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INTRODUCTION

The remarkable decline in infant and neonatal
mortality in this country since 1960 is chronicled
in the OTA assessment, Healthy Children: Invest-
ing in the Future (170). Neonatal mortality rates
(deaths during the first 28 days of life per 1000
live births) are affected by both birthweight dis-
tribution and birthweight-specific mortality rates.
Assuming that better neonatal and obstetrical care
imply improved outcomes for infants at a given
birthweight while shifts in birthweight distribu-
tion toward heavier babies can be attributed to
improved prenatal care and maternal health and
nutrition, the concern in this case study is the
direction of the birthweight-specific mortality
rates.

Improvements in the birthweight-specific mor-
tality rates accounted for 91 percent of the over-
all decline in neonatal mortality between 1960 and
1980 (27). Moreover, two-thirds of the decline in
birthweight-specific neonatal mortality resulted
from improved survival of low birthweight in-
fants. Decreases in the mortality rates of infants
weighing between 1500 and 2500 grams contrib-
uted more than any other weight group, includ-
ing the very low birthweight group, because of
both greater proportional decreases and higher
absolute declines in mortality (184). In reviewing
perinatal mortality rates by birthweight between
1960 and 1977 in California, Williams and Chen
concluded that much of the decline could be at-

MORTALITY RATES

Birthweight-specific death rates on a national
basis are not available for trend analysis because
not all States routinely link birth certificates
(where birthweight is noted) with death certifi-
cates. However, many individual Level III centers
report their experiences in the medical literature.
Because the mortality rates for infants born in the
Level III hospitals are lower than the mortality

tributed to the advent of neonatal intensive care
(as well as the increased rate of cesarean section)
(184).

The effectiveness of neonatal intensive care
must be measured not only by whether more lives
are being saved but also by whether the long-term
health outcome for the babies and their families
is good. The health status of survivors, specifi-
cally the rate of serious disability or handicap,
has been the subject of intense interest. For the
larger low birthweight infants, those with birth-
weights between 1500 and 2500 grams, neonatal
intensive care has been accepted as a mature and
effective technology (25,166). But because the risk
of handicap increases with decreasing birthweight,
debate continues about providing universal care
for all very low birthweight infants (151,25).

This chapter focuses on changes in mortality
and morbidity over the past 25 years for such very
low birthweight infants. Following discussions of
mortality and handicap rates, the three leading
causes of mortality and morbidity in the neonatal
intensive care unit (NICU) are examined in detail:
respiratory distress syndrome, intraventricular
hemorrhage, and retinopathy of prematurity.
These clinical problems not only account for the
majority of deaths among very low birthweight
infants, but they can also lead to substantial long-
term disabilities. The outlook for technological
advances in these areas is also discussed.

rates for infants who do not have immediate access
to care in the intensive care units (see ch. 5), these
institutional reports may be the best indicator of
the impact of NICUs on mortality outcomes.

There are problems, however, in comparing
mortality results from one hospital to another be-
cause of differences in the demographic charac-
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teristics of the populations served, in the stand-
ards of care, in the proportions of high-risk
pregnancies, and in the selective application or
withdrawal of intensive treatment measures (83).
Displaying the data by birthweight group does not
completely control for these differences. For ex-
ample, the distribution of gestational age within
a given birthweight group is probably the most
important indicator of survival. Moreover, indi-
vidual nurseries typically report on only small
numbers of infants, and mortality rates may fluc-
tuate from year to year. Bearing in mind these
caveats, OTA reports and combines institutional
data to permit generalization about mortality rates
over time.

Table 7 summarizes reports on mortality for
very low birthweight infants born in Level III
hospitals (inborn) during the past 10 years. Table
8 is a similar compilation, but it lists studies that
report on admissions to NICUs (inborns and
transfers). The two kinds of denominator popu-
lations are reported separately for several reasons.
On the one hand, inborn populations would be
expected to have higher mortality rates because
of the high proportion of infants who die almost
immediately in the delivery room and are never
admitted to the NICU. On the other hand, while
the infants admitted to the NICU have survived
through the first critical minutes or hours of life,
the infants born in other hospitals (transfers) may
be selectively sicker because of the period of time
that they were denied intensive care before and
during transport. A study in New York City on
the effect of place of birth on mortality in fact sup-
ports both these conclusions which are further dis-
cussed in chapter 5 of this case study (119). In
OTA’s literature review, inborn populations had
significantly lower pooled mortality rates (for
1980 to 1985) than NICU populations in the 750-
to 1000-gram and the 1001- to 1500-gram birth-
weight groups. The differences between the two
kinds of nursery populations were not statistically
significant in the smallest babies born weighing
under 750 grams.

With one exception, there has been steady and
statistically significant improvement in mortality
rates among very low birthweight infants through-
out the last 10 years. In 1985, a baby born with
a birthweight between 1001 and 1500 grams has

a 90 percent chance of surviving. The most sub-
stantial improvement of the 1980s over the late
1970s, in neonatal mortality rates is in the 751-
to 1000-gram birthweight group where today’s in-
fants have about a 70 percent chance of surviv-
ing if they are admitted to an NICU.

The exception to the mortality decline over the
past decade is among the tiniest inborn babies,
those in the under 750 gram group, where some
extremely promising, but mostly variable, results
are reported on babies born in the 1980s.1 For this
birthweight group, Columbia University reports
only 28 percent of their inborn infants died in 1986
and the University of Missouri-Kansas City
School of Medicine shows only a 53 percent neo-
natal mortality rate in 1983 and 1984 (46,80).
However, other institutions which report their ex-
periences in the 1980s show much worse mortal-
ity rates. The 1980-85 pooled results for both
denominator populations show that about two-
thirds of this birthweight group dies. Such wide
variation among centers may mean that the tech-
nology of neonatal intensive care is continuing to
change rapidly.

Table 9 shows the great progress that medicine
has made over the past several decades in reduc-
ing birthweight-specific mortality rates among
very low birthweight infants.2 The pooled institu-
tional results on mortality from 1961 through 1975
are taken from an earlier OTA literature review
(25). Mortality for infants with birthweights of
1001 to 1500 grams has fallen from more than 50
percent in 1961 to only 10 percent today. And
whereas more than 90 percent of all infants weigh-
ing under 1000 grams died in 1961, the inborn ne-

I Even for this birthweight subgroup (under 750 grams), the pooled
mortality rates calculated for NICU populations decreased signifi-
cantly from 1975-80 to 1980-85.

‘It should be noted that improvements in the birthweight-specific
mortality rates may also be attributable to factors other than solely
neonatal intensive care. For example, healthier cohorts of low birth-
weight infants may be delivered through selective abortion, better
obstetrical techniques, improved maternal care and nutrition, and
so forth (18). It is not possible to sort through each factor’s relative
contribution, but clearly neonatal intensive care is very important.



Table 7.—Comparative Neonatal Mortality for Very Low Birthweight Infants Born in Level Ill Hospitals, 1975-85

Birthweight (grams)

501-750a 751 -1000a < 1000 1001-1 500a

Referenceb Year of birth Deaths/births Percent Deaths/births Percent Deaths/births Percent Deaths/births Percent

Knobloch (83) . . . . . . . . . . . . . . 1975-79 — — 50/74 68 ”/0
KOOPS (85) . . . . . . . . . . . . . . . . . 1974-80 60/82 73 ”/0 49/108 45 ”/0
Phibbs (129)C . . . . . . . . . . . . . . . 1976-78 — — —
Kitchen (82)C . . . . . . . . . . . . . . . 1977-78 47/62d 760/o 30/65 d –460/o
Nelson (1 13). . . . . . . . . . . . . . . . 1977-78 — . —
Buckwald (24)C. . . . . . . . . . . . . . 1977-81 50/90 d —560/o — —
Hoskins (71). . . . . . . . . . . . . . . . 1979-80 20/39 51 “/0 14167 21 “/0

Pooled subtotal . . . . . . . . . . . 1975-80 1771273 65% 143/31 4 460/o

Brans (22) . . . . . . . . . . . . . . . . . . 1978-82 68177 880/0 49/105 480/o
Avery (6)C . . . . . . . . . . . . . . . . . . 1983 31/50d 62% 71/46d 15“/0
Kilbride (80) . . . . . . . . . . . . . . . . 1983-84 46/87 d 53 ”/0 —
Horbar (69)e . . . . . . . . . . . . . . . . 1983-84 — 88/357 d —250/o
Hack (61)C. . . . . . . . . . . . . . . . . . 1982-85 57/77 –74% 24173 33 ”/0
Driscoll (46)C . . . . . . . . . . . . . . . 1986 5/18d 280/o 2/21d 10 ”/0

Pooled subtotal . . . . . . . . . . . 1980-85 2071309 670/o 1701602 280/o
asorne studies reported  birthweight categories as 500 to 749, TSO to 999, and 1000 to Idgg 9
bsee  references  in the back of this  case study for  full citations.
cDeaths  reported to hospital discharge.
dlncludes blrthwelght categories 501 to 800 g and 801 to 10009
e Re p o r t on multiple neonatal intensive care c e n t e r s.

SOURCE: Off Ice of Technology Assessment, 1987

— 61/21 1
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Table 9.—inborn
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Neonatal Mortality Rates for Very Low Birthweight Infants,
Pooled Institutional Data

Birthweight (grams)
< 1000 1001-1500

Year of birth Deaths/births Ratea Deaths/births Rate a

1961-65 . . . . . . . . . . . . . . . . . 1851197 939 1421274 518 -

1966-70 . . . . . . . . . . . . . . . . 381/443 860b 2121567 374b

1971-75 . . . . . . . . . . . . . . . . . 209/274 763b 541253 213b
1976-80 ., . . . . . . . . . . . . . . . 4581818 560b 284/1,611 176
1981-85 . . . . . . . . . . . . . . . . . 2431467 520 186/1,879 99b

aRate deaths /1 ,000 Ilve births
bsrgnlflcantly d! fferent  from preceding 5-year rate (P <0 01)

SOURCES For years 1976.85, Off Ice of Technology Assessment (see table 7) For years 1961.75, P Budetti,  P McManus N
Barrand et al , The Costs and Effectiveness of Neonatal Intensive Care (Health Technology Case Study #10), pre-
pared for the Off Ice of Technology Assessment, U S Congress, OTA. BP-H-9 (Springfield, VA: National Technical
Information Services, August 1981)

onatal mortality rate now is about 52 percent.3 ily in the 750- to 1000-gram birthweight group
This achievement reflects improvements primar- since mortality is still very high in the smallest

‘The true neonatal mortality rate today for newborns weighing and most premature infants, those under 750
under 1000 grams who have access to neonatal intensive care is prob- grams. Neonatologists are justifiably proud of
ably closer to 47 percent, the rate shown in table 8 for NICU popu- break ing  the  1000  gram barr ie r ,  and  they  look
lations. OTA used the 52 percent rate (from table 7 for inborn pop-

now to infants weighing under 800 grams as theirulations with birthweights under 1000 grams) in table 9 to be
consistent across time and denominator populations. Several of the great challenge.
studies in table 7 showing the best survival rates for inborn popu-
lations did not report on all infants with birthweights between 500
and 1000 grams. The results of these studies could not be included
in the pooled total for infants with birthweights under 1000 grams,
and thus the 52 percent rate probably overestimates mortality,

HANDICAP RATES

When neonatal intensive care was introduced,
concern was expressed that many sick and prema-
ture infants, who otherwise would have died,
would be saved and result in a large number of
handicapped children. Early, well-publicized
studies of very low birthweight babies born in the
1940s and early 1950s, long before the era of neo-
natal intensive care, fueled this concern because
they showed very high rates (30 to 40 percent)
of cerebral palsy and other forms of impairment
in survivors (45,95). Two groups, Budetti and his
colleagues in their earlier OTA assessment of neo-
natal intensive care and a team of British research-
ers, independently attempted to resolve this ques-
tion by reviewing published reports from hospital
nurseries that described outcomes for very low
birthweight infants who were born after 1945.
Both review articles found that the handicap rate
from the very early period dropped sharply by

the mid-1960s (possibly before neonatal intensive
care was widely introduced). Furthermore, from
the mid-1960s through about 1977, the propor-
tion of very low birthweight survivors with seri-
ous handicaps remained stable and relatively low
(about 14 percent of survivors or from 6 to 8 per-
cent of live births) (25,162).

These reviews were reassuring in that the in-
troduction of neonatal intensive care apparently
had not increased the proportion of survivors who
are seriously handicapped. However, the two re-
views covered mortality outcomes only for infants
born before 1977. At that time, no published data
were available on outcomes for infants with birth-
weights below 800 grams, perhaps because so few
such infants survived. Moreover, mortality rates
have continued to drop significantly over the last
10 years for all birthweight groups under 1500
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grams, and the possibility exists that infants, who
previously would have succumbed because of
their problems, are now rescued through new
technology and contribute to the incidence of sur-
vivors with neurological damage. To determine
whether handicap rates have changed during the
late 1970s and the 1980s, OTA reviewed the liter-
ature for reports on morbidity outcomes for in-
fants born between 1975 and 1985. The results are
shown in tables 10 through 12 by birthweight
group.

Like birthweight-specific mortality data,
birthweight-specific morbidity data are not col-
lected on a routine basis in the United States. Thus
reports from individual nurseries are the only
available data source that reflects the long-term
morbidity of very low birthweight infants. All of
the shortcomings discussed previously for the in-
stitutional data on mortality hold as well in using
and pooling morbidity data from individual nurs-
eries. Differences in the character and experiences
of the study populations yield different results.
Moreover, comparisons of morbidity are further
complicated by the different ways in which out-
come is measured and reported. There are differ-
ences in the definitions of abnormalities, in the
details with which diagnostic categories are speci-
fied, in the ages at which followup examinations
are done, and in the measures used in the neuro-
developmental evaluations (78,83).

The interrelationship of mortality and morbid-
ity is especially difficult to interpret. It is likely
that neonatologists’ attitudes and decisions con-
cerning termination of life support for very low
birthweight infants who manifest severe neuro-
logical dysfunction are a major factor in deter-
mining the rate of serious morbidity among sur-
vivors. Thus, a comparatively high neonatal
mortality rate might be expected to be associated
with a relatively low rate of handicap. Although
several reports on the under 800-gram population
fit this hypothesis (13,60,61), just as many studies
reported relatively high survival and low handi-
cap rates (68, 79,80, 161). Overall OTA found no
consistent relationship between mortality and the
rate of serious morbidity in its literature review,

Determinations of long-term morbidity and dis-
ability cannot be made at hospital discharge. The

extent to which researchers were able to follow
NICU survivors through the first few years of life
and classify their disabilities varied from study
to study. In general, followup rates were highest
in the studies reporting on the smallest birthweight
infants. This is because the tiniest babies are less
numerous and tend to have problems that encour-
age their families to seek ongoing medical care.
Conversely, a larger percentage of the NICU sur-
vivors with birthweights between 1000 and 1500
grams were lost to followup, but many of these
infants are normal. In all three birthweight groups
examined by OTA, a substantial portion of the
infants lost to followup died during the post-
neonatal period. Although many of the deaths
were directly related to complications of prematu-
rity and intensive care treatment, sudden infant
death syndrome (SIDS) was also a major cause
of death after hospital discharge. The high post-
neonatal mortality rate experienced by very low
birthweight infants, perhaps 10 to 15 times that
found among normal birthweight infants, is not
well understood by medical researchers (170,188).

OTA adopted the definitions of handicap used
by the reviewers in the earlier OTA assessment
in order to categorize disparate reports. “Serious
handicaps” are defined as: severe mental retarda-
tion (IQ or developmental quotient below 70); ce-
rebral palsy of significant degree (spastic diple-
gia, paraplegia, tetraplegia, hemiplegia); major
seizure disorders; blindness; and severe hearing
defects (25). “Moderate handicaps” are narrowly
defined to include all infants with a developmen-
tal quotient or IQ between 70 and 80. No attempt
was made in this review to capture the “mild” im-
pairments that many very low birthweight infants
develop later in early childhood or even at school
age because most published reports follow NICU
survivors only to 2 or 3 years of age (68). It should
be noted that there is a higher incidence of such
relatively mild handicaps, which include be-
havioral, learning, and language disorders, in very
low birthweight infants than in normal birth-
weight children (116).

The incidence of serious handicap increases sig-
nificantly with decreasing birthweight (tables 10
to 12). For infants born between 1975 and 1985,
OTA found that 26 percent of surviving infants
with birthweights below 800 grams, 17 percent
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Table 11 .—Handicap Rates in Infants With Birthweights Between 750 and 1000 Grams, 1975-85

Survivors followed after hospital discharge
Infants surviving to Children with Children with serious
hospital discharge Total serious handicaps or moderate handicaps

Reference c Year of birth Number Percent Number Percent d Number Percent e Number Percent e

Saigal (139) . . . . . . . . . . . . . . . . 1973-78 32f (49%) 31 (97°/0) 4 (13%) 10 (32%)
Knobloch (83) . . . . . . . . . . . . . . 1975-78 — 9 5 (55%) 6 (67%)
Marlow (99) . . . . . . . . . . . . . . . . 1976-80 43 (37%) 40 (93%) 10 (250/o) NA
Orgill (118) . . . . . . . . . . . . . . . . . 1977-80 48 (59%)

—
48 (100%) 7 (15°/0) 10 (21 %)

Cohen (32) . . . . . . . . . . . . . . . . . 1977-80 84 (720/o) 72 (86°/0) 4 (6°/0) 18 (25%)
Saigal (140)g. . . . . . . . . . . . . . . . 1977-80 76f (67%) 72 (95°/0) 13 (18°/0) 35 (49%)
Walker (180)g . . . . . . . . . . . . . . . 1977-81 58 (50%r) 48 (83°/0) 5 (10%) 10 (21%)
Kraybill (87)g . . . . . . . . . . . . . . . 1980 26 (670/o) 25 (96°/0) 3 (12%) 7 (28%)
Stewart (161) . . . . . . . . . . . . . . . 1979-83 73h (54%) 54 (74%) 7 (13%) NA
Pollara (132) . . . . . . . . . . . . . . . . 1983-84 44 (690/o)

—
35 (80°/0) 17 (49%) NA —

Pooled total . . . . . . . . . . . . . . 1975-84 434 75 (17%) 96 (31%)f

aseriOu~  ha~di~aP~  are defined as the following: severe  mental  retardation (IQ Or develop~e~ta{  quotient below 70);  cerebral palsy  of significant degree,  major  Seizure disorders, Or blindness
bserious  or moderate handicaps Includes all those handicaps defined above as serious PIUS a developmental CIUOtlent Or IQ between 70 and so.
csee  references In the back of thts  case study fOr fUll Cltatl  OnS
dof those infants  surviwng  to hospital discharge
eof survivors followed after hospital discharge.
fsuwival calculated  on regional  population of bitihs.
glncludes infants with bifthweights between 500 and 800 grams
hsuwived to end of first year.
I Denominator population is 305 infants.

SOURCE Office  of Technology Assessment, 1987



Table 12.— Handicap Rates in Infants With Birthweights Between 1000 and 1500 Grams, 1975-85

Survivors followed after hospital discharge

Infants surviving to Children with Children with ser ious

hospital discharge Total serious handicaps or moderate handicaps

Reference c Year of birth Number Percent Number Percent d Number Percente Number Percent e

Hack (62) . . . . . . . . . . . . . . . . . . 1975-76 153 (76%) 128 (84%) 20 (16°/0) NA —
Saigal (139) . . . . . . . . . . . . . . . . 1973-78 147f (83%) 131 (89%) 6 (5%) 26 (20%)
Knobloch (83) . . . . . . . . . . . . . . 1975-78 — 79 15 (19%) 28 (35%)
Sherman (152) . . . . . . . . . . . . . . 1976-77 34 (81%) 26 (76%) NA 3 (12%)
Marlow (99) . . . . . . . . . . . . . . . . 1976-80 226 (65%) 210 (93%) 27 (13%) NA
Powell (133) . . . . . . . . . . . . . . . . 1979-81 285f (73%) 276 (97%) NA 31 (11%)
Stewart (161) . . . . . . . . . . . . . . . 1979-83 227g (82%) 168 (74%) 9 (5%) NA
Crombie (36) . . . . . . . . . . . . . . . 1979-83 108 (82%) 77 (71%) 3 (4%) 5 (6%)
Pollara (132) . . . . . . . . . . . . . . . . 1983-84 165 (85%) 120 (73%) 20 (17°/0) NA —

Pooled total . . . . . . . . . . . . . . 1975-85 1,215 100 (11%)h 93 (16%) j

lseriOu~ handlCaP~ are d~fi”ed as ~he fOll OWin Q: ~evere ~~”tal ~~ta~dat,~” (IQ ~~ de”~l~~nle”tal quotient below 70),  cerebral palsy  of slgnlflcant degree, ITlaJOr  S(?IZUR  disorders; Or bll ndness
bserlou~  or moderate  handicaps  in~l”des all those  handiCapS  defined  above  as serious  plUS a development} quotient  or IQ be tween 70 and 80
Csee references in the  back of this case study fOr fUll citations.
dof those Infants survlvlng  to hospital discharge
eof suwlvors  followed  after hospital dlschar9e
fsuwival calculated on regional population of births
gSuwlved  to end of first year.
h D e n o m i n a t o r  p o p u l a t i o n  I S  913 i n f a n t s .

‘Denominator population IS 589 infants.

SOURCE Off Ice of Technology Assessment, 1987
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of survivors with birthweights between 750 and
1000 grams, and 11 percent of survivors with
birthweights between 1000 and 1500 grams have
major disabilities at 1 or 2 years of age. Of the
surviving infants with birthweights under 800
grams, 41 percent have either a moderate or se-
vere handicap, while only 16 percent of the sur-
vivors with birthweights between 1000 and 1500
grams are so handicapped.

These results corroborate the conclusions of
Budetti and his coworkers (25). Within each birth-
weight group, the proportion of survivors with
serious handicaps has not changed significantly
since the mid-1960s. The earlier review did not
report on infants with birthweights under 800
grams, so comparisons over time cannot be made
for this birthweight group. The group of infants
that was labeled in the earlier review as weigh-
ing less than 1000 grams almost exclusively in-
cluded infants with birthweights between 750 and
1000 grams; the pooled rate of serious handicap
for this birthweight category has not changed sig-
nificantly from 1965-75 to 1975-85 (16 to 17 per-
cent). Today, however, many more infants with
birthweights below 800 grams are living and con-
tributing both relatively more normal and hand-
icapped children to the pool of survivors with
birthweights under 1000 grams.

The conclusion that, within birthweight group,
the rate of serious handicap among survivors has
not changed significantly over time masks the con-
tribution that neonatal intensive care probably has
made to improved morbidity, as well as improved
mortality, outcomes. Since many very sick ba-
bies who previously would have died are now sur-
viving, increasing handicap levels among sur-
vivors should be expected. The finding of constant
levels of handicap therefore points to the increas-
ing effectiveness of neonatal intensive care for
the long-term developmental outcomes for these
children.

Figures 2 and 3 demonstrate graphically the ef-
fects of declining mortality on the relative propor-
tions of normal and abnormal survivors.4 The

4Figures 2 and 3 reflect mortality and morbidity outcomes for very
low birthweight  infants who are born in Level 111 hospitals and have
access to neonatal intensive care. Neonatal mortality rates for the
general population of very low birthweight  infants are significantly
higher, and morbidity outcomes are unknown. Postneonatal mor-
tality is not reflected in the figures, although such deaths probably
have a substantial impact on overall outcome rates.

Figure 2.—Outcomes for Very Low Birthweight Infants
(< 1500 gram) Born in Level III Hospitals, 1980-85
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SOURCES: For years 1980-85, Office of Technology Assessment (see tables 7.
10, 11, and 12). For years 1980 and 1971-75, P. Budetti, P. McManus,
N. Barrand, et al., The Costs and Effectiveness of Neonatal Intensive
Care (Health Technology Case Study #l O), prepared for the Office of
Technology Assessment, U.S. Congress, PB 82-101411 (Springfield,
VA: National Technical Information Service, August 1981).

absolute numbers of both normal and seriously
handicapped children increase. Infants with birth-
weights between 1000 and 1500 grams make up
about 54 percent of all very low-weight births in
the United States each year. Because of their rela-
tive numerical strength, the comparatively lower
handicap rates of this “larger” infant group mod-
erate the overall rates of disability among all very
low birthweight infants. For example, with birth
rates at the 1984 level, if today’s neonatal inten-
sive care was provided for all very low birth-
weight infants, about 2,200 seriously handicapped
children would survive who would have died in
1975. This figure must be balanced against the
15,200 net increase in normal infants who would
also survive under current conditions. The over-
whelming majority of survivors in both the un-
der 1500-gram and the under 1000-gram birth-
weight groups are normal.
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Figure 3.—Outcomes for Extremely Low Birthweight
Infants (< 1000 grams) Born in
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SOURCES For years 1980.85, Off Ice of Technology Assessment (see tables 7,
10, 11, and 12) For years 1960 and 1971-75, P Budetti, P McManus
N Barrand, et al , The Costs and Effectiveness of Neonatal Intensive
Care (Health Technology Case Study #10, prepared for the Off Ice of
Technology Assessment, U S Congress, PB 82-101411 (Springfield,
VA National Technical Information Service, August 1981)

NEONATAL CONDITIONS THAT CAUSE MAJOR
MORTALITY AND MORBIDITY

Deaths among very low birthweight infants in Respiratory
intensive care are caused primarily by two con-
ditions, respiratory distress syndrome and in-
traventricular hemorrhage. These conditions, Respiratory
along with retinopathy of prematurity, are also
responsible for most of the long-term disabilities
that plague NICU survivors. The sophisticated
technology used in neonatal intensive care saves
lives but also can exacerbate or even, in some
cases, precipitate these problems. The application
or withholding of such technologies presents an
ongoing ethical dilemma for neonatologists.

Distress Syndrome

distress syndrome (RDS) is the
most common problem in the neonatal nursery
and the primary cause of mortality. It accounted
for 18 percent of all neonatal deaths in 1978 (122).
For babies weighing under 1000 grams, over 60
percent of the deaths have been attributed to RDS
or to intraventricular hemorrhage, and for babies
in the 1000- to 1500-gram category, 25 percent
of the deaths are blamed on these causes (11).
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Photo credit: Strong Memorial Hospital, Rochester, NY

Premature infants with severe respiratory distress
syndrome usually require assisted ventilation.

Very premature infants experience respiratory
distress because they lack an essential substance
in the lung (or pulmonary surfactant) that reduces
the surface tension along the alveoli and prevents
the collapse of the pulmonary air spaces. The im-
mense strain of having to force the alveoli open
with each breath makes it increasingly difficult
for these tiny babies to breathe independently.
The pulmonary surfactant does not begin to coat
the fetus’s alveoli until between the 24th and 28th
weeks of gestation, and it is not produced in ma-
jor amounts until the 33rd week.

RDS occurs in 14 to 60 percent of premature
deliveries at gestational ages between 28 and 35
weeks (174). Individual clinical centers report an
even higher incidence of RDS among the ex-
tremely low birthweight babies. Kitchen and his
associates reported an overall RDS incidence of

55 percent among the under 150&gram popula-
tion (82). In the under 1000-gram group, Vohr and
Hack found that 82 percent and Saigal and col-
leagues found that 74 percent of neonatal sur-
vivors had RDS (140,176).

Infants with RDS stay in the hospital on aver-
age twice as long as those without RDS (174). In
1984 at the University of California at San Fran-
cisco perinatal center, babies with RDS stayed in
the NICU almost four times longer than babies
without RDS and had hospital costs more than
three times higher (126).

RDS may take mild, moderate, or severe form.
Its clinical course is marked by increasing oxy-
gen need and often by the need for assisted me-
chanical ventilation (breathing machines) to main-
tain adequate oxygenation and to remove carbon
dioxide. The primary problem for RDS babies is
the collapse of the alveoli which makes the work
of breathing increase to physiologically intolera-
ble levels. Two respiratory therapy techniques,
developed over the past 15 years, prevent alveo-
lar collapse by keeping up positive pressure on
the lungs between breaths. Continuous positive
airway pressure (CPAP) is used by itself to fa-
cilitate breathing, and positive end expiatory
pressure (PEEP) is used in conjunction with posi-
tive-pressure ventilation. These innovations in res-
piratory therapies, as well as improvements in
ventilator techniques such as the now wide-
spread use of continuous flow pressure regulated
ventilators, have contributed to diminished sever-
ity of RDS (167). Deaths associated with RDS
have been decreasing since 1974, though it re-
mains the leading cause of neonatal death (122).

Bronchopulmonary  Dysplasia

Mechanical ventilation is essential for the sur-
vival of babies with severe RDS, but it disrupts
the babies’ normal cardiopulmonary physiology.
Its prolonged use leads to a chronic lung disease
called bronchopulmonary dysplasia (BPD). (Other
conditions besides RDS can lead to ventilation of
newborns and thus to BPD; these include pneu-
monia, meconium aspiration, patent ductus arteri-
osus, and apnea of prematurity (52). ) BPD was
first recognized and described in the 1960s (168).
By definition, all infants who require mechani-
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cal ventilation during the first week of life, who
remain dependent on supplemental oxygen for
more than 28 days, and who have a characteris-
tic chest radiograph have BPD (52).

BPD has become one of the most common se-
quelae of neonatal intensive care. A recent review
article concluded that one-third of infants given
mechanical ventilation and weighing less than
1500 grams at birth develop chronic lung disease
(167). Two multicenter studies of 700- to 1500-
gram babies in 1983 and 1984 also reported that
overall about one-third of the survivors had
chronic lung disease (8,10,69). These studies found
that female and black babies had significantly
lower rates of chronic lung disease than their male
and white counterparts in similar birthweight
groups (10,69). Birthweight was the most signifi-
cant predictor of lung damage. While only 19 per-
cent of survivors with birthweights between 1000
and 1500 grams had chronic lung disease, 51 per-
cent of survivors with birthweights between 700
to 1000 grams had BPD (69).

Reports from individual clinical centers conflict
on the incidence of BPD among extremely small
infants. Among the tiniest babies (under 800
grams), Buckwald and associates found that 75
percent of the survivors were still on a ventilator
at 1 month, and Hack and Fanaroff reported that
70 percent of the survivors in their hospital de-
veloped BPD (24,61). On the other hand, Ben-
nett and colleagues, also reporting on babies with
birthweights under 800 grams, found only a quar-
ter of the survivors developed BPD (13). Simi-
larly, three reports on infants weighing less than
1000 grams found 62, 30, and 13 percent, respec-
tively, of survivors developed BPD (140,48,71).

Significant mortality and long-term morbidity
are associated with BPD during the postneonatal
period (86). Like RDS, bronchopulmonary dys-
plasia can take mild, moderate, or severe forms.
About 1 out of 40 infants discharged from the hos-
pital with BPD is so severely affected that respi-
ratory support continues to be required at home
(41,147). Rehospitalization and chronic respira-
tory problems are associated with BPD patients.
Even after controlling for other risk factors like
intraventricular hemorrhage, prolonged mechan-
ical ventilation has been found to be associated

with poor developmental progress during the first
18 months of life in very low birthweight infants
(21). When low birthweight infants with BPD
were compared to a control group without the dis-
ease, the BPD infants had more respiratory dis-
eases at 4 and 12 months and more severe neuro-
developmental sequelae at 2 years (177). Another
study that followed BPD patients prospectively
for 2 years post-term found that 85 percent of the
children had lower respiratory tract infections and
50 percent of the infants required rehospitaliza-
tion during their first year (98). Finally, a recent
study of infants with BPD who were born between
1981 and 1983 confirmed the increased incidence
of hospitalization and respiratory problems dur-
ing the first year of life, but found that, for sur-
vivors, differences with the control group in neu-
rodevelopment evident at 1 year had disappeared
by 2 years of age (136).

Medical Practices

The detrimental effects of positive pressure ven-
tilation have been known since 1965 (28). There
is now some evidence that the way in which ven-
tilatory support is medically managed may be as-
sociated with outcome. When Avery and her col-
leagues surveyed eight tertiary clinical care centers
in 1983 and 1984 for their experience with BPD
in infants weighing 700 to 1500 grams, they found
that some institutions did significantly better than
others (10). Even after adjustments were made for
weight distribution, sex, and race (but not for
gestational age), differences among centers per-
sisted. Among those centers studied, the intensive
care unit at Columbia University had the best out-
comes. At Columbia, the policies for respiratory
management are dictated by a single physician,
and the policies are followed at all times and for
all babies. Instead of resorting to mechanical ven-
tilation immediately, nasal CPAP is used to treat
RDS early in the course of the disease and dur-
ing the weaning from assisted ventilation. At-
tempts are made to minimize physical trauma; en-
dotracheal tubes are used infrequently and for
only short periods of time and muscle relaxants
are never employed.

Medical practices and the use of technology
vary widely among perinatal centers, and there
are no clearly accepted norms for practice. Fur-
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Coordinated management in the NICU and use of
non intrusive therapies have been suggested as major
factors leading to improved outcomes for very low

birthweight infants.

ther systematic research is needed so that relia-
ble comparisons among centers can be made and
epidemiological methods used to evaluate ventila-
tory techniques (167).

Technological Advances

Improvements in existing ventilator techniques
may hold promise for reducing the incidence of
BPD in the future. In recent years, for example,
there has been considerable research on several
ventilator techniques, known collectively as
high-frequency ventilation (HFV), that use rapid
ventilator rates that may interfere less with nor-
mal cardiopulmonary physiology. Thus far, how-
ever, HFV has not been proven superior to con-
ventional ventilation for treating neonates in
respiratory failure (20).

Another new technology is extracorporeal
membrane oxygenation (ECMO) which entirely
bypasses the lungs using a process that closely
duplicates the gas exchange function performed
in utero by the placenta. ECMO can be used for
as long as 2 weeks, allowing time for lung recov-
ery by minimizing the harmful influences associ-
ated with high-pressure mechanical ventilation.
ECMO has been used on more than 300 infants
in 18 centers since 1975, but with very poor out-
comes for premature, small infants. The incidence
of intracranial hemorrhage is exceedingly high in
these infants, and the bleeding may be aggravated

by the heparin administered during ECMO. Un-
less further research can make ECMO available
for infants who weigh less than 2000 grams, only
small numbers of patients are likely to be treated
by this technology. ECMO is currently indicated
and may be lifesaving for term infants with meco-
nium aspiration syndrome, persistent pulmonary
hypertension, or diaphragmatic hernia (189).

The better solution for the problems posed by
mechanical ventilation is to avoid the need for its
use altogether. Two technologies are under devel-
opment and testing that could substantially pre-
vent RDS in the future. The first is the prenatal
administration of glucocorticoids (steroids) to
mothers in preterm labor in order to accelerate
fetal lung maturation. The other technology,
still experimental, is the introduction of exoge-
nous pulmonary surfactant into the lungs of the
newborn.

Steroid treatment of women in preterm labor
has been used and studied for 16 years (7). Al-
though all the studies support the efficacy of the
steroids in reducing the incidence of RDS in the
babies subsequently born, concerns remain about
indications for use in specific situations, the in-
fluence of the steroids on infection during labor,
and the effect of the steroids on the long-term de-
velopment of the babies (43). Because of these
concerns (particularly for patients with premature
rupture of the membranes), some obstetricians use
the steroids either selectively or not at all (29).

A multicenter, 7-year collaborative study on
antenatal steroid therapy attempted to resolve
these concerns. Reporting its results in 1985, the
study confirmed the efficacy of steroids in reduc-
ing the incidence of RDS and in decreasing the
severity of the disease in those affected. Further-
more, it found no evidence that the risk of infec-
tion is increased in the neonate or in the mother.
And there is no effect of the steroid on either neu-
rological maturation or function or developmental
outcome during the first 3 years of life. However,
the researchers also reported no effect on mor-
tality and suggested that the effectiveness of
steroid therapy is significant only for female off-
spring and only when the membranes are intact
(174).
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The collaborative study excluded infants under
28 weeks gestational age. A recent, retrospective
study in Australia, designed to include a large
number of very low birthweight infants at high
risk of death, contradicted the findings of the col-
laborative study. It found survival is substantially
improved by antenatal steroid therapy and that
survival improves in both girls and boys (44).

Although the efficacy of steroid treatment is not
resolved, the therapy clearly has several limita-
tions. It does not work for all babies; at best, it
lowers incidence and severity of RDS. And in
addition, because steroid therapy must be initi-
ated at least 24 hours before delivery in order to
be effective, for obstetrical reasons many women
in preterm labor cannot be candidates for its use.

Treating surfactant deficiency by administer-
ing exogenous natural or synthetic surfactant to
the lungs of very premature babies at or soon af-
ter birth has the potential to greatly reduce the
incidence of severe RDS. The basic biochemistry
and physical chemistry of lung surfactant has been
known for a long time, but research is ongoing
for the best surfactant mixture, the optimum dose,
and the timing and frequency of administration.
At least seven recent randomized, controlled clin-
ical trials testing natural surfactants (recovered
from lung lavage of animals or humans) document
that surfactant-treated infants have less severe
RDS than control infants (51,74,84,102). The
studies show a lower incidence of clinical RDS,
lower ventilator requirements, and less oxygen
supplementation in treated than in control infants.
The treatment with human surfactant significantly
decreased the risk of death and bronchopulmo-
nary dysplasia (102). Several of the studies using
bovine (cow) lung extract also showed decreases
in the risk of death (158). While one recent mul-
ticenter trial in Great Britain using synthetic sur-
factant found reductions in mortality and the need
for respiratory support (104), other studies to date
with synthetic surfactants have shown essentially
no benefit for respiratory function (63,183).

In none of the studies do all infants respond to
the surfactant. Therefore, perfecting surfactant
replacement will not be a panacea for RDS. Re-
searchers hypothesize that some infants have res-
piratory distress from other causes, such as in-
fection, or that, in extremely premature infants,

dysfunction might by caused by other structural
immaturities (9). Large-scale, multicenter trials are
being undertaken in Europe and the United States
to continue to test surfactant experimentally. It
is probable that the necessary research and FDA
approval process will take from 1 to 5 years be-
fore surfactant therapy will be generally available
for preterm babies (8,149).

Intraventricular Hemorrhage

Along with RDS, intracranial hemorrhages, or
brain bleeds, are responsible for the most deaths
in the neonatal nursery (11). The most danger-
ous are intraventricular hemorrhages in which
blood seeps into the cerebral ventricles, small cavi-
ties within the brain that secrete and convey cere-
brospinal fluid, Almost all serious hemorrhages
occur within the first or second day after birth
(178). Once extensive brain damage has occurred
there is little medicine can offer to improve the
prognosis (178). An infrequent additional com-
plication for babies with hemorrhage is the de-
velopment of hydrocephalus, the dangerous dis-
tension of the head caused by the excessive
buildup of cerebral spinal fluid. Fortunately many
cases of posthemorrhagic hydrocephalus resolve
spontaneously or respond to medical therapy
(153).

Premature infants’ blood vessels are particularly
fragile, and a prevalent medical opinion is that
the capillaries rupture and hemorrhage because
of fluctuations in cerebral blood flow. Along with
other causes including asphyxia, seizures, and
pneumothorax, the use of intermittent positive
pressure ventilation has been associated with
hemorrhage (42,178). It is believed by some that
the infant’s own respiratory effort, out of syn-
chrony with the ventilator, causes changes in the
cerebral blood pressure (123). Recent research has
focused on ways, like muscle paralysis during ven-
tilation, to prevent such fluctuating patterns of
cerebral blood flow velocity (123).

Previously recognized conclusively only on au-
topsy, the introduction of computed tomography
scanning and later of ultrasound brain scanning
revealed that 31 to 45 percent of infants weigh-
ing under 1500 grams at birth have subependymal
or intraventricular hemorrhages (42,123). Most
hemorrhages are graded mild and appear to cause
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no lasting clinical problems. Estimates vary on the
proportion of cerebral hemorrhages that are se-
vere as well as on the subsequent mortality and
morbidity. Mortality is clearly higher in groups
of infants with hemorrhage, as compared with
other infants matched for birthweight or gesta-
tional age (101), A partial review of institutional
studies completed in the 1970s reported that mor-
tality from severe hemorrhage ranged between 50
and 65 percent and that hydrocephalus developed
in 45 to 100 percent of the survivors (153). More
recent studies have shown much lower fatality
rates of 13 percent (42) and 6 percent (153) from
intraventricular hemorrhage. In one of these
studies only one infant (6 percent of the survivors)
developed progressive hydrocephalus (153), while
in the other study no infant required shunting for
hydrocephalus (42).

The incidence and severity of hemorrhage are
correlated with gestational age and birthweight.
Infants born at less than 29 weeks gestation are
especially at risk (42,153). Before 32 weeks gesta-
tion, a disproportionate amount of the total ce-
rebral blood flow enters the periventricular cir-
culation, and thus any disturbance of the blood
flow tends to cause hemorrhage in this region of
the brain (178). While the association of hemor-
rhage with gestational age is well established and
founded on physiological evidence, birthweight
alone is not as good a predictor of the likelihood
of hemorrhage. Only one study reported results
by birthweight category. At the Johns Hopkins
Hospital in 1980, 90 percent of the babies weigh-
ing between 600 and 1000 grams had cerebral
hemorrhages (36 percent of the babies had severe
hemorrhages), but only 26 percent of the infants
weighing between 1000 and 1600 grams had hem-
orrhages (6 percent severe). This study found no
evidence that the 600- to 800-gram babies had
more severe hemorrhages than the other infants
in the under 1000-gram” category, although the ti-
niest babies did have the highest overall incidence
of hemorrhage (49).

Neurodevelopmental Outcome

Infants with severe intraventricular hemor-
rhages have a high rate of later neurodevelopmen-
tal handicaps. The risk of developing neurodevel-
opmental defects is correlated to the initial degree
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With appropriate therapy and support, the prognosis
for even seriously handicapped very low birthweight

infants improves over time.

of hemorrhage (30,88,121). In a study of infants
weighing under 1500 grams and born between
1976 and 1981, Papile and her colleagues at the
University of New Mexico concluded that infants
with mild grades of cerebral hemorrhage had no
poorer outcomes than other babies of similar
birthweight groups without hemorrhage. But they
also found a major handicap in 58 percent of the
infants with severe intraventricular hemorrhage,
and multihandicaps in 45 percent of this group
(121). An Australian study of extremely preterm
babies born between 23 and 28 weeks gestation
in 1981 reported that 8 of 12 infants with severe
hemorrhage (67 percent) developed major dis-
abilities (30). The study at Johns Hopkins Hospi-
tal of low weight babies born in 1980 found less
disastrous results. At 12- to 22-month followup
examinations, of 11 babies who had severe hemor-
rhages, 6 were normal, 3 had moderately retarded
development, and only 2 babies or 18 percent had
serious intellectual and motor impairment (153).
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Retinopathy of Prematurity

Another affliction affecting premature infants
is retinopathy of prematurity (ROP). The disease
occurs in progressive stages beginning with reti-
nal vasoconstriction, proliferation of blood ves-
sels, scarring (cicatricial disease) of the retina, reti-
nal detachment, and ultimately blindness (137).
The disease is not invariably progressive and
blindness is by no means an inevitable outcome.
Many cases spontaneously regress to normal. Per-
haps 25 percent of those with cicatricial disease
go on to blindness (124).

The epidemic of ROP between 1942 and 1953
which resulted in about 10,000 blind children is
perhaps the most widely known example of iatro-
genic disease (156).5 Because of technological ad-
vances, it was routine during that decade to
administer high concentrations of oxygen to es-
sentially every premature infant, and it was not
until 1954 that a large, multicenter cooperative
study indicted oxygen as the culprit in the ex-
ponential growth of ROP. The practice of rou-
tine oxygen administration was quickly aban-
doned, and the oxygen administered to infants
with respiratory distress was given in much lower
concentrations. But while there was a sharp de-
cline in the prevalence of ROP during the 1950s
and 1960s, researchers started reporting results by
the early 1960s that created increasing uneasiness
with the blanket policy of oxygen restriction for
all premature infants. When oxygen usage was
curtailed, studies showed that neonatal mortal-
ity and the incidence of spastic diplegia (a form
of cerebral palsy) increased among premature in-
fants. It was later estimated that for every case
of blindness prevented, approximately 16 babies
died due to inadequate oxygenation (37).

Today’s medical opinion is that the cause of
ROP is unknown but likely multifactorial, with
oxygen being but one critical factor. Other risk
factors suspected of playing a role in the etiology
of ROP include too little oxygen in utero, infec-
tion, intraventricular hemorrhage, apnea, blood
transfusions, hypercarbia, hypocarbia, patent
ductus arteriosus, prostaglandin synthetase inhi-

5At the time of the epidemic, the disease was called retrolental
fibroplasia.  This term, still in use today, refers to the proliferation
of scar tissue during the latter stages of the disease.

biters, vitamin E deficiency, assisted ventilation,
lactic acidosis, and prenatal complications (97).
But overwhelmingly the primary risk factor is ex-
treme prematurity, with almost all cases confined
to this vulnerable group (137). The blood vessels
in the immature retina are still developing, and
it is believed that any disturbance in retinal cir-
culation, whether too much oxygen or too little,
can lead to the vessels’ disordered and twisted
growth. The very low birthweight, premature in-
fant suffers from a number of the risk conditions
that can disturb retinal circulation, and some cases
of ROP appear to be unavoidable despite careful
attention to oxygen therapy and monitoring.

Advances in neonatal care methods and the sur-
vival of more small and critically ill infants have
contributed to a resurgence of ROP, which some
call a second epidemic (137). Infants weighing un-
der 1500 grams at birth are at greatest risk. Both
the incidence and the severity of retinal disease
increases with progressively lower birthweight
and gestational age.

A 1981 review of the literature estimated that
among infants weighing between 1000 to 1500
grams at birth, 2,2 percent have scarring ROP and
0.3 to 1.1 percent are eventually blinded. For in-
fants under 1000 grams, approximately 22 to 42
percent have cicatricial ROP and 5 to 11 percent
are blinded (124). By contrast, a Canadian popu-
lation-based study conducted from 1977 to 1980
found that only 13 percent of infants under 1000
grams developed cicatricial disease, but overall
7 percent of the survivors were blinded (140). Two
more recent studies of infants in NICUs weigh-
ing under 800 grams have reported that 25 per-
cent (61) and 10 percent (80) developed cicatri-
cial ROP. Finally, a controlled study investigating
ROP from 1977 to 1980 in an Australian NICU
found a lower incidence of serious scarring in the
extremely low birthweight group than previously
reported. Among the infants weighing under 1000
grams, only 3 percent developed scarring ROP;
unfortunately all of them were blinded. This study
also found in the 1000- to 1500-gram population
that 2 percent developed cicatricial disease and
1 percent was blinded (187). These incidence
figures agree with Phelps’ estimates.

Although no technological fix is on the hori-
zon, there has been renewed interest since the
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1970s in vitamin E as a preventive measure against
ROP. Vitamin E was first used to prevent ROP
in 1949. Although that initial study did find a sig-
nificant effect, subsequent trials failed to confirm
its efficacy, and when the role of oxygen was iden-
tified by the collaborative trial in 1954, both
ROP and its possible relation to vitamin E were
dropped from the research agenda (125). Lucey
and Dangman reviewed five recent clinical trials
that used vitamin E prophylactically to treat ei-
ther very low birthweight patients or patients with
RDS. The results of these studies, though diffi-
cult to compare, are conflicting. Some showed a

reduction in both incidence and severity of ROP,
others showed a lessened severity with no effect
on incidence, and still others found no significant
effect at all on the occurrence of ROP (97). While
these results offer the promise of at least reduc-
ing the worst ROP, several researchers have urged
caution and extensive further research. There are
suspicions that vitamin E treatment may expose
premature infants to increased risks of necrotiz-
ing enterocolitis and intraventricular hemorrhage
(97,125). The potential negative side effects of
vitamin E may outweigh the possible benefits.


