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ABSTRACT

HEEDING THE PLEA OF THE MUFFLED CRY
(Predicting the Demand for Neonatal Intensive Care Beds in the City of Detroit)

By

Steven Allan Dosh

Infant mortality rates in the United States fell from 20 per 1,000 live births in 1975 to 7.5
per 1,000 live births in 1995. Most of this improvement has been attributed to neonatal
intensive care and regionalized perinatal care. Persistently high low-birthweight rates drive
the demand for neonatal intensive care unit (NICU) beds, especially among the poor in
urban populations in this country. However, this demand for NICU beds is not evenly
distributed among neighborhoods in urban populations and there is no current model
demonstrating this variation in demand for neonatal intensive care unit beds. In addition,
there is no model demonstrating the potential efficiency of inter-facility cooperation
among NICUs within a region. The current bed estimates used by health-care planners
make no allowance for differences in risks across populations and do not consider the
benefits of cooperation among NICUs in a region. Two models are presented in this
thesis: A model for predicting the demand for NICU beds and a model demonstrating the
effect of varying levels of cooperation among NICUs in a region. These models
demonstrate that the demand for NICU beds in a population is closely related to the very
low-birthweight of a population and document that inter-facility cooperation can improve

system-wide efficiency.
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CHAPTER 1

INTRODUCTION

The rate of deaths among children age one year or less is a major indicator of the health
of a country. This is also known as the infant mortality rate (IMR) and it is the number of
deaths among babies during the first year of life divided by the number of live births
during the same time period (thus it is not a true rate but a ratio). The death rate among
infants during the first year of life is higher in the United States than in most other
developed nations and is especially high among those who are less privileged in this
society. Reducing the national infant mortality rate to seven deaths per 1000 live births
by the year 2000 is a goal established by the Surgeon General and the United States
Public Health Service.[1] This goal appears to be within reach because the infant
mortality rate has fallen steadily from 99.9 per thousand live births in 1915 to 7.5 per

thousand live births in 1995, an improvement of 92.5%.[2]

Two basic ;;henomena have accounted for the improvement in infant mortality rates in
this country during the past century: higher standards of living throughout the population
and advances in the prevention, diagnosis, and treatment of disease among those who
have adequate access to medical care. Better nutrition and higher standards of personal

and community hygiene were the dominant forces behind declining infant mortality rates



during the first half of this century. Progress in the prevention, diagnosis, and treatment
of disease has been responsible for declining infant death rates during the second half of

this century.

Advances in the diagnosis and treatment of diseases of newborn babies have been
responsible for most of the improvement in survival among infants during the past 25
years in the United States. The infant mortality rate in this country was 20.0 per thousand
live births in 1970 and had fallen 62.5% to 7.5 per thousand live births in 1995. The
deliberate development of a regionalized system of perinatal care and the development of
successful approaches to the management of the sickest and smallest newborn babies
have been credited with most of this reduction in deaths among infants in the first year of
life.[3] However, the infant mortality rate in the United States is still among the worst of
developed countries, ranking 21% in the world in 1995 despite the improvement seen in
these rates over the past quarter of a century.[2] Unfavorable infant death rates persist in
this country because adverse population-based socioeconomic forces that contribute to

infant mortality have not improved during the past 25 years.

Poverty and its social, psychological, and physical consequences affect infant mortality
through mechanisms mediated by their effect on birthweight. Social disadvantage is
associated with an increased risk of low-birthweight (LBW) that, in turn, increases the
risk of death during the first year of life. However, the mechanisms linking poverty and
low-birthweight remain obscure and further research is needed to explain the association

between socioeconomic factors and birthweight. Nevertheless, the association between



social disadvantage, LBW, and infant mortality is clear and steps must be taken to
improve the welfare of the poor of this country and minimize the effect of poverty on

infant death rates while the association between poverty and infant mortality is explored.

The care provided to sick newborn infants, or neonatal intensive care, as it is commonly
known, has blunted the adverse impact of poverty and persistently high LBW rates in this
country. However, this has been a two-edged sword yielding improved survival among
infants but diverting attention from the underlying socioeconomic determinants of infant
mortality. Death rates in the first year of life have fallen and survival has improved even
among the smallest and sickest neonates but LBW rates remain high. Although neonatal
intensive care has been a dramatic success over the past 25 years, the rate of decline in
the IMR has been decreasing steadily since 1980. The benefit of neonatal intensive care
may be reaching the point of diminishing returns in light of persistently high LBW rates.
In fact, lower death rates among infants may not be possible unless, reminiscent of the
first half of this century, the standard of living is improved among socially disadvantaged

members of this society.[4]

In the meantime, assuring adequate access to meet the demand for neonatal intensive care
is one means of reducing the impact of social disadvantage on infant mortality.
Socioeconomic and cultural factors contribute substantially to the demand for intensive
care among newborn infants and the supply of neonatal intensive care unit (NICU) beds
in a region must be adequate to meet the population-based demand for service. However,

there is currently no model available to predict the demand for NICU beds in a



population whose gestational age distribution, LBW rate, demographic composition, and
socioeconomic characteristics are known. Unfortunately, the current system of
regionalized perinatal care makes no allowance for differences in risks across
populations, although the demand for neonatal intensive care must be closely related to

socioeconomic factors and the LBW rate of a population.

A basic tenet of this thesis is that the population of interest in determining NICU resource
utilization in large metropolitan areas is the neighborhood. National, state, county, or city
statistics do not provide enough detail to assess the risk factors responsible for LBW or
the detail necessary to determine system-wide effectiveness and efficiency. Measures
taken to reduce the population-based demand for NICU services in metropolitan areas
will be more efficient and effective if they are guided by an awareness of the location and
characteristics of neighborhoods with the greatest need for NICU services. Although the
demand for NICU care in suburban and rural populations will not be evaluated in this
thesis, it is possible that the methodological approach and models presented here may

have applicability to these populations as well.

A valid model is needed for estimating the number of NICU beds required by any given
populatior; in light of demographic composition, socioeconomic characteristics,
gestational-age distribution, and the LBW rate of the population. This is necessary if
access to NICU services is to be assured in the diverse population of the United States

during the current era of cost-containment. LBW infants are among the most vulnerable

members of society. A model predicting the demand for NICU beds in a geographic



region would foster the planning of health-care facilities and would help assure access to
critical medical services among those infants who are at greatest risk of death in the first

year of life.

The first population-based study of NICU demand in an urban population in the United
States is presented in this thesis. It is based on an analysis of neonatal intensive care
resource utilization in the city of Detroit between 1984 and 1988. The purpose of this
research is to present a model for estimating the number of NICU beds required in our
index population in light of current resource utilization rates, demographic and
socioeconomic characteristics, gestational age distribution, and birthweight distribution
of the population. In addition to providing information on the demand for NICU care in
an urban population, this study improves upon the only previous population-based study
of the demand for NICU care in the United States because it includes an assessment of
the effect of birthweight distribution, gestational age distribution, demographic -
composition, and socioeconomic characteristics on NICU resource utilization. This is
also the first study to demonstrate the distribution of the cost of NICU care within a
population, although this study does not improve on the limitations of current NICU cost
estimates. The study will also model the potential cost or savings resulting from the
institution or withdrawal of interventions with known effects on the birthweight of

newborn infants within a population.

The predominantly poor, urban population of Detroit provides an excellent contrast to the

predominantly middle class, rural population in the State of Utah, the site of the only



previous population-based study of NICU demand in the United States.[5] The

socioeconomic and cultural differences between the population of Detroit and the

population in Utah are reflected in the differences in the LBW rates in these two

populations. Between 1984 and 1988 the LBW rate was 12.7% in the City of Detroit.[6]

This LBW rate stands in sharp contrast to the low-birth weight rate of 5.4% in the study

population in Utah in 1977. In turn, the differences between the LBW rates of these two

populations are reflected in the difference in the demand for NICU beds and emphasize

the importance of socioeconomic and demographic factors as determinants of NICU bed

demand.

The goals of this study are as follows:

o ®© =2 o

. Describe neighborhood-specific environmental, demographic, and economic

characteristics.

Describe neighborhood-specific low-birthweight, very low-birthweight, infant
mortality, and neonatal mortality rates.

Describe birthweight and gestational age specific infant and neonatal mortality
rates.

Describe the association between LBW and VLBW and demographic, economic,
and environmental neighborhood variables using odds ratios.

Describe the association between infant and neonatal mortality and demographic,
economic, and environmental neighborhood variables using odds ratios.

Estimate the neighborhood-specific demand for NICU beds and cost of NICU care.
Compare estimated NICU bed demand with current national recommendations.
Develop a model to predict the demand for NICU beds in a population.

Model “what if” scenarios for NICU demand and cost encompassing decisions to
abstain from resuscitation of extremely LBW infants (< 1,000 grams), variations in
system-wide collaboration, and the impact of theoretical changes in the birthweight
and gestational age distribution of selected neighborhoods.

10. Model the effect of varying degrees of tolerance for “no bed available” days.
11. Model the effect of NICU size and day-to-day variation in NICU bed demand.



12. Discuss the implications of the descriptive and analytic statistics, the statistical
models, and “what if” scenarios.

These goals have been developed as the foundation of the primary hypothesis of this
thesis: The population of interest in determining NICU resource utilization in large
metropolitan areas is the neighborhood. In addition, these goals will facilitate the
evaluation of a secondary hypothesis: The demand for NICU beds in a population is

closely related to the very low-birthweight (VLBW) rate of the population.

In order to reach these goals, the second chapter presents a conceptual framework
including fundamental concepts of infant mortality, LBW, NICU care, regionalization of
NICU care, and the cost of NICU care. The third chapter reviews the strengths and
weaknesses of pertinent medical literature regarding the supply of NICU beds, the cost of
NICU care, and the factors affecting the demand for NICU beds within a population.
Finally, the methods, results, discussion, and conclusions are presented in chapters four

through seven.



Chapter 2

BACKGROUND

The factors affecting the demand for neonatal intensive care are easier to understand and
will be more fully appreciated after a review of several fundamental considerations.

Therefore, this chapter reviews the following topics:

e The importance of neonatal intensive care

e The risk factors for low-birthweight

o The effectiveness of neonatal intensive care

e The components of neonatal intensive care

e The indications for neonatal intensive care

e Characteristics of infants in neonatal intensive care units

o The location of neonatal intensive care units

o The costs of neonatal intensive care

e The supply of neonatal intensive care beds in the United States
e The forces driving the demand for neonatal intensive care beds

e The primary hypothesis of this thesis



THE IMPORTANCE OF NEONATAL INTENSIVE CARE

Concern for the well being of sick newborns is the obvious justification for neonatal
intensive care. However, the need for neonatal intensive care units (NICUs), is related to
population-based forces that threaten the health of infants by predisposing to the birth of
babies who are born too early and/or too small. These population-based factors are at the

core of the social fabric of this country.

INFANT MORTALITY - A SOCIAL MIRROR AND YEARS OF POTENTIAL LIFE LOST

A clear understanding of the causes of death during the first 364 days of life is the key to
understanding the importance of NICUs in the United States. These deaths are commonly
referred to as infant mortality and represent only a small proportion of deaths in all age
groups each year; for example, infant mortality only accounted for 1.3% of all deaths in
the United States during 1995. Nevertheless, the infant mortality rate, or IMR, is the

focus of much attention.

The IMR is actually a ratio consisting of the number of deaths of infants less than one
year of age in a given year as the numerator and the number of live births in the same
year as the denominator. This ratio is one of the most widely used general indices of the
well being of a country. Deaths among infants under the age of one year are referred to
as a “social mirror” because they reflect the existence of socioeconomic inequities that

have far reaching effects on the health of a population.[7]

Infant mortality is also important because the years of potential life lost (YPLL) are



comparable to other leading causes of mortality in the United States. The YPLL is the
sum of the years that a group of people would have lived if they had not died from a
given disease or injury before having reached their normal life expectancy.[8] Each
infant dying before the age of one loses more than 70 years of potential life. Therefore,
as a group, infant deaths contribute substantially to YPLL even though these deaths are
only a small portion of all deaths. It is especially important to note that deaths resulting
from illnesses or injuries occurring around the time of birth, or perinatal causes, are

among the leading causes of YPLL (Table 2.1).

TABLE 2.1
Comparison of Mortality Rates and Potential Years of Life Lost for the Two most Common Causes of and
Perinatal Causes of Death in the United States: 1985.

Adapted from McCormick [9]
Mortality Rate per - Years of
Disease 100,000 Population Potential Life Lost
Heart Disease 325.0 1,600,265
Cancer 191.7 1,813,245
Perinatal Causes 10.4 1,453,032

CLASSIFYING INFANT DEATHS

From an epidemiological viewpoint, the biologic mechanisms responsible for death
di‘ﬂ'er depending on the time at which death occurs during the first year of life. Deaths
during the first four weeks of life are primarily caused by factors affecting fetal growth
and development during pregnancy, or endogenous forces. Most deaths occurring
between four weeks and one year of life result from exogenous factors including sudden
infant death syndrome (SIDS), infections, and congenital anomalies.[10] Therefore,

deaths of infants in the first 364 days of life are categorized according to the age at time
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Figure 2.1

of death (Figure 2.1). Neonatal deaths occur during the first 27 days of life while post-

neonatal deaths occur from 28 days through 364 days following birth.

Classification of Infant Mortality

Infant Mortality
(< 36S days)

1

Neonatal Mortality
(< 28 days)

Post-neonatal Mortality
(7 - 364 days)

]

Early Neonatal Mortality
(<7 days)

Late Neonatal Mortality
(7 - 27 days)

The biological mechanisms responsible for death also differ depending on the time of
death duﬁng the first four weeks of life. Deaths occurring during the first six days of
life are usually associated with severe congenital anomalies or extremely low-
birthweight (ELBW or birthweight less than 1,000 grams). Many of these deaths, in
contrast to deaths occurring between seven days and four weeks of life, are not
preventable.[4] Therefore, neonatal deaths are subdivided into early and late neonatal
deaths with early neonatal deaths occurring during the first six days of life and late

neonatal deaths occurring between seven and 27 days following birth.

The importance of neonatal mortality in the United States is emphasized by the

distribution of infant deaths during the first year of life (Figure 2.2).[11] Post-neonatal
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deaths accounted for only 37% of all infant deaths during 1994, while neonatal deaths
accounted for 63%. Upon closer inspection, however, the important role of early

neonatal death as a cause of infant mortality is evident because the majority of infant

Figure 2.2
Percent of Infant Deaths by Day of Death
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deaths (51%) occur during the first six days of life. Since neonatal intensive care focuses
medical resources on the diagnosis, treatment, and prevention of illnesses associated with
low-birthweight (LBW), congenital anomalies, and other diseases arising during the first
month of life, NICU care plays a vital role in reducing the IMR in the United States.

AN HISTORICAL REVIEW OF INFANT MORTALITY

Although most infant deaths in the United States occur during the first month of life and
are associated with LBW, this has not always been true. Infectious diseases were the
primary cause of infant mortality in the United States during the first half of this century.
The control of infectious diseases through measures such as sanitation, improved

community nutrition, vaccination, and antibiotic therapy led to a reduction in such deaths.
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As infectious diseases came under control, congenital anomalies and illnesses resulting
from LBW and preterm birth (PTB or birth before the start of the 37" week of
pregnancy) became, and remain, the most common causes of infant mortality in all
industrialized countries (Table 2.2). Disorders directly related to PTB and unspecified
LBW accounted for 13% of all infant deaths in 1995. In addition, many deaths due to

respiratory distress

Table 2.2
Infant Mortality Rates for the Ten Leading Causes of Infant Death - the United States (1995).
Adapted from Guyer [2]
Percent of All Infant
Cause of Death Deaths IMR
All Causes 100.0 7.5
Congenital Anomalies 224 1.7
Disorders Related to Prematurity and unspecified low-
’ birthweight 13.0 1.0
Sudden Infant Death Syndrome 11.2 0.8
Respiratory Distress Syndrome* 5.0 0.4
Newborn Affected by Maternal Complication of Pregnancy
4.2 0.3
Newborn Affected by Complications of placenta, cord, and
membranes 33 0.3
Accidents and Adverse Effects 2.6 0.2
Infections Specific to the Perinatal Period* 2.6 0.2
Intrauterine Hypoxia and Birth Asphyxia* 1.6 0.2
Pneumonia and Influenza 1.6 0.1

* The actual impact of LBW and PTB is actually greater because preterm birth or low-birthweight often
causes these disorders.
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and infections specific to the perinatal period are associated with PTB and LBW. Thus, it
is clear that reducing infant mortality requires a reduction in infant deaths caused by

diseases associated with PTB and LBW.[9]

The role of neonatal intensive care in reducing infant mortality in the United States is
emphasized by a review of the historical relationship between birthweight, neonatal
mortality, regionalization of perinatal care, and advances in neonatal intensive care

(Figure 2.3). Three broad historical time periods can be identified. During period I, the

Figure 2.3
Annual Infant Mortality Rates (per 1000), Neonatal Mortality Rates (per 1000),
Low-birthweight Rates (%), and Very Low-birthweight Rates (%) - United States (1950 — 1995)
National Center for Health Statistics [12]
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control of infectious diseases, advances in sanitation, and improved community nutrition
accounted for the limited reduction in infant mortality between 1950 and the mid 1960s.
Between the mid 1960s and the early 1980s, or period II, infant mortality rates in
general, and neonatal mortality rates (NMRs) in particular, began to fall rapidly with
advances in neonatal intensive care and the deliberate development of a system of
regionalized perinatal care that included the introduction of designated NICUs (as will
be seen in the next section of this chapter). Finally, in period III the rate of improvement
in neonatal mortality rates began to plateau and the limits of contemporary neonatal
technology became evident between the early 1980s and the present. As can be seen, the
IMR has improved 74% from 29.2 per thousand live births in 1950 to about 7.5 per
thousand live births in 1995.[2] The 1995 IMR is close to the goal of 7.0 per thousand
live births by the year 2000, which was set by the USPHS.[1] However, these rates

remain well above those of many other developed nations.

INTERNATIONAL INFANT MORTALITY RANKINGS

As noted in the introduction, the IMR in the United States was 7.5 infant deaths per
thousand live births in 1995 and ranked 21% in the world (Table 2.3). Understandably,
this poor ranking has been a cause for concern among health-care planners and policy
makers in the United States. However, this ranking must be evaluated in light of the

limitations of the data used to generate worldwide infant mortality rankings.

Although efforts are underway to systematize the registration of infant births and deaths

and to adopt a uniform definition of a live birth, the absence of this standardization
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limits the validity of comparisons of infant mortality rates among the countries of the
world.[13] The World Health Organization (WHO) has defined a live birth as “the
complete expulsion or extraction from its mother of a product of conception, irrespective
of the duration of pregnancy, which, after such separation, breathes or shows any other
evidence of life”.[14] While this definition has been adopted throughout most of the
United States, it has not been applied universally in other countries. Furthermore,

although the reporting of births and deaths is the responsibility of the medical profession

Table 2.3
Infant Mortality Rate per 1000 Live Births in Selected Developed Countries (1992 - 1994)
Adapted from Guyer [2]

Rank Country Rate Year
1 Japan 42 1994

2 Singapore 4.3 1994

3 Sweden 44 1994

4 Finland 4.7 1994

5 Hong Kong 4.8 1993

6 Norway 5.2 1994

7 Switzerland 5.5 1994

8 Denmark 5.6 1993

9 Ireland 59 1994
10 Netherlands 5.9 1994
11 Australia 6.1 1993
12 Austria 6.1 1994
13 France 6.1 1992
14 Germany 6.2 1992
15 Canada 6.2 1994
16 United Kingdom 6.2 1994
17 Italy 6.7 1994
18 New Zealand 7.2 1993
19 Spain 7.2 1994
20 Belgium 7.6 1994

21, | ' United States . 8.0, ] 1994 .

22 Greece 83 1994

in this country, in other countries it has been the responsibility of parents to report

births, whether live or dead. Theoretically, at least, medical professionals are more
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consistent in reporting live births and deaths and are better able than parents to identify

“any other sign of life”.

When comparisons are made between the United States and other developed countries,
these differences in definition and reporting affect IMRs because they introduce
substantial bias in both the numerator and the denominator of the IMR, as defined
earlier.[13],[15],[16] Under current circumstances, the smallest infants are most likely to
go unreported in other developed countries. Therefore, the infants who are most likely to
die also are most likely to be unreported and this, in turn, introduces a bias which
portrays IMRs in the United States unfavorably when compared to other countries with
less accurate and less complete reporting of live births. It has even been suggested that
differences in registration practices are the primary factor responsible for the poor infant
mortality rankings of the United States.[17] Although this may be true, the limitations of
international IMR comparisons do not apply to the differences identified when
comparisons are made between the IMRs of the socially privileged and the socially

disadvantaged in this country.

SOCIOECONOMIC DISADVANTAGE AND INFANT MORTALITY

Crude measures of poverty reveal a disparity between IMRs of the rich and of the poor in
this country (Tables 2.4 and 2.5). These differences are concealed in national IMRs.
However, the effect of poverty on infant mortality is reflected in the distinct differences
between black and white infant mortality in the United States because blacks are

disproportionately affected by poverty (Figure 2.4). This is evident when the IMRs for
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Table 2.4
Infant Mortality Rates per 1000 Live Births by Maternal Education and Race (1988)[18]

Race
Maternal Education (Years) White Black
o-8 _ ' 125 1 216
9-11 124 20.0
12 8.1 16.6
13-15 6.4 147
16 + 5.8 13.3

Table 2.5
Infant Mortality Rates per 1000 Live Births by Family Income and Maternal Race (1988)[18]

Race
Household Income ($) White Black
<10,000 N 112 ot 193
10,000 - 17,999 9.5 18.5
18,000 - 24,999 7.7 16.1
25,000 - 34,999 73 14.6
35,000 + 7.2 16.6

1995 are evaluated more carefully. Among white Americans there were 6.3 infant deaths
per thousand live births, while among blacks the rate was 14.9 per thousand live births.
Furthermore, between 1970 and 1995 the improvement in the IMR was 64% among
whites and 55 % among blacks resulting in a 26% widening of the gap between whites

and blacks during those years (Figure 2.5).

The disparity between black and white infant mortality rates is related, in part, to
socioeconomic factors, mediated by the effect of these factors on birthweight, and is
reduced substantially when adjustments are made for socioeconomic disadvantage.

Therefore, a review of the relationship of LBW and infant mortality is expedient.[2]
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Figure 2.4
Infant Mortality Rate per 1000 Live Births by Race of Mother: Selected Years
(1970 - 1995). Adapted from Guyer (Guyer, Strobino et al. 1996)
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Figure 2.5
Black:White Infant Mortality Ratio

Adapted from Guyer (Guyer, Strobino et al. 1996)
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THE RELATIONSHIP BETWEEN INFANT MORTALITY AND LOW-BIRTHWEIGHT
As in most developed countries, the majority of infant deaths in the United States occur

in the first few days of life, are associated with diseases related to LBW and congenital
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malformations, and have their origin before or during the pregnancy (Table 2.2 on page
13).[19],[20] In fact, persistently elevated LBW rates in the United States are believed to
be responsible for the higher IMRs in this country when these rates are compared with
IMRs in Scandinavian countries.[21] Likewise, most of the discrepancy between IMRs in
blacks and whites has been ascribed to the higher LBW rates among blacks.[20] This
close relationship between birthweight and infant mortality is best demonstrated by the
fact that the very low-birthweight (VLBW) rate of an industrialized country is the best
predictor of its neonatal mortality.[22] Therefore, if one is to understand infant mortality,

it is necessary to understand the mechanisms responsible for LBW.

By convention, any infant weighing less than 2500 grams at birth is considered LBW

(Figure 2.6). Infants weighing less than 1500 grams are considered VLBW and less than

Figure 2.6
Distribution of Birthweights in the United States (1985).[23]
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1000 grams are considered extremely low-birthweight (ELBW). In 1995, LBW infants
represented 7.3% of all births and VLBW infants represented 1.3% of all births in the
United States. Just as there is a disparity between infant mortality in blacks and whites,
there is a disparity in the LBW rates between blacks and whites in the United States. In
1995, the LBW rate among whites was 6.2% and was more than twice this rate among
blacks (13.0%). In 1994, the VLBW rate was 1.0% in whites and 3.0% in blacks. The
disparity remains substantial and, although the LBW rate has fallen slightly for blacks
and risen slightly for whites since 1993, the VLBW rates have remained unchanged
among black newborns throughout the 1980’s and 1990’s.[2] These persistently high

LBW and VLBW rates in the United States contribute substantially to infant mortality.

LBW infants also have a 40-fold increased risk of neonatal mortality and those who
survive carry a heavy burden of morbidity when compared to infants of normal
birthweight.[20] VLBW infants accounted for only 1.2% of all births but 64.2% of all
neonatal deaths in 1988. This further serves to emphasize the importance of birthweight
as a determinant of neonatal mortality. Furthermore, 80% of the racial disparity in
neonatal mortality between blacks and whites in 1988 has been attributed to the racial
disparity in the birth of ELBW infants.[24] Finally, in addition to the risk of death, there
is substantial risk of morbidity associated with LBW, especially pulmonary and
neurologic complications.[25],[26],[27],[28],[29],[30],[31] Therefore, an understanding
of the mechanisms responsible for LBW is essential if we are to understand the need for

NICUs.
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The birthweight of an infant is a function of the length of gestation and the rate of fetal
growth. The LBW infant may be small because it was born too soon, grew too slowly, or
both (Table 2.6). By convention, infants born before 37 weeks of gestation are
considered preterm or premature. Any infant whose birthweight is below the tenth
percentile for its gestational age is considered small for gestational age and is said to have
intrauterine growth retardation (IUGR). It is important to note that not all small infants
are preterm and not all preterm infants are small. It should also be noted that many
infants who are small for gestational age are otherwise healthy, even though the label
“IUGR” suggests the presence of disease. As in most developed countries, the principal
cause of LBW in the United States is preterm birth (PTB) but PTB and intrauterine
growth retardation both play a role in causing low-birthweight in this country.[32]
Therefore, an understanding of LBW requires an awareness of both the factors

responsible for PTB and the factors responsible for [IUGR.

Table 2.6
Classification of Low-birthweight (< 2500 grams) infants by gestational-age and birthweight for
gestational-age. Infants born before the start of the 37th week of gestation are preterm and infants who are
below the 10" percentile for their gestational Age have intrauterine growth retardation TUGR)

BIRTHWEIGHT FOR GESTATIONAL AGE
GESTATIONAL AGE IN WEEKS < 10% (= IUGR) > 10% (= Normal)
< 37 (Preterm) Preterm with [UGR Preterm
> 37 (Term) IUGR Small term
CONCLUSION

NICUs are necessary in this country because LBW rates are high as a result of too many

babies being born too small and/or too early to live without intensive medical care.
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THE RISK FACTORS FOR LOW-BIRTHWEIGHT (< 2,500 GRAM)

It should be clear that the causes of LBW begin well before birth. Therefore, it is
necessary to identify the risk factors and intervene to prevent LBW or reduce the impact
of the risk factors whenever possible. Even when prevention is not possible,
arrangements can be made for babies who have a high risk of being LBW to be delivered

at regional perinatal centers.

Risk assessment offers the opportunity to identify social, personal, behavioral, and
obstetrical factors that contribute to the risks of LBW. Identifying and reducing the risk
factors for LBW within a population can both improve the birthweight distribution of the

population and facilitate timely access to NICU care (Figure 2.7).

Figure 2.7
The role of risk factor identification in reducing the impact of low-birthweight in a population.
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IDENTIFYING RISK FACTORS FOR LOW-BIRTHWEIGHT

LBW has been called “the central biologic mediator of the relationship of social class and
economic conditions to infant mortality in industrialized countries”.[33] However, the
biologic mechanisms linking socioeconomic conditions and LBW remain obscure. The
cause of LBW in many infants is multifactorial, many of the potential risk factors are
hard to quantify, and there are complex interactions among the potential risk factors.
Therefore, identifying risk factors for LBW and establishing the link between
socioeconomic disadvantage and LBW has proven difficult. Furthermore, it is necessary
to distinguish between the risk factors resulting in LBW due to prematurity and the risk
factors for LBW due to IUGR. This adds to the complexity of assessing the important
risk factors for LBW. Although determining birthweight is relatively easy, determining
gestational age is relatively complex. As a result, it may be difficult to distinguish
between the two major categories of LBW: PTB and IUGR. Misclassification,
confounding, mediation, and effect modification associated with these characteristics of
infants with low-birthweight have often frustrated attempts to identify the determinants of

PTB and IUGR.

Studies assessing risk factors for LBW are also fraught with methodological
inconsistencies that have further thwarted efforts to establish the biologic link between
socioeconomic status and birthweight. The most obvious variation among these studies is
the difference in exclusion and inclusion criteria for study samples. The decision to
include or exclude infants born before 28 weeks of gestation, infants weighing more than

2500 grams, and infants born during the 37™ week of gestation can substantially affect
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the findings of any given study because the risk factors for infants in each of these
categories may differ substantially. Studies of the risk factors for LBW also differ in the
definition of exposure. For example, the findings of a study defining alcohol exposure as
2 or more drinks daily may differ from a study defining exposure as one or more drinks
daily. These and other methodological differences have contributed to the inconsistency

of results among studies of LBW determinants.

Determining the risk factors for LBW has also been hampered by the way the factors
have been categorized. Most studies have analyzed LBW, risk, and risk factors as
dichotomous or categorical variables rather than continuous variables. This design has
been used even though birthweight, risk, and many risk factors exert their influence over
a continuum. This approach to study design may make it more difficult to identify the
independent effect and the relative importance of most risk factors for LBW. Therefore
many of the risk factors for LBW and the relative importance of known risk factors
remain undetermined.

Among the potential risk factors associated with LBW are numerous social, personal,
behavioral, and obstetrical attributes. Maternal education, marital status, paternal
occupation, family income, dwelling size, and number of persons per room are examples
of social factors associated with variations in the birthweight of infants. Maternal race,
age, height, and pre-pregnancy weight are some of the personal attributes associated with
birthweight. Behavioral factors associated with variations in birthweight of infants
include maternal alcohol consumption, smoking habits, and nutrition. Obstetrical

attributes include parity, weight gain during pregnancy, history of a previous pregnancy
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resulting in a LBW infant, timing of first prenatal visit, and hypertension induced by
pregnancy. This partial listing of suspected risk factors for LBW reveals the potential for
misclassification, confounding, mediation, and effect modification emphasized earlier.
For example, socioeconomic status affects smoking habits and access to health care while
smoking habits affect pre-pregnancy weight and weight gain during pregnancy. Given the
risk of confounding and interaction among potential risk factors, it seems clear that
multivariate analysis should be a minimum requirement of studies attempting to identify
the risk factors for LBW. However, even multivariate analyses have yielded conflicting

results.

“KNOWN”’ RISK FACTORS FOR LOW-BIRTHWEIGHT

Potential risk factors for LBW and the inconsistency of results, even among studies
utilizing multivariate analysis, can be demonstrated by a brief review of the results of an
extensive meta-analysis, a comparison of risk assessment models, and a study of maternal
nutrition and preterm birth (Table 2.7).[34],[35],[36] Each of these studies attempted to
overcome many of the limitations of previous studies and, as will be seen, yielded
conflicting results. Both the meta-analysis and the comparison of risk assessment models
evaluated risk factors for PTB and TUGR independently while the study of maternal
nutrition only evaluated the risk factors for PTB. Smoking was identified as a risk factor
for PTB in all three studies and low maternal pre-pregnancy weight was also identified as
a risk factor in the two studies that evaluated this risk factor for PTB. In addition,
maternal height was not found to be a risk factor for PTB in any of the studies. The two

studies evaluating the risk factors for [UGR both identified maternal height, maternal
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Table 2.7
Comparison of Risk Factors Evaluated and Identified in Three Selected Studies.

Michielutte Kramer et al
Risk Factor Kramer Meta-analysis Model comparison Maternal nutrition
Maternal age
Preterm - + -
IUGR + - N/A
Maternal Height
Preterm - - -
TUGR + + N/A
Maternal weight
(pre-pregnancy)
Preterm + + N/A
IUGR + + N/A
Maternal race (black)
Preterm - + N/A
IUGR + + N/A
Single parent
Preterm - - +
IUGR - - N/A
Maternal education
Preterm - - +
TUGR - + N/A
No prior live birth
Preterm - + -
TUGR + + N/A
Smoking
Preterm + o+ +
TUGR + + N/A
Alcohol
Preterm - N/A -
IUGR + N/A N/A
Urinary infection
Preterm - N/A +
TUGR - N/A N/A
Female infant
Preterm - N/A N/A
TUGR + N/A N/A

pre-pregnancy weight, maternal race, nulliparity, and smoking as risk factors. Beyond
these consistencies among the studies, there is substantial discrepancy in factors analyzed
and the results of the studies. These inconsistencies are typical of those found in the

existing literature regarding the risk factors for LBW.
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The inconsistency in the medical literature regarding risk factors must also be
remembered when considering the contribution each risk factor makes to high LBW rates

due to IUGR and PTB in the United States (Tables 2.8 and 2.9). The most important

Table 2.8
Risk Factors, Odds Ratios, and Etiologic Fractions for [IUGR[34]
Risk Factor 0Odds Ratio Etiologic Fraction
Smoking > 11 cigarettes daily 242 22.1%
Gestational weight gain < 7 Kg 1.98 13.6%
Maternal pre-pregnancy weight < 49.5 Kg 1.84 11.9%
Female infant 1.19 8.4%
No prior live birth 1.23 7.1%
Prior infant with [UGR 2.75 6.5%
Maternal height < 158 cm 1.27 6.3%
Black race 1.39 6.0%
Alcohol > 2 drinks daily 1.78 2.3%
Table 2.9
Risk Factors, Odds Ratios, and Etiologic Fractions for Preterm Birth
Risk Factor Odds Ratio Etiologic Fraction
Smoking > 11 cigarettes daily 141 7.6%
Maternal pre-pregnancy weight < 54.0 Kg 1.25 6.3%
Prior spontaneous abortion 1.57 5.4%
Prior preterm birth 3.08 4.9%

modifiable risk factors for LBW associated with both IUGR and PTB in the United States
would appear to be cigarette smoking and maternal nutritional status prior to pregnancy
as reflected by pre-pregnancy weight. Improving maternal nutrition before and during
pregnancy and eliminating alcohol consumption and cigarette smoking during pregnancy
would reduce the risk of [TUGR. However, PTB is the most common cause of LBW in this

country and most of the risk factors responsible for PTB have not been identified (Figure
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2.8). Therefore, most PTBs occur in women who have no identifiable risk factor.

Figure 2.8
Percent of Low-birthweight Infants for whom the Cause is Known for [UGR and Preterm Births. Adapted
from Kramer [34]
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Identifying the risk factors for LBW associated with PTB is especially important because
most LBW in the United States is caused by PTB. Enabling women to avoid cigarette
smoking during pregnancy would reduce LBW associated with IUGR at least 22% and
PTB at least 8%. Likewise, optimal improvement in maternal nutrition prior to pregnancy
would only reduce LBW associated with PTB by a maximum of 6.3%. Finally, it has
been suggested that cocaine use during pregnancy may contribute substantially to the
PTB rate in this country. However, there has not been a dramatic change in the LBW
rates as cocaine use has increased in this country and it is still unclear whether or not
cocaine use is an independent risk factor.[37] Since most risk factors for LBW remain to
be identified, there is a great need for research to identify the causes of PTB. In the
meantime, neonatal intensive care must be available to LBW babies and other sick

infants.
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CONCLUSION

The etiology of LBW is multifactorial and, for this reason, identifying and quantifying
the importance of individual risk factors is difficult. Establishing the biologic link
between socioeconomic disadvantage and LBW is especially difficult. However,
maternal smoking, poor nutrition, and alcohol consumption are important risk factors in

this country.

THE EFFECTIVENESS OF NEONATAL INTENSIVE CARE

The success of neonatal intensive care in the United States has been dramatic. NMRs in
the United States have fallen from 11.6 per thousand in 1975 to 7.5 per thousand in 1995,
even though LBW rates have remained relatively constant at about 7% during the same
time frame (Figure 2.3 on page 14). The improvement in IMRs has been attributed to a
well-planned program of regionalized perinatal care and advances in neonatal intensive
care.[38] The fact that LBW infants who receive care in neonatal intensive care units
have significantly lower mortality than those who receive care in hospitals without such
facilities clearly demonstrates the effectiveness of neonatal intensive care. The relative
risk for mortality among LBW infants cared for in other nurseries was about 1.5 when
compared to NICUs, although the effect of neonatal intensive care was not uniform
across weight groups. It is, however, important to note that the mortality risk among

normal-birthweight infants was not lower in hospitals with NICUs.[39],[40], [41]
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PERINATAL PARADOX

The improvement in neonatal mortality rates coupled with persistently LBW rates has
created what Rosenblatt calls the “perinatal paradox”.[42] We have effective treatment
for LBW infants but we are unable to identify and correct the factors responsible for high
LBW rates. This is demonstrated by evidence that neonatal mortality in the United States
is comparable to or better than most other developed countries when the NMR in this

country is adjusted for birthweight.[21],[22]

In the absence of effective neonatal intensive care, the IMR in the United States would
soar because there has been no change in the population risks during the past 25 years.
Furthermore, there has been no change in the gap between the risks of the black and
white populations of this country because the socioeconomic determinants of LBW
remain essentially unchanged (Figure 2.9). Regionalized neonatal intensive care reduces

the impact of failed social policy. Thus, anything that substantially diminishes access to

Figure 2.9
Low-birthweight Rate per Thousand Live Births of Blacks and Whites for Selected Years
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NICU services will have a devastating effect on the IMR in the United States. It has been
estimated that in 1975 the crude NMR would have been 68% higher for whites and 100%
higher for blacks if it had not been for neonatal intensive care.[38] In 1975 the LBW rate
among whites was 6.9% percent and among blacks was 12.6%. In 1995 the LBW rate
among whites was 6.2% and among blacks was 13.0%. These rates have remained
relatively stable during the past 20 years and it seems reasonable to assume that, in the
absence of neonatal intensive care, the current NMR would be at least 68% higher among
whites and 100% higher among blacks. Since neonatal mortality accounts for 63% of
deaths in the first year of life, the IMR in this country would rise precipitously without
NICU care (Table 2.10). The consequences of withdrawing NICU services would be
greatest among the poor. Thus, continued access to neonatal intensive care is critical, if

the impact of the unfavorable birthweight distribution in this country is to be reduced.

Table 2.10
Predicted Infant Mortality Rates in the Absence of Neonatal Intensive Care in the United States and
Selected Primary Metropolitan Statistical Area (PMSA), Counties, and Washington, DC*

With NICU Without NICU
' % effect
Location 43% 68%
United States 9.2 13.2 15.0
Detroit, MI (PMSA) 11.9 17.0 19.4
Wayne County, MI 16.2 23.2 26.4
Chicago, IL (PMSA) - 12.3 17.6 20.0
Cook County, IL 13.3 19.0 21.7
Washington, DC 20.7 29.6 33.7

* This table is based on 1990 IMR per 1000 live births.[43] The estimates of infant mortality without NICU
assume that NICU care reduces neonatal mortality 68% for whites, 100% for blacks, and is responsible for
63% of all infant mortality. Thus, infant mortality would be reduced between 43% (.68 * .63) and 63% (1 *
.63) depending on the racial mix of the population being studied. This is believed to be a conservative
estimate because neonatal intensive care may also reduce deaths after 27 days of life. Note that the impact
increases as the geographic resolution increases. By comparison, infant mortality rates in developing
countries run in the range of 20 to 120 per 1000 live births.[13]
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CONCLUSION
The regionalized system of perinatal care and advances in neonatal intensive care have
played a vital role in reducing the IMR in the face of persistently high LBW rates in this

country.

THE COMPONENTS OF NEONATAL INTENSIVE CARE

In a general sense, neonatal intensive care may be defined as any concentrated effort to
maintain or improve the well being of an infant who is at risk of becoming ill or who
becomes ill before the age of 28 days. As will be elaborated later, there are three basic
components of neonatal intensive care: monitoring, testing, and treating the neonate. A
newborn infant who is ill or at risk of illness may receive any one or a combination of
these components of neonatal intensive care. Such care may be initiated by primary-care
physicians in community hospitals in emergency circumstances, but it is usually rendered
under the auspices of physicians specifically trained to care for ill newborn infants at
regional medical centers with access to highly trained personnel and the latest

technological resources.

A REVIEW OF REGIONALIZED NICU CARE
The evolution of neonatal intensive care in the United States paralleled the technological
revolution and the associated specialization that typified the industrial revolution.

Systematic efforts to attend to the special needs of newborn infants began to appear
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before the turn of the current century and have advanced throughout the 20™ century. In
France during the 1800’s, the special needs of mothers and their newborn infants led to
the development of hospitals devoted to the care of mothers and their newbom infants. A
systematic approach to the care of newborn infants accompanied this innovation in
health-care delivery.[9] During the 1920’s, Chicago became the site of the first hospital
in the United States with a unit for the care of premature infants.[44] Many infants were
born at home at that time, so the city of Chicago developed a transport service to
facilitate transfer of these infants to the hospital for medical attention and to address the

needs of sick neonates who were born at home.[45]

As NICU care became more specialized and technologically advanced, it was clear that
limiting the number of hospitals providing NICU service within a given population would
both help assure the quality and reduce the cost of NICU care. As a result, the concept of
regionalized neonatal intensive care was formulated by the March of Dimes Committee
on Perinatal Health in order to promote universal access to specialized perinatal care.
This system of care is now utilized throughout this country.[46] Eventually,
regionalization of neonatal intensive care services became the mechanism for caring for

the needs of sick neonates in the United States.

The goal of regionalized NICU care is to concentrate the care of sick newborn infants
from a given region at a hospital capable of providing optimal care to these babies.
Ideally, all high-risk newborns would be identified before birth and be delivered in a

hospital with a NICU. Since this is not always possible, a secondary goal is to assure that
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sick neonates are transferred to a NICU as soon as possible after birth. As a result, the
success of NICU care in a region can be assessed by determining the proportion of
VLBW babies born at the regional center and the proportion of regional early neonatal
deaths that occur in a hospital with a NICU.[47] As an example, the state of Michigan is
divided into 17 regions (Figure 2.10). Between 1986 and 1988, this state had one of the
most effective systems of regionalized NICU care with 76% of all VLBW infants being
born at a hospital with a NICU and 68% of early neonatal deaths occurring in regional

centers.[48]

NEONATOLOGY - A NEW SPECIALTY

Special training for physicians who provide care to sick newborns was an integral
component of regionalized neonatal intensive care. As a result, neonatology developed
as a specialty of pediatrics in response to the special needs of sick newborn infants. In
November 1995 neonatology completed its 30® year as an acknowledged subspecialty of
pediatrics. The number of NICUs and NICU beds has increased dramatically since
neonatology has been recognized as a pediatric specialty. In 1991 there were 712
NICUs, over 11,000 NICU beds, and about 3,000 neonatologists in the United
States.[45],[46] This amounts to about 3.9 NICU beds per 1,000 live births and more

than 5 neonatologists per 10,000 live births.
TECHNOLOGICAL ADVANCES BUT AT A COST!

The resources a neonatologist brings to bear on the problems of a newborn infant are

diverse and expensive. Technologic advances enable the continuous monitoring of the

35



Figure 2.10
Michigan NICU regions
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blood pressure, temperature, pulse, respiration, and oxygenation of the sick infant.
Ultrasound technology enhances the ability of physicians to detect infants who are at
risk prior to birth and is a non-invasive technology that simplifies the evaluation of
selected problems in newborn infants. Advances in respiratory management in the late
1960’s and the introduction of surfactant in 1989 resulted in a reduction in the risk of
respiratory illnesses associated with PTB.[49],[50],[51] An improved understanding of
the nutritional needs of the sick neonate has also facilitated the management of the
neonate in the NICU. Articles documenting the effectiveness of neonatal interventions
confirmed by randomized clinical trials are catalogued and are being continuously
updated.[52] However, the cost of caring for LBW babies is substantial. In 1988 it was
estimated that the incremental cost of caring for LBW neonates was $4.0 billion or 35%

of the total cost of providing medical care to infants.[53]

CONCLUSION

The essence of neonatal intensive care is an effective, though costly, regionalized,
systematic approach to monitoring, evaluating, and treating sick neonates. The origins of
this approach to the care of sick newborn infants date back to the late 1800’s. The
components of neonatal intensive care continue to evolve as our understanding of sick
neonates increases, complications of new technology develop, and our ability to care for

smaller and sicker newborns increases.
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THE INDICATIONS FOR NEONATAL INTENSIVE CARE

There are many clinical situations that prompt a clinician to admit a newborn infant to a
neonatal intensive care unit. The most common indications for neonatal intensive care
include babies with a birthweight of 1500 grams or less, a gestational age of 32 weeks or
less, respiratory distress, sepsis, seizures, persistent hypoglycemia, congenital anomalies
requiring diagnostic studies or surgery, and infants of diabetic mothers with serious
complications.[46] Ideally, each newborn with one of these conditions would have
immediate access to a well-staffed and well-supplied NICU. Clearly, this is not practical
given the costs and the difficulty maintaining technical proficiency in facilities doing a
low volume of deliveries. These practical limitations were a driving force behind the
development of regionalization as a model for delivering neonatal intensive care in the
United States. Regionalization controls costs by producing an economy of scale while
improving patient outcomes by enabling clinicians and ancillary personnel to maintain
competency through an adequate volume of exposure to the common problems

encountered in neonatal intensive care units.

TIMELY ACCESS

Although immediate access to NICU care is not practical for every newborn infant,
timely access to a NICU with adequate volume to maintain clinical competency is a
realistic goal. The importance of adequate patient volume in neonatal intensive care has
recently been demonstrated in California.[54] In this study, hospitals with an average

NICU census of at least 15 patients per day had lower risk-adjusted neonatal mortality
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than hospitals with lower average NICU censuses. The odds ratio was 0.62, the 95%
confidence interval was 0.47-0.82, and the p-value was 0.002. The importance of timely
access to NICU care has also been demonstrated by the fact that LBW infants who are
transferred to NICUs after birth have higher mortality rates than those who are born in
hospitals with NICU services, although some of this effect may be due to selection

bias.[39],[54],[55],[56]

TIMELY TRANSPORT

Ideally, all high-risk deliveries would occur in hospitals with NICUs. Unfortunately, it is
not always possible to anticipate the delivery of a sick newborn. Therefore, hospitals
providing obstetrical care in the absence of neonatal intensive care must be prepared to
stabilize sick newborns and provide rapid transport by qualified personnel to a hospital
with a NICU. This is important because failure to transfer LBW infants to NICUs results
in higher neonatal mortality.[40], [57] There is, in fact, adequate evidence to suggest that
mortality rates are improved for high-risk infants receiving care as early as possible in
higher volume NICUs even if this requires transfer at great distances from the hospital

where the birth occurred.[41]

CONCLUSION

Whenever possible, high-risk infants should be born in hospitals capable of providing
neonatal intensive care. If this is not possible, these infants should be stabilized and
transported to a hospital capable of providing NICU services as early as possible. The

existence of distance and other barriers limiting access to NICU services have been
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noted, but these barriers can be overcome to minimize delays in the provision of NICU

care.[58]

CHARACTERISTICS OF INFANTS IN NEONATAL INTENSIVE CARE UNITS

The patient mix in a NICU will vary depending on the patient population being served.
However, the close relation between LBW and the need for neonatal intensive care makes
it possible to identify those newborns that are disproportionately represented in the
NICUs of this country. Foremost among those over-represented in NICUs are infants
from socially disadvantaged families. In addition, infants of mothers who smoke or drink
alcohol, who have had a previous pre-term birth, or who are adolescent are
 disproportionately represented in the NICUs of this country.[36] It is also important to
recognize that black infants are disproportionately represented in NICUs. The racial
disparity in NICU occupancy results, at least in part, from the socioeconomic
disadvantage of blacks in the United States, as noted earlier. However, most of the infants
in NICUs are not in an identifiable high-risk group. Still, the problem of LBW crosses
racial lines along a social gradient which favors the socially advantaged through

unidentified mechanisms.
LOW-BIRTHWEIGHT

As many as 30% or more of NICU admissions weigh more than 2500 grams and are in

the NICU for illnesses unrelated to PTB.[59],[60] Many of these neonates could have
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avoided NICU admission if intensive monitoring had been available in a different setting.
The most common diagnoses in this group of normal-birthweight infants include
respiratory disorders other than respiratory distress syndrome, jaundice, and congenital
abnormalities. Although normal-birthweight (NBW) infants account for 30% or more of
admissions to NICUs, they occupy a smaller portion of NICU beds because LBW
newborns have longer average lengths of stay than NBW newborns.[61], [62], [63] In
fact, among newborns weighing between 500 and 749 grams at birth and surviving to
discharge, the average length of stay is almost 100 days longer than infants of NBW.[62]

As a result, LBW infants occupy most NICU beds.

CONCLUSION
Most NICU attendees are not from an identifiable high-risk group. However, infants born
to socially disadvantaged mothers are over-represented in NICUs and most of the babies

in NICU beds are there as a result of illnesses associated with PTB and/or IUGR.

THE LOCATION OF NEONATAL INTENSIVE CARE UNITS

Identifying the optimal location for a NICU within a region is necessary to assure access
but an ideal location is not sufficient alone to assure access. In addition, the number of
beds needed by the population being served must be adequate, patients and referring
physicians must understand the importance of NICU care, and there must be an effective

system to facilitate pre-natal or early neonatal transfer to the regional center.
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MINIMIZING GEOGRAPHIC BARRIERS TO ACCESS

Ideally the location of NICUs would be based on a careful consideration of the location
of the populations at risk in order to minimize geographic barriers to NICU care.
However, the development of regionalized neonatal intensive care in the United States
occurred rapidly and without accounting for differences in risk or demand across
populations. In fact, regionalization of neonatal intensive care in the United States
occurred so rapidly and was so widespread that by the end of 1979 the effect of a national
demonstration program could not be detected because the centralization of neonatal
intensive care services had occurred in the comparison areas as rapidly as it had in the
demonstration sites.[64] Under these circumstances, the location of NICUs may well
have been determined by the location of the population center, at best, and by political
and socioeconomic forces, at worst. If the success of regionalization in placing NICUs in
effective locations during the 1970’s and 1980’s could be measured by the concentration
of VLBW births in regional centers, the success was quite variable with some centers
capturing only a small proportion of high-risk newborns and others capturing the majority
of the high-risk population (Table 2.11).[3] Interestingly, several predominantly rural
centers were more effective than urban centers in capturing high-risk deliveries.
Therefore, the location of NICUs within a region did not necessarily assure access to
NICU services because other barriers to NICU access were, and continue to be, important

considerations in the current system of regionalization.

The importance of considering population differences when planning regionalized NICU

services may be demonstrated by considering LBW rates in the United States. In 1992,
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the LBW rate in the United States was 7.1% of live births. However, during the same
year the LBW rate ranged from 4.9% in Alaska to 14.3% in Washington, DC.[65] A
national regionalization plan estimating NICU bed demand from the LBW rate of 7.1%
would over-estimate the need for NICU beds in Alaska and underestimate the need in
Washington, DC. Between 1991 and 1993, the LBW rate in Michigan was 7.7% with a
range of 2.4% for Montmorency County to 11.0% in Wayne County.[6] A state
regionalization plan estimating the NICU bed need from the state average would over-
estimate the need for NICU beds in Montmorency County and underestimate the need in
Wayne County. Therefore, it should be clear that estimating NICU resource demand
requires estimating needs using appropriately-sized, populations and addressing distance

and other barriers to NICU access as an integral part of such population estimates.

Table 2.11
Concentration of Very Low-birthweight Births in Regional Centers [48]
Region Year(s) VLBW %

Ohio 1978 - 79 26
Louisiana 1978 - 79 39
New York City 1983 43
Tennessee 1978 - 79 45
Alabama 1980 56
Iowa 1987 65
Washington 1980- 83 68
Indiana 1987 73
North-central Illinois 1985 - 1986 75
Michigan 1986 -1987 76
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CAVEAT EMPTOR

Finally, except in emergency situations, NICU care should only be provided NICUs
classified as level-III regional centers. The system of regionalized perinatal care includes
specific requirements for formal designation of NICUs, also known as level-III units;
intermediate intensive care units, also known as level-II units; and routine newborn care
units, also known as level-I units (See Appendix A). However, as far as neonatal
mortality is concerned, the benefits of neonatal intensive care have only been
demonstrated in designated level-III units. Excess mortality rates have been identified in
level-II nurseries and might be avoided if these facilities would, like level I units, transfer
LBW infants to level-III nurseries earlier.[40],[54],[55] Therefore, it is best to assume
that only level-III units provide NICU care and to recognize this when planning the
location of NICUs within a regionalized system or when considering the benefits of

neonatal intensive care.

CONCLUSION

The location of NICUs should be guided by the population-based demand for NICU

services and the need to minimize the geographic barriers to NICU care.

THE COSTS OF NEONATAL INTENSIVE CARE

The costs associated with NICU care include direct, indirect, and intangible costs.

Examples of the direct costs include hospital and physician charges for care of sick

44



newborns in NICUs and the cost of caring for subsequent handicaps in survivors. The
time parents of sick newborns lose from work and parental travel expenses associated
with travel to and from NICUs are examples of indirect costs. An example of an
intangible cost would be the emotional strain experienced by the parents of sick
newborns. Ideally, it would be possible to determine the direct, indirect, and intangible

costs of NICU care, but in reality this has been difficult, if not impossible to accomplish.

QUANTIFYING INTANGIBLE AND INDIRECT COSTS

The difficulties associated with quantifying the intangible and indirect costs should be
relatively clear. For obvious reasons it is difficult to place a dollar value on the emotional
stress experienced by parents of a sick newborn infant and it is difficult to establish the
indirect costs of NICU care because the data needed to quantify indirect costs is not
easily accessible. However, it would seem at first glance that determining the direct costs
of NICU care would be relatively easy with hospitals, physicians, and public and private
purchasers of medical care having extensive databases that include charge and payment

data. Unfortunately, determining the direct cost of NICU care is not easy.

QUANTIFYING DIRECT COSTS

The problems associated with quantifying the direct costs may be less clear. The direct
costs of NICU care are difficult to determine due to charges, payments, and costs that are
only indirectly and inconsistently related to one another. The reasons underlying the
indirect and inconsistent relationship between the charges, payments, and costs of NICU

care are found in the system of financing health-care in the United States. The major
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sources of payment for the NICU care of individual patients in this country include
private insurance, Medicaid, other government insurance, and self-pay. In addition to
payments made on behalf of individual patients, private grants, public grants, and
managed-care contracts also cover some of the costs of NICU care. Although private
insurers may pay the billed charges, Medicaid and managed-care contract payments are
usually below the billed charges for NICU services and, in fact, Medicaid payments are
often substantially below the actual cost of providing NICU care. Health-care providers
offset the losses experienced from Medicaid patients and other uncompensated NICU
care by cost shifting and cross-subsidization. Cost shifting involves inflating charges to
private insurers to cover uncompensated care and losses from Medicaid while cross-
subsidization involves inflating charges for lab and other ancillary services to cover these
losses. Although cost shifting and cross subsidization facilitates the financing of NICU
care, these techniques make it very difficult to determine the actual cost of NICU care in

this country.

The inconsistent and indirect relationship between charges, payments, and costs
associated with NICU care have also made it difficult to develop a model to predict
NICU costs. The Interim Final Rules for Prospective Payments for Medicare Inpatient
Services were published in the Federal Register in September of 1983.[66] This method
of prospective payment attempted to utilize a system of diagnosis-related-groups (DRGs)
to model the length of stay and costs of newborn care. However, as will be seen in the

next chapter, this system has been ineffective in predicting the length of stay in a NICU
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and associated cost of NICU care. Thus, modeling direct NICU costs has also proven

difficult.

NICU CARE IS EXPENSIVE

Nonetheless, keeping the limitations of NICU cost data in mind, it is possible to consider
the magnitude of the cost of caring for LBW infants. The average cost of caring for a
newborn infant weighing 750 - 999 grams was more than 30 times greater than caring for
a normal weight infant (> 2,500 grams) (Table 2.12). The difference is even more
dramatic when only babies who survive to discharge are considered. The average cost of
initial hospitalization for LBW infants who survived to be discharged home ranged from
$678 for infants > 2500 grams or more to $64,161 for infants weighing 500-750 grams in

1985.[62] This difference is nearly 100-fold.

Table 2.12
Average Length of Stay and Cost of Caring for Newborns from Selected Weight Categories (1988).[62]
Birthweight Category Average length of stay (days) Average cost of care (1985 §)
(grams) ALL SURVIVORS ALL SURVIVORS
500 — 749 334 101.7 22,782 64,161
750 - 999 53.0 76.0 33,206 45,336
1,000 - 1,249 47.7 58.8 24,803 28,486
1,250 - 1,499 35.9 41.7 17,459 19,497
1,500 - 1,999 20.5 22.5 9,157 9,695
2,000 - 2,499 7.5 7.2 2,821 2,568
> 2,500 35 3.5 718 678
All 53 5.0 1,701 1,449

The estimated incremental direct cost for initial hospitalization for each of the 271,000

LBW infants born in 1988 was estimated to be $6,200 or more than $1.68 billion total
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and the direct incremental costs of caring for LBW infants until they reached the age of
15 was more than $5.5 billion greater than if they had been born NBW.[53] This level of
expenditure was comparable to the expense of caring for accidental injuries among
children and exceeded the costs of caring for AIDS among Americans in 1988. Clearly,
the costs associated with low-birthweight are substantial, especially when direct costs are

added to the indirect and intangible costs of NICU care.

CONCLUSION

Although it is difficult to quantify the direct costs and frustrating to quantify the indirect
and intangible costs of NICU care, caring for infants who require intensive care is

expensive.

THE SUPPLY OF NICU BEDS IN THE UNITED STATES

In 1991 there were 712 NICUs, 386 intermediate intensive care units (NINTs), 11,518
NICU beds, and 4,366 NINT beds. This represents 2.9 NICU beds and 1.1 NINT beds per
thousand live births in the United States.[67] Between 1983 and 1991 there was a 46%
increase in the number of NICUs, a 67% increase in the number of NICU beds, and a
45% increase in NICU beds per thousand live births while the number of NINTs
increased by 74%, NINT beds increased by 71%, and the number of NINTs per thousand

live births increased by 49%. During the same time frame, the number of NICU beds per
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thousand live births increased by 41% in metropolitan areas and by 60% in non-
metropolitan areas. The number of NICU and NINT beds combined per thousand live
births increased in every region of the United States with the smallest increase being 32%
in the East North Central region and the largest increase being 80% in the west south
central United States, although the author did not identify the increase in the number of

NICU beds per thousand live births by region between 1983 and 1991.

VARIATIONS AMONG POPULATIONS

The number of NICU beds varied between metropolitan and non-metropolitan areas and
from region to region in the United States. The number of NICU beds per thousand live
births was 3.2 in metropolitan areas and 0.9 in non-metropolitan areas. The number of
NICU and NINT beds combined per thousand live births ranged from 2.9 in New
England to 4.7 in the west south central United States. Between 1983 and 1991 no region
of the United States had fewer than 2.0 NICU and NINT beds combined per thousand

live births.

CHILDREN’S HOSPITALS

The preceding NICU and NINT bed counts did not include the NICUs in children’s
hospitals. NICUs in children’s hospitals are unique because they are all located in
metropolitan areas, emphasize neonatal surgical care, and do not provide obstetrical
services. Therefore, the newborn infants in these NICUs are all “outborn.” In 1991 there
were 44 children’s hospitals in the United States with 1379 NICU beds. This represented

a 36% increase in the number of NICU beds in children’s hospitals between 1983 and
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1991. Adding these beds to the preceding total, there were about 3.0 NICU beds and 1.1

NINT beds per thousand live births in 1991.

GUIDELINES

The Guidelines for Perinatal Care recommend one NICU bed per thousand live births
and three to four NINT beds per thousand live births.[68] On the surface it would appear
that there are too many NICUs and too few NINTs, but hospitals with NICUs also
provide NINT service. As a result, the 1.1 NINT beds per thousand live births represent
those beds associated with “free-standing” NINT services. Therefore, the current supply

of NICU and NINT beds combined is consistent with the recent guidelines.

CONCLUSION
The number of NICU beds varies from region to region and within regions but the total
number of NICU beds in the United States is consistent with Guidelines for Perinatal

Care.

THE FORCES DRIVING THE DEMAND FOR NICU BEDS

Interestingly, there has been very little scientifically sound evidence presented in the
medical literature to support a specific recommendation for the number of NICU beds
needed per thousand live births. Attempts to determine the demand for NICU beds have

been hampered by a number of obstacles. Some of these obstacles are related to regional
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differences in health-care delivery, and others are related to regional population
differences. The strengths and weaknesses of the medical literature regarding NICU bed

demand will be easier to interpret if these obstacles are reviewed first.

SYSTEMATIC DETERMINANTS OF DEMAND

Within the health-care system of a region there are several factors that may lead to
variability in the demand for NICU beds. NICUs associated with neonatal surgical
services and NICUs with more outborn patients will have greater average lengths of stay
and will need more NICU beds.[61] NICUs with liberal admission criteria and
conservative discharge criteria will utilize more beds than NICUs with conservative
admission criteria and liberal discharge. NICUs used for intermediate or convalescent
care will also have greater average lengths of stay and will utilize more beds than NICUs
that are not utilized for these purposes. In turn, admission criteria and the utilization of
NICU beds for intermediate and convalescent care will be influenced by the availability
of other resources within a region. The presence of “free-standing” NINTs within a
region may reduce the demand for NICU beds because selected infants may be cared for
as well in this environment as in a NICU. Easy access to “free-standing” NINT beds
within a region may also allow for the “back transfer” of infants to “free-standing”
NINTs, further lowering the demand for NICU beds. The availability of home ﬁmsing
service within a region may also lower the demand for NICU beds by facilitating earlier
discharge of NICU patients during the convalescent phase of an illness. The demand for
NICU beds is also affected by other factors in the health-care system including the

average daily census of individual NICUs within a region, tolerance for days on which
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“no beds are available”, and the potential for transfer between NICUs when the census of

an individual NICU is exceeded for a period of time.

The average daily census of the individual NICUs within a population will affect the
NICU bed demand because of a simple, but important, statistical consideration. If the
average daily census of a NICU is small, there will be a proportionately greater random
variability in the demand for NICU services from day to day because the demand for
NICU beds will approximate a Poisson distribution.[69], [70] For example, to meet the
total NICU bed demand 97% of the days in a year, one formula for NICU bed demand
estimated that a NICU serving a population with 10,000 births annually would need
almost 50% more beds per 1,000 births than a NICU serving a population with 63,000
births per year (Table 2.13). Thus, the supply and distribution of NICU beds in a region

will need to accommodate this random variability within the population being served.[70]

Table 2.13
Number of NICU beds needed per 1,000 live births to meet the population-based demand
96.7% of the time [70]

Number of Births NICU Beds per 1,000 births
63,000 0.70
20,000 0.90
15,000 0.93
10,000 1.00
5,000 1.20 ‘
1,000 2.00

The tolerance of a health-care system for “no bed available” days in individual NICUs
will be inversely related to the number of NICU beds needed by a region. If the goal of

individual NICUs in a region is to meet the NICU bed requirements 100% of the days in
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a year, the number of beds required by a region will be equal to the sum of the maximum
number of beds required in each NICU in the region. Freedom to transfer infants between
individual NICUs within a region will reduce the number of NICU beds needed by
accommodating the census variance of the individual NICUs. For example, during the
1970s and 1980s the New York City infant transport system would determine the
appropriate destinations for sick neonates each day based on NICU bed availability
within the regional perinatal care system.[71] This system reduced the total number of
NICU beds needed and assured access within the system by accommodating day to day
variance in the demand on individual NICUs in the region. However, in this era of
managed-care, capitation, and reimbursement by diagnostic related groups or DRGs, this
type of inter-hospital cooperation is unlikely to flourish. Furthermore, it seems unlikely
that the population of the United States will tolerate the limited access generated by “no
bed available” days. Finally, demand will be greater in NICUs that have low NMRs in

spite of high VLBW rates because the lengths of stay will be greater.

POPULATION-BASED DETERMINANTS OF DEMAND

Although the influence of the health-care system on NICU bed demand is important, the
true demand for NICU care is ultimately driven by the needs of the population being
served. Thus, the type, ~number, and location of the NICU beds should meet the real,
population-based demand for NICU services within the population. At the same time, the
volume of patients in individual NICUs must be high enough to gain from the economies
of scale and to enable clinicians to maintain clinical competency. However, because

neonatal intensive care is expensive and many of the costs are fixed, it is important that
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the number of beds does not exceed the demand for NICU services. Therefore, a
systematic approach is needed to assure universal, timely, continuous, effective, and
efficient access to NICU care. This will only be achieved if the forces driving the demand

for NICU beds in a population are understood.

The most obvious population-based factor affecting NICU bed demand is the LBW rate
of a population. Among those infants who survive to discharge, the longest average
length of hospital stay is in infants who weigh 500 - 749 grams at birth.[62] This weight
category has an average length of hospital stay nearly 30 times the stay of normal-
birthweight infants (Table 2.14). Most of the excess length of stay among LBW infants
is, in turn, spent in the NICU. As a group, LBW newborns account for over one-half of

all NICU admissions and these infants have an average length of NICU stay which,

Table 2.14
Average Length of Stay in Hospital by Birthweight Category([62]

Average length of stay (days)
Birthweight Category (grams) ALL SURVIVORS
500 — 749 334 101.7
750 - 999 53.0 76.0
1,000 - 1,249 47.7 58.8
1,250 -1,499 35.9 41.7
1,500 - 1,999 20.5 22.5
2,000 - 2,499 7.5 7.2
>2,500 3.5 35
All 53 5.0

depending on the weight category, is 49 — 172 days longer than NBW infants who are
admitted to a NICU.[63] Therefore, given the high NICU admission rate and high

average length of stay among LBW infants, the LBW rate of a population has a major
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effect on the demand for NICU beds. Clearly, a population with a higher proportion of
VLBW and ELBW infants will have a greater need for NICU beds per thousand live

births than a population with a lower proportion of these high-risk newborns.

The PTB rate of a population is another population-based factor that will affect the
demand for NICU beds. Newborn infants who are LBW because of PTB have longer
lengths of stay than newborns of comparable weight that have LBW because of
TUGR .[72] The higher the PTB rate in a population, the greater the number of NICU beds
per thousand live births that will be needed by the population. In addition, any factor in a
population predisposing to prematurity will affect the demand for NICU care in a
population. Thus, the smoking habits, nutritional status, and various other socioeconomic
characteristics of a population will affect the demand for NICU through their affect on

PTB rates.

CONCLUSION
The demand for NICU beds is driven by conditions within the health-care system and
within the population being served. However, LBW rate in general and the VLBW rate in

particular is a major determinant of demand for NICU beds in a population.
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THE PRIMARY HYPOTHESIS OF THIS THESIS

As a result of the success of neonatal intensive care, LBW newborns now occupy a
substantial number of beds in neonatal intensive care units.[73] As noted earlier in this
chapter, these infants have longer average lengths of stay and require more intensive care
than larger infants.[62, 72] Interestingly, the recommended number of neonatal intensive
care beds and the number of staff needed per 1000 live births have remained basically
unchanged for the past 25 years.[66, 71] Although the reported number of NICU beds in
the United States exceeds the recommended number of beds, these recommendations do
not reflect variations in demand across geographic regions, the increased proportion of
VLBW infants occupying neonatal intensive care units, or the increased intensity and
duration of care needed by the smallest neonates.[45] Furthermore, current estimates of
the demand for NICU beds within the system of regionalized care make no allowance for
differences in risks for LBW and PTB across populations. Therefore, even if the
recommended number of beds may be adequate on a national level, access to neonatal
intensive care may be limited in selected regions. This is the foundation of the primary
hypothesis of this thesis: The population of interest in determining NICU resource

utilization in large metropolitan areas is the neighborhood.

SUMMARY

The information presented in this chapter demonstrates the important association between

NICU bed demand and socioeconomic and cultural factors as mediated by the LBW rate
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within a population, emphasizes the need to consider the birthweight distribution of a
population when determining the number of NICU beds needed within a region, and
presents the relative cost generated by each weight category of LBW newborns. This
foundation is fundamental to understanding the review and critique of the literature
presented in the next chapter and it is the basis for the primary hypothesis of this thesis:
The population of interest in determining NICU resource utilization in large metropolitan
areas is the neighborhood. In addition, a secondary hypothesis of this thesis is implicit in
the evidence presented in this chapter: The demand for NICU beds in a population is

closely related to the very low-birthweight (VLBW) rate of the population.
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Chapter 3

LITERATURE REVIEW

This chapter reviews and critiques the relevant published research in the following
sequence: Supply, cost, and demand. Published studies about the demand for NICU beds,
supply of NICU beds, and cost of NICU care vary in both quantity and quality. The
supply of NICU beds and cost of NICU services are briefly considered first. The
population-based demand for NICU beds - the primary focus of this thesis - will be

presented last.
A Medline literature search of relevant topics for the years 1966-1996 was the initial
source of references. Bibliographies contained in these references served to identify
related research.

SUPPLY OF NICU BEDS
Surprisingly little has been written about the supply of NICU beds, the distribution of

these beds throughout the United States, or the proximity of these beds to the population

in need of NICU services. A search of the medical literature during the 30-year period
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from 1966 through 1996 revealed just one article about the supply of NICU and NINT
beds in the United States. This study by Schwartz in 1996 describes the number and

distribution of these beds throughout the United States in 1991.[67]

Data obtained from the American Hospital Association’s annual hospital surveys for the
years 1983, 1987, and 1991 was reviewed. All hospitals affiliated with the American
Hospital Association (AHA) with more than five births per year were included in the
analysis. These AHA reporting hospitals captured 98% of the births in the United States.
Although data from children’s hospitals were analyzed separately, the author identified
“all” NICUs and NINTs. Schwartz’s investigation could be considered a “landmark”
article for future comparison because it is the only study of the supply of NICU and
NINT beds in this country. It provides an overview of the distribution of NICU and NINT
beds among the census sub-regions and between metropolitan and non-metropolitan areas
of the United States. The importance of distribution for assuring access to NICU and
NINT care was also stressed. Unfortunately, the number of NICUs and NINTSs are
tabulated without documenting the measures taken to confirm the accuracy of the AHA
data. The potential for inaccuracy was demonstrated by the fact that 12.5% of the
hospitals reporting NICU beds did not report any NICU bed utilization and were
excluded from.analysis in the demand portion of the study. Under these circumstances it
is not possible to predict the effect this would have had on the results of the study of bed
supply. Therefore, these results must be considered crude estimates of the NICU and

NINT bed supply. Nonetheless, as noted in the previous chapter, the investigator
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concluded there were 3.0 NICU beds and 1.1 NINT beds per thousand live births in the

United States in 1991.

COST OF NICU CARE

The strengths and weaknesses of the studies of the cost of NICU care will be
demonstrated by a review of three representative investigations, and will be limited to
these studies of the direct cost associated with initial hospitalization of NICU patients.
This approach has been chosen because a review of the indirect and intangible costs is
outside the scope of this thesis. In addition, the direct cost of initial hospitalization will
only be used as a crude measure to apportion initial NICU cost among neighborhoods for

demonstrative purposes.

A study of NICU cost in Florida in 1985 attempted to document the actual costs, charges,
and revenues generated by NICU care.[74] Documentation of cost shifting and cross-
subsidization was also attempted. The authors used Medicare cost reports to determine
direct and indirect per diem cost for NICUs. Net revenues by payer were used to assess
cost shifting, cross-subsidization was estimated from ancillary charges, and adjustments
were made for contractual arrangements. The case-mix was also assessed using DRG
codes, surgical status and code, discharge status, birthweight, and ventilator utilization.
The average cost per admission for individual hospitals ranged from $922 to $25,225.

This study demonstrated the complexity of determining the costs, charges, and payments
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for NICU care. The descriptive data presented by the authors suggests that cross-
subsidization and cost shifting are important means of financing NICU care in indigent
populations. Unfortunately, the variation in costs among individual hospitals was great
and was not explained by the case-mix of the hospitals. Therefore, the costs presented in

this study must be considered crude, conservative, and relative at best.

The Interim Final Rules for Prospective Payments for Medicare Inpatient Services were
published in the Federal Register in September of 1983.[66] This method of prospective
payment attempted to utilize a system of diagnosis-related-groups (DRGs) to model the
length of stay and costs of newborn care. However, this system has been ineffective in
predicting the length of stay in a NICU.[61] The DRG system has also been ineffective in
predicting NICU cost. In one study, the system of DRGs only explained about 22% of the
variation in NICU cost, while a model excluding DRGs but including birthweight,
assisted ventilation, surgery, survival, multiple births, and mode of discharge explained

42% of the variation in costs.[59]

In 1989, utilizing a complex formula, Schwartz estimated the average cost of caring for
newborns of different birthweights.[62] This formula converted patient charges into
estimated average cost by using a charge to cost ratio déveloped from standardized
Medicare Cost Reports that all hospitals are required to report to the Health Care
Financing Administration. The data used to generate these estimates were derived from
360 urban NICUs from throughout the United States and included a total of 80,282 births

in 1985. Unfortunately, 8,165 infants (10%) were excluded from the study because
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birthweight data was missing. These infants had a longer average léngth of stay (12 days
vs. five days), had higher average cost (35,751 vs. $1,449), and were twice as likely to be
premature. Therefore, the cost estimates are very likely conservative. Although this
method of cost estimation has not been validated, it provides a carefully constructed and
standardized approach to estimating cost and for making relative cost comparisons

between groups.

DEMAND FOR NICU BEDS

DETERMINANTS OF THE DEMAND FOR NICU BEDS IN A POPULATION
There are three major determinants of NICU demand that are critical if a study of NICU

demand is to be generalized to other populations: 1) the population characteristics, 2) the

VLBW, LBW, or PTB rate, and 3) the neonatal mortality rate.

First, the demographic and socioeconomic characteristics of a population are closely
related to the VLBW, LBW, and PTB rates of the population and should be described in
studies of NICU demand. Ideally, these studies would be population-based, but a clear
description of the population being served is a minimal criterion. Only two of the studies
were population-based.[5],[70] Neither of these described the population characteristics.
The remaining five studies were NICU-based. The only study that described the

population characteristics was NICU-based.[75]
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Second, the VLBW, LBW, and PTB rates of a population must be related to the demand
for NICU care and are essential for an accurate determination of the demand for NICU
beds in a population. Ideally, estimates of NICU demand would incorporate the VLBW,
LBW, or PTB rate of the study population. Interestingly, only one of the studies

incorporated the LBW rate when estimating the demand for NICU beds in a region.[5]

Third, the NMR rate of a population must also be related to the demand for NICU care. A
population with a high VLBW rate and low NMR will require more NICU beds than a
population with low VLBW rate and a high NMR. This is especially important when
comparing older studies to contemporary studies because demand has increased as
survival among VLBW infants has improved. However, the NMR may be less important

when comparing contemporary populations.

In addition to these three critical elements, the demand for NICU beds will be affected by
three additional factors: 1) allowance for the size of each NICU in a region and the daily
variation in the NICU census, 2) inter-facility cooperation, and 3) tolerance for “no bed
available days”. These factors may have a substantial effect on NICU bed demand and
should be considered. Two studies considered all three of these factors.[70], [69] One
study considered two factors: 1) tolerance for “no bed available days” and 2) NICU size
and daily variation in census.[75] One study only considered allowance for day to day

variation in census.[76]
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It is important to remember that the demand for NICU beds in a region is generated by
the pattern of NICU utilization. NICU beds occupied by infants who don’t require
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