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BACKGROUND:
11-day-old 3520 gram male infant born at 39 weeks 1 day gestation to a 39-
year-old G5P3A1 mother with a history of smoking >1-2 packs per day who had
an otherwise uncomplicated pregnancy. Delivery was complicated by a tight
nuchal cord and extraction requiring vacuum.

TESTS:
Umbilical cord ABG showed mixed acidosis and later metabolic acidosis. Blood
cultures were negative.

CLINICAL COURSE:
NICU was called secondary to floppy, cyanotic infant without respiratory
effort. Green meconium-like secretions were suctioned from the oropharynx
prior to intubation. Positive pressure ventilation was started and intubation
was attempted three times prior to achieving chest rise. Due to poor tone, no
spontaneous movements, no grasping, suck on admission assessment, floppy,
no Moro response, and metabolic acidosis, hypoxemic ischemic
encephalopathy (HIE) was suspected and the infant was started on a whole
body cooling protocol. No seizures were noted. Chest x-ray showed bilateral
pneumothorax which resolved after treatment one day later. The infant was
treated empirically with ampicillin, gentamicin, one dose of phenobarbital,
fentanyl, and one dose of sodium bicarbonate and normal saline. The infant
was discharged home at 14 days of age with close outpatient follow-up
planned.
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HIE is a global hypoxic-ischemic injury to the brain, typically the result of 
asphyxia, but may also be caused by infections, placental pathology, 
inflammatory, and metabolic processes. Encephalopathy in a neonate equates 
clinically to difficulty with initiating and maintaining respiration, depression of 
tone and reflexes, decreased level of consciousness, and commonly, seizures. HIE 
is among the most common causes of neurologic deficit (including cerebral palsy) 
in a child, occurring in 0.2% - 0.9% of live births. Clinically, at birth, the child will 
typically have low Apgar scores, cord blood metabolic acidosis, apnea, and 
abnormal EEG studies with seizures. 

Decreased oxygen and lack of sufficient blood flow leads to loss of normal 
cerebral autoregulation and diffuse brain injury. The degree of the injury depends 
on the severity of hypotension and the state of brain maturation. Premature 
infants have undeveloped regulatory mechanisms to tolerate fluctuations in blood 
pressure and perfusion and older infants have more NMDA receptors, which are 
more vulnerable to HIE due to their metabolic activity and excitotoxicity. 

Early imaging findings of HIE can be very subtle and depend on a multitude of 
factors making familiarity of these patterns essential for diagnosis. MRI is 
preferred in term infants, whereas ultrasound is favored for preterm infants as 
they are more likely to develop germinal matrix hemorrhage. Findings of HIE on 
imaging are typically symmetrical, subtle, and evolve quickly during the first few 
weeks after injury. It is important to look carefully for subtle edema in the 
posterior limb of the internal capsule and be aware that symmetric findings can 
be difficult to detect. T1 can be confusing because of normal active myelination 
in infants, and unmyelinated white matter is bright on T2, making infarcts less 
apparent. FLAIR sequences are not helpful in neonates due to intrinsic high signal 
of unmyelinated brain, which masks cytotoxic edema. DWI is the most sensitive in 
early hypoxic injury, but pseudonormalizes after the first week, after which T1 
and T2 are the most helpful sequences to detect HIE. Overall, the expected 
findings of HIE involve relative signal intensity changes in combination with 
restricted diffusion on DWI. On T1, there will be relatively hyperintense gray 
matter and hypointense white matter. On T2, there will be variable signal in the 
gray matter with relatively hyperintense white matter. 

Increased severity of injury is indicated by cortical and basal abnormalities. 
Severe EEG abnormalities also predict a poor outcome. Infants with mild 
encephalopathy typically make a full recovery, but 20% of affected infants die and 
25% develop severe neurologic sequelae. 

There is a short, 2-6 hour therapeutic window in which interventions may be 
helpful in reducing the severity of brain injury, so early diagnosis is critical. 

In this case of a term infant, gray matter is more hypointense and white matter 
more hyperintense than expected for a normal neonatal brain. In order to make a 
quick and accurate diagnosis, it is important to know the normal grey/white 
matter appearance in neonates/infants compared to adults and the associated 
pathologies that might affect this such as HIE. Additionally, it is important to know 
there are multiple changes in the signal patterns from the second trimester 
through two years of postnatal life as axons myelinate and cause a decrease in 
free water. Awareness of this is key to making the correct diagnosis in HIE.
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MRI brain without contrast: axial T1 (left), and T2 (right) demonstrating relative
reversal of the normal gray-white matter signal intensities.
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MRI brain without contrast: sagittal T1 (left) showing relative reversal of gray-white
matter signal intensities.

CXR: bilateral pneumothorax contributing to respiratory distress.
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