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This article is the sixth in a series on 
paediatric health. Articles in this series 
aim to provide information about 
diagnosis and management of 
presentations in infants, toddlers and 
pre-schoolers in general practice.

Background
Survival of infants born at <32 weeks 
of gestation has increased over recent 
years. This has resulted in an increased 
incidence of neurodevelopmental 
morbidities in survivors. 

Objectives
The aim of this article is to provide a 
pragmatic clinical review of long-term 
neurodevelopmental risk experienced 
by very preterm infants.

Discussion
Very preterm infants have a higher risk 
of cerebral palsy, cognitive delay, 
deafness and blindness, and autism 
spectrum disorder when compared with 
term controls. The presence of Grade 3 
or 4 intraventricular haemorrhage or 
necrotising enterocolitis increased the 
risk of cerebral palsy, while magnesium 
sulphate for threatened preterm labour 
decreased the risk in the surviving 
neonate. Most of the neurodevelopmental 
conditions can be diagnosed in early 
childhood through regular follow-up. 
General practitioners need to be vigilant 
about early signs of developmental 
problems affecting preterm survivors. 
Regular follow-up is necessary to 
identify red flags in early development.

THE WORLD HEALTH ORGANIZATION defines 
very preterm infants as those born at 
28–32 weeks of gestation and extremely 
preterm as those born at <28 weeks of 
gestation.1 Over the past few decades, 
improvement in the clinical care of preterm 
infants has resulted in improved survival 
in the neonatal age group and beyond. 
Thus, a greater number of premature 
infants are surviving with major and minor 
neurodevelopmental morbidities, often 
resulting in lifelong disability.2

Major neurodevelopmental morbidities 
in surviving preterm infants include 
cerebral palsy, deafness, blindness and 
cognitive delay, with scores of <2 standard 
deviations below the mean for age.3 
Recent reports also indicate a higher risk 
of autism spectrum disorder (ASD) and 
emotional behavioural abnormalities such 
as attention deficit hyperactivity disorder 
(ADHD).3 While some of the outcomes can 
be identified in the first two to three years, 
neurobehavioural and emotional problems 
evolve later – at school age. 

Parents often visit general 
practitioners (GPs) to get an assessment 
and understanding of their infant’s 
developmental problems. Regular 
interactions for immunisations and health 
checks also provide an opportunity to 
educate the parents regarding their child’s 
neurodevelopmental conditions. An 
understanding of the effects of prematurity 
and the neonatal course is necessary to 
counsel the family and identify the infant 

with an increased neurodevelopmental 
risk. The aim of this clinical review is to 
provide a broad understanding of the 
common neurodevelopmental problems 
in preterm infants born at <32 weeks of 
gestation.

Methods 
A literature search on PubMed, Cochrane 
library and Ovid was carried out. Details 
of the search methodology and results are 
provided in Appendix 1 (available online 
only). Recent systematic reviews that 
reported the overall neurodevelopmental 
outcome for each neonatal condition were 
selected. The results are outlined below.

Developmental/cognitive 
delay and prematurity 
Various factors increase the risk of 
neurodevelopmental delay in very 
preterm infants (Figure 1). The risks of 
cognitive delay increase as the gestational 
age at birth decreases.4 A large French 
study followed up 5567 preterm infants 
using the Ages and Stages Questionnaire 
(ASQ) developmental screening at 24 
months of corrected age, and it was 
reported that the risk of scores below 
two standard deviations were 50.2% for 
infants born at 24–26 weeks and 40.7% 
for infants born at 27–31 weeks.5 Pascal 
et al reported that a confirmative test 
using the Bayley Scales of Infant and 
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Toddler Development indicated a pooled 
prevalence of 16.9% for the cognitive 
delay for preterm infants. The risk of 
moderate and severe delay in survivors 
born at 22, 23, 24, 25 and 26 weeks of 
gestation was 60%, 51%, 34%, 27%, 
and 16% respectively.6 Serenius et al 
compared the risk of cognitive delay in 
very preterm infants with term controls 
and reported that the risk of moderate 
disability (preterm, compared with term) 
was 5% and 0.1% and the risk of and 
severe disability was 6.3% and 0.3%. The 
IQ scores (mean ± standard deviation) 
were 104 ± 10.6 for preterm infants 
and 94 ± 12.3 for term infants. A total 
of 58% of infants born at <28 weeks 
gestation had a mild, moderate or severe 
disability. Cognitive tests were performed 
using the Bayley Scales of Infant and 
Toddler Development, third edition. The 
results were adjusted for demographic 
differences.7 It has been observed that 
preterm infants exposed to antenatal 
administration of corticosteroids for 
threatened preterm labour showed a lower 
incidence of cognitive delay.8 Neonatal 
hypoxic ischaemic insult resulting in 
low Apgar scores, low arterial cord pH, 
presence of seizures and intraventricular 
haemorrhage increases the risk of 
cognitive delay (Figure 1; Table 1).

Preterm infants also have a higher 
risk of gross motor and speech delay. 
Pierrat et al reported that at two years of 

corrected age, 16.6% of infants born at 
24–26 weeks and 9.7% of infants born 
at 27–31 weeks displayed signs of motor 
delay, whereas only 5.1% of infants born 
at 32–34 weeks of gestation displayed 
the same signs.5 At two years of corrected 
age, speech delay was evident in 33.9% of 
infants born at 24–26 weeks and 24.1% 
of infants born at 27–31 weeks, compared 
with 17.8% of infants born at 32–34 
weeks ). 5

Cerebral palsy and prematurity 
Cerebral palsy describes a group of 
permanent disorders affecting the 
development of movement and posture 
that cause limitations of activity and are 
attributed to nonprogressive disturbances 
that occurred in the developing fetal or 
infant’s brain.9 Cerebral palsy occurs in 
2–2.5 per 1000 live births.10 A French 
cohort study reported that the risk of 
cerebral palsy was 6.9% in infants born 
at 24–26 weeks and 4.3% in infants 
born at 27–31 weeks, whereas in more 
mature infants born at 32–34 weeks 
the risk was 1.0%.5 The diagnosis of 
cerebral palsy was made at two years of 
corrected age in this study. Serenius et al 
reported that the prevalence of cerebral 
palsy was 7% in preterm infants born 
at <28 weeks of gestation and 0.1% in 
full-term controls (Table 1).7 The presence 
of periventricular leukomalacia, where 

there is scarring of white matter around 
the ventricles of the brain, or severe 
intraventricular haemorrhage are strong 
predictors of cerebral palsy.11 Malin et 
al, in their systematic review, reported 
that low arterial cord pH increased the 
risk of cerebral palsy twofold. However, 
this study did not examine the added risk 
of prematurity on cerebral palsy.12 

Blindness, deafness and 
prematurity 
Retinopathy of prematurity (ROP), a 
condition where blood vessels grow into 
various layers of the retina, can result in 
blindness. With improvements in neonatal 
intensive care, the risk of blindness 
secondary to ROP has decreased over 
time.2,13 Although the exact aetiology is 
not known, exposure to prolonged oxygen 
treatment has been shown to trigger 
the growth of blood vessels into various 
layers of the retina, causing blindness 
if not treated early. Hintz et al reported 
that the risk of blindness was 2.2% in 
children born at <25 weeks of gestation.14 
The risk decreased as the gestational age 
increased. In their cohort, Serenius et al 
reported that the risk of blindness in very 
preterm infants, when compared with term 
infants, was 0.9% versus 0%.7 Exposures to 
ototoxic antibiotics such as gentamicin and 
diuretics such as frusemide may contribute 
to hearing impairment.15 Hintz et al also 

Antenatal factors that decrease risk
•	 Maternal administration of steroids and 

magnesium sulphate for threatened 
preterm labour

Delivery factors that increase risk
•	 Higher grades of prematurity
•	 Apgar score <7 at 10 minutes
•	 Cord arterial pH <7.2
•	 Hypoxic ischemic encephalopathy
•	 Major congenital anomaly

Figure 1. Factors that modify the risk of neurodevelopment in very and extremely preterm infants

Neurodevelopmental 
risk of very and 

extremely preterm 
infants

Neonatal conditions that increase risk
•	 Neonatal septicaemia/bronchopulmonary 

dysplasia/necrotising enterocolitis
•	 Seizures/meningitis/encephalitis
•	 Intraventricular haemorrhage (Grades 3 

and 4)
•	 Periventricular leucomalacia

Neonatal management that increases risk
•	 Prolonged invasive ventilation
•	 Systemic steroid administration
•	 Neonatal surgeries
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reported that the risk of deafness was 
1.4% in infants born at 24–26 weeks and 
decreased as gestation increased.14 The risk 
of deafness in infants born at <25 weeks 
of gestation in an Australian cohort was 
2.5%.16 Hence, very preterm infants are 
more susceptible to deafness and blindness.

ASD and prematurity 
ASD is a lifelong neurodevelopmental 
disorder comprising social communication 
and emotional difficulties.17 Recently, 
the increased risk of positive autism 
screening in premature infants has gained 
much attention. Limeropoulous et al 
reported that the risk of a positive screen 
was 25% in infants with a birth weight 
of <1.5 kg when screened at 22 months 
of corrected age.18 Other reports have 
identified the risk of a positive screen to 
be 21–41% in infants born at <28 weeks of 
gestation.19–21 However, the results need 
to be interpreted with caution. Moore et al 
observed that of 41% of infants who 
screened positive, coexisting disabilities 
such as severe motor, visual and cognitive 
impairment were present in 62% of those 

infants. Moreover, sensory difficulties 
that form a part of autism diagnosis are 
also observed in preterm infants, which 
may contribute to false-positive screening 
results.19 In a population case control 
study, Lampi et al reported that the risk 
of ASD for preterm and term infants was 
1.3% and 0.6%.21 Difficulties in social, 
emotional and cognitive domains of 
development in early infancy could point 
towards the need for further diagnostic 
assessments for ASD. This is summarised 
in Box 1 and Table 2.

Antenatal and neonatal  
conditions and neuro-
developmental outcomes 
Premature gestation at birth is one of 
the major determinants of increased 
neurodevelopmental risk in surviving 
infants. Various antenatal factors, delivery 
circumstances, neonatal morbidities and 
management add to the increased risk 
of neurodevelopmental abnormalities 
in preterm infants (Figure 1).22,23 Each 
of these conditions is an independent 
risk factor for adverse long-term 

neurodevelopmental outcomes. After 
discharge from hospital, physical and 
emotional environments such as parental 
substance use, not meeting physical and 
emotional requirements of the child, 
early childhood trauma, and emotional 
deprivation also contribute to the 
increased risk of neurodevelopmental 
problems.24 Given the scope of the 
review, only antenatal, birth and 
immediate postnatal factors that affect 
the neurodevelopment in surviving very 
preterm infants is discussed here. 

Antenatal administration of 
corticosteroids during pregnancy for 
impending preterm labour minimises 
the risk of cognitive delay and cerebral 
palsy in the surviving infant at two years 
of corrected age (Table 1).8,22 However, 
administration of oral or injectable 
corticosteroids to the premature infant 
after birth adversely affects brain 
development and increases the risk of 
cerebral palsy 25,26 (Table 1). In a recent 
systematic review, Shepherd et al reported 
that early administration of a high dose 
of postnatal corticosteroids increased the 
risk of cognitive delay and cerebral palsy 

Table 1. Antenatal/neonatal conditions and neurodevelopmental outcomes: Evidence from systematic reviews

Condition
Reference/ 
measure of effect

Age at 
assessment 

Cognitive/ 
developmental delay Cerebral palsy Deafness Blindness 

Necrotising 
enterocolitis

Schulzke et al28

AOR (95% CI) 
Corrected  
12 months  
or older 1.65 (1.27, 2.15) 1.59 (1.23, 2.07) 1.74 (0.79, 3.85) 2.75 (1.30, 5.85)

Intraventricular 
haemorrhage

Mukerji et al11

AOR (95% CI)
Corrected  
18–24 months 2.44 (1.73, 3.42) 3.43 (2.24, 5.25)

Postnatal steroids
(does not include 
inhaled steroids)

Onland et al26

Risk ratio (95% CI)
Corrected 
2 years or older 3.37 (1.42, 7.99) 2.17 (0.87, 5.37)

Zeng et al25

OR (95% CI) Unclear 2.30 (1.22, 4.36)

Antenatal 
corticosteroids

Sotiriadis et al8

AOR (95% CI)
Corrected 
2 years or older 0.83 (0.74, 0.93) 0.68 (0.56, 0.82)

Shepherd et al22

AOR (95% CI)
Corrected 
12 months 
or older 0.60 (0.34, 1.03)

Antenatal 
magnesium 
sulphate 

Crowther et al27

RR (95% CI) 
18 months –  
2 years 0.99 (0.91, 1.08) 0.68 (0.54, 0.87) 1.10 (0.83, 1.47) 0.83 (0.65, 1.06)

AOR: adjusted odds ratio; CI, confidence interval; OR, odds ratio; RR, relative risk



LONG-TERM NEURODEVELOPMENTAL OUTCOMES OF VERY AND EXTREMELY PRETERM INFANTS CLINICAL

29 REPRINTED FROM AJGP VOL. 48, NO. 1–2, JAN–FEB 2019   |© The Royal Australian College of General Practitioners 2019

when compared with low doses.22 Any 
exposure to corticosteroids, compared 
with placebo, also resulted in a higher risk 
of cerebral palsy diagnosis.22 Antenatal 
administration of magnesium sulphate for 
threatened preterm labour reduced the 
risk of cerebral palsy in preterm survivors. 
Neither magnesium sulphate nor 
corticosteroids are routinely administered 
during pregnancy unless there is a 
threat of preterm labour at <34 weeks 
of gestation.27 Surviving preterm infants 
with conditions such as necrotising 
enterocolitis, severe intraventricular 
haemorrhage or bronchopulmonary 
dysplasia are more likely to have cerebral 
palsy and cognitive delay.11,25,28 Although 
administration of probiotics to very 
preterm infants is routinely practised 
in many centres across the world, its 
neurodevelopmental benefits are still 
being researched. Akar et al reported that 
oral probiotics in preterm infants did not 
affect the neurosensory and cognitive 
outcomes at 18–24 months of corrected 
age.29 It is beyond the scope of this article 
to report and analyse each of these 
conditions. Hence a brief summary is 
provided in Table 1.

Being born prematurely disrupts brain 
development and maturation.30 The last 
few weeks of pregnancy are associated 
with a rapid increase in brain maturation 
and cortical synapse formation. The 
brain continues to mature after birth, 

but the trajectory of maturation is vastly 
different from in utero maturation because 
of adverse environmental conditions 
and interventions in neonatal intensive 
care units.30 Using magnetic resonance 
imaging brain techniques at corrected 
term-equivalent age, Smith et al reported 
that exposure to stressors during neonatal 
care is associated with decreased brain 
size in the frontal and parietal regions and 
altered brain microstructure and functional 
connectivity within the temporal 
lobes.31 Alterations in neurobehaviour at 
term-equivalent age were also associated 
with increased early exposure to stress. 
The authors listed various procedures, 
including blood sampling, as stressors 
in the neonatal intensive care unit.31 
Sick infants are often exposed to more 
interventions; therefore, a sick preterm 
infant with prolonged admission to 
neonatal intensive care is at a higher 
risk of developing neurodevelopmental 
abnormalities. A brief checklist to identify 
major problems at clinic visits is provided 
in Box 1.

Signs and symptoms of 
developmental delay 
Timely identification of signs and 
symptoms of developmental concerns 
during follow-up visits assists GPs to 
facilitate conversation with parents about 
the further evaluation of the infant’s 

neurodevelopment. Any delay in achieving 
milestones at recommended ages requires 
further evaluation. Various screening 
questionnaires and checklists are available 
online for use.32 Some of the red flags for 
reference are included in Table 2. 

Disability-free survival in 
very preterm infants 
Many very preterm infants survive 
without any major neurodevelopmental 
disability. Sharp et al reported that >50% 
of preterm infants born at <24 weeks of 
gestation in Western Australia showed no 
major disability, including cerebral palsy 
and ASD.33 The median age at diagnosis 
was 59 months.33 The study did not 
examine the risk of mild disability and 
school problems. Although the risk of 
neurodevelopmental impairment is high 
in very preterm infants, it is not inevitable. 

Drawbacks of the review
This review has many drawbacks. It is not 
intended to be an exhaustive systematic 
review and has been carried out by a single 
author. Hence, subconscious selection bias 
in study selection is possible. However, this 
is a clinical review, and the information 
provided in the review matches with the 
clinical experience of the author. 

Neonatal care and survival have 
changed significantly over the past few 

Table 2. Red flags in normal infant development: Absence of milestones at different ages32 

Developmental 
domain Six months Nine months Twelve months

Eighteen 
months Two years Three years Four years

Gross motor Head 
control

Rolling over, sitting, 
weight-bearing on legs 
when made to stand

Any mobility 
(crawl, walk, 
bottom shuffle)

Walking, 
standing 
with support

Walking 
without 
support

Walk up and 
down the 
stairs

Jump, kick a 
medium-size 
ball

Speech and 
communication

Babbling Bisyllables
(baba, dada),
pointing

Babbled phrases Words, 
comply 
simple 
instructions 
with gesture 

Two-word 
phrases

Clarity of 
speech

Two-step 
instructions

Fine motor, 
cognition

Palmar 
grasp, hand 
regard

Hand-to-hand  
transfer of objects

Hand–mouth 
coordination,
pincer grasp

Scribbling Attempt to 
feed self

Simple 
dressing, 
feeding self

Copy a circle

Social emotional Social 
smile

Eye contact Simple interactive 
games (eg 
peekaboo)

Interaction Use of toys 
for their 
purpose

Pretend play Peer 
interaction
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decades. Various antenatal and postnatal 
interventions and early intervention 
practices, such as physiotherapy amd 
occupational therapy, have affected the 
incidence and severity of developmental 
disabilities in surviving infants. The 
tests to identify neurodevelopmental 
disabilities, such as the Bayley Scales of 
Infant and Toddler Development and 
the Griffith Mental Development Scales, 
have also changed over time. Long-term 
neurocognitive and neurodevelopmental 
outcomes at school age and beyond 
depend not only on the neonatal course, 
but also on the physical and emotional 
environments at home and school.33 
Hence, one needs to be cautious when 
interpreting the results of long-term 
outcome studies.

Follow-up recommendations 
Very preterm infants need regular 
outpatient follow-up to identify 
neurodevelopmental impairments at 
corrected ages of four, eight, 12 and 18 
months and at two years, to identify early 
signs of developmental delay.34 Clinical 
examinations for the identification of 
neurological abnormalities and the use 
screening tools such as the Ages and 
Stages Questionnaire may guide further 
referrals to a specialist service.35 National 
Institute for Health and Care Excellence 
guidelines recommend routine follow-up 
of all very preterm infants until four years 
of age. Further follow-up of infants may 
be necessary to identify neurobehavioural 
conditions in early school age.34 

Conclusion
The majority of developmental problems 
in children who were born very preterm 
can be identified in early childhood 
through regular follow-up. GPs need 
to be vigilant about physical as well as 
early signs of emotional and behavioural 
problems affecting preterm survivors, and 
provide follow-up care beyond the first two 
years of life. A referral to the local child 
development services pathway for further 
evaluation and management should be 
considered for infants with early signs of 
developmental disabilities. 

Author
Ravisha Srinivas Jois MBBS, FRACP, MSc 
(Epidemiology), Head of Neonatology, Department of 
Paediatrics, Joondalup Health Campus, Joondalup, 
WA; Adjunct Associate Professor, Edith Cowan 
University, Perth, WA; University of Western Australia, 
Nedlands Perth; School of Public Health, Curtin 
University of Technology, Perth, WA. srinivasjoisr@
ramsayhealth.com.au
Competing interests: None.
Funding: None.
Provenance and peer review: Commissioned, 
externally peer reviewed.

References 
1. 	 World Health Organization. Preterm birth. Geneva: 

WHO, updated February 2018. Available at www.
who.int/news-room/fact-sheets/detail/preterm-
birth [Accessed 14 August 2018].

2. 	 Stoll BJ, Hansen NI, Bell EF, et al. Trends 
in care practices, morbidity, and mortality 
of extremely preterm neonates, 1993–2012. 
JAMA 2015;314(10):1039–51. doi: 10.1001/
jama.2015.10244.

3. 	 Hintz SR, Newman JE, Vohr BR. Changing 
definitions of long-term follow up: Should 
‘long term’ be even longer? Semin Perinatol 
2016;40(6):398–409. doi: 10.1053/j.
semperi.2016.05.011.

4. 	 Saigal S, Doyle LW. An overview of mortality 
and sequelae of preterm birth from infancy to 
adulthood. Lancet 2008;371(9608):261–69. 
doi: 10.1016/S0140-6736(08)60136-1.

5. 	 Pierrat V, Marchand-Martin L, Amaud C, et al. 
Neurodevelopmental outcome at 2 years for 
preterm children born at 22 to 34 weeks’ gestation 
in France in 2011: EPIPAGE-2 cohort study. BMJ 
2017;358:j3448. doi: 10.1136/bmj.j3448.

6. 	 Pascal A, Govaert P, Oostra A, Naulaers G, 
Ortibus E, Van den Broeck C. Neurodevelopmental 
outcome in very preterm and very-low-birthweight 
infants born over the past decade: A meta-analytic 
review. Dev Med Child Neurol 2018;60(4):342–55. 
doi: 10.1111/dmcn.13675.

7. 	 Serenius F, Källén K, Blennow M, et al. 
Neurodevelopmental outcome in extremely 
preterm infants at 2.5 years after active perinatal 
care in Sweden. JAMA 2013;309(17):1810–20. 
doi: 10.1001/jama.2013.3786.

8.	 Sotiriadis A, Tsiami A, Papatheodorou S, 
Baschat AA, Sarafidis K, Makrydimas G. 
Neurodevelopmental outcome after a single 

Box 1. Examination checklist at every GP clinic visit34 

Ask for: 
•	 extent of prematurity, birthweight and Apgar scores 
•	 presence of intraventricular haemorrhage and severity (Grade 3 and 4 are more 

significant)
•	 diagnosis of necrotising enterocolitis and need for surgery and laparotomy 
•	 presence of proven neonatal sepsis or meningitis 
•	 presence of hypoxic-ischemic encephalopathy Grade 2 or 3 and exposure to whole-

body cooling 
•	 exposure to postnatal steroids (especially before 32 weeks of gestational age)
•	 presence of any brain lesion (ie periventricular leukomalacia)
•	 current parental concerns regarding development, feeding, sensory and sleep problems
•	 difficulties related to attention, concentration, impulsivity and hyperactivity emotional 

and behavioural problems
•	 executive function (including organisation skills, thought regulation, impulse control, 

working memory and planning)
•	 current ongoing therapies. 

Look for early signs and symptoms of developmental problems as appropriate, such as:
•	 gaze fixing and following
•	 growth (height and weight)
•	 head circumference (a rapid increase or static measurement is a concern)
•	 delayed motor milestones (ie sitting, asymmetry in crawling, delayed standing, tiptoe 

walking and contractures at ankles and hips)
•	 persistent feeding problems (including hypersensitivity with certain textures of food)
•	 abnormalities of tone (ie hypotonia or hypertonia) 
•	 quality of general movements (ie absence or abnormal fidgety movements carried out 

at four-month visit – this needs special training)
•	 outcomes of screening questionnaires (eg Ages and Stages Questionnaire, if 

completed).

Counsel for: 
•	 need for ongoing surveillance
•	 referral service for formal identification of cognitive abilities, cerebral palsy, autism 

spectrum disorder, attention deficit hyperactivity disorder and executive functions. 
The tests can be performed at any age.



LONG-TERM NEURODEVELOPMENTAL OUTCOMES OF VERY AND EXTREMELY PRETERM INFANTS CLINICAL

31 REPRINTED FROM AJGP VOL. 48, NO. 1–2, JAN–FEB 2019   |© The Royal Australian College of General Practitioners 2019

course of antenatal steroids in children born 
preterm: A systematic review and meta-analysis. 
Obstet Gynecol 2015;125(6):1385–96. doi: 10.1097/
AOG.0000000000000748.

9.	 Rosenbaum P, Paneth N, Leviton A, et al. A report: 
The definition and classification of cerebral 
palsy April 2006. Dev Med Child Neurol Suppl 
2007;109:8–14.

10.	 Blair E, Stanley FJ. An epidemiological study of 
cerebral palsy in Western Australia, 1956–1975. 
III: Postnatal aetiology. Dev Med Child Neurol 
1982;24(5):575–85.

11.	 Mukerji A, Shah V, Shah PS. Periventricular/
intraventricular hemorrhage and 
neurodevelopmental outcomes: A meta-analysis. 
Pediatrics 2015;136(6):1132–43. doi: 10.1542/
peds.2015-0944.

12.	 Malin GL, Morris RK, Khan KS. Strength of 
association between umbilical cord pH and 
perinatal and long term outcomes: Systematic 
review and meta-analysis. BMJ 2010;340:c1471. 
doi: 10.1136/bmj.c1471.

13.	 Chow SSW, Le Marsney R, Hossain S, Haslam R, 
Lui K. Report of the Australian and New Zealand 
Neonatal Network. Sydney: ANZNN, 2013.

14.	 Hintz SR, Kendrik DE, Wilson-Costello DE, et al. 
Early-childhood neurodevelopmental outcomes 
are not improving for infants born at <25 weeks’ 
gestational age. Pediatrics 2011;127(1):62–70. 
doi: 10.1542/peds.2010-1150.

15.	 Borradori C, Fawer CL, Buclin T, Calame A. 
Risk factors of sensorineural hearing loss in 
preterm infants. Biol Neonate 1997;71(1):1–10. 
doi: 10.1159/000244391.

16.	 Aylward GP, Aylward BS. The changing yardstick 
in measurement of cognitive abilities in infancy. 
J Dev Behav Pediatr 2011;32(6):465–68. 
doi: 10.1097/DBP.0b013e3182202eb3.

17.	 Mattila ML, Kielinen M, Linna SL, et al. Autism 
spectrum disorders according to DSM-IV-TR 
and comparison with DSM-5 draft criteria: An 
epidemiological study. J Am Acad Child Adolesc 
Psychiatry 2011;50(6):583–92.e11. doi: 10.1016/j.
jaac.2011.04.001.

18.	 Limeropoulous C, Bassan H, Sullivan NR, et al. 
Positive screening for autism in ex-preterm 
infants: Prevalence and risk factors. Pediatrics 
2008;121(4):758–65. doi: 10.1542/peds.2007-2158.

19.	 Kuban KC, O'Shea TM, Allred EN, Tager-
Flusberg H, Goldstein DJ, Leviton A. Positive 
screening on the Modified Checklist for Autism in 
Toddlers (M-CHAT) in extremely low gestational 
age newborns. J Pediatr 2009;154(4):535–40.e1. 
doi: 10.1016/j.jpeds.2008.10.011.

20.	Moore T, Johnson S, Hennessey E, Marlow N. 
Screening for autism in extremely preterm infants: 
Problems with interpretation. Dev Med Child 
Neurol 2012;54(6):514–20. doi: 10.1111/j.1469-
8749.2012.04265.x.

21.	 Lampi KM, Lehtonen L, Tran PL, et al. Risk 
of autism spectrum disorders in low birth 
weight and small for gestational age infants. 
J Pediatr 2012;161(5):830–36. doi: 10.1016/j.
jpeds.2012.04.058.

22.	Shepherd E, Salam RA, Middleton P, et al. 
Antenatal and intrapartum interventions for 
preventing cerebral palsy: An overview of 
Cochrane systematic reviews. Cochrane Database 
Syst Rev 2017;8:CD012077. doi: 10.1002/14651858.
CD012077.pub2.

23.	Källén K, Serenius F, Westgren M, Maršál K; 
EXPRESS Group. Impact of obstetric factors on 
outcome of extremely preterm births in Sweden: 
Prospective population-based observational 
study (EXPRESS). Acta Obstet Gynecol Scand 
2015;94(11):1203–14. doi: 10.1111/aogs.12726.

24.	Linsell L, Malouf R, Morris J, Kurinczuk JJ, 
Marlow N. Prognostic factors for poor cognitive 
development in children born very preterm or 
with very low birth weight: A systematic review. 
JAMA Pediatr 2015;169(12):1162–72. doi: 10.1001/
jamapediatrics.2015.2175.

25.	Zeng L, Tian J, Song F, et al. Corticosteroids for 
the prevention of bronchopulmonary dysplasia 
in preterm infants: A network meta-analysis. 
Arch Dis Child Fetal Neonatal Ed 2018. pii: 
fetalneonatal-2017-313759. doi: 10.1136/
archdischild-2017-313759. [Epub ahead of print].

26.	Onland W, De Jaegere AP, Offringa M, 
van Kaam A. Systemic corticosteroid regimens 
for prevention of bronchopulmonary dysplasia 
in preterm infants. Cochrane Database Syst 
Rev 2017;1:CD010941. doi: 10.1002/14651858.
CD010941.pub2.

27.	 Crowther CA, Middleton PF, Voysey M, et al. 
Assessing the neuroprotective benefits for 
babies of antenatal magnesium sulphate: An 
individual participant data meta-analysis. PLoS 
Med 2017;14(10):e1002398. doi: 10.1371/journal.
pmed.1002398.

28.	Schulzke SM, Deshpande GC, Patole SK. 
Neurodevelopmental outcomes of very low-birth-
weight infants with necrotizing enterocolitis: 
A systematic review of observational studies. 
Arch Pediatr Adolesc Med 2007;161(6):583–90. 
doi: 10.1001/archpedi.161.6.583.

29.	Akar M, Eras Z, Oncel MY, et al. Impact 
of oral probiotics on neurodevelopmental 
outcomes in preterm infants. J Matern 
Fetal Neonatal Med 2017;30(4):411–15. 
doi: 10.1080/14767058.2016.1174683.

30.	Ment LR, Vohr BR. Preterm birth and the 
developing brain. Lancet Neurol 2008;7(5):378–79. 
doi: 10.1016/S1474-4422(08)70073-5.

31.	 Smith GC, Gutovich BA, Smyser C, et al. Neonatal 
intensive care unit stress is associated with brain 
development in preterm infants. Ann Neurol 
2011;70(4):541–49. doi: 10.1002/ana.22545.

32.	Children's Health Queensland Hospital and Health 
Service. Red flags early identification guide: 
For children aged birth to five years. 2nd edn. 
Queensland: Child and Youth Community Health 
Service, 2016. Available at www.childrens.health.
qld.gov.au/wp-content/uploads/pdf/redflags.
a3.pdf. [Accessed 14 August 2018].

33.	Sharp M, French N, McMichael J, Campbell C. 
Survival and neurodevelopmental outcomes 
in extremely preterm infants 22–24 weeks of 
gestation born in Western Australia. J Paediatr 
Child Health 2018;54(2):188–93. doi: 10.1111/
jpc.13678.

34.	National Institute for Health and Care Excellence. 
NICE guideline [NG72]: Developmental follow-up 
of children and young people born preterm. 
London: NICE, 2017. Available at www.nice.org.uk/
guidance/ng72/chapter/Putting-this-guideline-
into-practice [Accessed 14 August 2018].

35.	Council on Children With Disabilities, Section 
on Developmental Behavioral Pediatrics, Bright 
Futures Steering Committee; Medical Home 
Initiatives for Children With Special Needs Project 
Advisory Committee. Identifying infants and young 
children with developmental disorders in the 
medical home: An algorithm for developmental 
surveillance and screening. Pediatrics 
2006;118(1):405–20. doi: 10.1542/peds.2006-1231.

correspondence ajgp@racgp.org.au



LONG-TERM NEURODEVELOPMENTAL OUTCOMES OF VERY AND EXTREMELY PRETERM INFANTSCLINICAL

32 |   REPRINTED FROM  AJGP VOL. 48, NO. 1–2, JAN–FEB 2019 © The Royal Australian College of General Practitioners 2019

Appendix 1. Details of the search methodology and results

Methods
A literature search on PubMed, Cochrane library and Ovid was carried out on 4 February 
2018 and 20 June 2018 using MeSH words ‘preterm’ OR ‘premature’ OR ‘very preterm’ OR 
‘extremely preterm’ AND ‘intraventricular haemorrhage’, ‘corticosteroids’, ‘bronchopulmonary 
dysplasia’, ‘magnesium sulphate’, ‘probiotics’, AND developmental outcome’, ‘speech delay’, 
‘motor delay’, ‘cognitive delay’, ‘autism’, ‘cerebral palsy’, alone and in different combinations. 
Randomised controlled trials (RCTs), cohort studies and systematic reviews published in 
English language were selected. Since this is not intended to be a systematic review, quality 
assessment of studies or meta-analysis was not performed.  

Results
The initial search identified 115 systematic reviews. Neonatal and perinatal conditions such 
as antenatal steroids and chronic lung disease are a subject of many RCTs over the years. 
Moreover, neonatal care has changed significantly over the last decade. Hence, the results 
of studies conducted in the past may be vastly different from recent studies. In order to 
minimise the selection bias, a recent systematic review/RCT or a cohort study that reported 
the overall neurodevelopmental outcome for each neonatal condition was selected at the 
author’s discretion. Population cohort studies that selected patients based on the gestational 
age and not on any specific medical condition were also selected for further review. 


