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MRI of the Central Nervous
System in Neonates and
Young Children

Twelve normal neonates and young children, ages 32 weeks gestation to 20 months,
and 22 abnormal children up to four years old had MRI scans using a 0.5 T supercon-
ducting scanner. A faint signal that was presumed to be myelin was detected in the
thalami at 32 weeks; myelination of the occipital lobes was present at full term, and
visible throughout the hemispheres by 8 weeks of age. Anatomical locations of congen-
ital lesions were well demonstrated, especially in sagittal views. The signal changes of
perinatal abnormalities, such as hemorrhage and hemiatrophy, were often specific.
Abnormal position of the spinal cord, spinal lipomas, and other congenital lesions were
also well visualized.

Central nervous system lesions in neonates and infants are currently evaluated
with sonography and CT scans [1, 2]. Because of ionizing radiation, CT is used
only when sonography fails to provide adequate data for clinical management.
Sonography has no known biological hazards, but it is limited by technical difficulties
in assessing surface structures and it often lacks specificity in evaluating white-
matter abnormalities. MR promises to be valuable because of its spatial resolution
and contrast sensitivity, and because there are no known hazards at currently
used field strengths [3-5].

Subjects and Methods

Thirty-four children, ages newborn to 4 years old, were scanned using a Technicare (Solon,
OH) 0.5 T scanner. Axial sections were routinely obtained with spin echo (SE) multislice
techniques using an echo delay time (TE) of 30 msec and a repetition time (TR) of 500 msec
(SE 30/500) on T1-weighted images and SE 30,60,90/2000 on T2-weighted images. Addi-
tional coronal and sagittal sections were obtained using the same techniques in selected
cases. One patient was examined by the inversion recovery (IR) technique (IR 450/1500).

Scans were performed under a special experimental protocol, approved by the internal
review board of our institution. The examination was limited to subjects who were capable
of spontaneous, unassisted respiration. Twelve neurologically normal infants considered to
be at risk from intracerebral hemorrhage were scanned after informed parental consent was
obtained. Abnormal cases were selected on the basis of sonographic or CT findings. All
patients were sedated with chloral hydrate. Infants were wrapped in blankets and their
respiration was continuously monitored by a pediatrician or nurse, who was in attendance
throughout the procedures. Total examination time was limited to 30 min for newborns and
60 min for older children.

Results
Normal

At 32 weeks gestation (one case), white matter was hypointense relative to gray
matter, with slightly increased signal intensity in the thalamic regions and brainstem
on SE 30/500 images (Fig. 1).
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Fig. 1.—Normal infant, 32 weeks gestation. SE 30/500 image shows
increased signal of thalami and internal capsules. Rest of white matter is
hypointense.

At 35 weeks gestation (three cases), white matter was
hypointense and there was increased signal in the internal
capsule, thalamic regions, and brainstem on SE 30/500 im-
ages. Sylvian fissures and cortical sulci were visible (Fig. 2).

At 37 weeks gestation (one case), appearances were iden-
tical to those at 35 weeks (Fig. 3).

At full term (four cases), in three cases, white matter was
hyperintense in all regions, markedly so in the internal capsule
and the thalamic and occipital regions on SE 30/500 images
(Fig. 4). In one case, increased signal was seen only in the
internal capsule and thalamic regions. The sylvian fissures
were smaller than in the premature infant (Fig. 5).

At 8 weeks to 20 months (three cases), white matter was
hyperintense throughout on SE 30/500 images and remained
unchanged between these ages (Fig. 6).

The signal of the brain was isointense in gray and white
matter at all ages on SE 30,60,90/2000 images.

Abnormal

Congenital Abnormalities

Alobar holoprosencephaly (one case). Single ventricle, with
no midline division, was seen best in coronal views. Associ-
ated dorsal sac was optimally shown in sagittal views (Fig.
7).
Corpus callosal agenesis (two cases). Complete absence
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of the corpus callosum was shown on sagittal views (Fig. 8).
There was associated hypoplasia of the cerebellum and gyri
in one case (Fig. 9).

Dandy-Walker anomaly (one case). Agenesis of vermis and
giant fourth ventricle were seen in both sagittal and coronal
views. The brainstem was also hypoplastic (Fig. 10).

Arnold-Chiari malformation (one case). Sagittal views
showed the tonsillar ectopia, small posterior fossa, and con-
figurations of the tentorium, brainstem, and third and fourth
ventricles (Fig. 11).

Arachnoid cyst (one case). A large midline cyst was seen
extending through an enlarged tentorial opening into the
posterior fossa, causing slight compression of the upper
brainstem. The signal of the fluid within the cyst was identical
to that of CSF (Fig. 12).

Cerebral atrophy (one case). Cortical atrophy and dilated
ventricles were seen.

Perinatal Abnormalities

Anoxia (two cases). In one case, the entire white matter
was markedly hypointense on T1-weighted images (SE 30/
500) compared with normal brain at the same gestation age.
In another case, multiple discrete hypointense regions were
seen within the basal ganglia in addition to the diffuse white-
matter changes (Fig. 13).

Intracranial hemorrhage (three cases). Hemorrhage was
located in the frontal and occipital lobes in two cases and
was hyperintense in both T1- and T2-weighted images (Fig.
14). In the third case, hemorrhage with the same signal was
seen in the quadrigeminal region, in the subdural space im-
mediately inferior to the tentorium, and over the occipital
convexities; the center of the quadrigeminal hematoma had
hypointense signal (Fig. 15).

Periventricular leukoencephalomalacia (one case). Periven-
tricular discrete cavities with signal similar to CSF were shown
in the periventricular regions after a previously documented
intraventricular hemorrhage (Fig. 16).

Hemiatrophy (two cases). Focal cortical atrophy with white-
matter encephalomalacia was seen on T1-weighted images.
T2-weighted images showed a larger region of increased
signal and hemiatrophy of the ipsilateral hemisphere (Fig. 17).

Other Lesions

Tumor (three cases). A pineal tumor causing hydrocephalus
was shown to be isointense on T1-weighted images and
hyperintense on T2-weighted images (Fig. 18). An optic
chiasm glioma was isointense on T1-weighted images and
hyperintense on T2-weighted images (Fig. 19). A large cra-
niopharyngioma occupying most of the frontal region and
compressing the pituitary gland was entirely cystic and seen
as hypointense on T1-weighted images and hyperintense on
T2-weighted images (Fig. 20).

Tuberous sclerosis (one case). The calcified subependymal
tubers were shown as isointense nodules on the walls of the
lateral ventricles on T1- and T2-weighted images (Fig. 21).
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Fig. 2.—Normal infant, 35 weeks gestation. SE 30/500 images show (A) Increased signal of thalami
and internal capsules; (B) Increased signal in upper brainstem; (C) Hypointense white matter; and (D)
Sagittal view of signal differences between gray/white matter and normal sylvian fissure.

Spinal Lesions

Tethered cord (three cases). The spinal cords were tethered
to the sacral sac and associated with lipomas in two cases
(Fig. 22). One of these had a central midline region of hypoin-
tensity, presumably representing a diastematomyelia (Fig. 23).
The third case was not associated with either abnormality.

Postradiation change (one case). The conus medullaris was
deviated to one side after radiation to an associated neuro-
blastoma (Fig. 24). This was presumed to be secondary to
arachnoiditis, as the appearances on repeated follow-up mye-
lography performed in the 18 months prior to the MR scan
were unchanged.

Discussion
Normal

Published reports [6-8] based on postmortem staining
techniques indicate that myelination of the white matter be-
gins at the caudal spinal cord as early as 20 weeks of
gestation and proceeds rostrally to reach the internal capsules

and thalami at 36 weeks. The occipital white matter is myeli-
nated at term, and the frontal lobes and intracortical associ-
ation fibers are myelinated 3 months after birth.

The white matter of the premature brain appears hypoin-
tense compared with gray matter on T1-weighted images.
Differences in protein, rather than in water content, are said
to account for gray/white matter differentiation on CT scans
[9-14]. The MR images of infants’ brains in this age group
show analogous appearances in that the white matter has a
decreased signal compared with gray matter on T1-weighted
sequences. The exact explanation of such appearances is
complex, as the decreased signal due to lack of myelination
is influenced by differences in protein content in the white
matter as compared with the gray matter. Relaxation times
of brains in this age group are not well documented compared
with those of mature brains [15].

Myelination is detected on MR scanning because of the
characteristic short T1 relaxation [16]. Inversion recovery is
the optimal technique, and it is heavily T1-weighted. Spin-
echo techniques using short TE and TR are routinely used in
clinical MR imaging but are not as heavily T1 dependent.
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Using the latter technique we are able to clearly demonstrate
myelination of the internal capsule and thalami between 32
and 36 weeks gestation, and more extensive myelination of
the occipital lobes by full term. The time and distribution of
myelination in our patients correspond closely to those re-
ported in postmortem studies [6-8], although there appear

Fig. 3.—Normal infant, 37 weeks gestation. SE 30/500 image shows
increased signal in posterior limbs of internal capsules.

ET AL.
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to be differences between subjects of the same gestational
age. The detection of myelination earlier than that reported
by Johnson [16] is probably related to individual differences.
A greater number of scans of normal infants at different
gestational ages is required to establish the normal range of
myelination times.

Fig. 5.—Normal infant full term. SE 30/500 image shows increased signal
in internal capsules only. Note small size of sylvian fissure (arrows).

Fig. 4. —Normal infant, full term. SE 30/500 im-
age (A) and IR 450/1500 image (B) show increased
signal in white matter, more pronounced in thalami
and occipital lobes than in frontal lobes.
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The brains of infants appear to be isointense on T2-
weighted SE images, unlike those of older children and adults,
in whom the white matter is hypointense relative to the gray
matter. This is probably related to the degree of myelination,
which is not completed until adolescence [7, 8]. Incompletely
myelinated neurons have less lipid content but more free

Fig. 6.—Normal infant, 20 months old. SE 30/500 image shows increased
signal throughout entire white matter.

Fig. 7.—Alobar holoprosencephaly.
SE 30/500 images. A, Coronal view
shows single ventricle, absent falx, and
interhemispheric fissure. B, Sagittal view
shows large supratentorial dorsal sac, in-
separable from posterior portion of ven-
tricle.
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water content compared with fully myelinated fibers. The
contrary effects of these two components on white-matter
T2 relaxation probably results in a signal intensity that is
indistinguishable from that of gray matter.

The sylvian fissure forms as early as 15 weeks of gestation,
becoming larger until sulci form in the remainder of the brain
5 weeks later [14]. It is markedly larger in the premature brain
compared with the brain at full term. The inferior temporal
sulcus forms at 32 weeks and is the last to develop before
birth. The size of these fissures may be used to determine
gestational age of the brain when correlated with the appear-

Fig. 8.—Corpus callosal agenesis. SE 30/500 image. Sagittal view shows

absence of corpus callosum (arrows). Note hypoplastic cerebellum.
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ance of the white matter. The sagittal view will be invaluable
in diagnosing abnormal gyral development, such as lissen-
cephaly and micro- and macrogyria [14].

Congenital Abnormalities

MR is well able to evaluate midline defects such as holo-
prosencephaly, corpus callosal agenesis, Dandy-Walker de-
fect, and midline cysts because of its ability to obtain both
sagittal and coronal views. Alobar holoprosencephaly is as-
sociated with absence of the falx and a large dorsal sac [17,
18]. The corpus callosum is seldom visualized directly by CT
or sonography, and agenesis is diagnosed by associated
deformity of the ventricles. This structure is routinely deline-

Fig. 9.—Gyral hypoplasia. SE 30/500 image. Sagittal view shows poorly
developed sylvian fissure and cortical sulci.
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ated in sagittal MR views by virtue of high spatial resolution
and the slight difference in signal intensity between this struc-
ture and the rest of the white matter. Even slight hypoplasia
of a portion of the corpus callosum may thus be accurately
visualized on MR. The associated ventricular defects are seen
as well on MR as on CT and sonographic scans [15-19].
Dandy-Walker and other midline cysts are usually visualized
on sagittal CT and sonographic scans [20-23]. Occasionally

Fig. 11.—Arnold-Chiari malformation. SE 30/500 image. Sagittal view shows
low-lying tonsils (small arrow), small posterior fossa, vertical tentorium (arrow-

heads), beak-shaped quadrigeminal plate (open arrow), and abnormal anterior

recesses of third ventricle (large arrow).

Fig. 10.—Dandy-Walker malformation.
SE 30/500 images. A, Coronal view
shows giant fourth ventricle. B, Sagittal
view shows absent vermis. Note brain-
stem hypoplasia (arrow).
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Fig. 12.—Midline arachnoid cyst. SE
30/500 images. A, Coronal view shows
large midline cyst displacing lateral ven-
tricles (arrows) and extending through
tentorial opening into posterior fossa. B,
Sagittal view shows degree of extension
into posterior fossa.

Fig. 13.—Anoxia, full-term infant. A,
SE 30/500 image shows decreased sig-
nal in white matter, with focal increased
signal in frontoparietal lobes (asterisks).
B, SE 90/2000 image shows bilateral re-
gions of decreased signal in basal ganglia.

it is not possible to differentiate cysts from dilated subarach-
noid spaces. The signal intensity of fluid within cystic struc-
tures depends on the protein content, so that it is easy to
differentiate true CSF-containing structures, which have less
signal than loculated proteinaceous cysts. The sagittal and
coronal views are especially useful in delineating the relation-
ship of the fluid cavities to normal brain structures.

The Arnold-Chiari abnormality is shown much better on
sagittal MR than on CT and sonography [24], allowing the
precise configuration of the posterior fossa structures and
degree of tonsillar ectopia to be evaluated. The abnormal
commissures and recesses of the third ventricle can also be
seen on MR scans.

Hydrocephalus is differentiated from atrophy by the rela-
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B

tively normal size of the cortical gyri and the presence of
periventricular increased signal on T2-weighted MR images,
implying increased transependymal CSF absorption. The pre-
cise site of obstruction within the ventricular system, such as
at the aqueduct, can be determined with certainty in most
cases.

Perinatal Lesions

Anoxia. Acute anoxia may affect the watershed regions or
be more generalized, and lesions may be visible as decreased
attenuation on CT scans. It has been reported that the CT
signs of decreased attenuation in premature anoxic infants
correlate poorly with areas of ischemia and infarction on



612 LEE ET AL.

autopsy [25]. Generalized decreased attenuation with
compression of ventricles is more commonly seen with path-
ologically proved cerebral edema in anoxic full-term infants
[25-27]. Severe anoxia results in brain destruction, which
may be generalized or multifocal, and involve the white matter
or the basal ganglia [28, 29]. The MR appearances of the
white matter are similar to those seen on CT scans. Further
experience with infants is required to determine if MR is more
sensitive in detecting ischemic areas that are not seen on CT

scans.

Fig. 14.—Intracerebral hemorrhage. SE 30/500 image shows increased
signal in right occipital lobe.
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Hemorrhage. The locations of germinal matrix and intraven-
tricular hemorrhages are different from those associated with
anoxia of mature infants [30-34]. These hemorrhages are
well demonstrated on sonography, CT, and MR [35-38].
Hematomas usually are easily detected on MR. The signal
intensity depends on the age as well as the location of the
hematomas. Acute hematomas are isointense and subse-
quently become hyperintense on account of short T1 relaxa-
tions resulting from the paramagnetic effect of methemoglobin
[39]. A confident diagnosis of hematoma can thus only be

Fig. 15.—Subdural and subarachnoid hemorrhage, full-term infant. SE 30/
500 image shows increased signal over cerebellar hemispheres, in quadrige-
minal region (arrows), and on surface of right temporal lobe with extension into
the sulci (arrowheads).

Fig. 16.—Periventricular leucomalacia,
36 weeks gestation. SE 30/500 images.
Axial (A) and sagittal (B) views show mul-
tiple areas of decreased signal adjacent
to lateral ventricles (arrowheads).
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Fig. 17.—Cerebral hemiatrophy, 2
years old. A, SE 30/500 image shows
focal atrophy with dilated sulci (arrow-
heads), cystic decreased signal in white
matter (arrow), and ventricular dilatation
(asterisk). B, SE 90/2000 image shows a
larger region of increased signal in white
matter. Note hemiatrophy of entire ipsilat-
eral hemisphere.

Fig. 18.—Pineal tumor, 6 weeks old.
A, SE 30/500 image. Sagittal view shows
large isointense pineal mass with
compression of aqueduct (arrow). B, SE
90/2000 image. Sagittal view shows
slightly increased signal of pineal tumor
(arrow). Hydrocephalus is present.

made when the characteristic hyperintense signal is detected
on T1 images; the T2 changes on the other hand are entirely
nonspecific.

An advantage of MR is the precise localization of the sites
of hematoma, particularly those of extracerebral origin. In a
case in which the location and origin of the hemorrhage was
in doubt, MR showed the hemorrhage to be present in the
quadrigeminal region and in the posterior fossa, but not in the
basal cisterns. The appearances favored subdural rather than
subarachnoid locations of the hemorrhage. The difference in
the signal intensity of the blood in the quadrigeminal region
probably represented different stages of resolution.

Periventricular leukomalacia following intraventricular [40,
41] hemorrhages are well shown by MR. The damage to the
white matter in this condition is more readily evaluated on
MR. Comparison with myelination of normal brains of the
same gestational age may reveal changes not detected on
CT.

Hemiatrophy and atrophy secondary to infarction are well

MRI OF CENTRAL NERVOUS SYSTEM 613

shown on T1-weighted images. A large area of abnormal
signal on T2-weighted images in the same location in our
case (see Fig. 20) probably represented extensive demyeli-
nation resulting from the initial infarct.

Other Lesions

The calcified tubers are visible on MR (see Fig. 21) but not
as clearly as on CT [42, 43]. They are visible as isointense
nodules, presumably because of the contrary effect of in-
creased signal of the soft-tissue component and calcium of
the tubers. Noncalcified white-matter changes are probably
better seen on MR than on CT. Based on the limited experi-
ence in this study, it is not possible to determine what role
MR will play in evaluating this disorder.

Tumors. Congenital intracranial tumors are uncommon, and
they often present with minimal clinical symptoms and signs.
Pineal tumors usually cause hydrocephalus, and are easily
differentiated from benign aqueductal stenosis by their mass
effect and characteristic signal intensities reflecting long T1
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and T2 relaxations [44-46]. Optic chiasm gliomas are ex- Lipomas have characteristic signal reflecting short T1 relax-
tremely well delineated on sagittal MR views. Spread of the ation; and other lesions, such as diastematomyelia, are ade-
tumor along the entire optic pathways, often poorly seen on quately visualized without need for intrathecal contrast stud-

CT, is sometimes detected as increased signal on T2- ies. Changes in position of the conus medullaris secondary
weighted images [47]. Craniopharyngiomas are usually cystic to arachnoiditis may be evaluated. The lack of abnormal signal
[48-50]. The size and location of the tumor is well delineated, on T2-weighted images in such cases is a useful indication of

but the signal of the cystic fluid is usually nonspecific and a benign process, as most intrinsic tumors exhibit increased
dependent on the protein and cholesterol content. The rela- signal compared with the normal spinal cord [55]. MR is
tionship of this tumor to the pituitary gland is clearly defined.

Spinal Lesions

The spinal cord and conus medullaris are visualized on MR,
though not with as much detail as on myelography [51-54].

Fig. 19.—Optic chiasm glioma. SE 30/500 image. Sagittal view shows large
isointense mass obliterating suprasellar cistern (arrows). Optic chiasm and Fig. 21.—Tuberose sclerosis, 4 years old. SE 30/500 image shows isoin-
pituitary stalk are not identified. tense calcified subependymal nodules (arrows).

Fig. 20.—Craniopharyngioma. SE 30/
500 image. A, Sagittal view shows large
frontal cyst extending into an enlarged
sella (arrowheads). B, Coronal view
shows cyst in left frontal region displacing
anterior cerebral artery branches across
midline (arrow). Note relation of cyst to
carotid arteries (arrowheads) and pituitary
gland.
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22

Fig. 22.—Lipoma/tethered cord, 2 years old. SE 30/500 image. Sagittal
view shows conus medullaris adherent to a region of hyperintense signal
(arrows). The spinal canal is large.

undoubtedly a good initial examination, and may well replace
myelography as the method of choice for evaluating spinal
cord abnormalities in young children.
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