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Up-to-date fetal neuroimaging

Ritsuko K. Pooh
CRIFM Clinical Research Institute of Fetal Medicine PMC

—( Abstract )

Imaging technologies have been markedly improved recently and contribute to the prenatal
evaluation of the fetal central nervous system (CNS) development and assessment of CNS
abnormalities in utero. Introduction of high-frequency transvaginal transducers has contributed to
establishing “sonoembryology” and the recent general use of transvaginal sonography in early
pregnancy has facilitated the early diagnoses of major fetal anomalies. Combination of transvaginal
approach and three-dimensional (3D) ultrasound has established ‘3D sonoembryology’, producing
more objective and accurate information on early embryonal and the fetal development and
the natural history of fetal abnormalities. In middle and late pregnancy, fetal CNS is generally
evaluated through the maternal abdominal wall. The brain, however, is a three-dimensional
structure, and should be assessed in basic three planes of sagittal, coronal and axial sections.
Sonographic assessment of the fetal brain in the sagittal and coronal sections, requires an
approach from the fetal parietal direction. Transvaginal sonography of the fetal brain has
opened up a new field in medicine, “neurosonography”. Transvaginal observation of the fetal
brain offers sagittal and coronal views of the brain from the fetal parietal direction through the
fontanelles and/or the sagittal suture as ultrasound windows. This method has contributed to
the prenatal assessment of congenital CNS anomalies and acquired brain damage in utero.
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Fig.1 3D reconstructed image of the yolk sac and
5.5mm-CRL-embryo (6 weeks of gestation)
Normal 6-week-embryo (CRL 5.5mm) and
yolk sac. Occipital view shows the neural
tube on the embryonal back.
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Fig.2 3D reconstructed image of developing
vertebrae (6 to 16 weeks of gestation)

Embryonal sizes are 5.5mm, 18.3mm and
26.3mm. Premature spinal cord can be
visible at 6 weeks of gestation. At 9
weeks of gestation, the spinal cord is
demonstrated as a thin line, compared
with that at 8 weeks of gestation.
Vertebral structure is developing during
the first half of gestation. Closure of the
bilateral laminae from the cervical towards
caudal region is seen at 16 weeks.
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Fig.3 3D maximum mode image of normal cranial
structure at 13-14 weeks of gestation

(left upper) Oblique view. (right upper)
Frontal view. Anterior fontanelle (AF),
sphenoidal fontanelle (SF), frontal suture
(FS), coronal suture (CS) are gradually
formed according to cranial bony
development. (lower left) Occipital view.
(lower right) Magnified view. Note the
premature occipital bone appearance.
Midline crack is demonstrated.

S ; Sagittal suture, P ; Parietal bone, PF ;
Posterior fontanelle, O; Occipital bone,
Cla ; Clavicula, Sca ; Scapula, LS ;
Lambdoid suture.
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Fig.4 Normal brain development by mid-sagittal
3D US section between 8 and 12 weeks
of gestation)
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Fig.5 Normal brain at 31 weeks
Tomographic ultrasound imaging of sagittal (left upper), coronal (right upper) and
axial (lower) sections. Formation of sulci and gyri is clearly observed from around
30 weeks of gestation. Sylvian fissure (arrows) is formed as lateral sulcus.

Fig.6

3D angiography of normal cerebral circulation at
31 weeks

(upper) 3D sonoangiogram of sagittal and coronal
sections. (lower) Normal medullary veins.
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Fig.7

Subarachnoid space in normal
25-week-brain

(left) Posterior coronal image.
Asterisks indicate subarachnoid
space. (right) Parasagittal image.
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Fig.8 Myelomeningocele with severe kphosis detected at 20 weeks of gestation
(left) Black-white pictures show three orthogonal view of vertebral structures and
myelomeningocele with severe kyphosis. 3D reconstruction bony structure in the
sagittal section clearly demonstrated the vertebral bodies. (middle) 3D surface
reconstruction image of fetal back shows a large myelomeningocele from T12. (right)
Macroscopic picture of the same baby born at 37 weeks.

Fig.9

Encephalocele at 18 weeks of gestation
(upper) Tomographic sagittal imaging
of encephalocele. (lower left) 3D
reconstructed image. Microcephaly and
occipital encephalocele are demonstrated.
(lower right) 3D maximum mode of the
occipital bone defect. Ectopic cerebrum
extrudes from this defect.

S ; sagittal suture, L ; lambdoid suture.
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Fig.10
Atrial width measurement for
ventriculomegaly screening

Fig.11 Ventricular structure of hydrocephalus due to aqueductal obstruction (left) and Chiari

type Il malformation (right)

(left 4 figures) Hydrocephalus due to aquedactal obstruction detected by transvaginal
scan at 19 weeks of gestation. Upper left ; axial section, upper right ; parasagittal
section, lower left ; anterior coronal section, lower right ; posterior coronal section.
Bilateral ventriculomegaly with dilated foramen of Monro and llird ventriculomegaly, with
dangling choroid plexus. Note that ventricle is round.

(right 4 figures) Hydrocephalus due to myelomeningocele and Chiari type Il malformation
demonstrated by transvaginal scan at 17 weeks of gestation. Upper left ; axial section,
upper right ; parasagittal section, lower left ; anterior coronal section, lower right ; posterior
coronal section. Note the ventricular shape is trianglar compared with the ventricle in the
left figures, and especially posterior coronal section, triangle shape of enlarged ventricles
(arrows) is often seen in cases of Chiari Il malformation in the second trimester.
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Fig.12 Hydrocephalus due to amniotic band syndrome (20 weeks)

(left upper) Tomographic ultrasound imaging in the axial section of fetal brain at referral.
Bilateral atrial width was 17 and 21mm respectively. From the observation of enlarged
ventricles, simple hydrocephalus due to Monro obstruction was suspected. However, the
fetus was complicated with cleft lip and, amputation of fingers, and an amniotic band was

detected by an extra CNS scan.

(lower) Small cephalocele (arrows) were seen with a remnant of the amniotic band (arrowhead)
(middle upper) Fetal face by 3D surface mode. Cleft lip is apparent. (middle lower) Fetal
cranial bone from parietal direction. Partial cranial bone defect with irregular sutural formation
is visible. (right) Macroscopic view of the face and extremities after termination of pregnancy.
In this case, cranial bone defect and cephalocele due to amniotic band may result in
hydrocephalus. (Macroscopic pictures courtesy of Dr. Ozawa, Tohoku Kousai Hospital)
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Fig.13 Chiari type Il malformation. Schema, macroscopic picture and ultrasound

(upper left) Schema of Chiari type Il malformation and macroscopic picture of specimen
from aborted fetus at 21 weeks of gestation. P ; pons, M ; medulla oblongata, C ;
cerebellum. (lower left) Normal cerebrospinal region demonstrated by ultrasound in the
sagittal section at 19 weeks. C ; cerebellum, CM ; cisterna magnum.

(upper right) Sonographic picture in the sagittal section of Chiari type Il malformation at 19
weeks of gestation. Herniation of the cerebellum and medulla oblongata (arrows) into the
spinal canal is clearly demonstrated. (lower right) Sagittal ultrasound image of medullary kink
at 19 weeks (arrowhead) occasionally seen in some cases of Chiari type Il malformation.
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Fig.14 Lemon sign and banana sign of Chiari type Il malformation at 16 weeks of gestation

(left) Typical lemon sign of cranial shape. Indentations of anterolateral parts (arrows) are
conspicuous before 26 weeks of gestation. (middle) Typical banana sign. Disappearance
of cisterna magna and cerebellar deformity (arrows) due to cerebellar tonsil herniation
into the spinal canal form a banana sign. (right) Macroscopic picture of lemon sign from
aborted fetus at 21 weeks of gestation. Asterisks indicate anterolateral indentations.

Fig.15 Dandy Walker malformation
Left figure shows the median section of the brain. Corpus callosum (CC) is normally
demonstrated and Dandy Walker cyst (DWC, arrows) is seen in the posterior fossa.
Right upper figure is a tomographic view of the axial section and right lower is the
posterior coronal section. Hypoplastic vermis of the cerebellum is seen.
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Fig.16 Vein of Galen aneurysmal malformation

(left upper) Sagittal 2D ultrasound image. (left lower) coronal 2D ultrasound image.
(middle upper) 3D B-flow angiogram. Note the arterial-venous direct shunt. (middle lower)
Power Doppler image. (right) Fetal MR images of sagittal and axial sections.
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