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Abstract
This study aimed to investigate the accuracy of different grades of brain injuries on serial and term equivalent age (TEA)-cranial
ultrasound imaging (cUS) as compared to TEAmagnetic resonance imaging (MRI) in extremely preterm infants < 28 weeks, and
determine the predictive value of imaging abnormalities on neurodevelopmental outcome at 1 and 3 years. Seventy-five infants
were included in the study. Severe TEA-cUS injury had high positive predictive value-PPV (100%) for predicting severe MRI
injury compared to mild to moderate TEA-cUS injury or severe injury on worst cranial ultrasound scan. Absence of moderate to
severe injury on TEA cUS or worst serial cUS was a good predictor of a normal MRI (negative predictive values > 93%). Severe
grade 3 injuries on TEA-US had high predictive values in predicting abnormal neurodevelopment at both 1 and 3 years of age
(PPV 100%). All grades of MRI and worst serial cUS injuries poorly predicted abnormal neurodevelopment at 1 and 3 years.
Absence of an injury either on a cranial ultrasound or an MRI did not predict a normal outcome. Multiple logistic regression did
not show a significant correlation between imaging injury and neurodevelopmental outcomes.

Conclusion: This study demonstrates that TEA cUS can reliably identify severe brain abnormalities that would be seen on
MRI imaging and positively predict abnormal neurodevelopment at both 1 and 3 years. Although MRI can pick up more subtle
abnormalities that may be missed on cUS, their predictive value on neurodevelopmental impairment is poor. Normal cUS and
MRI scanmay not exclude abnormal neurodevelopment. Routine TEA-MRI scan provides limited benefit in predicting abnormal
neurodevelopment in extremely preterm infants.

What is Known:
• Preterm neonates are at increased risk of white matter and other brain injuries, which may be associated with adverse neurodevelopmental outcome.
• MRI is the most accurate method in detecting white matter injuries.

What is New:
• TEA-cUS can reliably detect severe brain injuries on MRI, but not mild/moderate lesions as well as abnormal neurodevelopment at 1 and 3 years.
• TEA-MRI brain injury is poor in predicting abnormal neurodevelopment at 1 and 3 years and normal cUS or MRI brain injury may not guarantee

normal neurodevelopment.
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Abbreviations
BSID Bayley Scales of Infant Development
CSF Cerebrospinal fluid
cUS Cranial ultrasound
cPVL Cystic periventricular leukomalacia
DEHSI Diffuse excessive high signal intensity
DWI Diffusion weighted imaging
FLAIR Fluid-attenuated inversion recovery
MRI Magnetic resonance imaging
NICU Neonatal intensive care unit
NPV Negative predictive values
PPV Positive predictive values
PWML Punctate white matter lesions
RIS-PACS Radiology information system

and picture archiving communication system
SWI Susceptibility weighted imaging
VI Ventricular index
WMI White matter injury

Introduction

Recent advances in neonatal care have led to a significant rise
in the survival rate of preterm infants and improvements in
their quality of life [25]. However, despite these advances, a
significant proportion of very preterm infants (< 32 weeks)
continue to have neurodevelopmental disability such as de-
layed neurodevelopment, cerebral palsy and sensory deficits
[4]. Ongoing milder neurological impairment, reduced IQ,
linguistic and motor skills, poor attention span and reduced
social interaction abilities may also occur [5, 15, 17, 21, 27].
White matter injury is thought to be an important determinant
for an adverse neurodevelopmental outcome [4]. Very preterm
infants are at high risk of haemorrhagic, ischemic or
inflammatory-induced white matter injury (WMI) and other
brain damage [29]. Therefore, better detection and character-
isation of these pathologies in early life may help with prog-
nosis, anticipate needs and devise appropriate early
interventions.

The most severe of neonatal WMI is cystic periventricular
leukomalacia (cPVL), which consists of localised cystic ne-
crotic lesions, and results in significant neurological deficits
[4, 8]. During recent decades, the characteristics of WMI have
shifted from classic PVL to more subtle or diffuse WMI.
These lesions are detected radiologically on cranial ultrasound
(cUS) as echogenicities, or on MRI as diffuse excessive high
signal intensity (DEHSI) regions [28]. Echogenicity is defined
as areas of ‘brightness’ of higher intensity than the choroid
plexus, while DEHSI is white matter signal intensity greater

than that of normal unmyelinated white matter on T2-
weighted MRI images [30]. It is thought that these injuries
are the result of damage to the late precursor oligodendricytes
and subsequent loss of axonal myelination [9, 29]. Although
echogenicities on cUS has been shown to correlate with
DEHSI on MRI, it is still unknown whether both are repre-
sentative of the same phenomenon [30].

MRI is the gold-standard method for detecting neonatal
brain injuries [4]. However, with recent improvements in ma-
chine capabilities, cUS has become an accurate and cost-
effective technique for detecting most cystic lesions and is
routinely used for sequential bedside screening without expo-
sure to ionising radiation [4]. Previous studies have shown
that MRI is more sensitive in detecting WMI than cUS [19,
28]. However, the prognostic accuracy of subtle white matter-
related MRI abnormalities for long-term developmental out-
comes is debatable [24, 30]. The aim of this study was to
assess reliability of a classification system for WMI in ex-
tremely preterm infants < 28 weeks gestation on both sequen-
tial cUS and term equivalent age (TEA) cUS using MRI as a
reference standard [29, 30]. We also investigated accuracy of
both cUS and MRI WMI scores in predicting long-term
neurodevelopmental outcomes at 1 year and 3 years corrected
age.

Materials and methods

This study was a retrospective cohort study conducted at a
single tertiary Neonatal Intensive Care Unit (NICU) in
Australia. The study was approved by ACT Health Human
Research Ethics Committee (ETHR.14.194).

Patients

Extremely preterm infants < 28 weeks gestation, born be-
tween 1 January 2006 and 30 June 2014, were eligible for
the study. Only those infants who had an MRI scan at term
equivalent gestation were included in the study. It was routine
practice to performMRI at term equivalent age in all neonates
< 28 weeks in our unit. General information, including date of
birth, birth weight, gestational age (GA), date and GA ofworst
and term-equivalent cUS date, GA of last brain MRI, and
Bayley’s neurodevelopmental score were obtained for each
patient from NICU electronic database and patient medical
records. Morbidity data including culture positive sepsis,
necrotising enterocolitis (NEC) (stage 2 and above),
bronchopulmonary dysplasia (BPD), retinopathy of
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prematurity (ROP) needing laser treatment and patent ductus
arteriosus (PDA) were also collected from the database.

Image collection and analysis

The list of eligible infants was obtained from the neonatal
database of our unit. From this list, babies who had an MRI
scan done at term equivalent age were included for final anal-
ysis. Serial cUS and MRI images for these patients were ob-
tained from the radiology information system and picture ar-
chiving communication system (RIS-PACS) and reviewed by
the investigators.

Ultrasound was performed on either Phillips iU22 using a
curved array transducer probe 8/5 MHz, or GE LOGIQ using
a broad-spectrum linear transducer 9L-D 2–8 MHz. For all
cranial ultrasounds, images were acquired though the anterior
fontanel. At least eight images are acquired on coronal planes
and eight on sagittal planes. MRI imaging was performed on a
Siemens MAGNETOM Avanto, 1.5 T, using standard proto-
col for neonatal brains. Standard neonatal brain sequence is
composed of an axial T2-weighted (T2-W) transverse, T1-W
sagittal (TR 1500 ms), fluid-attenuated inversion recovery
(FLAIR; slice thickness 4 mm), T1-W transverse (TR
1500 ms), transverse susceptibility weighted imaging (SWI),
diffusion weighted imaging (DWI) and space 3D T1 inversion
recovery. Sagittal and transverse T1-W images allow assess-
ment of midline brain structures, particularly the corona
radiata and corpus callosum. Transverse T2-W and FLAIR
images have been shown to be complementary in children.
SWI is sensitive to changes in local field inhomogeneity and
is valuable in trauma and vascular malformations. DWI is
useful in examining acute white matter changes. All radiology
images were reviewed by two primary investigators, with
more than 15 years combined radiology experience, Drs OK
and RJ. The radiologists were blinded to the babies’ gestation
and long-term outcomes. Any disagreements in grading were
resolved by consensus.

Only those with both an ultrasound and MRI were graded.
Both the worst cUS (chosen from review of all serial cranial
ultrasound scans in NICU) and term-corrected cUSwere grad-
ed for all patients. The images were graded as per the classi-
fication system proposed by Leijser et al. [18]. The grading
system is well acknowledged, and for consistency with
established literature, no modifications were made (Table 1).

Hyper-echogenicity visualised on ultrasound was defined
as regions hyper-echoic to the choroid plexus. Ventricular in-
dex (VI) was measured from the lateral wall of the frontal horn
of the lateral ventricles to the septum pellucidum.

Neurodevelopmental assessment

Bayley Scales of Infant Development, Third Edition
(BSID-III), was used for developmental assessment at

1 and 3 years of age. This assessment consists of five
scales—cognition, receptive language, expressive lan-
guage, fine motor and gross motor—and has been vali-
dated in the USA. It is currently used in the neonatal
follow-up clinics in our unit. The composite scores of
the BSID-III combine expressive and receptive language
together, and gross and fine motor together. Abnormal
neurodevelopmental outcome was defined as a diagnosis
of cerebral palsy (any grade), sensorineural or conduc-
tive deafness requiring bilateral hearing aids or cochlear
implants, bilateral blindness (vison < 6/60 in better eye)
or developmental delay on BSID III. Developmental de-
lay was defined as scaled score < 7 on any of the five
subscales of BSID III assessment [16]. The five sub-
scales were used as they identify differences between
the subsections of the language and the motor scales
that may not be evident with the composite scores.
Patients that were not testable on BSID-III due to sig-
nificant neurosensory impairment and/or global develop-
mental delay were given an overall score < 7. Where a
BSID III assessment was not available, a diagnosis of
developmental delay by the developmental Paediatrician
at 1 and 3 years was considered as an abnormal
neurodevelopmental outcome. We also compared cUS
and MRI grades with each of cognitive, motor and lan-
guage delay (defined as a composite score < 85), a com-
bined Bayley’s - CB III score < 80 (average of cognitive
and language scores), global developmental delay (com-
posite scores < 70 in all domains) and a diagnosis of
cerebral palsy. Median composite scores for each do-
main were also compared between those with and with-
out brain injury on worse and TEA cUS and TEA MRI
scans.

Statistical analysis

Sensitivity, specificity, PPVandNPVof individual cUS grades
in comparison with MRI grades (gold standard) were calcu-
lated using 2 × 2 tables. Sensitivity, specificity, PPVand NPV
were also calculated for individual cUS and MRI grades and
long-term neurodevelopmental disability at both 1 and 3 years.
Chi-square test was used to compare cUS and MRI grades to
delay in individual developmental domains. Median compos-
ite scores of babies with no brain injury were compared to
those with any injury using Mann-Whitney test. Multivariate
logistic regression analysis was used to determine indepen-
dent association of radiological injury on cUS or MRI on
neurodevelopment after adjusting for known confounding fac-
tors including gestation < 26 weeks, weight < 750 g, culture-
positive sepsis, NEC stage two and above, ROP needing laser
and haemodynamically significant PDA. Statistical software
used was SPSS (version 25.0). p < 0.05 was considered
significant.
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Results

Patients

Eighty-six patients were eligible for the study, having received
both a cUS andMRI. Only 75 of these cases were available for
grading. In the rest, the MRI images could not be located.
Table 2 shows the general characteristics of the neonates in-
cluded in this study.

Abnormal cUS was identified in the worst of sequential
cUS in 37 of the 75 cases, and 29 term cUS images, while
24 had abnormal MRI changes. The images were analysed
and the grades shown in Table 3. Of the patients with TEA
ultrasound abnormalities, all had increased periventricular
echogenicity, nine patients had periventricular cysts/cavities
and three patients had a ventricular index (VI) > 13 mm.
Twenty-four patients had MRI abnormalities. All had white
matter changes, 10 had periventricular cysts and 3 infants had
VI > 13 mm (as seen on cUS). Comparative graded injuries of
the same patients using cUS and MRI are shown in Fig. 1.

Predictive value of cUS for MRI changes

The sensitivity, specificity, positive and negative predictive
values for cUS as compared to MRI are shown in Table 4.
The table shows high PPV of severely abnormal term-
equivalent age (TEA) cUS, but lower PPV in infants with mild
to moderately abnormal TEA cUS. The predictive value for
the worst severe cUS injuries was lower compared to TEA
cUS. Absence of a moderate to severe injury was a good
predictor of having a normal MRI (NPV). Overall, any injury
on serial cUS injury and term cUS injury had limited predic-
tive values in predicting an abnormal MRI.

Predictive value of cUS and MRI
for neurodevelopmental outcome

Neurodevelopmental outcomes at 1 and 3 years corrected age
were available for 68 and 57 of the neonates, respectively. The
remaining neonates (including one with grade 3 change on
both ultrasound and MRI, one with grade 2 changes on cUS
and grade 3 change on MRI, and several with grade 1 or 2
changes on either cUS or MRI) did not have follow-up at The

Table 2 Characteristics of study population

Characteristics Number (%) or median (IQR) (n = 75)

Male gender 35 (46.7)

Birth weight (g) 845 (705–986)

Gestational age (weeks) 26 (25–27)

Corrected age at cUS (weeks) 35 (33–36)

Corrected age at MRI (weeks) 39 (38–41)

Data are presented as number (%) or median (interquartile range, IQR)

cUS cranial ultrasound, MRI magnetic resonance imaging

Table 1 Grading system of different brain injuries based for cranial ultrasound and magnetic resonance imaging

Cranial ultrasound Magnetic resonance imaging

Grade 1 (mild) •Homogeneous white matter (WM)
•Mildly abnormal lateral ventricles
•No cystic change or cavitation
•Ventricular index (VI) < 13 mm, with mildly abnormal

shape

•Homogeneous diffuse and excessive high signal intensity (DEHSI)
or

•Few (< 7) punctate white matter lesions and
•VI < 13 mm with normal/mildly abnormal shape

Grade 2
(moderate)

•Inhomogeneous WM and/or
•Small, localised cystic lesions and/or
•VI 13–15 mm and/or
•The shape moderately abnormal

•Multiple (> 6) PWML and/or small localised cystic
lesions and/or

•Inhomogeneous DEHSI and/or
•VI 13–15 mm and/or
•The shape moderately abnormal

Grade 3 (severe) •Multicystic lesions and/or
•Focal WM echodensity and/or
•Porencephalic cyst and/or
•VI > 15 mm and/or
•The shape severely abnormal

•Extensive or diffuse inhomogeneous SI changes and/or
•Haemorrhagic or cystic lesions involving the

periventricular and/or subcortical WM and/or
•VI > 15 mm and/or
•The shape severely abnormal

IVH intraventricular haemorrhage

Table 3 Comparison of number of neonates with brain injury detected
on cranial ultrasound and/or magnetic resonance imaging

Brain injury Abnormal worst
cUS, n (%)

Abnormal term-equivalent
age cUS, n (%)

Abnormal
MRI, n (%)

Grade 1
Grade 2
Grade 3

19 (51)
13 (35)
5 (14)

16 (55)
11 (38)
2 (7)

13 (54)
5 (21)
6 (25)

Total 37 29 24

Data are presented as number (%)

cUS cranial ultrasound, MRI magnetic resonance imaging
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Canberra Hospital, and their records were not available for
th i s s tudy. Th i r ty (45%) in fan t s had abnormal
neurodevelopment at 12 months, while 17 (29.8%) infants
were abnormal at 36 months. The sensitivity, specificity, pos-
itive and negative predictive values for different grades of cUS

andMRI in predicting abnormal neurodevelopment are shown
in Table 5. Severe grade 3 injuries on TEA-US had high pre-
dictive values in predicting abnormal neurodevelopment at
both 1 and 3 years of age. All grades of MRI and worst serial
cUS injuries poorly predicted abnormal neurodevelopment at

Fig. 1 Grade 1 injury as
visualised on coronal cranial
ultrasound (a) demonstrating
asymmetrical lateral ventricles
(arrows). T2-weighted magnetic
resonance imaging (b) from a
different patient showing normal
appearing white matter and
prominent lateral ventricles (ar-
rows). Grade 2 injury on coronal
cranial ultrasound (c) demon-
strating small, localised
periventricular cysts (arrow). T2-
weighted magnetic resonance im-
aging (d) from the same patient
showing inhomogeneous DEHSI
and a VI of 14 mm, as indicated
(arrows). Grade 3 injury on coro-
nal cranial ultrasound (e) demon-
strating multicystic lesions (ar-
row), grade IV germinal matrix
haemorrhage and enlarged lateral
ventricles. T2-weighted magnetic
resonance imaging (f) from the
same patient showing
haemorrhagic and cystic lesions
(arrows), periventricular
leukomalacia and
ventriculomegaly (VI > 15 mm)
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both 1 and 3 years. Absence of an injury either on a cranial
ultrasound or an MRI did not predict a normal outcome.

Bivariate analysis comparing individual grades as well as
any injury on worst serial cUS, TEA cUS and MRI did not
show any statistical significance to neurodevelopmental out-
comes including composite scores, both at 1 and 3 years.
There was no statistically significant difference in median
composite scores between those with and without brain injury
onworse and TEA cUS and TEAMRI scans.Multiple logistic
regression also did not show a significant correlation between
imaging injury and neurodevelopmental outcomes at 1 and
3 years. The only factor significantly associated with abnor-
mal neurodevelopment was ROP needing laser surgery (p =
0.001).

Discussion

This study retrospectively assessed and compared cranial ul-
trasound near-term corrected age and MRI at term corrected
age using a grading system that included white matter changes
as well as other changes thought to be related to white matter
injury. Sensitivity, specificity and predictive values, of serial
cUS and TEA cUS in detecting brain injuries, were compared
to the gold standard, MRI. Additionally, the predictive values
for cUS and MRI findings in determining long-term
neurodevelopmental outcome were assessed to establish if
cUS is sufficient in predicting neurodevelopmental outcome
without the need for MRI. We used a classification system,
based on the one used by Leijser et al. [18].

Table 4 Predictive values of
cranial ultrasound brain injury
compared to magnetic resonance
imaging (gold standard), n = 75

Predicted values for TEA-MRI

cUS classification Sensitivity (%) Specificity (%) PPV (%) NPV (%)

TEA cUS Grade 1 33.33 77.08 21.43 86.05

Grade 2 75 92.5 50 97.37

Grade 3 50 100 100 94.87

Grade 1 37.5 68.89 17.65 86.11

Worst cUS Grade 2 100 86.11 16.67 100

Grade 3 50 96.88 66.67 93.94

TEA cUS Any injury 60.87 72 50 80

Worst cUS Any injury 70.83 60.78 45.95 81.58

Data are presented as percentage

cUS cranial ultrasound, NPV negative predictive value, PPV positive predictive value

Table 5 Predictive value of different grades of cUS and MRI lesions in determining neurodevelopmental outcome

Neurodevelopmental impairment

1 year 3 years

Sensitivity Specificity PPV NPV Sensitivity Specificity PPV NPV

Term cUS Grade 1 12 72.7 20 59.3 21.4 79.5 25 76.1

Grade 2 12 84.1 30 62.7 21.4 88.6 37.5 78

Grade 3 4 100 100 64.7 7.1 100 100 77.2

Worst cUS Grade 1 20 68.2 26.3 60 21.4 70.5 18.8 73.8

Grade 2 20 86.4 45.5 65.5 21.4 86.4 33.3 77.6

Grade 3 8 95.5 50 64.6 14.3 97.7 66.7 78.2

MRI Grade 1 20 84.1 41.7 64.9 7.1 81.8 11.1 73.5

Grade 2 12 95.5 60 65.6 7.1 90.9 20 75.5

Grade 3 8 95.5 50 64.6 14.3 97.7 66.7 78.2

Any injury term cUS 28 56.8 26.9 58.1 50 68.2 33.3 81.1

Any injury worst cUS 50 48.9 34.3 64.7 57.1 54.1 28.6 80

Any injury MRI 40 75 47.6 68.8 28.6 72.7 25 76.2

Data are presented as number (%)

cUS cranial ultrasound, NPV negative predictive value, PPV positive predictive value

1058 Eur J Pediatr (2019) 178:1053–1061



We found that term cUS had good PPV in predicting MRI
brain injury compared to worst cUS. All grade 3 injuries at
near-term cUS had similar injuries on MRI. Three out of five
grade 3 injuries on serial cUS improved or resolved by term,
thus decreasing the PPVof early cUS. This also highlights the
importance of doing a repeat cUS scan at TEA as many white
matter changes in preterm neonates are transient in nature. All
grades of term cUS and worst cUS had good NPV for finding
changes on MRI, suggesting that most neonates who had nor-
mal cUS also had normal MRI. Our findings are similar to
previously published studies. Leijser et al. [18] compared se-
quential cUS from birth and TEAwithMRI performed at term
in 110 preterm infants (< 32 weeks). They found that PPV for
TEA cUS was high for severely abnormal brain injury on
MRI, but not for mild/moderate injury. Similarly, Horsch
et al. [12] compared paired cUS and MRI done at term-
equivalent age and showed that all severe cUS abnormalities
identified on MRI were also detected by cUS at term.
Moreover, Rademaker et al. [23] found that subtle WMIs are
more detectable on MRI than cUS, but that a normal ultra-
sound excluded a severe MRI lesion in almost all cases. There
are several explanations for these results. MRI uses high-
resolution technique and systematically acquires a series of
images of the whole brain. In contrast, ultrasound images are
highly operator dependent. Although there is a standard pro-
tocol for performing cranial ultrasounds, there are variations
in techniques between sonographers. The appearance of the
images may be susceptible to the settings used on the ultra-
sound machine, especially the gain and time gain compensa-
tion, which may significantly alter the appearance of white
matter. This makes assessment of subtle white matter abnor-
malities less reliable.

With regard to neurodevelopmental outcomes, we found
that all grades of MRI, including grade 3 injury, were poor-
ly predictive of neurodevelopmental impairment both at 1
and 3 years. We saw similar results for sequential cUS.
Interestingly, severe (grade 3) injury on term cUS was
highly predictive of neurodevelopment at both 1 and
3 years. The negative predictive value for MRI was also
low compared to cUS, suggesting that several babies had
abnormal neurodevelopment despite a normal MRI.
Nineteen babies with no changes on MRI had abnormal
neurodevelopmental outcome at 1 year, 16 of which also
had a normal term equivalent cranial ultrasound. These
figures were 12 and 8 respectively at 3 years. This is con-
sistent with previous studies [6, 10, 23, 24, 31]. It is pos-
sible that imaging only evaluates visible abnormal anatom-
ical morphology and does not account for radiologically
occult factors (such as gestation and comorbidities) as well
as later childhood influences when assessing outcomes.
Furthermore, brain growth in extreme preterm infants
may be globally delayed even without overt WMI [1, 13,
14].

Other studies [12, 20] have also found cranial ultrasound
and MRI to be equally predictive of cerebral palsy and early
childhood neurodevelopmental outcomes in preterm infants.
More recently, Edwards et al. [7] in a large cohort study of 511
preterm infants less than 33 weeks gestation showed that MRI
predicted abnormal neurodevelopment at 20 months only
slightly better than cUS (0.74 vs 0.64). Skiöld et al. [26] also
found that while MRI is sensitive in detecting brain injuries,
very preterm infants had poorer performance overall on BSID-
III at 30 months than term-born controls regardless of whether
a brain injury was seen onMRI or not.We choose to use BSID
composite score < 85 as one of the outcome measure as pre-
vious study showed that BSID scores < 70 could underesti-
mate neurological disability [16].

Other studies [2, 3] have shown correlation between abnor-
mal MRI a t t e rm equiva len t age and abnormal
neurodevelopment. Cheong et al. in a cohort of 197 moderate
and late preterm infants showed that larger total brain tissue,
white matter and cerebellar volumes at term-equivalent age
are associated with better neurodevelopment. Similarly,
Brouwer et al. demonstrated that higher global brain abnor-
mality scoring was associated with poor motor outcome and
learning performance. These studies used volumetric brain
measurements including both subcortical and deep grey mat-
ter as well as posterior limb of internal capsule myelination.
Our scoring did not use volumetric measurements which may
possibly explain the difference. We, however, did look at
PLIC myelination separately but did not find any difference
in neurodevelopmental outcomes between babies with no/
sparse myelination and normal or moderate myelination.
Most NICU’s around the world would not have access to these
advance volumetric measurements or paediatric neuroradiol-
ogy expertise; hence, we believe that our findings are relevant
to most units.

There are several limitations of our study. Of the 156 eligi-
ble babies, nearly half of them did not have a termMRI due to
death or transfer to regional hospitals, and hence were exclud-
ed from the study. Whilst several babies had grade 2 injury on
both cUS and MRI, only two babies had grade 3 injury on
TEA cUS and five babies had grade 3 injury on TEA MRI
which makes it difficult to draw a definite conclusion.
Secondly, this was a retrospective study limited to a single
centre. In this study, the cUS and MRI were not obtained on
the same day; however, our radiologists examined serial cUS,
identifying both the worst cUS and the term cUS to allow for
the most accurate assessment. Furthermore, BSID-III scores
were absent for several of the infants, due to failure to return
for neurodevelopmental assessment, incomplete Bayley’s ex-
amination or infant mortality. For the infants with incomplete
Bayley’s tests, the clinical notes, letters and other medical
records were consulted to identify any physical or cognitive
developmental abnormalities. In almost all cases where
Bayley’s examinations were incomplete due to non-
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compliance of the infant, it was noted that there was some
degree of developmental delay and this was considered as a
positive result. In this study, the outcomes were assessed at
relatively young age (12–36months). Some babies with subtle
white matter changes may have mild cognitive defects and
impaired school performance, which were not considered in
our investigation. The importance of cerebellar injury in pre-
term infants has become increasingly recognised to be associ-
atedwith neuro-motor, behavioural, and cognitive delays [10].
The cerebellum can be visualised onCUSwithmastoid views.
None of our cUS scans showed cerebellar bleeds; however,
majority of our images did not have mastoid views, as these
did not become part of routine views until 2015. Nevertheless,
we did not find any cerebellar bleeds even on termMRI in our
cohort.

Despite these limitations, our study had many strengths.
We evaluated extremely preterm neonates < 28 weeks gesta-
t i o n a l a g e— i n f a n t s w i t h t h e g r e a t e s t r i s k o f
neurodevelopmental abnormalities. Our grading system en-
abled accurate comparison of cUS and MRI images, using a
simple and validated classification that also included other
changes related to WMI. All images were scored by experi-
enced radiologists and double-checked to ensure grading con-
sistency, and both the radiologists were blinded to neurologi-
cal outcomes.

Conclusions

This study demonstrates that TEA cUS can reliably identify
severe brain abnormalities that would be seen on MRI imag-
ing and positively predict abnormal neurodevelopment at both
1 and 3 years. Although MRI can pick up more subtle abnor-
malities that may be missed on cUS, their predictive value on
neurodevelopmental impairment is poor. There is insufficient
evidence that the routine use of term-equivalent or discharge
screening brain MRIs in preterm infants improves long-term
outcome [11]. The predictive uncertainty of these tests poten-
tially can have significant mental and social impact on the
parents of these vulnerable infants [22]. Advanced neuroim-
aging techniques like diffusion tensor imaging, cortical sur-
face area and cerebral volumetric measures [10] may improve
prognostic abilities in the very preterms. However, they are
not widely available or easily interpretable, and hence their
use should be limited to research settings only. Alternate tools
like general movement assessment, ongoing assessment of
infants at high-risk of abnormal neurodevelopment until
school age, and timely referral and initiation of early interven-
tion provide most value for our vulnerable preterm population.
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