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Background: Brain injury in premature infants (BIPI) seriously affects the growth and development of
preterm infants. Magnetic resonance imaging (MRI) has become an important method of assessing brain
development. The aim of this study was to explore the correlation between clinical features and total
maturation score (TMS) by MRI in very low birth weight (VLBW) preterm infants with brain injury at term
postmenstrual age (PMA).

Methods: A retrospective cohort of 65 cases of BIPI with VLBW and 40 normal control cases were
included, and all cases underwent MRI examination. The 2 groups were assessed in terms of TMS and
sub-parameters (myelination, cortical infolding, germinal matrix, bands of migrating glial cells), and the
correlation between TMS and term PMA was also analyzed.

Results: The TMS of the BIPI group was lower than that of the control group (P<0.01). The differences
in myelination and cortical infolding were statistically significant (P<0.01). No significant differences in the
germinal matrix and bands of migrating glial cells were found. The linear regression equation showing a
positive correlation between TMS and term PMA in normal preterm infants was y=1.164x-28.888 (t=9.478,
P=0.000).

Conclusions: TMS by conventional cranial MRI can objectively reflect the brain maturity and brain
damage of premature infants, and is related to the term PMA.
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Introduction Magnetic resonance imaging (MRI) is a high-resolution

o o . . soft tissue examination method which is safe and has no
The incidence of brain injury in premature infants

(BIPI) has been reported to be as high as 10-20% (1-3). risk of radiation damage. At present, MRI is widely used
Therefore, early diagnosis, treatment, and intervention in the imaging of neonates and premature infants (5,6).

are of great importance for children with brain injury (4). The total maturation score (TMS) of MRI is a commonly
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used scoring system to evaluate the maturity of brain
development. Most previous studies have not grouped
preterm infants by birth weight, and there are few reports
on very low birth weight (VLBW) preterm infants. This
study further explores the application value of TMS with
MRI in the evaluation of brain injury in VLBW preterm
infants at term postmenstrual age (PMA), and aims to
discover more effective methods for early diagnosis.

We present the following article in accordance with the
MDAR checklist (available at http://dx.doi.org/10.21037/
apm-21-55).

Methods
Patients and data

A retrospective cohort of 65 VLBW preterm infants with
brain injury from the neonatal intensive care unit (NICU)
of Gansu Province Maternity and Child Care Hospital
between October 2013 and January 2019 was enrolled, with
gestational age less than 37 weeks and birth weight less than
1,500 g.

The case group met the following inclusion criteria:
(I) MRI examination of the brain was abnormal, with
intracranial hemorrhage and white matter damage; (II) the
newborn had severe intrauterine distress and umbilical cord
around the neck. Pregnant women had placenta previa,
premature rupture of membranes, placental abruption,
history of amniotic fluid contamination, hypertension,
diabetes, and hyperthyroidism; (III) the newborn had
clinical manifestations such as convulsions, increased
intracranial pressure, abnormal primitive reflexes, changes
in consciousness, and hypotonia.

The control group consisted of 40 normal preterm
infants admitted to hospital with feeding intolerance and
scalp hematoma without obvious clinical manifestations
of brain injury and normal MRI examination results. The
clinical follow-up showed no abnormalities for 12 months.

Both groups of infants underwent MRI examination
at 37-41 weeks at term PMA, and were followed up to
12 months for neurobehavioral assessment using the Gesell
Developmental Scale. Informed consent was obtained from
the guardians (parents) of all children for each examination.
This study was approved by the Ethics Committee of
Gansu Provincial Maternity and Child Care Hospital (No.
2020 GSFY [5]). The clinical data collected were as follows:
gender (male/female), gestational age (weeks), birth weight
(g), weight at term PMA (g), delivery method (natural
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birth/cesarean section), twins (yes/no), first delivery (yes/
no), in vitro fertilization-embryo transfer IVF-ET) (yes/
no), Apgar 1- and 5-minute score, and mother’ age (years).
All procedures performed in this study involving human
participants were in accordance with the Declaration of
Helsinki (as revised in 2013).

Study methods

Brain MRI

The Siemens AVANTO 1.5T MR scanner with head
surface coil was used. The parameter settings were T1WI
(T1 weighted image, SE sequence) TRA: TR 500 ms,
TE 11 ms, FOV 160 mm, layer thickness 4 mm, voxel
0.7x0.6x4.0 mm’; TIWT (T1 weighted image, SE sequence)
SAG: TR 450 ms, TE 8.7 ms, FOV 230 mm, layer
thickness 4 mm, voxel 1.0x0.9x4 mm’; T'1 [turbo invasion
recovery magnitude (TTRM) dark-fluid sequence] TRA:
TR 1,700 ms, TE 8.1 ms, FOV 230 mm, layer thickness
4 mm; T2WI (T2 weighted image, blade sequence): TR
4,000 ms, TE 100 ms, layer thickness 4 mm, FOV 160 mm,
voxel 0.8x0.8x4.0 mm’; T2WI (T2 weighted image)
FLARI sequence: TR 7,500 ms, TE 100 ms, voxel 0.8x0.8
x4.0 mm’; DWI (diffusion weighted image) sequence: TR
3,400 ms, TE 100 ms, FOV 230 mm, layer thickness 4 mm,
voxel 1.3x1.2x4 mm’; SWI (susceptibility weighted image)
sequence T2WI: TR 49 ms, TE 40 ms, FOV 200 mm, layer
thickness 4 mm, voxel 0.7x0.6x1.6 mm’.

MRI diagnostic criteria

The diagnosis and classification of BIPI with VLBW
included white matter damage and intracranial hemorrhage.
The diagnostic classification of intracranial hemorrhage
according to the Papile evaluation criteria (7) was as
follows: grade I, germinal matrix hemorrhage; grade II,
germinal matrix hemorrhage and breaks into the ventricle,
but not accompanied by ventricular expansion; grade
III, germinal matrix hemorrhage and breaks into the
ventricle, accompanied by ventricular dilatation; grade IV,
intraventricular hemorrhage accompanied by hemorrhage
in the brain parenchyma around the ventricle. For white
matter damage diagnostic classification criteria, the
Miller classification (8) was used. According to T1WI
performance, mild: focal punctate hyperintensity, lesions <3,
or lesions <2 mm; moderate: multifocal punctate or patchy
hyperintensity, lesions >3, or lesions >2 mm; severe: the
extent of the lesion was larger than 5% of the white matter
around the ventricle of each cerebral hemisphere.
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TMS evaluation and assessment standards

Using the TMS (9), 4 parameters were observed in the
brain MRI images: myelination (M), cortical infolding (C),
germinal matrix (GM), and bands of migrating glial cells
(B). Each parameter was quantified as described in the
literature (10), myelination went up to a score of 7, cortical
infolding went up to 6, germinal matrix went up to 4,
and bands of migrating glial cells went up to 4, for a total
score of 21. The evaluation of myelination and germinal
matrix required complete TIWI and T2WI axial images,
while cortical infolding and bands of migrating glial cells
only needed to be imaged at the level of the parallel flat
interforamen. Myelination required assessment on both
T1WI and T2WI. Two senior radiologists independently
reviewed the scans and performed the scoring, and the
average of the 2 was taken as the final score.

Neurobehavioral follow-up and assessment criteria

All cases in the study were followed up at least once, and the
follow-up times were 3, 6, and 12 months after birth. The
follow-up included head MRI and Gesell Developmental
Scale evaluation. The results of neurobehavioral
development were subject to the results of the 12 months
follow-up.

For the Gesell Developmental Scale, premature infants
were corrected to 40 weeks of gestational age to calculate
the developmental quotient (DQ), and 5 energy zone
indicators were assessed: adaptability (AB), gross motor
movement (GM), fine motor movement (FM), language (L),
and social behavior (SB). According to the DQ calculation
method, the DQ value for each case was obtained. For DQ
quality control and grading, the examiners were specially
trained with relevant qualifications to blindly and uniformly
use the evaluation tools, equipment, and environment, and
strictly followed the scale manual. DQ >75 indicated normal
development, and <75 indicated mental retardation.

Data analysis and statistics

The obtained questionnaire data was collected on
Excel as a data file, and SPSS19.0 software was used for
statistical analysis. Differences between measurement data
groups were first compared with an independent sample
t-test to compare their overall differences. If normality
and homogeneity of variance were satisfied, then the
independent samples #-test was used to compare between
groups. If normality and homogeneity of variance were
not satisfied, then the two independent samples Mann-
Whitney U test was used. Linear regression analysis was
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used to analyze the linear dependence of the measurement
data. The differences between groups of count data
were compared with the x* test. P<0.05 was considered
statistically significant.

Results
Clinical data of the BIPI group and the control group

In this study, a total of 65 cases of BIPI with VLBW were
enrolled, including 38 males and 27 females. There were
40 preterm infants in the control group, including 26 males
and 14 females. The 2 groups had statistical differences
in gestational age at birth, birth weight, mode of delivery
(normal delivery/cesarean section), first delivery, and Apgar
score at 1 minute and 5 minutes. There were no statistical
differences in gender, weight at term PMA, twins, IVF-ET,
and mother’s age (Table 1, Figure 1).

Linear regression analysis of TMS and PMA in the control
group

Using linear regression analysis, with TMS as the dependent
variable and PMA as the independent variable, a positive
correlation was found between TMS and PMA (P<0.01).
The linear regression equation was y=1.164x-28.888
(t=9.478, P=0.000) (Figure 2).

The relationship between the TMS of the BIPI with VLBW
group and the control group

The TMS of the BIPI group was significantly lower
than that of the control group (P=0.005) (Figure 3). MRI
shows TMS score is low in the case with subependymal
hemorrhage (Figure 4), and lagged behind the control group
(Figure 5). When the individual components of TMS were
analyzed between the 2 groups, myelination (P=0.032) and
cortical infolding (P=0.006) in the BIPI group lagged behind
the control group, MRI shows myelination and cortical
infolding scores is low in the case with intraparenchymal
hemorrhage (Figure 6), and lagged behind the control group
(Figure 5). There were no significant differences in germinal
matrix (P=0.263) and the bands of migrating glial cells
(P=0.894) between the 2 groups (Tuble 2).

Discussion

The survival rate of BIPI with VLBW has increased in
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Table 1 Clinical data of the BIPI group and the control group

Zhu et al.

Correlation between clinical features and TMS by MRI

Characteristics BIPI group (n=65) Control group (n=40) ¥/t value P value
Gender (male/female) 38/27 26/14 0.445 0.505
Gestational age (weeks) 29.78+1.55 33.25+2.60 -6.016(2) 0.000
Birth weight (g) 1,252.31+127.28 1,929.00+£582.36 -9.049(z) 0.000
Weight at term PMA (g) 2,834.62+148.72 2,884.00+216.25 -1.593(2) 0.111
Delivery method (natural birth/cesarean section) 41/24 16/24 5.314 0.021
Twins (yes/no) 11/54 10/30 1.010 0.315
First delivery (yes/no) 25/40 24/16 4.615 0.032
IVF-ET (yes/no) 11/54 5/35 0.375 0.540
Apgar score 1 minute 7.34+1.34 8.40+0.84 —-4.496 0.000
Apgar score 5 minutes 8.43+1.03 9.38+0.90 -4.785 0.000
Mother’s age (years) 31.00+ 5.12 29.25+4.17 1.819 0.072
BIPI, brain injury in premature infants; PMA, postmenstrual age; IVF-ET, in vitro fertilization-embryo transfer.
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Figure 1 Clinical data of the brain injury in premature infants (BIPI) group and the control group. (A) Gestational age; (B) weight at

postmenstrual age (PMA); (C) gestational age; (D) mother’s age.

recent years. Some studies have shown that 10-15% of
VLBW preterm infants with brain injury eventually develop
cerebral palsy, and 30-60% (9) have cognitive impairment
and learning disabilities. Early diagnosis, treatment, and
intervention of BIPI are therefore important measures to
prevent progression. MRI is a soft tissue, multi-directional
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imaging method, which does not use ionizing radiation.
Recently, MRI has been increasingly used in newborns
and premature infants. This study further explored the
correlation between MRI manifestations and the TMS
of VLBW preterm infants with brain injury, seeking to
enhance methods for early diagnosis, treatment, and
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Figure 3 The total maturation score (TMS) of the brain injury in
premature infants (BIPI) group and the control group.

Figure 4 An infant in the brain injury in premature infants (BIPI) group at 32 weeks and 4 days gestational age. (A) Axial T2-weighted MRI
image: short T2 signals can be seen in the right lateral ventricle and the posterior horns of both lateral ventricles. (B) Axial SWI sequence
shows missing signal. (C) Axial T1-weighted image at 40 weeks postmenstrual age (PMA). (D) Axial T2-weighted image at 40 weeks PMA.

Total maturation score (TMS) was 12, myelination score was 3, cortical infolding score was 4, germinal matrix score was 2, and bands of

migrating glial cells score was 3.

intervention.

TMS is currently used to evaluate the maturity of the
brain, and was established by Jenster ez 4l. (10-12). TMS is
positively correlated with corrected gestational age. It can
objectively assess the maturity of brain development, and
can help detect abnormal brain development and BIPI at
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different stages. It is a simple and repeatable assessment
method. The results of this study showed that the TMS
of the normal control group was positively correlated
with term PMA, and there was a linear relationship.

The linear regression equation was y=1.164x-28.888,
(t=9.478, P=0.000). The TMS included 4 parameters
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B

Figure 5 An infant in the control group at 33 weeks gestational age, and MRI scan at 40 weeks postmenstrual age (PMA). (A) Axial T2-
weighted image. (B) Axial T'1-weighted image. Total maturation score (TMS) was 17, myelination score was 4, cortical infolding score was 5,

germinal matrix score was 4, and bands of migrating glial cells score was 4.

Figure 6 An infant in the brain injury in premature infants (BIPI) group at 30 weeks and 5 days gestational age. (A) Axial T'1-weighted MRI
image: short T2 signals can be seen in the right temporal lobe. (B) Axial diffusion weighted image (DWI) sequence shows limited diffusion.
(C) Axial T1-weighted image at 39 weeks postmenstrual age (PMA). (D) Axial T2-weighted image at 39 weeks PMA. Total maturation
score (TMS) was 15, myelination score was 4, cortical infolding score was 4, germinal matrix score was 4, and bands of migrating glial cells

score was 3.
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Table 2 TMS of the 2 groups
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Indicators BIPI group (n=65) Control group (n=40) P value
T™MS 14.97+1.57 15.83+1.30 0.005
Myelination (M) 3.92+0.72 4.20+0.56 0.032
Cortical infolding (C) 4.26+0.59 4.56+0.50 0.006
Germinal matrix (G) 3.46+0.50 3.58+0.50 0.263
Bands of migrating glial cells (B) 3.46+0.50 3.48+0.51 0.894

TMS, total maturation score; BIPI, brain injury in premature infants.

(myelination, cortical infolding, germinal matrix, bands of
migrating glial cells). Some studies have confirmed that
TMS is a comprehensive evaluation of the 4 indicators,
and there are differences in the gestational ages of the
evaluation indicators, with certain time windows (13).
Cortical infolding is different across gestational ages, and
differences in myelination mainly occur after 38 weeks,
while germinal matrix and bands of migrating glial cells
only differ before 38 weeks. According to MRI images
of the fetus, the germinal matrix generally disappears at
32-34 weeks, while delayed regression may occur in
premature infants, but usually no later than 38 weeks (14).
Among the 4 parameters, myelination and cortical
infolding gradually become obvious as the brain continues
to develop, and germinal matrix and bands of migrating
glial cells gradually disappear with the developmental
process. Woodward ez al. (15,16) reported that neonatal
MRI abnormalities, especially white matter abnormalities,
can predict cognition and motor development at 2 years
old. Studies have also shown that neonatal white matter
abnormality diagnosed by MRI is related to intelligence,
language, executive function, and sports skills in
preschool (17-19).

This study found that myelination (P=0.032) and
cortical infolding (P=0.006) in the BIPI with VLBW group
lagged behind the control group. This is consistent with
findings from Cabaj e 4l. and Xing et al. (20-22), indicating
that BIPI can affect cortical folding and myelination at
PMA. According to the “tension-based theory” of central
nervous system neurodevelopment (23), there is tension in
white matter along axons. Damage to white matter in the
brain may affect the morphogenesis of brain tension and
change the development of the gyri. This may explain the
pathology of abnormal cortical folding. Marin-Padilla (22)
found through several pathological methods that the cortical
neurons covering the periventricular leukomalacia undergo
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corticopetal, corticofugal, and association fiber destruction,
leading to input deprivation and output isolation in the gray
matter.

This study found that the germinal matrix (P=0.263)
and bands of migrating glial cells (P=0.894) were not
significantly different between the BIPI group and the
control group. This is consistent with the results of Battin
et al. (23-25). The study found that the germinal matrix is
the remnant of the early ventricular zone at the stage of
preterm infants, which can be clearly seen on the anterior
and posterior edges of the lateral ventricle. It shows high
signal on T1W and low signal on T2WI. It is observed
through fetal MRI images that the germinal matrix
generally disappears at 32 to 34 weeks, but a small part of
the caudate nucleus head and thalamus still remain in the
anterior and lateral corners of the lateral ventricle. Delayed
germinal matrix can occur in preterm infants, but often no
later than 38 weeks. The bands of migrating glial cells are
the precursors of premyelinating oligodendrocytes, which
basically fade at term. In this study, there were no significant
differences between the germinal matrix and the bands of
migrating glial cells between the 2 groups, which may be
related to the following reasons: (I) the germinal matrix
and the bands of migrating glial cells were both located in
the frontal lobe at approximately 30 weeks of gestational
age. The white matter around the posterior horn of the
lateral ventricle and the corona radiata are more likely
to be damaged at this stage, and most of the frontal lobe
is not easily affected. (II) The germinal matrix generally
disappears at 32 to 34 weeks, but a small part of the caudate
nucleus head and thalamus still remain in the anterior and
lateral corners of the lateral ventricle. Delayed regression
can occur in preterm infants, but usually not later than
38 weeks. In this study, most of the preterm infants whose
gestational age was corrected had an average gestational age
between 37-41 weeks.
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This study has certain limitations. Firstly, the sample size
of this study was small, and there were certain geographical
restrictions, meaning we could not objectively evaluate the
overall level of brain development in premature infants.
Secondly, some children had mild brain damage and were
difficult to distinguish on imaging. Therefore, larger
sample size and longer follow-up studies are needed in
order to better investigate the correlation between BIPI and
neurological problems.

In conclusion, this study found that TMS using
conventional cranial MRI can be used as an early predictor
of BIPI with VLBW, which is helpful for identifying the
preterm infants that require early intervention, so as to
improve the neurodevelopmental and long-term prognosis
of preterm infants.
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