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In Vivo MR Study of Brain Maturation in Normal Fetuses

Nadine Girard, Charles Raybaud, and Martine Poncet

PURPOSE: To illustrate normal maturation of the fetal brain, including the migrational layer, gray
matter, early myelination of internal capsules, optic radiations, and corona radiata. METHODS:
Seventy-seven fetal brains, ranging from 21 to 38 weeks of gestational age, were examined with
MR in vivo; 33 were considered normal. MR examinations were performed as T1-weighted se-
quences in the axial, sagittal, and coronal planes. The neuropathologic examination (four cases)
and clinical and/or neuroradiologic examinations confirmed the antenatal data. RESULTS: From
21 to 25 weeks, the cerebral ventricles are large, corresponding to the relative fetal hydrocephalus.
A slight high signal intensity can be observed in the basal ganglia as early as 21 weeks. In the
cerebral hemispheres, a multilayered pattern that can be observed from 23 to 28 weeks includes
the cortical ribbon, the germinal matrix, and an intermediate layer corresponding to the migrating
glial cells. These findings are probably related to areas of increased cellularity. A high signal
intensity can be seen within the dorsal part of the brain stem as early as 23 weeks, within the
posterior limb of the internal capsules at 31 weeks, and within the central area of the cerebral
hemispheres at 35 weeks. Those patterns are probably caused by the evolving process of my-
elination. CONCLUSIONS: MR allows depiction of signal changes corresponding either to an
increase in cellularity or to the evolving processes of myelination, depending on the stage of the
pregnancy.

Index terms: Fetus, growth and development; Fetus, magnetic resonance; Brain, growth and
development
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The identification of criteria to assess the de-
velopment of the brain could help in detecting
early disturbances of fetal brain maturation.
Fetal brain MR findings have been reported
(1–17); normal fetal brain appearance in vivo
has been observed in few cases (13, 14, 17).
The purpose of this study is to report and illus-
trate the sequential changes in 33 cases of nor-
mal fetal brain maturation.

Patients and Methods
Thirty-three patients were examined. The stage of the

pregnancy ranged from 21 to 38 weeks (Fig 1). In all
cases, magnetic resonance (MR) imaging was performed
to complement uncertain ultrasonographic data: “colpo-
cephaly” in 14 cases, suspected microcephaly in 4 cases,
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choroid plexus cysts in 2 cases, oligohydramnios with
intrauterine growth retardation in 4 cases, suspected dys-
raphism in 3 cases, suspected posterior fossa cyst in 1
case, suspected toxoplasmosis in 2 cases, and uterine
malformation with twin pregnancy and death of the cotwin
in 1 case. Therapeutic abortions were performed in 4
cases, either because of extracerebral malformations or
chromosomal abnormalities. The neonate was stillborn in
2 cases. In these 6 cases, a neuropathologic examination
was performed, and in 4 it confirmed that the brain was
normal. In 27 other cases, clinical and/or neuroradiologic
examinations (mainly ultrasonography) confirmed the an-
tenatal findings.

In 30 cases, MR examinations were performed on a
1.0-T unit with spin-echo T1-weighted sequences (500–
800/15[repetition time/echo time]); in 6 cases with turbo
spin-echo T1-weighted sequences (1200–1300/19).
Three early cases were investigated on a 0.5-T magnet.
MR images were obtained in the coronal, axial, and sagittal
fetal head planes. A long-repetition-time sequence was
performed in 6 cases, using turbo spin-echo T2-weighted
sequence (5000/160). MR studies were performed after
percutaneous umbilical cord puncture, allowing fetal blood
sampling and then curarization, except in 5 cases in which
a fetal blood sample was not needed (4 cases) or the
7



umbilical cord puncture could not be performed (1 case).
Because ultrasound findings were abnormal, human-use
committee permission was not needed. The fetus was in
breech position in 5 cases, in transverse-lying position in 4
cases, and in cephalic position in the remaining cases.
Motion artifacts related to the mother’s respiratory or other
movement or lack of curarization were observed in 5
cases. The MR images of the fetal brain were read accord-
ing to the atlas of normal fetal brain morphology by Fees-
Higgins and Larroche (18).

Fig 1. Normal fetal brain MR.
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Results

In the young fetuses (21 to 25 weeks) the
cerebral ventricles were large, corresponding to
the relatively normal fetal “hydrocephalus” (Fig
2). Later on, the ventricles were smaller (Fig 3);
at 25 weeks, they had become almost invisible
(Fig 4). From 21 to 25 weeks, the brain was
agyric, with undeveloped Sylvian fissures (Fig
1). Early gyral development could be observed
as early as 27 weeks (Figs 3 and 5). It is note-
worthy that the gyri were difficult to distinguish
later on T1-weighted images, only because of
the decrease in volume of the subarachnoid
spaces.
A typical multilayered pattern was observed

within the cerebral parenchyma from 23 to 28
weeks on T1-weighted images: the cortical rib-
bon, an intermediate layer (corresponding to
the migrating glial cells), and the periventricular
area (corresponding to the germinal matrix)
were of high signal; the intermediate white mat-
ter layers were of a lower signal (Fig 2A). From
28 weeks on, the layered pattern became invis-
ible, but the cortical ribbon appeared as a high
signal (Fig 3), still allowing the differentiation
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Fig 2. Week 23, morphology and myeli-
nation. Axial (A and B), sagittal (C), and
coronal (D) spin-echo T1-weighted images
(800/15/2 excitations; matrix, 190 3 256).

A, The ventricles and the subarachnoid
spaces are large. The brain is agyric. The
Sylvian fissures have not formed. A typical
multilayered pattern is observed within the
cerebral parenchyma. Diffuse high signal in-
tensity is observed in the basal ganglia.

B, C, and D, High signal intensity is seen
in the brain stem, sparing the anterior part of
the pons (arrow).
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Fig 3. Week 29, morphology. Coronal spin-echo T1-weighted
image (600/15/2, matrix, 190 3 256). Early gyral formation is
observed (white arrows). The multilayered pattern is not visible,
but the cortical ribbon appears still as a high signal (black
arrows). The ventricles are small. Basal ganglia appear bright in
the areas corresponding to the lenticular nucleus.
between the cortex and the white matter: the
cerebral parenchyma was homogeneous with
the loss of the multilayered pattern (Fig 4A).
After 29 weeks and until the end of the preg-
nancy, the cortical ribbon was more difficult to
identify on T1-weighted images; it was better
depicted on T2-weighted images (Fig 6).
A diffuse high signal intensity could be ob-

served in the basal ganglia as early as 21 weeks
on T1-weighted images, and was still visible
during the pregnancy (Fig 2A). A high signal
intensity could be seen in the brain stem as
early as at 23 weeks on T1-weighted images
(Figs 2B, C, and D); it was mainly localized to
the posterior part of the pons and medulla, cor-
responding to the sensory tracts; at 31 weeks, it
reached the midbrain. A localized high signal
could be observed on T1-weighted images in
the posterior limbs of the internal capsules as
early as at 31 weeks (Fig 7), then in the optic
radiations at 35 weeks (Fig 4B), and in the
subcortical white matter corresponding to the
central area at 35 weeks (Fig 8). All of those
signal changes are summarized in Figure 9.

Discussion

Ultrasonography has proved to be the
method of choice for examination of the fetal
brain in utero. However, MR can be used to
investigate the fetal brain, usually when ultra-
Fig 4. Week 36, morphology and myeli-
nation.

A and B, Axial spin-echo T1-weighted
images (700/15/2; matrix, 190 3 256). The
ventricles are almost invisible. The gyri are
difficult to distinguish because of the de-
crease in volume of the subarachnoid
spaces. The parenchyma is homogeneous
with loss of the multilayered pattern. Early
myelination is observed within the internal
capsules (A) and in the proximal optic radi-
ations (B) (arrows). Mesencephalon and
basal ganglia appear bright (B).



Fig 5. Week 28, morphology. Axial
turbo spin-echo T2-weighted images (5000/
160/1; matrix, 234 3 256).

A (thin arrows), Early gyral formation is
observed. Cortical ribbon appears as a low
signal compared with white matter and sub-
arachnoid spaces, which appear bright
(thick arrow).

B, Note that basal ganglia, mesencepha-
lon, and superior cerebellar peduncles ap-
pear as low signal.
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sonographic examination is inconclusive or in-
adequate. MR seems to be more efficient than
ultrasound in evaluating ventricular walls and
subarachnoid spaces, and particularly in dem-
onstrating intraparenchymal tissue organiza-
tion. Moreover, clastic lesions (ie, atrophy,
porencephaly) are very difficult to depict with

Fig 6. Week 32, morphology. Axial turbo spin-echo T2-
weighted image (5000/160/1; matrix, 234 3 256). Cortical rib-
bon is well delineated from subarachnoid spaces and white mat-
ter. Note that external capsules appear bright.
ultrasound; in those cases, MRmay be helpful in
defining such lesions.
Our series of 33 cases showed the morpho-

logical changes of the fetal brain and the
change of signals between gray and white mat-
ter. Some studies have already described MR of

Fig 7. Week 32, myelination. Axial turbo spin-echo T1-
weighted image (1200/19/2; matrix, 256 3 256). Early myelina-
tion is observed in the posterior limbs of the internal capsules
(arrow). It is better depicted on the left side because the fetal head
is not straight.
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the fetal brain (1–17); a few were concerned
with the normal fetal brain (13, 14, 17). Our
study shows sequential signal changes on T1-
weighted images within the brain stem, the
basal ganglia, and the cerebral parenchyma in
relation to the stage of the pregnancy.
The development of the central nervous sys-

tem during intrauterine life is the result of mor-
phological changes and maturation (including
histogenesis and myelination) (19–33). Usu-
ally, myelination is considered to be a late pro-
cess, beginning during the second half of the
pregnancy and continuing during the first years
of life (19, 27, 28). Microscopic myelination is
already detectable at 20 weeks in the medial
longitudinal fasciculus of the medulla and pons
(33).

Fig 8. Week 35, myelination. Parasagittal spin-echo T1-
weighted image (700/15/2; matrix, 190 3 256). Early myelina-
tion is observed within the subcortical white matter corresponding
to the central area (arrow). Posterior limb of the internal capsule
is also seen (thick arrow).

Fig 9. Signal changes of the developing fetal brain.
Histogenesis includes neurogenesis and glio-
genesis. From 7 to 20 weeks, the neuroblasts
migrate from the germinal matrix toward the
surface of the brain; at 20 weeks, the six-
layered cortex is fully achieved. From 20 weeks
on, the glial cells develop to form astroglia and
ologodendroglia (the so-called myelination gli-
osis). The migrating glial cells form an interme-
diate layer within the white matter. A postnatal
MR study of brain myelination has been re-
ported (34–43). In those studies, T1-weighted
sequences show the “myelination gliosis” as a
high signal extending into the white matter; T2-
weighted sequences show the myelination
proper, which appears as a low signal intensity
(43). High signal intensity on the T1-weighted
sequences is correlated with the evolving my-
elination either because of the accumulation of
lipidic precursors of myelin, or because of the
phenomenon of magnetization transfer (34).
The multilayered pattern of the cerebral

hemispheres has been reported in a 23-week-
old fetus (13) and in a 24-week-old premature
fetus (17). In our study, that typical pattern can
be observed from 23 to 28 weeks of gestational
age. According to the histopathologic data
taken from the literature (18), the high signal
intensity observed within the cortical ribbon, the
intermediate layer, the germinal matrix, and the
basal ganglia is related to the high cellularity in
those areas at 23 weeks. The multilayered pat-
tern within the cerebral hemisphere is only tem-
porary; after 28 weeks, the parenchyma be-
comes homogeneous and slightly hypointense
on T1-weighted images, with the high signal of
the cortical ribbon still persisting until the end
of the pregnancy. The cortical ribbon is more
difficult to identify after 29 weeks with T1-
weighted sequences only, probably because of
the decrease in volume of the subarachnoid
spaces. On the other hand, T2-weighted images
allow the differentiation of cortex and white
matter until the end of pregnancy. Although the
layered pattern of the cerebral hemispheres is
well correlated with the cellularity by his-
topathologic studies (18), the homogeneous
appearance of white matter that develops after
28 weeks on T1-weighted images is not clearly
explained. However, two factors may account
for this: (a) the germinal matrix becomes thin-
ner, with a rarefaction of cells after 30 weeks
(18, 24) and (b) the evolving processes of
myelination begin within the white matter (30,
33), including accumulation of lipid and pro-



tein precursors and myelination gliosis, lead-
ing to an increase in cellular density through-
out the white matter, and consequently an
increase in signal on the MR images. From a
histologic point of view, microscopic myelina-
tion is present at 27 to 28 weeks in the central
part of the corona radiata. Furthermore, at the
same time, histologic data (44) show that
from 28 weeks of gestational age on, a de-
crease in cellular packing density can be ob-
served within the cortex: therefore, the global
signal intensity of the future white matter ap-
proaches the cortical signal. The cortical rib-
bon, however, appears as high signal when
compared with the underlying white matter
until the end of the pregnancy, but it becomes
less apparent because its relative thickness is
reduced from the preceding weeks.
As early as at 21 weeks, a high signal inten-

sity could be observed in the basal ganglia on
T1-weighted images. According to histologic
data (18), it is related to an increase in cellular-
ity, because myelination appears later, at 28
weeks (27). From 23 weeks on, a high signal
intensity can be detected in the brain stem on
T1-weighted images, predominantly dorsally,
corresponding to the sensory tracts. It can be
related to the evolving processes of myelina-
tion, according to the histopathologic studies
(27, 28, 33) that show that oligodendrogliosis is
present as early as at 22 weeks in the acoustic
system of the brain stem (27, 28). Microscopic
myelination is already present at 20 weeks in
the medial longitudinal fasciculus of the me-
dulla and pons, and at 23 weeks in the medial
lemniscus (33). Later, histologically (33), my-
elination is present in the posterior limbs of the
internal capsules at 32 weeks, at 34 weeks in
the corticospinal tract of the mesencephalum,
and at 38 weeks in the anterior limbs of the
internal capsules and optic radiations. This ex-
plains the high signal intensity we observed in
the posterior limbs of the internal capsules at 31
weeks, in the optic radiations, and in the sub-
cortical white matter centrally at 35 weeks. Fig-
ure 9 summarizes the small changes related to
cellularity and myelination of fetal brain.
In conclusion, MR is more sensitive than ul-

trasound in establishing criteria of normal sig-
nals of the developing fetal brain. Signal
changes can be explained by several phenom-
ena, including increase in cellularity, myelina-
tion gliosis, and myelination proper. Potential
benefits of MR are: (a) recognition of disorders

412 GIRARD
of the brain histogenesis beyond the scope of
ultrasound as early as possible (for instance,
micropolygyria has been observed histologi-
cally in fetuses 25 and 26 weeks old) and (b)
follow-up of the fetal brain after a maternal in-
jury (ie, monocarboxide poisoning; Figure 10).
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