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ABSTRACT

Objective Poor condition at birth may impact on 1Q,
although its effect on other measures of neurodevelop-
ment is unclear. The authors’ aim was to determine
whether infants receiving resuscitation after birth have
reduced scores in measures of attention, memory and
language skills or the need for educational support at
school even in the absence of clinical encephalopathy.
Methods Three groups of term infants were identi-
fied from the Avon longitudinal study of parents and
children: infants resuscitated at birth but asymptomatic
for encephalopathy (n=612), infants resuscitated who
developed symptoms of encephalopathy (n=40) and the
reference infants who were not resuscitated and had
no further neonatal care (n=8080). Measures of atten-
tion, language, memory and the need for educational
support were obtained for children between 8 years
and 11 years. Test results (standardised to a mean of
100 and SD of 15) were adjusted for clinical and social
covariates. Missing covariate data were imputed using
chained equations.

Results Infants asymptomatic after resuscitation had
similar scores to those not requiring resuscitation for all
measures while infants who developed encephalopathy
had lower working memory (—6.65 (—12.34 to —0.96)),
reading accuracy (—7.95 (—13.28 to —2.63)) and
comprehension (—9.32 (—14.47 to —4.17) scores and
increased risk of receiving educational support (OR 6.24
(1.52 to 26.43)) than infants thought to be well at birth,
although there was little evidence for an association
after excluding infants who developed cerebral palsy.
Conclusions The authors found no evidence that
infants who were resuscitated but remained well after-
wards differed from those not requiring resuscitation in
the aspects of neuropsychological functioning assessed
in this study. Infants who developed neonatal encephal-
opathy had evidence of worse functioning, particularly
in language skills and were more likely to receive educa-
tional support at school.

INTRODUCTION

It has been proposed that a ‘continuum of repro-
ductive casualty’ existsl—that is, while pro-
found perinatal events cause death or obvious
neurological deficit, milder insults may cause
more subtle defects in functioning only detect-
able as the child grows older. We have recently
reported that infants with transient poor condi-
tion at birth had increased risk of low IQ scores
in childhood? and early adulthood,? although the
impact on other measures of neurodevelopment is
unclear. Abnormalities of attention, memory and
language skills can have a profound impact on a

What is already known on this topic

» Infants who develop encephalopathy in the
newborn period have increased risk of low 1Q
and other neurocognitive consequences.

» Infants who recover quickly from poor birth
condition may also have increased risk of low
1Q scores later in life, but associations with
other measures of neurocognition are unclear.

What this study adds

Infants who recover quickly from poor birth con-
dition have similar scores for tests of memory,
attention and language as infants thought to be
well at birth.

child’s scholastic abilities and their educational
attainment.

One previous study in term infants showed no
association of poor condition at birth with learn-
ing, behavioural or minor motor difficulties in
infants who did not develop neurological signs
in the neonatal period, although there was lim-
ited power to detect small differences.* However,
among preterm infants specific functional deficits
may be greater than were predicted by the appar-
ent 1Q deficits.”

The aim of this study was to investigate whether
infants with physiological compromise at birth,
measured as a clinical condition severe enough
to warrant resuscitation, have poorer functioning
in attention, memory and language skills or the
need for educational support at school than those
in good condition at birth even in the absence of
clinical encephalopathy.

METHODS

The Avon Longitudinal Study of Parents and
Children cohort

This study is based on the Avon Longitudinal
Study of Parents and Children (ALSPAC) con-
taining data on over 14000 infants and compris-
ing children born in the Bristol area, England,
between 1991 and 1992. Data on cohort members
and their families are regularly collected using
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self-completed questionnaires, at half-day clinics or retrieved
from routine medical or educational records.

Measure of condition at birth

Information on resuscitation and perinatal wellbeing was
retrieved from the computerised records of all infants born
in the two main maternity hospitals in the region (figure 1).
Infants were considered to have evidence of physiological
compromise if they required either positive pressure respira-
tory support (using a face mask or endotrachael tube) or car-
diac compressions at birth. Seizures, jitteriness, high pitched
cry, hypotonia or hypertonia or hyper-reflexia were consid-
ered to be indicators of encephalopathy. Measures of memory,
attention and language were recorded at half-day clinics when
the children were aged 8, 9 and 11 years.

Outcome measures

Short-term memory was tested using the non-word repetition
test® at 8 years while working memory was assessed using the
span score’ at 11 years of age. Attention skills were assessed at
8 years of age using the tasks taken from the test of everyday
attention for children® and tests of reading skills were derived
from the Neale Analysis of Reading Ability” at 9 years of age.
Details of these tests are available on request.

11981 singleton, term infants were born in an
eligible hospital

Measure of special educational needs

Two measures of special educational needs (SEN) were used. At
the age of 8 years the child’s teacher was asked if the child had
ever been identified as having SEN, and if they have a ‘state-
ment of special educational needs’. In the UK children may
have a SEN produced for purely educational or other reasons (ie,
physical disability leading to problems with attending school).

Potential confounders and modifying variables

The following perinatal and social factors were recorded for

the infants:

» Antenatal factors: gender, maternal parity and maternal
hypertension.

» Intrapartum factors: gestational age, birth weight, length
and head circumference and mode of birth (ie, spontaneous
cephalic, emergency or elective caesarean section, instru-
mental or breech).

» Social factors: maternal age, socioeconomic group!® and
educational achievements, car ownership, housing tenure,
crowding and ethnicity.

Inclusion criteria
This study is based on 11981 singleton infants from the
ALSPAC cohort, born after 36 weeks of gestation at either of

171 have missing resuscitation data and so
can'’t be categorised into exposure groups

A 4

11810 singleton, term infants born in an eligible
hospital with resuscitation data

not develop encephalopathy*

328 were admitted to the neonatal unit without
a preceding resuscitation or admitted and did

\4

11482 are potentially available for the main
analysis

- 10,609 infants who did not receive
resuscitation or further care

- 815 who received resuscitation at birth but no
neonatal special care

- 58 who received resuscitation and developed
symptoms of encephalopathy

2750 infants had no

A 4

8732 infants with at least one measured
outcome

- 8080 infants who did not receive resuscitation
or further care

- 612 who received resuscitation at birth but no
neonatal special care

- 40 who received resuscitation and developed
symptoms of encephalopathy

A 4

outcome data

* Infants who required neonatal care but who did not require res uscitation or had no symptoms of
encephalopathy were excluded from the main analysis.

Figure 1 Data flow.
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the two major maternity units in the study area and alive at
the age of 8.

One hundred and seventy-one infants had missing data on
resuscitation and so were removed from the dataset, while a
further 328 infants who required neonatal care but who did
not require resuscitation or had no symptoms of encephalopa-
thy were excluded from the analysis to ensure other patholo-
gies that may potentially influence IQ did not lead to biased
effect estimates. Infants were not excluded because of known
learning difficulties or movement disorders. Three groups of
infants were defined: (1) those receiving resuscitation but no
further neonatal care (n=815), (2) those receiving resuscitation
who progressed to develop symptoms or signs of encephal-
opathy (n=58) and (3) the reference group of well infants who
did not require resuscitation or admission to the neonatal
unit (n=10609); a total of 11482 infants. Associations of these
measures with JQ at age 8 in this cohort have been previously
reported.?

Statistical analysis

Linear regression models were used to investigate the asso-
ciation between birth condition and the continuous outcome
measures (standardised within the dataset to amean of 100 and
SD of 15). Dual attention required log transformation to give a
normally distributed measure. As not all infants completed all
parts of the testing, each analysis contained a slightly different
number of infants, ranging from 4445 (dual attention score)
to 5894 (short-term memory). In addition, 3255 infants had
missing data on at least one potential confounder. To reduce
potential selection bias a missing data technique (multiple
imputation using chained equations) was used to impute the
missing confounder values!! only. All available exposure, out-
come and covariate variables were used to impute the missing
values. This allowed us to report analyses on the same number
of subjects for both crude and adjusted analyses.

To investigate the effect of this missing data technique we
performed a sensitivity analysis by repeating the analysis
using a complete case analysis—that is, restricting the analy-
sis to those participants with complete data on the exposure,
outcome and confounder variables and using a fully imputed
dataset (imputing the outcome status as well).

The effect of controlling for the possible confounding factors
listed above was assessed and we also investigated whether
associations differed by gender, parental occupation or educa-
tion by fitting appropriate interaction terms to the models. The
association between birth condition and a low score (defined
as being in the lowest 10% of the cohort) for the above mea-
sures and those of educational need was assessed using logistic
regression models. Finally, the analysis was repeated exclud-
ing those infants who developed cerebral palsy (CP) (n=13).

We chose not to use Bonferonni corrections to adjust our
p values for the multiple statistical tests performed and report
p values and CI for individual evaluation. Scores for the mea-
sures of neurological functioning are strongly intercorrelated,
or dependent, and so such an approach would be overly con-
servative. All analyses were conducted with Stata 10 software.
Ethical approval for the study was obtained from the ALSPAC
Law and Ethics Committee and the local research ethics
committees.

RESULTS
In total, 2750 infants were excluded from all analyses because
of absent data on all outcomes. There was little evidence that
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these infants with missing data were more likely to have
needed resuscitation (8.0% vs 7.5%, p=0.33). Table 1 shows
the characteristics of the infants with any outcome measure
recorded (n=8732), split by their birth condition. Data were
incomplete for some covariates, and consequently the denom-
inator for different measures varies. Mothers with infants
who were resuscitated tended to have lower educational levels
than those whose children did not received support at birth.
First pregnancy, maternal hypertension, maternal fever dur-
ing labour and caesarean section all occurred more frequently
in infants requiring resuscitation. Birth weight was slightly
lower, head circumference slightly higher and Apgar scores
considerably lower in infants who were resuscitated and rates
of CP differed by birth condition (p<0.001).

Mean scores for reading accuracy (p=0.020) and compre-
hension (p=0.006) differed between the three categories of
birth condition, while there was weaker evidence that work-
ing memory scores differed depending on the birth condition
(p=0.065) (table 2). Table 3 shows the proportion of infants
with a defined low score in each test. Risk of a low score in
the comprehension test (p<0.001) and the provision of an
educational statement (p=0.006) differed by birth condition,
while there was weak evidence that the proportion of infants
identified as having SEN depending on their birth condition
(p=0.099).

In the final, adjusted linear regression model (table 4) there
was little evidence for an association between any of the tests
for memory, attention or language and the need for resusci-
tation among asymptomatic infants. Infants who developed
encephalopathy following resuscitation had lower mean
working memory (-6.65 (CI —12.34 to —0.96)), reading accu-
racy (-7.95 (CI -13.28 to -2.63)) and comprehension (-9.32
(CI-14.47 to —4.17)) scores.

In the final logistic regression model (table 5) there was little
evidence that resuscitated but asymptomatic infants had an
increased risk of a low score in any measure, although adjusted
ORs for six of the nine measures were indicative of worse out-
comes in this group. Infants who developed encephalopathy
following resuscitation had a higher risk of a low reading
comprehension (OR 5.14 (2.06 to 12.80)), but limited evidence
that they had higher risks of low scores in the other language,
attention or memory tests, although the CI are wide and, for
several measures, include the possibility of fourfold to fivefold
increases in risk. Infants who developed encephalopathy also
had substantially increased risk of having an educational state-
ment (OR 6.24 (1.52 to 26.43)) or being reported to have SEN
by their teacher (OR 3.10 (1.19 to 8.07)).

Sensitivity analyses

Repeating the analysis using infants with complete data only
(‘complete case analysis’) produced stronger, but less precise,
associations between resuscitation status and the need for an
educational statement (asymptomatic infants, OR 1.69 (0.85 to
3.86), p=0.137; encephalopathicinfants, OR8.57 (1.58to 46.66),
p=0.013). Repeating the analysis with a fully imputed dataset
produced slightly weaker associations between resuscitation
status and the need for an educational statement (asymptom-
atic infants, OR 1.37 (0.76 to 2.45), p=0.290; encephalopathic
infants, OR 7.17 (0.93 to 55.12), p=0.058). When the analysis
was repeated excluding infants who developed CP the asso-
ciation between birth condition and an educational statement
weakened considerably (asymptomatic, OR 1.24 (0.65 to 2.38),
p=0.511; encephalopathic OR 2.14 (0.24 to 19.15), p=0.495).
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Table 1 Characteristics of the study population by resuscitation and presence or absence of encephalopathy
-, Resuscitated infants
Infants not requiring
Measure Number with data  resuscitation (n=8080) Asymptomatic (n=612) Encephalopathic (n=40) p Value
Antenatal factors
Male 8732 4038 (50.0%) 318 (52.0%) 25 (62.5%) 0.188
Primiparous 8223 3387 (44.5%) 327 (56.6%) 27 (11.1%) <0.001
Maternal hypertension 8732 231 (2.9%) 26 (4.3%) 4(10.0%) 0.005
Intrapartum factors
Gestation 8732 39.7(1.4) 39.8(1.4) 39.5(1.7) 0.035
Birth weight (g) 8732 3469 (467) 3451 (528) 3146 (753) <0.001
Birth length (cm) 8078 50.9 (2.4) 51.0 (2.5) 50.9(2.2) 0.609
Head circumference (cm) 8100 34.9(1.4) 35.0(1.4) 35.0(1.6) 0.009
Maternal fever 8732 33(0.4%) 7(1.1%) 2 (5.0%) <0.001
Delivery 8731
Spontaneous cephalic 6357 (78.7%) 317 (51.9%) 12 (30.0%) <0.001
Emergency caesarean section 353 (4.4%) 120 (19.6%) 14 (35.0%)
Elective caesarean section 316 (3.9%) 26 (4.3%) 4 (10.0%)
Instrumental 996 (12.3%) 102 (16.7%) 7(17.5%)
Breech 58 (0.7%) 46 (7.5%) 3(7.5%)
Apgar at 1 minute 8723 9(9-9) 5 (4-6) 4 (3-6) <0.001
Apgar at 5 minute 8723 10 (9-10) 9(8-9) 8 (6-9) <0.001
Social factors
Maternal age (years) 8732 28.5(4.8) 28.5 (4.7) 28.2 (4.9) 0.923
Maternal socioeconomic group 7603
i—professional 441 (6.3%) 32 (6.1%) 3(8.6%) 0.243
ii—managerial 2284 (32.4%) 154 (29.5%) 6 (17.1%)
iiiN—skilled non-manual 2781 (39.5%) 231 (44.2%) 17 (48.6%)
iiiM—skilled manual 720 (10.2%) 58 (11.1%) 4 (11.4%)
iv—semiskilled 672 (9.5%) 37 (7.1%) 5 (14.3%)
v—unskilled 147 (2.1%) 11 (2.1%) 0(0%)
Mother’s highest educational qualification® 8083
CSE 1261 (16.9%) 103 (18.2%) 7(18.0%) 0.008
Vocational 708 (9.5%) 53(9.4%) 3(7.7%)
0 level 2642 (35.3%) 234 (41.4%) 8(20.5%)
A level 1794 (24.0%) 119 (21.1%) 13 (33.3%)
Degree 1074 (14.4%) 56 (9.9%) 8(20.5%)
Tenure 8308
Mortgaged or owned 6105 (79.5%) 462 (78.8%) 32(80.0%) 0.920
Council rented 886 (11.5%) 65 (11.1%) 4(10.0%)
Private rented 691 (9.0%) 59 (10.1%) 4(10.0%)
Car ownership 8306 7104 (92.4%) 537 (91.8%) 37 (92.5%) 0.853
Crowding index (number of people per room) 8221
<0.5 3359 (44.2%) 286 (49.2%) 23(59.0%) 0.025
0.5-0.75 3831 (50.4%) 257 (44.2%) 13 (33.3%)
0.75-1 296 (3.9%) 28 (4.8%) 3(7.7%)
1+ 115 (1.5%) 10 (1.7%) 0(0%)
Non-white ethnicity 8659 388 (4.8%) 30(5.0%) 4(10.0%) 0.317
Cerebral palsy 8732 7(0.1%) 2(0.3%) 3(5.0%) <0.001

p Values are for evidence for a difference between the three groups. Comparisons were made using analysis of variance or Kruskal-Wallis as appropriate.
Values are number (%), median (IQR) or mean (SD) as appropriate.

*CSE, Certificate in Secondary Education (commonly taken at 16 years of age); vocational, City & Guilds (intermediate level), technical, shorthand or typing, or other qualifi-
cation; O level, ordinary level (commonly taken at 16 years of age); A level, advanced level (commonly taken at 18 years of age), state enrolled nurse, state registered nurse,

City & Guilds (final or full level) or teaching qualification; degree, University degree.

Stratified results

There was little evidence that the association between resus-
citation and receiving an educational statement differed by
maternal education (p, . .ion=0-787) or maternal socioeco-
nomic group (p;,..raction=0-240). However, there was evidence
that the association between birth condition and receiving an
educational statement differed by gender (p, .. action=0-007).
When stratifying the results by gender, female infants had
a higher risk of requiring a statement of educational need
than males after poor condition at birth when compared to

Arch Dis Child 2011;96:30-37. doi:10.1136/adc.2009.176065

the reference group (asymptomatic infants: females OR 3.69
(1.60 to 8.51) vs males OR 0.71 (0.07 to 7.08), encephalopathic
infants: females OR 9.36 (1.00 to 87.41) vs males OR 5.08 (0.28
to 93.42)), although Cls were wide. However, there was little
evidence of a gender interaction with any other outcome.

DISCUSSION

Principal findings

Infants with neonatal encephalopathy had an increased risk
of poor performance in memory and language testing as well
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Table 2 Mean values in memory, attention and language test scores at ages 8—11 years for resuscitated and non-resuscitated infants

Mean (SD) scores

Infants not requiring

Resuscitated infants

Measure resuscitation Asymptomatic Encephalopathic p Value
Tests of memory
Non-word repetition (short-term memory) (n=5894) 100.0 (15.0) 100.4 (15.7) 103.3 (14.4) 0.450
Working memory (the span score) (n=5585) 100.1 (15.0) 99.6 (15.2) 93.5(11.9) 0.065
Tests of attention
Sky search attention (n=5752) 99.9 (15) 100.9 (14.9) 101.8 (12.5) 0.408
Log dual attention score (n=4445) 100.0 (15.1) 99.8 (13.9) 102.2 (18.6) 0.813
Tests of language
Accuracy (n=5529) 100.0 (15.0) 100.3 (15.2) 92.1(13.7) 0.020
Read per minute (n=5519) 100.0 (15.0) 100.0 (15.3) 95.9 (17.0) 0.341
Comprehension (n=5529) 100.0 (14.9) 100.0 (15.8) 90.9 (16.4) 0.006

p Values are for comparison between all three groups.

Table 3 Proportion of children with low scores™ for tests of memory, attention and language and with special educational needs at ages 8—11

years according to resuscitation status

Number (%) with a low score

Infants not requiring

Resuscitated infants

Measure resuscitation (%) Asymptomatic (%) Encephalopathic (%) p Value
Tests of memory
Non-word repetition (short-term memory) (n=5894) 439 (8.0) 38(9.6) 0(0) 0.186
Working memory (the span score) (n=5585) 229 (4.4) 18 (4.7) 2(7.4) 0.730
Tests of attention
Sky search attention (n=5752) 579 (10.9) 39 (10.0) 2(8.3) 0.803
Log dual attention score (n=4445) 449 (10.9) 27(9.3) 4(22.2) 0.210
Tests of language
Accuracy (n=5529) 541 (10.5) 37(10.1) 6(21.4) 0.167
Read per minute (n=5519) 514 (10.0) 37 (10.1) 5(17.9) 0.389
Comprehension (n=5529) 490 (9.5) 42 (11.5) 9(32.1) <0.001
School performance
Special educational needs (n=5196) 1106 (23.1) 88 (23.3) 9(42.9) 0.099
Statemented (n=5082) 135(2.9) 14 (3.8) 3(14.3) 0.006

p Values are for comparison between all three groups.
*A low score is defined as being in the lowest 10%.

as an increased risk of being assessed as having SEN at age
8 years, although there was evidence that the effect may have
differed by gender, and there was little evidence for an associa-
tion after excluding infants who developed CP. There was no
evidence that infants who required resuscitation but did not
develop encephalopathy had impairments of memory, atten-
tion, language or school performance.

Possible mechanisms

Previously we have shown in both this cohort? and a cohort
of 100000 Swedish conscripts® that infants with poor birth
condition, even if they did not develop neurological signs at
birth, had lower IQ scores than a reference group at age 8 and
18 years, respectively. These data suggest that mild perina-
tal physiological compromise may be associated with subtle
neuronal or synaptic damage and affect cognition later in life,
although it is possible that the apparent long-term outcomes
may be due to in utero neuropathology presenting with
poor condition at birth. However, in the study of Swedish
conscripts,® as in the present study, a weaker association was
seen with school performance than IQ, perhaps reflecting the
wider range of social and economic influences on educational
outcomes. While school performance could be considered a
more pragmatic measure of function there was also little evi-
dence that transient poor condition at birth was associated
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with the neuropsychological functions we assessed, despite
the previously reported association with IQ score.? It is pos-
sible that there are other neuropsychological functions, sen-
sitive to damage around birth, that contribute to IQ scores
and that we have not measured in this study. Of course the
wide CI seen in these analyses reflects a lack of precision in
these measures in contrast to the Wechsler Intelligence Scale
for children-III IQ assessment. In contrast, and compatible
with the existing literature, infants who develop encephal-
opathy in the neonatal period have both lower IQ scores than
their peers and worse functioning in memory, language and
attention, although evidence for an impact on attention was
weak. The localisation of specific brain functions to specific
anatomical areas is difficult. Working memory in children has
been shown to be more localised in the caudate nucleus and
anterior insula than in the dorsolateral prefrontal cortex as
in adults,'?> while comprehension has not been consistently
localised to one area.!® * Furthermore different profiles of
ischaemic damage are likely to involve different areas of the
newborn brain.!®

The weakening of the association after removal of infants
with CP may reflect simply reduced precision from lower num-
bers, although it is consistent with the belief that those infants
with CP represent a subgroup of infants with more substantial
asphyxial insults.

Arch Dis Child 2011;96:30-37. doi:10.1136/adc.2009.176065
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Table 4 Difference in mean memory, attention and language test scores at ages 8—11 years for resuscitated infants compared to those who

were not resuscitated, split by birth condition

Unadjusted mean difference

Adjusted mean difference

(95% ClI) p Value (95% CI)* p Value
Tests of memory
Non-word repetition (short-term memory) (n=5894)
Resuscitated infants without encephalopathy 0.47 (-1.06 to 2.00) 0.547 0.18 (-1.38t0 1.73) 0.824
Encephalopathic infants 3.37(-2.5109.27) 0.262 2.57 (-3.25 t0 8.39) 0.386
Working memory (the span score) (n=5585)
Resuscitated infants without encephalopathy —-0.45(-2.01 to 1.11) 0.572 —-0.57 (-2.18 to 1.04) 0.485
Encephalopathic infants —6.60(-12.27 t0 -0.92) 0.023 —6.65 (-12.34 to —-0.96) 0.022
Tests of attention
Sky search attention (n=5752)
Resuscitated infants without encephalopathy 0.94 (-0.59 to 2.49) 0.228 1.10 (-0.49 to 2.69) 0.175
Encephalopathic infants 1.84 (-4.17 t0 7.87) 0.547 0.99 (-5.01 to 7.00) 0.747
Dual attention score (n=4445)
Resuscitated infants without encephalopathy —0.18 (-1.97 to 1.61) 0.845 -0.22 (-2.07 t0 1.63) 0.813
Encephalopathic infants 2.16 (-4.79t0 9.12) 0.542 1.71 (-5.28 t0 8.71) 0.630
Tests of language
Accuracy (n=5529)
Resuscitated infants without encephalopathy 0.25(-1.35t0 1.84) 0.759 0.39 (-1.18 to 1.96) 0.623
Encephalopathic infants —7.88 (-13.46 to -2.31) 0.006 —-7.95 (-13.28 t0 -2.63) 0.003
Read per minute (n=5519)
Resuscitated infants without encephalopathy —0.04 (-1.63 to 1.56) 0.963 0.00 (-1.58 to 1.58) 0.998
Encephalopathic infants —4.17 (-9.75 to 1.41) 0.143 —4.49 (-9.86 t0 0.88) 0.101
Comprehension (n=5529)
Resuscitated infants without encephalopathy —0.01 (-1.60 to 1.59) 0.992 —0.03 (-1.55 to 1.48) 0.968
Encephalopathic infants —-9.10 (-14.67 t0 3.53) 0.001 -9.32 (-14.47 to -4.17) <0.001

*Adjusted for gender, parity, birth weight, length and head circumference, mode of delivery, maternal hypertension, fever, age, education status, socioeconomic position,

housing tenure and crowding index, car ownership and ethnicity.
Values are mean difference from the non-resuscitated infants” mean (95% Cl).

Consistent with the wider literature, male infants were
more likely to have an educational statement than females
(4.3% vs 1.7%, p<0.001). However, there was evidence that
the effect may have differed by gender, with limited evidence
that poor birth condition was associated with educational
statementing in males. It is possible that birth condition may
selectively affect female infants in ways unmeasured by this
paper. However, it may be a chance finding and there was little
evidence to suggest that an effect on memory, attention, lan-
guage or Q3 are modified in this way.

Strengths and limitations

The proportion of infants receiving resuscitation in this cohort
(7.5%) is consistent with the literature, although published rates
(all gestations) vary between 1%'6 and 14%.!” This variation may
reflect partly subjective decisions by clinicians to initiate resus-
citation and consequently some degree of measurement error is
likely. The analysis was based on a large cohort of infants with
detailed outcome data and we were able to control for a number
of common prenatal pathologies and excluded infants admitted to
the neonatal unit without a clear diagnosis. An important limita-
tion to our study is the amount of missing data in this analysis,
although using three methods of analysing the data produced
similar results. Although ALSPAC was not designed with the
diagnostic criteria for encephalopathy, seizures, jitteriness, high
pitched cry, hypotonia or hypertonia or hyper-reflexia were, by
the standards of 1990, reasonable indicators of encephalopathy.'®

Comparisons with other studies
Few studies have investigated the association between birth
condition and measures of neuropsychological functioning and

Arch Dis Child 2011;96:30-37. doi:10.1136/adc.2009.176065

educational attainment in childhood in infants who do not
develop encephalopathy. Moster et al* reported on the risk of a
range of neurological functions in a cohort of 727 infants with
low Apgar scores at birth. Their findings are similar to ours (eg,
children with a 5-minute Apgar score of 3 with signs consis-
tent with neonatal encephalopathy had increased risk of extra
resources in at school (OR 3.4 (1.8 to 6.3)), although the number
of infants with low Apgar scores was low, and consequently
the Cls around the point estimates were wide. In contrast,
many studies have reported that infants surviving hypoxic-
ischaemic encephalopathy have increased risk of language,'? 20
attention?’ and memory functioning® ?! impairment.

CONCLUSIONS

In the ALSPAC cohort, we could not find evidence to support
a difference in tests of memory, attention or language between
infants who received resuscitation but remained well after-
wards and those thought to be well at birth. While apparently
transient degrees of perinatal asphyxia are associated with
worse IQ scores later in life, these same infants appear to func-
tion at a similar level to their peers in these specific areas. In
contrast, infants who developed neonatal encephalopathy had
worse functioning, particularly in language skills, and were
six times more likely to receive a statement of educational
need. While care should be taken in the follow-up of infants
with encephalopathy it appears that in the functions measured
here, infants who recover quickly from poor birth condition

require no further educational support than their peers.
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Table 5 OR for low test score results* or the requirement for special educational needs for resuscitated infants compared to those not

resuscitated, according to condition at birth

Unadjusted OR (95%Cl) p Value Adjusted OR (95%ClI)t p Value
Tests of memory
Non-word repetition (short-term memory) (n=5894)
Normal infants 1.00 (ref) 1.00 (ref)
Resuscitated infants without encephalopathy 1.21(0.85 to 1.71) 0.284 1.23 (0.85 to 1.78) 0.279
Encephalopathic infants NAt NA%
Working memory (the span score) (n=5585)
Normal infants 1.00 (ref) 1.00 (ref)
Resuscitated infants without encephalopathy 1.07 (0.66 to 1.75) 0.783 1.14 (0.68 to 1.91) 0.627
Encephalopathic infants 1.73 (0.41 to 7.35) 0.458 1.72 (0.38 to 7.86) 0.482
Tests of attention
Sky search attention (n=5752)
Normal infants 1.00 (ref) 1.00 (ref)
Resuscitated infants without encephalopathy 0.91 (0.65 to 1.28) 0.591 0.86 (0.60 to 1.24) 0.412
Encephalopathic infants 0.75(0.17 to 3.20) 0.694 0.83(0.19 to 3.69) 0.811
Dual attention score (n=4445)
Normal infants 1.00 (ref) 1.00 (ref)
Resuscitated infants without encephalopathy 0.84 (0.56 to 1.27) 0.413 0.81(0.53 to 1.25) 0.348
Encephalopathic infants 2.35(0.77 t0 7.17) 0.134 2.55(0.81 to 8.06) 0111
Tests of language
Accuracy (n=5529)
Normal infants 1.00 (ref) 1.00 (ref)
Resuscitated infants without encephalopathy 0.96 (0.67 to 1.36) 0.811 0.98 (0.67 to 1.43) 0.933
Encephalopathic infants 2.32(0.93t05.74) 0.070 2.18 (0.80 t0 5.93) 0.126
Read per minute (n=5519)
Normal infants 1.00 (ref) 1.00 (ref)
Resuscitated infants without encephalopathy 1.01 (0.71 to 1.44) 0.946 1.02 (0.70 to 1.51) 0.892
Encephalopathic infants 1.95 (0.74 t0 5.16) 0.178 1.81(0.62 to 5.25) 0.274
Comprehension (n=5529)
Normal infants 1.00 (ref) 1.00 (ref)
Resuscitated infants without encephalopathy 1.23(0.88t0 1.72) 0.220 1.29 (0.89 to 1.87) 0.174
Encephalopathic infants 4.49 (2.02 t0 9.99) <0.001 5.14 (2.06 to 12.80) <0.001
School performance
Special educational needs (n=5196)
Normal infants 1.00 (ref) 1.00 (ref)
Resuscitated infants without encephalopathy 1.01 (0.79 to 1.30) 0.897 1.04 (0.79 to 1.37) 0.7M
Encephalopathic infants 2.50(1.05 t0 5.96) 0.038 3.10(1.19 t0 8.07) 0.021
Statemented (n=5082)
Normal infants 1.00 (ref) 1.00 (ref)
Resuscitated infants without encephalopathy 1.34 (0.76 to 2.34) 0.307 1.36 (0.74 to 2.50) 0.322
Encephalopathic infants 5.62 (1.64 to 19.36) 0.006 6.24 (1.52 to 26.43) 0.011

*A low score is defined as being in the lowest 10%.

tAdjusted for gender, parity, birth weight, length and head circumference, mode of delivery, maternal hypertension, fever, age, education status, socioeconomic position,

housing tenure and crowding index, car ownership and ethnicity.

tNot estimatable owing to no infants with a low score in the encephalopathic group.

Values are OR (95% Cl).
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