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Summary
Encephalopathy from hypoxic-ischemic injury is a major cause of morbidity and mortality in the
term infant. Magnetic Resonance Imaging (MRI) has become the gold standard test in evaluating
the nature and extent of injury. While imaging this population can be challenging, clinically
important information can be obtained safely. Classical patterns of injury and the likely
mechanisms that cause them are reviewed. These patterns include selective neuronal necrosis,
parasagittal cerebral injury, periventricular leukomalacia, and ischemic perinatal stroke.
Conventional images combined with additional techniques such as diffusion-weighted imaging,
diffusion-tensor, spectroscopy, and MRA/MRV provide clues to both etiology and timing as well
as long term prognosis. As the possibility of altering acute neurologic damage with interventions
in the acute period becomes more of a reality, MRI will have a crucial role both in delineating
which infants will likely have the most to gain, and also act as a biomarker to gauge response.
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Introduction
Neonatal encephalopathy occurs in 3–5/1000 live births (1) and presents many challenges to
the clinician. Hypoxic-ischemic encephalopathy (HIE), the most common etiology (1 per
1000 live births), continues to have significant morbidity and mortality despite advances in
neonatal intensive care. As many as 10–60% infants die in the newborn period, and up to
25% of survivors go on to develop poor long-term neurodevelopmental outcome. This
population accounts for 15–28% of children that develop cerebral palsy (2), often with a
more severe form than those without a history of encephalopathy (3). Magnetic resonance
imaging (MRI) has proven value in evaluating infants with perinatal asphyxia (4, 5). The
construction of a time frame for a potential injury has critical importance both from a
medical and legal perspective. While some references state that only 8–15% of term infants
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with encephalopathy or seizures have evidence of perinatal asphyxia (6, 7), other sources
state that 90% of these infants have evidence by both MRI and histology of perinatal
acquired injuries (8). Conventional MRI along with diffusion and spectroscopic MRI
provides information on the nature of the injury, clues on the timing, and the later prognosis
in the term encephalopathic neonate. In the following article we will address optimization of
MRI in the newborn along with the common patterns of cerebral injury in the asphyxiated
term newborn.

Why Undertake Neuro-imaging and which modality should I employ?
History and physical exam are not sufficient to determine the nature and extent of brain
injury and have variable prognostic value. Although cranial ultrasound is frequently
employed in term infants with encephalopathy, it rarely discloses the true nature of the
cerebral pathology. Cranial ultrasound (CUS) provides relatively poor contrast for lesions of
the brain parenchyma. Acute stroke, for example, can be difficult to detect compared with
CT and MRI (9). In addition, since ultrasound images are typically obtained through the
anterior fontanel, there is a limited field of view that does not “see” the cerebral convexities
where cortical neuronal injury occurs. Furthermore, image detail in the posterior fossa,
which is relatively far from the transducer, is often poor.

Computed tomography (CT) has been available for approximately 30 years and continues to
be widely used for term encephalopathic infants due to its speed and ease of acquisition. CT
provides excellent views of bone and is also very sensitive for the detection of hemorrhage,
which appears bright. It allows differentiation of white and grey matter, though the contrast
between these two types of tissue is relatively low in comparison with MRI. CT scans
usually require that the infant be removed from the ICU, which is a disadvantage compared
to CUS. On the other hand, the scan time is shorter than that of a typical MRI study. Further,
the infant is more readily accessible while in the scanner, in the event of an emergency, than
for an MR scan, though there is a trend in MR magnet design towards more open magnet
configurations which provide better patient access.

A further issue for CT is the exposure of the infant brain to ionizing radiation. There are two
main areas of concern related to this exposure – firstly the risk of future malignancy and,
secondly, cognitive impairment. Recently, Hall et al. (10), suggested that even low doses of
ionizing radiation, similar to those delivered by CT scans, may adversely affect brain and
cognitive development. Currently, it is unclear what long-term effects, if any, low doses of
cranial irradiation, such as those delivered during a cranial CT scan, may have when
administered during infancy, a phase of rapid brain development. Until such data are
available, it is reasonable to restrict the use of this neuro-imaging technique to selected
settings in which the information obtained from the imaging study is clearly of benefit to the
patient.

In contrast, there have been no concerns over safety with magnetic resonance imaging
(MRI). It is clear that MRI provides the best delineation of the pattern of injury and is the
strongest predictor of neurodevelopmental outcome in the term encephalopathic newborn.
Although the American Academy of Neurology recommended the utilization of MRI as the
neuroimaging method of choice for term encephalopathy nearly a decade ago, it has not
been universally adopted due to limited availability and access to MRI for sick infants.

How to Undertake MR Imaging in the Newborn
MRI in the encephalopathic newborn is challenging due to both the severity of illness and
the limited experience by the MR technologist and neuroradiologist. All infants require a
thorough search for any metallic objects that would interfere with the magnet. All MR
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compatible monitoring devices are placed prior to wrapping the infant. These include some
form of cardio respiratory monitoring along with pulse oximetry. MRI compatible IV
pumps, ventilators, and incubators are commercially available and may be necessary for
critically ill infants.

To maximize signal to noise ratio, a dedicated neonatal head coil is ideal, but if not
available, an adult knee coil can be used as a substitute. Specialized sequences are essential
because of the high water content of the neonatal brain. The majority of centers use a 1T or
1.5T magnet, but there is an increasing use of 3T magnets in clinical research. Used
correctly, it can acquire images with shorter acquisition time and greater anatomical
resolution (11, 12).

To maximize the study and avoid motion artifact, infants must remain still. An organized
approach can avoid wasting time on inadequate images. Feeding and bundling the infant
about half an hour before the study often results in deep sleep with little movement,
avoiding the need for sedation. Equipment such as vacuum papooses can be extremely
helpful. Due to the noise from certain MRI sequences, ear protection is also recommended.
We use neonatal earmuffs (Natus mini-muffs, Natus Medical Inc., San Carlos, CA), but
other options such as moldable ear putty, or shielding with gauze are acceptable. If these
techniques fail to keep the infant still, sedation can be used. Common agents used are
midazolam hydrochloride (0.1 mg/kg), lorazepam (0.1mg/kg), or oral chloral hydrate (30–75
mg/kg)(5, 13–15). These medications should always be administered under the watchful eye
of a physician experienced in sedating newborns.

The major patterns of brain injury in the encephalopathic term infant
The patterns of injury in the term newborn have been delineated on both MRI and
neuropathology. For MRI, the common classification schemes separate lesions into either
focal, multi-focal, or diffuse injury(16). In this article we review a neuropathological
classification that was proposed by Volpe(1) and well visualized on MR imaging. The injury
types discussed include selective neuronal necrosis, parasagittal cerebral injury,
periventricular leukomalacia, and lastly, focal and multi-focal ischemic brain necrosis.
While these lesions are discussed as separate discrete entities, overlap is common.

Selective Neuronal Necrosis
After exposure to ischemic injury, there is often necrosis of the neurons in a characteristic,
often widespread pattern. This is the most common form of injury in the term hypoxic-
ischemic infant with common overlap with other patterns of injury. Unlike parasagittal
cerebral injury (see below), these lesions are not solely from hypotension. The high energy
demand within neurons may account for their selective vulnerability (17). Four different
patterns of neuronal necrosis are commonly seen. These patterns vary depending on the
severity and timing of the initial insult.

The first form of selective neuronal necrosis that is seen is that of diffuse neuronal injury
affecting the cerebral cortex, basal ganglia, hippocampus, brainstem, and cerebellum (Figure
1). Injury of this magnitude results form a severe, prolonged perinatal insult, such as total
placental abruption, cord prolapse, or some form of vascular interruption. In term infants,
the involvement of the cerebrum includes the peri-rolandic cortex, border zones in the
cerebral cortex, the depths of the sulci, the hippocampus, and all regions of deep nuclear
gray matter and thalamus. Other areas of involvement include brainstem, cerebellum (most
commonly Purkinje cells), and less commonly, the anterior horn cells of the spinal cord. Not
surprisingly, these diffuse lesions carry a poor prognosis.
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The second form of selective neuronal injury is the cerebral-deep nuclear neuronal injury
which combines neuronal damage in the deep nuclear gray matter with injury in the cerebral
cortex, usually the parasagittal areas of the peri-rolandic cortex (Figure 2). Affected areas of
the deep nuclear gray matter that are more vulnerable include the putamen and the
ventrolateral thalamus. This pattern accounts for 35–65% of term infants following hypoxic-
ischemic insults (18–20). Insults are described as a “prolonged, partial insult” meaning that a
moderate to severe vascular insult evolved in a more gradual manner. Like diffuse neuronal
injury, these lesions carry with them a poor long term prognosis.

The third form is deep nuclear gray matter-brain stem which often results from an “abrupt-
severe” insult. This pattern of neuronal injury only seems to affect the deep gray matter
without cerebral involvement. Affected areas include the basal ganglia, the thalamus, and
the tegmentum of the brainstem. Only with the increased use of MRI has the frequency of
this pattern been appreciated. Long term prognosis like the other forms of deep nuclear grey
matter injury is poor, although the severity of the brainstem lesion will influence mortality.

The final form of selective neuronal necrosis is pontosubicular (PSN) necrosis with injury to
the neurons of the ventral pons and the subiculum of the hippocampi (21). Etiologies for this
injury have included hypoxia, acute ischemia, hypocapnia, hyperoxemia, and hypoglycemia
(22–25). The least common form of neuronal necrosis in the term infant, this pattern is more
recognized in the premature infant, often associated with periventricular leukomalacia.
Recent studies of by Bruck, et al., indicate that in PSN neuronal cell death is apoptotic in
nature on pathological exam (26).

Parasagittal Cerebral Injury
Parasagittal cerebral injury is unique to the term infant, occurring over the cerebral cortex
and the underlying sub cortical white matter of the parasagittal regions. Parietal-occipital
regions are the most commonly affected. Injury is usually bilateral in distribution and results
from mild to moderate hypotension in this “watershed” region between the anterior, middle,
and posterior cerebral circulation. This lesion is often referred to as a “watershed injury” in
many MRI publications. The neuropathology is not well established in the human, as most
affected infants survive. As isolated lesions, parasagittal cerebral injury in the term neonate
progresses to mild to moderate neurodevelopmental delay (both motor and cognitive). This
pattern results in a significantly better prognosis than deep nuclear gray matter injury. In a
recent MRI study of 78 term HIE infants, 45% (the largest subgroup) had watershed injury
as the predominant pattern and had better neurodevelopmental outcome than those with deep
nuclear gray matter involvement (27).

Periventricular Leukomalacia
Necrotic damage to the white matter dorsal and lateral to the external angles of the lateral
ventricle (PVL) has been well described in the premature infant, but is also seen (less
commonly) in the term infant following hypoxic-ischemic injury (Figure 3). Diffuse and
cystic PVL, especially in the preterm infant, relates to an increased risk of adverse
neurodevelopmental outcome(28).

Ischemic Perinatal Stroke (IPS)
The incidence of IPS ranges from 1/2300 – 1/5000 live births (29–32) and is now recognized
as the second commonest etiology for term encephalopathy. Arterial lesions, usually
unilateral, most commonly involve the middle cerebral artery, with the left cerebral
hemisphere being more frequently affected than the right. Venous thrombosis most
commonly affects the superior sagittal sinus.
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MRI Methods
The diagnosis of the nature and timing of cerebral injury in encephalopathic infants requires
the optimal application of MRI. In this section the most common MRI modalities including
conventional images (T1 and T2W), diffusion-weighted imaging, diffusion-tensor imaging,
MR spectroscopy, and MR angiogram and venogram are discussed.

Conventional Images
Conventional images include T1- weighted (short repetition and short echo times) and T-2
weighted images (long repetition times and long echo times). These sequences offer
superiority in differentiating cortical gray matter from cerebral white matter and myelinated
from unmyelinated white matter when compared to ultrasound and CT. Injury will appear
hypointense on T1-W and hyperintense in T2-W in the acute phase, then hyperintense on
T1-W and hypointense on T2-W later within the first week. While incredibly useful in the
clinical setting, conventional images alone can overlook damage in the acute phase (< 4
days).

Diffusion weighted imaging (DWI)
Diffusion weighted MR imaging measures the random self-diffusion of water through the
brain tissue. This self-diffusion of water in tissue is referred to as apparent diffusion, thus
the term apparent diffusion coefficient (ADC), the quantitative measure of tissue diffusivity.
Brain tissue following ischemic injury will experience a decrease in water diffusion
compared to healthy adjacent tissue. Following neonatal ischemic brain injury, ADC values
can decrease slowly as compared to adult stroke, with up to 30% of infants having “normal
appearing DWI in the first 12–24 hours(33) (Figure 4). DWI imaging progresses with
“pseudonormalization” of the ADC occurring by 7–10 days, a time when injury should be
apparent on conventional MRI. Secondary alterations in cerebral regions, such as Wallerian
degeneration in axonal pathways following a primary neuronal injury, can frame shift these
“acute” changes. For example, restriction in the posterior limb of the internal capsule or
corpus callosum may become noticeable on day 6–10 (34). Thus, one must take care in the
interpretation of the timing of the insult based solely on restriction in ADC but consider the
pattern of restriction.

MR Spectroscopy (MRS)
MR spectroscopy is based on the ability of the same nuclei in various molecules to
demonstrate different resonant frequencies due to different electron densities. The most
commonly applied nucleus for this use is the 1H proton. The signal is expressed in parts per
million (ppm) and can detect N-acetylasparate (NAA), creatine+phosphocreatine (Cr),
choline (Cho), myoinositol (mI), glutamine (Gln), glutamate (Glu), glucose (G), taurine
(Tau), and lactate (Lac). NAA (a free amino acid) is present in large quantities in the
developing brain both in neuronal tissue and developing oligodendrocytes making it a great
indicator of intact central nervous tissue (35). Multiple studies have used NAA ratios (NAA/
Cr and NAA/Cho) to assess the degree of brain injury both in animal models and human
infants (36–38). 1H-MRS also detects this presence of lactate, a doublet peak at 1.3 ppm that
is upright at 288s echo time and inverted at 144s echo time (Figure 5), and is a useful marker
for tissue injury.

Magnetic Resonance Angiography/ Magnetic Resonance Venography (MRA/MRV)
MR angiography and venography (MRA/MRV) are noninvasive techniques used to
delineate arterial and venous supply and topography while avoiding catheterization and
contrast administration (39–41). However, in the newborn there are limitations with small
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caliber vessels and slow cerebral flow compared to children and adults making flow voids
more frequent (42). Care in interpretation is critical.

The clinical interpretation of MR imaging in the term encephalopathic infant The aim in
undertaking neurologic imaging of a sick term infant with suspected brain injury is to aid the
history and examination in answering - What is the nature and extent of brain injury? What
was the likely etiology of the injury? When did the injury occur? Are there ways to
intervene other than supportive care that could impact on outcome? What is the prognosis
for this patient? The final section of this review will try to address these questions utilizing
MR imaging.

Conventional Imaging
In the first 48 hours following injury there may be no visible changes on conventional MR
imaging. If MRI abnormalities are present at this time, T1-W images will appear
hypointense, while T2-W images will be hyperintense. The hyperintensity in affected areas
on T2-W images evolves into hypointensity by 6–10 days of life (16). Acutely affected
infants may only demonstrate diffuse edema of the cortical tissue on conventional images.
This increase in water content of the brain tissue causes the cortex to become isointense with
adjacent white matter, making differentiation of the border between the two tissues difficult.
Areas of involvement vary according to the nature and severity of the insult. Mild hypoxic-
ischemic injuries commonly involve the bilateral putamen, the ventro-lateral nucleus of the
thalamus, the parasagittal cortex, and the underlying subcortical white matter overlying the
vascular boundary zone. More severe injuries will also include diffuse areas of the deep and
superficial gray matter along with diffuse white matter involvement. Chronically, this
pattern will evolve into a picture of multicystic encephalopathy (Figure 6).

An area to pay particular attention to is the posterior limb of the internal capsule (PLIC). In
images of healthy neonates, the internal capsule appears hyperintense on T1-W imaging and
hypointense on T2-W images compared to adjacent structures. If injured, the PLIC will
appear hypointense on T1 images relative to the thalamus and putamen by 5 days after
injury. Abnormal signal intensity in the posterior limb is a powerful prognostic indicator for
poor neurodevelopmental outcome (15), correctly predicting outcome in 92% of infants with
stage II HIE (5).

The pattern of injury on conventional imaging carries important prognostic value. Several
studies have divided patterns of injury into either watershed predominant or deep nuclear
gray matter predominant with long term follow up. Deep nuclear gray matter (basal ganglia,
thalamus) predominance is associated with more intensive need for resuscitation, more
severe encephalopathy, increased seizure burden, and worse neurodevelopmental outcome
as far out as 5 years of age(19, 27, 43).

Conventional images provide a robust measure of the nature and severity of injury when
done after a week from the initial insult, correlating well with neurodevelopmental outcome
(4, 5, 15, 44). However, conventional MRI in the first 4 days is often limited in delineating
injury.

Diffusion Weighted Imaging/ Diffusion Tensor Imaging
In contrast to conventional MRI, diffusion imaging is sensitive to acute cerebral injury. By
2–3 days restriction in the ADC is clearly visible with brain injury, although it may
underestimate the full extent (13) or be difficult to visualize with moderate injury (14). The
evolution in diffusion over time in HIE infants has been described with basal ganglia injury
in the early postnatal period (45). In the first 12–24 hours there may be no visible changes in
diffusion imaging (33). The pattern of the early predominance of the ventro-lateral nucleus
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of the thalami (1st 48 hours) becomes more evident in the putamen, corticospinal tracts, and
the perirolandic cortex by 3–5 days of life. Subcortical white matter and white matter
pathways such as the corpus callosum and the cingulum show involvement by 6–7 days after
injury. Clues to the timing and extent of brain injury can therefore be elucidated by DWI
within the first 4 days of life. While changes in diffusion can be detected as early as 6 hours
after injury, the most significant change in diffusion occurs between 2–4 days after the insult
(33, 46). These changes in diffusion not only correlate with later conventional imaging, but
also with neurodevelopmental outcome (47). If DWI shows involvement of the posterior
limb of the internal capsule with an ADC of 0.74 or less, poor neurodevelopmental outcome
is highly likely (48). The presence of Wallerian degeneration in the PLIC on DWI is also a
strong predictor for hemiplegia (49).

Measuring anisotropy (relative (RA) or fractional anisotropy (FA) with diffusion tensor
imaging gives additional information. Anisotropy decreases with both severe and moderate
WM and DNGM injury during the first week of life, while ADC decreases only with severe
injury. Anisotropy (FA) values continue to decrease during the 2nd week of life and do not
undergo pseudonormalization like ADC values. Thus, the pairing of FA values with ADC
can add information on severity and timing of injury. In the mild and moderate HIE
population FA correlated with short term neurodevelopmental outcome (50).

Magnetic Resonance Spectroscopy
The in-vivo assessment of metabolites was first described in neonates by Groendaal who
observed higher lactate and lower NAA values in the basal ganglia in infants with poor
outcome at 3 months following postasphyxial encephalopathy (36). Since this observation,
studies have looked at both metabolite ratios (Lac/Cho, Lac/Cr, NAA/Cho) and absolute
levels (Lac, NAA) and correlated them with outcome. The abnormal rise in lactate and fall
in NAA are most significant within the first week after injury, with lactate being detected
within 24 hours following injury while NAA starts to decrease after 48 hours (38) ((45). An
elevated lactate/Cho ratio has been shown to be most predictive for neurodevelopmental
outcome (51–57). These metabolite levels can remain abnormal for long periods of time.
Elevated lactate levels are seen for months after injury, and thus do not indicate acute injury.
Persistence of lactate signifies a worse prognosis (53). When MRS of the basal ganglia and
parasagittal cortex (watershed area) has been compared to DWI in the acute postnatal
period, MRS appeared superior in predicting poor outcome (58).

Putting it all together
Modern MRI imaging techniques offer ways to answer the fundamental questions on
etiology, timing, and prognosis in the term encephalopathic infant. The information garnered
from the MRI must always be placed into the context of the clinical picture of the infant.
The combination of imaging done around 48 hours, followed by a second scan between 7–
10 days, appears to offer the most robust amount of information. For example, an acute
perinatal injury may reveal no injury on conventional images on the first scan, but show
obvious changes on diffusion, anisotropy, or abnormalities on spectroscopy. A second scan
would then confirm the injury with visible changes on conventional images by day 7–10. On
the other hand, if an early scan at 2 days demonstrates clear changes on conventional
imaging, this may indicate that the initial injury occurred in-utero. Spectroscopy, and
diffusion images can help support or contradict this assumption based on their appearance. If
ADC values on the first MRI scan in the primary area of involvement have already begun to
pseudonormalize or increase in value, this would support that the injury occurred greater
than 5 days ago. Anisotropy measures, as mentioned above, remain decreased for a longer
period of time than diffusion, and are more sensitive to moderate injury. Caution should be
taken when attempting to interpret scans done between 4–5 days of age. If the injury is

Lawrence and Inder Page 7

Clin Perinatol. Author manuscript; available in PMC 2013 April 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



perinatal, diffusion changes may be commencing pseudonormalization, while the
conventional imaging may not yet display clear changes. This “normal scan” can lead to
false reassurance for both the family and physicians.

Etiologies may be teased out once the pattern and the timing of the initial insult has been
established. Combining this observation with the clinical history will provide clues to
possible mechanisms. For example, the pattern of diffuse neuronal injury with acute diffuse
abnormalities on day 2 along with elevated lactate (MRS) and minimal conventional
changes would be consistent with an acute perinatal event such as placental abruption, cord
prolapse, or maternal shock. Of note, such sentinel acute perinatal events occur in < 25% of
term encephalopathic infants (VON registry data personal communication). In contrast, a
pattern of abnormal T1//T2 imaging with less pronounced diffusion findings and reduced
NAA (MRS) on day 2 may be found with a history of IUGR or maternal diabetes,
suggesting a much earlier timing that labor/delivery with fetal vulnerability. Again, there
can be overlap with chronic and acute changes co-existing.

Interventions that can alter the course of hypoxic-ischemic injury in the neonate are still
mainly hypothetical and not yet fully integrated into clinical practice. One exception is
hypothermia (either systemic or selective head cooling) which is gaining acceptance among
the neonatal community and is discussed elsewhere in this volume. Several large prospective
randomized studies have shown promising results (59, 60). How hypothermia affects
pattern, severity, and evolution of injury by MRI are not yet well established. Preliminary
observations, all on small groups of infants, have found that mild hypothermia reduced the
severity of basal ganglia, thalamic, and cortical lesions, likely mirroring improved clinical
outcome on neurodevelopmental follow-up (61–63). Concern has been raised about the
potential of hypothermia to alter the extent and timing of injury but more systematic data is
required.

The capacity of MRI to aid in prognosis based on the pattern of injury is well established.
While conventional imaging, spectroscopy, diffusion-weighted, and diffusion-tensor
imaging have all shown prognostic value on their own, using them in combination holds the
most potential (64). Injury documented by conventional changes or abnormalities of
diffusion or spectroscopy, involving the deep nuclear gray matter, carries a poor
prognosis(4, 19, 20, 27, 51, 58, 65). Most significant of the structures in the deep nuclear
gray matter is the internal capsule, carrying crucial motor and sensory pathways from the
cortex to the spinal cord and thalamus. Injury involving the white matter without deep
nuclear gray matter or cerebral involvement has an overall more favorable prognosis.
However, focal and diffuse white matter injury in the absence of gray matter involvement
predicts long term morbidity, many times presenting in the early school years as learning
and behavioral issues(43). Stage I–II HIE will often present with normal conventional
imaging, and only with measures of diffusion and anisotropy can these abnormalities of
white matter be detected (50). More data on long term neurodevelopmental outcomes in
school age from milder forms of injury is required.

Summary
Magnetic Resonance Imaging offers a powerful tool in assessing the encephalopathic term
infant. Understanding the classical patterns of brain injury and the clinical scenarios can aid
the physician in the interpretation of the imaging findings for answering crucial questions
such as timing, possible etiology, and long term prognosis of the infant. Finally, as future
neuroprotective strategies become standard of care in the neonatal intensive care, MRI will
provide a powerful tool for evaluating the impact of such interventions.
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Figure 1.
Diffuse neuronal injury in a term infant with a history of severe hypoxic-ischemic injury.
Images were acquired at 7 days of life. A) Coronal T1-weighted image shows interruption of
the posterior limbs bilaterally with diffuse hyperintesities in the watershed regions of the
gyri in a para-sagittal distribution. In addition, one can visualize the high signal in the deep
nuclear gray matter. B) Axial T2-weighted image shows injury throughout the deep nuclear
gray matter with diffuse white matter hyper intensity and loss of differentiation between
white matter and the cortical ribbon. C) Axial diffusion-weighted image where restricted
diffusion from injury (decreased ADC) is represented by dark lesions. This image shows
diffuse diffusion restriction in the deep nuclear gray matter, white matter, and cortex
bilaterally still apparent at day 7.
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Figure 2.
Deep nuclear gray matter with cortical injury in a term infant with a history of severe
hypoxic-ischemic injury. A) Axial T1-weighted image shows hyper intense severe injury
throughout the deep nuclear gray matter. B) Coronal T1-weighted image shows the
extension of this hyper intense injury from the deep nuclear gray matter up into the
parasagittal region of the cortex. C) Axial T2-weighted image demonstrates low intensity
extending from the DNGM into the parasagittal cortex bilaterally.
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Figure 3.
Periventricular leukomalacia in a former 26 week male with grade III IVH and post
hemorrhagic hydrocephalus requiring a shunt. Images were acquired at term equivalent. A)
Axial T1-weighted image shows a focal cystic hypo intensity along the right periventricular
region. B) Axial T2-weighted image shows this injury as a hyper intense lesion again along
the right periventricular area. Furthermore, there is diffuse hyper intensity of the white
matter bilaterally consistent with diffuse as well as focal periventricular leukomalacia.

Lawrence and Inder Page 15

Clin Perinatol. Author manuscript; available in PMC 2013 April 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 4.
Left frontal cortical stroke in a term infant who was imaged twice during the first week of
life. The first two images (A,B) were obtained at 48–72 hrs of life and images (C,D) were
done at 7 days of life. Axial T2-weighted image (A) shows no obvious cortical injury while
in the diffusion-weighted image (B) there is restricted diffusion over the left frontal cortex.
At 7 days, axial T1-weighted (C) and T2-weighted(D) sow evidence of injury to the right
frontal cortex.
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Figure 5.
MR spectroscopy in 2 different term infants. The first (A,B) are from a term infant with
seizures on day of life four without evidence of hypoxic-ischemic encephalopathy. The
second data (C, D) are in a 1 day old term infant with severe hypoxic-ischemic
encephalopathy. A,B) Both 288 and 144 echo times shows a normal NAA peak without
evidence of a lactate doublet peak at 1.3 ppm. C) 288 echo time shows a decreased NAA
peak along with a doublet peak at 1.3 ppm suspicious for lactate. D) The 144 echo time
helps confirm the doublet as a lactate peak and not artifact from lipid. Lactate, unlike lipid,
will invert downward during the shorter echo time. These (C,D) are consistent with severe
neuronal injury and poor prognosis.
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Figure 6.
Severe multi-cystic encephalopathy in a 12 day old term infant with proteus meningitis. The
first group (A,B) are T1-weighted axial (A) and coronal (B) images showing severe white
and gray matter loss in the frontal, parietal, and temporal lobes. This tissue loss is replaced
largely by fluid. (C) T2-weighted axial image also shows diffuse injury with necrosis of both
white and gray matter.
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