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Introduction

The striking improvement in survival of Extremely Low Birth

Abstract

Aim: To identify factors associated with cognitive delay in Asian ELBW
survivors and evaluate the ability of significant delay at 2 years in predicting
cognitive delay and need for rehabilitative services at 5.5 years.

Method: 213/295(72%) ELBW survivors were evaluated using the Mental
Developmental Index (MDI) on the Bayley Scales of Infant Development (BSID
II) and the Full Scale 1Q (FSIQ) on Wechsler Preschool and Primary Scale of
Intelligence (WPPSI-IIl) at 2 and 5.5 years respectively. Perinatal and neonatal
factors associated with neurodevelopmental delay (MDI <70/ FSIQ scores <70)
were estimated.

Results: Mean MDI and FSIQ scores were 77+18 and 89+13 respectively.
83 (39%) children had MDI<70, 20 (9%) had FSIQ<70. Thirteen (6%) had
Neuro-Sensory Impairment (NSI) and 106 (50%) had major neonatal morbidity.
On logistic regression, MDI<70 was significantly associated with lower birth
weight [OR: 0.71(95% CI: 0.53-0.96)] and neonatal morbidity [OR 6.49 (95%
Cl: 2.95-14.21)]. Only NSI [OR: 15.36 (95% CI: 3.04-77.67)] and ethnic group
[OR: 5.05 (95% CI: 1.06-23.94)] were independently significant in predicting
FSIQ<70. MDI<70 had sensitivity of 0.81 specificity 0.65, positive predictive
value 0.21 and negative predictive value 0.98 in predicting FSIQ<70. MDI<70
was independently associated with the need for rehabilitative services at 5.5
years (OR 5.52; 95% Cl 2.59-11.76).

Conclusions: Neonatal morbidity was associated with delay at 2 but not at
5.5 years. NSl at 2 years was independently associated with significant cognitive
delay at 5.5 years. Fewer ELBW survivors had significant delay at 5.5 years
compared to 2 years. MDI<70 however predicted the need for rehabilitative
services at 5.5 years.

What’s known on this subject: MDI score<70 at 18-30 months is used to
define significant delay and neurodevelopmental impairment in ELBW infants.

Significant delay at 2 years is commonly used for long term prognostication
and formulation of perinatal guidelines.

What this paper adds: Major neonatal morbidity was associated with
developmental delay at 2 years of age whereas neurosensory impairment and
ethnicity were associated with cognitive delay at 5 years.

MDI<70 at 2 years was a poor predictor of cognitive delay beyond 5 years
but was associated with the need for extra assistance at 5.5 years.
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[6,10]. The Mental Developmental Index (MDI) from the BSID is
commonly used in assessing the impact of neonatal intensive care,
outcome of intervention [14-16], and formulation of perinatal

Weight (ELBW) infants has not been accompanied by consistent
improvement in long term neurodevelopmental outcome in survivors
[1-8]. Continuing high rates of neurodevelopmental impairment [1],
impaired executive functioning and poor academic performance [9-
13], remain major concerns. The Bayley Scales of Infant Development
(BSID, BSID-II and Bayley-III) are widely used for psychometric
assessment in preterm Very Low Birth Weight (VLBW) children

guidelines [17].

Longitudinal follow up of preterm survivors is commonly
limited to 24-30 months by cost and high attrition rates [18]. The
ability of assessments at 2 years to precisely predict later cognitive
function remains unclear. Roberts et al. [19] demonstrated a shift
from no disability at 2 years to mild disability at 8 years, while a large
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Figure 1: Sample flow chart of extremely low birth weight included in the
present study.

proportion of children with moderate to severe disability at age 2
had improved at 8 years. Other longitudinal studies have also shown
that early measures [20,21] are unduly pessimistic. However, a meta-
analysis revealed a positive relationship between early MDI scores
and later cognitive function [22] in VLBW children. Therefore, in this
study, firstly, we aimed to identify factors associated with cognitive
delay in a prospectively followed-up multi ethnic cohort of ELBW
survivors and secondly, to further understand their developmental
trajectory. We evaluated the predictive ability of an MDI score<70
in assessing cognitive delay and the need for rehabilitative services
at 5.5 years.

Materials and Methods

This longitudinal cohort study was performed at the KK Women’s
and Children’s Hospital in Singapore. Perinatal and neonatal data and
follow up data was prospectively collected at 2, 5.5 and 8 years of age
for ELBW survivors. Children with major congenital malformations
were excluded. 213 ELBWs born between 2000 and 2004 and who
completed assessments at both ages formed the study cohort (Figure
1). Of thirteen children excluded as they could not be assessed, 10
had NSI (cerebral palsy/deafness /blindness), one had selective
mutism and nine needed extra assistance at 5.5 years. The hospital’s
institutional review board approved the study.

Maternal and neonatal demographic data and details of
major neonatal morbidities postulated to have an impact on
neurodevelopmental outcome, including severe cranial ultrasound
abnormality [grade 3-4 Intra-Ventricular Hemorrhage/Peri-
Ventricular Leukomalacia (sIVH/PVL)], Chronic Lung Disease
(CLD) with oxygen dependency at 36 weeks corrected age, Necrotizing
enterocolitis>stage 2 (NEC>StII/ Focal Intestinal Perforation (FIP),
severe retinopathy of prematurity>stage III (ROP>3) and culture
proven sepsis were collected at discharge. The presence of one or
more of these five morbidities (defined in a previous paper by the
authors [23]) was defined as a major morbidity.

ELBW survivors had post-discharge follow up till 8 years of age,
with physical and neurological examinations by the pediatrician and
referral to rehabilitative services when clinically indicated.

Data on growth, health, and neurological and developmental

status and the need for rehabilitative services at 5.5 years was
collected. These services included physical, occupational or speech
therapy in a hospital/community based setting. Data on the housing,
family income and maternal education was collected from caregiver
interviews. Maternal educational level was stratified as less than or
more than 12 years of formal education (high school).

NSI at 2 years was defined as the presence of deafness (bilateral
hearing loss needing amplification with hearing aids or cochlear
implants), blindness (visual acuity of less than 6/60 in the better eye)
or Cerebral Palsy (CP). Vision and hearing were assessed by pediatric
ophthalmologists and audiologists. CP was classified as spastic
diplegia/quadriplegia/ hemiplegia and functionally as ambulant or
non-ambulant.

A psychologist performed formal psychometric assessments using
the MDI of the BSID-II at 22-24 months corrected gestational age
[24] and the Full Scale Intelligence Quotient (FSIQ) of the Wechsler
Preschool and Primary Scale of Intelligence (WPPSI-III ) [25] at 5.5
years. Index scores on both tests have a mean and standard deviation
of 100+15. A cut off score of 70 (>2 SD below the mean) identified
significant delay at both ages. Scoresbetween70-84 (>1SD below the
mean) indicated mild delay.

Neurodevelopmental Impairment (NDI) was defined as the
presence of any one of the following: MDI/FSIQ<70, cerebral palsy,
deafness or blindness. Cases with no neonatal major morbidity or
NSI were labeled as a “Well ELBW”.

Statistical analysis

Distribution of sample characteristics was described using central
tendencies for continuous data and proportions for categorical data.
Univariate analysis using Independent 2-sample t-tests and Pearson
chi-square tests was done to identify perinatal and neonatal factors
associated with neurodevelopmental delay (MDI<70 and FSIQ
scores<70) at 2 and 5.5 years. Perinatal and neonatal factors with a
p value<0.05 on univariate analysis were included in the multivariate
analysis using logistic regression. Important confounders such as
birth weight (bw), Gestational Age (GA), gender, ethnicity and
maternal educational status were included in the logistic regression
models. We examined the independent and collective impact of
major neonatal morbidity and NSI on significant cognitive delay at
both ages.

Ability of the BSID-II MDI to predict FSIQ was evaluated using
sensitivity, specificity and predictive values. All tests were two-tailed,
with the level of statistical significance set at 0.05. Analyses were
conducted using SPSS for Windows, version 22 (SPSS, Chicago,
Illinois).

Results

Characteristics of the 213 children included in the study are
described in Table 1. A significantly higher proportion of mothers
from the minority Malay ethnic groups had<12 years of schooling
compared to other races (38/40 vs 107/173; p<0.001; OR 11.33 (2.64-
48.53). The 82 children who were excluded were more likely to be
Malay compared with cases which were included. Gender, bw and
GA at birth were similar in both groups of children (Supplementary
Table 1).
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Table 1: Demographic profile and neonatal morbidities of the overall study cohort and in children with psychometric cognitive scores<70.

Overall cohort (n=213) 2 yrs MDI<70 (n=83) 5% yrs FSIQ<70 (n=20)

Maternal age, years 31.3+5.2 30.3+5.4 30.3+6.7
Ethnicity

Chinese 144 (68%) 49 (59%) 7 (35%)

Malay 39 (18%) 20 (24%) 9 (45%)

Indian 24 (11%) 11 (13%) 3 (15%)

Others 6(3%) 1 (4%) 1 (5%)
Monthly household income (SGD) 354642645 312542719 2263+1325
Maternal education>high school 67 (31.4%) 27 (32%) 3 (15%)
GA, weeks 26.8+2.1 26.42+2.31 25.8+2.29
Birth weight, g 825+126 780+144 755144
Male gender 117 (55%) 51 (60%) 15 (75%)
CLD 58 (27%) 38 (45%) 13 (65%)
Culture proven sepsis 49 (23%) 33 (37%) 11 (55%)
Severe IVH 23 (10.7%) 12 (14%) 5 (25%)
NEC2St Il /FIP 18 (8.4%) 9 (15%) 3 (15%)
ROP2St Il 51 (24%) 33 (39%) 9 (45%)
21 Major morbidity 106 (50%) 65 (76%) 19 (95%)
Neurosensory impairment 15 (7%) 12 (14%) 9 (45%)

GA: Gestational Age; CLD: Chronic Lung Disease; IVH: Intra Venticular Haemorrhage; NEC=St II/FIP: Necrotizing Entero Colitis=stage Il/Focal Intestinal Perforation;
ROPzstage II: Retinopathy of Prematurity=stage Ill; MDI: Mental Developmental Index; FSIQ: Full Scale Intelligence Quotient.

Data presented in n (%) or mean+SD

Table 2: Risk factors for significant delay at 2 and 5.5 years.

2 year MDI<70

FSIQ<70 at 5%z years

Unadjusted OR (95% CI)

Adjusted OR (95% Cl)t

Unadjusted OR (95% CI)

Adjusted OR (95% CI)"

Maternal age

0.93 (0.88-0.98)'

0.94 (0.88-1.01)

0.95 (0.87-1.04)

2.43 (1.17-5.05)*

Ethnicity 0.71 (0.49-1.03) 0.69 (0.47-1.04) 1.95 (1.13-3.38)*
Chinese Reference Reference Reference Reference
Malay -2.04 (0.99-4.18) 1.45 (0.61-3.49) 5.87 (2.02-17.01)** 5.05 (1.06-23.94)*
Others 1.69 (0.76-3.75) 2.30 (0.90-5.91) 3.01 (0.82-11.03) 3.79 (0.98-14.66)
Male gender 1.42 (0.81-2.49) 1.37 (0.69-2.71) 2.04 (0.75-5.52) 2.98 (0.78-11.31)

Monthly household income

1.01 (0.99-1.02)

0.96 (0.93-0.99)

0.97 (0.93-1.01)

Maternal Education>high school

0.63 (0.34-1.16)

0.64 (0.30-1.36)

0.35 (0.10-1.25)

0.56 (0.10-3.06)

Birth weight

0.66 (0.52-0.84)™

0.71 (0.53-0.96)’

0.74 (0.53-0.1.06)

0.86 (0.50-1.48)

Gestational Age

0.86 (0.75-0.98)'

0.84 (0.69-1.01)

0.79 (0.61-1.04)

1.10 (0.79-1.51)

21 Major Morbidity

6.36 (3.42-11.90)"

6.49 (2.95-14.21)"

6.62 (1.88-23.35)"

3.63 (0.71-8.51)

MDI<70

7.51(2.42-23.25)"

3.06(0.86-10.87)

NSI

5.81(1.54-21.73)"

3.64 (0.81-16.13)

16.78 (4.92-57.23)™

15.36 (3.04-77.67)"

MDI: Mental Developmental Index; FSIQ: Full Scale Intelligence Quotient; NSI: Neuro Sensory Impairment; Major morbidity was defined as the presence of one or
more of the following conditions: as every cranial ultra sound abnormality (grade3-4 Intra Ventricular Hemorrhage/Peri Ventricular Leukomalacia (sIVH/PVL); severe
Chronic Lung Disease (CLD) with oxygen dependency at 36 weeks corrected age, Necrotizing Entero Colitis2stage 2 (NEC>+St Il/Focal Intestinal Perforation (FIP),
severe Retinopathy of Prematurity2stage 3 (ROP23) and culture proven sepsis.
TAdjusted for birth weight, gestational age, gender, ethnicity and maternal education, *"P<0.001, "P<0.01, "P<0.05

The mean MDI and FSIQ scores at 2 and 5.5 years were 77+18
and 89+13 respectively. 83 (39%) children had MDI<70 and 20 (9%)
had FSIQ<70. Major neonatal morbidity was present in 106 (50%).

Thirteen (6%) children had NSI, including 9 with deafness, 8with
CP (2 hemiplegia, 5 diplegia, 1 quadriplegia), 10 children with NSI
in the form of CP (n=6), deafness (n=4) or blindness (n=2) were

excluded from the study because they could not complete a formal

psychometric assessment.

Risk factors for significant delay

neonatal morbidity.

At 2 years, maternal age, baby’s birth weight and gestational age
were significantly lower while major neonatal morbidity and NSI
were higher in children with MDI<70 (Table 2). After adjusting for
bw, GA, gender, ethnicity and maternal educational status, MDI<70
was significantly associated with lower birth weight and major

Risk factors associated with FSIQ<70 are shown in Table 2. On
univariate analysis, the unadjusted odds ratio for FSIQ<70 was higher
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Table 3: Stratified analysis of the association between composite morbidity and significant delay at 2 and 5.5 years.

2 year MDI<70

5 year FSIQ<70

Unadjusted OR (95% ClI)

Adjusted OR (95% Cl)'

Unadjusted OR (95% CI)

Adjusted OR (95% ClI)'

Well ELBWSs" versus those with neonatal morbidity or NSI

0.16 (0.08-0.29)***

0.14 (0.06-0.30)***

0.15 (0.04-0.54)**

0.25 (0.05-1.04)

ELBW with neonatal morbidity but no NSI versus well
ELBWs"

5.55 (2.94-10.30)"*

6.94 (3.17-15.35)**

3.67 (0.96-14.20)

2.79 (0.47-16.67)

ELBW with neonatal morbidity and NSI versus well

10.52 (2.29-47.6)*

8.56 (1.70-43.47)**

20.25 (5.64-72.66)***

19.51 (3.82-99.87)***

ELBWSs"

MDI: Mental Developmental Index; FSIQ: Full Scale Intelligence Quotient; ELBW: Extremely Low Birth Weight

TAdjusted for birth weight, gestational age, gender, ethnicity and maternal education

There were 106 ELBW without major neonatal morbidity and NSI (well ELBW*), 94 ELBW children with major neonatal morbidity but no NSI and 12 ELBW children

with major neonatal morbidity and NSI
"P<0.001

“P<0.01

"P<0.05

Table 4: Classification of normal scores and categories of delay at 2 and 5 %
years.

5% year FSIQ
2 year MDI <70 70-84 285 Total
<70 16 (19%) 32 (39%) 35 (42%) 83 (39%)
70-84 3 (5%) 17 (30%) 36 (64%) 56 (26%)
285 1 (1%) 7 (10%) 66 (89%) 72 (35%)
Total 20 (9%) 56 (26%) 137 (64%) -

MDI: Mental Developmental Index; FSIQ: Full Scale Intelligence Quotient Data
were presented in n (row percentages).

with lower monthly household income, MDI<70 and major neonatal
morbidity and NSI. More Malay children had significant delay at 5.5
years (p=0.030). Upon logistic regression, only NSI and ethnic were
independent predictors of FSIQ<70.

“Well ELBW”s, when compared with those with major neonatal
morbidity or NSI, had a lower risk of having MDI<70 and FSIQ<70.
Conversely, when compared with “well ELBWs, cases with either
major neonatal morbidity or NSI had higher odds to MDI<70 at 2
years. At 5.5 years, ELBWs with major neonatal morbidity in the
presence of NSI continued to have a higher odds ratio of FSIQ<70
major neonatal morbidity alone were no longer independently
associated with FSIQ<70 (Table 3).

Comparison of delay between 2 and 5.5 years

Table 4 shows the comparison of categories of delays on the MDI-
BSID-II at 2 years with cognitive delay at 5.5 years. 83 (39%) cases
had a MDI<70 and 65% had MDI<85 in comparison to 20 (9%) with
FSIQ<70 and 35% with FSIQ<85.73 (35%) had no delay at 2 years
while 137 (64%) were unimpaired at 5.5 years. Of the 83 children
with an MDI score 0f<70, the cognitive scores of 16 (19%) children
remained below 70 at 5.5 years. As shown in Supplementary Table
2 97 (46%) children at 5.5 years required rehabilitative services of
which 59 (61%) had MDI<70 at 2 years.

MDI <70 had a sensitivity of 0.81 (95% CI 0.75-0.86), specificity
of 0.65 (95% CI 0.58-0.71), Positive Predictive Value (PPV) of 0.21
(95%CI 0.13-0.31) and Negative Predictive Value (NPV) of 0.98
(95%CI 0.93-0.99) in predicting FSIQ<70. While MDI<70 was not
associated with cognitive delay at 5.5years, it was associated with the
need for rehabilitative services (OR 5.52; 95% CI 2.59-11.76, p<0.001)
along with lower household income (OR 1.03; 95% CI 1.01-1.04.
p=0.014).

Discussion

In our study composite neonatal morbidity was associated with
delay at 2 but not at 5.5 years while NSI at 2 years was independently
associated with significant cognitive delay at 5.5 years. Also, fewer
ELBW survivors had significant delay at 5.5 compared to 2 years;
especially for children without NSI.

Delay at 2 and 5.5 years

In our study, 39% of the cohort had MDI<70 which is similar to
both single and multicenter data based on BSID II [2,20,26]. NSI rates
of 6-8% in our cohort were also comparable to NICHD prevalence
rates of CP (9%), deafness (2%) and blindness (1%) [2,27].

The presence of major neonatal morbidity and lower birth weight
were independent significant predictors of MDI<70 at 2 years. This
association of NDI with major neonatal morbidity is well documented
internationally due to the possible effects of persistent inflammation,
cytokine injury and brain damage [6,28-32]. But at age 5.5, we found
that these earlier risk factors were no longer predictive of cognitive
delay. This is consistent with a systematic review of prognostic factors
for poor cognitive development in preterm children by Linsell [33].
Our strongest correlation of an FSIQ<70 was the presence of a NSI at
age 2. Ithas been well documented that NSI in the first 2 years predicts
persistent cognitive deficits at school age [20,31,34]. Notably, our
rates of significant cognitive delay at 5.5 years dropped to 9%, similar
to the trend seen by Hack et al. [20] who showed that despite 39% of
ELBW survivors having significant delay at 2, only 16% were delayed
at school age. We postulate that the decreasing rates of cognitive
delay with increasing age may be attributed to the waning influence
of biological risk factors and the increasing effect of environmental
factors. This complex balance between biology, environment and
neonatal illness has been described by Linsell [33] and Howard [35].

In our multi-ethnic population, there was a significant
ethnic difference with a higher proportion of Malay children
having significant delay at 5.5 years compared with the majority
Chinese subgroup. We also showed that fewer Malay mothers had
education>12 years. Internationally, minority races and ethnicities
have been reported to be at a higher risk for delay, possibly mediated
by environmental disadvantage [33,36]. Environmental factors
(e.g. socioeconomic and educational status) are known to impact
cognitive outcomes in preterm children [2,37,38], with Kilbride
[39] demonstrating a difference of 12 IQ points favoring children
from high socioeconomic households. Thus, preterm children with
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biological or socio-environmental risk factors might benefit from
early targeted intervention to optimize outcomes.

Predictive validity

Our predictive validity of an MDI score<70 at age 2 years for an
FSIQ<70 at 5.5 years was poor, with a PPV of only 0.21. However, the
high NPV, of MDI>70 continuing to have an IQ>70, was reassuring
and potentially helpful in resource conservation and planning
follow-up. Similar results were shown by Hack [20]. Kitchen et al.
also demonstrated improving cognitive function in ELBW infants
between 2 to 5 years and concluded that the 2 year assessment was
unduly pessimistic [40]. A more recent study by the same group
concurred with the poor predictive validity of a diagnosis of disability
at age 2 compared with that at age 8 [19].

Thisobservation maybe duetoavariety of reasons. One postulation
is the effect of brain injury and developmental disruptions during the
period of critical brain growth combined with neural plasticity and
reorganization and recovery [41]. Thus, as suggested by Patel [6], the
BSID 1II scores may be more a tool to measure developmental delays
(which changes over time) rather than fixed impairment. The WPPSI
is a more specific measure of intellectual function and IQ and this
limits the possible comparisons between these two tools.

The EPI Cure study showed stability in the disability rate between
30 months and 6 years with 86% of children with severe disability at
30 months meeting the same criteria at age 6. However, their cohort
was more preterm than ours and they defined severe disability as
cognitive scores>3SD below the mean [42], a definition which may
be more predictive of significant delay in school age. Accordingly,
the NICHD-NRN and others have now reclassified categories of NDI
from 2012 with Bayley 3 cognitive scores<55 defined as profound
delay [6,10,19]. This may improve the predictive value of the 2 year
psychometric assessment especially in children with no NSI. This is
currently being done in our center for cohorts born after 2005 with
introduction of the Bayley-III.

The need for rehabilitative services at 5.5 years

Although IQ scores assess general cognitive function, they may
miss specific and subtle deficits of learning, attention and executive
function [9]. Aylward [41] showed that, high prevalence/low severity
dysfunctions were seen in 50-70% of non-disabled VLBW survivors.
Learning disabilities, borderline to low average IQ scores, behavioral
concerns and specific neuropsychological deficits become obvious
only with increasing demands faced by the child with resulting
effects on academic performance, social interactions and behavior
regulation [41].

Thus, despite only 10% of our cohort having FSIQ<70, 46%
needed rehabilitative services at 5.5 years. Although the MDI<70
could not predict FSIQ<70, it was independently associated with the
need for rehabilitative services at 5.5 years. In other studies, 25-62%
of school age ELBW infants have needed this extra assistance [43,44].

Our study’s strength included its longitudinal design with a good
follow up rate, of 87% at 2 years, 78% at 5.5 years and 72% at both the
ages, with in the recommended 70-90% rates for valid interpretation
of outcome studies [45]. Data capture included neonatal morbidity,
parents’ socioeconomic and educational status and the functional
impact reflected by the need for rehabilitative services.

We recognize limitations imposed by single center data and
absence of term controls. However, as our hospital manages two
thirds of the national ELBW population, our study reflects the
national cohort well. Another limitation was the lack of information
about preschool attendance, parenting styles or ongoing medical
concerns; lastly, our observation on the higher proportion of Malay
children with significant delay may be biased due to their higher
attrition rate on follow up.

Normal developmental scores at 2 years may be helpful to
reassure parents and conserve resources in high risk follow-up
programs. School age follow-up of ELBW survivors into is important
as significant delay at 2 years is a poor predictor of cognitive delay
beyond 5 years. IQ scores should not be the only outcome measure
in the light of later high prevalence/low severity dysfunctions.
Furthermore, predictive validity of the five-year assessment for later
childhood and early adulthood outcomes needs further evaluation.

References

1. Vohr BR, Wright LL, Poole WK, McDonald SA. Neurodevelopmental
outcomes of extremely low birth weight infants<32 weeks’ gestation between
1993 and 1998. Pediatrics. 2005; 116: 635-643.

2. Stephens BE, Vohr BR. Neurodevelopmental outcome of the premature
infant. Pediatr Clin North Am. 2009; 56: 631-646.

3. Hintz SR, Kendrick DE, Vohr BR, Poole WK, Higgins RD. Changes in
neurodevelopmental outcomes at 18 to 22 months’ corrected age among
infants of less than 25 weeks’ gestational age born in 1993-1999. Pediatrics.
2005; 115: 1645-1651.

4. Claas MJ, Bruinse HW, Koopman C, van Haastert IC, Peelen LM, de Vries
LS. Two-year neurodevelopmental outcome of preterm born children <750 g
at birth. Arch Dis Child Fetal Neonatal Ed. 2011.

5. Abily-Donval L, Pinto-Cardoso G, Chadie A, Guerrot AM, Torre S, Rondeau
S, et al. Comparison in outcomes at two-years of age of very preterm infants
born in 2000, 2005 and 2010. PLoS One. 2015.

6. Patel RM. Short- and Long-Term Outcomes for Extremely Preterm Infants.
Am J Perinatol. 2016: 33: 318-328.

7. Wilson-Costello D, Friedman H, Minich N, Fanaroff AA, Hack M. Improved
survival rates with increased neurodevelopmental disability for extremely low
birth weight infants in the 1990s. Pediatrics. 2005: 115: 997-1003.

8. Wilson-Costello D, Friedman H, Minich N, Siner B, Taylor G, Schluchter M,
et al. Improved neurodevelopmental outcomes for extremely low birth weight
infants in 2000-2002. Pediatrics. 2007; 119: 37-45.

9. Aylward GP. Cognitive and neuropsychological outcomes: more than 1Q
scores. Ment Retard Dev Disabil Res Rev. 2002; 8: 234-240.

10. Vohr BR. Neurodevelopmental outcomes of extremely preterm infants. Clin
Perinatol. 2014; 41: 241-255.

11. Barre N, Morgan A, Doyle LW, Anderson PJ. Language abilities in children
who were very preterm and/or very low birth weight: a meta-analysis. J
Pediatr. 2011; 158: 766-774.

12. Luu TM, Ment L, Allan W, Schneider K, Vohr BR. Executive and memory
function in adolescents born very preterm. Pediatrics. 2011.

13. Aarnoudse-Moens CS, Weisglas-Kuperus N, van Goudoever JB, Oosterlaan
J. Meta-analysis of neurobehavioral outcomes in very preterm and/or very
low birth weight children. Pediatrics. 2009. 124: 717-728.

14. Doyle LW, Crowther CA, Middleton P, Marret S, Rouse D. Magnesium
sulphate for women at risk of preterm birth for neuroprotection of the fetus.
Cochrane Database Syst Rev. 2009.

15. Fowlie PW, Davis PG, McGuire W. Prophylactic intravenous indomethacin
for preventing mortality and morbidity in preterm infants. Cochrane Database
Syst Rev. 2010.

Submit your Manuseript | www.austinpublishinggroup.com

J Pediatr & Child Health Care 2(2): id1018 (2017) - Page - 05


https://www.ncbi.nlm.nih.gov/pubmed/16143580
https://www.ncbi.nlm.nih.gov/pubmed/16143580
https://www.ncbi.nlm.nih.gov/pubmed/16143580
https://www.ncbi.nlm.nih.gov/pubmed/19501696
https://www.ncbi.nlm.nih.gov/pubmed/19501696
https://www.ncbi.nlm.nih.gov/pubmed/15930228
https://www.ncbi.nlm.nih.gov/pubmed/15930228
https://www.ncbi.nlm.nih.gov/pubmed/15930228
https://www.ncbi.nlm.nih.gov/pubmed/15930228
https://www.ncbi.nlm.nih.gov/pubmed/20530098
https://www.ncbi.nlm.nih.gov/pubmed/20530098
https://www.ncbi.nlm.nih.gov/pubmed/20530098
https://www.ncbi.nlm.nih.gov/pubmed/25658321
https://www.ncbi.nlm.nih.gov/pubmed/25658321
https://www.ncbi.nlm.nih.gov/pubmed/25658321
https://www.ncbi.nlm.nih.gov/pubmed/15805376
https://www.ncbi.nlm.nih.gov/pubmed/15805376
https://www.ncbi.nlm.nih.gov/pubmed/15805376
https://www.ncbi.nlm.nih.gov/pubmed/17200269
https://www.ncbi.nlm.nih.gov/pubmed/17200269
https://www.ncbi.nlm.nih.gov/pubmed/17200269
https://www.ncbi.nlm.nih.gov/pubmed/12454899
https://www.ncbi.nlm.nih.gov/pubmed/12454899
https://www.ncbi.nlm.nih.gov/pubmed/24524458
https://www.ncbi.nlm.nih.gov/pubmed/24524458
https://www.ncbi.nlm.nih.gov/pubmed/21146182
https://www.ncbi.nlm.nih.gov/pubmed/21146182
https://www.ncbi.nlm.nih.gov/pubmed/21146182
https://www.ncbi.nlm.nih.gov/pubmed/19651588
https://www.ncbi.nlm.nih.gov/pubmed/19651588
https://www.ncbi.nlm.nih.gov/pubmed/19651588
https://www.ncbi.nlm.nih.gov/pubmedhealth/PMH0012930/
https://www.ncbi.nlm.nih.gov/pubmedhealth/PMH0012930/
https://www.ncbi.nlm.nih.gov/pubmedhealth/PMH0012930/
https://www.ncbi.nlm.nih.gov/pubmed/20614421
https://www.ncbi.nlm.nih.gov/pubmed/20614421
https://www.ncbi.nlm.nih.gov/pubmed/20614421

Agarwal P

Austin Publishing Group

16.

1

~

18.

19.

20.

21.

2

N

23.

24.

25.

26.

27.

28.

29.

30.

Schmidt B, Roberts RS, Davis P, Doyle LW, Barrington KJ, Ohlsson A, et al.
Long-term effects of caffeine therapy for apnea of prematurity. N Engl J Med.
2007; 357: 1893-1902.

. Pignotti MS, Donzelli G. Perinatal care at the threshold of viability: an

international comparison of practical guidelines for the treatment of extremely
preterm births. Pediatrics. 2008.

Doyle LW, Anderson PJ, Battin M, Bowen JR, Brown N, Callanan C, et al.
Long term follow up of high risk children: who, why and how? BMC Pediatr.
2014; 14: 279.

Roberts G, Anderson PJ, Doyle LW. The stability of the diagnosis of
developmental disability between ages 2 and 8 in a geographic cohort of very
preterm children born in 1997. Arch Dis Child. 2010; 95: 786-790.

Hack M, Taylor HG, Drotar D, Schluchter M, Catar L, Wilson-Costello D,
et al. Poor predictive validity of the Bayley Scales of Infant Development
for cognitive function of extremely low birth weight children at school age.
Pediatrics. 2005; 116: 333-341.

Ment LR, Vohr BR, Allan W, Katz KH, Schneider KC, Westerveld M, et al.
Change in cognitive function over time in very low-birth-weight infants. JAMA.
2003; 289: 705-711.

. Luttikhuizen dos Santos ES, de Kieviet JF, Kdnigs M, van Elburg RM,

Oosterlaan J. Predictive value of the Bayley scales of infant development on
development of very preterm/very low birth weight children: a meta-analysis.
Early Hum Dev. 2013; 89: 487-496.

Agarwal P, Sriram B, Rajadurai VS. Neonatal outcome of extremely preterm
Asian infants < 28 weeks over a decade in the new millennium. J Perinatol.
2015; 35: 297-303.

Nancy Bayley. Bayley Scales of Infant Development Il. Psychological Corp.
1993.

David Wechsler. Wechsler Preschool and Primary Scale of Intelligence. The
Psychological Corporation. 1995.

Vohr BR, Wright LL, Dusick AM, Perritt R, Poole WK, Tyson JE, et al. Center
differences and outcomes of extremely low birth weight infants. Pediatrics.
2004; 113: 781-789.

Leversen KT, Sommerfelt K, Elgen IB, Eide GE, Irgens LM, Juliusson PB,
et al. Prediction of outcome at 5 years from assessments at 2 years among
extremely preterm children: a Norwegian national cohort study. Acta Paediatr.
2012; 101: 264-270.

Anderson PJ, Doyle LW. Neurodevelopmental outcome of bronchopulmonary
dysplasia. Semin Perinatol. 2006; 30: 227-232.

Adams-Chapman |, Stoll BJ. Neonatal infection and long-term
neurodevelopmental outcome in the preterm infant. Curr Opin Infect Dis.
2006; 19: 290-297.

Schmidt B, Asztalos EV, Roberts RS, Robertson CM, Sauve RS, Whitefield
MF, et al. Impact of bronchopulmonary dysplasia, brain injury, and severe
retinopathy on the outcome of extremely low-birth-weight infants at 18
months: results from the trial of indomethacin prophylaxis in preterms. JAMA.
2003; 289: 1124-1129.

3

ey

3

N

3

w

34.

35.

3

(o)

3

3

38.

39.

40.

41.

42.

43.

44,

45.

. Stoinska B, Gadzinowski J. Neurological and developmental disabilities in

ELBW and VLBW: follow-up at 2 years of age. J Perinatol. 2011; 31: 137-142.

. Potharst ES, Houtzager BA, van Sonderen L Tamminga P, Kok JH, Last BF,

et al. Prediction of cognitive abilities at the age of 5 years using developmental
follow-up assessments at the age of 2 and 3 years in very preterm children.
Dev Med Child Neurol. 2012; 54: 240-246.

. 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: 1162-1172.

Koller H, Lawson K, Rose SA, Wallace |, McCarton C. Patterns of cognitive
development in very low birth weight children during the first six years of life.
Pediatrics. 1997; 99: 383-389.

Howard K, Roberts G, Lim J, Lee KJ, Barre N, Treyvaud K, et al. Biological
and environmental factors as predictors of language skills in very preterm
children at 5 years of age. J Dev Behav Pediatr. 2011; 32: 239-249.

. Orchinik LJ, Taylor HG, Espy KA, Minich N, Klein N, Scheffield T, et al.

Cognitive outcomes for extremely preterm/extremely low birth weight children
in kindergarten. J Int Neuropsychol Soc. 2011; 17: 1067-1079.

. Patrianakos-Hoobler Al, Msall ME, Huo D, Marks JD, Plesha-Troyke S,

Schreiber MD. Predicting school readiness from neurodevelopmental
assessments at age 2 years after respiratory distress syndrome in infants
born preterm. Dev Med Child Neurol. 2010; 52: 379-385.

Duncan AF, Watterberg KL, Nolen TL, Vohr BR, Adams-Chapman I, Das A,
et al. Effect of ethnicity and race on cognitive and language testing at age
18-22 months in extremely preterm infants. J Pediatr. 2012; 160: 966-971.

Kilbride HW, Thorstad K, Daily DK. Preschool outcome of less than 801-gram
preterm infants compared with full-term siblings. Pediatrics. 2004; 113: 742-
747.

Kitchen WH, Rickards AL, Ford GW, Doyle LW, Kelly E, Ryan MM. Selective
improvement in cognitive test scores of extremely low birthweight infants
aged between 2 and 5 years. Aust Paediatr J. 1989; 25: 288-291.

Aylward GP. Neurodevelopmental outcomes of infants born prematurely. J
Dev Behav Pediatr. 2005; 26: 427-440.

Marlow N, Wolke D, Bracewell MA, Samara M. Neurologic and Developmental
Disability at Six Years of Age after Extremely Preterm Birth. N Engl J Med.
2005; 352: 9-19.

Saigal S, den Ouden L, Wolke D, Hoult L, Paneth N, Streiner DL, et al.
School-Age Outcomes in Children Who Were Extremely Low Birth Weight
From Four International Population-Based Cohorts. Pediatrics. 2003; 112:
943-950.

Agarwal P, Lim SB. Long-term follow-up and outcome of extremely-low-birth-
weight (ELBW) infants. Ann Acad Med Singapore. 2003; 32: 346-353.

Vohr BR, Msall ME. Neuropsychological and functional outcomes of very low
birth weight infants. Semin Perinatol. 1997; 21: 202-220.

J Pediatr & Child Health Care - Volume 2 Issue 2 - 2017
Submit your Manuscript | www.austinpublishinggroup.com
Agarwal et al. © All rights are reserved

Citation: Agarwal P, Lim WY, Yang PH, Rajadurai VS, Khoo PC, Quek BH, et al. Can Neonatal Morbidity and 2
Year Outcome Predict Cognitive Delay at 5 Years in Extremely Low Birth Weight (ELBW) Infants?. J Pediatr &
Child Health Care. 2017; 2(2): 1018.

Submit your Manuseript | www.austinpublishinggroup.com

J Pediatr & Child Health Care 2(2): id1018 (2017) - Page - 06


https://www.ncbi.nlm.nih.gov/pubmed/17989382
https://www.ncbi.nlm.nih.gov/pubmed/17989382
https://www.ncbi.nlm.nih.gov/pubmed/17989382
https://www.ncbi.nlm.nih.gov/pubmed/18166538
https://www.ncbi.nlm.nih.gov/pubmed/18166538
https://www.ncbi.nlm.nih.gov/pubmed/18166538
https://www.ncbi.nlm.nih.gov/pubmed/25399544
https://www.ncbi.nlm.nih.gov/pubmed/25399544
https://www.ncbi.nlm.nih.gov/pubmed/25399544
https://www.ncbi.nlm.nih.gov/pubmed/19828882
https://www.ncbi.nlm.nih.gov/pubmed/19828882
https://www.ncbi.nlm.nih.gov/pubmed/19828882
https://www.ncbi.nlm.nih.gov/pubmed/16061586
https://www.ncbi.nlm.nih.gov/pubmed/16061586
https://www.ncbi.nlm.nih.gov/pubmed/16061586
https://www.ncbi.nlm.nih.gov/pubmed/16061586
https://www.ncbi.nlm.nih.gov/pubmed/12585948
https://www.ncbi.nlm.nih.gov/pubmed/12585948
https://www.ncbi.nlm.nih.gov/pubmed/12585948
https://www.ncbi.nlm.nih.gov/pubmed/23597678
https://www.ncbi.nlm.nih.gov/pubmed/23597678
https://www.ncbi.nlm.nih.gov/pubmed/23597678
https://www.ncbi.nlm.nih.gov/pubmed/23597678
https://www.ncbi.nlm.nih.gov/pubmed/25654364
https://www.ncbi.nlm.nih.gov/pubmed/25654364
https://www.ncbi.nlm.nih.gov/pubmed/25654364
http://www.innovact.co.za/Bayley Scales of Infant Development, Second Edition (BSID-II.htm
http://www.innovact.co.za/Bayley Scales of Infant Development, Second Edition (BSID-II.htm
http://cps.nova.edu/~cpphelp/WPPSI-R.html
http://cps.nova.edu/~cpphelp/WPPSI-R.html
https://www.ncbi.nlm.nih.gov/pubmed/15060228
https://www.ncbi.nlm.nih.gov/pubmed/15060228
https://www.ncbi.nlm.nih.gov/pubmed/15060228
https://www.ncbi.nlm.nih.gov/pubmed/22026562
https://www.ncbi.nlm.nih.gov/pubmed/22026562
https://www.ncbi.nlm.nih.gov/pubmed/22026562
https://www.ncbi.nlm.nih.gov/pubmed/22026562
https://www.ncbi.nlm.nih.gov/pubmed/16860163
https://www.ncbi.nlm.nih.gov/pubmed/16860163
https://www.ncbi.nlm.nih.gov/pubmed/16645492
https://www.ncbi.nlm.nih.gov/pubmed/16645492
https://www.ncbi.nlm.nih.gov/pubmed/16645492
https://www.ncbi.nlm.nih.gov/pubmed/12622582
https://www.ncbi.nlm.nih.gov/pubmed/12622582
https://www.ncbi.nlm.nih.gov/pubmed/12622582
https://www.ncbi.nlm.nih.gov/pubmed/12622582
https://www.ncbi.nlm.nih.gov/pubmed/12622582
https://www.ncbi.nlm.nih.gov/pubmed/20634795
https://www.ncbi.nlm.nih.gov/pubmed/20634795
https://www.ncbi.nlm.nih.gov/pubmed/22188215
https://www.ncbi.nlm.nih.gov/pubmed/22188215
https://www.ncbi.nlm.nih.gov/pubmed/22188215
https://www.ncbi.nlm.nih.gov/pubmed/22188215
https://www.ncbi.nlm.nih.gov/pubmed/26457641
https://www.ncbi.nlm.nih.gov/pubmed/26457641
https://www.ncbi.nlm.nih.gov/pubmed/26457641
https://www.ncbi.nlm.nih.gov/pubmed/9041293
https://www.ncbi.nlm.nih.gov/pubmed/9041293
https://www.ncbi.nlm.nih.gov/pubmed/9041293
https://www.ncbi.nlm.nih.gov/pubmed/21317804
https://www.ncbi.nlm.nih.gov/pubmed/21317804
https://www.ncbi.nlm.nih.gov/pubmed/21317804
https://www.ncbi.nlm.nih.gov/pubmed/21923973
https://www.ncbi.nlm.nih.gov/pubmed/21923973
https://www.ncbi.nlm.nih.gov/pubmed/21923973
https://www.ncbi.nlm.nih.gov/pubmed/20002128
https://www.ncbi.nlm.nih.gov/pubmed/20002128
https://www.ncbi.nlm.nih.gov/pubmed/20002128
https://www.ncbi.nlm.nih.gov/pubmed/20002128
https://www.ncbi.nlm.nih.gov/pubmed/22269248
https://www.ncbi.nlm.nih.gov/pubmed/22269248
https://www.ncbi.nlm.nih.gov/pubmed/22269248
https://www.ncbi.nlm.nih.gov/pubmed/15060222
https://www.ncbi.nlm.nih.gov/pubmed/15060222
https://www.ncbi.nlm.nih.gov/pubmed/15060222
https://www.ncbi.nlm.nih.gov/pubmed/16344661
https://www.ncbi.nlm.nih.gov/pubmed/16344661
https://www.ncbi.nlm.nih.gov/pubmed/15635108
https://www.ncbi.nlm.nih.gov/pubmed/15635108
https://www.ncbi.nlm.nih.gov/pubmed/15635108
http://pediatrics.aappublications.org/content/112/4/943
http://pediatrics.aappublications.org/content/112/4/943
http://pediatrics.aappublications.org/content/112/4/943
http://pediatrics.aappublications.org/content/112/4/943
https://www.ncbi.nlm.nih.gov/pubmed/12854378
https://www.ncbi.nlm.nih.gov/pubmed/12854378
https://www.ncbi.nlm.nih.gov/pubmed/9205976
https://www.ncbi.nlm.nih.gov/pubmed/9205976

	Title
	Abstract
	Introduction
	Materials and Methods
	Statistical analysis

	Results
	Risk factors for significant delay
	Comparison of delay between 2 and 5.5 years

	Discussion
	Delay at 2 and 5.5 years
	Predictive validity
	The need for rehabilitative services at 5.5 years

	References
	Figure 1
	Table 1
	Table 2
	Table 3
	Table 4

