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Fast MR Imaging of Fetal CNS Anomalies in Utero

Erin M. Simon, Ruth B. Goldstein, Fergus V. Coakley, Roy A. Filly, Kelly C. Broderick, Thomas J. Musci, and
A. James Barkovich

BACKGROUND AND PURPOSE: Although sonography is the primary imaging technique
for evaluating the developing fetus, significant limitations exist in the sonographic prenatal
diagnosis of many brain disorders. Fast MR imaging is increasingly being used to determine
the underlying cause of nonspecific fetal CNS abnormalities detected sonographically and to
confirm or provide further support for such anomalies. Our goal was to determine the value
of MR imaging in establishing the diagnosis of fetal CNS anomalies, to ascertain how this
information might be used for patient counseling, and to assess its impact on pregnancy
management.

METHODS: We prospectively performed MR examinations of 73 fetuses (66 pregnancies)
with suspected CNS abnormalities and compared these with available fetal sonograms, post-
natal images, and clinical examinations. Retrospectively, the impact on patient counseling and
pregnancy management was analyzed.

RESULTS: Images of diagnostic quality were routinely obtained with in utero MR imaging,
which was particularly valuable in detecting heterotopia, callosal anomalies, and posterior fossa
malformations, and for providing excellent anatomic information. We believe that 24 (46%) of
52 clinical cases were managed differently from the way they would have been on the basis of
sonographic findings alone. In every case, the referring physicians thought that MR imaging
provided a measure of confidence that was not previously available and that was valuable for
counseling patients and for making more informed decisions.

CONCLUSION: Sonography is the leading technique for fetal assessment and provides re-
liable, inexpensive diagnostic images. Fast MR imaging is an important adjunctive tool for
prenatal imaging in those instances in which a complex anomaly is suspected by sonography,
when fetal surgery is contemplated, or when a definitive diagnosis cannot be determined.

Advances in technology and the need for accurate
prenatal diagnoses have spurred vast improvements
in fetal diagnosis and therapy. The advances being
made in the arena of in utero surgery, particularly
the repair of myelomeningoceles and the ex utero
intrapartum treatment of prenatal airway obstruc-
tion (1–5) have necessitated the acquisition of high-
anatomic-resolution fetal images. Although sonog-
raphy remains the primary imaging technique for
evaluating the developing fetus, significant limita-
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tions still exist in the sonographic prenatal diag-
nosis of many brain disorders. These limitations are
largely due to obscuration of portions of fetal in-
tracranial anatomy caused by reverberative artifacts
of the bony calvarium and to the low sensitivity of
fetal sonography to malformations of cerebral cor-
tical development as well as to subtle destructive
lesions of the cerebrum and cerebellum. Sono-
graphic diagnoses can also be hampered by en-
gagement of the fetal brain deep in the maternal
pelvis, oligohydramnios, and maternal body
habitus.

MR imaging does not suffer from these re-
straints, as it is not hindered by the presence of
bone and may be facilitated by oligohydramnios,
which sometimes results in decreased fetal motion.
Further, MR imaging has a higher intrinsic sensi-
tivity than sonography to contrast between various
cerebral tissues. Moreover, the superior spatial and
contrast resolution of MR imaging has the potential
1) to provide anatomic information not previously
available for patient counseling and decision mak-
ing, 2) to help in identifying those who may po-
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tentially benefit from prenatal intervention, and 3)
to aid in fetal surgical planning.

Recent work has proved that fetal MR imaging
can depict subtle brain anomalies not currently de-
tectable by fetal sonography. MR imaging is in-
creasingly being used to determine the underlying
cause of nonspecific sonographically identified
CNS abnormalities in the fetus and to confirm or
provide further evidence of anomalies depicted by
sonography (6–26). In this study, we sought to de-
termine the diagnostic utility of fetal MR imaging
and to discover what value the additional infor-
mation about brain abnormalities may have for
counseling parents in decisions regarding the man-
agement of the remainder of the pregnancy.

Methods
Since November 1996, when our institution first gained the

ability to perform the single-shot fast spin-echo (ssFSE) se-
quences that facilitate fetal MR imaging, more than 90 fetal
MR imaging examinations have been performed. Of these, the
66 that were performed to assess abnormalities of the fetal
CNS constitute the basis of this report; the remainder were
referred for non-CNS anomalies and are being reported sepa-
rately. Some of these patients have already been reported pre-
viously (27, 28).

The 66 patients, carrying a total of 73 fetuses, were referred
to our university-based center for further evaluation of fetal
anomalies detected by screening sonography performed in
community centers. Most subjects had confirmatory sonogra-
phy at our institution, typically within 24 to 96 hours of the
MR examination. Although we have been using MR imaging
to examine fetuses since November 1996, 62 (94%) of the 66
studies were performed within the last 24 months of the study
period.

MR imaging was performed on a high-performance 1.5-T
superconducting magnet. A surface coil was used to maximize
image quality, either a dedicated two-element pelvic coil or a
four-element torso phased-array coil, depending on patient size
and gestational age.

A coronal localizer fast multiplanar spoiled gradient refocused
echo (FMPSPGR) sequence (90–120/4.2/1 [TR/TE/excitations],
708 flip angle, 8–10-mm slice thickness with a 1–2-mm gap,
and 32–40-cm field of view) was acquired to determine fetal
position. This was used to guide the initial imaging plane,
which was selected to be anatomic to the fetal section in ques-
tion. Subsequent sequences were prescribed in planes axial,
coronal, and sagittal to the fetal brain and/or spine.

Modern ultrafast sequences were used to minimize image
degradation by fetal motion and to allow images to be obtained
during maternal breath-holding. T2-weighted images were the
mainstay of the examination and were acquired with an ssFSE
sequence (`/100/0.5 [TR/TEeff/excitations], flip angle 5 908),
which generally provided 14 to 17 slices in 20 to 25 seconds.
Other imaging parameters included a field of view of 24 to
30 cm, a matrix size of 256 3 192, a bandwidth of 15.6 kHz
for FMPSPGR and 31.5 to 62.5 kHz for ssFSE, and a slice
thickness of 3.0 to 5.0 mm. The typical examination time was
45 minutes.

Thin-section T1-weighted images with the FMPSPGR se-
quence were obtained through the brain in 42 patients, but only
provided satisfactory contrast resolution in older (beyond 26
weeks) fetuses. FMPSPGR images of younger fetuses (with
smaller heads) were hindered by poor signal-to-noise ratio and
poor gray/white matter contrast. All patients had ssFSE T2-
weighted imaging; seven patients were studied with only T2-
weighted sequences. Excessive fetal motion was rarely a prob-
lem, with only four of the 66 examinations significantly

degraded by motion artifacts. However, it was not unusual for
one or two sequences to be rendered nondiagnostic because of
motion, requiring that sequences be repeated.

MR examinations were interpreted prospectively by at least
two, and often three, radiologists, who were fully aware of the
sonographic findings. Most of these studies were clinically in-
dicated and, therefore, the interpreters felt strongly that knowl-
edge of the indications for the examination and of the regions
of suspected sonographic abnormalities heightened the sensi-
tivity and accuracy of the MR interpretations. The emphasis
of this study was to establish a diagnosis with MR imaging
rather than to compare the two techniques; thus, all available
information was used.

Gestational ages of the fetuses studied ranged from 18 to 39
weeks by conventional menstrual dating. No MR examination
was performed during the period of organogenesis or at any
time before 18 weeks’ gestation. No contrast agent or sedative
(maternal or fetal) was used. MR imaging was not performed
as a screening tool; thus, although a review of the literature
indicated no apparent danger to the developing fetus in tissue
culture, animals, or humans (29–35), only fetuses with a sono-
graphic abnormality were referred for MR imaging. In this
setting, any small potential risk from the procedure was out-
weighed by the benefit of the additional diagnostic information
that MR imaging could provide. All patients were counseled
about the experimental nature of fetal MR imaging before the
examination, and all studies were performed with the approval
of our university’s Committee on Human Research (investi-
gational review board).

The impact of the MR imaging information on management
of the pregnancy was analyzed retrospectively at the comple-
tion of the study period. An experienced maternal-fetal medi-
cine specialist reviewed the clinical and imaging data and de-
termined whether there had been a change in management on
the basis of the MR data and, subjectively, whether the con-
fidence level in decision making was improved, even if there
was no change in the management of the pregnancy.

Results

Imaging Findings
The 73 fetuses showed a spectrum of CNS dis-

orders (see Table). A subset of these patients is en-
rolled in an ongoing prospective assessment of iso-
lated fetal ventriculomegaly, which was the most
common finding (22 patients) (Fig 1). In eight fe-
tuses, sonographic findings were suggestive of
Dandy-Walker spectrum or other posterior fossa
abnormalities (Fig 2). One of these fetuses was
found to have a mega-cisterna magna associated
with multiple subependymal heterotopia, which
was confirmed by postnatal MR imaging. Another
fetus had a Dandy-Walker malformation and a
marked supratentorial cortical abnormality (Fig 3),
which were ultimately revealed to be part of the
hydrolethalus syndrome. This unusual autosomal
recessive disorder is characterized by multisystem
anomalies with hydrocephalus and parenchymal
malformations (36). A small cerebellar hemisphere
was diagnosed in a patient with a congenital dia-
phragmatic hernia.

Seventeen fetuses were referred for suspected
periventricular leukomalacia (PVL), including one
with multifocal parenchymal destruction. Twelve of
these referrals were in the setting of twin-twin
transfusion syndrome. This category also includes
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one fetus in whom we found destruction of a pre-
viously documented corpus callosum and concur-
rent development of marked bilateral cystic PVL
(Fig 4). Another highly instructive case was a fetus
referred for isolated ventriculomegaly, who was
noted to have hypogenesis of the corpus callosum
(Fig 5). In retrospect, this finding could be inferred
but could not be diagnosed definitively on the basis
of sonographic findings.

Four fetuses were found to have Chiari II mal-
formation and myelomeningocele at MR imaging
both before and after in utero surgical repair (Fig
6). A Gibbus spinal deformity was confirmed in a
twin gestation, and a spinal anomaly was a clinical
consideration in a fetus with abnormally hyper-
extended lower extremities. Other findings were
isolated hemorrhage, which was intraventricular
(IVH) or subependymal (SEH) (n 5 8), hydro-
cephalus (n 5 3), and corpus callosal anomalies
(n 5 2).

A single patient was confirmed to have a vein of
Galen malformation (Fig 7), as seen on prenatal
sonograms. We also detected neck abnormalities in
two fetuses; the first with congenital high-airway-
obstruction syndrome and the second with a large
precervical teratoma.

Two patients were referred for anomalies sug-
gested by sonographic findings (suspected tuberous
sclerosis, prompted by the presence of an intracar-
diac mass, and a subcutaneous fluid collection,
which was thought to be a posterior cephalocele),
but brain MR imaging detected no abnormality.
Another patient was referred for decreased fetal
movement in the setting of multiple systemic
anomalies; however, at MR imaging, the brain was
normal.

Follow-up

Confirmation of fetal MR findings was estab-
lished in 47 (64%) of the 73 fetuses at the time of
this writing. Confirmation was achieved by follow-
up imaging in 22 patients, including postnatal MR
imaging in 10, postnatal clinical examination in 11,
and surgical and/or pathologic examination in 14.
Nine fetuses died either spontaneously or because
the pregnancy was terminated, and, as is often the
case in this situation, no pathologic data were ob-
tained. Of these, the characteristic MR and sono-
graphic findings were thought to be unequivocally
diagnostic in five (co-twin with a spinal anomaly,
hydrocephalus with hypoplastic cerebellar hemi-
sphere, focal PVL, agenesis of the corpus callosum,
and IVH with ventriculomegaly). Seventeen preg-
nancies are ongoing as of this writing.

Overall, there was one false-negative MR find-
ing, as the patient with suspected tuberous sclerosis
was ultimately found to have evidence of subep-
endymal nodules at postnatal MR imaging per-
formed at 7 months of age. No false-positive MR
studies were revealed by the follow-up.

Although the effects of the information obtained
by fetal MR imaging on pregnancy management
were not studied prospectively in consultation
with our fetal treatment team, we believe that 24
(46%) of 52 pregnancies were managed differently
from the way they would have been on the basis
of sonographic diagnosis alone. Fourteen patients
are enrolled in the prospective study of isolated
ventriculomegaly, and were imaged for research
purposes. In the remaining 28 pregnancies, the re-
ferring physicians felt strongly that the confirma-
tory technique provided a measure of confidence
that was not previously available and that was ex-
tremely valuable for counseling patients and for
making more informed decisions. Four patients
were imaged late in their pregnancies (after 30
weeks’ gestation) and opportunities for fetal sur-
gical intervention or significant changes in man-
agement were significantly reduced.

Discussion
Since the early descriptions of normal fetal brain

morphology and maturation with MR imaging (18,
22, 24, 25, 37–39), the clinical utility of fetal MR
imaging as an adjunct to screening sonography has
been well documented (2, 6, 7, 9–12, 14, 40, 41).
Our series lends further support to previous MR
studies establishing the superb diagnostic capabil-
ities of MR imaging, particularly in assessing dis-
orders of neuronal migration and in defining the
structures of the corpus callosum and posterior fos-
sa. The value of an additional noninvasive tech-
nique to confirm sonographically suspected CNS
abnormalities cannot be overstated, especially
when this information aids in making pregnancy
management decisions. Indeed, our impressive in-
crease in the number of requested examinations,
from five in 1996–1997, to 13 in 1998, to 48 in
1999 and through March 2000, reflects the referring
physician’s perception of the value of MR imaging.

The crucial decisions made with the additional in-
formation documented in this series underscore the
importance of having these studies performed and in-
terpreted by physicians with training and experience
in imaging the developing brain. As experts in the
imaging assessment of CNS development and mal-
development, the modern neuroradiologist is highly
qualified to acquire the optimal images and to rec-
ognize injuries and structural malformations. One of
the most valuable applications of this technology is
in the detection of heterotopia and other malforma-
tions of cortical development. Developmental abnor-
malities, such as ventriculomegaly, agenesis of the
corpus callosum, and Dandy-Walker malformation,
are associated with significantly better prognoses
when they are not accompanied by cortical malfor-
mations (42–44). The sensitivity of sonography to
these often subtle parenchymal abnormalities is low.
Although the sensitivity of fetal MR imaging in de-
tecting these entities is unknown and may be difficult
to determine prospectively, the ability of MR imaging
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Findings in 66 fetal MR examinations

Patient
No.

Gestational
Age (wk)* MR Indication MR Findings Postnatal Follow-up

1 35 Hydrocephalus Aqueductal stenosis MR confirmation
2 25 Suspected CHAOS Probable CHAOS Surgical confirmation
3 25 Left-sided Congenital diaphragmat-

ic hernia and unilateral cerebel-
lar hypoplasia

Unilateral small cerebellar hemi-
sphere

Fetal surgery contraindicated, died
1 hr postpartum

4 30 Hydrocephalus Aqueductal obstruction Intrapartum cephalocentesis
5 22 Isolated VM (11 mm) Suspected PVL Termination (no pathologic exam)
6 20 Grade I IVH ?Remote IVH Clinically normal
7 27 Hydrocephalus ?Aqueductal obstruction MR confirmation
8 24 Resolving SEH on serial sonogra-

phy
Normal (motion degraded) Clinically normal

9 30 Isolated ventriculomegaly Suspected PVL Sonographic and CT confirmation
10 24 Isolated VM (12 mm) Right colpocephaly due to asym-

metrical calcarine fissure
Sonography confirmed ventricular

asymmetry, calcarine region not
seen, clinically normal

11 32 SEH, suspected PVL SEH, PVL, mild VM MR confirmation
12 24 Isolated VM (11 mm) Isolated VM Normal ventricles on sonography,

?bilateral SEH
13 23 Isolated VM (10–11 mm) Normal ventricular size MR confirmation
14 23 Twins with fetal demise, clinically

suspected insult
Small right frontal horn hemor-

rhage in survivor
Resolution of hemorrhage on MR

15 20 ?Isolated VM (9.3 mm) Normal Normal, lost to follow-up
16 28 Cystic neck mass Precervical cystic teratoma Died at birth
17 23 Neural tube defect, Chiari II mal-

formation
MMC, Chiari II malformation, par-

tial agenesis of CC
Surgical confirmation

18 22 Suspected Dandy-Walker (outside
sonography), MCM and ?hetero-
topia (our sonography)

Subependymal nodules, MCM MR confirmed subependymal het-
erotopia, MCM

19 29 Isolated VM (12 mm) Bilateral VM (14 mm), ?parenchy-
mal dysplasia, small splenium of
CC

Termination (no pathologic exam)

20 23 Dandy-Walker, ?agenesis of CC
(outside sonography)

Interior vermian hypogenesis, nor-
mal CC, VM (12 mm)

Sonographic and CT confirmation

21 27 Isolated VM (16 mm), echogenic
walls

Isolated VM (17 mm) Sonography confirmed progressive
VM

22 24 Isolated VM (outside sonography),
10-mm ventricle (our sonogra-
phy)

10-mm ventricle, ?small right GM
hemorrhage

Sonographically normal

23 39 Dandy-Walker, ?meningoceles Dandy-Walker, diffuse cortical ab-
normality, meningoceles

MR confirmation (hydrolethalus
syndrome)

24 24 Agenesis of CC, VM Agenesis of CC, VM (17 mm) MR confirmation
25 28 Cardiac tumors, ?tuberous sclerosis

(brain normal)
No definite tubers Subependymal nodules on MR at 7

mo
26 23 ?Parietal cephalocele Normal Clinically normal
27 21 Isolated VM (11 mm), mild nuchal

thickening
11-mm and 13-mm ventricles (mo-

tion degraded)
Partial duplication chromosome 13

28 22 Isolated VM (12 mm) VM (12 mm), suspected PVL and
hemorrhage

Clinically normal, postnatal imag-
ing pending

29 18 Nonspecific spinal anomaly Thoracolumbar deformity Termination (no pathologic exam)
30 33 Vein of Galen malformation Vein of Galen malformation Sonographic confirmation
31 24 Dandy-Walker (outside sonogra-

phy), MCM (our sonography)
MCM Clinically normal (9 mo)

32 23 Grade 1 SEH Grade 1 SEH Clinically normal (6 mo)
33 26 MMC, post in utero repair, Chiari

II malformation
MMC, Chiari II malformation, sus-

pected heterotopia
CT confirmation (including hetero-

topia)
34 22 Isolated VM (outside sonography),

agenesis of CC, VM, ?heteroto-
pia (our sonography)

Agenesis of CC, VM, probable
heterotopia

Termination (no pathologic exam)

35 23 Isolated VM (10–11 mm) VM (11 mm), prominent GM vs
small SEH, ?hemorrhage along
posterior thalamus

Clinically normal (4 mo)

36 23 VM with irregular margins, absent
CC

VM, marked parenchymal destruc-
tion, absent CC, IVH

Pathologic confirmation
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TABLE 1: Continued

Patient
No.

Gestational
Age (wk)* MR Indication MR Findings Postnatal Follow-up

37 25 Cystic PVL, IVH, VM (11 mm)
(CC present previously)

Marked cystic PVL, VM, absent
CC

Pathologic confirmation

38 32 Isolated VM (14 mm) VM (15 mm), ?bifrontal heteroto-
pia

MR and sonographic confirmation
(including heterotopia)

39 22 Isolated VM (11 mm) Absent posterior CC, VM (11–12
mm), GM asymmetry, ?dysplas-
tic temporal lobes

MR confirmation, heterotopia
caused GM asymmetry, temporal
lobes abnormal

40 21 Marked VM, suspected cerebellar
hypoplasia

Marked VM (26 mm), absent CC,
?interhemispheric cyst, markedly
dysplastic cerebellum

Termination (no pathologic exam)

41 31 Decreased fetal movement, system-
ic anomalies

Normal Sonographically normal

42 23 Twins with fetal demise, technical-
ly suboptimal sonogram

Unilateral VM (10–11 mm) (mo-
tion degraded)

Clinically normal (3 mo)

43 21 Subependymal cysts, ?prior hemor-
rhage

Unilateral prior SEH (motion de-
graded)

Cyst resolved on prenatal sonogra-
phy, clinically normal (1 mo)

44 30 Isolated VM (10–11 mm) VM (11 mm), grade I SEH, ?dys-
plastic hippocampi

Clinically normal (3 mo)

45 24 TTTS Normal brain in recipient, focal
PVL in donor

Pathologic confirmation

46 22 Isolated VM (10–11 mm) Normal (8 mm) Pregnancy ongoing
47 23 Twins, ?VM (9.5 mm) ?VM (10 mm), ipsilateral SEH Pregnancy ongoing
48 21 TTTS; VM, PVL in recipient Hemorrhagic PV necrosis in recipi-

ent, ?small IVH donor
Pregnancy ongoing

49 21 TTTS SEH recipient, ?PVL donor Termination of recipient (no patho-
logic exam), normal sonogram
in donor

50 25 VM (12 mm), ?heterotopia VM, heterotopia Sonographically confirmed findings
51 23 TTTS, donor fetal demise IVH, VM, parenchymal hemor-

rhage
Termination (no pathologic exam)

52 26 MCM MCM Pregnancy ongoing
53 25 TTTS Small SEH in recipient, normal do-

nor
SEH not confirmed by pathologic

exam
54 20 TTTS ?Subtle PVL in donor Pregnancy ongoing
55 24 MMC, Chiari II malformation MMC, Chiari II malformation, het-

erotopia
Pregnancy ongoing (not surgical

candidate)
56 21 Resolved SEH Normal Pregnancy ongoing
57 25 Dandy-Walker Inferior vermian hypogenesis,

?PVL
Pregnancy ongoing

58 21 MMC, Chiari II malformation MMC, Chiari II malformation Surgical confirmation
59 24 TTTS, fetal demise Normal (serial exams) Pregnancy ongoing
60 23 Inferior vermian agenesis Inferior vermian hypogenesis, VM

(10 mm), heterotopia
Pathologic confirmation

61 24 VM (10–11 mm) VM (12 mm), PVL, tight nuchal
cord

Pregnancy ongoing

62 24 Large subchorionic hemorrhage,
SEH

SEH, ?PVL Pregnancy ongoing

63 25 VM (10–11 mm) VM (11–12 mm), cystic PVL Termination (no pathologic exam)
64 Hyperextended lower extremities,

normal CNS
Hyperextended lower extremities,

normal CNS
Pregnancy ongoing

65 29 TTTS ?PVL and hemorrhage in recipient,
normal donor

Sonographic confirmation

66 21 SEH SEH, ?PVL Pregnancy ongoing

* Gestational age at time of imaging.
Note.—CHAOS indicates congenital high airway obstruction syndrome; MCM, mega-cisterna magna; MMC, myelomeningocele; VM, ventri-

culomegaly; GM, germinal matrix; CC, corpus callosum; TTTS, twin-twin transfusion syndrome; IVH, intraventricular hemorrhage; SEH, sub-
ependymal hemorrhage; PVL, periventricular leukomalacia

to detect waves of migrating cells in the fetal brain
(45) and to clearly differentiate gray matter from
white matter in the developing brain suggests an im-
portant role for this technique in the assessment of

fetal malformations or suspected brain malformations
identified by sonography.

Fetal MR imaging is a unique tool for learning
more about the developing brain in vivo. It is known
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FIG 1. Patient 13: isolated ventriculome-
galy (23 weeks’ gestation).

A and B, ssFSE T2-weighted images (`/
97/0.5) in the axial plane (A) show ventri-
culomegaly with 11-mm diameter at the
atrium (arrow) and normal signal in the ad-
jacent parenchyma. Coronal plane (B) re-
veals the normal hypointense signal of the
germinal matrix (arrowheads).

FIG 2. Patient 20: inferior vermian hypogenesis (23 weeks’ gestation).
A, Axial ssFSE image (`/98/0.5) shows the normal superior vermis (arrow).
B, Subjacent section shows CSF communication with the fourth ventricle (arrow).
C, Midline sagittal image shows hypogenetic inferior vermis with normal superior and hypoplastic inferior lobules (arrow).

that insults to the fetal brain occurring before 20 to
21 weeks’ gestation result in parenchymal necrosis
without astrogliosis, whereas insults after approxi-
mately 26 weeks’ gestation will leave behind some
telltale scarring and, likely, some residual tissue
(46–48). A striking example of this phenomenon in
our study was the fetus with callosal destruction due
to extensive white matter necrosis. Without prenatal
imaging, which clearly showed an intact corpus cal-
losum, our neuropathologist would not have been
able to differentiate this acquired callosal absence
from a primary agenesis. This observation suggests
that infants with marked white matter hypoplasia
and absence of the corpus callosum may have an
acquired, in utero injury and not a genetic/devel-
opmental malformation. Additionally, our neuropa-
thologists believed that the periventricular cystic
changes in the fetal brain would most likely have
been interpreted as marked ventriculomegaly had
the prenatal MR studies not been available for
review. As fetal brains are notoriously difficult to
remove in toto and to formalin-fix, fetal imaging has
the potential to impact the interpretation of fetal and
neonatal autopsies as well as to teach us lessons
about normal and abnormal brain development.

Ten (14%) of the 73 fetuses in our study had
grade I SEH on MR images. The rate of frequency
is generally believed to be less than 1% (49). This
high prevalence is most likely the result of im-
provements in the ability to detect SEH by sonog-
raphy, the introduction of MR imaging, and a re-
ferral bias in our patient population rather than to
an actual increase in frequency. The clinical im-
pact of a small SEH in the fetal brain is under
investigation by our colleagues in pediatrics but is
generally considered to be low (49). The relative
paucity of neurologic symptoms from these lesions
makes it uncommon for these patients to have clin-
ically indicated postnatal imaging, and many of the
lesions have been found to resolve on serial im-
ages. It is even possible that the MR detection of
a small (grade I) SEH is superior to pathologic ex-
amination, given the relatively thick brain sections
the neuropathologist is often forced to cut.

Accurate assessment of the posterior fossa is dif-
ficult by fetal sonography. As the fetal skull be-
comes progressively ossified, accurate assessment
of the cerebellum is made more problematic. Oc-
casionally, a prominent vallecula may be mistaken
for inferior vermian agenesis on antenatal sono-
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FIG 3. Patient 23: hydrolethalus syn-
drome with postnatal correlation (39
weeks’ gestation).

A, Prenatal axial ssFSE image (`/97/
0.5) at the level of the third ventricle shows
calvarial defect and meningocele (arrows).

B, Prenatal sagittal ssFSE image shows
vermian hypogenesis, large fourth ventri-
cle, elevated tentorium (Dandy-Walker
malformation), and calvarial defects
(arrows).

C and D, Postnatal axial (C) and sagittal
(D) T2-weighted sequences (3000/120/1
and 3000/102/2, respectively) confirm the
prenatal findings, although the meningo-
celes (arrows) are less apparent due to po-
sitional flattening.

FIG 4. Patient 37: cystic PVL and second-
ary absence of the corpus callosum (25
weeks’ gestation).

A and B, Sagittal (A) and coronal (B)
views from sonograms obtained at 22
weeks’ gestation show normal corpus cal-
losum (arrows).

C and D, Sagittal (C) and coronal (D)
ssFSE images (`/98/0.5) reveal develop-
ment of cystic PVL (arrows) and absence of
the corpus callosum.

E, Postmortem coronal section confirms
the MR findings.



AJNR: 21, October 2000 FETAL CNS ANOMALIES 1695

FIG 5. Patient 39: hypogenesis of the cor-
pus callosum (22 weeks’ gestation).

A, Sagittal ssFSE image (`/98/0.5)
shows the genu and anterior body of the
corpus callosum (arrow). The posterior
body and splenium are absent.

B, Axial ssFSE image confirms the pres-
ence of the genu (white arrow). The cavum
septi pellucidi (black arrows) is only seen
when the genu and anterior callosal body
are present. The absent splenium is ap-
parent on this image, as the posterior in-
terhemispheric fissure is continuous with
the cavum.

FIG 6. Patient 17: Chiari II malformation and myelomeningocele (23 weeks’ gestation).
A, Sagittal ssFSE image (`/96/0.5) shows the poorly formed posterior fossa floor and downward cerebellar herniation (arrows).
B and C, Axial ssFSE images at the level of the lumbosacral region show absent posterior elements (arrow, B) and exposed neural

elements (myelomeningocele, arrowhead, C).
D and E, Sagittal (D) and axial (E) ssFSE images (`/98/0.5) 13 days after in utero repair show hypointense dural patch (arrows) over

defect.
F, Sagittal ssFSE image (`/97/0.5) approximately 10 weeks after repair suggests improved development of the floor of the posterior

fossa (suboccipital bone, arrow) and reduced hindbrain herniation.

grams. In addition, distinguishing the more severe
forms of the Dandy-Walker complex (true vermian
agenesis and cerebellar hypoplasia) from the inci-
dental finding of a mega-cisterna magna cannot al-
ways be done unerringly, even by the most skilled
observer (50–52). The diagnosis of cerebellar

hemispheric hypoplasia (found in one of our pa-
tients) may also be more difficult as the skull base
matures. The normal development of the cerebellar
vermis progresses into the second trimester and, as
a result, the prenatal diagnosis of Dandy-Walker
malformation should not be considered before a
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FIG 7. Patient 30: vein of Galen malfor-
mation (33 weeks’ gestation).

A, Sagittal ssFSE image (`/98/0.5)
shows large signal void caused by rapid
flow in the vein of Galen varix and dilated
straight sinus (arrows).

B, Axial FMPSPGR image (100/4.2/1)
shows hyperintensity caused by flow-relat-
ed enhancement in the varix (arrow).

well-documented gestational age of 18 weeks. Be-
fore then, the normal appearance of the incomplete-
ly developed cerebellum should not be overinter-
preted as anomalous (51–53). Our observations
confirm previous reports that the cerebellar vermis
can be reliably visualized by fetal MR imaging (7,
9–11, 14, 15).

Recent reports have also called into question the
accuracy of measuring the atrium of the lateral ven-
tricle by sonography (49, 54). This is an important
issue, as fetuses with ventriculomegaly have a sub-
stantially higher rate of neurodevelopmental prob-
lems in childhood than do those with normal ven-
tricular size (44, 55–58). Three patients referred to
our institution with the diagnosis of isolated ven-
triculomegaly were found on MR imaging to have
ventricles that measured within the range of normal
(# 10 mm atrial diameter). The brain parenchyma
was unremarkable by MR imaging. All three pa-
tients have had normal postnatal clinical courses;
one is now 11 months old, one is 13 months old
(and had normal postnatal brain MR findings), and
the third was normal at birth and lost to follow-up.
Since fetal karyotyping is often recommended for
fetuses with ventriculomegaly at our institution, the
confirmation of normal ventricular size can consid-
erably reduce parental anxiety and potentially pre-
vent an invasive diagnostic procedure.

Detailed prenatal diagnoses are mandatory for
planning and follow-up of fetal surgery, such as
myelomeningocele repair, if further advances are to
be made in these promising areas. Assessment of
the degree of hindbrain herniation and posterior
fossa development is one of the necessary tools for
determining the efficacy of this procedure (3, 4);
these measurements are accurate and easily repro-
duced by MR imaging. The frequent occurrence of
postsurgical oligohydramnios also favors MR im-
aging in the postsurgical radiologic assessment.

Early planning of postnatal interventions is an-
other advantage of high-resolution prenatal imag-
ing. For example, in our patient with a vein of
Galen malformation, well before delivery the neu-
rointerventional radiologists had ample opportunity
to review the imaging, be in contact with the re-
ferring physicians, and discuss treatment options

with the family. In this way, they were able to ex-
pedite postnatal clinical assessment and minimize
delay in treatment after delivery. Other investiga-
tors (6) have postulated that late-term prenatal MR
imaging could eliminate the need for postnatal MR
imaging, which typically requires patient sedation.
Current technology does not accord fetal MR im-
aging the same diagnostic quality and variety of
pulse sequences as are available in the sedated
postnatal examination; however, in a critically ill
neonate, treatment can readily be based on the in-
formation available from prenatal imaging, thus po-
tentially eliminating delays.

The most important criterion by which new tech-
niques are judged is their effect on patient man-
agement. Although not prospectively studied, it is
our view that the results of the MR examination
changed patient management in 24 of our 52 clin-
ical cases and increased confidence of the referring
physicians in making management decisions in the
remaining 28. Thus, in properly selected patients,
fetal MR imaging can have an enormous impact on
patient management.

Conclusion

Sonography remains the mainstay of fetal as-
sessment. However, MR imaging of the fetal CNS
is evolving as a powerful tool for obtaining addi-
tional information with which selected patients and
their health-care professionals can make important
pregnancy management decisions. The confirma-
tion of an abnormality suspected by sonography
provides an extra measure of certainty for the pa-
tient and provider, whereas the refutation of a sus-
pected anomaly may prevent needless patient anx-
iety and potentially obviate invasive procedures.
Although not prospectively studied, nearly half of
our clinical cases had a significant management
change based on the MR imaging data, and, in all
pregnancies, the referring physicians believed that
a confirmatory technique provided a measure of
confidence for them and the patient that had not
previously been available.
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The information obtained by high-resolution in
utero imaging can add to our understanding of
brain development and maldevelopment. We be-
lieve that it is essential for physicians with training
and experience in MR imaging of developmental
anomalies of the brain to supervise the image ac-
quisition and interpretation of these examinations.
In this way, the highest possible standards of MR
interpretation can be provided for these patients.
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