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Improvement of outcome for infants of birth weight
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Abstract
The two year outcome of extremely low birth-
weight (ELBW) infants (birth weight 500 to
999 g), born in the state of Victoria over two
distinct eras, 1979-80 and 1985-7, were com-

pared. In the 1979-80 era, 25*4% of the ELBW
infants survived to 2 years of age; only 12-5%
of liveborn ELBW infants survived to 2 years
with no neurological disabilities. In the
1979-80 era, ELBW infants born outide the
level HI centres in the state were significantly
disadvantaged in both mortality and neurolo-
gical morbidity. By 1985-7, the two year survi-
val rate of ELBW infants rose significantly
from 25-4% to 37 90/o. By 1985-7, the propor-
tion ofELBW infants who survived to 2 years
free of neurological disabilities increased
from 12-5% to 26-2%. Despite the improved
survival, the absolute number of 2 year old
children survivors with severe neurological
disabilities remained constant at 8/year in
both eras. By 1985-7, fewer ELBW infants
were born outside the level III centres, their
survival rate remained lower, but the severe
neurological disability rate in survivors was no
longer significantly higher. There has been a
concomitant improvement in both survival
and reduction in neurological morbidity.

For the years 1979-80 in the state of Victoria,
the survival rate of extremely low birthweight
(ELBW) infants (birth weight 500 to 999 g) to 2
years of age was 25-4% (89/351); only 49-4%
(44/89) of the two year survivors were free of
neurological disabilities.' At that time, ELBW
survivors born outside the level III centres had
not only a lower survival rate, but also a higher
rate of severe neurological disabilities than those
born within the level III centres.1

Since 1980 perinatal care in the state has
improved, the changes included increasing
efforts to transfer ELBW infants in utero to one
of the three level III perinatal centres for birth,
additional resources for assisted ventilation in
the four level III nurseries, improved resuscita-
tion for ELBW infants born outside the level III
centres, and better care during the transfer of
ELBW infants after birth to the level III cen-
tres. With these changes in perinatal care in
mind, it was important to determine whether
the outcome for ELBW infants had improved.
Hence another comparable cohort, comprising
all ELBW liveborn infants in the state of Vic-
toria during 1985-7 (inclusive), was followed up
prospectively to 2 years of age, corrected for
prematurity.
The aim of the present study was to compare

the two year outcome of infants born during
1979-80 and 1985-7 to determine the following:
(1) if the survival rate had improved, (2)
whether there was any important change in the
neurological impairment and disability rates in
survivors, and (3) whether the infants born out-
side level III centres continued to be disadvan-
taged.

Methods
In the state of Victoria, Australia, in the years
1979-80, 351 of 115 973 (0 303%) liveborn
infants were ELBW; full details of the ascer-
tainment ofELBW infants in the years 1979-80
were obtained from multiple sources, and the
results to 2 years of age have been published.'
In the three years 1985-7 in the state, 560
of 182 719 (0 306%) liveborn infants were
ELBW.2
For the years 1985-7 data were again

obtained from multiple sources, including the
Victorian Perinatal Data Collection Unit, cre-
ated early in the 1980s; this unit receives basic
information on all births in the state, with link-
age to death certificates. The legal requirement
in the state is to register all liveborn infants
(with a heartbeat or any respiratory movements)
irrespective of birth weight or gestational age.
Data were cross checked from each of the four
level III neonatal centres in the state, as well as
the Newborn Emergency Transport Service.3
The level III centres collaborated in the follow
up programme of surviving children, all but one
of whom had spent at least some of their hospi-
tal stay in a level III centre. The techniques of
obstetric and neonatal care were similar to those
described for the earlier cohort, but the
increased availability of resources for intermit-
tent positive pressure ventilation in the latter
era enabled more liberal use of this technique,
particularly for those infants of birth weight less
than 800 g. There were no other major differ-
ences in perinatal care between the two cohorts;
in particular, artificial surfactant and high fre-
quency ventilation were unavailable.

All available children were seen at the age of 2
years, corrected for prematurity, by teams in
three of the four level III centres. Some children
(n=4), living in other states, were unable to
attend but were examined by equivalent person-
nel in their home state and the results for-
warded to the investigators. The children were
first assessed by the psychologist, using the
Bayley scales of infant development.4 Alterna-
tive psychological tests were used occasionally,
for some blind children, for children not
assessed until after 30 months' corrected age,
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or for some children assessed in other states.
The paediatrician examined the children
using a standardised developmental assessment
and arranged audiological and visual examin-
ations of children who had not previously been
assessed. Most members of the assessment
teams, including all of the psychologists, were
unaware of the neonatal course of the children,
and had not been involved in their neonatal
care.
The criteria for diagnosing cerebral palsy

have been previously reported.5 Disabilities
caused by neurological impairments were gra-
ded into categories of decreasing severity:
severe, moderate, mild, and nil. Severe disabili-
ties comprised any of bilateral blindness, cere-
bral palsy in children unlikely ever to walk, and
a mental developmental index on the Bayley
scales 2SD or more below the mean (<69) (or
2SD or more below the mean for an alternative
psychological test). Moderate disability compri-
sed cerebral palsy in non-ambulant children
who were likely to walk or sensorineural deaf-
ness requiring amplification. Mild disability
comprised cerebral palsy in ambulant children,
or a mental developmental index between ISD
and 2SD below the mean (69 to 84) or lSD
to 2SD below the mean of an alternative psycho-
logical test. Children who did not meet the
above criteria were considered to have no dis-
ability. Children from the 1979-80 cohort had
their disabilities reclassified from those pre-
viously published' to match the 1985-7
cohort.

Data were edited, then analysed by computer
using SPSS-X package programs. Differences
in proportions were contrasted by x2 analysis;
odds ratios and 95% confidence intervals (CI)
were calculated.6 Means were compared by
t test. To adjust for birthweight discrepancies,
survival and disability rates between groups
were contrasted in 100 g birthweight subgroups
by Mantel-Haenszel X2.7 Rates of neurological
disabilities in ordered categories were compared
by Mann-Whitney U test.8

Results
For the years 1985-7, inclusive, there were 560
liveborn infants with birth weights recorded
between 500 to 999 g in the state of Victoria.
Two of the livebirths were transferred from
their level I hospital in the country soon after
birth to a level III nursery in another state, but
both died. Their outcome is included in this
report. The remaining infants were all cared for
within the state.
The multiple sources of data proved invalu-

able in identifying all known livebirths and
verifying the accuracy of the data, paticularly
birth weight and inhospital survival. No single
source of data was error free. Up to 4% of live-
births, most of whom died, would have been
missed if only one source of data had been relied
upon.
Fewer ELBW infants were born outside of

the level III centres in 1985-7 (23-0%, 129/560)
compared with 1979-80 (30 e 2%, 106/35 1) (odds
ratio 0-69, 95% CI 0-51 to 0-93, X2=54
p=002).

SURVIVAL TO 2 YEARS OF AGE
For 1985-7, 217 of 560 (38-7%) ELBW infants
survived their primary hospitalisation; five sub-
sequently died before the age of 2 years, three
from sudden infant death syndrome. Overall,
almost 50% more ELBW infants born in 1985-7
survived to 2 years' corrected age (37-9%, 212/
560), compared with 1979-80 births (25-4%,
89/351) (odds ratio 1-76, 95% CI 1-32 to 2-33,
x2= 14-7, p<0'001). The survival rate rose with
increasing birth weight (figure). The improved
survival rate in 1985-7 was not explained by
a more favourable birthweight distribution,
however, as the survival rate was better within
each 100 g birthweight subgroup and remained
significantly higher after adjusting for birth-
weight (odds ratio 2-01, 95% CI 147 to 2-76;
Mantel-Haenszel X2= 183, p<00001).
The survival rate was higher in level III cen-

tre births compared with those born in level I or
level II centres in both eras (1979-80, level III
centre births 29-0%, 71/245; level I or level II
centre births 17-0%, 18/106; odds ratio 1-88,
95% CI 1-12 to 3-17, X2=5-0, p<0 05; 1985-7,
level III centre births 44-8%, 193/431; level I or
level II centre births 1417%, 19/129; odds ratio
3-6, 95% CI 2-4 to 5 4, X2=36-8, p<0-0001).
The survival advantage for those born in the
level III centres remained after adjusting for
birthweight distribution (1979-80 odds ratio
1X94, 95% CI 1-10 to 3X41; Mantel-Haenszel
X2=4-6, p<0 05; 1985-7 odds ratio 3 7, 95%
CI 2-3 to 6-0, Mantel-Haenszel X2=26-2,
P<o oool).
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Twoyear survival and neurological disability rates/livebirth
in 100 g birthweight subgroupsforELBW livebirths in the
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Only one infant, born in a level I or level II
unit remained there and survived; he was born
in 1987, the smaller of discordant twins, birth
weight 920 g and gestational age 33 weeks. At 2
years of age he was mildly disabled.

During 1985-7, 49 of 129 (38-0%) of level I or
level II births were transferred after birth to a

level III centre; 36-7% (18/49) of transferred
infants survived to 2 years, a survival rate not
significantly different statistically from the
44-8% survival rate of level III centre births
(odds ratio 0-72, 95% CI 0-40 to 1-31). The
average birth weight of the level I or level II
births who were transferred was 817 g; the aver-

age birth weight of those remaining in the level I
or level II centres was 681 g.

NEURODEVELOPMENTAL OUTCOME AT 2 YEARS
OF AGE
In the 1979-80 cohort, 83 of 89 (93-3%) chil-
dren were assessed at 2 years' corrected age by
the research team; alternative professional
reports were available on the remaining six chil-
dren. For the 1985-7 cohort, 206 of 212 (97-2%)
children were assessed when aged at least 21
months; alternative professional reports were

available on another four; one child was fully
assessed at 14 months only and one was

untraced, having progressed normally up to 14
months of age. Survivors had similar gestational
ages and birth weights in both eras (mean (SD)
gestational age (completed weeks): 1979-80,
27-1 (2-4); 1985-7, 27-2 (2-0); mean (SD) birth
weight (g): 1979-80, 871 (85); 1985-7, 866
(88)). Significantly more children who survived
in the latter era had received intermittent posi-
tive pressure ventilation, 77 of 89 (86-5%) in
1979-80 compared with 188 of 196 (95-6%) in
1985-7 (X2=6-9, p=0-009); marginally more
infants in the latter era had birth weights
under the 10th centile (11 of 89 (12-4%) and 44
of 196 (22-4%) respectively; p=0-06, not
significant). There were no significant differ-
ences in the distribution in the earlier and later
eras of the number of multiple births (seven and
28), males (41 and 89), major malformations
(none and three) and the highest oxygen re-

quirement over 30% (17 and 30). Sociodemo-

graphic data for the survivors were also similar
(mean (SD) maternal age in years: 1979-80,
28-4 (4-7); 1985-7, 28-6 (5-2); mother born in a
country with English the major language:
1979-80, 71%; 1985-7 80%; mother with less
than 10 years schooling: 1979-80, 31%; 1985-7,
21%; and social class-professional, skilled, or
semiskilled: 1979-80, 60%; 1985-7, 59%).
The rates of sensorineural impairments in the

two cohorts are contrasted in table 1. The rates
of cerebral palsy, blindness, deafness, and
severe developmental delay were all lower for
the 1985-7 era compared with the 1979-80 era,
but none of the individual reductions were sig-
nificant. The mean mental developmental index
was significantly higher in 1985-7 (t=-3-94,
p<o0Ool).

In the figure the neurological disability rates/
livebirth are illustrated for each era relative to
birth weight. Overall, the disability rates/
livebirth were similar for both eras, whether
just severe disabilities or all disabilities were
compared (table 2). On the other hand, the sur-
vival rate free of any disability was substantially
higher in 1985-7 (26-2%, 147/560), more than
doubling that in 1979-80 (12-5% 44/351) (odds

Table 2 Neurological disabilities caused by sensorineural
impairments in surviving 2 year old children

1979-80 1985-7

Livebirths 351 560
No (%) of two year survivors 89 (25 4) 212 (37 9)
No with no neurological disabilities: 44 147*

Rate per livebirth (%) 12-5 26-2
Rate per survivor (%) 49-4 69-3

No with neurological disabilities:
Total 45 64

Rate per livebirth (%) 12-8 11-4
Rate per survivor (%) 50-6 30-2

Mild 25 37
Rate per livebirth (%) 7-1 6-6
Rate per survivor (%) 28-1 17-5

Moderate 4 3
Rate per livebirth (%) 11 0 5
Rate per survivor (%) 45 1-4

Severe 16 24
Rate per livebirth (%) 4-6 4-3
Rate per survivor (%) 18-0 11-3

No (%) lost to follow up
Per livebirth 0 It (0-2)
Per survivor 0 1 (0-5)

*One child with mild hemiplegia was considered to have no
disability.
tFree of neurological disabilities and developing normally when
last seen at 14 months of age.

Table I Sensorineural impairments in surviving 2 year old children

1979-80 1985-7 Significance
Livebirths 351 560
No (%) of two year survivors 89 (25 4) 212 (37-9) p<0-001
No (%) with cerebral palsy:* 12 (13-5) 15 (7-1)

Spastic hemiplegia 4 6
Spastic diplegia 4 4
Spastic quadriplegia 3 2
Spastic monoplegia 1 0
Ataxic 0 1
Other 0 2

No (%) with bilateral blindness* 6 (6 7) 9 (4 2)
No (%) with severe sensorineural deafness*t 3 (3-4) 1 (0 5)
MDI (2 years):t
No of children 79 188
Mean (SD) MDI 88-1 (19-3) 98-6 (20-1) t=-3-94, p<00001
No (%) with MDI <69 12 (13-5) 12 (5-7)
No (%) with MDI 69-84 23 (25-8) 28 (13 2)
No (%) with other psychological test 2 SD or more

below mean 0 3 (1-4)
No (%) lost to follow up 0 1 (0-5)

*% Survivors.
tRequiring amplification.
fMental developmental index (MDI) on the Bayley scales of infant development.
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ratio 2-29, 95% CI 1-65 to 3-17, X2=23-7,
p<0000l).

Overall, with survivors as the denominator
and excluding one child in 1985-7 not assessed,
disabilities were substantially lower in 1985-7
compared with 1979-80 (Mann-Whitney U test,
Z=3 25, p<0 002), but the rates of severe disa-
bility were similar in those born in the level III
centres (1979-80, 9 9% (7/71); 1985-7, 12-0%
(23/193)). In level III survivors, there was a
trend overall to fewer disabilities in 1985-7 (in
1979-80: 39 with none, 21 mild, four moderate,
and seven severe; in 1985-7: 133 with none, 33
mild, three moderate, and 23 severe; Mann-
Whitney U test, Z=1-84, p=0-066). In con-
trast, in survivors born in level I or level II cen-
tres, there was a substantial fall in disability
rates overall in 1985-7 (in 1979-80: five with
none, four mild, and nine severe; in 1985-7: 14
with none, four mild, and one severe; Mann-
Whitney U test, Z=3-14, p<0002), as well as
in severe disabilities alone (1979-80, 50% (9/
18); 1985-7, 5 3% (1/19), X2=7-2; p<001; odds
ratio 0-11, 95% CI 0-026 to 046).

In the 1979-80 cohort severe disability was
significantly more prevalent in surviving chil-
dren born in level I or level II centres compared
with those born in the level III centres (50 0%
(9/18) compared with 9-9% (7/71), respectively,
odds ratio 14-8, 95% CI 3-9 to 56-3, X2=13 1,
p<0-001). Within the 1985-7 era, the severe
disability rate for those born in level I or level II
centres was no longer higher than that for those
born in the level III centres (5-3% (1/19) com-
pared with 12-0% (23/192), respectively, odds
ratio 0-52, 95% CI 0 12 to 2-27).

Discussion
The improved outcome in the more recent
cohort is unlikely to be due to socioeconomic
factors, as measured by social and ethnic status
and duration of maternal education; neonatal
risk factors had not decreased in frequency
(male sex, small for gestational age infants,
multiple births, high oxygen requirement, use
of ventilation, and major malformations). There
is a well recognised secular trend for improve-
ment in psychological test scores over time9; the
increase in mean mental developmental index of
over 10 points with only five years separating
the two cohorts is too large to make this a likely
explanation. Changes in perinatal care practices
are the most likely reason for improvement,
although the relative importance of individual
components remains uncertain.
One of the aims of follow up programmes is

to detect potentially avoidable perinatal events
that are associated with adverse outcomes, such
as death or neurological disability. Having iden-
tified an avoidable perinatal event, it is impor-
tant to take steps to improve the outcome. In
our earlier report of the 1979-80 cohort, it was
clear that ELBW infants born in level I or level
II centres had not only a higher mortality rate,
but also a higher rate of severe neurological dis-
abilities in survivors. Educational efforts to
improve the early identification of the impend-
ing birth of ELBW infants, and their transfer in
utero to one of the three level III perinatal cen-

tres in the state, had begun in the mid-1970sl';
these efforts were intensified when the results
of the 1979-80 cohort became available.
The observation of proportionately fewer
ELBW infants being born in level I or level II
centres in 1985-7 compared with 1979-80
would suggest that the efforts have been
successful.

It will never be possible to have all ELBW
infants delivered in level III centres, as some
women will present too late to allow sufficient
time for their safe transfer before delivery. Edu-
cational efforts promoted the prompt transfer
whenever possible of ELBW infants born out-
side level III centres. Whatever criteria have
determined whether or not an infant born in a
level I or level II nursery was transferred to a
level III centre after birth, obviously those
selected for transfer have had a better prog-
nosis, as indicated by their higher average birth
weight and have survived at a rate approaching
that of infants born in the level III centres. Only
one surviving ELBW infant, born in 1987, was
cared for entirely outside a level III centre.
For the remaining ELBW infants born in

level I or level II centres in 1985-7, it is prob-
able that their immediate care has improved.
There are more paediatricians who have
recently trained in level III centres available to
attend deliveries, and on average referrals were
made more quickly; a concerted educational
programme, available to level I and II personnel
was probably another important contributor to
improved outcome. Moreover, care during
transfer to a level III centre has improved, parti-
cularly the ability to monitor transcutaneous
oxygen tension continuously.

In the diagnostic field, cranial ultrasound was
not widely available in 1979-80 compared with
1985-7, although computed tomography was
available in both eras. In 1985-7, however, ven-
tilator support was sometimes withdrawn (after
extensive discussion with parents) if a major
intracranial haemorrhage was diagnosed.
The improved survival of ELBW infants in

the more recent era was not due to a more
favourable distribution of birth weight; lack of
detailed information on some infants, born and
dying outside level III centres in 1979-80 pre-
cluded a more detailed analysis. The increased
number of ELBW survivors in the latter era is
predominantly due to an increased survival rate;
there has been a 5% increase in all livebirths
over time with only marginal increase in the
percentage of ELBW livebirths (0 303% and
0-306%).1 2
Of all the innovations in perinatal care in

recent times, the ability to assist the ventila-
tion of ELBW infants has probably been the
most important in improving their survival.
Although ELBW infants comprise only 0-3% of
livebirths, they consume more than 50% of ven-
tilator resources. By 1985-7, the resources
available for assisted ventilation had been
increased substantially by the health care pro-
viders in the state. The increase in resources
meant that more ELBW infants could be
offered assisted ventilation and their survival
rate rose in parallel. The improvement in the
outcome for ELBW infants in the state has not
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come cheaply, but aspects of the costs in
resources are beyond the scope of this report.
Another aim of follow up programmes is to

provide accurate data on long term prognosis.
Of necessity, there must be some delay between
birth and final outcome. Hence, even the cur-
rent report relating to 1985-7 births is already
up to five years out of date. Nevertheless, it pro-
vides the most recent data with which to relate
prognosis to birth weight. It is important to
note that the outcome for ELBW infants has
improved since the 1970s in our state, not only
their survival rate, but also regarding long term
neurological outcome. In particular, there has
been no increase in the absolute number of
ELBW children surviving with severe neurolo-
gical disabilities, yet there have been more than
double the number of children surviving free of
any disabilities.
Our results differ somewhat from others con-

trasting the outcome over time of ELBW
infants born within the era of modern intensive
care. In a geographically defined study like
ours, Saigal et al reported the outcome of infants
of birth weight 501 to 1000 g within the central
west region of Ontario in Canada, comparing
births during 1977-80 with those during 1981-
4. " In their study survival rates to hospital dis-
charge were unchanged (46% and 48%, respec-
tively). Children were assessed at 3 years' cor-
rected age, but did not have formal develop-
mental or intellectual testing. In survivors,
neurosensory impairment rates (24% and 17%,
respectively) and severe functional disability
rates (4 5% and 4-1%, respectively) were simi-
lar, although there was a significant reduction in
all functional disabilities (50% to 27%, respec-
tively). In a further contrast with our study, Sai-
gal et al reported the survivors born in a level I
or level II centre continued to have more neuro-
logical impairments in their latter era (level I or
II survivors 37%; level III survivors 14%)."

In an earlier study, Saigal et al reported the
outcome of survivors of birth weight 501 to
1000 g born to residents of the Hamilton-
Wentworth County alone, not the whole central
west region of Ontario'2; they compared those
born in 1973-6 with those born in 1977-80.
Survival rose from 23-7% to 48 8% and the rate
of functional disability in survivors remained
unchanged (556% and 52-6% respectively).
Results were not reported separately for infants
born to residents of Hamilton-Wentworth
County alone in 1981-4," but it is probable
that, in comparison with those born in 1973-6,
both mortality rates and functional disability
rates would have fallen over time as in our
study.

In a single hospital study reported by Hack
and Fanaroff the outcome for infants with birth
weights <750 g born between July 1982 and
June 1985 was compared with those born
between July 1985 and June 1988.13 Survival

rates were almost identical (20% and 18%,
respectively); the apparent change in moderate/
severe neurological impairment rates (22% to
50%) between the two eras was not significant.
Hoffman and Bennett reported their tertiary
centre's experience for infants with birth
weights <800 g admitted to their intensive care
nursery; over time, the survival rate rose from
20% to 36%, but the survivors had more severe
neurological impairments. 14 Our results are
more like those of Kilbride et al who, in a single
hospital study, reported that both mortality and
disability rates were lower in infants of birth
weight 401 to 800 g born in 1983-5, compared
with those born in 1980-2.15 In our cohort, both
survival and neurological outcome improved in
the latter era for children with birth weights
<800 g (figure).

In our geographically based study, as perina-
tal care has improved over time and as the
resources available to assist ventilation have
increased, the outcome for ELBW infants has
improved, with substantially lower two year
mortality and neurological morbidity rates.
Further geographically based studies will be
needed to assess the impact of any future
changes in perinatal care.
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