has access to the phy­
sician for such information. Needless to say, each professional has a re­
sponsibility not to interfere with other professionals' patient relationships. 
Both physician and nurse must be willing to accept the importance of a 
therapeutic relationship between the patient and the other practitioner. 

Accountability to one's self is also part of the professional's respon­
sibility. Each of us entered our profession with goals and aspirations we 
set for ourselves on the basis of our knowledge of the profession. Main­
taining the image of a caring and competent professional requires contin­
uing education and continued professional growth [8]. Perhaps one com­
ponent of professional burnout involves unintentional neglect of one's 
accountability to personal growth. 

We also are accountable to the profession of nursing. We should be 
actively involved in the setting of standards of care for our own practice. 
National standards are a means of drawing the profession together through 
the recognition of shared expertise. These standards provide a resource 
by which we can judge our level of practice against that of other nurses 
of comparable education and experience. In addition, hospital standards 
(which should reflect national standards) are the responsibility of all nurses 
on staff. Such responsibility can never be abdicated to administration, 
which mayor may not understand the complexities of nursing care [2]. 

We should be equally involved in policing our own profession. It is the 
responsibility of professionals to protect both the public and other members 
of the nursing profession from those practitioners who consistently deliver 
care at a level below that which we would find acceptable if administered 
to our own family [2]. Involvement in such activities may reduce the like­
lihood of other professions interfacing with the practice of nursing. 

As professionals, we also are accountable to our employers. A contract 
exists between the employer and employee whenever a salary has been 
accepted. In nursing the contract implies adequate knowledge to fulfill 
the role on the part of the nurse who accepts the position, and commitment 
to providing on-the-job training where needed in specialty areas on the 
part of the employer who hires the professional. It further implies a com­
mitment to continuing education on the part of both the employer and the 
employee [4]. 
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Accepting a salaried position also implies acceptance of the policies of 
the institution. Institutional policies should be consistent with the Nurse 
Practice Act of the individual state. These policies should reflect national 
standards of care, and it is the responsibility of both physicians and nurses 
to notify the hospital about outdated policies on the books [9]. 

Documentation of Care 

Documentation of care continues to be the best means of protecting one's 
self against charges of negligence or malpractice [9]. There is no doubt 
that documentation takes time, time that often is needed in providing care. 
However, documentation need not occur at the exact time the care is 
given [10]. It may be a summary written after the event when the patient's 
condition no longer requires immediate attention. Documentation can oc­
cur at the bedside as easily as at the nurses' station. 

Documentation of practice provides information about actions that were 
taken. It should indicate why a particular action was undertaken, the re­
cipient of the action, the administrator, the treatment method and time, 
and a description of the patient's responses to treatment. Documentation 
protects the nurse's colleagues from errors of omission and of commission, 
and protects the patient from overtreatment or undertreatment [10]. Doc­
umentation provides a record on which future treatment may be ordered 
or discontinued. In addition it provides a legal document of the care ren­
dered to a particular patient [11]. 

The patient records should reflect pertinent information. Negative find­
ings are often as important as positive findings [10]. For instance, lack of 
progress in dilatation of the cervix should precede a note indicating that 
a cesarean section was performed for cephalopelvic disproportion. Such 
documentation is as important as the positive findings of fetal distress 
prior to emergency cesarean section. 

Documentation of vital signs is often overlooked as being so routine 
that it is unimportant; however, evidence of fever, of tachycardia, or of 
uterine tenderness should be noted to explain the administration of an­
tibiotics for endometritis. Evidence of elevations in blood pressure and/ 
or hyperreflexia should document the need for magnesium sulfate for 
treatment of preeclampsia. 

Periodic reevaluations of patient condition indicate the alertness of the 
attending staff as well as documenting efforts made to protect the patient 
from unexpected harm [12]. For instance, a normal fetal heart rate tracing 
obtained throughout labor may serve as an excellent defense for allowing 
a vaginal delivery for a baby who later develops cerebral palsy. Nurses 
should remember that their own evaluations are of importance to the wel­
fare of the patient. The courts consider that nursing care is not simply a 
response to medical orders, but includes evaluation of patient response 
to treatment and independent evaluations of patient condition [2,9]. 
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Documentation need not be voluminous. It should, however, be con­
sistent, conform to recommended guidelines, and be comprehensive 
enough to indicate why changes in management were undertaken or not 
undertaken. Periodic assessments of patient condition on the part of the 
nursing staff can provide the necessary documentation to support the 
medical decision. Failure to assess the patient on a periodic basis can be 
used to support charges of nursing negligence [10]. 

Areas of Malpractice Concern 

Some general concerns apply equally well to all nurses. For instance, 
nurses have been successfully sued for: 

I. Failure to observe and act on a patient's worsening condition, since 
nurses must use professional judgment and cannot rely solely on the 
physician for evaluation of patient condition. 

2. Failure to report changes in patient condition for better or worse if 
those changes indicated a possible need for altered medical manage­
ment. 

3. Failure to recognize and act on improper or inappropriate medical ac­
tions [13,14]. 

USE OF OXYTOCIN 

Areas of specific concern to obstetric nurses often center around oxytocin, 
since a significant number of perinatal claims are related to oxytocin use. 
The object of oxytocin use is to stimulate contractions comparable to 
spontaneous labor contractions. The nurse must therefore be competent 
in assessing labor and its effects on the fetus. Improper use of oxytocin 
is an area in which nurses and physicians bear joint responsibility. The 
nurse must understand the use of the medication, how to evaluate its ef­
fectiveness and safety for a particular patient, and when to stop or decrease 
the amount of medication being given [10,15]. The physician bears the 
additional responsibility for ordering the use of oxytocin on the basis of 
patient need and safety. 

Standards are available in both medical and nursing literature to doc­
ument the correct administration of oxytocin and the correct use of equip­
ment to increase its safety [10,15]. Such equipment includes calibrated 
infusion pumps and fetal monitors to evaluate not only contraction activity 
but fetal heart rate response as well. 

FET AL MONITORING 

Another common area of investigation in perinatal law suits relates to the 
use of fetal monitors. The NAACOG Standards say, "Following specific 
orientation and education and in accordance with hospital policies and 
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protocols the nurse may monitor and interpret uterine contractions and 
fetal heart rate" [15]. Unless the physician is at the bedside continuously, 
it is the responsibility of the nurse to observe and interpret fetal monitor 
changes. The nurse must continually observe, assess, and document such 
changes. 

My belief is that late or variable decelerations are descriptive terms 
only. Whether they require a change in medical management is up to the 
doctor, but the nurse must know how to recognize and respond to the 
data. Nursing management when these abnormalities are seen may include 
position change, oxygen administration, and/or altered IV rates. 

INFORMED CONSENT 

The concept of informed consent is often a point of discussion when med­
icolegal implications are being addressed. "The purpose of an informed 
consent is to protect the provider from battery charges" [16]. The purpose 
is not to protect the provider from malpractice charges. Generally speak­
ing, the person doing the procedure should do the explanation for consent 
[6,7]. The nurse, however, can get a signature from the patient on the 
consent form after confirming that the patient does understand. In that 
instance the nurse serves only to witness that the patient was informed 
and understood what would be done. 

If the patient does not understand, the nurse should not have the patient 
sign the consent form [16]. He or she should notify the physician that this 
patient apparently needs further information. Failure to notify the phy­
sician of the patient's lack of understanding, or of the patient's withdrawal 
of consent, may result in filing of battery charges [16]. If the nurse fails 
to determine the patient's level of understanding prior to having the consent 
form signed, she or he may be listed as a coconspirator in a legal case if 
something goes wrong during the procedure. 

If the nurse does undertake an explanation of the procedure for purposes 
of obtaining informed consent, he or she is held at the same level of com­
petence in explaining the procedure as the physician would be. For that 
reason, in many hospitals, the nurse is prohibited from providing infor­
mation for informed consent. 

ABANDONMENT 

The concept of abandonment has only recently been applied to nursing 
practice [13]. Abandonment may fall into one of three categories: 

I. Leaving the patient inappropriately attended. For instance, family is 
not a substitute for the professional nurse in the second stage of labor. 
In many instances it is also inappropriate to leave an obstetric patient 
recovering from a general anesthetic with only an aid or technician to 
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care for her. Should complications arise during this recovery phase, 
professional care is indicated [13]. 

2. Failure to take the necessary precautions to protect the patient. For 
example, the failure to secure prompt and appropriate care for patients 
in emergency situations, or to adequately assess a patient to determine 
the level of care needed, could be considered abandonment. Another 
example would be failure to follow through when a physician does not 
respond to a call for help [13,14]. 

3. The American Nurses' Association Code for Nurses says the nurse is 
responsible for recognizing and pointing out questionable conduct on 
the part of other nurses and/or a physician [14]. Needless to say, such 
questionable conduct should be discussed tactfully and in private, not 
in front of the patient. Certainly, in such confrontations, the decision 
should be based on adequate, accessible, and objective information. 

Conclusion 

All of us have made errors in patient care, some of them serious. However, 
there is little excuse for inconsistency of care, or inadequacies based on 
outdated procedures. Good care requires very little effort. It does require 
a degree of compulsiveness on the part of the health care provider, an 
unwillingness to take shortcuts, and an unwillingness to compromise 
quality. Many of the high-risk factors in perinatal nursing could be avoided 
if we took the time to practice compulsively the things that we have been 
taught to protect patients. 
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21 
Advances in Diagnosis of Cardiac 
Disease in the Fetus and 
the Newborn 

RABl F. SULAYMAN 

Congenital heart disease continues to be a relatively common problem in 
the fetus and the newborn. In fact, recent reviews suggest that the inci­
dence of congenital heart disease is probably on the rise in some groups 
of patients [1]. While the presence of heart disease may not produce any 
hemodynamic alterations in the fetus, it is associated with a significant 
increase in morbidity and mortality in the newborn [2]. Hence, any preg­
nancy in which the fetus is suspected of having cardiac disease must be 
considered a high-risk pregnancy and handled as such. This adds to the 
challenge facing perinatologists, neonatologists, and cardiologists today 
and creates the need for an early and definitive diagnosis. 

Heart disease in the fetus and the newborn may be anatomic (congenital 
heart disease), structural (the cardiomyopathies), a disorder of cardiac 
rhythm, or a combination of all three problems. It may present with heart 
murmurs, cyanosis, arrhythmias, or even congestive heart failure. 
Congestive heart failure and arrhythmias may be detected in the fetus 
before birth. Prenatal diagnosis depends on the presence of a high degree 
of suspicion that heart disease exists and on the performance of technically 
adequate diagnostic procedures. In the past, such procedures were either 
unavailable or, if available, were crude, inaccurate, or unreliable. Recent 
advances, particularly in the fields of genetics, radiology, and ultrasound, 
have resulted in the development of newer, reliable diagnostic methods 
that allow for accurate diagnosis of cardiac disease in the fetus and the 
newborn. Early diagnosis and hence early intervention have significantly 
decreased the mortality and morbidity of the critically ill newborn. 

To fully understand the capabilities of these procedures, when to use 
them, and the impact they may have on diagnosis of the heart with ab­
normal anatomy, structure, or functions, it is necessary to briefly review 
the anatomy, structure, and function of the normal fetal heart. 
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The Fetal Circulation and Cardiovascular Dynamics 

The anatomy, structure, and function of the fetal heart differ significantly 
from those of the neonate. Adult norms are not established until months 
or even years after birth. 

In the fetus, the right and left atria communicate through a gap between 
the septum primum, which forms from one of the endocardial cushions, 
and the septum secundum, which forms from the root of the atria. This 
gap is known as the patent foramen ovale. The pulmonary artery and the 
aorta also communicate, through the patent ductus arteriosus. The fetal 
right and left ventricles are hemispheric in cross section [3] and appear 
structurally to be similar in the infant, in whom the right ventricle is no 
longer hemispheric in shape. The right ventricle has larger volume than 
the left ventricle [4]. Both ventricles have relatively thick walls and are 
poorly compliant. 

Highly oxygenated blood coming from the placenta returns to the right 
atrium via the inferior vena cava. This inferior vena cava blood streams 
preferentially across the patent foramen ovale into the left ventricle [5]. 
The left ventricle ejects into the ascending aorta, supplying the cerebral 
structures with this highly oxygenated blood. 

Less oxygenated venous blood returns to the right atrium via the su­
perior vena cava and, together with some of the inferior vena caval return, 
enters the right ventricle. The right ventricle ejects blood into the pul­
monary trunk where it mostly proceeds to a widely patent ductus arteriosus 
and descending aorta to supply the chest, abdominal organs, and the ex­
tremities before returning to the placenta via the umbilical arteries. 

Because of the extremely high pulmonary vascular resistance during 
fetal life, very little blood (less than 7% of the right ventricular cardiac 
output) flows into the lungs [6]. Consequently, the pulmonary venous re­
turn is also negligible. Figure 21. I illustrates blood flow in the fetal cir­
culation. 

Because both ventricles eject into the systemic circulation with each 
stroke, their pressures are high and almost equal [5]. The ventricular out­
puts, however, are not similar, that of the right ventricle being greater 
than that of the left. In the fetal lamb, the right ventricular/left ventricular 
stroke volume ratio appears to be 60:40 [5]; in the human fetus, it is closer 
to 55 :45 [7]. 

The fetal POl is 30 to 35 torr in the umbilical vein, 20 to 22 torr in the 
umbilical artery. The fetal heart rate is normally between 120 and 160 
beats per minute, and the fetal systolic blood pressure is about 40 mm 
Hg. 

After birth a series of changes take place. The lungs expand, which 
dramatically decreases pulmonary vascular resistance, increases pulmo­
nary blood flow, and correspondingly increases pulmonary venous return. 
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AA 

D. Ao 

FIGURE 21.1. Schematic diagram of the fetal circulatiQJ1. Arrows point toward the 
direction of blood flow. UV, umbilical vein; DV, ductus venosus; IVe, inferior 
vena cava; RA, Right atrium; sve, superior vena cava; RV, right ventricle; MPA, 
main pulmonary artery; RPA, right pulmonary artery; LPA, left pulmonary artery; 
PDA, patent ductus arteriosus; AA, aortic arch; D.Ao, descending aorta; LA, left 
atrium; LV, left ventricle, PFO, patent foramen ovale; UA, umbilical artery. 
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The sudden increase in the return into the left atrium results in increased 
left atrial pressure, and this forces the patent foramen ovale to become 
functionally closed. 

Removal of the placenta eliminates that segment of the systemic cir­
culation with an unusually low vascular resistance. Systemic vascular re­
sistance is increased, and systemic venous return decreases. The left ven­
tricle starts to undergo physiologic hypertrophy, and the right ventricle 
assumes a crescentic shape. The arterial P02 increases to 80 to 90 torr 
and the patent ductus arteriosus undergoes functional closure within hours 
to days after birth. The heart rate increases initially and then gradually 
decreases. 

The cardiac output increases from 150 ml/kg/min in the left ventricle 
and 300 ml/kg/min in the right ventricle, to about 400 ml/kg/min in both. 
Table 21.1 shows the normal values for various variables in the newborn. 

Clinical Correlations 

From the above, it becomes very apparent that cardiac disease presents 
and manifests itself very differently in the fetus or newborn as contrasted 
to infants or children. Problems resulting in significant cardiac pressure 
or volume overload, to the extent that congestive heart failure may occur 
even before birth, are likely to present clinically as fetal ascites or peri­
cardial effusion. Cardiac dilatation, if it occurs, is more likely to affect 
the right ventricle, whose output mostly proceeds to the low-resistance 
placental vascular bed. Anatomic anomalies, which traditionally present 
as cyanotic heart disease after birth due to obligatory right-to-left shunting 
and/or decreased pulmonary blood flow, cause no deleterious hemody­
namic effects to the fetus. Should such a condition exist, however, it be­
comes critical to maintain the patency of the ductus arteriosus after birth 
to maintain an adequate pulmonary and/or systemic blood flows. The nor­
mal closure of the ductus in these conditions obviously is not desirable. 
It is also evident that premature closure of the ductus or foramen ovale 
before birth results in fetal death. Both conditions have been reported. 

The high pulmonary vascular resistance and right ventricular pressures 
in the fetus and in the newborn up to age 8 weeks prevent significant left­
to-right shunting across even large atrial or ventricular septal defects. The 
implications here are, of course, that if a fetus or newborn less than 8 
weeks of age presents with evidence of volume overload and congestive 
heart failure, the likely cause is other than septal defect, unless accom­
panied by a premature drop in pulmonary vascular resistance. This may 
not be the case in the prematurely born infant, in whom pulmonary vas­
cular resistance may be low. In the premature baby with respiratory dis­
tress syndrome, the pulmonary vascular resistance is, however, high, and 
continues to be so ifthe newborn is placed on a ventilator with high peak 
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expiratory (PEEP) values. While a patent ductus does not create a sig­
nificant volume overload in such infants, it will do so if it remains patent 
as soon as the lung disease improves and the PEEP values are decreased 
in preparation for weaning from the ventilator. Both events allow the pul­
monary vascular resistance to decrease to the extent that a significant left­
to-right shunt occurs across the patent ductus as soon as positive pressure 
ventilation is discontinued. In many instances, positive pressure ventilation 
cannot be discontinued, because as soon as one attempts to do so, the 
ductus starts shunting from left-to-right, resulting in significant volume 
overload to the left heart, manifested by lung edema, respiratory distress, 
and CO2 retention. Conversely, a significant patent ductus arteriosus must 
be suspected every time there is failure to wean a newborn from the ven­
tilator. 

Diagnostic Methods 

In the past, prenatal diagnosis of congenital problems was difficult, if not 
impossible. Recent procedural and technical advances, particularly in the 
areas of genetics and imaging [8-10], have enabled investigators to diagnose 
accurately many congenital diseases, cardiac disease included, prior to 
birth. Recent advances in radiology [11,12] have resulted in accurate and 
less invasive methods for the diagnosis and follow-up of congenital heart 
disease in the newborn. Such capabilities have changed the way infants 
with heart disease are managed nowadays and have had a profound impact 
on prognosis. 

Regardless of the methods utilized in prenatal and postnatal diagnosis, 
all approaches must start with a reasonable index of suspicion. Diagnostic 
assessments for cardiac disease have been recommended in four groups 
of patients. 

1. Family history of congenital heart disease. The incidence of congenital 
heart disease is about 1 %. This increases to 4% with a positive family 
history and to 14% if the mother has congenital heart disease [13]. 

2. Maternal conditions such as age, diabetes, hyperinsulinism, isoim­
munization, and connective tissue disease are associated with an in­
creased risk for the fetal development of cardiac disease such as chro­
mosomal anomalies associated with heart disease, congenital defects, 
myocardial and septal hypertrophy, intrauterine congestive heart failure, 
and heart blocks [14-17]. 

3. Pregnant women who have been exposed to teratogens during critical 
periods offetal development. The teratogenic effects of viral infections 
such as rubella and drugs such as phenytoin, alcohol, cithium, hy­
dralazines, beta-blockers, and prostaglandin inhibitors are well docu­
mented. 
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4. Pregnancies associated with macrosomia, intrauterine growth retar­
dation, polyhydramnios, oligohydramnios, abnormal studies after am­
niocentesis, and abnormal fetal heart rate, whether tachycardia or bra­
dycardia, are associated with a risk of a cardiac defect in 30 to 50% of 
newborns [18]. 

After birth, cardiac disease must be suspected in any newborn with 
respiratory distress and/or persistent cyanosis in the absence of significant 
lung disease; with evidence of congestive heart failure, abnormal cardiac 
shadow on the chest x-ray, abnormal cardiac rhythm, or heart murmur 
no matter how insignificant it may sound; or with respiratory distress syn­
drome who cannot be weaned from positive pressure ventilation. Cardiac 
disease must also be suspected and ruled out in all infants with dysmorphic 
features suggestive of a chromosomal problem, especially the trisomies. 

Prenatal Diagnosis 

The prenatal diagnosis of fetal malformations centers around two major 
methods. The first is chemical, hormonal, pathologic, genetic analysis of 
amniotic fluid or chorionic villi obtained by amniocentesis or chorionic 
villus sampling as early as 16 weeks of gestation [8,9]. This is not without 
risk, and with regard to congenital heart disease the yield has been minimal 
unless the genetic analysis reveals a chromosomal abnormality, in which 
case the incidence of cardiac disease is greatly increased. Conventional 
monitoring of the fetal heart beat in an attempt to define clinically sig­
nificant abnormalities was proven to be unsatisfactory in earlier studies 
[19] . 

The use of ultrasound to study the fetus is the second major method 
utilized in prenatal diagnosis. While ultrasonography and two-dimensional 
fetal echocardiography were introduced a long time ago, the results have 
not been satisfactory, due mainly to technical problems. Recent advances 
in technology and the introduction of extremely high-resolution ultrasound 
and Doppler techniques, coupled with improved skills, have made it pos­
sible now to examine the human fetus noninvasively and assess the cardiac 
anatomy, rhythm, and function fairly and accurately [20,2 I]. 

EQUIPMENT AND TECHNIQUE 

Equipment and methods used to perform fetal echocardiography and 
Doppler studies have been described [22]. Most commercially available 
two-dimensional echocardiographic and Doppler systems may be used. 
Although 3.5 and 5 MHz transducers have been used, it appears that a 
5-MHz transducer is most suitable in the majority. Food and Drug Admin­
istration-imposed limitations on the used accoustic frequencies, and other 
guidelines, must be observed. 
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The two-dimensional imaging scan is performed to obtain four basic 
views: 

Four chamber view 
Short axis view 
Long axis view and 
View to visualize the great vessels 

This is followed by a pulsed Doppler study to obtain Doppler flow velocity 
tracings. The study may be performed simultaneously with an abdominal 
fetal electrocardiogram. 

The four-chamber view of the two-dimensional image scan is obtained 
in a transverse plane perpendicular to the fetal spine. The ventricle closest 
to the spine is the left ventricle; the right ventricle is closest to the fetal 
chest wall. The heart occupies one third of the chest. In this view, the 
patent foramen ovale pulmonary veins and the mitral and tricuspid valves 
will be visualized. Fractional shortening measurements can be obtained 
with an M-mode tracing performed in a plane perpendicular to the ven­
tricular septum. Rhythm strips are obtained simultaneously. 

The four-chamber view is used for screening, because it identifies most 
of the cardiac malformations. 

The short-axis view is obtained by directing the transducer cephalad. 
The pulmonary artery is visualized with the right pulmonary artery sep­
arating from the pulmonary trunk and the ductus as an extension of the 
pulmonary trunk into the descending aorta, which lies near the fetal spine. 

The long-axis view is obtained in a plane parallel to the fetal spine. The 
aorta is seen exiting the left ventricle. Anterior to the aorta is the main 
pulmonary artery, and posterior to the aorta is the superior vena cava. 
The aortic arch is identified by the carotid vessels. It is narrower, higher 
in the fetal body, and more posterior than the arch formed by the main 
pulmonary artery and the ductus as it enters the descending aorta. 

Maximal Doppler flow velocities are obtained across and proximal to 
the valves. Flow velocities are obtained parallel to the direction of blood 
flow and compared with those obtained from normal fetuses (Table 21.2). 

The calculated volume flow of the right ventricle is about 307 ± 30 mil 
kg/min and of the left ventricle is 232 ± 25 ml/kg/min. Such studies and 
measurements of fractional shortening of the ventricles, when performed 
during an episode of fetal tachyarrhythmia, identify significant decrease 
of the fetal cardiac output during such episodes. 

TABLE 21.2. Mean Doppler flow velocities in normal fetuses. 

Tricuspid valve 
Mitral valve 
Pulmonary artery 
Aorta 

Maximum velocity (cm/sec) 

51.0 ± 1.2 
47.0 ± 1.1 
5S.5 ± 3.6 
71.9 ± 4.0 

Mean velocity (cm/sec) 

II.S ± 0.4 
I J.2 ± 0.3 
IS.O ± 2.0 
IS.S ± 2.1 

Area (cm') 

0.26-0.74 
0.25-0.62 
0.47 
0.35 
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Postnatal Diagnosis 

Until recently, only invasive diagnostic techniques such as cardiac cath­
eterization and angiography were accurate enough to yield a definitive 
anatomic diagnosis of congenital cardiac malformations. Improved tech­
nology in echocardiography has made possible performance of detailed 
and accurate studies, thus delaying or eliminating the need to perform 
high-risk procedures on critically ill neonates. Color flow mapping with 
Doppler is the latest of those advances [23]. Magnetic resonance imaging 
and ultrafast computed tomography (CT) are two other methods currently 
used to study infants and children with cardiac disease, again making it 
possible to avoid or delay the use of higher risk diagnostic procedures. 

Magnetic resonance imaging is a high-resolution tomographic imaging 
technique that does not utilize ionizing radiation or contrast media. It is 
based on the principle that hydrogen protons, widely distributed in body 
tissues, can be made to align with the application of a magnetic field. 
Low-energy radio waves, when applied, cause the aligned protons to res­
onate and generate low-frequency signals, which can be encoded to obtain 
images. 

Cardiac imaging using magnetic resonance is based on the principle that 
blood flow is too rapid to produce radiofrequencies of significant ampli­
tude, and hence it appears as dark areas on the obtained image, allowing 
the visualization of the cardiac chambers and structures. Image decay 
because of motion can be prevented by gating signal acquisition to the R 
wave of the electrocardiogram. Most pediatric investigative procedures 
were performed using the spin-echo multi slice technique, 0.6 Tulsa su­
perconducting magnet, and a resonance frequency of 25.4 MHz. Scanning 
is done in multiple planes including transverse, sagittal, and oblique. The 
ability to acquire multiplane images is a distinct advantage over CT scans, 
in which images can be obtained in the transverse plane only. Initial in­
vestigations revealed that it adequately visualized atrial septal defects, 
tetralogy of Fallot, and tricuspid atresia. It proved to be superior to two­
dimensional echocardiology for the visualization of coarctation of the aor­
ta, the aortic arch, and the arch vessels when images were obtained in 
the sagittal plane and 60° left anterior oblique position. It cannot be used 
in patients with arrhythmias, however, since it cannot be gated, nor in 
patients with pacemakers or metallic surgical clips. 

In Doppler color imaging, the Doppler processor color encodes velocities 
determined by an autocorrelation solution of the Doppler-shifted fre­
quencies so that blood flow directed toward the transducer is shown as 
red-orange and flow directed away from the transducer as blue. With tur­
bulent blood flow, the system adds mixtures of green. The system then 
superimposes these velocity images on the gray-scale two-dimensional 
ultrasound images. The images can be stored on video. Hardcopies can 
be made as polaroid color prints. In the preterm infant with patent ductus 
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arteriosus, Doppler color flow mapping has already been shown to be 
superior to conventional Doppler, especially when the ductus is con­
stricted, allows right-to-left shunting, or is associated with additional in­
tracardiac defects. Its use in other types of cardiac disease is under in­
vestigation. 

Recent technologic advances in computed tomography resulted in the 
development of ultrafast CT imaging systems. Prolonged scan acquisition 
times required for imaging have limited the use of conventional CT in 
cardiac disease. Ultrafast CT scanners, however, are able to image at 
ultrafast scanning speeds (50 ms/slice). Coupled with peripheral rather 
than central contrast material injections, its superior spatial resolution 
and three-dimensional image capability make ultrafast CT imaging a val­
uable addition to the available diagnostic methods. 

Experience in the utilization of ultrafast CT scanning in congenital heart 
disease is very limited. Initial reports indicate that it can be used fairly 
safely and accurately [11]. There is also evidence that it may even be 
superior to conventional cardiac catheterization and angiography in pro­
viding anatomic detail in some groups of patients, such as those with pul­
monary venous obstruction and postmustard surgical procedures for 
transposition of the great arteries (T. Husayni, personal communication). 
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Mortality 
infant, Z score and, 195, 197 
neonatal and postnatal, in GBS, 

173, 174 
perinatal 

in insulin-dependent diabetes 
mellitus, 100 

prolonged pregnancy and, 75 
of premature infants, effect of exog­

enous surfactant on, 187 
Mother, and fetus, antepartum evalu­

ation of, in diabetes, 124-132 

Narcotics, outcome of use of, 59-60 
Neonatal abstinence, 57-59 
Neonatal factors, IVH/SEH and, 229 
Neonatal infection 

clinical signs of, 147-148 
diagnosis of, 146--155 
risk factors for, 146--147 

Neonatal morbidity 
diabetes and, 106--107 
maternal glucose control and, 121 

Neonatal outcome 
maternal glucose control and, 123 
substance abuse and, 59-63 

Neonatal pulmonary insufficiency in­
dex (PII), 192-193 

Neonatal withdrawal, signs and symp­
toms of, 57 

Neonate(s), see also Infant suben-
tries; Newborn subentries 

impact of fetal asphyxia on, 25-34 
substance abuse and, 55-64 
true HFV and, 202-203 

Neural tube defects, 249-250 
Neurologic abnormalities, asphyxia 

and, 33-34 
Newborn, see also Infant subentries; 

Neonate subentries 
care of, in prolonged pregnancy, 

83 
diagnosis of cardiac disease in, 272-

273 
immunity in, 142-144 



Nonstress test (NST), 11-12, 13-14, 
79,80-81,126-127 

Normal placental function, 25-26 
Nucleated red blood cells (NRBC), 

151 
Nursing care, and medical malprac­

tice, 257-262 

Obstetric factors, IVH/SEH and, 229 
Organ blood flow, specific, 6 
Organ systems, effects of asphyxia 

on, 27-34 
Oxygen transport 

to fetus, 2-3 
mechanism of decreased, in IUGR, 

3-4 
Oxytocin, use of, malpractice and, 

260 

Parturition, group B streptococci at, 
157-177 

case-control study of, 157-164 
infant intervention in, 167-177 

Patent ductus arteriosis (PDA) 
in low-birth-weight infants, 238-245 
surfactant and, 218 

Peak expiratory (PEEP) values, 268-
269 

Peak inflating pressure (PIP), 
194 

Penicillin administration, in GBS, 
169-170 

Perceptive accuracy, 42, 48-50 
Percutaneous umbilical blood sam­

pling, 253 
Perinatal asphyxia, causing permanent 

brain damage, 17 
Perinatal events, affecting peripheral 

neutrophil values, 152-153 
Perinatal factors 

in very-Iow-birth-weight infant, 
227-230 

with no significant effect on periph­
eral neutrophil values, 151-152 

Perinatal hypoxia, in growth-retarded 
fetus, 1-19 

Perinatal medicine, external tocodyn­
amometry in, 38-53 
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Perinatal morbidity, prolonged preg­
nancy and, 75-76, 80 

Perinatal mortality 
in insulin-dependent diabetes melli­

tus, 100 
prolonged pregnancy and, 75 

Perinatal outcome, maternal blood 
glucose control and, 121 

Perinatal resuscitation, 18-19 
Perinatal risk factors, for early-onset 

GBS, 161 
Peripheral neutrophil values, 151-153 
Persistent pulmonary hypertension of 

the newborn (PPHN), 192, 193, 
194, 197,203,207,209 

pH values, umbilical arterial, 16 
Phagocyte function, 142-143 
Pharmacologic therapy, of neonatal 

abstinence, 58 
Pharmacology, of illicit drugs, 56 
Phosphatidylglycerol (PG), 127-128, 

215, 216, 219 
Physiologic changes, pathologic, in 

PIH,89 
PIH, see Pregnancy hypertension 
Placental blood flow, in pregnancy, 1-

2 
Placental function, normal, 25-26 
Plasma unconjugated estriol assays, in 

diabetes, 126 
Pneumonia, laboratory tests for, 149 
Polymorphonuclear leukocytes 

(PMNs), 142-143 
Postconception, early, diabetic con­

trol in, 110-113 
Postmaturity syndrome (PMS), 76 
Postnatal diagnosis, of cardiac dis­

ease, 272-273 
Preconception diabetic control, 110-

113 
Predictive scoring systems, in assisted 

ventilation, 192-197, 198 
Pregnancy(ies) 

blood glucose control throughout, 
113-123 

dating of, 78 
diabetic, improving fetal outcome 

in, 99-132 
drug use patterns in, 55-56 
human, duration of, 74-75 
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Pregnancy(ies) (cont.) 
prolonged, see Prolonged pregnan­

cy(ies) 
substance abuse during, 55--64 

Pregnancy hypertension, 86--97 
acute, 92-93 
classification of, 86 
definition of, 86 
drug therapy in, 94-97 
etiology of, 86--89 
incidence and distribution of, 89 
pathologic physiologic changes in, 

89 
severe, 93-94 

Pregnancy outcomes, incidence of ad­
verse, in diabetes, 112 

Premature infants, effect of exoge­
nous surfactant on morbidity 
and mortality of, 187 

Prenatal diagnosis 
of cardiac disease, 270-271 
genetic, 247-255 

Prevention, of IVH/SEH, 229-230 
Professional accountability, 257-258 
Professionals, support by, in event of 

birth defect, 235-236 
Prolonged pregnancy(ies), 74-83 

care of newborn in, 83 
conduct of labor in, 82-83 
consequences of, 75-76 
fetal assessment in, 78-81 
suggested method for management 

for, 81-82 
Prophylactic treatment, with surfac-

tants, 219-220, 221 
Prostacyclin, 77, 88 
Prostaglandins, 77, 88 
Proteinuria, 86 
Pulmonary complications, asphyxia 

and, 29-31 
Pulmonary interstitial emphysema 

(PIE), 195, 197,201,202,203 
Pulmonary surfactant, 213-214 
Pulse rate, in TENS, 67 
Pulse width, in TENS, 67 

Radiography, 253 
Red blood cell (RBC) pocking, \44 

Regulation, insulin, of intrauterine 
growth, 104, 105 

Renal complications, asphyxia and, 
31-32 

"Rescue" treatment, with surfactants, 
220, 222, 223 

Respiratory distress syndrome (RDS), 
29,99, 106, 127-128, 131, 180-
188,190, 191, 192, 197,201, 
202,203,207,209 

surfactant in therapy of, 185-186, 
2\3-224 

Resuscitation, perinatal, 18-19 
Reticuloendothelial system, 144 
Risk 

carriers at, for genetic condition, 
254 

of IUGR, maternal diseases that 
cause, 8 

of SGA infant in subsequent births, 
7 

Risk factors 
in neonatal infection, 146--147 
perinatal, for early-onset GBS, 161 

Screening, maternal 
for gestational diabetes, 108-110 
in prenatal diagnosis, 253-254 

Secondary drug use, outcome of, 62-
63 

Sensitivity, of test, 149 
Small-for-gestational age (SGA) in­

fant(s), 4, 5, 103-105 
risk of, in subsequent births, 7 

Sodium nitroprusside, in PIH, 95 
Specificity, of test, 149 
Spontaneous abortions (SAB), inci-

dence of, in diabetes, 112 
Substance abuse, during pregnancy, 

55--64; see also Drug entries 
long-term follow-up of, 63-64 
special problems of, 63 

Sudden infant death syndrome 
(SIDS),63 

Support by professionals, in event of 
birth defect, 235-236 

Surfactant(s) 
artificial, 216 



exogenous, types of, for clinical 
use, 215-216 

natural, composition of, 214-216 
production and physiology of, 180-

185 
pulmonary, 213-214 
in therapy of RDS, 185-186,213-

224 
Surfactant-associated protein (SP), 

215 
Surfactant trials, 185-186, 219-222, 

223 
Synthetic surfactant trials, 185 
Systolic/diastolic (SID) ratios, 127 

TENS, see Transcutaneous nerve 
stimulation 

Tests, laboratory, in neonatal infec-
tion, 149-154 

Thiazide diurectics, in PIH, 96 
Thromboxane (TXA2), 88-89 
Timing of delivery 

in diabetes, 128 
of IUGR baby, 13-14 

Tocodynamometry, external ambula-
tory, 41-53 

basic studies of, 41-43 
clinical trials of, 50-53 
in perinatal medicine, 38-53 
technology of, 40-41 

Tolerance of injection, with GBS, 173 
Transcutaneous nerve stimulation 

(TENS) 
childbirth preparation and, 71-72 
decreasing of length of labor with, 

69 
European clinical trails utilizing, 

68-69 
in first stage of labor, 66--72 
greater sample size and, 72 
prospective experimental study 

with, 70-71 
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time of application of, and efficacy, 
72 

Transport, oxygen 
to fetus, 2-3 
mechanisms of decreased, in IUGR, 

3-4 
Triglyceride (TG), 105 

Ultrasonography, see also Doppler ul­
trasound 

in evaluation 
of diabetes, 125-126 
of IUGR, 8-10 
in prenatal diagnosis, 252 

Umbilical arterial pH and base deficit 
values, 16 

Umbilical artery lactate levels, 15, 16 
Unanticipated birth defect, delivery of 

infant with, 233-236 
Urinary estriol assays, in diabetes, 

126 
Uterine blood flow, in pregnancy, 1-2 

Ventilation 
assisted, 190-209 
high-frequency, 197, 199,203,209 

Ventilatory index (VI), 195-1%, 198 
Very-Iow-birth-weight infant, intrav­

entricularlsubependymal hem-
orrhage in, 227-230 

Water molecules, forming of meniscus 
by, 183 

Withdrawal, neonatal, signs and 
symptoms of, 57 

Z score, and mortality, 195, 197 




