












vidual intensive care units, and 4) analyses of
birthweight-specific mortality rates.

Clinical Trials

There has been only
trolled clinical trial of
routine care of neonates
in Australia in 1966-70,
vival as intensive care

one randomized con-
intensive care versus
(68). That study, done
showed improved sur-
experience developed,

particularly for infants with respiratory distress.
At least one leading neonatologist attributes the
paucity of such studies to the notion that “con-
trolled clinical trials of perinatal intensive care
and regionalization have been neither feasible
nor morally acceptable” (127). There also have
been clinical trials of some individual intensive
care therapeutic techniques. A recent clinical
trial demonstrated improved mortality and
shorter periods of hospitalization for infants
who were transported under the care of a spe-
cialized neonatal team compared with those
transported by the local ambulance authority
(26).

The recent debate over the efficacy of con-
tinuous positive airway pressure (CPAP) de-
vices in the treatment of RDS illustrates the
status of most of the clinical evidence, however.
This therapy has been hailed as a breakthrough
responsible for marked improvement in the sur-
vival of infants with RDS. However, the first
controlled clinical trial was not conducted until
several years after widespread adoption of
CPAP, and that study was not able to document
statistically significant improvement in mortali-
ty (16). Publication of that report in the pedi-
atric literature was accompanied by a long
editorial reiterating the abundant evidence for
the effectiveness of CPAP and detailing possible
deficiencies of the controlled study, while ex-
pressing general support for clinical trials (133).
In short, many newborn therapies are unproven
and even controversial. Thus, no overall con-
clusions can be reached from the clinical
literature alone.

Epidemiological Surveys

Epidemiological evidence suggests that medi-
cal care has helped lower mortality rates, but

for the reasons discussed below, the evidence
is not convincing. The Canadian experience
showed a .50-percent decline in neonatal mor-
tality in Toronto in the decade following orga-
nization of special neonatal care facilities (121).
An analysis of data for the United States be-
tween 1955 and 1973 demonstrated that, in gen-
eral, mortality rates fell with increasing urban-
ization (41), but urban areas were not stratified
in terms of levels of intensive care available for
newborns. Thus, no conclusions could be drawn
about the relationship between urban medical
care and mortal it y.

A major review article summarized reports
from various parts of the United States, all of
which showed declines of 23 to 42 percent after
the development of regional intensive care fa-
cilities (125). Our own analysis confirms that
these declines were generally greater than were
experienced for the United States as a whole
during the same years. Although these data are
suggestive that development of regional inten-
sive care centers improved the outlook for in-
fants in surrounding areas, the studies do not
consider whether prematurity rates fell during
the same period. Since declines in prematurity
can markedly reduce neonatal mortality rates
independent of changes in medical care, this
omission greatly reduces the conclusions that
can be drawn from these reports.

We conducted an analysis of other crude epi-
demiological evidence and failed to find any
support for the hypothesis that increasing access
to neonatal intensive care has had a large-scale
effect on neonatal mortality rates. Comparing
the reduction in neonatal mortality rates for
each State between 1971 and 1977 with the num-
ber of tertiary care neonatal intensive care beds
per 1,000 live births that were reported at the
end of that period revealed no consistent rela-
tionship between the two variables. Our anal-
ysis is inconclusive since the development of
NICUs in many areas might have been dispro-
portionate to actual need. Moreover, the data
on the number of beds are not fully reliable.



Sequential Reports From Individual
Intensive Care Nurseries

Most of the literature on the effectiveness of
neonatal intensive care consists of reports de-
tailing the experience of individual nurseries.
Twelve of these reports were recently reviewed;
all demonstrated reductions in inborn neonatal
mortality, ranging from 17 to 56 percent (125).

The impact that changes in prematurity rates
can have on mortality experience, however,
limits the value of these reports. If the distri-
bution of births among birthweight groups
changes from year to year, so that very small in-
fants represent a lower proportion of total bir-
ths, mortality experience will fall substantially.
The proportion of infants in the very low birth-
weight category (1,500 g or less) has the greatest
impact on mortality rates (69). Because very
low birthweight infants have a very high mor-
tality rate, any decrease in the proportion of
such infants will have a significant impact on
neonatal mortality.

The experience of the Bronx Municipal Hos-
pital Center illustrates this phenomenon clearly
(71). In that hospital, between 1966-71 and
1972-73, the in-hospital neonatal mortality rate
declined from 16.9 per 1,000 live births to 11.2
per 1,000 live births. Over 75 percent of the de-
cline could be attributed to changes in the pro-
portion of very low birthweight infants (1,500 g
or less). This institution’s experience demon-
strates that even if no improvements due to
medical care after birth are taking place, there
can be impressive declines in neonatal mortality
if a smaller proportion of high-risk infants is
being born.

Clearly, reports on overall mortality must
specify birthweight distribution if they are to
help determine the effectiveness of newborn
medical care. If mortality rates within specific
birthweight groups improve over time, this
would be a strong indication that neonatal in-
tensive care is having a beneficial impact. For
example, if infants of 1,500 g birthweight or less
have a better chance of surviving after introduc-
tion of neonatal units, such a change must be
due to “either improved neonatal medical care

or to improved health status of the infants at
birth, or both” (71).

A large number of nurseries have reported
mortality rates by birthweight before and after
the introduction of an intensive care facility
(2,57,99,107,110,125,126,127). The results for
every nursery but one (61) show impressive
declines in birthweight-specific mortality over
time. Attributing most of these improvements
to newborn medical care, Thompson and Reyn-
olds stated: “NICUs have more than justified
their reason for existence, reducing by approx-
imately one-half the risk of neonatal death”
(125).

Even birthweight-specific reports from indi-
vidual nurseries are of limited usefulness, how-
ever, because of their small population samples.
Often, only 20 to 30 infants in the very low
birthweight groups are born during the study
period, making it difficult to determine whether
improvements over time are statistically signifi-
cant. For this analysis, we grouped all available
reports of mortality rates for inborn infants into
5-year periods beginning in 1961. These pooled
data demonstrate significant declines over time
for very low birthweight infants (see tables 17
and 18 and figure 3). Mortality for infants with
birthweights of 1,001 to 1,500 g has fallen from
more than 50 percent to less than 20 percent,
while that for the extremely small newborns
(1,000 g or less) has fallen from nearly 94 per-
cent to approximately 50 percent.

Birthweight-Specific Mortality Rate Analyses

It is not possible to compare the experience in
individual nurseries to the survival rates of in-
fants of similar birthweights who were not cared
for in intensive newborn units. As pointed out
above, it is difficult to identify with confidence
the levels of care available at different hospitals.
Moreover, not all States link birth certificates
with death certificates, so it is impossible to
know on a routine basis the birthweight of in-
dividual infants who die. Data for all births in
California (where birth and death certificate
data are compiled) have been collected, how-
ever, and show major improvements in neona-
tal mortality between 1960 and the present
(128),
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Table 17.—lnborn Neonatal Mortality Rates, Birthweight 1,001 to 1,500 Grams

Years reported 1961-65 1966-70 1971-75 1976-

Hospital a

UCSF (99). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Cambridge Maternity (107) . . . . . . . . . . . . . . . . .
Royal Victoria (127). . . . . . . . . . . . . . . . . . . . . . . .
Harvard (135), . . . . . . . . . . . . . . . . . . . . . . . . . . . .
University of Washington, Seattle (60). . . . . . . .
Medical Center, Columbus, Ga. (126). . . . . . . . .

Bronx Municipal (71). . . . . . . . . . . . . . . . . . . . .

Simpson Memorial Edinburgh (37) . . . . . . . . . . .
E. Hospital, Goteberg, Sweden (1 10) . . . . . . . . .

Total. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

if other than
headings

1976-78

1975-78
1978

1959-68
1969-70
1971-72
1966-71
1972-73
1966-70
1969-70

Deaths/ Deaths/ Deaths/ Deaths/
b i r t h s  R a t eb b i r t h s  R a t eb b i r t h s  R a t eb b i r t h s  R a t eb

26/55 473 23/63 365 15/80 188 9/68 132
23/96 240

25189 281 14/90 156
37/213 174
14/75 187

116/219 530
14/44 318

14/41 341
69/193 358

11/42 262
71/04 461
10/24 417

142/274 518 212/567 374C 54/253 213 c 831452 184d

aNumbers in parentheses refer tO references in the Iist that appears at the end of this case study
bRate = deaths/1,000 Iive births
cSignificantly different from preceding 5-year rate (p<.01)
dNot significantly different from 213 (1971-75).

Table 18.—lnborn Neonatal Mortality Rates, Birthweight <= 1,000 Grams

Hospital a

UCSF (99). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Children’s, San Francisco (57) . . . . . . . . . . . . . .

Cambridge Maternity Hospital (107). . . . . . . . . .
Royal Victoria (127). . . . . . . . . . . . . . . . . . . . . . . .
University of Washington, Seattle (60). . . . . . . .
Medical Center, Columbus, Ga. (126) . . . . . . . . .

Bronx Municipal (71). . . . . . . . . . . . . . . . . . . . . . .

University of lllinois (17) . . . . . . . . . . . . . . . . . . .
Simpson Memorial Edinburgh (37) . . . . . . . . . . .
University College Hospital, London (1 19). . . . .
E. Hospital, Goteberg, Sweden (1 10) . . . . . . . . .

Total. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Years reported 1961-65 1966-70 1971-75 1976-

if other than
headings

Deaths/ Deaths/ Deaths/ Deaths/
b i r t h s  R a t eb b i r t h s  R a t eb b i r t h s  R a t eb b i r t h s  R a t eb

28/29 966 26/34 765
1972-75
1976-77
1976-78

65/73 890
1978

1959-68
1969-70
1971-72
1966-71
1972-73
1974-76

1969-70

22/33 667 15/30 500
30/35 857

8124 333
9/25 360

58175 773
25/41 610

157/168 935
27134 794

26135 743
119/138 862

18/25 720
29/38 763

84/92 913
29/36 805

417 571

185/197 939 381/443 860C

26/33 788

209/274 763 c 57/120 475 c

aNumbers in parentheses refer to references in the list that appears at the end of this case study
bRate = deaths/1,000 Iive births
cSignificantly different from preceding 5-year rate (P<.01)

Analysis of these data by Ronald L. Williams
of the University of California, Santa Barbara,
supports the hypothesis that medical care was a
major factor in the lowering of mortality rates
(129,130). For infants in all hospitals in Califor-
nia, Williams found that once the risks faced at
each hospital are taken into account, Level III
hospitals have far better survival rates than
Level I hospitals, and hospitals with large de-

livery services and high specialist-to-generalist
ratios have the best performance.

The fact that mortality rates within birth-
weight groups have declined over time strongly
supports the conclusion that neonatal intensive
care has helped improve survival. One could
question, though, whether there were also
underlying changes in the health status of in-
fants within each weight group that improved
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Figure 3.—Pooled Neonatal Mortality Data,
1961.76

Birth weight
<= 1,000 grams

1961-65 1966-70 1971-75 1976-

SOURCE. See tables 17 and 18;

neonatal mortality independent of intensive
newborn medical care. Such changes could be
the result of medical or nonmedical factors.
Medical factors, such as intensive intrapartum
obstetric care or steroid therapy during pre-
mature labor to prevent HMD, could produce
infants more likely to survive in the extremely
fragile low birthweight groups. Obstetric care
during pregnancy prior to labor would not be
expected to affect birthweight-specific mortality
rates, but to reduce the chances of low birth-
weight.

Nonmedical factors such as improved mater-
nal nutrition and socioeconomic status also
have their primary beneficial effect through
higher birthweights (86,123). However, it is
possible to speculate that better maternal nutri-
tion and general health results in subtle bio-
chemical or other changes that further increase
the chance of survival for infants in each weight

group. Unfortunately, none of these hypotheses
can be established or rejected with confidence
from the available data.

As noted above, Williams has analyzed
changes in mortality rates among newborns in
California over the past two decades (128,130).
Between 1960 and 1977, the neonatal mortality
rate in California fell by 57 percent. During the
same period, prematurity rates also declined. It
was necessary, therefore, to partition the im-
provement in neonatal mortality into the part
due to changes in birthweight distribution and
the part due to other factors, including medical
care. In contrast with the result noted above for
Bronx Municipal Hospital Center (7I), Williams
analysis showed nearly 85 percent of the re-
markable decline in neonatal mortality in Cali-
fornia was due to birthweight-specific declines.
That is, the reduction in prematurity accounted
for only about 15 percent of the decline in
neonatal mortality, while medical care and/or
better health status of individual infants ac-
counted for the remainder. More than half of
the overall decline could be attributed to im-
provements in the mortality rates of low birth-
weight infants. Blacks experienced lower mor-
tality rates than whites, even though their birth-
weight distribution actually became less favor-
able over the 1960 to 1977 period.

Kleinman and others at the National Center
for Health Statistics analyzed data from six
States and reached similar conclusions (69).
They found that weight-specific changes ac-
counted for nearly 80 percent of the decline in
early neonatal mortality rates. More than half
of the overall decline was due to improvements
in mortality among the low birthweight groups.
These investigators estimated that for the nation
as a whole, about 83 percent of the decline in
early neonatal mortality for whites and 97 per-
cent of the decline for nonwhites could be at-
tributed to factors other than changes in birth-
weight.

The same investigators discussed factors that
could be causing the decline in birthweight-
specific mortality rates. They rejected a sugges-
tion that lower death rates were merely an ar-
tifact due to improved registration. They also
concluded it was unlikely that any major shift in
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distinctions between live births and fetal deaths
(stillbirths) had taken place, since fetal deaths
were also declining, Finally, they attempted to
deal with the question of whether infants within
given birthweight groups might have different
risk characteristics over time. Kleinman and his
colleagues found that comparing gestational age
distributions made no difference for the calcula-
tion, and they concluded (69):

The most likely explanation for at least part of
the recent decline in mortality levels among low
birthweight infants is the development of the
medical technology for the successful manage-
ment of premature infants and the consequent
proliferation of this technology. While there are
many components of the technology which have
not been critically evaluated, there are indica-
tions of effectiveness.

Lee, et al. (72) examined the effect of birth-
weight changes on the improvements in neo-
natal mortality in the United States between
1950 and 1975. They determined that no im-
provement had taken place in the weight distri-
bution or, with the exception of perinatal medi-
cal care, other factors known to affect survival.
Their conclusion, similar to that of Williams
(129) and Kleinman, et. al. (69), was that (72):

The most plausible explanation . . . is the
steady improvement in perinatal medical care
which has made for greater infant survival at a
given birthweight.

Most recently, these same investigators used
birthweight-specific analysis to examine varia-
tions in the neonatal mortality among the 50
States and the District of Columbia, and among
13 industrialized nations. They confirmed the
role of the very low birthweight rate in predict-
ing neonatal mortality—that rate accounted for
about three-quarters of the variance among the
populations studied (73). They suggest that var-
iance of neonatal mortality after holding con-
stant the very low birthweight rate might be a
useful preliminary indicator of the quality of
newborn care.

Birthweight-specific analyses are helpful in
answering part of the question regarding the
role of medical care in bringing about improve-
ments in infant mortality, but they do not settle

all the issues. By estimating that about 15 per-
cent of the decline in overall mortality rates is
simply the result of changes in birthweight dis-
tribution, these analyses define the maximum
impact on survival that could be attributed to
medical care of the newborn. However, this is
not to say that all of the remaining 85 percent is
necessarily due to neonatal medical care. As
noted above, there might be medical or other
factors producing infants more likely to survive.

Some limited evidence that mortality rates
can improve even in the absence of high grade
neonatal medical care precludes our assuming
that medical care is responsible for all the im-
provement in birthweight-specific rates. One re-
cent and unfortunately rather sketchy report de-
scribes a British hospital’s experience in manag-
ing ill and premature babies with little or no in-
tensive care (59). No respirators, phototherapy,
CPAP device, or extensive mask and glove iso-
lation were used in the nursery. Some modern
techniques, including initial resuscitation, cath-
eterization of umbilical vessels, exchange trans-
fusions, and incubators were applied. The ab-
solute levels of mortality achieved in each
weight category would clearly be unacceptable
at a major nursery in the United States. How-
ever, there was very significant annual improve-
ment within birthweight groups. On the basis of
this limited report, one is not able to conclude
whether this nursery is, in fact, able to improve
mortality without changing neonatal care and
without delivering the most advanced methods.
No other evidence is available to help determine
the precise contribution of neonatal care in imp-
roving birthweight-specific mortality rates.

In sum, while it may be impossible to deter-
mine the precise role that neonatal intensive
care has played in lowering mortality rates
among low birthweight infants, the evidence
supports the conclusion that neonatal care has
been a significant factor. The degree, if any, to
which infants are somehow improving in their
inherent survivability from year to year and the
role of intensive intrapartum obstetric care
could be tested only through controlled clinicaI
trials, and such trials are unlikely to be con-
ducted,
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Morbidity

When it first appeared that neonatal intensive
care would save ill and premature infants who
otherwise would have died, many concerns
were voiced that the net result would be a large
number of highly defective survivors. Some
early studies, particularly those by Lubchenco
(74,75) and Drillien (38), seemed to corroborate
this fear. They reported that many of the sur-
vivors of their premature nurseries in the 1940’s
and 1950’s were afflicted with serious problems.
These included necrologic defects, particularly
cerebral palsy, mental retardation of varying
degrees, blindness and other visual defects,
growth failure, hearing loss, and chronic res-
piratory disease. All of these problems are still
found to a significant degree in the survivors of
present day intensive care nurseries. The in-
cidence of problems appears to have fallen in re-
cent years, but the available data for the most
part permit only tentative estimates, not defin-
itive conclusions.

Incidence of Serious Handicaps

Many articles have claimed that the incidence
of severely handicapping conditions has de-
clined remarkably in recent years (see tables 19
and 20). However, these reports all suffer from
serious limitations. The most critical short-
coming is that the studies are based on survivors
of individual nurseries. Morbidity data are not
collected on a routine basis in the United States.
Thus, the incidence of problems and trends over
time in the general population cannot be deter-
mined. Second, the reports cover a variety of
different aspects of morbidity, some emphasiz-
ing neurological diseases and others focusing on
problems specific to the cardiovascular system
or respiratory tract. It is often impossible to de-
termine, for example, whether survivors with
neurological disease also had chronic respira-
tory disease, or whether “normal” survivors in a
study emphasizing neurological disease were af-
flicted with cardiovascular problems. In addi-
tion, the reports have used different measures of

Table 19.— “Serious Handicaps,’’ Birthweight <= 1,500 Gramsa

Serious Major Serious Retrolental Survivors with 1 or more

Number of retardation neurological hearing fibroplasia c serious handicaps

Year bomb survivors (IQ-DQ <70) defects defect Present B l i n d  — P e r c e n t Number

1968-74 (18) . . . . . . . . . . .
1971-72 (21) . . . . . . . . . . .
1948-56 (38) . . . . . . . . . . .
1966-71 (37) . . . . . . . . . . .
1970-72 (44) . . . . . . . . . . .
1964-69 (52) . . . . . . . . . . .
1973-74 (58) . . . . . . . . . . .
1947-53 (74,75). . . . . . . . .
1969-70 (1 10) . . . . . . . . . .
1966-69 (105) . . . . . . . . . .
1965-70 (124) . . . . . . . . . .
1940-57 (35) . . . . . . . . . . .

1952-56 (132) . . . . . . . . . .
1951-53 (81) . . . . . . . . . . .
pre-1960 (96) . . . . . . . . . .
1961-65 (59) . . . . . . . . . . .
1966-75 (61) . . .

205
16
49
88

232
42
42

133
17
68

176
100
60
65

240
44
49
94

10
0

12
9

—
6

(d)

3
25

5
32
—
—
—
—
—

7
3
7
7

44
8
0

32
0
3

20
5

—
17
22
10
—
—

—
—

2

—
—

—
—

6

—
—

—
—

—
—

14 33 9

—
.

1
—

—
—
11
16

—
—
—

—
—

—
—

—
—

8%
19
43
—e
19
—e

2
31 f

—e
7.4

20
18
67
26
9.2

23
14.3
12.8

17
3

21
—e
44
—e

1
28f

—e
5

35
18
40
—e
—e
—e

7
12

— = not specified.
aUnless otherwise noted
bNumbers in parentheses refer to references in the list that appears at the end of this case study
cScarring of the internal eye.
dIncludes IQ 80 as major handlcap.

Serious handicap rates
among survivors
Pre-1960: 24% (156/649)
Post-1965: 13.6%(1 16/850)

eCould not be calculated from repel ted data
fof 91 who were examined



Year bomb

1965-70 (2) . . .
1974-76 (17) .
1968-74 (18)
1940-52 (36)
1968-70 (40)
1948-54 (38) .
1968-72 (51 )
1974 (95). . . . .
1969-70 (110)
1966-74 (1 18)
1965-70 (124)
1947-50 (75) . . .
1960-66 (44) . .
1961-68 (47)

Table 20.—” Serious Handicaps,” Birthweight <= 1,000 Gramsa

— ———

Number of
survivors

20
16
27
42
14
7

27
43

3
27
40

7
5

12

Serious
retardation
(IQ-DQ <70)

2
—
—
5
0
4
0
7
0
1
6
—
—
—

Major Retrolental

neurological fibroplasia c

— —
defects Present Blind

1 3 3 –

3 — —
— — —
2 1 —

2 — —

0 1 1
4 2 —
6 7 2
0 — —
1 — 1
6 — —
— — —
— — —
— — —

—

Survivors with 1 or more
serious handicaps

Percent Number

20 ”/0 4
19 3

7 2
14.3 6
14.3 2
57 4
18.5 5
21 9

0 0
7 2

20 8
100 7
40 2
17 2

— = not specified Serious handicap rates
aUnless otherwise noted
bNumbers in parentheses refer to references in the IiSt that appears at the end of this case study

among surv ivors
Pre-1965: 29% (21/73)

cScarring of the internal eye

the various defects, and have studied survivors
at varying ages, thus making the findings dif-
ficult to compare.

In general, the incidence of serious handicap
is inversely proportional to birthweight. The
most serious and frequent problems are re-
ported in infants with very low birthweight,
that is, less than 1,500 g. Tables 19 and 20 sum-
marize a large number of reports on the in-
cidence of serious handicap in very low birth-
weight infants. Throughout this analysis,
“serious handicaps” are defined as the follow-
ing: severe mental retardation (IQ or devel-
opmental quotient below 70); cerebral palsy of
significant degree (spastic diplegia, paraplegia,
tetraplegia, hemiplegia); major seizure dis-
orders; and retrolental fibroplasia (scarring of
the internal eye) with blindness or significant re-
sidual impairment of vision.

Figures 4 and 5 illustrate the findings of these
studies over time. It appears there has been
some narrowing of the range of reported handi-
caps, as well as a reduction in the incidence of
severely affected infants, in the most recent
years. For infants weighing 1,500 g or less, there
appears to have been approximately a 40-per-
cent decline; before 1960, about one-fourth suf-
fered severe neurological and other handicaps,
while recent reports average under 14 percent.

Post-1965: 16 % (35/217)

Figure 4.— “Serious Handicaps,”
Birthweight <1,500 Grams
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Figure 5.— “Serious Handicaps,”
Birthweight <1,000 Grams
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tionalized or seriously afflicted (35). Second, the
total number of reports and infants studied is
small. Infants weighing 1,500 g or less totaled
about 1,400 patients, and the entire literature on
infants weighing 1,000 g or less includes only
about 300 individuals over nearly 40 years.
Finally, the reports do not always use stand-
ardized criteria or ages for the followup
analyses.

These data from the literature cannot be
relied on with full confidence for the reasons
listed above. They do, however, correlate
reasonably well with, and thus are supported
by, the results now appearing from the first
large population-based study of morbidity by
birthweights. Sam Shapiro and others at Johns
Hopkins University have studied the low birth-
weight population of eight regions in the United
States (115). In their first report, they noted that
for infants with birthweights of 1,500 g or less
and born in the first half of 1976, the incidence
of severe impairment was 14.3 percent, very
nearly the same as the figure we calculated from
the literature. These data constitute a pre-

1940 1945 1950 1955 1960 1965 1970 1975

liminary baseline for an evaluation of the im-
pact of further perinatal regionalization, and as
such, they are not necessarily representative of
the outcomes expected for the maximum level of
intensive care. Nevertheless, the findings are rel---

SOURCE See table 20

The results for infants weighing 1,000 g or less
are comparable. They suggest a decline from
about 30 percent of those affected to some 16
percent.

Several serious problems limit the conclusions
which can be drawn from these reports. First, it
is not clear how the populations being studied
may have been biased toward either favorable
or unfavorable outcomes. The condition of in-
fants entering a given nursery for immediate
neonatal care and the proportion of surviving
infants returning for followup studies are
dependent on a wide variety of uncontrolled
factors. For example, one author published a
followup study which tracked down data on
most of the survivors who had not returned to
be studied and found that many were institu-

—
evant for this analysis, since newborn intensive
care centers were in operation in all regions
studied, and infants in the very low birthweight
groups are very likely to have been cared for
within the existing centers.

Neurological and Intellectual Defects

Although the numbers for each reported com-
plication become increasingly small as one
separates out each adverse outcome, major neu-
rological defects such as cerebral palsy, seizure
disorders, and hydrocephalus are among the
most commonly noted complications. The re-
ports that allow one to identify infants with neu-
rological defects suggest a reduction in the in-
cidence of such problems, from an average of 16
to 18 percent prior to 1965, down to approx-
imately 10 to 11 percent among infants weighing
1,500 g or less in recent years (see table 19). The
results for infants weighing 1,000 g or less sug-



gest an apparent increase over time, but the ab-
solute number of infants reported on in this
birthweight category was too low to allow any
conclusions (see table 20).

Infants may suffer severe mental retardation
whether or not serious neurological damage is
also present. In the studies before 1960, about
one-fourth of all infants weighing 1,500 g or less
were seriously retarded. In the reports since
1965, there has been an apparent decline of se-
verely retarded infants to less than 10 percent
(see table 19). Parallel figures have been re-
ported for infants weighing 1,000 g or less, but,
again, the number of infants reported in this
birthweight category prior to 1960 is quite small
(see table 20).

In sum, it appears that the incidence of severe
neurological damage has declined, and the cur-
rent incidence is on the order of 10 percent of
very low birthweight survivors. Similarly, the
incidence of severe mental retardation has prob-
ably declined, and is less than 10 percent.

In addition to concerns that neonatal inten-
sive care would produce severely impaired in-
fants, there have also been widespread fears that
the relatively normal survivors would have a
high incidence of moderate impairment. This
category would include infants with IQs or de-
velopmental quotients between 70 and 80, in-
fants who have “soft” necrologic signs, and in-
fants who develop behavior, learning, and lan-
guage disorders. These infants comprise a group
with moderate or minor intellectual or neuro-
logic damage. It is not possible to estimate
changes in this group over time because of the
limited data. Present data indicate that on the
order of 10 to 12 percent of infants weighing
under 1,500 g will suffer intellectual or neu-
rologic problems that do not constitute major
handicaps.

Data on the incidence of learning, language,
and behavior disorders, along with all informa-
tion on other minor handicaps, are in many
ways less reliable than those reported for severe
handicaps. That is because the definition of
severe handicap is more precise and because the
recognition of problems such as hydrocephalus

or cerebral palsy is much more pressing and
more likely to cause parents to seek medical at-
tention than is the recognition of learning and
language disorders or mild neurological impair-
ment. Moreover, great caution is needed in in-
terpreting data on minor problems because
there are no reliable standards for the incidence
of behavior, language, and mild necrologic
problems in the general population of children.

General Health of Low Birthweight Survivors

The Johns Hopkins study referred to above
(115, 136) is an important new source of in-
formation which allows one to compare the
overall problems of low birthweight infants
with those suffered by full-term infants. Among
survivors of birthweight 1,500 g or less, nearly
40 percent were hospitalized at least once during
the first year of life, compared to just over 8 per-
cent of infants weighing 2,500 g or more. Even
when infants with severe impairments and mod-
erate or minor congenital anomalies are exclud-
ed, still more than one-fourth of the otherwise
normal, very low birthweight infants were
hospitalized, compared to only about 7 percent
of all infants. When all serious illnesses were
taken into account, less than 40 percent of the
infants weighing 1,500 g or less were free from
morbidity during their first year of life, com-
pared to over 70 percent of all infants free. It is
clear that extremely low birth weight survivors
carry a very high burden of illness.

These findings are consistent with the isolated
reports of morbidity in the literature. Survivors
of respirator therapy are known to have a sig-
nificant incidence of chronic pulmonary prob-
lems, at least during the first year of life (45).
Gastrointestinal problems, particularly failure
to thrive, are quite common among extremely
low birthweight infants. Other indicators of
morbidity which have been documented include
visual impairment, particularly severe myopia,
and minor hearing defects. Some of these prob-
lems will disappear over time. For example,
most recent studies have demonstrated that all
but a very small proportion of low birthweight
infants do attain relatively normal stature by
early childhood (18,25).



Conclusion

Over the past 10 to 15 years, since neonatal
intensive care methods have been applied, there
has been a dramatic improvement in survival of
low birthweight newborns, and most of the sur-
vivors are normal (see figures 6 and 7). While it
is impossible to say precisely what proportion
of this improved outlook is due to each of the
possible factors mentioned above, the evidence
strongly suggests that medical care of the new-
born deserves much of the credit.

One finding of some concern is that the ab-
solute number of seriously handicapped in-

Figure 6.— Survival of Newborns,
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dividuals may be increasing. For example, with
birth rates at the 1978 level, intensive care
nationwide produced about 350 severely handi-
capped individuals of birthweight 1,500 g or less
who would have died in 1960 (see table 21). This
figure must be balanced against the over 16,000
net increase in normal individuals at present
surviving. It appears that the worst predic-
tions—that most of the survivors of neonatal in-
tensive care would be seriously handicapped—
are by no means verifiable. The overwhelming
majority of survivors are normal; a number
have minor handicaps; and a smaller number
are severely handicapped. In this sense, we con-
clude that neonatal intensive care is effective.

Figure 7. —Survival of Newborns,
Birthweight <= 1,000 Grams II
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Table 21 .—Total Number and Distribution of Survivors, Birthweight <= 1,500 Grams, 1978

Expected number a - Estimated actual numberb Net change

Normal ., ., 2,790 18,833 + 16,043
A b n o r m a l  m o d e r a t e , 5,425 4,069 – 1,356
Abnormal severe 2,596 2,945 + 349
Dead . . ~ ~ ~ 27,979 12,904 – 15,075

aExpected number total births ( 1 500 g or less 1978 x outcomes estimated for births in 1960 (from flg. 6)
bEstimated actual number = total births (1,500 g or less 1978) x outcomes estimated for broths since 1976 (from fig. 6.)

SOURCE Text and previous tables

ECONOMIC ANALYSIS OF NEONATAL INTENSIVE CARE

CBA and CEA can provide some useful infor-
mation on the economic implications of neo-
natal intensive care. With the expansion of
NICUs, an increasing number of infants are
being treated in Level 11 and III units. The high
financial and human costs associated with neo-
natal technology and long hospital stays for the
newborn make it necessary to examine and
compare information on costs and effectiveness.
Any CEA, however, is only as good as the data
to be analyzed. The Imitations of the available
information on neonatal intensive care have
already been noted. In the following discussion,
we tie together what is presently known about
the costs incurred by and the outcomes expected
for infants receiving neonatal intensive care. We
summarize the characteristics of CEA and re-
view existing studies, and then we discuss the
implications of applying a specific cost-effec-
tiveness approach to the results of this case
study.

In the strictest sense, neither CEA nor CBA is
applicable to neonatal intensive care. CEA is
primarily intended to measure and compare the
costs of more than one way of arriving at sim-
ilar outcomes. Ideally, such a method could be
applied to comparisons between neonatal inten-
sive care and prenatal prevention-oriented strat-
egies, but the data needed to make such com-
parisons are lacking. Not nearly enough is
known about causal relationships between
changes in socioeconomic and nutritional status
on the one hand and perinatal mortality on the
other to predict the outcomes of targeted inter-
ventions. Even for risk factors (such as smoking
and teenage pregnancy) that are causally related

to neonatal disorders, the marginal costs and ef-
fectiveness of prevention strategies have not
been carefully studied. FinaIly, since there are
no alternative postpartum procedures to arrive
at outcomes similar to those of modern neonatal
intensive care, strict CEA does not apply. CBA
also has severe limitations. In particular,
placing dollar values on different human out-
comes such as interrupted pregnancies, abnor-
mal survivors, and even normal individuals is
philosophically controversial—and in any case,
it is difficult to arrive at satisfactory figures.

Nevertheless, CBAs and CEAs are useful for
illustrating the economic implications of present
intensive care methods for the newborn. Unfor-
tunately, most of the analyses that have been
done to date are simplistic. Many reports in the
literature contain statements that the costs of
hospitalization in an intensive care nursery are
far less than the costs of life-long institu-
tionalization of a severely defective survivor.
Such analyses presume fully beneficial out-
comes with treatment and totally unavoidable,
severe handicaps without treatment. These
assumptions are not justified.

A passage from the Governor of Pennsyl-
vania’s Health Task Force Report of the Com-
mittee on Infant Intensive Care (1974) illustrates
the type of CEA of neonatal intensive care that
is most often encountered (3):

In the current economic climate, one must
consider . . . the relative cost-benefits of an ap-
proximate 20-day hospital stay receiving inten-
sive care (about $2,000 to $3,000) versus a life-
time institutional stay receiving custodial care



40 . Background Paper #2: Case Studies of Medical Technologies

(about $200,000 to $300,000), whose cost is
usually borne by the State.

A similar one-dimensional view of cost effec-
tiveness is found in Ross Laboratories’ Planning
and Design for Perinatal and Pediatric Facilities
(109). That publication states that neonatal in-
tensive care is “expensive to provide . . . but
more expensive not to” (109). Institutionali-
zation costs of $4,000 to $6,000 per year for 40
to 45 years for a brain-damaged child are con-
trasted to an average of 20 days of intensive care
at $250 per day, or $5,000 total (109).

Neonatal intensive care may, in fact, be both
cost effective and cost beneficial, but it is impos-
sible to make that determination from such
limited efforts which assume the effectiveness of
neonatal intensive care and do not recognize all
the possible outcomes, including death and
morbidity.

A few thoughtful analyses have been con-
ducted. The French Ministry of Health faced the
question of how to reduce perinatal mortality
before an extensive system of neonatal intensive
care was in place (27). The Ministry applied a
CEA to a variety of medical care options, in-
cluding antirubella inoculation of  young
women, improved prenatal care, and NICUs.
On the basis of its admittedly tenuous outcome
data, the Ministry designed a blend of the
various approaches that was calculated to be
cost effective in terms of real governmental
costs. The French analysis indicated that, as of
nearly 10 years ago, NICUs decreased mortality
but increased the incidence of handicap, making
them relatively cost ineffective. In addition, two
British investigators, Akehurst and Holter-
mann, have discussed the data collection and
economic analysis basic to a thorough CEA of
intensive newborn care (1).

Application of One Method of
Economic Analysis to the Results of
This Case Study

As detailed in the sections above, the existing
literature and data on costs and effectiveness re-
quired extensive secondary analysis in order to
generate a few tentative conclusions. The infor-
mation needed for a complete CEA or CBA of

neonatal intensive care includes a number of
items not at present available (see table 22). For
example, the amount of additional care required
by survivors is not well established, let alone the
costs of such care. Calculations would have to
take into consideration such diverse elements as
hospital and medical care needs of survivors
after the neonatal period and the projected costs
of treating such poorly understood compli-
cations as behavioral and learning disorders.

Table 22.—lnformation Required for a CEA or CBA
of Neonatal Intensive Care

costs:
● Dollar costs of neonatal intensive care
● Dollar costs of additional care required by survivors
. Dollar costs of alternatives to intensive medical care
● Dollar value of intangible costs

Benefits/effectiveness:
● Likelihood of specific outcomes with intensive

medical care and with alternatives to intensive care
● Dollar benefits over lifetime of survivors with each

possible outcome
● Dollar value of intangible benefits

These limitations put the performance of an
elaborate CEA or CBA beyond the scope of the
present study. In order to discuss the findings of
this study in an economic framework, we apply
our results to a model previously developed by
economist Marcia Kramer (70). Kramer’s model
was presented at a conference on Ethics of New-
born Intensive Care, cosponsored by the Health
Policy Program, of UCSF in 1974. Her formula
balances the actual dollar costs against the out-
comes to be expected from different levels of in-
tensity of newborn medical care. The net mar-
ginal costs of replacing less sophisticated new-
born care with neonatal intensive care can thus
be measured, making this a useful approach for
the purposes of this study (see table 23).

The dollar values assigned by Kramer re-
flected the belief that normal survivors are
cheap and economically productive; nonsur-
vivors are relatively inexpensive; and seriously
defective survivors are both expensive and not
productive. The cost of neonatal medical care is
only the first cost to enter into the calculation.
Postnatal direct costs included food, clothing,
and education, and indirect costs included the
mother’s forgone earnings. After maturity, the
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expenditure flow reverses for a normal survivor
as earnings outpace consumption. The severely
abnormal survivor, however, is assumed never
to generate income in excess of consumption. In
addition, the abnormal survivor incurs costs ex-
ceeding normal consumption, including institu-
tional custodial care, special education, and
extraordinary medical care. Once the cost and
benefit assumptions within categories are ar-
rived at, one can examine the net costs of a
variety of situations with different patterns of
care and outcomes.

Table 23.—Kramer’s Cost-Effectiveness Formula

(1) E =
i = 1

where:

E =

N j  =

C it =

C iw =

B j  =

i =

i =

i =

P it, Piw =

3
, – , P iw (C iw -B j),P it (N l+ Cit -B i)-?

expected net incremental dollar cost incurred
by providing neonatal intensive care.

the medical care cost of neonatal intensive
care itself for a child with eventual outcome i
(usually N3 > N2 > N1);

other direct and indirect dollar costs incurred
during the lifetime of a child who is given in-
tensive care at birth (t = treated) and whose
eventual outcome is i (usually C3 > C2 > C1);

direct and indirect dollar costs incurred
during the lifetime of a child who is denied
intensive care (w = treatment withheld) and
whose eventual outcome is i(C1w=0 if
euthanasia is the alternative to care, C jw = Cit

otherwise);

dollar benefits yielded over the lifetime of a
child with eventual outcome i(B2 > B3 > B1

= o);

1: an infant death

2: a normal survivor

3: an abnormal survivor
probability of outcome i given treatment
decision t or w, respectively, where

; P it = : P iw = 1
i = 1 i = 1

(For this case study, P’s are taken from figs. 6 and 7)

SOURCE: M.J. Kramer, Ethical lssues in Neonatal Care An Economic Per-
s p e c t i v e ,  i n Ethics 0f  Newborn Intensive Care, A R
Jensen and M. Garland (eds) (Berkeley, Calif.: Universlty of
California, Institute of Governmental Studies, 1976)

One hypothetical pattern Kramer analyzed il-
lustrated the outcome most feared: Mortality
rates fell with intensive medical care, but most
of the survivors were severely defective. That

situation did not prove cost effective. Kramer
also analyzed a second hypothetical pattern. It
considered that medical care would lower mor-
tality rates from one relatively low level to an
even lower level, and the number of abnormal
survivors would decline slightly. That hypo-
thetical situation was found to be cost effective.

Based on the effectiveness material discussed
in the previous part of this case study, it appears
that the present situation is different from either
of the two hypothetical patterns that Kramer
presented. Our analysis shows mortality rates
have fallen significantly, thereby improving the
chances of survival in the very low birthweight
groups. At the same time, the incidence of nor-
mal survivors has increased. Thus, the chance
of a normal survivor now is many times greater
than it was in 1960 (see figures 6 and 7). Al-
though the incidence of serious handicaps has
fallen, the rapid increase in survival means there
may be a slightly increased chance of a very low
birthweight infant becoming an abnormal sur-
vivor.

Applying Kramer’s methodology (see table
23) to the data collected in this case study yields
the finding that neonatal intensive care of in-
fants weighing 1,500 g or less is marginally cost
effective. Treatment of the subgroup weighing
1,000 g or less is not yet cost effective if the
reported outcomes for 1971 to 1975 are used.
When the most recent reports are used to es-
timate present outcomes, however, treatment of
this subgroup becomes cost effective. The cri-
terion for cost effectiveness is simply a negative
net incremental dollar cost incurred by pro-
viding neonatal intensive care.

Data limitations are an inherent weakness of
these cost-effectiveness estimates. For example,
Kramer’s cost and expenditure estimates were
simply updated to 1978 dollar figures in propor-
tion to changes in the consumer price index.
More current dollar figures would improve the
accuracy of the calculation. Furthermore,
Kramer’s model incorporated institutionaliza-
tion costs for each abnormal survivor, but the
recent trend favors care at home. A more care-
ful examination of what percentage of infants
are institutionalized, for how long, and for what
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price would improve and perhaps change the net
values. In addition to the data limitations, there
are a number of methodological factors that
could be examined and included to provide a
more accurate and comprehensive estimate of
the net incremental dollar cost of providing
neonatal intensive care. In particular, use of a
range of discount rates with a sensitivity anal-
ysis would provide a more sophisticated set of
figures.

Even with the limitations discussed above,
this illustration of a CEA highlights certain im-
portant aspects of the present return on the in-
vestment in neonatal intensive care. The charac-
teristics of each birthweight group that led to a
finding of “cost effective” or “not cost effective”
raise considerations that go well beyond the fi-
nancial ones. For the group weighing 1,000 g or
less, the main reason that intensive care with
outcomes such as those reported for the period
1971 to 1975 (see figure 7) does not turn out to
be cost effective compared with outcomes re-
ported for 1960 is that there was a small increase
in the chance that a severely abnormal indi-
vidual in this weight group would survive, That
is, the costs of producing and caring for even a
few severely abnormal survivors appear to be
greater than the economic benefits gained by an
eightfold increase in the rate of normal sur-
vivors (from 17 per 1,000 live births to 135 per
1,000 live births in that birthweight group) dur-
ing the same period.

Thus, in this illustrative calculation, the in-
creased number of normal survivors in the
group weighing 1,000 g or less would not quite
offset the high costs of the severely abnormal
ones. However, even if a more sophisticated and
precise cost-effectiveness calculation were to
confirm this result, the legal and ethical issues
that would be raised by any attempt to withhold
care from all newborns of 1,000 g or less simply
to avert the exceptional costs associated with
the severely abnormal survivors could not be ig-
nored. Because the lives of many healthy babies
would be lost without intensive care, such a

decision would never be made on cost-effec-
tiveness grounds alone. This situation contrasts
sharply with the hypothetical situation noted
above, in which neonatal intensive care resulted
in increased survival but was not cost effective
because it uniformly led to defective indi-
viduals. In that hypothetical situation—which it
appears we will not have to confront after all in
the real world—the tradeoff was not between
normal and abnormal survivors, but between
fewer or greater numbers of defective survivors.
Neither situation would be financially cost ef-
fective for society, but the factors to be weighed
are quite different.

Neonatal intensive care for the group of in-
fants weighing 1,500 g or less, although argu-
ably cost effective, raises equally complex
policy questions. The proportion of normal sur-
vivors in this group increased somewhat bet-
ween 1960 and 1971 to 1975, while the ratio of
normal to severely abnormal survivors increas-
ed dramatically (see figure 6). However, the
data suggest that there may have been an in-
crease in the absolute number of survivors with
minor abnormalities. These survivors are pro-
ductive individuals but are afflicted with minor
degrees of handicap or illness. Thus, even
though it might be cost effective to provide new-
born care which results in this kind of outcome,
the analysis is less than satisfying, because there
is no adequate measure of the quality of life
these individuals would attain.

Our analysis deals only with the question of
whether neonatal intensive care is cost effective
when compared with less intensive care of ill
newborns. It does not address the larger ques-
tion of whether such care is cost effective when
compared with alternative programs to reduce
the levels of prematurity and other risk factors
in the population. That separate and even more
complex question would require a thorough
analysis of the costs and effectiveness of socio-
economic initiatives and prenatal medical care,
followed by a comparison with the costs and
outcomes of neonatal intensive care.
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FEDERAL POLICIES RELATED TO NEONATAL INTENSIVE CARE12

Should the United States expand or limit the
technology of neonatal intensive care? What
Federal, State, and local policies encourage or
inhibit rational planning of neonatal intensive
care? These broad policy questions are being
asked by a growing number of decisionmakers
across the country. Public policies to date have
emphasized both cost-based and charge-based
reimbursement as well as regionalization of neo-
natal and obstetric services. Areawide planning
assumes that the resources are scarce and should
be allocated in the most efficient manner. With
the present mix of reimbursement and regu-
latory controls, however, this policy may not be
enforceable.

A major Federal policy regarding neonatal in-
tensive care today is the National Guidelines for
Health Planning promulgated under the Na-
tional Health Planning and Resources Develop-
ment Act of 1974 (Public Law 93-641). The neo-
natal resource standards set in the guidelines ad-
dress regionalization by establishing a maxi-
mum number of beds per live births (4 beds per
1,000 births) and a minimum size of special care
units (15 beds) (see table 24). These standards
were largely based on the 1976 report of the
Committee on Perinatal Health (32), the 1977
report of the American Academy of Pediatrics
(4), and a review of Health Systems Plans.

Our analysis of utilization and supply data
strongly suggests that closer examination of
these figures by DHHS is needed. The present
standard of 4 beds per 1,000 live births does not
reflect adequate population-based need, only
crude upper limits. Our best estimate is that
only about half that number, or approximately
2.3 neonatal intensive care beds per 1,000 live
births, probably are present in the United States
today.

The combination of a generous per-birth bed
figure and the 15-bed minimum unit size may
result in an incentive toward marked oversup-
ply. To meet the 15-bed minimum standard,
many hospitals would have to choose among
closing, consolidating, or expanding their units.

With most of the United States well below the 4
bed per 1,000 live births minimum, hospitals in
most health service areas could justify enlarging
their units up to 15 beds. It would be very dif-
ficult for health systems agencies (HSAs) to
deny requests to enlarge NICUs in areas that are
well under the 4-bed maximum. Since at least 6
percent of births are probably receiving inten-
sive care at the current bed level, a major in-
crease in NICU supply would very likely repre-
sent excess capacity and promote increased uti-
lization. This result would contradict the in-
tended effect of the Federal policy behind the
neonatal resource standard.

Medicaid funding, as described earlier,13 is
already exerting relatively tight controls over
reimbursement of neonatal intensive care. By
reimbursing for costs and not for charges, med-
icaid programs put a “lid” on unit expenditures
for neonatal intensive care. The extensive cross-
subsidization that results, however, suggests
that further examination of medicaid reimburse-
ment practices is needed.

Certain State medicaid limitations on reim-
bursement of neonatal intensive care create ad-
ditional problems in providing care to newborns
in low-income families. Medicaid reimburse-
ment policies in Missouri, for example, cover
only the first 21 days of newborn intensive care
(48).

Medicaid insurance benefits for teenage and
unwed mothers further exacerbate reimburse-
ment problems. In January 1978, Butterfield
(20) surveyed 30 States to determine the extent
of their authorizations or State funding for peri-
natal services for the medically indigent. H e
found that only about half of the States pro-
vided coverage for perinatal care for the med-
ically indigent. Those States with authorizations
ranged from a high of $6 million in California to
a low of $400,000 in Louisiana. The most com-
mon response was that there were no statutes
providing State medical assistance for perinatal
~w~ltl~~ in OCtO~er  IQ7Q.

1‘See sectl~ln ab~~ve {~n r e i m b u r s e m e n t  l(~r  n e o n a t a l  I n t e n s i v e

care.
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Table 24.—National Guidelines for Health Planning: Obstetrical and Neonatal Resource Standards

Standard-specific Definitional
Standard Purpose adjustment considerations Special considerations

Obstetrical services
. Planning on a Developing regional  — Level / unit—provides Special moral and ethi-

regional basis with
linkages among OB
and neonatal services.

● 1,500 births per year
in Level II and Ill
units.

● 75% occupancy in
units with greater
than 1,500 births per
year (Levels II and Ill).

systems of care for services for uncompli- cal preferences may
maternal and perinatal cated maternity and necessitate adjust-
health services newborn cases. ments.
reduces maternal, Level II unit—provides The degree of complex.
fetal, and neonatal services for uncompli- ity of patient needs
mortality rates and im- cated cases, the major- should determine
proves development of ity of complicated
scarce resources. problems, and special-

ized neonatal services.
Level /// unit—provides
services for all serious
illness and abnormal-
ities.

where, and by whom,
the care should be pro-
vided. Established ar-
rangements should
provide for early ac-
cess of high-risk cases
and prompt referral
among levels of care.

In keeping with the na-
tional priority, consol-
idation of multiple,
small OB units with
low occupancy rates
should be undertaken
unless such action is
undesirable because of
needs to assure ac-
cess and sensitive
care.

Neonatal special care units
●

●

●

Planning on a The regionalized ap- Areas with unusually
regional basis with preach reduces mortal- high rates of high-risk
linkages with obstetri- ity rates and improves pregnancy allows for
cal services. the development of adjustment upward.
No more than 4 beds/ scarce resources. For a Level II unit,
1,000 live births in a where travel time due
defined neonatal serv- to geographic remote-
ice area. ness is a hardship
A minimum of 15 allows for adjustment
beds for Level II or Ill downward.
units.

Level I unit—provides
recovery care.

Level // unit—provides
intermediate and re-
covery care and some
specialized services.

Level III unit—provides
intermediate, recovery,
and intensive care.

“Bed” includes heated
units and bassinettes.

Unit = a distinct and separate physical facility in an institution

Because centers often
serve a patient load of
more than 1 million, a
defined neonatal serv-
ice area should be
identified by the rele-
vant HSAs and State
agency.

Adequate communica-
tion and transportation
systems including joint
transfers of mother
and child and mainte-
nance of family con-
tact should be devel-
oped.

HSA = health systems agency

SOURCE National Guidelines for Health Plannning, 42 CFR, sees 121203 and 121204, Health Resources Administration. DHEW, Mar 28, 1978

care for the medically indigent and that no such . . . ensuring that (1) Medicaid reimbursement
legislation was under consideration. rates for obstetrical and well-baby care are suf-

ficient to encourage private providers to accept
These medicaid policies result in the refusal of Medicaid patients, (2) more low-income women

some physicians and hospitals to accept medic- become eligible for Medicaid, and (3) States in-
aid and low-income patients. To alleviate pres- clude coverage of at least HEW-specified mini-

ent inequities and to reduce infant mortality, the mum prenatal care services under their Medicaid

General Accounting Office has made the follow- program.

ing recommendations for changing medicaid Maternal and child health services and crip-
policies (48): pled children’s services operating under title V



Case Study #10: The Costs and Effectiveness of Neonatal Intensive Care ● 45

of the Social Security Act have encouraged re-
gionalization and improved access to newborn
intensive care. Federal funding for maternal and
child health services under title V significantly
increased from $85 million in 1974 to $206 mil-
lion in 1977. Distribution of title V funds to
States is based on a uniform allotment of
$70,000 plus additional funding according to the
number of live births. These funds must be
matched by the State. The remaining half of
maternal and child health funds goes for: 1) pro-
grams for mentally retarded children, 2) special
programs of national or State importance, and
3) formula grants based on number of live births
and per capita income (48). In order to receive
title V funds, each State submits a Maternal and
Child Health Plan that describes the State’s
needs and programs in five areas: 1) family
planning, 2) maternity and infant intensive care,
3) women and infant care nutrition services, 4)
children and youth, and 5) children’s dental
health (see table 25 for the proportion of Federal
maternal and child health formula grant funds
spent on newborn intensive care).

Title V also authorizes funds for crippled chil-
dren’s services. In some States, such as Cali-
fornia, these funds have been used to cover in-
tensive care costs. Unfortunately, no informa-
tion exists on the prevalence of this practice.
However, 37 out of 55 State Health Authorities
reported purchasing inpatient care for mothers,
infants, and children from the maternal and
child health services program authorities (10).
Since payments for neonatal intensive care are
not reported as a separate category, it is im-

possible to collect total neonatal intensive care
expenditures from the maternal and child health
services program.

The improved pregnancy outcome (IPO) pro-
gram, which began in 1976 as part of an overall
HEW child health strategy, is a recent addition
to title V programs. The IPO program was es-
tablished to improve maternal care and preg-
nancy outcomes in States with high infant mor-
tality rates. A requirement for funding is that a
regionalized concept of prenatal and perinatal
care be included in State plans. Funds may then
be used to provide secondary and tertiary care
referral systems, outreach systems, transport,

provision of basic maternity care, identification
of high risk pregnancies and infants, and out-
reach programs for pregnant teenagers. Ac-
cording to the recent General Accounting Office
report on Federal efforts to improve pregnancy
outcome, HEW awarded $9 million in IPO
grants to 22 States, the District of Columbia,
and Puerto Rico for 1978 (48). Each IPO State
grant can total up to $400,000 annually for up
to 5 years.

Another DHHS initiative to reduce infant
morbidity and mortality is the improved child
health program. In 1978, $3 million of maternal
and child health funds and $1 million in title X
family planning funds and National Health Ser-
vice Corps personnel were made available to
some 31 high-risk areas in 11 States. This money
(up to $300,000 annually for up to 4 years) is to
be used for coordinating comprehensive care to
high-risk mothers and infants in areas with ex-
cessive morbidity and mortality (48).

Although DHHS’s support for improving
pregnancy outcome has increased significantly
in the last 10 years, many complain that the pro-
grams are still grossly underfunded and frag-
mented. Some complain, for example, that
money comes through too many different
sources, sometimes bypassing State and local
maternal and child health agencies. Others
question whether the money is actually going to
areas with the greatest need for reducing infant
mortality (48).

Planning efforts by State and local maternal
and child health agencies, crippled children’s
services agencies, and health planning agencies
are increasingly overlapping. Each of the three
agencies in each State is responsible for identify-
ing infant health status needs, available serv-
ices, and program alternatives to meet unmet
needs. In some States, the three agencies have
worked closely together to ensure consistent
maternal and child health plans. For the most
part, however, such coordinated planning is
lacking, Whether this problem can be solved
through informal, State-by-State means of com-
munication or through specific mandates for in-
tegrated and consistent plans is a question that
needs to be further addressed by both State and
Federal agencies.
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Table 25.—Budgeted Use of Federal Maternal and Child Health (MCH) Formula Grant Funds for
Infant Intensive Care, by State, Fiscal Year 1978

Funds for infant intensive care

Total MCH formula Funds for program of Percent of funds for
State grant funds projects a Amount program of proiectsa

Alabama. . . . . . . . . . . . . $ 4,807,268 $ 3,119,125 $ 200,000
Alaska . . . . . . . . . . . . . . 380,200 273,700 67,000
Arizona. . . . . . . . . . . . . . 3,180,901 1,174,315 103,611
Arkansas . . . . . . . . . . . . 3,080,400 1,421,300 221,000
California. . . . . . . . . . . . 11,254,203 5,516,191 372,683

Colorado . . . . . . . . . . . . 3,554,659 2,791,797 92,502
Connecticut . . . . . . . . . 1,674,012 1,050,639 51,610
Delaware ... , . . . . . . . . 869,282 329,900 50,000
District of Columbia. . . 5,650,431 4,006,810 —
Florida. . . . . . . . . . . . . . 6,297,410 4,836,598 100,000

60/0
24

9
16

7

3
5

15
—

2

Georgia . . . . . . . . . . . . 6,476,053 3,897,400 884,196
Hawaii . . . . . . . . . . . . 1,087,320 937,112 25,000
Idaho . . . . . . . . . . . . . . . ?,181 ,847 796,992 70,000
Illinois b . . . . . . . . . . . . . —
Indiana. . . . . . . . . . . . . .

—
3,766,399 1,521,256 266,459

lowa . . . . . . . . . . . . . . . . 2,969,480 1,723,511 192,532
Kansas. . . . . . . . . . . . . . 1,838,237 1,014,343 122,061
Kentucky. . . . . . . . . . . . 4,860,198 1,669,946 356,475
Louisiana. . . . . . . . . . . . 5,606,425 380,631 147,402
Maine . . . . . . . . . . . . . . . 1,447,000 697,000 115,000

23
3
9

—
18
11
12
21
39
17

Maryland . . . . . . . . . . . . 6,924,932 5,909,932
Massachusetts . . . . . . . 4,793,097 3,717,338
Michigan . . . . . . . . . . . . 7,586,233 5,347,400
Minnesota. . . . . . . . . . . . 3,036,262 2,612,594
Mississippi . . . . . . . . . . . 4,456,906 1,159,473

18,000
72,324

—
35,132

179,312

Missouri. . . . . . . . . . . . . . 4,397,076 2,280,276
Montana. . . . . . . . . . . . . 1,267,960 494,222
Nebraska. . . . . . . . . . . . 1,860,220 1,432,880
Nevada. . . . . . . . . . . . . . . 429,721 205,744
New Hampshire . . . . . . . 759,000 659,000

98,985
20,000
61,477
10,657
55,000

0.3
2

—
1

15

4
4
4
5
8

New Jersey . . . . . . . . . . . 3,475,146 1,415,685 —
New Mexico. . . . . . . . . . .

—
1,299,429 810,179 66,583 8

New York. . . . . . . . . . . . . 19,230,467 14,420,828 212,486 1
North Carolina . . . . . . . . 6,638,695 1,074,802 —
North Dakota. . . . . . . . . .

—
644,900 194,000 16,000 8

Ohio . . . . . . . . . . . . . . . . . 7,960,502 3,996,444 184,539 5
Oklahoma . . . . . . . . . . . . 2,602,000 1,358,891 15,000 1
Oregon. . . . . . . . . . . . . . . 2,571,356 998,268 275,000 28
Pennsylvania. . . . . . . . . . 9,292,751 5,679,083 119,740 2
Rhode Island. . . . . . . . . . 673,183 220,000 — —

South Carolina . . . . . . . . 4,985,462 1,414,871 150,125 11
South Dakota . . . . . . . . . 654,375 490,251 187,145 38
Tennessee. . . . . . . . . . . . 4,707,280 1,602,250 197,240 12
Texas . . . . . . . . . . . . . . . . 11,620,397 4,651,632 153,000 3
Utah . . . . . . . . . . . . . . . . . 1,684,592 1,109,266 281,457 25
Vermont. . . . . . . . . . . . . . 423,927 423,927 36,542 9
Virginia . . . . . . . . . . . . . . 4,806,000 2,211,711 97,777 4
Washington. . . . . . . . . . . 2,840,000 1,358,000 212,000 16
West Virginia. . . . . . . . . . 2,965,558 1,202,085 160,000 13
Wisconsin . . . . . . . . . . . . 5,309,900 2,364,900 768,500 33
Wyoming. . . . . . . . . . . . . 472,876 106,500 — —

Total. . . . . . . . . . . . . . . $200,351,998 $108,083,998 $7,121,552 1170 ‘

aSubtotal of MCH formula grant funds allocated to programs in the following five areas. 1 ) family planning, 2) maternity and infant intensive care, 3) women and infant 

care nutrition services, 4) chidren and youth, and 5) children’s dental health
blllinois has not returned questionnaire

SOURCE General Accounting Office, U S Congress, Better Management and More Resources Needed To Strengthen Efforts To Improve Pregnancy Outcome, HRD.
80-24 (Washington, D C GAO, Jan 21, 1980)
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