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Abstract

Background: Restricted diffusion within the splenium of the corpus callosum has been described by other authors in various 
conditions, however, restricted diffusion in the entire corpus callosum or isolated involvement of the splenium, genu, or body has 
been infrequently reported on magnetic resonance imaging (MRI) in neonatal hypoxic–ischemic encephalopathy. We report a 
series of cases showing different patterns of involvement. Methods and Materials: Perinatal imaging with MRI including diffusion‑
weighted imaging was performed in 40 neonates with hypoxic–ischemic encephalopathy, including 11 premature neonates. Sixteen 
out of 40 patients demonstrated restricted diffusion within the corpus callosum. Out of 16 patients, 9 showed restricted diffusion 
in the entire corpus callosum, 4 had isolated splenium involvement, 2 had body and splenium signal abnormality, and 1 showed 
diffusion restriction only in the genu. Conclusions: Changes in the corpus callosum were also associated with more severe clinical 
presentation of encephalopathy. Restricted diffusion within the corpus callosum in infants with hypoxic–ischemic encephalopathy 
is often associated with extensive brain injury and appears to be an early neuroradiologic marker of adverse neurologic outcome.
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Introduction

Hypoxic–ischemic encephalopathy (HIE) is a devastating 
event, which is a major cause of mortality and morbidity 
in newborns.[1] It is important to elicit the maturity of 
the neonate and the duration and severity of the insult 
because the pattern of injury varies.[2] The pattern of brain 
injury on magnetic resonance imaging (MRI) has been 
found to be a strong predictor of neurodevelopmental 
outcome in newborns with encephalopathy.[3] The 
pattern of injury is categorized into four types, 
i.e., involvement of the watershed areas, basal ganglia, 

total injury (maximal basal ganglia and watershed), and 
focal‑multifocal injury (presence of strokes and/or white 
matter injury alone.[4] Restricted diffusion of the corpus 
callosum is infrequently reported in HIE. Transient 
reversible restricted diffusion within the splenium of 
the corpus callosum is a known radiological finding 
in various conditions that includes neonatal seizures, 
hemolytic‑uremic syndrome with encephalopathy, 
neonatal hypoglycemia, antiepileptic drug therapy, 
epilepsy, viral encephalitis, demyelination disorders, and 
many other conditions.[5‑11]
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We studied the pattern of restricted diffusion within the 
corpus callosum on magnetic resonance imaging in neonates 
with HIE.

Materials and Methods

This study was conducted at the Department of Radio 
diagnosis and Imaging, Bharati Hospital and Research 
Center, Pune, Maharashtra between August 2013 and 
February 2016. We studied 40 neonates, 11 preterm, and 

term infants, with known or suspected hypoxic–ischemic 
injury. Patient’s history, as well as the clinical staging by 
Sarnath, was recorded prior to MRI. This was a prospective, 
observational study conducted among patients of either 
sex. The study was carried out using Philips Achieva 1.5T 
MRI System with 8‑channel dedicated pediatric head coil. 
Following sequences (time of relaxation/time of echo/flip 
angle/field of view) were acquired as a part of the study: 
Axial T1‑weighted spin echo images (500/14/90/256/4 mm), 
axial spin echo T2‑weighted images (4000/98/180/256), 

Figure 1 (A and B): (A) A 7-day-old, full-term neonate with history of seizures. Area of signal abnormality noted in the lentiform nuclei, thalami (short 
arrow, a and c) and in the perirolandic gyri (arrow, b and d) bilaterally, which appeared hyperintense on T1WI and hypointense on T2WI, not 
showing restricted diffusion. Absent posterior limb sign was also seen (long arrow, a and c). (B) Areas of restriction diffusion were noted bilaterally 
in the fronto‑parieto‑temporo‑occipital subcortical white matter and corona radiate (arrow e, i),  posterior limbs of both the internal capsule (long 
arrow f, j),the entire corpus callosum (short arrow in f,g,j,k) and anteromedial midbrain (arrow h,I)
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and isotropic diffusion‑weighted images (b 0, 1000), with 
apparent diffusion coefficient (ADC) maps. Prior to the 
MRI study, the procedure was explained to the parents/
guardians of the patient, and a written informed consent 
was obtained. Sedation was given as and when required, 
either orally (syrup Pedichloryl‑ Half hour before the 
study) or intravenously (ketamine/propofol), before the 
start of the study, as deemed appropriate by the attending 
anesthetist. A pediatrician/anesthetist experienced in 
resuscitation was always present during the imaging 
process.

Results

The study included different patterns of restricted diffusion 
in the corpus callosum according to the area involved. 
Restricted diffusion on DWI was noted in 16 out of 
40 patients (40%). Signal abnormality in the rest of the brain 
was also documented.

Restricted diffusion in the entire corpus callosum was 
noted in 9 cases and was the most common finding in 
this category [Table 1]. Out of the 9 cases, 5 cases showed 
total (diffuse) pattern of involvement [Figure 1] of the rest 
of the brain, 3 cases showed watershed pattern [Figure 2], 
and 1 case showed basal ganglia thalamus pattern of 
involvement [Figure 3]. The splenium of the corpus callosum 
was the second most common area involved and was seen 
in four patients. Out of 4 patients, 2 showed total pattern of 
involvement and 1 patient each showed the focal‑multifocal 
pattern and basal ganglia thalamus pattern [Figure 4]. Two 
patients showed combined involvement of the body and 
splenium, of these 1 patient showed total injury and the 
other showed focal‑multifocal pattern [Figure 5]. Isolated 

Figure 3: A 13-day-old, term neonate with respiratory distress, 
hypotonia, and seizures. MRI revealed abnormal signal intensity in 
the thalami and the basal ganglia, appearing hyperintense on T1WI 
and hypointense on T2WI images (long and short arrow). The entire 
corpus callosum showed restricted diffusion. (White arrow)

Figure 2 (A and B): (A) A 20-day-old term neonate with history of 
asphyxia and two episodes of left‑sided focal seizures. Multiple small 
areas of abnormal signal intensity appearing hyperintense on T2 and 
isointense on T1WI seen in the periventricular white matter bilaterally, 
predominantly in the frontal lobes (arrow, a‑h). (B) Restricted diffusion 
was noted in the entire corpus callosum (arrow, I and j)
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involvement of the genu was noted in 1 case who had 
focal‑multifocal pattern of involvement [Figure 6].

Out of forty patients, 11 neonates were born premature. 
Three of these neonates showed corpus callosum injury. 
Out of these 3, 2 showed involvement of the entire corpus 
callosum and 1 had injury to the body and splenium. In 
our study, corpus callosum injury was found to be more 
common among term neonates (81%). According to the 
Sarnath staging for HIE, three patients who had stage three 
HIE had total brain injury on MRI. Two of them had total 
corpus callosum involvement and 1 had involvement of the 
body and splenium of corpus callosum.

In our study, we documented patients with restricted 
diffusion of the entire corpus callosum, as well as those with 
isolated involvement of the splenium and the genu. Corpus 
callosum injury was associated with more severe clinical 
presentations. Injuries were common among term neonates 
and most of the injuries were associated with total (maximal 
basal nuclei and watershed) pattern of brain injury (50%). 
Restricted diffusion of the entire corpus callosum, to our 
knowledge, has not been reported by any of the authors.

Discussion

The pathophysiologic effects of HIE are complex and evolve 
over time. The main underlying pathology in HIE is the 
Impaired cerebral blood flow[12] and oxygen delivery to the 
brain.[13] The pathological events of HIE occur in two phases, 
i.e., primary energy failure and secondary energy failure.

Initial reduction of cerebral blood flow ensues primary 
energy failure, which leads to decrease in oxygen and 
glucose. As a result, there is reduction in ATP and increase 
in lactate production.[14] Low ATP levels result in the 
depolarization of neurons due to the failure of Na/K pumps 
of the cell membranes, leading to excessive influx of the 
positively charged sodium ions.[15] This leads to the release 
of glutamate, which then binds to glutamate receptors 
allowing additional influx of intracellular calcium and 

Figure 4 (A-G): A 14-day-old term neonate born by LSCS for meconium 
aspiration came with tonic posturing. Abnormal signal intensity was 
noted in the lentiform nuclei and thalami (arrow A and E) appearing 
hyperintense on T1 and hypointense on T2 images. DWI images 
showed restriction of diffusion in the corona radiata (arrow, B and F) 
and the splenium of the corpus callosum (arrow C and G)
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E F G Figure 5 (A and B): (A) An 11‑day‑old term neonate with history of 
seizures. Three focal areas of blooming were seen in the left frontal 
lobe on GRE images (arrow c‑e). These areas appeared hypointense 
on T2WI and hyperintense on T1WI (arrow a and b), suggestive of a 
subacute hemorrhage. (B) The neonate also had areas of restricted 
diffusion in the corpus callosum involving the body (arrow h and k), 
splenium (arrow g and h) and the pons (arrow f and i)
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sodium.[16] Effects of increased intracellular calcium leads 
to cerebral edema, ischemia, microvascular damage causing 
necrosis, and/or apoptosis.

Secondary energy failure is related to oxidative stress, 
excitotoxicity, and inflammation which occurs 6 to 
48 hours after the initial injury.[13] The neuronal cell 
membranes are damaged due to overproduction of free 
radicals leading to necrosis or apoptosis. The neonatal 
brain lacks the ability to eliminate free radicals, and 
its increased susceptibility to free radicals lead to 
damage of the neuronal tissue.[17] Excessive levels of 
extracellular neurotransmitters, especially glutamate, 

causes excitotoxicity. Overstimulation of receptors by 
glutamate allows the additional influx of sodium and 
calcium into the neural cells.[16] Glutamate is used in 
hearing, vision, somatosensory functions, and in neuronal 
pathways of learning and memory.[18] Hence, glutamate 
excitotoxicity has a devastating effect in HIE and its 
sequelae. Inflammation also plays a significant role in the 
development of HIE‑related brain injury, however, the 
exact mechanism still remains unknown.[19]

On MRI, restricted diffusion of the corpus callosum may 
represent acute cytotoxic edema within the affected area 
and could be a generalized response to the underlying 
hypoxic–ischemia. The corpus callosum affected by an 
acute process shows decrease in its ADC values, loses its 
anisotropic appearance, and shows restricted diffusion on 
diffusion‑weighted images. Glutamate neurotoxicity is one 
of the important mechanisms of such an injury leading to 
cytotoxic edema. The corpus callosum as well as the basal 
ganglia contains an abundance of glutamate receptors, 
and are hence susceptible to glutamate neurotoxicity by 
hypoxic‑ischemic injury.[20,21]

Diffuse brain injury in HIE is associated with severe 
seizures.[22] Seizures may also result in diffusion restriction 
within the corpus callosum.[11] Another factor associated 
with restricted diffusion in the corpus callosum includes 
anticonvulsant therapy.[23] In our study, some of these 
factors resulted in the involvement of the corpus callosum, 
whereas others did not.

A study by Takenouchi et al.[24] is the only published study 
to document diffusion restriction in the corpus callosum 
in HIE. Authors reviewed images of 34 infants in the 

Figure 6 (A-F): A 5-day-old term neonate a suspected case of HIE. 
Restricted diffusion was noted bilaterally in the high frontal region 
(short arrow A and D), left basifrontal region (short arrow F and C) and 
genu of corpus callosum (arrows B and E). Small focus of restricted 
diffusion was also noted in the left perisylvian region (long arrow F and C) 
and in the left parietal lobe (long arrow A and D)
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Table 1: Clinical details and patterns of injury of infants with corpus callosum involvement

Subject no. GA at birth (weeks) Age at MRI study (days) Sarnath staging Diffusion restriction in 
area of corpus callosum

Pattern of 
involvement

1 40 9 2 Entire CC WS

2 35 11 2 Entire CC WS

3 39 7 2 Entire CC WS

4 39 14 2 Entire CC Total

5 35 14 3 Entire CC Total

6 40 13 2 Entire CC BG

7 38 9 3 Entire CC Total

8 39 24 2 Entire CC Total

9 38 13 2 Entire CC Total

10 39 14 2 Splenium Total

11 39 4 2 Splenium Total

12 41 5 2 Splenium MF

13 38 11 2 Splenium BG

14 38 11 2 Body and Splennium MF

15 36 7 3 Body and Splennium Total

16 40 5 2 Genu MF
GA: Gestational age, CC: Corpus callosum, WS: watershed, BG: Basal ganglia, MF: Focal multifocal
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study. Ten of the 34 (29%) infants demonstrated restricted 
diffusion within the splenium of the corpus callosum, with 
a significantly higher incidence of severe developmental 
delay or death, compared to infants without restricted 
diffusion in the splenium of the corpus callosum.

A study by Nagy et al.[25] has shown that corpus callosal injury 
in patients with a perinatal history of moderate hypoxic 
ischemia was associated with a worse neuropsychological 
performance. Thus, perinatal corpus callosal injury serves 
as an important marker of poor neurological outcome.

The limitations of our study include a relatively small 
sample size, as well as the fact that the patients were scanned 
only once. It remains unclear whether the changes represent 
a transient finding.

Conclusion

We present a series of neonates, both term and preterm, with 
HIE who underwent MRI. Restricted diffusion within the 
corpus callosum is a part of the spectrum of injury patterns 
in HIE, which is often associated with extensive brain injury. 
It serves as an early neuroradiologic marker of adverse 
neurologic prognosis that could help in appropriate clinical 
decision‑making and patient management.
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