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ABSTRACT

Background: This study aims to assess the role of magnetic resonance imaging (MRI) in evaluating hypoxic-ischemic brain injury (HIBI) in
perinatal newborns. It specifically examines the imaging patterns of brain injury in preterm versus full-term infants and evaluates the utility of
different MRI sequences. Methodology: A cross-sectional study was conducted over 18 months at a tertiary care center. Fifty perinatal newborns
with clinical suspicion of HIBI were enrolled. All subjects underwent MRI using T1-weighted, T2-weighted, and diffusion-weighted imaging. The
imaging findings were analyzed to identify injury patterns, and the effectiveness of different sequences in detecting these injuries was compared.
Descriptive statistics were used to summarize the data, and comparisons were made between preterm and full-term infants. Results: MRI findings
revealed distinct injury patterns, with preterm infants showing higher incidences of basal ganglia, thalamic, and white matter injuries. Diffuse
cortical injury was more common in preterm infants. T2-weighted imaging was the most effective in detecting hypoxic-ischemic lesions, followed
by DWI. Preterm infants had reduced thalamic volume and enhanced connectivity between the thalamus and insula, suggesting a heightened
vulnerability to ischemic injury. Conclusion: This study highlights the importance of MRI in the early detection of HIBI, especially in preterm
infants, who exhibit unique injury patterns. Advanced MRI techniques, such as T2-weighted imaging, are particularly valuable in characterizing
these injuries. These findings underscore the need for tailored imaging protocols and interventions based on gestational age and injury type to
improve neurodevelopmental outcomes in affected newborns.
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INTRODUCTION

Hypoxic-ischemic brain injury (HIBI) remains one of the leading
causes of neonatal mortality and long-term neurodevelopmental
disabilities, affecting both preterm and full-term infants. (1)

It is estimated to affect between one and four infants per 1000 live
births, depending on the specific criteria used to define encephalopathy
in infants. Of the newborns affected, approximately 20% to 50% do not
survive the neonatal period. Among those who do survive, up to 25%
may suffer from lasting neurological impairments, commonly
presenting as cerebral palsy, mental retardation or seizure disorders.

2

Perinatal hypoxic-ischemic events, which may arise due to
complications during labour, delivery, or immediate postnatal period,
can lead to varying degrees of brain injury. (3)

The severity and pattern of brain damage are influenced by factors such
as the gestational age of the newborn, the duration and extent of
oxygen deprivation, and the timing of the insult relative to brain
maturation. (4-6)

Early and accurate diagnosis of HIBI is essential for initiating
appropriate therapeutic interventions and mitigating potential long-
term sequelae, such as cerebral palsy, cognitive impairments, and
epilepsy. (7)

Magnetic resonance imaging (MRI) has become a pivotal tool in the
evaluation of neonatal hypoxic-ischemic brain injury due to its ability
to provide detailed and non-invasive visualization of both structural
and functional brain abnormalities. (8) The imaging spectrum of
hypoxic-ischemic brain injury in neonates varies, with distinct patterns
observable in preterm versus full-term infants due to differences in
brain development and vulnerability of specific brain regions. (1)

Advanced MRI techniques, such as diffusion-weighted imaging
(DWI) and Tl1-weighted imaging, have revolutionized the early
detection of hypoxic-ischemic lesions. DWI is especially sensitive to
early ischemic changes by detecting the restricted diffusion of water
molecules in damaged tissues, which can identify areas of acute brain
injury within hours of the hypoxic event. (9,10)

Meanwhile, T1-weighted imaging is valuable in delineating areas of

early tissue damage and haemorrhage, providing additional diagnostic
information about the injury's extent and location. (11)

These imaging modalities not only facilitate early diagnosis but also
provide insight into the potential for recovery or progression of injury,
thereby guiding clinical management. This study aims to
systematically assess the utility of MRI in evaluating hypoxic-
ischemic brain injury in perinatal newborns. Specifically, it seeks to
explore the imaging spectrum of these injuries and to compare MRI
patterns between preterm and full-term infants.

Methdology

This cross-sectional study was conducted in the Department of
Radiodiagnosis at Sri Aurobindo Medical College & Post Graduate
Institute, Indore, over a period of eighteen months, following approval
from the Institutional Research and Ethics Committee.

The study population consisted of perinatal newborns with clinical
suspicion of hypoxic-ischemic brain injury, referred from various
departments of the institute. Informed written consent was obtained
from the parents or guardians of all participants prior to their inclusion
in the study.

A total of 50 newborns were enrolled over an 18-month period. Based
on institutional data, an average of 2-3 cases of suspected hypoxic-
ischemic brain injury per month was estimated, making it feasible to
achieve the target sample size within the study duration. Exclusion
criteria included patients whose parents or guardians did not provide
consent, newborns in whom MRI was contraindicated (e.g., presence
of pacemakers or other incompatible implants), and patients with a
history of significant trauma.

All enrolled subjects underwent MRI using a Siemens 1.5 T
MAGNETOM® Symphony® MR machine equipped with Tim (Total
imaging matrix) technology. Routine MR pulse sequences, including
sagittal-axial T1-weighted imaging (T1WI), sagittal-axial T2-
weighted imaging (T2WI), and coronal Short Tau Inversion Recovery
(STIR), were obtained for each patient. For further diagnostic
evaluation, sagittal-axial T1 fat-saturated (T1FS) images were
acquired pre- and post-contrast administration. Intravenous
gadolinium-based contrast was administered at a dose of 0.1 mmol/kg
to assess for areas of enhancement indicative of ongoing ischemic
injury. Suitable modifications to the imaging protocol were made
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based on the condition of each patient. Detailed clinical histories,
including gestational age, birth history, and relevant laboratory
investigations, were recorded for each subject on a pre-structured
proforma. The MR images were interpreted and imaging findings,
including patterns of hypoxic-ischemic injury, were documented. MRI
patterns were categorized based on the severity and distribution of
brain lesions.

All data were compiled and statistically analysed using SPSS 25.0
(trial version). Descriptive statistics, such as percentages, were used to
summarize the data.

RESULTS

The study analysed data from 50 perinatal newborns with suspected
hypoxic-ischemic brain injury, focusing on their baseline
characteristics and MRI findings.

As shown in Table 1, the majority of the subjects were male (68%), and
preterm infants constituted 72% of the study population. Regarding
delivery mode, 60% of the newborns were delivered via caesarean
section, while 40% had normal vaginal deliveries. The most common
clinical presentations included seizures (42%) and apnoea (30%).

Table 2 highlights the MRI findings, revealing distinct patterns of
hypoxic-ischemic injury. Basal ganglia and thalamic injuries were the
most frequently observed, present in 40 out of 50 cases (80%), with a
higher prevalence among preterm infants. Cortical and subcortical
injuries were also common, affecting 88% of preterm infants and 71%
of full-term infants. Watershed injuries were seen in 70% of preterm
infants and 50% of full-term infants. White matter injuries were
documented in 78% of preterm infants and 57% of full-term infants.
Notably, 72% of preterm infants exhibited diffuse cortical injuries
compared to 36% of full-term infants.

Table 3 compares the efficacy of different MRI sequences in detecting
hypoxic-ischemic lesions. T2-weighted imaging identified the most
lesions, followed by diffusion-weighted imaging (DWI) and T1-
weighted imaging, highlighting the sensitivity of T2 sequences in this
context. The findings underscore the diagnostic value of MRI,
particularly in preterm newborns, where hypoxic-ischemic brain
injury patterns differ significantly from those in full-term infants.

Table 1: Baseline characteristics of study subjects

Parameter [Frequency (n)  [Percentage (%)
Gender

Male 34 68%
Female 16 32%
Gestational age

Pre-term (<37 weeks) 36 72%
Full-term(>37 weeks) 14 28%
Birth history

Normal vaginal delivery |20 40%
Caesarean section 30 60%
Clinical presentation

Seizures 21 42%
Apnoea 15 30%
Poor feeding 7 14%
Fever 7 14%

Table 2: MRI Findings and Distribution of Hypoxic-Ischemic
Brain Injury Patterns

Table 3: Comparison of MRI Sequences in Detecting Hypoxic-
Ischemic Lesions

MRI Sequence No. of Lesions Detected
T1-Weighted Imaging 25

T2-Weighted Imaging 29

DWI 27

T1FS (post-contrast) 26

DISCUSSION

The findings of this study highlight the crucial role of MRI in the
evaluation of hypoxic-ischemic brain injury (HIBI) in perinatal
newborns, offering valuable insights into the distinct imaging patterns
between preterm and full-term infants. Preterm infants showed a
higher prevalence of basal ganglia, thalamic, cortical, and subcortical
injuries, emphasizing their heightened vulnerability to ischemic
damage due to the incomplete development of the brain at earlier
gestational ages. This observation is consistent with studies by
Logitharajah et al. (12), who reported that 72% of preterm infants had
basal ganglia lesions, 62% had thalamic lesions, and 89% exhibited
white matter involvement. The sensitivity of these brain structures to
hypoxic insults in preterm infants underscores the differential impact
of HIBI based on gestational maturity.

One of the key observations in this study was that preterm infants were
more likely to exhibit diffuse cortical injury and white matter damage
compared to full-term infants. This is in agreement with the work of
Ophelders et al. (13), who noted that diffuse white matter injury is now
the predominant form of brain injury in preterm infants, while cystic
periventricular leukomalacia (cPVL) has become less common due to
advances in neonatal care. Ophelders et al. (13) further emphasized
that preterm infants are more prone to initial white matter damage,
which later leads to secondary effects on gray matter, in contrast to full-
term infants where damage is more directly observed in neurons within
the gray matter.

In addition, Li et al. (14) reported that preterm birth significantly
affects thalamic development, particularly in the ventral, dorsomedial,
and posterior nuclei. This study supports their findings by
demonstrating that preterm infants had reduced thalamic volume and
cortical thickness compared to full-term infants. Moreover, Li et al.
(14) found enhanced connectivity between the thalamus and insula in
preterm infants, a result that aligns with our findings, which suggest
that these connections may contribute to sensory and cognitive
processing deficits commonly observed in preterm infants.

The diagnostic utility of various MRI sequences was also a focus of
this study, with T2-weighted imaging proving the most effective in
detecting hypoxic-ischemic lesions, followed by diffusion-weighted
imaging (DWI). This is supported by Gopagondanahalli et al. (15),
who noted that while DWI can detect abnormalities as early as day one
after birth asphyxia, its correlation with long-term outcomes remains
uncertain. Heinz and Provenzale (16) discussed the limitations of
DWI, noting that although it can identify brain injury within the first 24
hours and peaks around 5 days post-injury, these abnormalities are
temporary, resolving after 10-12 days, potentially missing ongoing
tissue damage. Therefore, while DWI is effective for early detection,
normal findings on DWI do not exclude the possibility of hypoxic
injury, necessitating further diagnostic evaluation.

The role of T1-weighted and T2-weighted MRI sequences in
evaluating brain development and myelination is well-established, as
noted by Zanelli (17). This study reinforces their importance,
particularly in revealing injury patterns in the first week of life, with
T1-weighted images being especially useful in detecting abnormalities
in the posterior limb of the internal capsule (PLIC), a predictor of
motor outcomes.

CONCLUSION:

This study emphasizes the value of advanced MRI techniques in the
early diagnosis of HIBI, highlighting the distinct injury patterns
observed in preterm versus full-term infants. The findings have
important implications for tailoring imaging protocols and therapeutic
interventions based on gestational age and the specific characteristics
of brain injury. Future research should focus on exploring long-term
neurodevelopmental outcomes and the potential of newer imaging
modalities to enhance early detection and prognostication in infants
affected by HIBI.
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