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Abstract

Objective—This study aimed to examine attention and processing speed outcomes in very
preterm (VPT; <32 weeks' gestational age) or very low birth weight (VLBW; <1500 g) children,
and to assess the ability of brain abnormalities measured by neonatal magnetic resonance imaging
(MRI) to predict outcome in these domains.

Methods—A cohort of 198 children born <30 weeks' gestational age and/or <1250 g and 70 term
controls were examined. Neonatal MRI scans at term equivalent age were quantitatively assessed
for white matter, cortical gray matter, deep gray matter, and cerebellar abnormalities. Attention
and processing speed were assessed at 7 years using standardized neuropsychological tests. Group
differences were tested in attention and processing speed, and the relationships between these
cognitive domains and brain abnormalities at birth were investigated.
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Results—At 7 years of age, the VPT/VLBW group performed significantly poorer than term
controls on all attention and processing speed outcomes. Associations between adverse attention
and processing speed performances at 7 years and higher neonatal brain abnormality scores were
found; in particular, white matter and deep gray matter abnormalities were reasonable predictors
of long-term cognitive outcomes.

Conclusion—Attention and processing speed are significant areas of concern in VPT/VLBW
children. This is the first study to show that adverse attention and processing speed outcomes at 7
years are associated with neonatal brain pathology.

Keywords

VPT; very preterm; VLBW, very low birth weight; MRI; magnetic resonance imaging; attention;
processing speed

Introduction

Since the 1980s, the survival rate of very preterm (VPT; <32 weeks' gestational age [GA])
newborns has been steadily increasing due to improvements made in obstetric and neonatal
care (Saigal & Doyle, 2008). Children born VPT are at increased risk of a spectrum of
neurosensory impairments including cerebral palsy, deafness and blindness (Arpino et al.,
2010). These disabilities are, however, relatively uncommon, and the VPT child is instead
more likely to suffer from cognitive, educational and behavioral problems (P. J. Anderson &
Doyle, 2003; Aylward, 2005; Bhutta, Cleves, Casey, Cradock, & Anand, 2002; Hutchinson
etal., 2013; Salt & Redshaw, 2006). Attention and processing speed deficits, in particular,
are a major area of concern for children born early as these skills form the building blocks
from which other cognitive skills develop (Rose, Feldman, Jankowski, & Van Rossem,
2008, 2011). While no study to date has looked at whether these deficits have an underlying
structural basis, given the high risk of brain pathology in this population (Cheong et al.,
2009; Inder, Wells, Mogridge, Spencer, & Volpe, 2003; S. P. Miller et al., 2005) it is
predicted that a link might exist between neonatal pathology and later cognitive functioning
in the preterm child.

In the developing brain, any inefficiencies in the more elementary abilities, such as attention
and processing speed, can have substantial influence over the development of other, more
complex cognitive abilities (Rose, et al., 2008). Because these skills form the basis from
which other cognitive abilities develop (V. Anderson, Northam, Hendy, & Wrennall, 2001;
Rose, Feldman, & Jankowski, 2011), it is important to identify early problems within each
of these domains in order to potentially limit more widespread cognitive deficits.

While early models of attention conceptualized the construct as a single entity (Broadbent,
1958; Deutsch & Deutsch, 1963), it is now widely accepted that attention is a complex
cognitive domain, made up of numerous components. The two most influential
neuropsychological models of attention were proposed by Mirksy and colleagues and Posner
and colleagues (P. J. Anderson et al., 2011). Mirsky's model is made up of four factors
(selective attention, sustained attention, shifting and encoding), which are based on principal
component analysis of neuropsychological test scores (Mirsky, Anthony, Duncan, Ahearn,
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& Kellam, 1991; Mirsky & Duncan, 2001). Selective attention is described as the capacity to
focus on relevant stimuli and ignore irrelevant information, whereas sustained attention is
defined as the maintenance of a focused and alert state. Shifting is described as the ability to
transfer attention from one activity to another, while encoding is defined as the capacity to
hold information in mind while performing other cognitive tasks. Miller's school
neuropsychological conceptual model (D. C. Miller, 2007, 2010) extended on Mirsky's work
by adding a fifth attention factor known as divided attention. Divided attention is a higher-
order attention ability, similar to shifting, which requires the individual to respond to
multiple stimuli simultaneously. Posner's model is similar in many respects, but divides
attention into three functional domains (orienting, alerting, and executive control), each with
its own underlying structural network (Petersen & Posner, 2012; M. I. Posner & Petersen,
1990; Posner & Peterson, 1990; M.I. Posner, Sheese, Odludas & Tang, 2006). The orienting
network, similar to selective attention, prioritizes sensory input by focusing attention to
relevant stimuli. The alerting network, similar to sustained attention, is responsible for
acquiring and maintaining an alert state, and the executive network broadly controls top-
down regulation of tasks and higher-order attentional capacity.

Van de Weijer-Bergsma et al. (2008) reviewed the literature on attention development in
young preterm (<37 weeks' GA) children. They concluded that early orienting, alerting and
executive attention skills were less optimal in preterm infants compared with term controls,
and that these differences increased over the first four years of life. A meta-analysis
conducted by Mulder et al. (2009) examined the attention skills of older preterm children in
comparison with term born controls and found marked impairment in selective and sustained
attention, but inconsistent findings for shifting ability. Divided attention has received little
consideration in the preterm literature. While Anderson et al. (2011) found poorer divided
attention capacity in a large representative sample of extremely preterm (EPT; <28 weeks'
GA\) children compared with full term controls at 8 years, no other study has assessed this
ability in the preterm child.

Processing speed refers to the ability to process information quickly and efficiently (Lezak,
Howieson, & Loring, 2004) and has also been found to be deficient in preterm children.
Deficits in processing speed have been found as early as 5 months and persist throughout the
first year of life (Rose, Feldman, & Jankowski, 2002, 2009). Cognitive slowing has also
been documented in later childhood, with studies showing processing speed deficits in low
birth weight (<2500 g)(Rose & Feldman, 1996), very low birth weight (VLBW; <1500 g)
(Bohm, Smedler, & Forssberg, 2004) and EPT/extremely low birth weight (<1000 g) (P. J.
Anderson & Doyle, 2003; Marlow, Wolke, Bracewell, Samara, & Grp, 2005) cohorts
compared with term controls.

Because attention and processing speed are intimately connected, many assessment tools
used to measure performance within these domains fail to isolate the two processes from one
another. In a recent meta-analysis investigating attention performance in preterm children,
Mulder et al., (2009) discussed the problem of task impurity within the context of
prematurity. They argued that, in the present literature, a depressed performance on a task
will often reflect impairment in multiple abilities rather than a single, specific difficulty.
They cautioned that, when selecting measures to assess development in preterm children, it
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is important to choose measures with minimal contamination, so that genuine difficulties can
be identified.

A likely contributor to inattention and slowed processing speed in preterm children is brain
pathology incurred in the perinatal period. While the most severe neuropathology associated
with prematurity is high-grade intraventricular hemorrhage (IVH) and cystic periventricular
leukomalacia (PVL), the most prevalent form of pathology affecting VPT infants is non-
cystic or diffuse PVL (Back, Riddle, & McClure, 2007; Boardman & Dyet, 2007; Inder,
Wells, et al., 2003). On MR, diffuse PVL is reflected in white matter signal abnormalities,
enlarged lateral ventricles, white matter volume loss, delay in myelination, and thinning of
the corpus callosum (Inder, Anderson, Spencer, Wells, & Volpe, 2003; Inder, Wells, et al.,
2003; Woodward, Anderson, Austin, Howard, & Inder, 2006). MRI studies show evidence
of diffuse PVL and its associated neuronal/axonal deficits in approximately 50% of VPT
infants (Cheong, et al., 2009; Inder, Wells, et al., 2003; S. P. Miller, et al., 2005). This
pathology often results in impaired myelination and failure of axonal development, leading
to reduced white matter volume and enlargement of the lateral ventricles (Inder, Wells, et
al., 2003; Maalouf et al., 1999; Woodward, et al., 2006). In addition, dysfunctional growth
and development occurs within interacting structures of the brain, including the cerebral
cortex, thalamus, basal ganglia, brainstem and cerebellum (Volpe, 2009).

The rate of brain pathology (particularly diffuse PVL) in VPT infants is relatively consistent
with the percentage of VPT children that later present with neurobehavioral problems,
leading to speculation that the former might be predictive of the latter (Boardman & Dyet,
2007). Limited studies have examined the impact of brain pathology on functioning in the
preterm population and most have reported on short-term outcomes only. Previous studies
have found associations between white and gray matter abnormalities on MRI at term
equivalent age and motor and neurosensory impairment (Aida et al., 1998; Kwong, Wong,
Fong, Wong, & So, 2004; Mirmiran et al., 2004; Spittle et al., 2011; Woodward, et al.,
2006), executive dysfunction (Beauchamp et al., 2008; Clark & Woodward, 2010; Edgin et
al., 2008; Woodward, Clark, Bora, & Inder, 2012; Woodward, Clark, Pritchard, Anderson,
& Inder, 2011; Woodward, Edgin, Thompson, & Inder, 2005), memory (Omizzolo et al.,
2013), and global developmental delay (Dyet et al., 2006; Inder, Warfield, Wang, Huppi, &
Volpe, 2005; S. P. Miller, et al., 2005; Peterson et al., 2003; Woodward, et al., 2006).
Longer-term follow-up is necessary to determine which neurodevelopmental functions
remain deficient over time. Despite the known influence that attention and processing speed
abilities have on other cognitive domains (Rose, et al., 2008; Rose, Feldman, Jankowski, et
al., 2011), these basic functions are yet to be fully characterized in the VPT child. Further,
few studies have examined the potential neural mechanisms that underlie these cognitive
impairments. This study aims to characterize the attention and processing speed profiles of
VPT/VLBW children. It will also examine the relationship between abnormal MRI findings
at term equivalent age and attention and processing speed outcomes at 7 years.
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Materials and Methods

Participants

Two hundred and twenty seven VPT/VLBW participants were included in the Victorian
Infant Brain Studies (VIBeS) cohort, originally recruited at birth from the Royal Women's
Hospital, Melbourne, Australia, during July 2001 to December 2003. In order to target the
highest risk infants, selection criteria included either a gestational age prior to 30 weeks or a
birth weight of <1250 g. Although 227 VPT/VLBW participants were recruited, two
children died in early childhood and one was later excluded due to a late diagnosis of
congenital infection known to affect developmental outcome, leaving 224 infants. A control
group of 77 term (37-42 weeks' GA) and normal birth weight (=2500g) children were also
recruited; 46 were recruited during the neonatal period from the Royal Women's Hospital
and the remaining 31 were recruited at 2 years of age from maternal-infant health centers.
Previous follow-up assessments have been performed at ages 2 and 5 years, corrected for
prematurity (Thompson, Wood, Doyle, Warfield, Lodygensky, et al., 2008; Roberts, Lim,
Doyle, & Anderson 2011; Treyvaud, Doyle, Lee, Roberts, Lim, et al., 2012). At the 7 year
follow-up, 198 VPT/VLBW (88%) and 70 control (91%) children were assessed. The
Human Research Ethics Committees of the Royal Women's Hospital and the Royal
Children's Hospital approved the study. Informed consent was obtained from the parents or
guardians of all participants.

Procedure and Measures

T4 and T, imaging occurred at term-equivalent age (37-42 weeks' GA) on 222 VPT/VLBW
and 46 term born infants at the Royal Children's Hospital, Melbourne, with a 1.5 Tesla MRI
scanner (Signa LX Echospeed System; General Electric, Milwaukee, WI). Two VPT/VLBW
infants were scanned outside the term-equivalent window and were excluded from the
imaging analysis. In order to reduce motion, infants were placed in a Vac Fix beanbag
unsedated (S&S Par Scientific, Odense, Denmark). Brain abnormality was determined using
a rating system described previously (Kidokoro, Neil, & Inder, 2013). The scoring system
gives an overall rating of white matter, cortical gray matter, deep gray matter and cerebellar
abnormality, with individual items scored on a scale of 0 to 4. These scales are summated to
generate an overall global score (ranging from 0-40), where higher values indicate more
brain abnormality. Ratings were made by an experienced neonatal neurologist.

Participants also underwent comprehensive neuropsychological assessment at 7 years'
corrected age at the Royal Children's Hospital which included measures of general
intellectual function, language, visuoperceptual reasoning, memory, and executive function
in addition to attention and processing speed. A psychologist or post-graduate psychology
trainee conducted the neuropsychological assessment. All assessors were blinded to medical
information and group membership. Primary caregivers were also asked to complete a set of
questionnaires about the child and the family dynamics. Attention, processing speed and
social risk measures were taken from a larger assessment battery and are outlined below.
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The Test of Everyday Attention for Children (TEA-Ch) (Manly, Robertson, Anderson, &
Nimmo-Smith, 1999)

The TEA-Ch is a reliable and valid battery of nine subtests designed to measure attention
processes in children (Manly et al., 2001; Manly, et al., 1999). Four subtests were
administered. 1) Sky Search, which assesses visual selective attention, requires participants
to circle targets among distracters under time constraints. The number of correct targets
identified (maximum=20) was the variable used in this study. 2) Score!, which assesses
auditory sustained attention, requires participants to count the number of intermittent tones
presented on an audiotape. The variable of interest was the number of correct counting trials
(maximum=10). 3) Creature Counting, which assesses shifting ability, is a task where
children are required to count visual targets. Participants are required to inhibit a previous
response (e.g., counting forward) when presented with a signal (up or down arrow) and
switch to a new response type (e.g., counting backward). The number of correct trials
(maximum =7) was the variable of interest for this task. 4) Sky Search Dual Task (DT),
which assesses divided attention, requires participants to perform activities similar to the
Sky Search and Score! tasks simultaneously. Performance on this task was judged using an
algorithm that takes into account accuracy on both tasks (P. J. Anderson, et al., 2011).

CogState Research (CogState Ltd., Melbourne Australia)

Social Risk

CogsState is a reliable and valid computerized battery of cognitive tests designed for
repeatable use within research and clinical settings (Collie, Maruff, Darby, & McStephen,
2003; Maruff et al., 2009). Two of the tests, Detection and Identification, were selected for
use, which are suitable for participants aged 6 to 106 years. The Detection task is a simple
measure of psychomotor function and processing speed. Participants are presented with the
back of a playing card in the center of the computer screen and they respond (by pressing the
“yes” key) upon seeing the face of the card. The Identification task measures visual attention
and vigilance in addition to processing speed. The back of a single playing card is presented
in the center of the screen; participants respond to the question “Is the card red?” by pressing
the “yes” or “no” key when the card turns over. The unit of measurement for these tasks is
the 1og10 of the reaction time recorded in milliseconds as these responses are generally non-
normally distributed. As such, the variable of interest from these two tasks was the mean of
the log10-transformed reaction times for correct responses.

A questionnaire was used to determine social risk based on a number of indicators: family
structure (0 = family intact, 1 = separated/dual custody or cared for by another intact family
member such as grandparents, 2 = single caregiver or foster care), education of the primary
caregiver (0 = tertiary, 1 = completed year 11 or 12, 2 = completed below year 11),
occupation of the primary income earner (0 = skilled/professional, 1 = semi-skilled, 2 =
unskilled), employment status of the primary income earner (0 = full-time, 1 = part-time, 2 =
unemployed/pension), dominant language spoken in the home (0 = English only, 1 = some
English, 2 = no English), and maternal age at birth (0 = >21 years, 1 = 18-21 years, 2 = <18
years). Each child received a social risk score ranging from 0-12, a higher score indicating
greater social risk (Roberts et al., 2008).
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Statistical Analyses

Results

All data from the neonatal period and 7 year follow-up were analyzed in Stata 12.0
(StataCorp, College Station, Texas). Differences between the VPT/VLBW and term groups
on demographic and perinatal characteristics were analyzed using simple linear regressions
or Mann-Whitney U tests (conducted for variables with skewness values > or < than 0 and
kurtosis values > or < 3) for continuous variables, and x2 analyses or Fisher exact tests for
categorical variables. For the primary analyses, children were excluded if the task could not
be completed due to external factors (e.g., faulty equipment) or if a child was too cognitively
impaired to complete the task (e.g., did not meet the minimum requirements or did not
understand the task). Bivariable (unadjusted) and multivariable (adjusted) linear regression
models were used to examine group differences on outcome measures and the relationships
between these measures and brain abnormality. Multivariable models controlled for age at
testing, social risk, gender and severe intellectual disability by excluding children with an
1Q<70 (n = 3). These children were excluded to ensure that group differences and/or
associations were not due to a small number of significantly impaired children in the VPT
group. These covariates were included because the VPT and term groups differ on these
variables and/or they are known to influence outcome measures of attention (Frazier,
Demaree, & Youngstrom, 2004; Pascualvaca et al., 1997; Salt & Redshaw, 2006).
Secondary analyses were also performed, in which children who were too cognitively
impaired to assess were assigned a score of 3 standard deviations below the mean of the
term group. These analyses increased the sample sizes of the subtests by 3-19% (Sky Search
= 3% increase, Score! = 7% increase, Creature Counting = 19% increase, Sky Search DT =
11% increase, Detection task = 5% increase, Identification task = 6% increase). Given the
large proportion of twins and triplets in the sample, the Huber/White/Sandwich method was
used, which assumes independence across families but not within. This model is the
preferred modeling technique for twin/triplet data and it alters the standard error but not the
primary parameters of the model (Carlin, Gurrin, Sterne, Morley, & Dwyer, 2005). The odds
of impairment on the outcome measures, defined as more than 1 standard deviation below
the term group mean (P. J. Anderson, et al., 2011; Omizzolo, et al., 2013), were compared
between the two groups using unadjusted logistic regression (clustering using the Huber/
White/Sandwich method). Rather than relying solely on p values, results were interpreted
based on the profile and magnitude of group differences and associations.

The demographic and perinatal characteristics of the sample are displayed in Table 1. As
expected, the VPT/VLBW group differed from the term group on perinatal medical
variables such as Apgar score, episodes of sepsis, patent ductus arteriosus,
bronchopulmonary dysplasia, length of hospital stay, as well as antenatal and postnatal
corticosteroids. The VPT/VLBW sample also had a lower proportion of singletons and a
higher level of social risk compared with the term group.

The VPT/VLBW group significantly underperformed on all attention and processing speed
measures compared with the term control group (Table 2). Group differences remained
significant on all but one measure (Identification task) after controlling for age at testing,
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social risk, gender and 1Q. A similar pattern of results was found when children unable to be
tested because of cognitive impairment were included (data not shown).

Impairment rates for the VPT/VLBW group ranged from 38-52% on the attention measures,
with the rate of impairment being 2.9 to 3.5 times greater in the VPT/VLBW group
compared with the term group (Table 3). The rate of impairment on the measures of
processing speed for the VPT/VLBW group ranged from 18-24%, but this did not differ to
the rate observed in the term group (Table 3). Again, a similar pattern of results was found
in secondary analyses in which children too cognitively impaired to complete the task were
included (data not shown).

Neonatal brain MRI abnormality scores were predictive of adverse attention and processing
speed performances in the VPT/VLBW children at 7 years of age (see Figure 1). There was
evidence for an association between higher deep gray matter abnormality and poorer
performance across all attention domains and the choice reaction time task (Identification),
and these associations became stronger in the secondary analyses, which included the
children who were unable to complete these tasks. There was also some evidence that higher
white-matter abnormality scores were associated with poorer attention and slower
processing speed, particularly in the secondary analyses. Finally, there was evidence that
cerebellar abnormality was associated with poorer sustained, shifting and divided attention.

Discussion

In the current study VPT/VVLBW children performed significantly less well than their term
born peers on all measures of attention and processing speed at 7 years of age. Uniquely, we
also found significant associations between qualitative measures of brain abnormality on
MRI at term equivalent age and adverse attention and processing speed outcomes at 7 years
among VPT/VLBW children.

Our findings of poorer attention and slower processing speed in VPT/VLBW children
compared with term born children are consistent with previous work. While lower-order
domains of attention, such as selective and sustained attention, are consistently shown to be
impaired during infancy and childhood (Mulder, et al., 2009; van de Weijer-Bergsma, et al.,
2008), the literature has been inconclusive or limited when investigating higher-order
domains of attention, such as shifting and divided attention. Our study adds weight to the
literature reporting poorer shifting performance in the preterm population (Aarnoudse-
Moens, Weisglas-Kuperus, van Goudoever, & Oosterlaan, 2009; Mulder, Pitchford, &
Marlow, 2011b; Ni, Huang, & Guo, 2011; Rose, Feldman, & Jankowski, 2011; Woodward,
et al., 2011). It also contributes to the scarce literature on divided attention (P. J. Anderson,
et al., 2011), highlighting impairment within this subdomain in a VPT/VLBW group
compared with a healthy term control group. The finding of reduced processing speed in the
VPT/VLBW children is also consistent with previous research (P. J. Anderson & Doyle,
2003; Bohm, et al., 2004; Marlow, et al., 2005; Rose & Feldman, 1996; Rose, et al., 2002,
2009). These results highlight that attention and processing speed are significant areas of
concern in the VPT/VLBW child. Further follow-up of this cohort will help to determine
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whether this group demonstrates catch-up over time, or whether their deficits persist or
worsen with time.

This study is the first to show that impaired attention and processing speed is associated with
brain pathology observed on neonatal MRI. Specifically, the results showed that white
matter and deep gray matter brain abnormalities were predictive of both attention and
processing speed outcomes. Cerebellar abnormality was also predictive of the majority of
the attention outcomes. While many trending associations between brain abnormality and
outcome were observed in the primary analyses, these associations became more robust in
the secondary analyses when lower functioning children were included. These results
suggest that neonatal brain pathology has important consequences for longer-term, adverse
cognitive functioning in VPT/VLBW children.

Based on these findings we can speculate that white matter, deep gray matter and cerebellar
abnormalities at birth may be the neural mechanisms underlying the longer-term attention
and processing speed impairments that are typically observed in the preterm population. The
association between white matter abnormality and neurocognitive function is not at all
surprising given the high rate of diffuse PVL that exists in this population (Cheong, et al.,
2009; Inder, Anderson, et al., 2003; S. P. Miller, et al., 2005). Attention problems are known
to occur as a result of white matter abnormality, as evidenced by research into the clinical
syndrome of attention deficit hyperactivity disorder (ADHD). A meta-analysis conducted by
Valera et al. (2007) reported global reductions in white matter in the brains of ADHD
patients and a number of studies have identified specific white matter pathways as being
dysfunctional in ADHD, such as the cingulum bundles (Konrad et al., 2010; Makris et al.,
2008), the superior longitudinal fasciculi (Hamilton et al., 2008; Makris, et al., 2008), and
the corpus callosum (Cao et al., 2010). Cognitive slowing is also a characteristic pattern that
occurs in a number of clinical syndromes that are known to affect white matter, such as
multiple sclerosis (DeLuca, Chelune, Tulsky, Lengenfelder, & Chiaravalloti, 2004) and
traumatic brain injury (Mathias & Wheaton, 2007).

The deep gray matter and cerebellar associations are perhaps more puzzling but might also
be logical in light of the effects following diffuse white matter pathology. Diffuse white
matter lesions are thought to have secondary effects on other brain regions, occurring as a
result of degeneration following axonal deafferentiation (Volpe, 2009). In fact, a study of
VPT infants found that those with diffuse white matter lesions had more widespread
neuroanatomical abnormalities, particularly in the deep gray matter regions of the brain
(Boardman et al., 2006). Diffuse white matter lesions cause marked astrogliosis and
microgliosis, and in particular, a decrease in preoligodendrocytes (pre-OLs). This decrease
in pre-OLs is followed by an increase in oligodendroglial progenitors that fail to
differentiate into mature myelin producing cells. A lack of mature oligodendrocytes causes
impairment in myelination and a failure of axonal development (Boardman & Dyet, 2007;
Volpe, 2009). The neuronal/axonal disease accompanying diffuse white matter pathology
has been shown to affect interconnected regions of the brain, including the thalamus, basal
ganglia, and cerebellum (Pierson et al., 2007). Deep gray matter and cerebellar
abnormalities might be caused by problems with the microstructural organisation of large
white matter pathways, such as thalamocortical, frontostriatal and frontocerebellar tracts,
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connecting these structures with the cortex. Further, many of the white matter tracts passing
through deep gray matter and cerebellar regions have been found to relate to attention and
processing speed deficits (Ashtari et al., 2005; Casey et al., 2007; Cubillo, Halari, Smith,
Taylor, & Rubia, 2012; Turken et al., 2008).

As mentioned previously, many studies attempting to look at attention and/or processing
speed in the preterm population have used assessment techniques that fail to separate these
fundamental cognitive abilities from one another (Mulder, et al., 2009). The selected
measures of attention in the current study were chosen because they use accuracy instead of
speed of response as the outcome measure. From the current study, we can conclude that
both domains of attention and processing speed are problematic in the VPT/VLBW child.
The TEA-Ch was also selected because of its ability to assess each of the attention
subdomains independently. Previous studies have shown inconsistent findings when
profiling the subdomains of attention that are impaired in preterm cohorts relative to
controls. Some studies find deficits in all subdomains tested (P. J. Anderson, et al., 2011;
Hack et al., 1994; Mikkola et al., 2005; Snyder, Davis, Burns, & Robinson, 2007), while
other studies find impairment in only some of the subdomains of attention (Bayless &
Stevenson, 2007; Cserjesi et al., 2012; Mulder, Pitchford, & Marlow, 2011a; Olsen et al.,
1998; Pizzo et al., 2010; Taylor, Hack, & Klein, 1998). The current study was able to show
that both lower-order and higher-order subdomains of attention were impacted by
prematurity. Finally, while previous studies have demonstrated associations between the
presence of white and gray matter abnormalities on MRI at term equivalent age and the
subsequent risk of neurological (Aida, et al., 1998; Kwong, et al., 2004; Mirmiran, et al.,
2004; Spittle, et al., 2011; Woodward, et al., 2006) or global cognitive impairment (Dyet, et
al., 2006; Inder, et al., 2005; S. P. Miller, et al., 2005; Peterson, et al., 2003; Woodward, et
al., 2006), our study found MRI imaging at birth also has predictive value for later attention
and processing speed outcomes.

A proportion of the VPT/VLBW children were unable to complete some of the attention
tasks because of either an inability to understand the task instructions or an inability to meet
the cognitive demands of the task. This raises the question as to whether the TEA-Ch is
suitable for the assessment of attention in samples of high-risk children with considerable
heterogeneity. To our knowledge, there is no other attention test that will characterize lower
functioning individuals without compromising the ability of the test to also characterize
higher functioning children. Further, while the TEA-Ch does indeed report ceiling and floor
effects in their subtests even in the normative sample, there is no other test that allows
assessment of all of the subdomains of attention (Manly, et al., 2001). To address the
possible overestimation of ability in the VPT/VLBW group a secondary round of analyses
were conducted, which included estimate scores for all children too cognitively impaired to
complete the task. However, because these scores were imputed, greater emphasis has been
placed on the findings from the primary analyses.

In sum, findings from the current study have helped to characterize the nature of the
attention and processing speed inefficiencies that exist in VPT/VLBW children. Results also
demonstrated that these inefficiencies have an underlying structural basis. The findings
suggest that crude measures of brain abnormality found on neonatal MRI scans can be used
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to predict subsequent problems with attention and processing speed. Measures of brain
abnormality may be used clinically by any experienced neonatal neurologist to predict
which children are at risk of later adverse outcomes, without having to resort to other more
experimental neuroimaging techniques, such as complex volumetric analyses. The detection
of high-risk children is critically important given the impact that these abilities have on the
other developing cognitive domains (Rose, et al., 2008). Short- and long-term deficits
resulting from the brain abnormality associated with prematurity have been documented,
thus it is important for future research to determine ways of reducing the effects of preterm
birth on the brain and for clinicians to identify vulnerable children for which remedial
strategies may be beneficial.
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Figure 1.

Adjusted associations between MRI abnormalities and attention and processing speed
outcomes at 7 years. The solid line represents the primary analyses and the broken line
represents the secondary analyses. For Sky Search, Score!, Creature Counting, and Sky
Search DT lower scores indicate worse functioning. For the Identification and Detection

tasks higher scores indicate worse functioning.

WM, white matter; CGM, cortical gray matter; DGM, deep gray matter
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Table 1
Demographic and perinatal characteristics of the sample

198 ol ORESC)  p
GA (Wk), M (SD) 27.4(1.9) 39.1(1.3) - <.001
Birth weight (g), M (SD) 960 (222) 3322 (508) - <.001
Male, n % 104 (52.5) 34 (48.6) 0.9(0.5,15) 057
Singleton, n % 114 (57.6) 66 (94.3) 12.2 (4.3,34.7)  <.001
SGA, n (%) 17 (8.6) 1(2.3) 4.0(05,305) 013
Apgar score at 5 mins, median (25 & 751 %ile) 8(8-9) 9(9-10)2 - <.001
Episodes of sepsis, n % 88 (44.4) 1(2.3)2 - <.001
Patent ductus arteriosus, n % 99 (50.0) 0d NA <.001
Necrotising enterocolitis, n % 21 (10.6) 0a NA 0.10
Bronchopulmonary dysplasia, n % 69 (35.0) 0d NA <.001
LOS (d), median (251" & 75 %ile) 82 (68-104) 5 (4-6)@ - <.001
Antenatal corticosteroids, n % 173 (87.8) 0@ NA <.001
Postnatal corticosteroids, n % 17 (8.6) 02 NA 0.03
Cystic PVL, n % 9 (4.6) 0a NA 0.17
Grade HI/IV IVH, n % 7(3.6) 0@ NA 0.26
WMA, n % 134 (67.7) 6 (8.6) - <.001
Maternal age at birth (y), M (SD) 30.4 (5.7)P 31.4 (4.5)P - 0.20
Social risk score, median (25" & 75 %ile) 2(1-3)C 1(0-2)° - <.001
Age at 7 years (yrs), M (SD) 7.52 (0.25) 7.65 (0.31) - <.001
FSIQ at 7 years, M (SD) 97.00 (13.76)d  107.21 (12.76) - <.001

Page 18

GA, gestational age; M, mean; SD, standard deviation; SGA, small for GA (below the 10th percentile for GA); LOS, length of hospital stay; PVL,
periventricular leukomalacia; I\VH, intraventricular hemorrhage; WMA, white matter abnormality (mild, moderate or severe); FSQ, Wechsler
Abbreviated Scale of Intelligence full scale intelligence quotient.

Some sample sizes are less than the total sample because of missing data.

&Ferm n=43
b,

VPT n=197; Termn =68
“VPT n = 187; Term n = 69

dVPT n=190

NA = OR could not be calculated because of a 0 value in 1 of the cells.

Bold text indicates statistically significant values.
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Frequency of children whose attention and processing speed scoresfell below -1 SD of the

Murray et al.
Table 3
term group mean

VPT Group Term Group OddsRatio (95% CI) p

n*=198(%) n* =70 (%)
Attention
Sky Search 76/191 (39.8)  11/69 (15.9) 3.5(1.7,7.1) <.001
Score! 69/182 (37.9)  12/69 (17.4) 2.9(1.5,5.8) .003
Creature Counting  83/160 (51.9)  17/69 (24.6) 3.3(1.8,6.2) <.001
Sky Search DT 71/175 (40.6)  13/69 (18.8) 2.9(1.5,5.8) .002
Processing Speed
Identification Task ~ 43/178 (24.2)  13/69 (18.8) 1.4(0.7, 2.8) 0.37
Detection Task 32/179 (17.9)  13/69 (18.8) 0.9(0.5, 2.0) 0.86

VPT, very preterm; ClI, confidence interval.

*
Some samples are less than the total sample due to missing data.

Bold text indicates statistically significant values.
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