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Comparison of preterm and term equivalent age MRI for the
evaluation of preterm brain injury
A Malhotra1,2,3, MC Fahey2,3, M Davies-Tuck2, F Wong1,2,3, E Carse1, G Whiteley4 and M Ditchfield3,4,5

OBJECTIVE: To compare information obtained from preterm magnetic resonance imaging (MRI; 31–34 weeks) brain scan to that
done at term equivalent age.
STUDY DESIGN: Prospective observational study of premature infants with evidence or suspicion of parenchymal brain injury on
cranial ultrasound. Brain injury on two scans scored using a scoring system and analyzed.
RESULTS: Fourteen infants with a median (range) gestation at birth of 28 (25–29) weeks and birth weight of 1254 (680–1557) grams
were studied. There was a strong correlation between the brain injury scores for the two scans (Spearman ρ= 0.87, P= 0.001) with
excellent agreement between two radiologists (interclass correlation coefficient 0.9–0.94). There was also a high level of agreement
between the preterm and term MRI two scores (Intraclass correlation coefficient, 0.79 (0.53–0.94)).
CONCLUSIONS: Preterm MRI is a feasible option for the assessment of preterm brain injury and analysis of data obtained from scan
at preterm age is comparable to that obtained at term equivalent age.
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INTRODUCTION
Most preterm infants born at or above 24 weeks of gestation now
survive, although a high rate of neonatal morbidity is observed in
survivors.1 Preterm infants, especially those born at extremes of
gestation, are also at risk of long-term neuromorbidity and
developmental disorders. Follow-up studies have revealed high
rates of neurodevelopmental disability among very preterm
infants who survive, with 5 to 15% having cerebral palsy, severe
neurosensory impairment or both and 25 to 50% having cognitive,
behavioral and social difficulties that impede progress in school
and require special educational support.2,3

Cranial ultrasound is routinely used in neonatal units to identify
major brain pathologies because it is accessible, inexpensive, non-
invasive, and can be performed by a variety of trained
professionals.4 Outcomes after major destructive lesions, such as
hemorrhagic parenchymal infarction or cystic periventricular
leukomalacia, are well documented. However, most infants with
neurocognitive deficits do not exhibit these patterns of injury and
the sensitivity of abnormalities detected by ultrasound to predict
developmental outcome is poor.5 Fortunately, magnetic reso-
nance imaging (MRI) is superior to ultrasound at detecting both
subtle brain abnormalities and diffuse white matter damage.6,7

Measurements of the size, volumes and growth rates of many
regions of the brain, such as the corpus callosum, ventricular
system, cortex, deep gray matter and cerebellum, which may be
altered following preterm birth, are also better studied by MRI.8 In
very preterm infants, abnormal MRI findings at term equivalent
age strongly predict adverse neurodevelopmental outcomes at 2
years of age.9,10

However, MRI is not as accessible as ultrasound.11 Neonates
must be moved to a scanner separate from the neonatal intensive
care unit or to a different hospital. This can be dangerous for

unstable neonates. Many infants return to a tertiary facility after
discharge for their term MRI scans. There is paucity of literature
exploring the role of MRI in the mid-late preterm age. In this
prospective observational study, we have tried to compare the
information obtained from preterm MRI brain scan to term
equivalent age MRI in relation to preterm brain injury. We
hypothesized that the information obtained will be comparable
between the two scans.

METHODS
Premature infants born below 30 weeks were recruited into this
prospective study if cranial ultrasounds showed evidence or suspicion of
parenchymal injury. All preterm infants born o30 weeks were screened
for brain injury using the unit protocol, which included a routine cranial
ultrasound (done using an iU22 Ultrasound machine, Philips, Best, The
Netherlands) within the first 3 days of life, at the start of the second week,
28 days and 42 days after birth. More frequent scans (weekly or twice
weekly) scans were undertaken if there was any evidence of brain injury on
the scans. Pediatric radiologists reported the ultrasound scans.

Ethics
The institutional Human Research Ethics Committee approved the study.
Written signed informed parental consent was obtained prior to enrolment
in the study.

Setting
This prospective study was conducted in the neonatal unit of Monash
Children’s Hospital, Clayton in suburban Melbourne, Victoria, Australia,
over a period of 18 months (August 2013–January 2015). This is a large
tertiary perinatal unit attached to a high-risk obstetric service delivering
close to 4000 infants an year. Most infants are inborn but the unit also
receives a small number of outborn infants every year.
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Inclusion criteria
Infants born at o30 weeks gestation with evidence or suspicion of
parenchymal brain injury. These may include ultrasound findings of
hemorrhagic parenchymal infarction (associated with intraventricular
hemorrhage), persistent periventricular echodensities/echogenicities
(defined as those present on two scans separated by at least 7 days) or
cystic evolution of periventricular leukomalacia. The study lead author
(AM) determined eligibility of infants by reviewing ultrasound scan images
and radiologist reports.

Exclusion criteria
Infants with known malformations of the central nervous system, or those
being considered for redirection of intensive care due to neurological or
coexistent morbidities.

MRI protocol
Infants underwent two MRI brain scans: one at preterm age (31 to
34 weeks) and other at term equivalent age (TEA) (38 to 48 weeks). The
preterm age MRI was conducted using an magnetic resonance-compatible
incubator with a dedicated head coil (Lammers Medical Technology,
Lubeck, Germany) on a Siemens 1.5 Tesla MRI scanner (Siemens, Erlangen,
Germany). Infants were sedated with chloral hydrate (10 to 25 mg kg− 1)
given 30 min before transport to the MRI facility. Continuous pulse
oximetry was carried out using a portable Masimo Radical 7 monitor
(Masimo Corporation, Irvine, CA, USA) and infant’s temperature was also
monitored regularly. The MRI scan protocol included isotropic T1- and T2-
weighted scans, diffusion-weighted imaging and apparent diffusion
coefficient maps. Analysis of the scans included assessment of white
matter volume and ventricular size, signal abnormality in the white matter,
deep gray matter and cortical gray matter, and assessment of the white
matter tracts for maturity and myelination.

Scoring of brain injury on MRI
Scans were reported based on the patterns of abnormality as previously
defined and described for Cerebral Palsy by the lead study radiologist
(MD).12 For the purposes of this study, the following domains were used:
white matter volume, ventricular dilatation, periventricular cysts, T1 and
T2 signal change, intraventricular or periventricular hemorrhage, and
any other lesions observed (Table 1). Two radiologists blinded to the
findings of the cranial ultrasound and previous MRI, scored the images
independently.

Statistical analysis
The individual patient characteristics were tabulated. Descriptive statistics
were then calculated for the scores given by the lead radiologist involved
(MD). The inter-observer agreement between the radiologists was
determined by interclass correlation coefficient. The agreement between
the preterm and term overall MRI score was determined by computing the
Spearman correlation coefficient, the intraclass correlation coefficient and
Bland–Altman limits of agreement.13 Agreement between the individual
components of the MRI score on the preterm and term MRI was also
determined by calculating the weighted Kappa scores and applying
Altman’s method14 to describe the level of agreement qualitatively. All
statistical analyses were undertaken using Stata (I/C) version 12 (StataCorp,
College Station, TX, USA).

RESULTS
Two hundred and twenty-four infants were born at o30 weeks
gestation during the study period. Twenty-six infants had
evidence or suspicion of parenchymal brain injury on cranial
ultrasound out of which 14 preterm infants were recruited into the
study after parental consent (Table 2). All infants were inborn, the
median gestation at birth was 28 weeks (range, 25 to 29) and the
median birth weight was 1254 g (680 to 1557). Eleven (78.5%)
infants were male. The median 5-min Apgar score was 8 (2 to 9).
All infants developed respiratory distress syndrome requiring
respiratory support early in their neonatal course, whereas eight
(57%) later developed chronic lung disease. Five (35.7%) infants
suffered a significant episode of sepsis or meningitis, whereas two
(14.2%) infants developed necrotizing enterocolitis.
Cranial ultrasound findings leading to eligibility to the study

included periventricular parenchymal echogenicities (either peri-
ventricular echodensities/echogenicities or hemorrhagic parenchy-
mal infarction) (10/14, 71.4%) or cystic periventricular leukomalacia
(4/14, 28.5%). Ten infants (71.4%) also had coexistent intraventri-
cular hemorrhage. The preterm MRI brain was done at a median
postnatal age of 39 days (19 to 65) and a median corrected
gestation (postconceptional age) of 33.5 weeks (31 to 34). The
median weight of the infant at the time of scan was 1762 g (1247 to
2507). Six out of the fourteen infants were on non-invasive pressure
support (continuous positive airway pressure or humidified high-
flow nasal cannula) at the time of the scan and one infant required
low-flow oxygen via nasal cannula. The median oxygen requirement
for those on pressure support was 21%. The rest of the infants (7/14)
were self-ventilating in air. Chloral hydrate was used as a sedative in
12/14 infants with a dose range of 10 to 25 mg kg−1 with no
adverse events. Infant’s body temperature was closely monitored
during the transport and MRI scan, and was consistently maintained
between 36.5 and 36.7 °C for all infants. Continuous pulse oximetry
was normal in all infants during the course of the scan and
transport. There were no adverse events during the MR or transport
to or from the nursery. The term MRI was done at a median
corrected age of 38 weeks (37 to 45) by which age most infants had
been discharged to another hospital or home.
The details of the MRI scans at the preterm and TEA age are

shown in Table 3. There was excellent inter-observer agreement
between the two radiologists for both preterm (0.9) and term
scans (0.94). The median score of the preterm MRI scan was 5 (IQR
3 to 8) and TEA scan was 6 (IQR 3 to 7). The pairwise correlation
coefficient for the two MRIs was 0.87 (Po0.001; Figure 1). The
intraclass correlation coefficient between the two MRIs was 0.79
(0.53 to 0.94). The Bland–Altman limits of agreement plot
(Figure 2) showed a mean difference (term vs preterm) between
scores of − 0.46 (95% confidence intervals 3.97 to − 4.89). The
limits of agreement plot also shows that when the average score
was o6, the preterm scores tended to be smaller than the term
scores; however, for scores over 6, the preterm score was larger
than the term score.

Table 1. Brain injury scoring matrix

MRI finding 0 1 2 3

White matter volume Normal o50% loss 450% loss —

Periventricular cysts None o5 mm 45 mm —

Ventricular dilatation None Mild Moderate Severe
T1 foci None o5 5–10 410
T2 signal change Normal Punctate Becoming confluent Confluent
Intraventricular hemorrhage None IVH only IVH+PV bleed IVH+major PV bleed
Other abnormalities Absent Present — —

Abbreviations: IVH, intraventricular hemorrhage; PV, periventricular.
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In regards to the specific components of the score, besides
evidence of white matter injury (seen in 13 out of 14 infants),
findings observed on MRI scans included coexistent intraventri-
cular hemorrhage (64.2%), isolated T1 signal intensity change in
the periventricular region (28.5%) and other abnormalities
(cerebellar injury/hemorrhage (28.5%), extraxial blood (14.3%)
and basal ganglia volume loss (7.1%)). Myelination of posterior
limb of internal capsule was seen in none of the preterm scans
and in almost half (57%) of the TEA scans. Only one scan (term
age) required repeat due to motion artifacts resulting in poor
image quality. Individual and total scores in each of the domains
for WMI are described. An example of severe brain injury on T2
image of preterm and TEA scan is shown in Figure 3. One infant
who suffered a major cardiorespiratory collapse in the interval
period between the two scans was excluded from the final
analysis. Analysis of agreement of individual components of injury
score showed that the best agreement existed for T1 foci
(weighted kappa = 0.91), and other brain injury (weighted kappa =
0.81), whereas white matter volume (weighted kappa = 0.32) and
T2 signal intensity (weighted Kappa = 0.45) had an average
agreement using the Bland classification14 (Table 4).

DISCUSSION
Term equivalent age MRI is a well-established clinical imaging tool
used to identify infants at high for adverse neurodevelopment.15

The present study demonstrated that a preterm MRI brain
undertaken ~ 31 to 34 weeks post menstrual age showed
comparable information to TEA MRI brain. Furthermore, preterm
MRI scans were practical and feasible without any adverse events.

Table 2. Patient characteristics

Gestation 28 (25–29) weeks
Birth weight 1254 (680–1557) grams
Male (n, %) 11 (78.5%)
5-min Apgar score 8 (2–9)
Major clinical diagnoses
Respiratory distress syndrome 14 (100%)
Chronic lung disease 8 (57%)
Meningitis/significant sepsis 5 (35.7%)
Necrotizing enterocolitis 2 (14.2%)

Cranial ultrasound findings
Intraventricular hemorrhage 10 (71.4%)
Persistent periventricular echogenicity 10 (71.4%)
Cystic periventricular leukomalacia 4 (28.5%)

Postnatal age at preterm MRI 39 (19–65) days
Weight at preterm MRI 1762 (1247–2507) grams
Postconceptional age at preterm MRI 33.5 (31–34) weeks
Postconceptional age at term equivalent
age MRI

38 (37–45) weeks

Data presented as median (range) or number (percentage).

Figure 1. Graph showing the correlation between the scores
obtained from the preterm and TEA magnetic resonance imaging
(MRI) brain scans using the spearman correlation method. Two
infants had a preterm score of 5 and TEA score of 7. TEA, term
equivalent age.

Figure 2. Graph showing the Bland–Altman limits of agreement
plot. Middle line is mean difference between scores (−0.46), whereas
the top and bottom lines are the 95% limits (3.97, − 4.89). Two
infants have an average score of 6, with a mean difference between
scores of 2.

Table 3. Details of preterm and term equivalent age MRI scores

Infant, sex WMV Cysts V dil T1 foci T2 sig IVH Other Preterm total WMV Cysts V dil T1 foci T2 sig IVH Other Term total

1, F 2 0 2 1 1 2 0 8 1 1 0 1 1 2 0 6
2, F 0 0 0 1 0 0 0 1 1 0 0 1 0 0 0 2
3, M 0 0 0 2 1 0 0 3 0 0 1 2 2 0 0 5
4, M 1 2 2 2 2 1 0 10 2 1 2 2 0 0 0 7
5, M 1 0 0 0 0 1 0 2 0 0 0 0 0 1 0 1
6, F 1 0 1 0 0 1 1 4a 2 1 3 2 3 0 0 11a

7, M 1 0 1 0 0 0 0 2 1 0 1 0 1 0 0 3
8, M 1 0 0 1 1 2 0 5 1 0 1 1 1 2 0 6
9, M 1 0 1 0 0 0 1 3 1 0 0 0 0 0 1 2
10, M 0 2 0 1 0 1 1 5 1 2 1 1 0 2 0 7
11, M 1 0 2 1 0 1 0 5 2 0 2 0 0 1 0 5
12, M 2 2 3 2 3 1 0 13 2 2 2 1 3 0 0 10
13, M 1 0 1 2 0 0 1 5 0 2 0 2 0 2 1 7
14, M 1 2 1 3 3 3 1 14 0 2 1 3 0 2 1 9

Abbreviations: F, female; IVH, intraventricular hemorrhage; M, male; Other, other abnormalities seen on MRI scan, cerebellar hemorrhage, extraxial blood and
basal ganglia changes; T2 sig, T2 signal intensity; V dil, ventricular dilatation; WMV, white matter volume. aInfant excluded from final analysis due to acute
collapse during the interval period between the two MRI scans. Bold values indicate total scores.
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An objective comparison between the two scans was done with
good inter-rater reliability and reproducibility.
White matter injury was the commonest type of injury seen and

is known to have clear MRI determinants, which have been
previously studied at term age.6 TEA MRI is routinely used to
prognosticate neurodevelopmental outcomes. This study compared
MRI information obtained from term and preterm scans with the
hypothesis that if the information from the scans is comparable,
then the long-term outcomes may be similarly predicted on the
basis of the preterm scan. A number of studies have examined the
utility of an early age MRI brain in the preterm population. The
studies included in a systematic review by Plaiser et al.16 did not
provide clear evidence on the optimal timing of MR imaging, with
either sequential data (from preterm to term age)17–20 or a single
preterm study undertaken.21 Debate continues around transient
brain lesions that may have disappeared by the TEA scan.22

Although an increasing number of reports have demonstrated MR
evidence of brain abnormalities during early preterm life, few have
linked these findings to outcome.20,23 Miller et al.17 who found that
MRI findings at 32 weeks and TEA gestation both reliably predicted
neurodevelopment. Their finding suggests that predictive MRI may
be performed well before term equivalent age provided it is after
the first week of life. We believe that quantifying the severity and
extent of injury through a scoring system adds weight to the value
of the preterm MRI (32 weeks onwards) for prediction of adverse
neurodevelopment.
A variety of MRI scoring systems have been developed to

classify and grade brain injury seen on MRI. These systems rely on
dividing the information obtained from MRI into various areas of
the brain and then scoring them depending on specific lesions
seen.24,25 We used a semi-quantitative grading system a variation
of which was previously used in studies on cerebral palsy,26,27 and

found good correlation across the two scans, suggesting that the
information obtained from the scans was comparable. The Bland–
Altman limits of agreement revealed interesting information. The
mean difference of 0.46 between scans, although small could be
relevant especially for low scores and needs to be further
evaluated with 2-year neurodevelopmental results. There appears
to be a systematic bias in those infants with high average (preterm
and term) scores where the preterm score is higher than the term
score, whereas in infants with low average scores, there seems to
be very little bias with preterm scores being generally lower. This
may be related to resolution in brain injury markers such as
intraventricular hemorrhage over time. The high scores also
contribute to the relatively large confidence intervals in a small
sample set. Similarly, there was a variation of the individual
weighted kappa, being relatively weak correlation between
preterm and term scans for white matter volume changes that
may evolve over time.
One of the main concerns of MRI scans at a preterm age has

been safety of the infant, feasibility and practical issues around
transport from a neonatal unit to the MRI facility.28 An MRI
compatible incubator as used in this study allows for unin-
terrupted care and minimizes handling of the infant during
transport and image acquisition. None of the infants in this study
had any adverse events during transport or scanning and all
infants remained normothermic throughout. A number of studies
have highlighted the safety and efficacy of MRI compatible
incubators for neonatal use especially in the preterm age.29,30

Previous studies have also demonstrated that scanning through
the incubator with a head coil permits high-quality images.31

There are a number of advantages of early diagnosis or
confirmation of a significant brain injury on MRI. The most
significant of these would be the avoidance of return to a tertiary
MRI facility at term equivalent age after discharge to a step-down
nursery or home. In some instances, this could mean several hours
of transport and overnight stay at the tertiary institution. In this
study, seven infants (50%) had to return to the tertiary facility after
discharge for TEA MRI. Early diagnosis of a possible brain injury
would also facilitate earlier involvement and management by the
developmental care team and appropriate referral to early
childhood intervention services. Most importantly, there is a high
amount of parental anxiety associated with the diagnosis or
suspicion of a brain injury on cranial ultrasound and earlier
scanning may allow earlier prognostic information to be given.
This information could also open new avenues for early
neuroprotective and intervention strategies and therapies to be
instituted. Performing an MRI early in the preterm age and at TEA
will also help to monitor brain growth and injury over time and
use as a biomarker to evaluate the effect of neuroprotective
strategies and treatments.
The study does have limitations. This prospective study

included a systematic evaluation of information obtained from
preterm MRI brain. Only infants with a high likelihood of
parenchymal brain injury were included for this preliminary study,
so as to validate the scoring system and inter-rater reliability
before preterm MRI can be considered in a larger population of
high-risk infants with no apparent injury on cranial ultrasound.
Ideally, an independent screen of the ultrasound scans to
determine eligibility would have been better. The study also
could not get a breadth of lesion severity due to its small sample
size. Hence, it is difficult to comment whether the preterm MRI
brain scan would detect subtle or milder degrees of WMI as well as
it detects moderate and severe injury when compared to the TEA
MRI. Significant blood stream infection was present in 35.7%
infants in the study population and a limitation of an early scan
could be that brain injury in some infants may potentially be
missed especially those who suffer from a late infection or a
similar significant event (prolonged need for mechanical ventila-
tion beyond 32 weeks or necrotizing enterocolitis) during their

Figure 3. Representative T2 image of a preterm and TEA magnetic
resonance imaging brain scan showing intraventricular and peri-
ventricular blood, and periventricular cysts (arrows). TEA, term
equivalent age.

Table 4. Agreement of individual components of preterm and term
equivalent age score

MRI finding Weighted kappa Agreement14

White matter volume 0.32 Fair
Cysts 0.72 Good
Ventricular dilatation 0.5 Moderate
T1 foci 0.91 Very good
T2 signal 0.45 Moderate
Intraventricular hemorrhage 0.64 Good
Other 0.81 Very good
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neonatal admission. This has been highlighted in at least one
study previously.18

CONCLUSIONS
MRI brain scan done at a preterm age in extremely premature
infants is comparable to a term equivalent age MRI brain scan.
Larger cohort studies including infants with normal scans are
required to evaluate the role of preterm MRI brain scan after
32 weeks in low- and high-risk preterm infants.
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