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Abstract

The authors of this paper focus on the health care services received by pregnant
women and infants, and consider the ways in which these services affect child health
outcomes. They examine the impact of prenatal, obstetrical, and neonatal care on
two measures of infant health: the rate of low birth weight births and the rate of
infant mortality. There is strong evidence that these two outcomes respond favorably
to the application of appropriate health services, particularly prenatal care and
neonatal intensive care. The delivery of prenatal care in the United States needs
improvement: slightly more than 76% of women received early care in 1989, and
discrepancies in prompt receipt of care among different ethnic and economic groups
are large and persistent. Improved distribution of prenatal care services could have
a significant impact on the rate of low birth weight births and infant deaths. In
addition, expanded regionalization of prenatal, obstetric, and neonatal care in a
coordinated approach to the entire continuum of gestation, labor, delivery, and early
development holds out the promise of continued improvement in infant health.
Health care initiatives need to focus more on the needs of poor families and of
mothers and infants with special problems, especially high-risk pregnancies resulting
from maternal substance abuse and pregnancies complicated by HIV infection. The
authors describe advances in obstetrical technology and neonatology, and conclude
that efforts to identify programs and activities which offer the greatest potential for
improving newborn survival with the least investment should have high priority.

hildren are developing organisms. They continually grow and
differentiate from one physical and psychological state to the next.
An understanding of childhood health status, therefore, begins
with an understanding of the conditions out of which children emerge.
Intrauterine and neonatal environments are crucial determinants of a
child’s well-being. A mother’s health throughout pregnancy, the process
of labor and delivery, and a child’s experiences during the first critical
hours and days of life will influence health status for months and years




afterward. Moreover, poor birth outcomes have been associated with
impeded cognitive development, reductions in years of formal schooling
completed, and lower levels of lifetime earnings and other measures of
economic well-being.’

Recognition of these principles has led policy analysts to give increas-
ing attention to prenatal and neonatal health care services. In this paper
we focus on health care services received by pregnant women and infants,
and consider the ways in which these services affect child health out-
comes. For our purposes, these services include prenatal medical care
received by women during the course of their pregnancies, obstetrical
care received at the time of delivery, and medical care received by
newborn infants during the first 28 days of life (the neonatal period). We
consider trends in these services over time, differentials in the receipt of
these services among various groups in the population, and the impact
utilization of these services has on child health outcomes.

Two population outcome measures to which we devote particular
attention are rates of low birth weight (LBW) and infant mortality. A low
birth weight baby is one born weighing less than 2,500 grams (about
5% pounds). The LBW rate is the number of such births per 1,000 live
births in the population in a given year. The infant mortality rate is
measured by the annual number of deaths among children in the first
year of life per 1,000 live births. Because LBW babies have a higher risk
of death than normal weight babies, these two rates are closely related.
Though birth weight and infant mortality each have a genetic compo-
nent, birth weight depends very much upon the length and quality of the
fetal experience during pregnancy while infant mortality depends also
upon the type of care, medical and otherwise, that a child receives after
birth. Therefore, these two measures may tell us much about the effec-
tiveness of prenatal and neonatal care.

We begin with a discussion of prenatal care and its relationship to
low birth weight and then proceed to a consideration of obstetrical and
neonatal care and how they affect infant mortality. We shall also mention
some promising new technologies being applied in the field of
neonatology.

Prenatal Care

Much of what influences the health of a pregnancy, heritable genetic conditions, a
newborn baby is beyond the control of mother’s previous obstetric history, eth-
policymakers. Factors such as maternal nicity, and marital status are conditions
weight and height at the beginning of that are, to a large extent, fixed with
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respect to most policy options. Other fac-
tors, however, are amenable to change. A
woman’s nutritional condition during
pregnancy, and her exposure to sub-
stances known to be harmful to develop-
ing fetuses, her blood pressure, blood
sugar levels, and her exposure to sexually
transmitted diseases are some of the envi-
ronmental factors that can influence the
health of her newborn baby. These and
other conditions, especially if identified
early in pregnancy, can be treated so as to
improve neonatal outcome. In general,
the earlier in the course of fetal develop-
ment that interventions are initiated, the
more favorable the result. For this reason
attention to maternal health during the
course of pregnancy is central to improv-
ing newborn health.

Prenatal care has been shown to be a
crucial avenue by which interventions in
maternal and thus newborn health status
can be delivered. What services are in-
cluded under this rubric, how receipt of
these services has changed over time, and
what the evidence is for their effectiveness
are considered below.
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The Content of Prenatal Care

Access, utilization, and the efficacy of pre-
natal care have dominated the infant
health policy and research agenda for the
past 20 years. Until recently, the actual
content of prenatal care received relatively
little attention. One reason for this omis-
sion may have been the repeatedly ob-
served association between the initiation
of early prenatal care and healthy infant
outcomes. Whatever the content of prena-
tal care, it seemed to work. The policy
implications appeared straightforward: ex-
pand prenatal care utilization, and infant
health will improve.

Unfortunately, though increasing utili-
zation seems to be a necessary condition
for improvements in infant health, it may
not be sufficient. As we shall see, for exam-
ple, when we consider low birth weight
rates in more detail, white/black differ-
ences in rates of low birth weight and in-
fant mortality have persisted over time
despite significant relative gains in the per-
centage of black women receiving early
prenatal care (see figure 1). And although
researchers and policymakers can cite a
wealth of studies that appear to demon-
strate the effectiveness of prenatal care,
specific explanations of how the interven-
tion operates remain conspicuously ab-
sent from most discussions.

The standard guidelines for prenatal
care as recommended by the American
College of Obstetricians and Gynecolo-
gists (ACOG) call for care to begin as early
as possible in the first trimester of preg-
nancy.” Additional visits are recom-
mended every 4 weeks until the 28th week,
followed by visits every 2 to 3 weeks until
the 36th week. Beyond the 36th week, visits
should occur weekly until delivery for a
total of 13 to 15 visits over the course of a
normal pregnancy. By contrast, the Public
Health Service Expert Panel on the Con-
tent of Prenatal Care recommends only 7
visits for healthy women who have had
previous, uncomplicated deliveries and 9
visits for first-time mothers.

Both the ACOG and the Panel empha-
size that prenatal care should have three
basic components: early and continuous
risk assessment, health promotion, and
when necessary, medical and/or psycho-
logical intervention. Although the Panel
recommends fewer visits for a healthy
woman than does the ACOG, the Panel’s
most novel contribution is its emphasis on
enriching the content of care and on ex-
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panding the time frame for prenatal care.’
Panel members urge, for example, that a
preconception visit occur as one of the 7
or 9 recommended visits. Such a consult-
ation permits the identification of medical
or behavioral problems before conception
and offers the mother and clinician the
greatest range of options, from delaying
the pregnancy to providing immuniza-
tions that would be contraindicated once

in Down’s syndrome originate with the
father,’ making identification of appropri-
ate candidates for screening even more
difficult. Therefore, without knowing
whom to target, even effective screening
procedures such as amniocentesis may
have limited impact on overall outcomes.

the woman becomes pregnant. Prenatal The recent expansion of Medicaid eligibility for

care, according to Panel members, should ~pregnant women may improve the utilization of

also be viewed as a means of promoting  pyenatal care, but that may not be sufficient to
the health and well-being of the entire

family. Thus, they highlight attention to tmprove birth outcomes substantially.

parenting skills and family counseling as
ways to enhance the care and nurturing of
the fetus beyond delivery.

The Panel’s report focuses on the iden-
tification and management of high-risk
pregnancies. This includes the possible
use of specialized tests such as amniocen-
tesis and ultrasound imaging to screen the
genetic and structural development of the
fetus; the use of routine blood pressure
and blood sugar monitoring, and other
blood tests to detect exposure to certain
viruses and to verify the mother’s blood
type; and the occasional use of more spe-
cialized tests to evaluate fetal well-being.

Yet the advantages of the more highly
specialized of these strategies may be lim-
ited. As an example, consider amniocen-
tesis, a procedure in which fluid is
removed from the sac containing the fetus
to detect the presence of genetic abnor-
malities. Because congenital abnormali-
ties are a leading cause of neonatal
mortality and about 25% of birth defects
are primarily of gene tic origin," early rec-
ognition of these conditions in time to
permit termination of unwanted pregnan-
cies could have a considerable impact on
neonatal mortality.

But who should be screened using this
procedure? At one time it was thought that
amniocentesis should target women over
35 years of age who are at increased risk
for having babies with Down’s syndrome,
one of the more common identifiable
chromosomal disorders, which affect
about 5,000 newborns a year. Yet, the ma-
jority of Down’s syndrome births are to
younger women,” 50 a policy of targeting
women over 35 years of age for testing
cannot by itself substantially reduce the
incidence of the syndrome. Furthermore,
it is now appreciated that approximately
5% of chromosomal defects which result

The content of prenatal care recom-
mended by the Panel, including home vis-
its, case management, substance abuse
treatment programs, and three categories
of psychological risk assessment, is com-
prehensive and ambitious. Despite the
lack of cost-effectiveness evaluations of
many of its recommendations, the Panel
has outlined a broad agenda that focuses
much more sharply on the policy-relevant
questions that need to be addressed. The
recent expansion of Medicaid eligibility
for pregnant women may improve the
utilization of prenatal care, but that may
not be sufficient to improve birth out-
comes substantially.” (See also the Hill ar-
ticle in this journal issue.) By focusing on
the content of prenatal care, the Panel has
developed a more general framework for
understanding why nonspecific interven-
tions may yield disappointing results.

Trends and Differentials in Prenatal
Care

As we have seen, standard medical proto-
col calls for the initiation of prenatal care
within the first 3 months of pregnancy. For
a time the United States appeared to be
making significant progress in the num-
bers of women receiving early care. Trends
in the percentage of live births for which
care began in the first trimester by race for
the years 1970 through 1989 are shown in
figure 1. For white women, the percent
receiving early care rose by 9.7% between
1970 and 1980 and then remained the
same. For black women, it increased dra-
matically by 40.5% in the decade of the
1970s and then declined by 2.1% in the
decade of the 1980s. The percentage of
live births in which there was either no
prenatal care or in which prenatal care
began in the third trimester conversely
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decreased in the 1970s and then either
leveled off or increased (not shown).

Figure 1 documents the discrepancy
in the prompt initiation of prenatal care
between blacks and whites. The rapid in-
crease in the number of black women who
received early care in the 1970s reduced
but did not eliminate this discrepancy. In
1988, 79.4% of white women and 61.1%

Women whose births are financed by Medicaid
have been found to delay longer beforve initiating
prenatal carve than women whose births are
financed by private health insurance.

of black women began care in the first
trimester.® In the same year, the percent-
age of black women who received third
trimester or no care was more than dou-
ble the percentage of white women who
received third trimester or no care (10.9%
versus 5.0%).® Teenagers and unmarried
women are also at substantially increased
risk of obtaining late or no prenatal care.’
Overall, just over 75% of pregnant women
received prenatal care in 1989, far below
the Public Health Service 1990 goal of

Adolescents (less than 20 years of age)

early prenatal care for 90% of all pregnant
women regardless of race or ethnicity."

In 1988 the Institute of Medicine con-
ducted a detailed review of the literature
dealing with a variety of determinants of
the inadequate receipt of prenatal care."
In addition to age, race, and marital status,
the Institute identified poverty, lack of
education, lack of health insurance, high
birth order, and residence in inner cities
and isolated rural areas as key determi-
nants of this outcome (see the Klerman
article in this journal issue). The impor-
tance of almost all of these factors persist-
ed in analyses that assessed the
independent effect of a glven factor with

other factors held constant."” The impli-
cation is that an effective strategy to ad-
dress the problem of inadequate prenatal
care may need to operate on several fronts
simultaneously.

Lowering financial barriers to the re-
ceipt of prenatal care has been a popular
tactic of public policymakers because it
appears feasible given the traditional
tools at their disposal (see the Hill article
in this journal issue), but conventional
approaches to these problems have their
limitations. Medicaid, for example, is
often chosen as a convenient vehicle to
alleviate financial barriers for poor preg-
nant women. Yet women whose births are

Adults (20 years of age and older)

Interval before initiating prenatat care
(mean value in months)

White

Interval before initiating prenatal care
(mean value in months)

Black

Hispanic

[ Insured [ Medicaid [ Self-pay

White Black

Hispanic

1 Insured B Medicaid M@ Self-pay

Source: Joyce, T.J., and Grossman, M. Pregnancy Wantedness and the Early Initiafion of Prenatal Care. Demograophy

(February 1990) 27,1:1-17.
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financed by Medicaid have been found to
delay longer before initiating prenatal
care than women whose births are
financed by private health insur-
ance."""" Figure 2 depicts the magni-
tudes of these differentials among New
York City women of various age, race, and
ethnic groups in 1984. Black adults on
Medicaid can be seen to delay the initia-
tion of prenatal care approximately 1
month longer than black adults with pri-
vate health insurance. Similar differen-
tials are observed for white Medicaid
versus white private insurance patients re-
gardless of age. Somewhat smaller differ-
entials are also found between the
Medicaid and self-pay categories for ado-
lescents and Hispanic adults. These differ-
ences are all statistically significant in a
multivariate analysis which controlled for
a number of confounding factors in addi-
tion to age, ethnicity, and insurance
status."

Why do pregnant women with Medi-
caid receive less prenatal care than women
with private health insurance? The Insti-
tute of Medicine lists factors such as the
time-consuming nature of the Medicaid
enrollment process, the failure of some
physicians to accept Medicaid patients,
long travel times and clinic waits, and lack
of information and unfavorable attitudes
concerning prenatal care. These factors
underscore the potential value of out-
reach programs and programs that aim to
deliver, as opposed to finance, prenatal
care for the poor."

Beyond the financial barriers to prena-
tal care, certain demographic factors have
begun to receive increasing attention.
Marital status has been of particular rele-
vance in this regard because changes in
this factor have been dramatic over the
decade of the 1980s. The number of births
to unmarried mothers rose 64% over this
period. And while the birth rate (that is
the number of births per 1,000 women in
a given category) for married women ac-
tually declined 6% between 1980 and
1989, the birth rate for unmarried women
increased 42%. As a result of these trends,
more than 1 baby in 4 was born to an
unmarried mother by 1989."° The in-
crease in the birth rate for unmarried
women has alarming implications for in-
fant health because unmarried mothers
are more than three times as likely as mar-
ried mothers to obtain late or no prenatal
care and because the association of marital
status and receipt of prenatal care remains

largely unelucidated. It will be important
to determine whether unmarried women
receive less prenatal care because of finan-
cial barriers, educational differentials,
general lack of social support, or other
factors which may be difficult to measure.
Each of these explanations implies differ-
ent policy approaches.

Efficacy of Prenatal Care

The consensus of an extensive literature
on the efficacy of prenatal care is that care
works. In particular, women who initiate
care earlier in their pregnancies give birth
to healthier infants, are less likely to give
birth to an infant weighing less than 2,500
grams, and are less likely to give birth to
an infant who dies in the neonatal period.
Following a detailed review of the litera-
ture, the Office of Technology Assess-
ment concluded: “The weight of the
evidence on the effectiveness of prenatal
care... supports the contention that birth
outcomes can be improved with earlier or
more comprehensive prenatal care. . . .
The evidence appears to support the
value of both early and frequent prenatal

The evidence appears to support the value of
both early and frequent prenatal care and the

provision of enhanced services to adolescents and

high-risk women.

care and the provision of enhanced serv-
ices to adolescents and high-risk
women.”" Several years earlier, the Insti-
tute of Medicine reached a similar conclu-
sion: “The overwhelming weight of the
evidence is that prenatal care reduces low
birth weight. This finding is strong
enough to support a broad, national com-
mitment to ensuring that all pregnant
women, especially those at medical or
socioeconomic risk, receive high-quality

18
care.”

While this consensus is impressive, cer-
tain considerations suggest that caution is
required in interpreting and applying it.
Despite the agreement, for example, of
most researchers and policy analysts that
prenatal care improves newborn health,
there is no consensus on the quantitative
relationship between the intensity of care
delivered and the improvement in birth
outcomes. Yet this may be the critical issue
in deciding how to allocate scarce re-
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sources among different programs de-
signed to achieve better newborn health
outcomes.

No agreement exists on the relative
magnitude of the effect of prenatal care
because studies on this subject do not use
data from prospective, randomized con-
trolled trials. This raises the possibility that
the results which emerge are biased and
either over- or underestimate the true ef-
fect of pr%latal care on newborn health
outcomes.

For example, the true effect of prena-
tal care is underestimated in studies where
women who anticipate a problematic birth
outcome based on conditions unknown to
the researcher seek out more care while
women with positive expectations seek out
less. The opposite occurs when the early
care group is dominated by women who
eat more nutritiously, suffer less stress,
smoke less, and receive more emotional
support from their families. Omission of
these hard-to-measure factors overstates
the impact of care.

The importance of correctly measuring
the efficacy of prenatal care is illustrated
by consideration of the Public Health Serv-
ice goal of care within the first trimester of
pregnancy for 90% of all pregnant women.
To achieve this goal, the number of white
women receiving early care must rise by
approximately 12%, and the number of
black women receiving such care must rise
by almost 50%. Achieving this goal may be
a costly undertaking, and even if care is
efficacious, birth outcomes may not im-
prove substantially if there are marked dif-
ferences in the content of care or in other
characteristics between new and current
recipients. Moreover, it is not clear that
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limited resources would be better spent
increasing the proportion of women who
receive early care rather than increasing
the number of women who get intermedi-
ate care (second trimester care) by reduc-
ing the number who get late or no care.
Recent research by Joyce suggests that most
of the gains to prenatal care in New York
City accrued from moving women from the
inadequate care to the intermediate care
category and that the gains from moving
women from the intermediate care cate-
gory to the early/adequate care category
are much smaller.”” The Joyce study does
not address the issues of how care works or
of whether resources are better spent on
increasing the rates of earlier initiation of
care or on enhancing the content of care
for women at particular risk for an unfavor-
able birth outcome. These are all impor-
tant questions for those with limited
resources looking to implement programs
to improve birth outcomes.

In considering what we know about the
receipt of prenatal care services and its
effect on infant health outcomes, we are
left in a situation in which we have good
theoretical reasons to believe that prenatal
care is important to produce healthy new-
borns; we have evidence, imperfect
though it is, that groups who receive more
prenatal care have better neonatal out-
comes than groups who receive less,
though how much better those outcomes
are remains a subject of dispute; and we
can see that over time, for different
groups, as the receipt of prenatal care in-
creases, so does the percentage of good
outcomes.

Yet our knowledge is far from com-
plete, chiefly because we do not know how
prenatal care works or, for that matter,
how well. And though these questions be-
come relevant only once the issue of
whether prenatal care works has been de-
finitively addressed, they are still of great
importance in and of themselves. If, for
example, prenatal care serves principally
to identify high-risk women early and in-
tervenes to minimize the effect of pre-
existing risk factors in these women, then
from the standpoint of policy alternatives,
populations in which known risk factors
are particularly prevalent should be pref-
erentially recruited into prenatal care.
This might involve extensive outreach and
case management efforts including reduc-
ing financial barriers, relocating facilities
into underserved areas, and providing
child care for women using these services.
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If, on the other hand, improved neo-
natal outcomes derive from the elimina-
tion of risk factors either before or very
early on in the pregnancy, then one could
argue that strategies such as reducing ex-
posure to tobacco, to illicit substances, or
to other environmental stresses should re-
ceive priority. Settings other than prenatal
service centers may more efficiently pro-
duce these policy objectives. Future re-
search on these critical questions will be
of enormous utility to policymakers.

Obstetric and Neonatal
Care

If birth weight is a valid indicator of the
intrauterine experience and thus, indi-
rectly, of the effectiveness of prenatal care
services, infant mortality (death within the
first year of life) is an indicator of the
quality and impact of obstetric and neona-
tal care services. Because, in countries like
the United States, most children who die
in the first year of life do so in the first
month, those factors that influence the
birth process and the immediate postnatal
condition of the baby may be expected to
have a discernible impact on the infant
mortality rate. To appreciate what the re-
ceipt of obstetric and neonatal care means
for the health status of children, we begin
with a look at infant mortality.

Infant Mortality

Much progress has been made in reducing
the U.S. infant mortality rate during the
twentieth century. It fell from 100 deaths
per 1,000 live births in 1915 to 9.1 deaths
per 1,000 live births in 1990.% Improve—
ments in medical care and advances in
medical technology played an important
role in this process, particularly the intro-
duction of sulfonamide and other anti-mi-
Croblal drugs in the period from 1935 to
19507 and advances in neonatology since
the late 1960s.”** Until recently, the only
interruption in the downward trend in
infant mortality occurred in the late 1950s
and early 1960s.”

There are two components of infant
mortality: neonatal mortality and postneo-
natal mortality. The former refers to
deaths of infants before the first 28 days of
life, while the latter refers to deaths of
infants between the ages of 28 and 365
days. Neonatal deaths are usually caused
by congenital abnormalities, conditions
associated with prematurity, and compli-
cations of delivery; while postneonatal

mortality results primarily from sudden
infant death syndrome (SIDS), infectious
diseases, and accidents. In the early 1900s,
approximately 70% of all infant deaths
occurred in the postneonatal period. By
1989, only 36% of infant deaths occurred
in the postneonatal period. Unlike earlier
in this century, recent trends in the infant
mortality rate have been dominated by
declines in the neonatal mortality rate.
Today, the mortality rate (that is, the
chance of dying) for a baby’s first month
of life is more than twice as high as the
mortality rate during the remainder of the
first year.

Neonatal mortality, in turn, is highly
negatively correlated with birth weight so
that the birth weight distribution of a
population is a major determinant of its
neonatal mortality rate. Those popula-
tions with higher proportions of low (less
than 2,500 grams) and very low (less than
1,500 grams) birth weight babies have
higher rates of neonatal mortality. Once
the distribution of birth weights in a popu-
lation is taken into account, the mortality
rates specific to each birth weight category
are determinants of overall neonatal mor-
tality. By multiplying the proportion of
births in each birth weight group by the
birth weight specific mortality rate for that
group, one arrives at the overall neonatal
mortality rate for a population.

Despite the rapid decline in infant
mortality, substantial differences in this
outcome and in its most proximate de-
terminant—low birth weight—have per-
sisted between different groups over
time.”” The most notable of these is
the excess mortality of black babies who
presently experience an infant mortality

Black babies presently experience an infant
mortality rate twice that of their white

counterparts.

rate twice that of their white counter-
parts. In addition, the black low birth
weight rate has typically been more than
twice as large as the white rate. Among
the Hispanic population, Puerto Rican
women give birth to LBW infants at ap-
proximately three-fourths the rate of
blacks, while the low birth weight rates
of other Hispanics are similar to those of
white non-Hispanics.”

47
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In addition, the U.S. infant mortality
rate remains higher than those of a num-
ber of other developed countries even
when the rate is limited to whites."” Fi-
nally, Marks and others report that in
1980 “differences between the States of
the U.S. in infant . . . mortality are greater
than those between the U.S. and the
countries of Scandinavia [with the lowest
infant mortality].”29

These facts have led some observers to
conclude that U.S. 1nfant mortahty policy
has reached a crossroad.” Two decades of
dramatic declines in infant mortality have
failed to improve the survival prospects of
black infants relative to white infants or of
white infants born in the United States
relative to those born in other developed
countries. Moreover, during the decade of
the 1980s, tentative evidence emerged that
the period of rapid decline may have
ended. The fall in mortality slowed to an
average year-to-year reduction of 2.5%,”"
and the incidence of low birth weight
stopped declining. In 1984 the fraction of
LBW births reached an all-time low for
both races: 5.59% for whites and 12.36%
for blacks. The corresponding figures in
1989 were 5.7% for whites and 13.5% for
blacks.'**

The U.S. infant mortality rate remains
higher than those of a number of other
developed counties even when the rate is
limated to whites.

The infant mortality rate in 1990 was
6% less than the rate in 1989.° The
introduction of treatment with artificial
surfactant, which helps prevent deaths of
premature infants from respiratory dis-
tress syndrome, and the expansions in
Medicaid coverage for prenatal care may
have contributed to this decline.”’ Obvi-
ously it is too early to determine whether
this change represents a reversal of the
deceleration in the downward trend dur-
ing the 1980s. It is clear, however, that
three important 1990 infant health goals
of the Public Health Service as set forth
in The 1990 Health Objectives for the Natlon
A Midcourse Review have not been met."
These are an infant mortality rate no
higher than 12 per 1,000 live births for
any minority group (the black rate was
17.6 per 1,000 live births in 1988), a low
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birth weight rate of 5% of all infants, and
a low birth weight rate of 9% for any
minority group.

Trends in Obstetric Services

Where a child is born, how that child is
delivered, and who attends the delivery
may all be important determinants of neo-
natal outcome under certain circum-
stances. The volume of obstetrical
procedures in the hospital where birth
occurs, for example, has been shown to be
related to survivorship in low birth weight
babies though not in term, normal birth
welght babies.** Recent trends indicate
that increasing numbers of infants in the
United States are being born in the hospi-
tal. For white infants the percentage of
babies born in a hospital rose from 96.6%
in 1975 to 98.7% in 1989, while for non-
white infants the comparable percentages
were 94.6% in 1975 and 99% in 1989.%

In addition to in-hospital deliveries,
cesarean section rates have also been on
the rise since the middle of the 1960s. In
1965 the chances of being born via ce-
sarean section were about 1 in 20. By 1989
the likelihood had increased to 1 in 4.
Most authors attribute this rise to the in-
crease in electronic fetal monitoring,
changes in the legal atmosphere sur-
rounding obstetrical care, and the policy
of discouraging spontaneous vaginal deliv-
eries in women who have undergone pre-
vious cesarean sections.’® The increase in
these procedures has not been shown to
have any positive contribution to neonatal
outcome.’

Trends in Neonatal intensive Care

As we noted earlier, the most important
component of infant mortality in the
United States today is the death rate of
babies less than 28 days old. This rate, in
turn, depends upon the distribution of
birth weights in a population and the
specific death rate associated with each
birth weight category.

In the first part of this paper we dis-
cussed some of the factors that influence
the birth weight distribution of a popu-
lation, particularly the provision of ade-
quate prenatal care for pregnant
women. We now turn our attention to
developments that have influenced birth
weight specific mortality rates. The most
important of these has been the expan-
sion in the availability of neonatal inten-
sive care services.
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Over the past 2 decades in the United
States, the single most significant trend in
the delivery of neonatal health services has
been the emergence of regionalization as
a guiding principle in the provision of care
for high-risk mothers and newborn
babies.?® Many hospitals began to intro-
duce intensive care units for newborns
during the decade of the 1960s, but it was
not until the early 1970s that a compre-
hensive set of guidelines was developed to
organize the distribution of these services
within given geographic areas by incre-
mental levels of intensity.

The 1977 National Foundation-March
of Dimes recommendations,’® sub-
sequently refined by the American Acad-
emy of Pediatrics and the American
College of Obstetricians and Gynecolo-
gists,?? include three levels of infant care:
(1) Level I nurseries to provide routine
newborn care; (2) Level II nurseries,
manned by board certified pediatricians,
to provide care to seriously ill infants with
life-threatening conditions for finite peri-
ods and to maintain ongoing liaisons with
(3) Level III nurseries which serve as re-
gional referral centers offering the most
sophisticated neonatal care including spe-
cialized respiratory support systems, pedi-
atric surgery services, and infant transport
teams capable of delivering seriously ill
neonates to and from the hospital.

In practice there has been some blur-
ring of the distinction between Level II
and Level Il nurseries as the competition
for patients has intensified in recent
years." Nevertheless, specific standards
have arisen for adequate staffing, physical
design, ancillary services, and transport
facilities appropriate to the most advanced
levels of neonatal care.****

During the decade of the 1980s, the
number of Neonatal Intensive Care Units
(NICUs)—combined Level II and Level
II units—in U.S. hospitals has risen dra-
matically (see figure 3). While the total
number of hospitals, as surveyed by the
American Hospital Association in their an-
nual survey, rose 14.33% from 1979 to
1988, the number of NICUs climbed
44.33% from 485 to 700 and the number
of NICU beds increased 66.97% from
6,591 to 11,005 during this period.”

Although no national data bases exist
which provide information on the utili-
zation rates of these NICUs, the Office
of Technology Assessment (1987) esti-
mated that there were between 150,000

and 200,000 admissions to NICUs annu-
ally in the mid-1980s.** In recent years,
anecdotal evidence suggests that a
greater and greater proportion of NICU
admissions have gone to infants weigh-
ing less than 1,500 grams while the pro-
portion of admissions of moderately low
birth weight infants has declined** One
study from Cleveland reported increases
in the numbers of extremely low birth
weight admissions (babies born weigh-
ing less than 751 grams) from the early
to the late 1980s of 30%.*° Whether
these trends result from recent tenden-
cies to focus more aggressive resuscita-
tive efforts on smaller and smaller
neonates remains to be fully elucidated.
Whatever the origin of this trend to
lower birth weight NICU admissions, this
development inevitably forces policy-
makers to confront the question of how
much improvement in health outcomes
can reasonably be anticipated from such
high tech attention to smaller and
smaller babies.

Efficacy of Neonatal Intensive Care

In view of the rapid growth in the number
of NICUs during the past 15 years, the
substantial expense attendant upon caring
for newborns in such environments, and
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the trend to lower birth weight NICU ad-
missions, it was inevitable that questions
would arise as to whether the expenditure
of such prodigious resources was worth-
while. (See the Lewit and Monheit article
in this journal issue.) Clinicians, epidemi-
ologists, and economists have all ad-
dressed this issue, with each group
approaching it from the vantage point of
its own particular discipline.

As practitioners, neonatologists
have been anxious to demon-
strate that the specific content
of care provided by NICUs
makes a difference in the out-
come of patients treated there.

As practitioners, neonatologists have
been anxious to demonstrate that the
specific content of care provided by NICUs
makes a difference in the outcome of pa-
tients treated there. To make this case,
investigators have applied two different
methods. One approach compares the ex-
periences of successive cohorts of infants
treated at the same institution during two
time periods to show how the develop-
ment of new technologies has improved
birth weight specific survival rates for all
but the very smallest babies.** Increas-
ing willingness to refer high-risk pregnan-
cies to centers with neonatal intensive care
units, the antenatal use of steroids to has-
ten fetal lung development, improve-
ments in techniques to assist breathing
artificially, and the ability to provide ade-
quate intravenous nutrition to extremely
immature infants have all been implicated
in the trend toward increased birth weight
specific survival over time.

A second type of study makes use of
cross-sectional comparisons among sev-
eral NICUs to demonstrate that different
applications of similar technologies may
also affect outcomes.””* After controi-
ling for the potentially confounding influ-
ences of race, birth weight, and gender,
these investigations were still able to dem-
onstrate significant intercenter differ-
ences in various outcome measures. The
results of these studies imply that appro-
priate application of assisted mechanical
ventilation in NICUs can significantly re-
duce morbidity and mortality among im-
mature newborns.
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Epidemiologists have looked at the im-
pact of neonatal intensive care on the mor-
tality rates of entire populations and have
come to the conclusion that new neonatal
technologies, properly distributed, pro-
vide significant improvements in this
measure of health status. For example, an
early Canadian study covering the period
1967 to 1974 documented a 43% decrease
in the neonatal mortality rate for the prov-
ince of Quebec coincident with several
important institutional developments in-
cluding (1) an increase in the proportion
of sick and premature newborns cared for
in referral centers; (2) the establishment
of perinatal intensive care units in two
university hospitals; and (3) the regionali-
zation of the high-risk obstetric service as-
sociated with McGill University, where
fully 14% of the province’s births oc-
curred.” The authors of this study were
able to show that the improvement re-
sulted from decreases in mortality rates
within birth weight categories, not from
any dramatic shift in the birth weight dis-
tribution itself, and that the diffusion of
specialized care both to high-risk mothers
and their newborn infants played a sig-
nificant role in the observed decline in
Quebec’s neonatal mortality rates. Sub-
sequently, Lee and his colleagues arrived
at similar conclusions using data from the
United States for the period between 1950
and 1975.”

When considering the effectiveness of
neonatal intensive care, economists have
used their particular skills to accomplish
two functions: (1) to estimate the magni-
tude of improvement in outcome associ-
ated with neonatal intensive care and (2)
to construct cost-benefit or cost-effective-
ness analyses of these services.

As an example of the first type of con-
tribution, Harris reported that an increase
in the annual volume of deliveries in the
hospital of birth lowered the probability
of neonatal death (including late fetal
death) among black babies in Massachu-
setts in 1975-1976.> A 10% increase in
the annual volume of deliveries was found
to lower the death rate by approximately
5%.” A similar approach using data for
white infants born in Michigan in 1984
found that birth in a hospital with a neo-
natal intensive care unit lowered the prob-
ability of a late fetal or neonatal death by
approximately 30%.

This type of analysis has been general-
ized to examine the impact of the use of
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neonatal intensive care services on neona-
tal mortality using data that cover almost
the entire U.S. population. These studies
show that a 10% increase in neonatal in-
tensive care use was found to lower the
mortality rate of white low birth weight
infants by 2%. For black infants, a 10%

groups, Budetti and his colleagues found
that the costs of providing this type of care
began to substantially outweigh the bene-
fits. Other 1nvest1gators have reached
similar conclusions.”®

increase in use lowered the death rate by  To perform a full cost-benefit analysts, it

3%. These findings indicate how much . P . p Ine 1
improvement in mortality can be ex- I§ necessary o assign a monerary vaiue to

pected from increases in the availability survival with and without different degrees

of neonatal intensive care to low birth
. . 54
weight babies.

Cost-effectiveness of Neonatal
Intensive Care

Faced with limited resources and the need
to make decisions about the implementa-
tion of costly but effective programs to
improve infant health, policymakers have
increasingly relied on the tools of cost-
benefit and cost-effectiveness analysis to
help determine whether the observed im-
provements in health are worth the costs
expended to achieve them. Yet these tech-
niques are not easy to apply First,

because traditional accounting practices
within hospitals use revenue from one
source to offset shortfalls elsewhere (a
practice known as cost shifting), dollar
costs of neonatal intensive care are often
difficult to determine accurately. Further-
more, costs of the long-term care required
by some severely disabled NICU survivors
are also difficult to estimate. On the bene-
fits side, the probabilities of various out-
comes are not easily determined and vary
substantially among institutions. More-
over, to perform a full cost-benefit analy-
sis, it is necessary to assign a monetary
value to survival with and without differ-
ent degrees of disability. This often proves
an intractable problem. As a result of
these difficulties, the conclusions drawn
from cost-benefit studies must be re-
garded with caution.

Despite these and other obstacles,
however, attempts have been made to
compare the costs and benefits of neonatal
intensive care in monetary terms. Budetti
and his colleagues concluded that, while
NICU care for babies weighing less than
1,500 grams was marginally cost-effective
given the data available to them at the time
of their analysis, such care for mfants
weighing less than 1,000 grams was not.”
Because of the potentially large expendi-
tures required to care for severely disabled
NICU survivors, as the numbers of such
survivors increased in lower birth weight

of disability.

In a very careful analysis conducted in
Hamilton-Wentworth County in Ontario,
Boyle and others used cost-benefit, cost-ef-
fectiveness, and cost—utlhty analysis to
evaluate NICU care.” In the last of these
approaches, an attempt is made to adjust
life-years gained by a factor which takes
into account the quality of life for individu-
als who survive with disabilities. As in pre-
vious studies, the findings were birth
weight dependent. For infants in the
1,000- to 1,499-gram range, the cost of
neonatal intensive care was found to be
$59,500 (1978 Canadian dollars) per sur-
vivor, $2,900 per life-year gained, or $3,200
per quality-adjusted life-year gained. The
corresponding figures for infants in the
500- to 999-gram category were $102,500,
$9,300, and $22,400. The authors con-
cluded that “by every economic measure
neonatal intensive care for infants weigh-
ing 1,000 grams to 1,499 grams is superior
to neonatal intensive care for infants
weighing 500 grams to 999 grams.” Neo-
natal intensive care for the lower birth
weight group appeared to generate a net
economic loss in all scenarios analyzed.
Yet, when the analysis focused on clinical
outcomes, it yielded a different conclu-
sion. Here it was found that neonatal in-
tensive care for infants weighing 750
grams to 999 grams at birth resulted in the
largest survival gain for any subgroup. The
apparent inconsistency introduced by
evaluating neonatal intensive care from
these alternative perspectives highlights
the difficulties attendant to decision mak-
ing regarding high-cost, high technology
medical services.

As authors of these and other studies
are quick to point out, cost-benefit analy-
ses can help identify those programs that
not only provide a health benefit to par-
ticipants but also pay for themselves in an
economic sense. Programs that are consid-
ered cost-beneficial produce not only a
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survivor for the cost outlay, but also the
future economic productivity of that sur-
vivor. Because this situation is akin to a
man’s going into a store to buy a loaf of
bread and coming out with not only the
bread but also more money than when he
went in, it is a very restrictive criterion by
which to judge a medical intervention.
More pertinent questions to pose, espe-
cially if costs outweigh the benefits in dol-
lars generated by a program, are (1)
whether society deems the net costs worth
undertaking in view of the health benefits
produced by the program under consid-
eration and/or (2) whether alternative,
less costly strategies exist to achieve similar
health outcomes.

Knowing that the economic costs of
caring for very low birth weight infants
(those weighing less than 1,000 grams)
outweigh the economic benefits forces
policymakers to decide either that these
expenditures are worthwhile despite the
costs or that alternative strategies for sav-
ing infants’ lives need to be entertained.

A recent study by Joyce, Corman, and
Grossman speaks directly to this di-
lemma.”® They found that expansion of
prenatal care is a more cost-effective
method of saving additional infant lives
than expansion of neonatal intensive care.
For whites, the cost of saving an additional
life by expanding the number of women
who receive prenatal care in the first tri-
mester is $31 per additional life saved in
1984 dollars. The cost of saving an addi-
tional life by expanding the number of low
birth weight babies who receive neonatal
intensive care is $2,834 per additional life
saved. The comparable figures for black
women and infants are $39 in the case of
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prenatal care and $2,150 in the case of
neonatal intensive care.”’ These cost-ef-
fectiveness ratios although suggestive are
far from definitive because they do not
consider improvements in neonatal inten-
sive care technology. As with many policy
alternatives, changes in technology, par-
ticularly in rapidly developing fields of in-
quiry, may be expected to shift the
advantage of one or another approach to
a given problem over time.

New Neonatal Technologies

Faced with the desire to improve the
health of newborns and rapidly rising costs
for the care of sick infants, the policymak-
ers’ dilemma is that not all technological
innovations with potential clinical applica-
tion may be cost saving. Two examples of
recent improvements in NICU respiratory
care, artificial surfactant and extracor-
poreal membrane oxygenation (ECMO),
illustrate this point.

During the first week of life, many pre-
mature infants are faced with the problem
of breathing effectively with immature
lungs. When clinically significant, this
problem is called respiratory distress syn-
drome (RDS). RDS results from the failure
of the premature infants’ lungs to produce
surfactant, a substance that allows the
small air sacs in the lungs of premature
infants to remain inflated during all
phases of respiration. Providing prema-
ture newborns with exogenous surfactant
ameliorates RDS. Since the efficacy of ex-
ogenous surfactant was demonstrated in
1980, it has been synthesized commer-
cially and is now instilled in the windpipes
of newly born premature infants in an
attempt either to prevent or to treat RDS
and thereby decrease the accompanying
morbidity and mortality.

The early experience with artificial sur-
factant has been favorable.’*® At a
wholesale cost of approximately $900 per
treatment for a neonate, it is relatively
inexpensive and can be administered at
virtually any Level II or Level III nursery
without special equipment or monitoring.
A recent analysis from England suggested
that the use of surfactant was cost-effective
in very low birth weight infants,”” and
there has been speculation that the dis-
semination of the use of this material was
responsible for the decline in infant mor-
tality witnessed in 1991.”

The second technology mentioned,
ECMQO, is a technique for bypassing the
newborns’ lungs altogether by placing the
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child on a machine similar to one used
during open heart surgery. Not indicated
for routine use in premature babies with
RDS, ECMO is reserved for desperately ill,
full-term babies whose condition is unre-
sponsive to the conventional treatment of
respiratory assistance. Very few newborns
are candidates for ECMO so the potential
effect of ECMO on neonatal mortality is
limited. Nonetheless there appear to be
more centers in the United States with the
capability to perform ECMO than are war-
ranted by the number of 1nfants who
would benefit from the therapy.”" Accord-
ingly, there is concern that the therapy
may be used inappropriately and that costs
associated with this technique may be dif-
ficult to contain. As Southgate, who stud-
ied the use of ECMO in Georgia
concluded, “Short-sighted proliferation of
ECMO units will almost certainly result in
an increased consumption of shrinking
health care dollars, as well as the unneces-
sary duplication of services. . .."”*

Careful analysis of both the cost and
the clinical efficacy of new technologies
would be helpful in guiding the alloca-
tion of resources so as to optimize both
infant survival and the ultimate health of
survivors.

Conclusion

We have considered the impact of prena-
tal, obstetrical, and neonatal care on the
most important and easily measured out-
comes of infant health, namely the rate of
low birth weight births and the rate of
infant mortality. Though not all the stud-
ies published to date have been well con-
trolled, abundant evidence has
accumulated demonstrating that these
two outcome measures do respond to the
application of appropriate health services.

Despite the recent slowing in the rate
of decline of infant mortality and the lev-
eling off in the decline of the low birth
weight rate, there are continued reasons
for optimism. The discrepancies that per-
sist between white and nonwhite low birth
weight rates imply that an improved distri-
bution of prenatal care services could have
a significant impact on the rate of low birth
weight births. The development of new
agents to aid in the treatment of respira-

tory distress syndrome raises hope that
more widespread application of such treat-
ments will significantly improve neonatal
survival as well. Finally, expanded region-
alization of prenatal, obstetric, and neona-
tal care in a coordinated approach to the
entire continuum of gestation, labor, de-
livery, and early development holds out
the promise of greater progress on both
fronts. Though there is reason to be opti-
mistic, recent experience has highlighted
the needs of mothers and infants with
emerging special problems. These include
the increase in high-risk pregnancies
caused by maternal substance abuse (see
the Spring 1991 issue of The Future of Chil-
dren, which deals with this problem) and
pregnancies complicated by HIV infection
which, although few in number, present
the problems of severe chronic illness in
both the mother and the infant (see the
article by Perrin and Guyer in this [Winter
1992] journal issue for a more complete
discussion of HIV infection in children).
Perhaps the greatest challenge, however,
because of the sheer number of individu-
als affected, is to improve birth outcomes
in the face of increasing rates of poverty
and an increase in the number of births
to poor families.'®

The advance of obstetrical technology
into more advanced genetic and fetal
screening,” fetal therapies to ameliorate
potentlally serlous infant conditions be-
fore birth,/*”” and other technologies
such as home uterine momtormg to detect
possible premature labor”® as well as con-
tinued advances in neonatology may pre-
sent both problems and benefits. Though
there is clearly progress to be made, the
politics of competing claims on limited
resources dictates that those programs
and activities which can deliver the great-
est potential improvement in newborn
survival for the least investment are likely
to prove the most attractive to decision
makers. The effort to identify such pro-
grams and activities deserves a prominent
place on the research agenda in the im-
mediate future.

We are indebted to Victor R. Fuchs and
Eugene M. Lewit for helpful comments on an
earlier draft. We wish to thank Patricia DeV'ries
for research assistance.
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