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Practical diagnostic imaging for children at pediatric hospitals
— Perinatal brain damage : MRI findings —

Tetsu Niwa", Noriko Aida", Ayako Shishikura", Kazutoshi Fujita"*
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| The development of the neonatal brain is systematic. Because imaging findings of the |
| neonatal brain are distlinctive, the scanning method should be optimized for neonates, In |
| perinatal asphyxia, the patterns of brain injuries are related to the period and severity of hypoxia |
| or ischemia. In this article we describe, first, scanning technique and normal imaging findings |
| on CT and MRI of neonatal brain ; second, imaging findings of hypoxic ischemic encephalopathy, |
| especially MR findings correlated with neurologic prognosis. We also describe recent imaging |
| techniques including diffusion-weighted imaging, magnetic resonance spectroscopy and |
| susceptibility-weighted imaging, which are used neonatal hypoxic ischemic encephalopathy.
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Fig.1 Normal brain CT

a, b : CT of a 40-week infant

c, d: CT of a 2-month-old infant
CT at term period shows relatively
low attenuation in the white
matter (a, b). CT attenuation in
the white matter increases with
maturation (c, d).
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Fig.2 CT of premature infants
a, b : Postmortem brain CT of a 24-week infant with subependymal and intraventricular
hemorrhage.

¢ : Brain CT of a corrected 26-week infant with subependymal hemorrhage and hydrocephalus.
d : Normal CT of a corrected 31-week infant.

e : Normal CT of a corrected 35-week infant.

CT of premature infants shows relatively high attenuation of the germinal matrix layer (a-d,
arrows). The attenuation of the germinal matrix layer decreases with maturation, and is
generally obscure after 32 weeks (e).
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Fig.3 Normal brain MRI of a neonate
a-d : T1-weighted images, e-h : T2-weighted images
MR images show relatively high intensity on T1-weighted images, and low
intensity on T2-weighted images in myelination, including the dorsal brain
stem, the decussation of the superior cerebellar peduncles, the optic tracts, the
posterior limb of the internal capsules, the lateral thalamus, the optic radiations,
central corona radiata and rolandic and perirolandic area.
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Fig.4 Periventricular leukomalacia

a-d : MR images of a corrected term infant (a,
b : T1-weighted image, c, d : T2-weighted
image) .

e, f: Follow-up MR images at corrected 15
months (e : T1-weighted image, f : T2-
weighted image).

MR images at corrected term period show T1 and

T2 shortening of the periventricular white matter

(a-d, arrows), and irregularly enlarged ventricle

due to white matter damage. Follow-up MR images

show white matter volume loss and irregularly
enlarged lateral ventricles. This patient presented
spastic diplegia.
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Fig.5

Cystic periventicular leukomalacia

a, b: MR images of a corrected term
infant (a : T1-weighted image, b :
T2-weighted image).

MR images show bilateral cystic lesions
in the periventricular white matter
(arrows) with ventricular enlargement.
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Fig.6

Periventricular leucomalacia

with favorable outcome

a, b: MR images of a correcled
term infant (a : T1-weighted
image, b : T2-weighted
images) .

c,d: Follow-up MR images
at 11 months (¢ : T1-
weighted image, d : T2-
weighted image).

MR images at corrected term
period show periventricular T1-
and T2-shortening (a, b, arrows)
without parenchymal destructive
change or ventricular enlarge-
ment. Follow-up MR images show
no parenchymal damage. This
patient presented no neurological
deficits.
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Fig.7 Subependymal hemorrhage
a-d : MR images of a corrected term infant
(a, b: T1-weighted image, c, d : T2-
weighted image)
e, f: Follow-up MR images at 2 years (e : T1-
weighted image, f : T2-weighted image)
MR images at corrected term period show subep-
endymal hemorrhage (a-d, arrows), with abnormal
signal in the white matter and ventricular
enlargement, which indicate parenchymal
damage. Follow-up MR images show ventricular
enlargement with white matter volume loss. This
patient presented spastic hemiparesis.

Fig.8 Subependymal hemorrhage with favorable neurologic outcome (same patient as Fig.6) a | b \ c
a, b : T2-weighted MR images of a corrected 36-week infant.
c : Follow-up T2-weighted image at 11 months.
MR images at corrected term period show subependymal T2 shortening (a, b, arrows), which
indicates hemosiderin, without destructive parenchymal change or ventricular enlargement.
Follow-up MR images show decreased hemosiderin without parenchymal damage (c, arrow).
This patient presented no neurologic deficit.
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Fig.9 Parasagittal injury

a|b|c

a-c : MR images of a term infant at 6 days (a : T1-weighted image, b : T2-weighted

image, ¢ : diffusion-weighted image) .

MR images show abnormal intensity in the watershed area of the arterial territories (a-c, arrows).
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Fig.10
Chronic state of parasagittal injury
a, b : MR images of a corrected
8-month-old infant (a : T1-
weighted image, b : T2-
weighted image).
MR images show T1 and T2
prolongation and atrophy of
deep white matter (a, b, arrows).
The overlying gyri are shrunken
with the deeper portions of the
cortex being more severely
involved than the superficial
portions, creating mushroom-
shaped gyri known as ulegyria
(a, b, arrowheads) .
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Fig.11 Profound asphyxia of term infant alb } cld

a-d : MR images of a 38-week infant (a, b : T1-weighted image, ¢, d : T2-

weighted image). slrtlgin
e-h : Follow-up MR images at 6 months (e, f : T1-weighted image, g, h :T2-

weighted image).
MR images atl term period show high intensity on both T1- and T2-weighted images in deep
gray matter, rolandic and perirolandic areas (a-c, arrows), which indicates an unfavorable
neurologic outcome. Follow-up MR images show atrophy at the portion correlated with the
abnormal signal area at term (e-h). This patient presented cerebral paralysis, epilepsy and
mental retardation.
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Fig.12

CT findings for prognosis in
profound asphyxia

a: CT of a term infant.

b : Follow-up CT at 6 months.
CT at term shows low attenua-
tion in the deep gray matter and
white matter, which indicates an
unfavorable neurologic outcome
(a). Follow-up CT shows diffuse
atrophy (b). This patient presented
cerebral paralysis, epilepsy and
mental retardation.
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Fig.13

Profound asphyxia with

favorable outcome

a, b : MR images of a term infant
(a: T1-weighted image, b :
T2-weighted image) .

d, e : Follow-up MR images at 22
months (c : T1-weighted
image, d : T2-weighted
image).

T1-weighted image shows

bilateral high intensity in the

deep gray matter (a, arrows).

T2-weighted image shows

no abnormal intensity, which

indicates a favorable neurologic
outcome. Follow-up MR images
show no parenchymal damage.

This patient presented no

neurologic deficit.
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Fig.14 Serial signal changes on diffusion-weighted images of profound asphyxia
a-e : MR and CT images of a term infant at 2 days (a : T1-weighted image, b : T2-
weighted image, ¢ : diflusion-weighted image, d : apparent coeflicient (ADC)

map, e : CT)
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f : Follow-up diffusion-weighted image at 10 days.

Diffusion-weighted image shows bilateral high intensity in the thalamus and white matter with
decreased ADC (c, d). CT shows bilateral low attenuation in the thalamus as well as white
matter (e). Abnormalities are obscure in conventional T1- and T2-weighted image at this period
(a, b). Abnormal signals are indistinct on follow-up diffusion-weighted imaging at 10 days (f).
Although diffusion-weighted imaging is sensitive in early detection of hypoxic-ischemic injuries,
the scanning timing and imaging interpretation should be carefully considered.
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Magnetic resonance spectroscopy (MRS)
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Fig.15

Early detection of hypoxic-

ischemic injuries with magnetic

resonance spectroscopy and

diffusion-weighted imaging

a, b: MR images and magnetic
resonance speclroscopy
(MRS) of a term infant at

1 day. (a : T1-weighted
image, b : T2-weighted
image, ¢ : diffusion-
weighted image, d : MRS).
Diffusion-weighted image
shows bilateral high intensity
in the thalamus (c, arrows).
MRS show elevated lactate
(d, arrow). Diffusion-weighted
imaging and MRS are sensitive
for early detection of hypoxic-
ischemic injuries. Abnormalities
are obscure in T1- and T2-

weighted images at this period
{a, b).
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a-c : MR images of subependymal hemorrhage due to placental abruption of a
corrected term infant (a : T1-weighted image, b : T2-weighted image, ¢ :
susceptibility-weighted image (SWI)).
SWI shows sensitivity to demonstrate hemorrhage as signal-intensity loss (c, arrows),
compared with T1- and T2-weighted images.
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