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REVIEW ARTICLE

Magnetic Resonance Imaging of the Fetal Brain
and Spine: An Increasingly Important Tool in
Prenatal Diagnosis, Part 1

O.A. Glenn
A.J. Barkovich

SUMMARY: Fetal MR imaging is an increasingly available technique used to evaluate the fetal brain and
spine. This is made possible by recent advances in technology, such as rapid pulse sequences, parallel
imaging and advances in coil design. This provides a unique opportunity to evaluate processes that
cannot be approached by any other current imaging technique and affords a unique opportunity for
studying in vivo brain development and early diagnosis of congenital abnormalities inadequately
visualized or undetectable by prenatal sonography. This 2-part review summarizes some of the latest
developments in MR imaging of the fetal brain and spine and its application to prenatal diagnosis. This
first part discusses the utility, safety, and technical aspects of fetal MR imaging, the appearance of
normal fetal brain development, and the role of fetal MR imaging in the evaluation of fetal ventricu-
lomegaly. The second part focuses on additional clinical applications of fetal MR imaging, including
suspected abnormalities of the corpus callosum, malformations of cortical development, and spine
abnormalities.

A valuable complement to prenatal sonography, fetal MR
imaging is a powerful technique used to evaluate the fetal

brain. Fetal MR imaging has higher contrast resolution than
prenatal sonography and allows better differentiation of nor-
mal from abnormal tissue. Structural abnormalities such as
cerebral malformations and destructive lesions can be sono-
graphically occult on prenatal sonography yet detectable by
fetal MR imaging. Moreover, fetal MR imaging is not suscep-
tible to many of the limitations of sonography. In addition,
with continued advances in MR techniques, such as diffusion-
weighted and parallel imaging, fetal MR imaging offers the
promise of contributing to our understanding of normal as
well as abnormal brain development.

Fetal MR imaging is used primarily to confirm and charac-
terize brain abnormalities detected by routine prenatal sonog-
raphy. When a sonographically suspected abnormality is con-
firmed, fetal MR is also used to identify any additional
sonographically occult CNS abnormalities.1,2 Although no
formal data exist, it is well accepted that prenatal sonography
is limited in its ability to detect many of the destructive and
developmental lesions that occur prenatally.3,4 One of the
more common sonographically detected brain abnormalities,
and therefore referral indications for fetal MR, is ventriculo-
megaly. Other common indications include sonographically
suspected abnormalities of the corpus callosum and cerebellar
vermis as well as complications of monochorionic twin preg-
nancies (see part 2).

Utility and Limitations of Fetal MR Imaging
Fetal MR imaging has several advantages over prenatal sonog-
raphy. Fetal MR imaging has improved contrast resolution
compared with prenatal sonography. Moreover, fetal MR im-
aging also allows direct visualization of both sides of the fetal
brain. This is an advantage over sonography, where the more

anterior cerebral hemisphere is often shadowed by the rever-
berations from the overlying structures, resulting in visualiza-
tion of only the more posterior cerebral hemisphere. Addi-
tional limitations of sonography, resulting from decreased
amniotic fluid volume, fetal positioning, and acoustic shad-
owing from the ossifying calvaria, can also be overcome by
fetal MR imaging. Thus, fetal MR imaging allows a more de-
tailed evaluation of the developing brain, including direct vi-
sualization and assessment of the developing cortex and sul-
cation pattern, which is extremely difficult and often
impossible with sonography.5-10 Assessment of sulcation is of-
ten critical in identifying abnormalities.

Studies have shown that fetal MR imaging can detect sono-
graphically occult abnormalities in up to 50% of cases studied
for a variety of indications.8,11-14 These sonographically occult
abnormalities include both developmental and destructive le-
sions, such as agenesis of the corpus callosum, sulcation
anomalies, periventricular nodular heterotopia, cerebellar
dysplasia, periventricular leukomalacia, porencephaly, multi-
cystic encephalomalacia, germinal matrix hemorrhage, and
intraventricular hemorrhage.8,12,15-19 The results of fetal MR
imaging, whether verifying absence of abnormality, confirm-
ing sonographically detected abnormalities, or discovering ad-
ditional abnormalities that were not apparent by sonography,
have been shown to affect clinical decision-making during
pregnancy, both by physicians and parent(s). Indeed, studies
have shown that fetal MR imaging affects patient counseling
and results in changes in pregnancy management in nearly
half of cases.12,13,20 At our institution, most fetal MR imaging
is performed during the second trimester.

One of the limitations of fetal MR imaging is that of fetal
motion. Because sedation for fetal MR imaging is not used in
this country, it was only after the advent of rapid T2-wieghted
pulse sequences (where a single image can be acquired in less
than 1 second) that fetal MR imaging became embraced as a
clinically important imaging technique. Even with rapid im-
age acquisition, however, fetal motion can still affect the qual-
ity of the study. In addition to certain clinical measures taken
to reduce fetal motion (such as having the mother take noth-
ing by mouth for several hours prior the study, and making
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sure that she is comfortable during the scan), technical ad-
vances that allow interactive scanning have helped to mini-
mize the effects of fetal motion on the study quality. Addi-
tional limitations of fetal MR imaging include the small size of
the structure being imaged (usually the fetal brain or spine)
and the large distance between the fetus (which lies within the
uterine cavity) and the receiver coil (which lies on the moth-
er’s abdomen and pelvis). These limitations are currently be-
ing overcome with advances in coil design, such as parallel
imaging with increasing number of channels, but are still im-
portant factors contributing to the inherent limitations of fetal
MR imaging with young gestational age fetuses. Maternal
claustrophobia and discomfort during the scan are other lim-
itations of fetal MR imaging compared with sonography,
though these are typically more problematic with advanced
gestational age.

Safety of Fetal MR Imaging
Many studies have been performed to assess the safety of MR
imaging in pregnant animals and in animal embryos. How-
ever, there is a lack of consensus as to the actual risk, if any, of
MR imaging as determined by these studies. Moreover, the
studies used MR scanners of differing field strengths and dif-
fering scanning conditions, including various scan times, ra-
dio-frequencies, and gradient magnetic fields. Thus, it is diffi-
cult to directly extrapolate these animal data to clinical human
fetal MR examinations. Studies on the safety of MR imaging in
pregnant women are even more limited. Several studies failed
to show any adverse long-term effects of fetal MR in children
who were imaged as fetuses, though these studies are limited
somewhat by small sample size.21-25 The American College of
Radiology white paper on MR safety published in 2002 states
that “Pregnant patients can be accepted to undergo MR im-
ages at any stage of pregnancy if, in the determination of a
Level Two MR Personnel–designated attending radiologist,
the risk-benefit ratio to the patient warrants that the study be
performed.”26 However, because of the potential risk of MR
imaging to the developing fetus and the current limitations of
fetal MR imaging, it is prudent to wait until after the first
trimester before performing fetal MR imaging. In fact, it is
preferable to wait until at least gestational week 22 to minimize
the difficulties created by the small size and excessive motion

of younger fetuses. It is also recommended that patients be
counseled and sign a consent form at the time of the fetal MR
examination. All patients are screened for possible contrain-
dications to MR imaging before the examination. When per-
forming fetal MR imaging, sedation agents are not adminis-
tered during the examination. Intravenous contrast is also not
recommended in fetal MR imaging because of the potential
risk to the fetus.

Imaging Techniques
Fetal MR imaging is routinely performed on 1.5T MR scan-
ners. There are several potential limitations to fetal MR imag-
ing, including fetal motion, the small size of the structure be-
ing imaged (particularly at younger gestational ages), and the
distance between the receiver coil and the structure being im-
aged. To reduce fetal motion, the mother is kept from con-
suming anything for 4 hours before the MR examination. For
higher quality images, an 8-channel torso phased array coil is
used to allow increased coverage of the fetal head and in-
creased signal intensity-to-noise ratio over more standard pel-
vic phased array coils. The mother lies supine during the
course of the examination, which typically lasts 45 minutes. If
the mother cannot tolerate lying on her back (eg, because of
back pain or compression of the inferior vena cava), then the
examination can be performed with the mother lying on her
left side.

Because fetal MR imaging is performed without maternal
or fetal sedation, image acquisition is susceptible to fetal mo-
tion; therefore, fetal MR imaging is performed primarily using
ultrafast MR imaging techniques known as single-shot, fast
spin-echo (SS-FSE) or half-Fourier acquired single-shot turbo
spin-echo (HASTE). Using these rapid pulse sequences, a sin-
gle T2-weighted image can be acquired in less than 1 second,
reducing the likelihood of fetal motion during image acquisi-

Fig 1. A, Diffusion-weighted image at the level of the deep gray nuclei in a 29-week-old fetus is free of motion artifact.

B, Corresponding apparent diffusion coefficient map shows lower apparent diffusion coefficient (ADC) values in the
developing cortex compared with the developing white matter.

Fig 2. Coronal SS-FSE T2-weighted image at gestational
week 23 demonstrates a multilayered pattern. The deepest
layer is low in signal intensity and represents the germinal
matrix (arrowhead ). Immediately superficial to the germinal
matrix is a hyperintense layer that represents the periven-
tricular zone (arrow). Immediately superficial to the periven-
tricular zone is a hypointense layer that represents the
subventricular and intermediate zones (double arrows). Su-
perficial to this hypointense layer is a band of high signal
intensity that represents the subplate (double arrowheads).
The most superficial layer of the developing brain represents
the developing cortex and marginal zone and is isointense to
the germinal matrix (triple arrows).
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tion. Because each image is acquired separately, fetal motion
typically affects only the particular image that was acquired
while the fetus moved.

An initial localizer is obtained in 3 orthogonal planes with
respect to the mother, using 6 – 8-mm SS-FSE T2-weighted
sections with a 1–2-mm gap and large field of view. The local-
izer is useful for visualizing the position of the fetus and deter-
mining fetal sidedness. The localizer is also used to ensure that
maximal signal intensity is obtained from the area of interest.
In certain cases, such as imaging of twins and fetuses with
myelomeningoceles, the coil may need to be repositioned in
the middle of the examination (eg, when switching from one
twin to the other, or from the fetal brain to the spine). From
this localizer, the SS-FSE images of the fetal brain are pre-
scribed. Each subsequent image set is prescribed at a plane
orthogonal to the preceding set. In this manner, axial, sagittal,
and coronal image sets of the fetal brain are obtained. We
routinely obtain at least 2 good quality image sets in each
plane.

When evaluating the fetal brain, images are obtained
with a section thickness of 3 mm with no gap. For the fetal
spine, a section thickness of 2 mm is used. Images are ac-
quired during free maternal breathing, though we have
found respiratory triggering useful in decreasing motion.
Field of view is typically small, though should be adjusted
for increased fetal and/or maternal size, or when aliasing
artifact is problematic. Imaging parameters include echo
time (TE)eff � 90 ms, repetition time (TR) � 4000 ms,
bandwidth � 25 kHz, matrix � 192 � 160, field of view �
24 cm, and number of excitations � 0.5. To reduce poten-
tial signal intensity loss due to cross-talk between sections,
images are acquired in an interleaved manner. Depending
upon the MR platform being used, a pause of 1 second may
need to be programmed to allow sequential scanning in an
interleaved manner.

Some manufacturers have, or are developing, interactive
scanning programs that can be applied to fetal MR imaging.
These programs allow adjustment of scanning parameters,
such as section angle and orientation, in “real-time.”27 Thus,
the technologist can adjust the angle of a prescribed axial im-
age when the fetus moves without having to exit and repro-
gram a new SS-FSE T2 sequence. Using this technique, non-
oblique axial, sagittal, and coronal planes can be obtained
more easily and rapidly. This is particularly critical when in-
terpreting midline structures. Moreover, in cases of aliasing
artifact, the field of view can be increased and/or the phase
encoding and frequency encoding directions can be changed
during image acquisition. Thus, overall image quality is im-
proved, and scan time is reduced.

The utility of T1-weighed imaging to fetal MR imaging is
more limited. Fast multiplanar gradient recalled-echo tech-
niques, such as FMPSPGR (fast multiplanar spoiled gradient-
recalled acquisition in the steady state), are primarily used to
detect hemorrhage or calcification, both seen as hyperinten-
sity compared with the fetal brain. T1-weighted images are of
lower signal intensity-to-noise ratio and require longer acqui-
sition times (18 seconds), with consequent increased suscep-
tibility to both maternal and fetal motion. Images are acquired
during a single maternal breath hold. Scanning parameters
include TR � 120 ms, TE � min, flip angle � 70°, field of

view � 24 cm, matrix � 256 � 160, number of excitations �
1, section thickness � 5 mm, intersection gap � 1 mm, and
bandwidth � 31.25 kHz, which yields 8 sections in the axial
plane. Alternative T1-weighted techniques are being explored
but are still subject to the limitations resulting from the long
T1 relaxation time of the fetal brain (poor tissue contrast and
either long acquisition time or low signal intensity-to-
noise).28 Gradient echo echo-planar T2* weighted images can
be useful in detecting hemorrhage.

Advanced MR techniques, such as diffusion-weighted im-
aging, spectroscopy, and parallel imaging, have also recently
been successfully applied to fetal MR imaging, though their
development is still in the early stages. Diffusion-weighted im-
aging provides quantitative information about water motion
and tissue microstructure. Fetal diffusion-weighted imaging
has applications for both developmental and destructive brain
processes. Single-shot, echo-planar, diffusion-weighted im-
ages are acquired in 18 seconds during a single maternal breath
hold (Fig 1). Scanning parameters include TR � 4500 ms,
TE � minimum, field of view � 32 cm, matrix � 128 � 128,
section thickness � 5 mm, intersection gap � 2 mm, and
bandwidth � 167 kHz. Gradients are applied in 3 orthogonal
directions using a b-value of 0 and 600 seconds/mm2. Because
of the relatively long scan time, images are susceptible to both
fetal and maternal motion. With increasing gestational age
and engagement of fetal head in the pelvis, the amount of
motion is decreased and the quality of the studies improves.
Diffusion-tensor imaging (DTI) has recently been applied to
fetal autopsy specimens.29 Although its application to living
fetuses is currently not feasible because of long acquisition
times, progress is being made in this direction.30 Because of
the long acquisition time (4.5 minutes) and size of the voxel
relative to the fetal brain size, MR spectroscopy is limited to
application in the third trimester when the fetal head is rela-
tively large and engaged in the pelvis. Shorter acquisition times
can be used but are limited by signal intensity-to-noise ratio.31

Normal metabolites such as N-acetylaspartate, creatine, and
choline can be detected.32,33 Parallel imaging can also be ap-
plied to fetal MR imaging to decrease the scan time, increase
image resolution, or decrease specific absorption rate.

Appearance of sulci by gestational age*

Sulcus

Detectable by
Pathology in

25–50% of
Fetuses48 (wk)

Detectable by
Fetal MR

Imaging in
75% of

Fetuses9 (wk)
Parietooccipital 16 22–23
Calcarine 16 24–25
Callosal 14 22–23
Cingulate 18 24–25
Central 20 27
Precentral 24 27
Postcentral 25 28
Superior temporal 23 27
Superior frontal 25 29
Inferior frontal 28 29
Inferior temporal 30 33

* Modified from Garel et al9.
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Normal Fetal
Brain
Development
Interpreting fetal
MR images re-
quires a compre-
hensive under-
standing of both
embryology and
pediatric neuro-
radiology. A com-

plete discussion of normal brain development is beyond the
scope of this article, and the reader is referred to several excel-
lent references on brain development34-38 and its appearance
on fetal MR imaging.5,7,9,39-44 In brief, MR imaging of the fetal
cerebrum is characterized initially by the presence of multiple
layers that disappear as the brain matures and the sulci form.
Knowledge of the timing and appearance of these layers and
sulci are very important in the proper interpretation of fetal
brain MR imaging studies.

The ventricular zone, or germinal matrix, is the innermost
layer of the fetal cerebral hemisphere; it forms a smooth, dark
band of low T2 and high T1 signal intensity lining the lateral
ventricles from early gestation. The germinal matrix gradually
regresses during the third trimester, persisting in the roof of
the temporal horn and in the lateral wall of the occipital horn
until approximately gestational week 33 and in the caudotha-
lamic groove until several months after birth. The germinal
matrix is the source of neuroectodermal elements that consti-
tute the brain parenchyma, giving rise to both neuronal and
non-neuronal cells.

The first group of neurons that migrate outward from the
germinal matrices form the primitive cerebral cortex (gener-
ally called the preplate). A second group of migrating cells
subsequently splits the preplate into the marginal zone (future
layer I) and the transient subplate (sometimes called layer
VII). The remainder of the cortical plate (layers II–VI) then
develops as neurons arrive in an inside-out pattern, with
newer arriving cells migrating beyond the previously formed
layers and then stopping before the marginal zone in response
to chemical signals from Cajal-Retzius (layer I) cells. In hu-
mans, neuronal migration begins by approximately gesta-
tional week 7; most migration to the cortex is complete by

approximately 24 weeks. Like the germinal matrix, the cortical
plate appears as a dark band on the T2-weighted images and a
bright band on T1-weighted images.

The intervening parenchyma appears relatively bright on
the T2-weighted images, and dark on the T1-weighted images,
especially before approximately gestational week 20. Girard
and Raybaud initially described a multilayered pattern on T1-
weighted images beginning at approximately 20 weeks and
persisting until approximately 28 weeks.7,45 It is characterized
by 3 bands of alternating T1 signal intensity between the ger-
minal matrix and developing cortex. An excellent study by
Kostovic et al42 demonstrated that the different layers visible
on the fetal MR images represent the different developing lay-
ers of the fetal brain. In particular, the first layer superficial to
the germinal matrix represents the periventricular zone (dark
on T1-weighted images); the next layer represents both the
subventricular and intermediate zones (bright on T1-
weighted images); and the next layer, which is just deep to the
developing cortex, represents the subplate (dark on T1-
weighted images). A similar multilayered pattern is seen on
T2-weighted images in the normally developing fetus (Fig
2).46,47

Sulcation is another important aspect of brain develop-
ment that can be visualized by fetal MR imaging. The cere-
bral sulci appear in an organized manner, with increasing
development of primary followed by secondary and tertiary
sulci with increasing gestational age. Pathologists consider
brain sulcation as the most accurate way to date a pregnan-
cy.35 Thus, knowledge of the gestational age is critical when
assessing the sulcation pattern. In general, when a primary
sulcus first develops, it appears as a shallow infolding on the
surface of the brain and then becomes progressively deeper.
Sulcation of the fetal brain on MR imaging lags behind that
observed on fetal autopsy specimens. Levine and Barnes41

showed a mean lag of 1.9 � 2.2 weeks in the appearance of
a sulcus on MR imaging compared with the published pa-
thology literature. Garel et al9 showed a mean lag of 1 week
in the appearance of sulci on fetal MR imaging compared
with neuropathology reports. The delay in the appearance
of sulci on fetal MR imaging compared with autopsy is
probably due to limitations of MR resolution; difficulty
obtaining true axial, sagittal, and coronal planes; limita-
tions in section thickness; and fetal motion. In addition,

Fig 3. Axial (A) and coronal (B ) SS-FSE T2-weighted image demonstrates smooth shallow appearance of the Sylvian fissures
at gestational week 20. At gestational week 23, the Sylvian fissures (arrows ) appear more angled on both axial (C ) and
coronal (D ) images.
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Garel et al9 observed a 2-week lag between when a sulcus
was first identified in a particular gestational age group and
when it was present in 75% of fetuses of the same gesta-
tional age. Thus, there is some variation in the normal ap-
pearance of primary sulci on fetal MR imaging (Table 1).
Sulcation has been observed to be delayed in twin gestations
and to have some right to left asymmetry.48

The sylvian fissures are visible on fetal MR imaging before
gestational week 18. They initially appear as smooth, curved,
wide infoldings on the surface of the brain. At gestational week
23, they appear more angular and less smooth as a result of
increased formation of the anterior and posterior operculum
(Fig 3). The shape of the sylvian fissures in early phases of
development is best assessed on coronal and axial images. Late
maturation of the sylvian fissure is a sign of abnormal
development.

The corpus callosum develops between gestational weeks 8
and 20 as axons from the developing cerebral hemispheres
navigate to and through the hemispheres and interhemi-
spheric fissure. It can be seen best on midline sagittal T2 im-
ages by gestational week 20 as a band of low signal intensity
superior to the fornix. It can also be seen on coronal T2 im-
ages. It has morphology similar to that of neonates39 with
fairly uniform thickness.

The development of the cerebellum begins early in embry-

ogenesis and continues postnatally.49,50 The fetal cerebellum
appears relatively small compared with the cerebrum, by com-
parison with the brain of the term neonate and, especially, the
mature brain. The cerebellar vermis is best assessed on direct
midline sagittal images, and coronal images; measurements
can be made and compared with established norms.40 The
cerebellar hemispheres are best assessed on nonoblique axial
and coronal views.

The size of the lateral ventricles is best assessed by sono-
graphic measurements of the atria, because both the tech-
nique of measurement and the normative values are well
established. In particular, the measurement must be made
through the posterior aspect of the glomus of the choroid
plexus on an axial plane obtained through the thalami,
which is easy to obtain with sonography.51 Fetal MR imag-
ing can be helpful in assessing the shape of the entire ven-
tricular system, and in assessing the walls of the lateral ven-
tricles, which should be smooth throughout gestation. It
should also be noted that fetal subarachnoid spaces are
prominent, particularly before gestational week 30, relative
to a term neonate.

Fig 4. A, 22-week old fetus with several nodular areas of low signal intensity along the margin of the left lateral ventricle
(arrows) on axial SS-FSE T2-weighted image. This was confirmed on coronal SS-FSE T2-weighted images (not shown) and
is consistent with periventricular nodular heterotopia; and was confirmed at autopsy.

B, 23-week-old fetus with smaller nodular area of low signal intensity along the atrium of the right lateral ventricle (arrow)
on coronal SS-FSE T2-weighted image. Finding was confirmed on axial image (not shown). Findings are also consistent with
periventricular nodular heterotopia in this fetus with a family history of periventricular nodular heterotopia.

Fig 5. Coronal SS-FSE T2-weighted image of a 26-week-old
fetus demonstrates several hypointense nodules along the
margins of both lateral ventricles (arrows). The nodules are
somewhat similar to those in Fig 3 (though much larger in
this example). A hypointense wedge-shaped area is also
seen extending from the margin of the left lateral ventricle
to the developing cortex (arrowhead), consistent with trans-
mantle dysplasia. The fetus also had a cardiac rhabdomy-
oma (not shown). Findings are consistent with tuberous
sclerosis.

Fig 6. A, Axial SS-FSE T2-weighted image in a fetus at
gestational week 27 demonstrates multiple abnormal in-
foldings of the developing cortex (white arrow) for ex-
pected gestational age, consistent with polymicrogyria.
Areas of cystic encephalomalacia with hemorrhage (black
arrow) are also seen.

B, Low signal intensity consistent with intraventricular
hemorrhage is also seen layering in the temporal horns
bilaterally (arrowhead). Fetus was referred for ventriculo-
megaly and choroid plexus cysts detected on prenatal
sonogram.
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Clinical Applications of Fetal MR Imaging

Ventriculomegaly
Ventriculomegaly is the most common central nervous system
(CNS) abnormality identified on prenatal sonography.52 It is de-
fined as atrial width greater than 10 mm on sonogram, measured
at the posterior margin of the glomus of the choroid plexus on an
axial plane through the thalami.51 Although the atrial diameter is
relatively constant from gestational weeks 15–35, the relative size
of the lateral ventricles decreases with increasing gestational age
causing the ventricles to appear larger early in gestation.51,53 Fetal
MR measurement of atrial diameter on axial images is usually
within 2 mm of sonographic measurements54 even when the MR
examination and sonogram are performed on the same day (un-
published personal observations).

The causes of ventriculomegaly are very heterogeneous and
include developmental, destructive, and obstructive pro-
cesses. As many as 80% of fetuses with ventriculomegaly have
additional abnormalities that are detected by prenatal sonog-
raphy and/or by postnatal evaluation.52,55-65 Additional ab-
normalities include chromosomal, extra-CNS and CNS
anomalies, such as neural tube defects, agenesis of the corpus
callosum, Dandy-Walker complex, lissencephaly, holo-
prosencephaly, periventricular nodular heterotopia, polymi-
crogyria, intraventricular hemorrhage, subependymal hemor-
rhage, and porencephaly. It is noteworthy that sonography can
be limited in its ability to detect additional abnormalities in
the setting of ventriculomegaly.52,62,66-69

The neurodevelopmental outcome of fetal ventriculomegaly
depends, at least in part, on the presence of additional abnormal-
ities identified either in utero or at birth.52,58,59,61,64,66-75 In a large
study of sonographically isolated ventriculomegaly, Gupta et al70

reported that the incidence of developmental delay was 37% in
children with isolated ventriculomegaly, compared with 84% in
children in whom additional abnormalities were identified at
birth. Neurodevelopmental disabilities can occur in anywhere
from 0% to 36% of children diagnosed prenatally with isolated
mild ventriculomegaly (defined as atrial width between 10–15
mm and no additional abnormalities).64,67–71,74 Several studies
have found that the risk of developmental delay is lower if the
atrial diameter is less than 12 mm and if the fetus is male.64,67,68,71

Several factors likely contribute to differences in the reported out-
come of isolated mild ventriculomegaly, including variable dura-
tion of clinical follow-up, different methods of assessing neuro-
development, and differing definitions of ventriculomegaly. The

variability in reported neurodevelopmen-
tal outcome of fetal isolated mild ventricu-
lomegaly makes counseling these patients
extremely challenging.
Because the prognosis of fetal ventriculo-

megaly is related to the presence of additional abnormalities, the
prenatal detection of such abnormalities is critical. Although
sonography is the principal technique for screening the fetal
brain, it can be limited in detecting abnormalities of the brain
parenchyma. Studies have shown that fetal MR imaging can de-
tect additional sonographically occult CNS abnormalities in up
to 40%–50% of cases of fetal ventriculomegaly.8,16 Sono-
graphically occult findings include developmental abnormal-
ities, such as agenesis of the corpus callosum, cortical malfor-
mations, periventricular nodular heterotopia, cerebellar
dysplasia, partial agenesis of the septum pellucidum, Walker-
Warburg syndrome, and pontocerebellar dysplasia, and de-
structive abnormalities, such as periventricular leukomalacia,
porencephaly, multicystic encephalomalacia, intraventricular
hemorrhage, and subependymal hemorrhage.8,12,13,16,18,76

In our experience, fetal MR imaging is especially useful in
detecting malformations of cortical development in fetuses
with sonographically isolated ventriculomegaly. When inter-
preting fetal MR images in this clinical setting, the margins of
the lateral ventricles should be carefully scrutinized for any
areas of nodularity that may represent periventricular nodular
heterotopia. Such nodules are isointense to the germinal ma-
trix (Fig 4). Periventricular nodular heterotopia, however, are
indistinguishable from the subependymal nodules present in
tuberous sclerosis, and other manifestations of tuberous scle-
rosis, such as transmantle dysplasias, cortical tubers, and car-
diac rhabdomyoma, should be sought when ventricular nodu-
larity is identified (Fig 5). Cortical malformations, such as
polymicrogyria, can be identified by noting alteration of the
normal sulcation pattern for a fetus’ particular gestational age
(Fig 6A); they may be identified as too many sulci in a less
mature fetus or as too few or abnormally deep or abnormally
located sulci in a more mature fetus. The identification of mal-
formations of cortical development in the setting of ventricu-
lomegaly should raise the possibility of a genetic (including
metabolic disturbances) or an infectious cause of the
ventriculomegaly.

Destructive lesions generally appear as small periventricu-
lar areas of T2 hyperintensity, focal defects or irregularities in
the germinal matrix, or larger areas of abnormal signal inten-
sity (with or without volume loss) involving the developing
white matter and overlying cortex (Fig 7). Subtle irregularities
of the ventricular margin may also be an indication of injury to
the adjacent germinal matrix and/or overlying developing
white matter. Hemorrhage usually appears as a hypointense

Fig 7. Coronal ssFSE T2-weighted image in a 25-week old
fetus demonstrates a focal area of T2 hyperintensity ad-
jacent to the frontal horn of the left lateral ventricle
(arrow). This was also confirmed on axial image (not
shown) and is consistent with an area of parenchymal
injury. The lateral ventricles are mildly dilated (measuring
12–13 mm on sonography).

Fig 8. Coronal ssFSE T2-weighted image in a fetus at
gestational week 23 demonstrates prominent hypointensity
in the right caudothalamic groove (arrow) consistent with a
germinal matrix hemorrhage.
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area on T2-weighted images and hyperintense area on T1-
weighted images, though the signal intensity can vary depend-
ing on the stage of hemorrhage. Intraventricular hemorrhage
can appear as debris layering in the dependent portion of the
ventricle or as a focal hematoma (Fig 6B). The detection of
small subependymal hemorrhages is more difficult, partly be-
cause the normal germinal matrix has similar signal intensity
to blood (hypointense on T2-weighted images and hyperin-
tense on T1-weighted images) because of its high cellularity
(Fig 8). T2* weighted gradient-echo sequences may be useful
to help to confirm the presence of blood, because the hemor-
rhage appears more hypointense than the germinal matrix.

Conclusion
Technical advances in fetal MR imaging have made it an in-
creasingly important tool in the prenatal evaluation of central
nervous system abnormalities. In particular, the development
of ultrafast T2-weighted technique has made it clinically prac-
tical and easy to image the fetus without maternal or fetal
sedation. Additional technical advances, such as the recent
application of diffusion-weighted imaging to the fetal brain
also allow quantitative analysis of different aspects of brain
development. This has promising applications for the study of
specific brain disorders, as well as for the study of normal in
utero brain development. Although future improvements in
both MR hardware and software will improve the quality of
fetal MR imaging, continued multidisciplinary collaboration
with obstetricians, perinatologists, sonographers, child neu-
rologists, and pediatric neurosurgeons is critical to ensure
maximal growth in the field of fetal neuroimaging.
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