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Abstract

Introduction: Modern day obstetric and neonatal carehasdramatically increased thesurvival of the extremely-low-birth-weight (ELBW)
neonates. Asthelimitsof viability decrease, it is of paramount importanceto havereliable data on long-term morbidity. Long-term follow-
up of these high-risk survivorsisthus becoming an integral part of neonatal intensive care units. Methods: Detailed Medline search and
review of leadingjournal articleswere doneto assessthe current data on long-term outcome of ELBW infants. Results: The developmental
outcome of the ELBW infant is determined by a complex interaction of medical and environmental factors acting on a developmentally
vulnerable premature brain. In early childhood, 13% to 37% of ELBW survivors have a significant delay in cognitive function while 7%
to 17% have neurosensory impairment viz. cerebral palsy. Advances have been madein measuring functional outcometo assesstheimpact
of ELBW hirthson long-term quality of life and skillsfor independent living. Measuring school age outcomeisan important landmark in
the longitudinal follow-up of ELBW infants and most reports show high rates of cognitive impairment as well as increased incidence of
learning disability and school difficulties aswell asbehavioural problems. The ELBW adolescent and young adult continue to lag behind
in academic achievement and cognitive score. However, more than half of the ELBW survivors function within the normal range of
variability and their self-reported quality of lifein adolescence continuesto be comparableto that of their peers. Conclusion: In managing
ELBW infants, a holistic, systematic approach is needed to assess the degree and impact of impairment on their daily function and issues

related to quality of life.
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I ntroduction

With the progressive improvement in the survival of
premature neonates,*? including those born at the extreme
edge of viahility,® there has been a great degree of interest
focused on thefunctioning of these high-risk survivorsand
their outcome into childhood*® and recently up to
adolescence’® and early adulthood.® Prospectivefollow-up
programmes have been established by neonatal centres
either individualy or as part of a regional, nationa or
international network to report in a systematic manner,
long-term medical, neurodevel opmental, behavioural and
educational outcome. The majority of studies reporting
long-term outcome of premature infantsin the mid-1990s
havegiven dataonfollow-uptill early childhood or till 8to
9 years of age. However, as these cohorts continue to be
followed up longitudinally, more data are becoming
available on follow-up till adolescence and beyond.”®

Thereis extreme variability in the published data due to
marked heterogeneity in the nature of samples studied.
Some of the heterogeneity has been attributed to the use of

i nstituti onal-based sampl es, small samplesize, highattrition
rate and differing exclusion criteria. Marked variation in
the assessment tool s, non-uniform definitions of disability
and school failures as well as poor selection of control
groups further increases the heterogeneity.8*12 Thus, the
true extent of the effect of prematurity on cognitive and
school outcome remains unclear.

Amongst the cohort of preterm infants, those weighing
less than 1000 g at birth (ELBW) are at higher risk of
adverselong-term outcome compared to preterm infants of
greater birth weight.>** Higher incidence of cerebral palsy,
blindness, deafness and adverse cognitive and behavioural
outcome has been reported in several studieson long-term
follow-up of ELBW infants5*15 Severe disability is
common in children born extremely preterm and remains
achallenging issue in the coming years.

Though studieswhichreport outcomebased ongestational
age are extremely vital in helping perinatologists and
parents in decision making at the threshold of viahility,
using birth weight categories for reporting outcome

* Consultant
** Head and Senior Consultant
Department of Neonatology
KK Women's and Children’s Hospital

Address for Reprints: Dr P Agarwal, Department of Neonatology, KK Women's and Children’s Hospital, 100 Bukit Timah Road, Singapore 229899.

Email: agarwal @kkh.com.sg

Annals Academy of Medicine



continues to be useful as a precise measurement on which
analysis may be carried out consistently. Morbidity seems
tobeinversely related to gestation and birth weight.® Valid
concerns have thus risen as to whether the rate of
developmental disability among survivors would increase
withimproved survival of ELBW babies. Thus, assessment
of long-term outcome is becoming increasingly important
in follow-up of premature newborns. Increasing heath
carecostsand ethical debatesat limitsof viability are other
important factorswhich makelong-term follow-up critical
and an integral part of neonatal intensive care units.

Pathogenesisand Risk Factorsof Neur odevelopmental
I mpairment

The developmental outcome of the ELBW infant is
determined by both biological prenatal and perinatal factors
as well as postnatal environmental factors. These factors
do not act inisolation, but are closely interrelated and itis
often quite difficult to assess precisely the influence of
each individual factor on the long-term outcome of the
ELBW infant.

Perlman®® in a recent review has summarised the
pathogenesis of the neurobehavioural deficits in the
premature very-low-birth-weight (VLBW) infants with a
summary of the potential risk factors. One of the principal
underlying features is the extreme vulnerability of the
developing premature brain to injury secondary to
periventricular white matter haemorrhage or ischaemia.
Any hypoxic-ischaemic injury during this critical period
could result in increased excitatory amino acids, like
glutamate, which result in disruption of the organisational
events in the brain and damage to the basal ganglia and
hippocampus. A recent report'” commentson theincreased
vulnerability of hippocampus in the VLBW infant with
lower hippocampal volumesresultingin specific deficitsin
everyday memory and mathematics. Other reports'®°using
magneti c resonanceimaging (MRI) haveal sodemonstrated
decrease in whole brain volume, cortical grey matter
volume, hippocampal volume, ventricular dilation and
thinning of corpus callosum in adolescents who were born
very premature.

Superimposed on the pre-existing vulnerability of the
premature brain, avariety of clinical risk factorshave been
implicated in adversely affecting neurodevelopmental
outcome. Chronic lung disease (CLD) which is defined as
oxygen dependency at 36 weeks has been definitively
linked to adverse motor and cognitive outcome®?! and is
one of the most significant predictors of adverse outcome
in the absence of white matter injury. The underlying
reasons postulated by Perlman'® have been recurrent
hypoxia, hypercarbiaand acidosis associated with CLD as
well as poor nutrition and growth and frequent use of
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postnatal corticosteroids which increase risk of injury to
the basal ganglia and hippocampus. Postnatal
corticosteroids, widely used in the management of CLD,
are being increasingly associated with adverse long-term
outcome in ELBW infants, namely, increasing incidence
of cerebral palsy and neurodevel opmental impairment, 222
andthisadverseoutcomeispostul ated tobeduetostructural
and functional alteration of the developing brain with
decreased hippocampal and cortical grey matter volume,
as well as altered myelination and brain cell
differentiation.24

Repetitive antenatal steroids have also been implicated
in animal and human studies™? to be associated with
delayed myelination and decreased brain weight, both of
which may haveadverselong-term sequel ae. Other clinical
factors associated with adverse long-term outcome have
been hypothyroxinaemiaof prematurity,?” whichmay result
in necrosis, and apoptosis of oligodendrocytes and white
matter damage.?® Hyperbilirubinaemia, which is a nearly
universal problem in ELBW infants, may be associated
with bilirubin-induced neuronal injury secondary to
increased excitotoxic amino acids and the known affinity
of bilirubinfor basal gangliaand hippocampus.?®* Essential
fatty acids deficiency which may occur in preterm infants
fed formula milk may also affect brain growth and
development resulting in hypomyelination®! and cognitive
impairment.®

Apart fromtheclinical factorsdescribed above, stressful
environmental factors may aso play arole in adversely
affecting neurodevelopmental outcome. Common among
these are loud noise'®* and constant bright light,>* which
may alter behavioural response. Socia and environmental
risk factorsafter dischargeintheformof parental education,
race, socioeconomic status, martial status and maternal
depression may also have asignificant impact on cognitive
and behavioural outcome as well as specia educational
requirements.*3°

Thus, there is a complex interaction of medical and
environmental factors acting on a developmentally
vulnerable premature brain with profound effect on long-
term outcome of ELBW infants.

Early Childhood Outcome

In most reports on early childhood outcome of ELBW
infants, major neurodevelopmental impairment has been
defined asloss or abnormality of function due to presence
of severe cerebral palsy, deafness needing hearing aids,
blindness and/or cognitive function less than 2 standard
deviations below mean. 374

ELBW children may present with a wide spectrum of
neurological or neurosensory abnormalities ranging from
severe cerebral palsy to minor neurological dysfunction.
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Cerebral palsy is the most common neurological
abnormality and risk increases with decreasing birth
weight. %

StudiesfromvariouscountriesliketheUSA, Finland and
Australiahave reported a prevalence rate of cerebral palsy
in ELBW infants ranging from 7% to 17%'>204-42 gt 1t0 3
yearsof age, whilepreval enceof other severeneurosensory
impairment like blindness and deaf nessrangesfrom 1% to
6% (Table).152041-43

In Singapore’ sKK Women’'s & Children’s Hospital, its
largest tertiary perinatal centre, there have been 271 (72%)
survivors of 373 live-born ELBWSsfrom 1990 to 1998 and
the incidence of cerebral palsy in survivorsat 2 yearswas
10%; blindness, 2.2%; and deaf ness 1.3%; 24% had Bayley
Mental Development Index (MDI) score less than 70
(unpublished data).

Significant cognitive delay as defined by psychometric
score of MDI <70 is reported in 13% to 37% of ELBW
infants. 224344 Prevalence of delayed cognitive function is
commoner thanthepreval enceof neurosensory impairment.
Within the ELBW group, neurodevelopmental outcomeis
expectedly better for larger infants weighing >750 g
compared to those between 500 and 750 g.5%* Neuro-
developmental outcome for the extremely tiny baby <500
g has been reported to be comparatively poorer.*

Over time, in spiteof improving survival of ELBWsborn
in the late 1980s and early 1990s, the rates of
neurodevelopmental impairment in North America have
remained largely unaltered,** or worsened asreported by

Emsley inthe UK .* The Australian Victorian Infant Study
Group* studied ELBWSsborn in the State of Victoriaover
3 time periods between 1979 and 1992. They reported
improved outcome for survivors born in 1985 to 1987
comparedto 197910 1980, but no further improvement into
the 1990s.

Functional Outcome

Advances have been made in recent years in measuring
functional skillsin mobility, self-careand communication.
Earlier studiesdid not routinely assessfunctional disability
of the preterm VLBW cohort. Severity of cerebral palsy
has been measured using the number of limbsinvolved and
using gross and fine motor performance milestones. A
functional measure commonly used is Gross Motor
Functional Classification System (GMFCS)*" which
evaluatesachild’ sskillsinrolling, sitting, crawling, walking
and running. Msall and Tremont*® have illustrated that as
neuromotor impairment involves more limbs, ambulation
potential is progressively reduced and associated sensory
and developmental disability inthefield of communication,
cognitive skills, epilepsy and learning disorders increase.
Ininfantswith cerebral palsy, hemiplegia, head righting by
9 months, sitting balance at 2 years and crawling at 30
months, have been used as prognostic indicatorsto predict
ambulation.®*% Studies have documented that 100% of
childrenwith hemiplegiawalked, and 75% to 90% of those
with spastic diplegiaattained ambulation, in contrast to 0%
to 33% of those with quadriplegia.®5®

In order to assess long-term quality of life and skillsfor

TABLE |I: NEURODEVELOPMENTAL HANDICAP AT 18 MONTHS TO 3 YEARS IN ELBW INFANTS IN THE 1990s

Country Year of Birth weight No. of survivors/ No. Cerebral  Blindness Deafness MDI <70  Severe

(centre) birth (9) No. of total examined pasy (%) (%) (%) handicap*
live births (%)

USA 1990-1992  500-750 49/114 (43) 49 5/49 (10) 1 (2 3 (6) 9 (20) 15 (31)

(single centre®)

NICHD, USA 1993-1994  401-1000 1527/2498 (63) 1157 187 (17) 36 (3) 38 (3) 392 (37) 553/1122

(49)

(multi-centre?)

Victoria, Australia1991-1992  500-999 241/429 (56) 237 22 (9) 5 (2) 2 (0.8) 29 (12) 16 (6.8)

(regional“°)

Finland 1996-1997 <1000 211/351 (62) 208 23 (11) 3 (15 6 (3) - 18

(national*t)

KKWCH, Spore  1990-1998 <1000 2701372 (72) 248 24(10)  6(24) 4(16)  60(24) 24

(single centre, unpublished data)

* Definition of severe handicap:

Ref. 15: Menta Developmental Index (MDI) <70 and/or cerebral palsy, blindness, deafness;
Ref. 20: Cerebral palsy, abnormal neurologic examination, blindness, deafness, MDI <70 o PDI <70;
Ref. 40: bilateral blindness, non-ambulant severe cerebral palsy, MDI <70 or —2 SD below mean in aternative test;

Ref. 41: blindness, hearing impairment, cerebral palsy or convulsions;

KKWCH: MDI <70, non-ambulant cerebral palsy, bilateral blindness, deafness.
ELBW: extremely low birth weight; KKWCH: KK Women's and Children’s Hospital; NICHD: National Institute of Child Health and

Development

Annals Academy of Medicine



independentliving, itiscritical toassessfunctional outcome,
as it will impact on literacy, social competency and
interaction and participation in the community.
Measurement of functional status links neurological
impairments, physical health, developmenta skills and
family socioeconomic means, and this provides a more
complete understanding of the child’s current abilitiesand
needs of the child and family. Healthcare providers can
also then prioritise health care resources. Commonly used
tools to measure the functional outcomeinclude Vineland
Adaptive Behaviour Scale (VABS),* the Functional
Independence Measure for Children (WeeFIM)® and
Batelle Developmental Inventory (BDI).%®

Msall et al®" assessed neurodevel opmental and functional
statusof extremely preterminfants<28weeksborn between
1983 and 1986 at kindergarten entry, 21% of the survivors
had neurodevel opmental impairment and 5% had multiple
disabilities. The severe functiona limitations including
inability to walk, talk or perform self-care activities of
daily living were present in <5% of survivors.

Inan assessment of functional outcomeof ELBW infants
born between 1993 and 1994 in thelarge National Institute
of Child Health and Devel opment (NICHD) network, at 18
to 22 months 70% of the cohort werewalking fluently, 86%
had a pincer grasp and 80% were feeding independently.

Functional morbidity has been shown to consistently
increase with decreased birth weight*32° and was notably
higher in babies <500 g.

School Age Outcome

Limiting follow-up to thefirst 2to 3 yearsof lifeisoften
inadequateand unreliable because of thetransient nature of
neurological impairments which may improve with time
and show motor catch-up.2°% Furthermore, devel opmental
delay at 2 years may overestimate intellectual impairment
at 8years.® Ontheother hand, subtle cognitivedifficulties,
behavioural learning disorders which affect academic
achievement may not be evident in the early preschool
years. Of the studiesreporting outcome of ELBWsbornin
the 1980s, only a quarter of them included follow-up up to
5yearsor older and ameta-anal ysisof these studies® raised
the issue that ELBW infants may have subtle dysfunction
not reveal ed in gross | Q measurements. Thisindicated that
specific deficits reflecting learning disabilities and
behavioural and social outcomes need to be studied. Thus,
measuring school age outcomeisanimportant landmark in
the longitudina follow-up of ELBW infants. Increasing
amounts of data are currently available in the cognitive,
educational and behavioural outcome of children born
ELBW. Theselongitudinal studiesfrom birthto school age
>5 years have reported ELBWSs experiencing academic
difficulties in school with need for additional educational
assistance of varying degrees,*6131461-65
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Cognitive Outcome

Studieson cognitive outcome of ELBW infantsat school
age showed that themean | Q scoresranged between 86 and
9141314 and rates of 1Q score <70 ranged between 8% and
18%. The ELBW infantshad lower scoresthan higher birth
weight controls even when socio-demographic differences
were accounted for. Within the ELBW group, Hack et al®
reported on a regional cohort of <750 g birth weight
children and showed that they had amean score of 87 + 15
with subnormal scores <70 in 20% of the children. This
was in comparison with a score of 93 + 14 in children
weighing 750 to 1499 g and 100 + 13 for children born at
term.

Another study from New Zealand®* reported outcome on
anational cohort of 298 VLBW survivorsat 7to 8 yearsin
comparison to 1000 historical controls in a general
population, and demonstrated that VLBW infants and
ELBW infantsin particular had significantly higher levels
of cognitive impairment. The authors reported that after
adj usting for socio-demographic and perinatal co-variates,
36% of ELBW children had WISC-R full 1Q score <85
compared to 24% of VLBW children and 10.7% of the
controls. Apart from cognitive impairment, the ELBW
children also demonstrated poorer levels of functioning
across all domains namely behaviour, school achievement
and need for specia education.

In a recent meta-analysis® looking at the outcome of
school-aged children born preterm, the authors concluded
that preterm births were associated with lower cognitive
scoresandincreasedrisk for Attention Deficit Hyperactivity
Disorder (ADHD) at school age, comparedtotermcontrols.
Fifteen case control studies were included in this meta-
analysisand alower cognitive score was noted in the cases
with cognitive scores being directly proportiona to the
birth weight and gestational age. The authors further
concluded that a mean difference of 10.9 points between
the cognitive scoresof the casesand controlswasclinically
significant and would have an impact on the educational
requirement of the preterm births and affect their future
socio-economic potential.

Neuro-psychological Outcome

Academic Achievement and Learning Disability

Neuro-psychological tests, whichassessreading, spelling,
mathematics, perceptive motor performance, memory,
perceptual andlanguageskills,** haveconsistently revealed
poorer performancein ELBW children comparedto normal
birth weight children.#14% |earning disabilities are
extremely common among ELBW children. Traditionaly,
learning disability is identified if there is a discrepancy
between observed and expected level of achievement.®” A
wide array of neuro-psychological tests have been used to
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assess reading, spelling, arithmetic and writing. In an
assessment of a national cohort of VLBW babiesin New
Zealand between 7 and 8 years of age, Horwood et al®
demonstrated poorer school performance and higher need
for specia education in comparison to controls from a
genera population. Whitfield et al® assessed 115 ELBW
survivors and 50 controls in a regiona cohort and found
that even ELBWswith global 1Q >85 scored significantly
lower intests of gross and fine motor control, visual motor
integration with lower academic achievement in reading,
arithmetic and writing. ELBW survivors were 3 times
more likely to have learning disability and 30% to 41% of
ELBWSs with learning disability had multiple areas of
learning disabilities.®>% Similarly, Hack et al* demonstrated
that among neurologically normal ELBW children, those
with birth weight <750 g performed poorly on tests of
mathematics skills. Having difficulties in mathematics,
independent of 1Q scores, have been reported widely in
other reports**® and has long been considered to be a
sensitive marker of impairment in the longitudinal studies
of VLBW infants.

ELBW children are more likely to experience school
difficulties with a higher need for specia educational
assistance. This need increases progressively with
decreasing birth weight.®*%* Increasing number of studies
are also documenting the utilisation of special educational
resources by nearly half of ELBW survivors. Studies have
shown that at 8 years >50% of ELBWSs need special
assistance in the classroom, 20% need special education,
while 20% to 30% exhibit signs of ADHD.*38396365

Thisincreased need for remedial educationinthe ELBW
cohort needsto be taken into account while calculating the
increased educational cost and needsattributabletothelow
birth weight at the regional and national level. Greater
attention needs to be focused on evaluating strategies that
would alleviate school difficulties.

Behavioural Outcomes

A growing number of studies have led to an increasing
consensus that VLBW infants, at school age, tend to have
increased incidence of behavioural and attention related
problems, namely, attention deficit and hyperactivity. Hack
et a,* in a study of outcome of school age children with
birth weight <750 g, revealed asignificantly higher risk of
neurobehaviour dysfunction and poor school performance
as measured using the Child Behaviour Checklist. Thirty-
seven per cent of the children with birth weight <750 g had
abnormal T scores, compared to 21% of 750t0 1499 g birth
weight groups.

In arecent meta-analysis, Bhutta et al® concluded that
preterm children have nearly a 3-fold higher risk for
developing ADHD. The tools used to assess behaviour

TABLE I1: SUMMARY OF SCHOOL AGE PROBLEMS IN ELBW
SURVIVORS

Cognitive outcome
« Lower cognitive scores*!3146162

Academic achievement/learning disability*4646567
« Poor reading, arithmetic, spelling
« Poor motor performance
* Poor visuo-motor co-ordination
* Poor visuo-perceptual and perceptual motor skills
« Poorer expressive and language skills
« Academic failure, especialy in mathematics
* Poorer memory skills

Special educational needs’2&
¢ Regular class with special assistance
« Grade repetition
¢ Special school

Behavioural problems’t62

« Attention deficits/hyperactive
* |nattention
* Disability
o Impulsivity
* Hyperactivity

¢ Conduct problems
» Aggression
* Destructive behaviour
» Oppositional behaviour

* Anxiety/withdrawal behaviour

ELBW: extremely low birth weight

usually include parental and teacher rating of thechildren’s
behaviour using various standard questionnaires.’®™ The
behavioural manifestations in this meta-analysis were
reported as externalising (hyperactivity, delinquency) or
internalising (anxiety, depression, phobias). The basis of
the development and underlying possible biological
mechanismsof ADHD inthemeta-analysisby Bhuttaet al,
was proposed to be impairment of pre-attentional
mechanisms, altered threshold for arousal, poorer attention
states as well as poorer information encoding. Stewart et
a*®in arecent MRI study reported that >55% of a cohort
of preterm infants <33 weeks had abnormal MRI findings
and qualitative behavioural impairment in this cohort was
significantly related to structural abnormality seen.

A summary of the school age problems seen in ELBW
survivorsisillustrated in Table I1.

Outcome at Adolescence/Adolescent Follow-up

Longitudinal follow-up of ELBW children up to
adolescence is important to assess whether the increased
morbidity in ELBW children seen in early childhood and
school age persistsinto later years or improves with time.

Saigal® hasreviewedthedataonfollow-uptoadolescence
and concluded that VLBW children continueto lag behind
their normal birth weight peers in areas of cognition and
scholastic achievement, with higher prevalenceof learning
difficulties and behaviour problems. Reports from the
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USA, Canadaand Australia’®""* have shownthat ELBWs
had lower cognitive scores than heavier VLBW children
and controlswith adifference of 8to 18 |Q points between
ELBWSsand controls. Between 11% and 17%"" of ELBW
childrenareseentohavesubnormal | Q scores<70compared
to 0%to 7% in controls. Even apparently normal teenagers
of ELBWswith 1Q >85 scorelower than controls.” Lower
cognitive scores often translate into poorer academic
performance and ELBW children are reported to have
poorer academic achievement especially in mathematics
skills at adolescence. 8465687374

School difficulties, with higher need for educational
assistance and grade repetition, have been reported to be
extremely common in ELBW teens, with 30% to 58%
needing remedial assistance in areas of reading, spelling,
mathematicsand writing.® 7" Psychometric measuresat 8
yearsseemto beuseful inpredicting subsequent educational
and cognitive outcome in the teenage years.”>”

Behavioural and psychiatric disorders are also reported
to be significantly commoner in VLBW adolescents than
controls, with increased prevalence of ADHD, anxiety and
depression.8&7

Early Adulthood

On follow-up to 20 years, Hack et a® reported fewer
VLBW youngadultsgraduated from high school or enrolled
in a 4-year college programme compared to normal birth
weight young adults. They also had alower mean | Q score
and lower academic achievement scores, reflecting a
persistence of poor performance into young adulthood.
They werealsomorelikely tohavechronichealthproblems.
Onamoreoptimisticnote, however, theseVLBW survivors
also demonstrated similar or lower risk-taking behaviour
and criminal activity.

Compared to health professionals, parents and children
seemto haveadifferent perspectiveregarding health status
and quality of life.”® Saigal et a®"" reported that, based on
direct self-reporting of health status and utility scores, the
EL BW adol escentshad higher morbidity and poorer quality
of lifethan control teenagers. Neverthel ess, the majority of
the ELBW cohort viewed their health-related quality of life
to be satisfactory.

Conclusion

There is an emerging consensus that the high-risk
premature ELBW neonate continues to be a high-risk
child, adolescent and young adult with lower cognitiveand
scholastic achievement and higher behavioural problems,
neurosensory impairment and chronic health problems. It
isimportant to be cognisant of and recognise the increased
magnitude of academic problems in ELBW children, in
order to ensure early diagnosis and adequate educational
assistance. However, even though ELBW survivors
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demonstrateapoorer level of functioningin many domains
compared to their peers, more than half of them function
within the normal range of variability and their self-
reported quality of life in adolescence seems to be very
satisfactory and comparabletotheir peers. Itisthusvital to
conduct systematic well-designed longitudinal follow-up
studiesusing standardi sed parametersto assessthe presence
and severity of impairment and disability. Furthermore, a
moreholisticapproach™isneededto assessthesignificance
and functional impact of impairment on the child, family
and society. It is also important to evaluate the quality of
life using well-validated modern instruments.

If prognosis of the extremely high-risk preterm infant
needs to be improved, then an increased understanding of
theunderlying biol ogic mechanismswhichresultindamage
totheprematurebrainisimportant. Use of newer technique
like MRI imaging to diagnose structural brain defects is
important and attention needs to be focused towards
minimising prevalence of these structural brain defects.
The close and important interaction between the
environmental, social and biological factors needs to be
studied so as to optimise the outcome of these vulnerable
members of society.
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