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Background: Neurodevelopmental assessments and brain magnetic resonance imaging (MRI) at term-
equivalent age (TEA) predict developmental outcomes in preterm infants. However, the relationship between
neurodevelopment prior to term and cerebral structure is currently unknown.
Aims: To examine the relationships between General Movements (GMs) assessed from birth to TEA and brain
MRI at TEA in infants born b30 weeks' gestation.
Study design: Prospective cohort study. GMs (categorised as ‘normal’ or ‘abnormal’) were recorded weekly from
birth to 32 weeks, and at 34 and 36 weeks' postmenstrual age. At TEA, GMs were assessed concurrently with
brain MRI (using a validated scoring system).
Subjects: 149 infants born b30 weeks' gestation were recruited from a tertiary hospital.
Results: 103 infants hadMRI at TEA andGMs recorded. AbnormalGMs prior to termwere associatedwith cortical
grey matter abnormality (p b 0.03), deep grey matter abnormality (p = 0.02) and increased interhemispheric
distance (p b 0.02). Abnormal GMs at TEA (n = 55/90) were associated with more global brain abnormality
(p b 0.01) and cortical grey matter abnormality (p = 0.01), and decreased transcerebellar diameter (p = 0.04)
on concurrent brain MRI.
Conclusions: Abnormal GMs both prior to term and at TEAwere associatedwithmoremarked brain abnormality,
and smaller brains at TEA. Abnormal GMs are an early marker of brain abnormalities in very preterm infants.

© 2016 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

The high prevalence of neurodevelopmental impairment in infants
born very preterm (b32 weeks' gestation) is a challenging issue for
clinicians working in neonatal care. Neurodevelopmental assessment
in the neonatal period in conjunction with neuroimaging affords valu-
able information for counselling parents and targeting infants for early
intervention [1]. There is increasing recognition that preterm birth
may disrupt the growth and maturational process of neural
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development and organisation [2]. As development occurs at variable
rates within different cerebral regions and structures according to ges-
tational age, preterm birth can result in diverse cerebral alterations de-
pending on the region of insult, and the timing of disruption to
maturational processes, particularly myelination [3]. Abnormal
brain development can occur secondary to injury, or as a result of
disruption of neuromaturational processes following preterm birth
[4].

Cerebral magnetic resonance imaging (MRI) conducted at term-
equivalent age (TEA) is a sensitive tool that can provide important infor-
mation about preterm infant brain injury and structure, which is associ-
ated with long-term neurodevelopment, includingmotor and cognitive
outcomes [5,6]. However, it is crucial to note, that MRI alone cannot
predict the functional outcome for individual infants with 100% accura-
cy [7,8]. Neurodevelopmental assessments have an important role as
they can identify infants at risk for later neurological impairment, and
acional Autonoma de Mexico febrero 12, 2017.
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may enhance theprognostic utility ofMRI if used in combination [9–11].
Prechtl's qualitative assessment of General Movements (GMA) [12] is
an observational assessment of the infant's spontaneous movements
with good predictive validity for neurodevelopmental outcomes,
including cerebral palsy, motor impairment and cognitive out-
comes [7,13,14]. Previous reports indicate that cerebral MRI and
the GMA are reliable as complementary assessments to predict later
neurodevelopmental outcome in very preterm infants [9–11].
Abnormal general movements (GMs) at one and three months'
corrected age are associated with white matter abnormalities on MRI
at TEA [15,16]; and combined GMA and white matter abnormality pre-
dict motor outcomes at 12 months' corrected age, with abnormal GMs
and moderate-severe white matter abnormality demonstrating 100%
sensitivity for predicting cerebral palsy in our previous study of very
preterm infants [9].

While there is evidence of associations between brain structure [17]
and injury onMRI at TEA andGMs assessed post-term [15,16,18,19], the
relationships between GMs assessed prior to term and cerebral MRI re-
mains largely unexplored, particularly in the early preterm phase. This
is important information for two reasons. Firstly, to understand the re-
lationships between cerebral structure, particularly size and matura-
tion, and early neurodevelopment in very preterm infants, for whom
critical brain development occurs in the neonatal intensive care
environment. Secondly, to help clinicians identify optimal times for
GMA so that infants with adverse neurodevelopment can be targeted
for early intervention, including within the neonatal intensive care
environment [20–22], and to ensure timely referrals and access to
community-based early intervention services upon discharge from
hospital. Only two studies have included GMs assessed prior to term
and cerebral MRI [11,23] and neither study examined the relationship
of GMs assessed prior to term, or at TEA, and MRI. The largest study
[11] reported on the predictive accuracy for neurodevelopmental out-
come of concurrent GMs and MRI assessed close to term at 36 weeks'
postmenstrual age (PMA); MRI scoring included three measures of
brain injury, but not brain size or maturation. MRI scoring systems
that onlymeasure brain injurymay not be sensitive given that the prev-
alence of brain injury is low [6].

The aim of this studywas to examine the relationships betweenGMs
assessed from birth to TEA and brain MRI at TEA in infants born
b30 weeks' gestation. It was hypothesised that abnormal GMs assessed
soon after birth and at subsequent assessments would be associated
with MRI-defined cerebral abnormalities at TEA.

2. Methods

2.1. Participants

Infants born b30 weeks' gestation were recruited from the Royal
Women's Hospital, Melbourne, Australia, between January 2011 and
December 2013 as part of a larger prospective longitudinal cohort
study [24]. Infants with congenital abnormalities known to affect
neurodevelopment, non-English speaking parents (as there was no
funding for interpreters), and those unlikely to survive in the early neo-
natal period as assessed by clinical staff, were excluded from the study.
Infants were enrolledwithin the first two postnatal weeks, oncewritten
parental consent was obtained. The study was approved by the Human
Research Ethics Committee at the Royal Women's Hospital and the
Royal Children's Hospital, Melbourne. Research nurses collected perina-
tal data from the medical histories, including gestational age at birth,
birth weight, sex, multiple birth status, postnatal infections and oxygen
requirements.

2.2. Procedure for general movements

Serial GMs were videoed weekly from enrolment until 32 weeks'
PMA, and then fortnightly at 34 and 36 weeks' PMA, while infants
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were inpatients at the Royal Women's Hospital. If infants were
discharged home or transferred to another hospital prior to TEA,
GMs were not recorded again until the time of the MRI as staff
were unavailable to assess infants at other hospitals. For all assess-
ments, infants were videoed wearing minimal clothing, in an active
behavioural state, and assessors aimed to video at least three GMs.
Recordings were between 5 and 20 min prior to term, and between
5 and 10 min at TEA. At TEA, GMs were videoed as an outpatient at
the Royal Children's Hospital, Melbourne, at the time of the MRI
scan, according to the larger study protocol [24].

2.3. General movements scoring

GMs were scored from video recordings according to Prechtl's GMA
[12]. GMs were categorised as normal or abnormal, with consideration
given to age-specific characteristics. GMs were classified as normal if
they were fluent, and variable in speed, amplitude and force, and
demonstrated a variety of movement patterns including flexion, exten-
sion and rotation. GMs were classified as abnormal if they were poor
repertoire (monotonous, lacking in variety and complexity), cramped
synchronised (stop-start GMs, lacking fluency and rotation) or chaotic
(abrupt GMs with movements in all directions that lack fluency). GMs
were classified unscorable if the infant was crying or hypokinetic. All
GMs were scored by assessors with advanced GMA certification who
were unaware of the infant's clinical history. Inter-rater and intra-
rater reliability for GMs scoring in this cohort have previously been re-
ported, with Cohen's kappa values of 0.75 and 0.94, respectively, indi-
cating good to excellent agreement beyond that expected by chance
[25].

2.4. Procedure for MRI

Brain MRI was conducted at the Royal Children's Hospital, Mel-
bourne, between 38 and 44 weeks' PMA. Infants who were still inpa-
tients during this period did not have a MRI due to inability to
transport the infants to another hospital for the MRI scan. For the few
participants who did not have a research MRI scan but had a brain
MRI at TEA for clinical indications, the scans were obtained and scored
according to the study protocol. Additionally, the MRI scan was an op-
tional component of the larger research study [24], according to parent
decision, and therefore some infants enrolled in the larger study had
GMs assessed but no MRI. Infants were scanned during natural
sleep, without sedation or anaesthesia, using the 3 Tesla Siemens
Magnetom Tim Trio imager, with a 12-channel circular polarised vol-
ume extremity coil. Prior to the scan, infants were fed and swaddled,
and earmuffs fitted to reduce noise. Infants were positioned in a
vacuum fixation beanbag (MedVac; CFI solutions, Fenton, Mich) for
stabilisation. Infants were closely monitored using pulse oximetry
throughout the procedure.

Structural images were assessed using a standardised scoring sys-
tem that has been validated with very preterm infants [4], using modi-
fied cut-off measurements based on normative data from local healthy
term infants [26]. Scoring incorporated assessment of brain injury (in-
cluding cysts and focal signal abnormalities), maturation (including
gyral maturation and myelination of the posterior limb of the internal
capsule) and size (two dimensional measurements including brain
biparietal diameter, corpus callosum thickness and deep grey matter
surface area). Four regional abnormality scores were calculated based
on assessment of injury, growth and maturation: cerebral white matter
abnormality, cortical grey matter abnormality, deep grey matter abnor-
mality and cerebellar abnormality, and graded as none, mild, moderate
or severe. The sum of the regional abnormality scoreswas used to calcu-
late a global brain abnormality score that was categorised as normal
(score 0–3), mild (score 4–7), moderate (score 8–11) or severe
(score ≥ 12). In addition to the total scores, three regional measure-
ments were selected a priori; brain biparietal diameter, as a measure
acional Autonoma de Mexico febrero 12, 2017.
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of total brain size [27], interhemispheric distance, as a measure of
extracerebral space [2], and transcerebellar diameter due to previous
reports of associations with GMs [17]. All scans were scored indepen-
dently by experienced assessors (neonatologists and/or radiologists)
who were unaware of the infant's perinatal history. Inter-rater and
intra-rater reliability for this scoring system has previously been pub-
lished, with good to excellent reliability reported for most of the mea-
sures [4,26].

2.5. Statistical analysis

Data were analysed using Stata 14. GMs were collapsed into four
main timepoints according to when they were recorded: b32 weeks,
32–33weeks, 34–36weeks, and 38–44weeks (TEA). The GMs recorded
at the oldest PMA during each preterm timepoint were used for infants
who had multiple assessments, given the influence of PMA on GMs
quality [25]. Linear regression models were used to explore whether
GMs at each timepoint (categorised as normal and abnormal) were
associatedwithMRI findings at TEA, fitted using generalised estimat-
ing equations with robust (sandwich) estimation of standard errors
to allow for multiple births given the high rate of multiple births in
the very preterm population, both at the study site and in the larger
study cohort [1,25]. Outcomes of interest were: regional abnormality
scores (e.g. cerebral white matter abnormality, cortical grey matter
abnormality), the global abnormality score, and three measures of
brain growth (interhemispheric distance, brain biparietal diameter
and transcerebellar diameter). A separate model was fitted for each
GMs timepoint and all analyses were adjusted for age at MRI and
sex, as these variables affect brain size and maturation [26].

3. Results

3.1. Participants

One hundred and forty nine infants born b30 weeks' gestation were
recruited from the RoyalWomen's Hospital in Melbourne between Jan-
uary 2011 and Dec. 2013 (Fig. 1). Six infants died prior to term age. Of
the remaining 143 infants, there were 32 infants who did not have a
MRI, with the reasons outlined in Fig. 1. As theMRI scanwas an optional
component of the larger study, therewere 14 infantswhodid not have a
MRI due to parent preference and one scanwas not usable due tomove-
ment artefacts. Of the 110 infantswhohadMRI scans suitable for assess-
ment there were six infants scanned at N44 weeks' PMA excluded from
Fig. 1. Flowchart of GMs and MRI assessments in study. Key: GMs= general movements; MRI
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the analysis, and one infant did not have any GMs recorded, leaving a
total of 103 infants with both GMs and MRI assessment. At TEA, 90 in-
fants had both GMs and MRI assessed. Sample characteristics are pre-
sented in Table 1.

3.2. General movements

Themajority of GMs were abnormal at all ages; 83% (n=75/90) for
those b32weeks, 76% (n=65/86) for those 32–33weeks, 88% (n=51/
58) for those 34–36 weeks, and 61% (n = 55/90) at 38–44 weeks.

3.3. MRI findings

The majority of infants had global and regional abnormality
categorised as normal or mild, with a higher proportion categorised
as moderate for cortical grey matter and cerebellar abnormalities
(Table 2). There were no infants with severe deep grey matter or cer-
ebellar abnormality. The regional measurements that were assessed
are summarised in Table 2.

3.4. Associations between general movements and MRI at term-equivalent
age

The relationships between abnormal GMs assessed at different PMA
andMRI are presented in Fig. 2. Prior to term, abnormal GMs assessed at
b32 weeks and 32–33 weeks were associated with higher cortical grey
matter abnormality, and at 34–36 weeks with higher deep grey matter
abnormality scores. Abnormal GMs assessed at TEA were associated
with higher global abnormality and cortical grey matter abnormality
scores on concurrent MRI. There was little evidence for associations be-
tween abnormal GMs assessed at any time and cerebral white matter
abnormality scores.

Abnormal GMs assessed at all timepoints were associated with
larger interhemispheric distance on MRI at TEA. There was little evi-
dence of associations between abnormal GMs assessed at any time
and brain biparietal diameter. Abnormal GMs at TEA were associated
with a smaller transcerebellar diameter, but not with GMs assessed
prior to term.

4. Discussion

This study demonstrated that abnormal GMs in very preterm infants
in both the preterm and term periods were associated with more brain
=magnetic resonance imaging; PMA= postmenstrual age; TEA= term-equivalent age.

ional Autonoma de Mexico febrero 12, 2017.
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Table 1
Characteristics of the study sample with data for both GMs and MRI.

Characteristics (n = 103) Mean (SD)/number (%)

Gestational age (weeks)-mean (SD) 28.0 (1.3)
Birth weight (g)-mean (SD) 1080 (247)
Birth weight z score-mean (SD) −0.31 (1.01)
Male—n (%) 50 (49)
Multiple births—n (%) 46 (45)
Bronchopulmonary dysplasiaa—n (%) 24 (23)
NEC (proven) —n (%) 3 (3)
Sepsis (proven) —n (%) 13 (13)
IVH Grade III/IV —n (%) 3 (3)
Cystic periventricular leukomalacia —n (%) 1 (0.1)b
Surgery prior to hospital discharge —n (%) 4 (4)

Key: GMs=generalmovements;MRI=magnetic resonance imaging; SD=standard de-
viation; IVH = intraventricular haemorrhage; NEC = necrotising enterocolitis.

a Bronchopulmonary dysplasia= oxygen dependence at 36weeks' postmenstrual age.
b Infant also had IVH grade III/IV.
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abnormality and smaller brains on MRI at TEA. Our study provides fur-
ther validation of the GMA as a measure of neurological function and
that GMs quality reflects central nervous system integrity in very pre-
term infants. Unlike other studies that have assessed GMs prior to TEA
[11,23], the MRI analysis in the current study included measures of
brain size and maturation, as well as injury, in conjunction with serial
GMA from soon after birth until TEA.

Our findings build on previous research that identified associations
between brain size and GMs at one and three months' corrected age
in very preterm infants [17]. Importantly, the current studydemonstrat-
ed that regional alterations in brain size (i.e. increased interhemispheric
distance) are associated with abnormal GMs assessed prior to term,
even during the very preterm period (b32 weeks' PMA). A key finding
was that early GMs predicted cortical grey matter abnormality at TEA,
and a larger interhemispheric distance on MRI at TEA. Considering the
cortical grey matter score comprises the measure of interhemispheric
distance (aswell as signal abnormality and gyralmaturationmeasures),
the associationwith cortical greymatter was likely primarily accounted
for by the increased interhemispheric distance. Interhemispheric dis-
tance correlates with cerebrospinal fluid volumes, and a larger inter-
hemispheric distance is thought to reflect a brain that has not grown
to fill the extracerebral space [4]. Larger interhemispheric distance has
been documented for infants born very preterm [4] as well asmoderate
and late preterm infants at TEA compared with healthy term infants
[26], however, there is limited information on the implications of this
measure for later motor outcome. An earlier brain metrics study did
notfind any associationswith interhemispheric distancemeasurements
and GMs assessed post-term [17]. Kidokoro and colleagues [2] exam-
ined brain injury and two measures of brain size in 325 very preterm
Table 2
Total abnormality scores, grading of abnormality scores, and brain measurements on MRI at te

MRI variable n

Scores

Median IQR

Global 102a 4 3–5
Cerebral white matter 102a 2 1–3
Cortical grey matter 103 1 1–2
Deep grey matter 103 0 0–0
Cerebellar 103 0 0–1

Brain measurements (mm) n Mean SD

Brain biparietal diameter 103 81.8 4.4
Interhemispheric distance 103 3.3 1.7
Transcerebellar diameter 103 55.0 3.1

Key: IQR = interquartile range; mm= millimetres; SD = standard deviation.
a One infant with missing cerebral white matter abnormality and global abnormality scores
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infants: biparietal width and interhemispheric distance. Only 7% (n =
22) of infants had smaller brain size on both measures, and increased
interhemispheric distance was independently associated with higher
grade brain injury and cognitive impairment at two years. Findings in
the current study suggest that growth failure, as evidenced by a
larger interhemispheric distance at TEA, may manifest as abnormal
neurodevelopment (i.e. abnormal GMs), even prior to term, and suggest
a link between preterm brain growth and GMs' quality.

Abnormal GMs were associated with higher cortical greymatter ab-
normality scores at all timepoints, except for 34–36 weeks' PMA, when
they were associated with higher deep grey matter abnormality scores.
This finding may reflect a systematic difference in the infants assessed
during the late preterm period, when there were fewer GMA. This was
due to stable infants being transferred to lower level hospitals (often
by 32 weeks' PMA), while infants remaining at the Royal Women's
Hospital weremore likely to be sicker infants requiring respiratory sup-
port, with potentially different brain structure and neurodevelopment.
Previous studies assessing MRI and GMs in very preterm infants did
not identify any associations between abnormal GMs assessed post-
term and grey matter abnormality; [10,15,16] these findings may be
due to differences in the MRI scoring between studies, and timing of
the GMA. In very preterm infants, decreased gyral maturation has
been associated with tone and movement abnormalities at TEA, as
well as lower total scores on the Hammersmith Neonatal Neurological
Examination [1], and reductions in cortical and deep grey matter vol-
umes with moderate-severe disability at one year corrected age [28].

In contrast to other studies of GMs and MRI in very preterm infants
[9,10,16], we did not find any associations between cerebral white mat-
ter abnormality and abnormal GMs. However, the incidence of infants
with moderate-severe white matter abnormality was relatively low in
the current cohort (6%, n = 6) compared with the 10–12% reported in
previous studies [9,10] and the GMA was conducted at later timepoints
than the current study [9,10,16].

There is increasing recognition of the role of the cerebellum in
neurodevelopmental outcomes for very preterm children [29–31], and
associations of abnormal GMs with smaller transcerebellar diameter
identified in the current study provide further evidence that cerebellar
development is related to the quality of GMs in very preterm infants,
even as early as TEA. These findings are in keeping with a previous
study [17] which demonstrated that abnormal GMs at one and three
months' corrected age were associated with reduced transcerebellar
diameter at TEA, and support the hypothesis that the cerebellum plays
an important role in early motor development. Smaller transcerebellar
diameter on MRI at TEA correlates with motor and cognitive delay,
and neurological disability at two years' corrected age for very pre-
term infants [29,30]; abnormal GMs assessed at TEA may therefore
provide useful information for clinicians regarding infant's early
neurodevelopment.
rm-equivalent age.

Grading

None
n (%)

Mild
n (%)

Mod
n (%)

Severe
n (%)

33 (32) 63 (62) 5 (5) 1 (1)
60 (59) 36 (35) 5 (5) 1 (1)
24 (23) 47 (46) 12 (12) 20 (19)
92 (89) 10 (10) 1 (1) 0 (0)
64 (62) 24 (23) 15(15) 0 (0)

.
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Fig. 2.Associations between abnormalGMs assessed at different postmenstrual ages andMRI findings at TEA. Key: •=regression coefficient│\\│=95% confidence interval; TEA= term-
equivalent age; GMs = general movements; Abn = abnormal; Norm= normal; Global = global abnormality; CWM= cerebral white matter abnormality; CGM= cortical grey matter
abnormality; DGM = deep grey matter abnormality; Cerebellar = cerebellar abnormality; BPD = brain biparietal diameter; IHD = interhemispheric distance; TCD = transcerebellar
diameter.
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Similarly, abnormal GMs assessed at, but not prior to, TEAwere asso-
ciated with higher global abnormality scores. Given that the global ab-
normality score incorporates measures of growth and maturation that
occur until TEA, it is not surprising that it was most strongly associated
with abnormal GMs assessed concurrently at TEA. While disruptions to
brain development may occur prior to term, neurodevelopmental se-
quelae may not be evident until TEA, when brain abnormalities have
had time to evolve.

There were a few limitations of this study. Of the 33 infants who did
not have a MRI scan scored, 13 were still in hospital at TEA, and were
therefore more likely to be sicker infants requiring respiratory support.
Infants with greater illness severity, such as bronchopulmonary dyspla-
sia, are at higher risk for both adverse MRI findings, such as white mat-
ter injury, and poor neurodevelopmental outcomes [32,33]. AsMRI data
were not collected for these infants whowere likely to have more brain
abnormalities, the power of theMRI component of the study to identify
associations with abnormal GMs may have been reduced. Another
limitation was that MRI was conducted at only one timepoint (TEA);
consequently, there were no serial data to match GMs at each age of as-
sessment to relate GMs to brain growth over time. Given the relation-
ships between interhemispheric distance and GMs assessed prior to
term in the current study, assessing GMs concurrently with measures
of growth on cranial ultrasound, which is routinely used clinically,
may provide further insight into the association of GMs and brain
growth prior to term. Additionally, it is essential that infants in the
current study are seen beyond term age in order to determine the
predictive validity of preterm GMs, with or without MRI, for later
neurodevelopment.

5. Conclusion

Abnormal GMs in very preterm infants were associated with more
marked brain abnormality and smaller brains on MRI at TEA. Abnormal
GMs assessed prior to term were associated with larger interhemi-
spheric distance and higher cortical grey matter abnormality on MRI
at TEA, indicating that abnormal GMs are an early marker for disrupted
brain development in very preterm infants. Term-equivalent was
highlighted as an important age for GMA given the associations of ab-
normal GMs with smaller brain size and higher abnormality scores on
Descargado de ClinicalKey.es desde Universidad Nac
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concurrent MRI. The GMA is a useful tool to identify those infants
most at risk for adverse neurodevelopment so that early intervention
and developmental follow-upmay be implemented during the key neo-
natal period when critical neural development and organisation is oc-
curring. There is a need for additional studies that incorporate MRI
and GMs in order to further examine links between brain growth and
maturation for neurodevelopment, and to ascertain the clinical signifi-
cance of the associations of MRI findings and GMs for long term devel-
opmental outcome.
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