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Objective: To study neurodevelopmental outcome in a two year cohort of extremely low birthweight
(ELBW) infants at 18 months corrected age, to compare the development of the ELBW infant subcohort
with that of control children, and to find risk factors associated with unfavourable outcome.
Study design: All 211 surviving ELBW infants (birth weight < 1000 g) born in Finland in 1996–1997
were included in a national survey. The ELBW infants (n = 78) who were born and followed in Helsinki
University Hospital belonged to a regional subcohort and were compared with a control group of 75
full term infants. A national follow up programme included neurological, speech, vision, and hearing
assessments at 18 months of corrected age. Bayley infant scale assessment was performed on the sub-
cohort and their controls at 24 months of age. Risk factors for unfavourable outcome were estimated
using logistic and linear regression models.
Results: The prevalence of cerebral palsy was 11%, of all motor impairments 24%, of ophthalmic
abnormalities 23%, and of speech delay 42%. No impairment was found in 42% of children, and 18%
were classified as severely impaired. The prevalence of ophthalmic abnormalities decreased with
increasing birth weight and gestational age, but the prevalence of other impairments did not. In the
subcohort, a positive correlation was found between the date of birth and Bayley scores.
Conclusion: Ophthalmic abnormalities decreased with increasing birth weight and gestational age,
but no other outcome differences were found between birthweight groups or in surviving ELBW infants
born at 22–26 weeks gestation. The prognosis in the regional subcohort seemed to improve during the
short study period, but this needs to be confirmed.

Advances in prenatal and neonatal care during the last

few decades have made it possible for infants born

extremely prematurely to survive. Concerns have been

expressed about the long term outcome of these infants. In

recent follow up surveys, the neurodevelopmental impairment

rate of low birthweight infants has not changed

significantly,1–4 and the disability rate of the most immature

infants has remained considerable.5 6 However, rapid progress

in obstetric and neonatal care quickly makes outcome results

out of date. Also concerns about the increasing costs and the

ethics of caring for extremely low birthweight (ELBW) infants

have prompted a continuous long term outcome evaluation of

recently born cohorts.

Most surveys are based on neonatal intensive care units and

give good regional reference, but more generally applicable

results can only be drawn from population based studies. In

addition, comprehensive data collection is essential for reliable

results. It has been shown that generalisation can suffer if only

those followed with ease are included.7 For this reason, we

established a national ELBW infant register including

prospectively all ELBW infants born in Finland from 1 Janu-

ary 1996, and we collected information on these infants from

the perinatal period to 18 months of age corrected for prema-

turity. Our aims were to obtain comprehensive data on

ophthalmic outcome at 12 months of corrected age and neuro-

developmental outcome at 18 months of corrected age in a two

year cohort of ELBW children, to compare the mental

development of a subcohort of ELBW infants with that of full

term controls at 24 months of corrected age, and to detect risk

factors associated with unfavourable outcome.

SUBJECTS
National cohort
The national study population consisted of all infants with a

birth weight below 1000 g and gestational age at least 22 full

weeks born in Finland during a two year period from 1 Janu-

ary 1996 to 31 December 1997.8 Of the 529 ELBW infants

(0.4% of all 121 330 infants born in Finland 1996–1997), 178

(34%) were stillborn and 351 (66%) liveborn. The neonatal

survival rate was 62%; 211 (60%) ELBW infants survived until

the age corresponding to 40 weeks gestation.8

Regional subcohort and controls
One third of the liveborn ELBW infants were born and treated

in Helsinki University Hospital, serving a geographically

defined region with neonatal intensive care, and formed the

subcohort of the study. Of the 109 liveborn infants, 86 (79%)

were alive at the age corresponding to 40 weeks gestation, and

78 had a neuropsychological assessment in the same hospital

at the corrected age of 24 months. Of the remaining eight

infants not screened at 24 months of age, two had died and six

families lived outside the Helsinki region.

Full term infants born immediately after each ELBW infant

in the same hospital (in 1996 one infant, in 1997 the next two

infants) were eligible for the control group. The inclusion cri-

teria for control infants were: gestational age > 37 weeks; no

requirement for medical care during the first three days;

native language of parents Finnish, Swedish, or English. Four

infants were excluded: two families had moved a long way

from Helsinki, and in two cases the children did not live with

their parents. A total of 75 of the 126 invited controls (60%)

were entered into the study.
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Table 1 summarises background information on all surviv-

ing ELBW infants of the subcohort and the control group. The

controls who participated did not differ from those who did

not with regard to the variables listed in table 1.

Infants with birth weight below –2 SD based on Finnish

intrauterine growth charts were classified as small for

gestational age.9 The estimation of gestational age was based

on ultrasound examination before the end of 20 weeks (82%)

or on the last menstrual period (18%). The criterion for septi-

caemia was a positive blood culture. International criteria

were used to grade respiratory distress syndrome,10 intraven-

tricular haemorrhage,11 necrotising enterocolitis,12 and retin-

opathy of prematurity.13 The diagnostic criterion for blindness

was based on the specification of WHO.14 At the age

corresponding to 36 weeks gestation, infants with muscular

hypotonia or hypertonia or seizures were classified as

neurologically abnormal.

METHODS
National follow up schedule
The national outcome data for ELBW infants were recorded

from all five universities (the catchment areas of which were

designated A–E for analysis and comparison) and 18 central or

local hospitals up to the corrected age of 18 ± 2 months. A

national neurological follow up programme included an oph-

thalmologic assessment at the corrected age of 12–18 months

and examinations by a neurologist, psychologist, physiothera-

pist, and speech therapist15 at the corrected age of 18 months.

At the age of 18 months corrected for prematurity, cerebral

palsy was defined as a non-progressive motor impairment

with spastic or dystonic muscle tone, brisk tendon reflexes,

positive Babinski’s sign, and persistent primitive reflexes. Four

categories were used16: diplegia; hemiplegia; tetraplegia; ataxia

or athetosis syndrome. Other motor impairments were

defined as delay in motor development, hypotonia or hyperto-

nia with a specific cause (trisomy 21, central nervous system

malformation), or variable abnormalities in muscle tone

without other features of cerebral palsy. The severity of the

impairments was defined as follows: normal development (no

impairments detected in the hearing, ophthalmological,

motor, or speech assessment), mild impairment (one or two

impairments detected in the above assessments, no blindness,

hearing impairment, cerebral palsy, or convulsions), and

severe impairment (three to four impairments in the above

assessments or one of the following four impairments: blind-

ness, hearing impairment, cerebral palsy, or convulsions).

The study population included 97% of all infants born

before 27 weeks gestation, but of all infants born at 27 weeks

gestation, the ELBW infants represented only 57%, of those

born at 28 weeks gestation 34%, and of those born at 29 weeks

gestation 16%. Above 29 weeks gestation, the proportion of

ELBW infants born at each gestational week was much less

than 10%. For this reason comparisons based on gestational

age were made mainly in infants born at 26 weeks gestation or

less, and thus included almost all infants per each gestational

week. Comparisons based on birth weight were made at 100 g

intervals.

Regional programme
In addition to the national follow up programme, two

psychologists carried out developmental assessments on the

subcohort and their controls at a corrected age of 24 months

using the Bayley infant scale 2nd edition (mental section).17

Statistical analysis
Statistical analysis was performed using the SPSS program.

Mantel-Haenzel, Pearson’s χ2, and Fisher’s exact tests were

used to distinguish differences in binary or category variables

and Student’s t test to distinguish differences in continuous

variables. Logistic regression analysis was used to detect risk

factors for cerebral palsy for any motor impairment. The peri-

natal and neonatal variables included in each logistic

regression analysis were multiparity, pre-eclampsia, prema-

ture rupture of membranes, maternal infection, antenatal

steroid treatment, hyperstimulation or in vitro fertilisation,

maternal age below 20 or above 40, smoking, marital status,

social class 1–4,18 birth in secondary level hospital, birth in the

university hospital area A, B, C, D, or E, vaginal delivery, birth

weight (100 g groups), intrauterine growth retardation,

gestational age (full weeks), male, multiple birth, anomalies,

Table 1 Birth characteristics of all surviving extremely low birthweight (ELBW) infants, the subcohort (ELBW infants born
and followed in Helsinki University Hospital), and their controls

All surviving ELBW infants
(208 infants, 193 mothers)

Subcohort (78 infants, 74
mothers)

Control group (75 infants,
75 mothers)

Basic data
Primiparity 104 (54) 42 (58)† 26 (35)
Unmarried mother 67 (37) 31 (42)† 16 (21)
Upper social classes 1–2 120 (65) 47 (64)† 62 (83)
Lower social classes 3–4 66 (36) 27 (36)† 13 (17)
Mother smoked 37 (19) 14 (19) 9 (12)
Mother’s age (years) 31.5 (16.3–48.5) 32.5 (21.5–47.5) 32.0 (21.3–43.9)
Birth weight (g) 807 (447–995) 778 (447–995)†* 3671 (2530–5250)
Gestational age (weeks) 27.3 (22.3–34.9) 27.1 (23.7–32.6)† 39.9 (37.3–42.1)
Male sex 97 (47) 38 (49) 39 (52)
Multiple pregnancy 55 (26) 16 (21)† 2 (3)
Antenatal steroid treatment 164 (79) 69 (88)†* 0
Born in tertiary hospital 187 (90) 78 (100) 75 (100)
Vaginal delivery 68 (33) 23 (29)† 58 (77)

Morbidity data
Small for gestational age 84 (40) 35 (45)† 1 (1)
Intraventricular haemorrhage grades 2–4 24 (12) 6 (8)
Respiratory distress syndrome 144 (69) 54 (69)
Septicaemia 53 (26) 30 (38)*
Retinopathy of prematurity stage 3–5 19 (9) 4 (5)
Oxygen dependency at the age corresponding to 36 GW 81 (39) 31 (40)

Values are number (%) or mean (range).
*p<0.05 (subcohort v entire cohort).
†p<0.05 (subcohort v control group).
GW, Gestational weeks.
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respiratory distress syndrome, septicaemia, necrotising entero-

colitis with perforation, and intraventricular haemorrhage

grades 2–4. All variables were entered stepwise both forwards

and backwards. A linear regression model was used to find

risks for poor performance in Bayley assessment in the

Helsinki ELBW subgroup and in their controls with the

following variables included: prematurity, intrauterine growth

retardation, sex, primiparity, vaginal delivery, multiple birth,

mother’s age, social class, smoking, marital status, examiner,

day of birth—that is, number of days counted from 1 January

1996 to the birth to evaluate possible improvement over

time—and the assessment age. In addition to the above

factors, antenatal steroid treatment, maternal infection,

pre-eclampsia, premature rupture of membranes, gestational

age, birth weight, anomalies, respiratory distress syndrome,

intraventricular haemorrhage grades 2–4, necrotising entero-

colitis with perforation, septicaemia, and examiner were

included when the risks for poor scores in Bayley assessment

were analysed in the ELBW infant subgroup. In linear

regression analyses, variables were entered stepwise.

In all analyses, p < 0.05 was considered significant.

Ethical consent
The study was approved by the ethics committee of the Hospi-

tal for Children and Adolescents of Helsinki University Hospi-

tal and by the National Data Ombudsman.

RESULTS
The national cohort
Mortality
Of the 211 ELBW infants who survived until the age

corresponding to 40 weeks gestation, three (1.4%) died before

or at the corrected age of 24 months: one from chronic lung

disease, one accidentally, and one multiply disabled infant

from pneumonia. None was lost to follow up.

Ophthalmological examination at the age of 12 months
Vision was assessed by a paediatrician, neurologist, or

ophthalmologist on 197 (93%) children at the corrected age of

12–18 months. Ophthalmic status was considered normal in

151 (77%) children. The most common abnormality was stra-

bismus (n = 23, 12%), myopia was found in 15 (8%) and

astigmatism, hyperopia, or retinal scars after treatment for

retinopathy of prematurity in 10 (5%) children. Two children

had both strabismus and myopia. A total of 14 (8%) children

needed spectacles. One child was legally blind (0.5%), and two

(1%) had lost vision in one eye.

Neurological outcome
Neurological outcome was recorded in 90.3% of infants at 18

± 2 months of corrected age. In 4.4%, the follow up examina-

tions were performed at the corrected age of 12–15 months,

and in 5.3% at the corrected age of 20–24 months.

Completely normal motor development was found in 157

(76%) cases. The prevalence of cerebral palsy was 23/208

(11%). Diplegia, the most common form of cerebral palsy,

affected 15 (7%), tetraplegia affected four (2%), hemiplegia

affected two (1%), and ataxia or athetosis affected two (1%)

children. A total of 27 (13%) children had motor impairment

other than cerebral palsy: 16 (8%) showed a delay in the nor-

mal age specific developmental milestones, three (1.5%) had

congenital anomaly affecting the central nervous system (tri-

somy 21, meningomyelocele, or atrophy of cerebellum), and

eight (3%) children suffered from clumsiness, hypotonia,

rigidity, or difficulty in controlling movement. A total of 3% of

all infants needed anticonvulsive treatment. Three children

with otherwise normal motor development had congenital

(two amnion strictures, one clubfoot) and one acquired (arte-

rial thrombosis and amputation of one leg) anomaly affecting

lower extremities. For analysis, they were included in the

group of neurologically normal children.

In the verbal assessments, performed on 195 (94%)

children, mild developmental delay was found in 70 (36%)

cases and severe developmental delay in 12 (6%) cases. Hear-

ing was assessed by otoacoustic emission or brainstem

auditory evoked potential measurement in 184 (89%) infants:

the hearing of 18 children was considered normal and the

data for six children were missing. Six subjects suffered from

hearing impairment necessitating hearing rehabilitation or

the use of a hearing aid.

Figure 1 presents the prevalence of abnormalities in motor

or verbal development and ophthalmic assessment in different

birthweight groups. Table 2 shows motor impairment, cerebral

palsy, and ophthalmic abnormality rates in infants born at

22–26 weeks gestation. In infants born after 26 weeks

Figure 1 Prevalence of (A) motor impairment, (B) delay in speech
development, and (C) abnormalities in ophthalmic assessment at the
corrected age of 18 months in different birthweight groups.

Table 2 Prevalence of abnormalities in ophthalmic
assessment, cerebral palsy, and all motor impairments
(including cerebral palsy) at 18 months of corrected
age in surviving extremely low birthweight infants born
at 22–26 weeks gestation

Gestational
age (weeks)

Any abnormality
in ophthalmic
status Cerebral palsy

All motor
impairments

22–23 3/4 (75) 1/5 (20) 1/5 (20)
24 6/17 (35) 2/18 (11) 5/18 (28)
25 10/32 (31) 4/34 (12) 9/33 (27)
26 10/44 (23) 5/47 (11) 11/47 (23)

Numbers of infants are given with percentages of those with data
available in parentheses.
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gestation, the prevalence of abnormalities in the vision
assessment was 15% (16/105), cerebral palsy was found in
10%, and any motor abnormality in 23%. No infant born at 27
weeks gestation or more was blind or had hearing impairment
necessitating a hearing aid.

Overall outcome
Complete data on hearing disability necessitating a hearing

aid, verbal, motor, and ophthalmic impairments were available

for 186 (88%) children. Figure 2 shows data on mortality and

severity of impairments in infants born at 22–26 weeks gesta-

tion.

Risk factors
A significant decrease in ophthalmic abnormalities was found

in all surviving infants with increasing birth weight

(p = 0.010), and in infants born at 22–26 weeks gestation

with increasing gestational age (p = 0.040). However, no sig-

nificant differences in prevalence of cerebral palsy, any motor

impairment, verbal impairment, or hearing impairment

necessitating a hearing aid were found between the birth-

weight groups or between the gestational age groups 22–26

weeks. Intrauterine growth retardation or birth outside of a

tertiary care centre did not seem to be risks for any of these

impairments in surviving ELBW infants.
Table 3 lists significant risk factors found in logistic

regression analysis for cerebral palsy or for any motor impair-
ment in surviving infants, and for motor impairment or death
in liveborn infants.

The second logistic regression analysis included outcome
measures at the age corresponding to 36 weeks gestation
(retinopathy of prematurity, neurological status, or need for
extra oxygen) as explanatory factors. An abnormal neurologi-
cal status (hypotonia or hypertonia, or seizures) at the age

corresponding to 36 weeks gestation was a risk for cerebral
palsy (odds ratio (OR) = 4.3, p = 0.005) and for overall motor
impairment (OR = 4.3, p = 0.002). Oxygen dependency was a
risk factor for motor impairment (OR = 2.1, p = 0.038) and
for ophthalmic problems (OR = 2.6, p = 0.014), whereas
retinopathy of prematurity grade 3–5 was a risk for
ophthalmic abnormalities (OR = 16.5, p < 0.001) in the
surviving children.

The regional subcohort
Four infants were excluded from the Bayley infant scale men-

tal assessment, performed on the subcohort at a mean age of

2.0 years (range 1.84–2.26); the assessment of two children

was impossible because of a combination of language, social,

and developmental problems. Two otherwise normal children

were not examined because of exhaustion after other assess-

ments during the same day or because the parents withdrew

them from the study. One ELBW child did not pass the test

because of severe mental retardation. All participating

controls were assessed at the mean age of 2.2 years (range

1.91–2.73).
The ELBW children had significantly lower mean (SD) Bay-

ley mental scores than controls (95.1 (12.9) v 106.3 (9.6);
p < 0.001). Seventeen ELBW infants (22%) had Bayley scores
below 85, and one (1%) below 70. One of the control infants
had Bayley scores below 85.

In a linear regression analysis comparing ELBW infants
with controls, prematurity decreased the Bayley mental score
by 10.4 points (SE = 1.8, p < 0.001) and male sex by 5.6
points (SE = 1.8, p = 0.002); the scores seem to improve by
0.013 point per birth day (counted from 1 January 1996) dur-
ing the two year study period (SE = 0.004; p = 0.004). When
the ELBW infants and the control group were analysed sepa-
rately, the only significant factor for the ELBW infants was the
number of days counted from 1 January 1996 to the birth; the
scores seem to improve 0.024 point per day (SE = 0.007,
p = 0.001). In the control group, no such improvement over
time was found, and the only significant risk factor for poor
outcome in linear regression analysis was male sex, which
seemed to reduce the scores by 6.3 points (SE = 2.133,
p = 0.005).

The correlation between Bayley scores and the day of birth
was 0.388 (p = 0.001) in the ELBW infant group. No such
correlation was found in the control group (r = 0.072;
p = 0.537).

DISCUSSION
By establishing a national ELBW infant research register with

detailed background and follow up information, we could

satisfactorily evaluate outcome in the study cohort at 18

months of age. Although 23 hospitals participated in the pro-

spective data collection, 75% of the data came from the five

university clinics responsible for the study design. However,

using data gathered from the national healthcare system

caused some limitations—for example, the neurological

assessments were performed by several clinicians. The

possible bias resulting from many investigators may have been

avoided by performing a centralised study, but this kind of

study does not usually extend to all inclusive follow up rate. In

our study, no infant was lost to follow up, but the data were

nevertheless not fully comprehensive. The classification of

impairment severity used only those with complete data

available and may be somewhat overstated because it seems

that missing data mostly resulted from the practice not to per-

form some assessments on children with apparently normal

development.
Mortality in ELBW children during the first two years after

discharge was comparable to that in other studies19 20; however,
none of the infants in our study population died from sudden
infant death syndrome, for which prematurity is thought to be
a risk factor.

Figure 2 Stillbirth rate, two year mortality rate, prevalence of
severe impairments, mild impairments, and normal development, and
missing developmental data in extremely low birthweight infants
born at 22–26 gestational weeks. Severe impairment was defined as
cerebral palsy, blindness, hearing impairment necessitating hearing
aid, seizures, or a combination of three or more milder impairments
detected in the ophthalmic, hearing, motor, or speech assessment.
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Ophthalmic problems are relatively common in ELBW chil-
dren. Compared with most previous studies, in which visual
impairment rates varied between 6% and 9%,20 21 ophthalmic
abnormalities in our study were more common (23%). The
difference may be partly explained by the fact that we
included even mild cases without visual impairment or need
for treatment. However, similar high rates of ocular abnor-
malities were found in the study of Pennefather et al.22 The
prevalence of blindness was comparable to numerous follow
up studies (0.5–3.6%),1 20–25 and our study also confirms the
finding of Emsley et al26 that infants born extremely
prematurely are at particular risk of visual disabilities.

The prevalence of cerebral palsy in the whole country is
comparable to recent results from Sweden, the United States,
Australia, and Canada, where the detected prevalence of
cerebral palsy at the age of 1–3 years varied between 7% and
17%.1 20 23 24 27 28 When the results of the subcohort of our study
were compared with those of an earlier regional cohort born in
1991–1994 in the same area, neonatal mortality seemed to
have decreased from 31% to 21% (p = 0.046) and the
prevalence of cerebral palsy from 17% to 4% (p = 0.002).29

Thus, despite the increased survival rate of ELBW infants, the
prevalence of cerebral palsy did not increase in the region. In

logistic regression analysis, detected differences in mortality

and cerebral palsy prevalence also indicate that decreased

mortality is not always associated with increased morbidity.

As previously reported,30 this study showed that regional

differences occur in mortality and morbidity even in a country

with a homogeneous population and social security and that

both morbidity and mortality should be included when qual-

ity of care is analysed to avoid the effect of selection by

outcome.

Kitchen et al31 suggested that neurological findings at 2

years of age are too pessimistic, and that 33% of children had

a poorer diagnosis at that age than at 5, and in only 4% was the

outcome at 2 years of age better than at 5. However, in

comparison with normal weight children, Halsey et al32 has

shown that ELBW children classified as non-disabled at an

early age show a significantly poorer performance on

cognitive, verbal, perceptual, motor, and visual-motor meas-

ures at preschool age, a finding also supported by Saigal et
al.33 The rate of normal development in our study (42%) was

lower than that found in some previous studies,19–21 28 34 35 but

we also recorded minor, non-disabling impairments. The

prognostic value of these minor impairments in later develop-

ment is an important subject for subsequent studies, for
which a uniform classification of disabilities, such as the
recently published Health Status Questionnaire,36 would
provide even more generalisable results.

The effect of gestational age on neurological development in
ELBW infants is contradictory. Several investigators have
found no independent effect of gestational age on later
outcome,35 37 38 whereas others report an effect.1 6 39 40 In our
study population, which included virtually all infants born in
Finland at 26 weeks gestation, gestational age was not an
independent risk factor for later impairments (cerebral palsy,
motor and hearing impairments, speech delays), not even in a
multivariate logistic regression analysis. Abnormal ophthal-
mological status was more common in children born
extremely prematurely, at the limit of viability 22–24 weeks. In
a previous study, we found gestational age and birth weight to
be significant risks for death.8 Thus, we assume that the
majority of the most immature infants died, and the infants
who survived had as favourable a prognosis as the more
mature ones in all other domains except visual acuity.

Poorer cognitive skills in ELBW children compared with full
term controls has been a universal finding.32 33 41–43 The ELBW
infants in our study population differed from their controls in
that their mothers were more likely to belong to a lower social
class. Although a lack of maternal education and low social
class have been shown to be risk factors for poor cognitive
development of premature children,1 20 35 37 39 41 in our study
population deficient maternal education was not a risk factor
for poor outcome.

The effect of the date of birth on Bayley scores of ELBW
children was an unexpected finding. The same two well
trained investigators examined the ELBW and control
children. No such correlation was found in the controls, con-
firming the reliability of the method. Neither could the result
be explained by selection by outcome, because neonatal mor-
tality in ELBW infants did not change during the study period.
It may be that the outcome improved because of improved
perinatal and neonatal care. Which factors were improved and
whether the improvement is permanent remains to be seen.

In conclusion, at the corrected age of 18 months, no
outcome differences were detected between birthweight
groups or in ELBW infants born at 22–26 weeks gestation in
sensory-motor outcome except for ophthalmic abnormalities,
the rate of which declined significantly with increasing birth
weight and gestational age. In the Helsinki University Hospi-
tal, the scores from the Bayley mental test seemed to improve

Table 3 Significant risk factors for cerebral palsy any motor impairment in surviving infants and for death or the motor
impairments in liveborn infants expressed as the odds ratios (OR), p values, and 95% confidence intervals (95% CI)

Cerebral palsy
Death before the corrected age of 2 years or
cerebral palsy

OR 95% CI p Value OR 95% CI p Value

No antenatal steroid treatment 3.6 1.3 to 10.0 0.015 3.2 1.7 to 5.9 <0.001
Vaginal delivery 4.3 1.5 to 12.2 0.006 2.7 1.4 to 5.2 0.003
Birth in the university hospital area C 0.1 0.02 to 0.4 0.003 0.3 0.2 to 0.6 <0.001
Birth in the university hospital area A 0.2 0.03 to 0.8 0.030 –
Birth weight (per 100 g increase) – 0.7 0.6 to 0.9 0.004
Gestational age (per one week increase) – 0.8 0.7 to 0.997 0.046
Anomalies – 3.6 1.2 to 10.8 0.021
Intraventricular haemorrhage grade 2–4 – 2.5 1.2 to 5.3 0.017

Any motor impairment Death before the corrected age of 2 years or
any motor impairment

OR (p) 95% CI p Value OR (p) 95% CI p Value
No antenatal steroid treatment 3.6 1.6 to 8.1 0.001 3.3 1.7 to 6.2 0.002
Maternal infection 0.3 0.1 to 0.7 0.005 0.5 0.3 to 0.95 0.034
Male 2.9 1.3 to 6.2 0.006 2.1 1.2 to 3.6 0.010
Intaventricular haemorrhage grade 2–4 3.1 1.0 to 9.2 0.042 2.5 1.1 to 5.3 0.022
Birth in university hospital area C – 0.4 0.3 to 0.8 0.005
Vaginal delivery – 2.9 1.5 to 5.3 0.001
Birth weight (per 100 g increase) – 0.6 0.5 to 0.7 <0.001
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during the short study period, but this needs to be confirmed.

Our results also show that, even in a country with a uniform

healthcare system, some regional differences in early neuro-

logical outcome of ELBW children exist, which warrants con-

tinuous quality control and audit. Major disabilities—that is,

cerebral palsy, blindness, deafness, and mental retardation—

are usually discovered at the age of 2 years. However, follow up

should be continued to at least preschool age to detect cogni-

tive disabilities such as problems in learning, behaviour, and

attention.
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. . . . . . . . . . . . . . . . . . COMMENTARY .. . . . . . . . . . . . . . . . .

POPULATION BASED OUTCOMES FOR HIGH RISK
NEWBORN INFANTS
This edition of Fetal and Neonatal includes three reports which

have evaluated a variety of high risk national populations over

time, by clinical group, and with two year outcomes

respectively. The collection of national data is valuable because

of the possibility of comparing the outlook for children born

within health systems, rather than within enthusiastic

centres. The reports come from the established and ongoing

Australia and New Zealand Neonatal Network (ANZNN) and

from a Finnish national survey. Criteria for inclusion differ

between these and other registries but most can agree that

those <1001g birth weight or the extremely preterm are those

at highest risk and should be included.
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The two reports from the ANZNN are valuable because they

describe a broad population of infants, intending to be inclu-

sive and registering babies who are ventilated after birth or

receive “major” neonatal surgical operations, in addition to

conventional <1500g or <32 weeks gestation groupings. In

the main paper describing the outcome for the preterm, venti-

lated, and surgical groups, the data give a fascinating insight

into the working of the New Zealand health system for new-

born infants and demonstrate that excellent outcomes can be

achieved. These data form the basis for future comparisons,

which we undoubtedly will see. The comprehensive data

collection process represent a major success for the providers

(the neonatal teams in the two countries) and the commis-

sioners (the health authorities) who have unrivalled infor-

mation on what is happening to a small but relatively expen-

sive sector of their health economy.

The second paper from the New Zealand group shows us

what can be achieved by comparing health status over time

within a population. Thankfully it provides no major surprises

and major reassurance that things appear to be improving. The

report demonstrates the increasing concentration of care

within the level III neonatal intensive care units in New Zea-

land, with a halving of the proportion of babies delivered at

level I or level II hospitals. The report highlights the 7% of

infants who are failing to receive appropriate screening for

retinopathy of prematurity. Here is a target group where

health care can easily be improved and monitored. In the UK,

there is an ongoing national audit of outcomes and screening

following publication of guidelines and a series of “Retin-

opathy Roadshows”, to encourage awareness and the import-

ance of recognition of this eminently treatable condition. The

lack national data on such outcomes or central collation of the

effectiveness of individual hospital’s through the recom-

mended system of annual reports1 means that this important

statistic cannot be measured or monitored without difficult

and time-consuming focussed audits.

The report from Finland describes the outcome at 18

months to two years in a national cohort of extremely low

birthweight babies. This represents a huge effort and

coordination to achieve a multidisciplinary assessment at 18

months on a geographically dispersed population. There is a

very high frequency of impairment among survivors although

the severity of disability is not really very clear: children with

cerebral palsy and hearing impairment requiring amplifica-

tion have major impairments, but their degree of disability

will vary widely. Depending on the outcomes you are

interested in it is important to separate out the impairments,

which can be used to evaluate perinatal influences and

predictors, and disability which defines the health status of

the population and may be of more value to professionals and

parents in clinical practice.2 It is interesting to compare the

relative survival of babies <1001g birthweight in Finland

(1996–7)—62% live births and New Zealand (1998–9)—80%

live births. These striking differences are not assessable in the

absence of comparable disability data, as they may simply

reflect different approaches to borderline viability.3

How applicable are these efforts to current UK practice? The

birth population of New Zealand is marginally less than that

of the NHS Trent Region (50–60 000 births per annum). The

Trent Neonatal Survey has managed to collect information on

a consistent basis since 1986 in a similar vein to that of the

ANZNN, but does not attempt to collect standardised outcome

data as the increase in resources required is massive. Some

other geographic areas have similar ongoing work. Nonethe-

less to extend the Trent Survey to the whole UK would be a

serious undertaking, but not impossible as shown by the suc-

cess of the Vermont Oxford Network.

One important goal for neonatology must be to properly

determine what is the current outcome for key groups and to

produce comparative data. The UK is currently inching

towards nationally relevant data collation,4 an important

initiative which the move to managed clinical networks for

Neonatal Intensive Care will surely help to drive. We have a

recommended dataset1 and definitions of disability5 which

have been arrived at by consensus. We need to be clear about

denominator data collection and start working together,

because without information the debate as to the optimum

configuration of care cannot ever be satisfactorily concluded.
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