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Case Report

Antenatal Diagnosis of Subependymal Heterotopia

L. Anne Mitchell, Erin M. Simon, Roy A. Filly, and A. James Barkovich

Summary: Subependymal heterotopia consist of gray mat-
ter nodules along the lateral ventricular walls and are as-
sociated with epilepsy and other cerebral malformations.
Some cases have an X-linked inheritance, and early ante-
natal diagnosis of affected fetuses is important for appro-
priate management. We present a case of heterotopia di-
agnosed by sonography and MR imaging at 23 weeks’
gestation and discuss the differential diagnosis, reviewing
the evolution and imaging appearances of the germinal ma-
trix and its implications for detection of heterotopia.

Subependymal heterotopia consist of clusters of
disorganized neurons and glial cells that are located
in close proximity to the ventricular walls (1). They
are frequently associated with seizures and variable
intellectual deficits (224). The underlying genetic
lesion causing many familial cases of this condition
has recently been determined (5), and with this
knowledge, antenatal diagnosis becomes more im-
portant in affected families. Although sonography
is the mainstay of fetal assessment, there has been
considerable interest in the use of MR imaging as
a complement to sonography for further character-
ization of fetal abnormalities (6216).

The early antenatal diagnosis of subependymal
heterotopia is potentially difficult because of prac-
tical problems concerning motion (both of the fetus
and of the maternal abdominal wall) and obtaining
adequate resolution of the small fetal brain. Anoth-
er potential problem is the presence of the periven-
tricular germinal matrix, which is prominent in ear-
ly brain development and does not involute until
the 26th week (17). Before that, one is faced with
the potential difficulty of distinguishing subepen-
dymal heterotopic gray matter from normal ger-
minal matrix on MR images. We report a case in
which bilateral periventricular nodular heterotopia
were identified on both sonograms and MR images
at 23 weeks’ gestation.
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Case Report
A 42-year-old pregnant woman with no relevant medical

history was referred for detailed fetal morphologic sonographic
assessment after previous routine sonography performed at an-
other hospital suggested the presence of Dandy-Walker mal-
formation. The fetal sonogram was performed at 23 weeks’
menstrual age and revealed an anechoic space in the posterior
fossa. The cerebellar vermis and fourth ventricle appeared nor-
mal, suggesting the diagnosis of a mega cisterna magna rather
than Dandy-Walker malformation. In addition, the margins of
the lateral ventricles were noted to contain a few small nodules
protruding into the lateral ventricles (Fig 1A–B); in conjunc-
tion with the mega cisterna magna, these nodules were suspi-
cious for gray matter heterotopia. No other abnormalities were
shown.

Fetal MR imaging was performed to evaluate the possibility
of heterotopia further. Imaging was performed on a 1.5-T sys-
tem using the body coil, and 4-mm half-Fourier single-shot
fast spin-echo (21901/93/0.5, TR/TE/excitations) T2-weighted
images were obtained in planes that were approximately sag-
ittal, coronal, and axial with respect to the head of the fetus.
Single-slice 5-mm T1-weighted gradient-echo (100/4/1) im-
ages with gradient spoilers were also obtained in three similar
planes. No fetal or maternal sedation was administered. The
T2-weighted MR images confirmed the presence of multiple
small nodular subependymal foci of low signal, similar to the
signal of gray matter, thought to represent nodules of hetero-
topic gray matter (Fig 1C). A large cisterna magna was con-
firmed, and no other posterior fossa or supratentorial malfor-
mation was shown. The pregnancy progressed uneventfully,
and on a follow-up sonogram at 33 weeks’ gestation, multiple
small nodules were visible along the lateral ventricles, partic-
ularly along the frontal horns and bodies. This was more
marked on the right side than on the left, and the frontal horns
were enlarged.

The pregnancy remained uneventful, and a normal-appear-
ing female neonate was delivered at term without difficulty.
The neonatal period was clinically uneventful. An MR image
of the head was obtained 2 months after delivery to confirm
the diagnosis of heterotopia and to determine whether other
anomalies not detected by fetal imaging were present. Sagittal
spin-echo (600/11/1) 3-mm images, axial spin-echo (3000/
60,120/1) 4-mm images, coronal 3D Fourier-transformed gra-
dient-echo (35/7/1) 1.5-mm images, and fast spin-echo (3500/
108) 3-mm images were obtained. The images revealed mul-
tiple round-to-ovoid subependymal nodules in the walls of the
lateral ventricles, consistent with subependymal heterotopia
(Fig 1D), with an associated mega cisterna magna. The re-
mainder of the brain appeared normal. Chromosome analysis
was grossly normal but was sent for specific analysis of Xq28.

Discussion
Neurons that form the cerebral cortex are gen-

erated in the telencephalic germinal matrix, which
is a vascular, densely cellular zone within the walls
of the telencephalic vesicles. Neuroblasts prolifer-
ate within the germinal matrix during the 7th and
8th weeks of gestation; during the 8th week, they
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FIG 1. Images from the case of a 42-year-old pregnant woman who was referred for detailed fetal morphologic sonographic assessment
after previous routine sonography suggested Dandy-Walker malformation.

A, Fetal sonogram obtained at 23 weeks’ gestation. Axial image, obtained through the upper aspect of the lateral ventricles, shows
an irregular ventricular wall with very small hyperechoic nodules along the lateral ventricular walls (arrows).

B, Fetal sonogram obtained at 23 weeks’ gestation. Axial image, obtained through the posterior fossa, shows the large cisterna magna
(arrows).

C, Axial single-shot fast spin-echo (21901/93/0.5) image shows the lateral ventricles of the fetal brain at 23 weeks’ gestation. The
lateral ventricular wall is slightly irregular because of the presence of tiny subependymal nodules isointense to the cortex that project
into the ventricular lumen (arrows).

D, Axial spin-echo (3000/120) image, obtained 2 months after birth through the lateral ventricles at a level similar to that shown in C,
shows multiple subependymal heterotopic nodules that are isointense to gray matter (arrows), corresponding to the nodules seen on
the fetal MR image.

start to migrate from the subependymal region to-
ward the pial surface (18). This process of migra-
tion lasts for approximately 2 months, until the
25th or 26th gestational week, and is maximal be-
tween 8 and 16 weeks. It seems very likely that
some cases of periventricular heterotopia represent
failed migration (5), but some may result from an
abnormal proliferation of neuroblasts in the peri-
ventricular region to form disorganized gray matter
nodules (2) or from failure of regression or apop-
tosis of neuroblasts within the germinal matrix.

Subependymal heterotopia are frequently asso-
ciated with epilepsy; they may be isolated or may
occur in conjunction with other cerebral malfor-
mations such as callosal agenesis, Chiari II mal-
formations, polymicrogyria, and basilar cephalo-
celes (19, 20). In 1994, Huttenlocher et al (21)
presented the reports of a large family in which
subependymal heterotopia were seen exclusively in
female members, with a high incidence of sponta-

neous abortion, suggesting an X-linked inheritance
pattern. It was subsequently determined that this
family and others with bilateral subependymal het-
erotopia have mutations within the distal long arm
of the X chromosome (Xq28) (2). The specific gene
product was recently identified as a protein that has
been named filamin-1. This protein functions in the
cross-linking of intracellular actin, essential for cell
migration, and also has important functions in the
vascular and immune systems (5). Because sube-
pendymal heterotopia is an X-linked condition, the
phenotype differs between male and female per-
sons. Affected female persons usually have normal
or mildly impaired intellect, with relatively late on-
set of various epilepsy disorders (2, 3, 21, 22). Fox
et al (5), in 1998, found several associated non-
neural abnormalities in the two families they ex-
amined. In female members, these included abnor-
malities of major blood vessels such as patent
ductus arteriosus, bicuspid aortic valve, and stroke
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at an early age (5). In male persons, who have only
one X chromosome, the condition is often fatal in
early embryonic life (2, 21), possibly because fi-
lamen 1 has essential functions in hemostasis and
in blood vessel development (5). Affected male
persons who survive the embryonic and fetal pe-
riods have more severe neurologic and intellectual
disabilities than do affected female persons (23).
Commonly associated cerebral malformations
found in both male and female persons included
callosal agenesis and cerebellar hypoplasia or other
subtle cerebellar malformations (5, 23). The early
diagnosis of affected fetuses in families with this
condition may allow appropriate planning for de-
livery and management and genetic counseling for
future pregnancies.

Sonography is a well-tested, readily available,
safe method for the diagnosis of many fetal CNS
abnormalities (24). MR imaging, however, offers
superior soft-tissue contrast, with no interference
from fat or surrounding bony structures, and is a
promising technique in situations in which the son-
ographic diagnosis is not certain (6216). Although
fetal MR imaging has been investigated for more
than 15 years (16), difficulties with fetal movement
during early gestation, compounded by maternal
discomfort and movement, have limited its use.
The development of faster sequences and stronger
gradients has improved the quality of images that
can be obtained in short imaging times (13), but in
early gestation, the fetus is highly mobile within a
relatively large liquor volume, and movement re-
mains a considerable problem. Both T1- and T2-
weighted images are required for optimal tissue
characterization. Commercially available T2-
weighted half-Fourier single-shot fast spin-echo se-
quences can be performed in a few seconds, allow-
ing multiple images to be acquired in a single
maternal breath hold. Unfortunately, most standard
T1-weighted sequences that are currently commer-
cially available require longer imaging times to
achieve adequate resolution during a single breath
hold. It can be difficult to obtain images quickly in
orthogonal planes, particularly if there is fetal
movement between images. A volume acquisition
is potentially useful for this reason but unfortu-
nately takes longer to acquire, and motion becomes
a major problem. Although MR techniques have
not evolved to the point at which they can be used
for routine screening, certain families with positive
histories of neurologic disease may require a more
accurate diagnosis; in such situations, MR imaging
may be indicated early in gestation. Fetal immo-
bilization may be achieved by maternal sedation
with benzodiazepine (15) or by injection of pan-
curonium (14) into the umbilical vein. Both tech-
niques have been used successfully, but both have
significant associated risks to the fetus, and we do
not currently use these techniques.

Gray matter heterotopia are readily diagnosed
postnatally by MR imaging and may also be iden-
tified on cranial sonograms and CT scans. Neonatal

sonography shows irregular ventricular margins
and a hyperechoic periventricular band or nodules
that are more echogenic than white matter but less
echoic than the choroid plexus (25). Heterotopia
are difficult to differentiate from hamartomas of tu-
berous sclerosis, and CT or MR imaging is usually
required to clarify the diagnosis. On CT scans and
MR images, subependymal heterotopia appear as
nonenhancing periventricular nodules that are
isointense to gray matter on all pulse sequences.
They may be diffuse and symmetric, forming a
contiguous undulating bandlike mass around the
lateral ventricles, or may be nodular and noncon-
tiguous. Associated cortical malformations are un-
usual. There have been reports of the antenatal di-
agnosis of subependymal heterotopia in the third
trimester (33 weeks) (12) or in association with
agenesis of the corpus callosum (6) or other cal-
losal malformations (10), which alerted the exam-
iners to the possibility of concurrent pathologic ab-
normality. In our case, a slightly nodular
ventricular wall (Fig 1A–B) with a mega cisterna
magna raised the suspicion of heterotopia, even at
the early gestational age of 23 weeks. The subse-
quent T2-weighted MR images showed nodules
with signal intensity similar to that of gray matter
protruding into the ventricular lumen (Fig 1C).
Isointensity with gray matter could not be con-
firmed on T1-weighted images, because motion and
poor spatial resolution degraded the sequences.

The appearance of the fetal MR image is not
unequivocal; the differential diagnosis includes tu-
berous sclerosis and subependymal hemorrhage.
The subependymal hamartomas of tuberous scle-
rosis are hyperintense on T1-weighted images and
hypointense on T2-weighted images in neonates
and infants (26228). These hamartomas can also
be detected by imaging in the antenatal period. In
a study conducted by Sonigo et al (11) in 1996 of
eight fetuses with cardiac abnormalities, MR im-
aging showed hyperintense periventricular nodules
on T1-weighted images of five fetuses subsequently
confirmed to have tuberous sclerosis. The antenatal
appearance of heterotopia on T1-weighted images
is likely to be very similar to this, although the
suboptimal quality of our T1-weighted images did
not allow us to confirm hyperintensity. The coex-
istence of other typical associated lesions (mega
cisterna magna or callosal agenesis in heterotopia,
cortical tubers or cardiac rhabdomyomas in tuber-
ous sclerosis) may be helpful in making this dif-
ferentiation. Hemorrhage occurring in the germinal
matrix may cause small periventricular lesions. The
frequency of germinal matrix hemorrhage in utero
has not been well studied; however, the signal char-
acteristics of hemorrhage at certain stages could
closely mimic subependymal heterotopia, with rel-
ative hyperintensity on T1-weighted images and
hypointensity on T2-weighted images. Other fac-
tors such as the presence of intraventricular hem-
orrhage, hydrocephalus, and rapid evolution may
indicate hemorrhage rather than heterotopia. Gen-
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erally, subependymal hemorrhages have a typical
sonographic appearance and evolution, and the
combination of sonography and MR imaging will
likely show the difference between hemorrhage and
heterotopia in most cases.

The normal presence of the periventricular ger-
minal matrix is a confounding feature in the detec-
tion of subependymal heterotopia. It is not known
whether the typical antenatal appearance of sub-
ependymal heterotopia differs from the appearance
of the normal germinal matrix up to 26 weeks. The
MR appearance of the germinal matrix is that of
gray matter (7, 12). Therefore, an understanding of
the development of the germinal matrix is neces-
sary to recognize its normal appearances at various
stages of development on fetal MR images. This
understanding will help to differentiate the normal
germinal matrix from the periventricular heteroto-
pia. From 13 weeks’ to approximately 24 to 26
weeks’ gestation, the germinal matrix increases in
volume because of proliferation of neuroblasts and
glia. After 26 to 28 weeks, it decreases in size,
rapidly at first and then more gradually (17). The
matrix surrounds the entire ventricular wall until
approximately 30 weeks’ gestation, and it is thicker
around the ventrolateral wall, roof, and medial wall
of the lateral ventricles than over the corpus stria-
tum. As it loses volume, the matrix loses continuity
first around the third ventricle; it then progressively
regresses around the occipital horns and trigones
and subsequently around the temporal horns. From
36 weeks’ gestation to term, normally only scat-
tered matrix cells are present in the subependymal
region, except for a thick layer between the caudate
nucleus and thalamus (known as the ganglionic em-
inence). This fragments during the first 3 months
after birth, and the periventricular matrix has nor-
mally completely disappeared by the end of the first
postnatal year (1).

Several investigators have examined the normal
MR appearance of the germinal matrix during its
development and regression. Girard et al (7), in
1995, performed an in vivo study of 33 normal
fetuses ranging from 21 to 38 weeks’ gestation. Be-
tween 23 and 28 weeks’ gestation, they found three
layers of hyperintense bands within the cerebral
hemispheres on T1-weighted images, correspond-
ing, from central to peripheral, to the germinal ma-
trix, the migrating neuroblasts, and the developing
cortex. After 28 weeks’ gestation, the brain had a
more homogeneous appearance on T1-weighted
images and the germinal matrix became thinner (7).
Chong et al (29), in 1996, examined 28 fetal brain
specimens with an age range from 9 to 24 weeks
(29). Using a spoiled gradient-recalled sequence to
optimize differentiation between gray and white
matter, the germinal matrix was seen as a band of
increased signal along the lateral margins of the
lateral ventricles after 13 weeks’ gestation. The dis-
crepancy between the first appearance of the ger-
minal matrix on MR images (at 13 weeks) and the
onset of cellular proliferation in this region (at 7 to

8 weeks) (17, 18) was thought to reflect the limited
resolution of MR imaging. The germinal matrix be-
came thinner from 19 to 21 weeks’ gestation,
somewhat earlier than was previously described (7,
17). Brisse et al (30), in 1997, examined the MR
images of five fetal brain specimens and obtained
histologic correlation for all specimens (30). The
germinal matrix was visible on the image of the
27-week specimen but was not seen at 34 weeks,
and histologic correlation at this stage showed no
residual matrix. The timing of regression of the
germinal matrix in these postmortem studies dif-
fered from that noted by Battin et al (31) and Evans
et al (32) in MR studies of live premature infants.
Those studies showed that the germinal matrix had
an appearance similar to that previously reported
but noted that it may be visible after 32 weeks and,
in some cases, could be seen at term (31, 32).
These studies and others have not established
whether the temporal evolution of the germinal ma-
trix is similar in fetuses compared with prematurely
born neonates of similar postconceptional ages or
whether the in vitro studies truly reflect the in vivo
events.

The images acquired in this case suggest that
subependymal heterotopia can be detected by son-
ography and MR imaging well before any regres-
sion of the germinal matrix occurs. Nodules were
visible at a stage when the germinal matrix would
be expected to be close to its maximum volume.
The heterotopic nodules were isointense to cortex
on T2-weighted MR images and were of low signal
intensity compared with the adjacent germinal ma-
trix. The relatively short T1 and T2 relaxation
times of the germinal matrix are thought arise from
its dense cellularity (7, 30) or an alteration in free
water content (33); however, it is hard to under-
stand why heterotopic nodules should have a dif-
ferent signal than germinal matrix, considering that
the cellular composition of both is similar (2). The
irregularity of the ventricular wall is certainly a
useful clue to the presence of heterotopia in that
we expect the ventricular walls to remain smooth
as the germinal matrix undergoes its normal invo-
lution. Heterotopia may therefore be more visible
in those regions in which the germinal matrix re-
gresses first, with the thinness of the germinal zone
highlighting the irregularity of the wall and the
contrast differences between heterotopic gray mat-
ter and the germinal matrix. This would probably
be most noticeable around the lateral ventricular
margins, as in the present case. After 30 weeks, the
germinal matrix has virtually completely regressed,
and by this stage, periventricular heterotopia would
be expected to be easily visible.

How early, then, can subependymal heterotopia
be diagnosed by imaging? In theory, the heteroto-
pia should be visible as nodules of thickened ger-
minal zone in the early second trimester, as soon
as the lateral ventricles are easily seen by sonog-
raphy, and the neuroblasts have begun their migra-
tion to the cortex. Once the neuroblasts have left
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the germinal matrix, it may not matter that the ger-
minal matrix cannot be resolved by sonography,
because the major visible abnormality is irregular
ventricular walls (Fig 1A–B). Similarly, on an early
MR image, irregularity of the ventricular wall may
be the most easily identifiable abnormality, and this
may be appreciated best on T2-weighted sequenc-
es. Nevertheless, the tiny size of the brain (and
hence the periventricular nodules) and the degree
of fetal movement at this very early stage would
render the diagnosis difficult on the basis of MR
images and sonograms.

In conclusion, subependymal heterotopia are de-
tectable in the fetus by both sonography and MR
imaging as early as 23 postconceptional weeks. MR
imaging is a valuable adjunct to sonography in the
mid second trimester evaluation of fetuses with a
family history of X-linked subependymal hetero-
topia or when sonographic findings raise the pos-
sibility of underlying heterotopia.

References
1. Friede RL. Developmental Neuropathology. 2nd ed. Berlin:

Springer-Verlag; 1989:2–20
2. Eksioglu YZ, Scheffer IE, Cardenas P, et al. Periventricular het-

erotopia: an X-linked dominant epilepsy locus causing aber-
rant cerebral cortical development. Neuron 1996;16:77–87

3. Raymond AA, Fish DR, Stevens JM, Sisodiya SM, Alsanjari N,
Shorvon SD. Subependymal heterotopia: a distinct neuronal
migration disorder associated with epilepsy. J Neurol Neuro-
surg Psychiatry 1994;57:1195–1202

4. Barkovich AJ, Kjos BO. Gray matter heterotopias: MR char-
acteristics and correlation with developmental and neurologic
manifestations. Radiology 1992;182:493–499

5. Fox JW, Lamperti ED, Eksioglu YZ, et al. Mutations in filamin
1 prevent migration of cerebral cortical neurons in human
periventricular heterotopia. Neuron 1998;21:1315–1325

6. d’Ercole C, Girard N, Cravello L, et al. Prenatal diagnosis of
fetal corpus callosum agenesis by ultrasonography and mag-
netic resonance imaging. Prenat Diagn 1998;18:247–253

7. Girard N, Raybaud C, Poncet M. In vivo MR study of brain
maturation in normal fetuses. AJNR Am J Neuroradiol 1995;16:
407–413

8. Levine D, Barnes PD, Edelman RR. Obstetric MR imaging. Ra-
diology 1999;211:609–617

9. Onyeije CI, Sherer DM, Jarosz CJ, Divon MY. Prenatal sono-
graphic findings associated with sporadic subcortical nodular
heterotopia. Obstet Gynecol 1998;91:799–801

10. Rypens F, Sonigo P, Aubry MC, Delezoide AL, Cessot F, Brunelle
F. Prenatal MR diagnosis of a thick corpus callosum. AJNR Am
J Neuroradiol 1996;17:1918–1920

11. Sonigo P, Elmaleh A, Fermont L, Delezoide AL, Mirlesse V, Bru-
nelle F. Prenatal MRI diagnosis of fetal cerebral tuberous scle-
rosis. Pediatr Radiol 1996;26:1–4

12. Sonigo PC, Rypens FF, Carteret M, Delezoide AL, Brunelle FO.
MR imaging of fetal cerebral anomalies. Pediatr Radiol 1998;
28:212–222

13. Tsuchiya K, Katase S, Seki T, Mizutani Y, Hachiya J. Short com-
munication: MR imaging of fetal brain abnormalities using a
HASTE sequence. Br J Radiol 1996;69:668–670

14. Girard N, Raybaud C, Dercole C, et al. In vivo MRI of the fetal
brain. Neuroradiology 1993;35:431–436

15. Revel MP, Pons JC, Lelaidier C, et al. Magnetic resonance im-
aging of the fetus: a study of 20 cases performed without cu-
rarization. Prenat Diagn 1993;13:775–799

16. Smith FW, Adam AH, Phillips WD. NMR imaging in pregnancy
(letter). Lancet 1983;1:61–62

17. Jammes JL, Gilles FH. Telencephalic development: matrix vol-
ume and isocortex and allocortex surface areas. In: Gilles FH,
Leviton A, Dooling EC, eds. The Developing Human Brain. Bos-
ton: John Wright, PSG Incorporated; 1983:87–93

18. Rakic P. Neuronal migration and contact guidance in the pri-
mate telencephalon. Postgrad Med J 1978;54(Suppl 1): 25–40

19. Barkovich AJ. Pediatric Neuroimaging. 2nd ed. New York: Ra-
ven Press; 1995:177–275

20. Norman MG, McGillivray BC, Kalousek DK, Hill A, Poskitt KJ.
Congenital Malformations of the Brain. 1st ed. New York: Ox-
ford University; 1995:223–307

21. Huttenlocher PR, Taravath S, Mojtahedi S. Periventricular het-
erotopia and epilepsy. Neurology 1994;44:51–55

22. Raymond AA, Fish DR, Sisodiya SM, Alsanjari N, Stevens JM,
Shorvon SD. Abnormalities of gyration, heterotopias, tuberous
sclerosis, focal cortical dysplasia, microdysgenesis, dysembry-
oplastic neuroepithelial tumour and dysgenesis of the archi-
cortex in epilepsy: clinical, EEG and neuroimaging features in
100 adult patients. Brain 1995;118:629–660

23. Dobyns WB, Guerrini R, Czapansky-Beilman DK, et al. Bilateral
periventricular nodular heterotopia with mental retardation
and syndactyly in boys: a new X-linked mental retardation
syndrome. Neurology 1997;49:1042–1047

24. Filly RA, Cardoza JD, Goldstein RB, Barkovich AJ. Detection of
fetal central nervous system anomalies: a practical level of ef-
fort for a routine sonogram (comment). Radiology 1989;172:
403–408

25. Pellicer A, Cabanas F, Perez-Higueras A, Garcia-Alix A, Quero J.
Neural migration disorders studied by cerebral ultrasound
and colour Doppler flow imaging. Arch Dis Child Fetal Neo-
natal Ed 1995;73:F55–F61

26. Christophe C, Bartholome J, Blum D, et al. Neonatal tuberous
sclerosis: US, CT, and MR diagnosis of brain and cardiac le-
sions. Pediatr Radiol 1989;19:446–448

27. Baron Y, Barkovich AJ. MR imaging of tuberous sclerosis in
neonates and young infants. AJNR Am J Neuroradiol 1999;20:
907–916

28. Braffman BH, Bilaniuk LT, Naidich TP, et al. MR imaging of
tuberous sclerosis: pathogenesis of this phakomatosis, use of
gadopentetate dimeglumine, and literature review (comment).
Radiology 1992;183:227–238

29. Chong BW, Babcook CJ, Salamat MS, Nemzek W, Kroeker D,
Ellis WG. A magnetic resonance template for normal neuronal
migration in the fetus. Neurosurgery 1996;39:110–116

30. Brisse H, Fallet C, Sebag G, Nessmann C, Blot P, Hassan M.
Supratentorial parenchyma in the developing fetal brain: in
vitro MR study with histologic comparison. AJNR Am J Neu-
roradiol 1997;18:1491–1497

31. Battin MR, Maalouf EF, Counsell SJ, et al. Magnetic resonance
imaging of the brain in very preterm infants: visualization of
the germinal matrix, early myelination, and cortical folding.
Pediatrics 1998;101:957–962

32. Evans DJ, Childs AM, Ramenghi LA, Arthur RJ, Levene MI.
Magnetic-resonance imaging of the brain of premature infants
(letter). Lancet 1997;350:522

33. McArdle CB, Richardson CJ, Nicholas DA, Mirfakhraee M, Hay-
den CK, Amparo EG. Developmental features of the neonatal
brain: MR imaging: part I: gray- white matter differentiation
and myelination. Radiology 1987; 162:223–229


