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Chapter 7

Abstract

Routine cranial ultrasonography, using the anterior fontanelle as acoustic window
enables visualization of the supratentorial brain structures in neonates and young
infants. The mastoid fontanelle enables a better view of the infratentorial structures,
especially cerebellar hemorrhage in preterm infants. Reports on the usefulness and
reliability of cranial ultrasonography using the mastoid fontanelle approach for the
detection of posterior fossa abnormalities, focusing only on full-term neonates are

limited.

This article describes the technique of mastoid fontanelle ultrasonography in full-
term neonates and the features of posterior fossa abnormalities that may be encoun-
tered in various neonatal disorders and conditions, combined with subsequent
MRI in the same patients. Cranial ultrasound through the mastoid fontanelle plays
a pivotal role in the early detection of posterior fossa pathology and selection of

neonates with an indication for MRI.
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CUS of PF abnormalities in term neonates

Introduction

Cranial ultrasonography (CUS) is a reliable and non-invasive tool for brain imaging
during the neonatal period. It can be performed at the bedside and instantly provides
useful diagnostic information to the clinician. It is traditionally performed through
the anterior fontanelle (AF). This approach provides a good view of supratentorial
structures, but visualization of infratentorial structures is suboptimal because of the
distance from the transducer to the posterior fossa (PF). In addition, the echogenic
tentorium and vermis impede the detection of lesions (1). By using the mastoid
fontanelle (MF) as an additional acoustic window, the transducer is positioned closer
to the PF structures and approaches them at a different angle, avoiding the echo-
genic tentorium. Previous studies have stressed the advantages of CUS using the
mastoid fontanelle approach (MF-CUS) for the detection of PF lesions in neonates
(2-6). Acquired lesions related to hemorrhage, infarction and infection are mostly
described in preterm infants (3,4,6-9), while reports on the applicability of MF-CUS

for the detection of PF abnormalities, focusing on full-term neonates are limited.

The more widespread use of magnetic resonance imaging (MRI) has led to an
increased detection of cerebellar injury in the high risk full-term neonate. Especially
larger cerebellar lesions are associated with a broad spectrum of neurodevelopmen-
tal disabilities (10-12).

The aim of this paper is to describe CUS abnormalities of the PF in full-term neonates
that may be encountered in various neonatal disorders and conditions such as hypox-
ic-ischemic encephalopathy (HIE), central nervous system (CNS) infections, intra-
cranial hemorrhage, inborn errors of metabolism and congenital PF malformations.
This is illustrated in several cases, showing the characteristics as seen on MF-CUS
and MRI. The applicability and the pitfalls and limitations of the MF approach are
discussed.
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Imaging the posterior fossa: technical aspects

CUS procedure

Cerebellar injury can occur in several conditions, including HIE, CNS infections,
traumatic delivery, supratentorial hemorrhage, and inborn errors of metabolism
(4,10-12). In these conditions MF-CUS may be helpful for the detection of PF abnor-
malities. In addition, congenital malformations of the PF may be better depicted
when the MF is used (4,11). A high resolution, real-time, 2D ultrasound machine with
special settings for the newborn infants’ brain and with a multifrequency transducer
or different frequency transducers (5, 7.5, 10 MHz) should be used. The transducer
should be small enough to fit the MF window (1,5).

The technique of MF-CUS has previously been described in detail (1,4,5). The MF is
located at the junction of the posterior parietal, temporal and occipital bones (3). The
infant is positioned with the head to one side, and the transducer is placed over the
MEF, behind the helix of the ear, just above the tragus. The transducer is then slightly
moved and rotated until an appropriate view of the PF is obtained. Images can be
performed in axial and coronal orientations, from superior to inferior, and provide
detailed visualization of the cerebellum (vermis and hemispheres), fourth ventricle,
aqueduct and cisterna magna. Figure 1 shows examples of normal CUS images in

axial and coronal planes, obtained through the MF in a full-term neonate.

MRI procedure

MRI should be performed in all neonates with clinical or CUS suspicion of parenchy-
mal brain abnormalities. Technical aspects, scanning protocols, and sequences used
in neonates have been reported (13). The MRI protocol used for the images in this
paper includes T1-weighted three-dimensional turbo field-echo and T2-weighted
turbo spin-echo, T2* fast field-echo, and diffusion-weighted imaging (DWI sequences
in transverse planes. Slice thickness is Tmm for the T1-weighted images and 2mm for
the T2-weighted images without an interslice gap and with a field of view 180-230
mm. The T2* images are especially useful for the detection of micro bleeds in the

cerebellum (7).
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CUS of PF abnormalities in term neonates

Figure 1. Normal ultrasound scan in full-term neonate using the MF as acoustic window.

Axial views, with (A) middle and (B) inferior view.

Coronal views with (C) middle and (D) posterior-inferior view.

Vermis (1), cerebellar hemisphere (the hemisphere located closest to the transducer is visualized in
the upper part of the image) (2), fourth ventricle (3), cisterna magna (4).

Note the subtle differences in echogenicity and anatomical details between the two hemispheres,
due to differences in distance from the transducer.

Posterior fossa abnormalities in full-term neonates

Hypoxic-ischemic encephalopathy

Although several authors have described a relative sparing of the cerebellum in (near)
term neonates with HIE (14,15), the cerebellum can be involved in hypoxic-ischemic
neuronal injury with the Purkinje cells and the granule cell neurons being the most
vulnerable in the full-term neonate (16,17). Especially the cerebellar vermis is suscep-
tible to injury and a subsequent disturbance of growth has been described (18-20). It
is not clear whether this is the result of lesions in the cerebellum that were primary

undetected or whether it represents secondary atrophy or degeneration related to
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supratentorial brain damage. Primary cerebellar injury has been demonstrated in

post-mortem studies (21).

Using MF-CUS, hypoxic-ischemic injury to the cerebellum may be difficult to visual-
ize. Increased echogenicity of the cerebellar vermis and/or hemispheres and loss of
foliation can be seen in cases with ischemic injury and edema (Figure 2). In neonates
with HIE hemorrhagic injury is also common and both extra axial and parenchymal
cerebellar hemorrhage may be encountered, especially after traumatic delivery (11)
(Figure 2).

Figure 2. (A) Axial ultrasound scan in full-term neonate (gestational age 37 weeks, severe HIE) per-
formed on 2" day of life, using the MF as acoustic window, demonstrating abnormal echogenicity of
the cerebellar vermis (dotted arrow) and both cerebellar hemispheres (arrow).

(B) and (C) MRI in same neonate on 3 day of life showing a combination of ischemic and hemor-
rhagic injury. Diffusion-weighted imaging (B) showing abnormal signal intensity in cerebellar vermis
and hemispheres (arrows). T,* FFE scan (C) showing multiple small hemorrhages in both hemispheres
(arrows) and in the fourth ventricle (arrowhead).

Central nervous system infection

The neuropathological features of neonatal bacterial meningitis include arachnoid-
itis, ventriculitis, vasculitis, edema and infarction. This may lead to impaired cerebro-
spinal fluid (CSF) flow and parenchymal injury, both supra- and infratentorally (17).
Systemic fungal or bacterial infections can be complicated by brain abscesses, in
both preterm and full-term neonates. Lesions are usually located supratentorially, in
the cerebral hemispheres, but can also occur in the cerebellum (4,22,23). Early detec-
tion and appropriate treatment are essential. The cerebellum can also be affected in
viral infections such as herpes meningoencephalitis (24). In neonates with congeni-

tal cytomegalovirus infection, cerebellar hypoplasia may occur (25,26).
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CUS of PF abnormalities in term neonates

On MF-CUS parenchymal injury in CNS infection may appear as focal or diffuse loss
of foliation and increased echogenicity of the cerebellar vermis and/ or hemispheres.
This may progress to destruction and atrophy of cerebellar structures on follow-up
ultrasound scans (Figure 3). Impaired CSF flow may lead to hydrocephalus with a
dilated or isolated fourth ventricle. MF-CUS can help identifying the cause and loca-
tion of the obstruction. Most cases of cerebellar abscesses have been studied by CT
or MRI, but they can also be detected by CUS, in particular when scanning is done
through the MF (4). Small abscesses can appear as focal, circumscribed echodensi-

ties. Larger abscesses may show as echolucent lesions, mostly with an echogenic rim.

Figure 3. Axial ultrasound scan in full-term neonate (gestational age 40 weeks, Group B streptococcus
meningitis) using the right MF as acoustic window. (A) On the 4" day of life, demonstrating abnormal
echogenicity of cerebellar vermis and hemispheres (arrow). (B) Follow-up ultrasound scan on 11* day
of life, demonstrating loss of parenchymal tissue of cerebellar vermis and left cerebellar hemisphere
and loss of normal structure and anatomical landmarks (arrow).

MRI in same neonate on 5™ day of life. (C) Diffusion weighted image showing abnormal signal inten-
sity in cerebellar vermis (dotted arrow) and both hemispheres (arrows). (D) T2-weighted MRI show-
ing abnormal high signal in corresponding areas (arrows). (E) T1-weighted MRI on 12" day of life
showing destructive lesions of cerebellar vermis (dotted arrow) and left hemisphere (arrow).
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Posterior fossa hemorrhage

Cerebellar hemorrhage can occur in full-term neonates, especially after traumatic
delivery, in HIE and in neonates on extracorporeal membrane oxygenation. It is asso-
ciated with supratentorial hemorrhage, but can also be an isolated finding (10-12).
Supratentorial intraventricular hemorrhage is usually easily visible using the AF, but
hemorrhage extending into the fourth ventricle, and cerebellar and extra axial PF
hemorrhage are more difficult to detect with this approach. The MF enables better
and earlier detection of hemorrhage in these structures.

Abnormalities seen on MF-CUS include uni- or bilateral echogenic lesions in the
cerebellar vermis and/or hemispheres, echogenicity representing a clot in the fourth
ventricle or cisterna magna, thickening of the tentorium and/or peri-mesencephalic
cisterns indicating subarachnoid blood, and extra axial blood surrounding the cere-
bellar hemispheres (Figure 4).

Early detection of PF hemorrhage is of clinical importance, as these neonates are
at increased risk of developing post hemorrhagic ventricular dilatation, requiring
intensive serial CUS examinations and possibly treatment (27;28). In addition, cere-
bellar hemorrhage can have major impact on neurodevelopmental outcome, not

only in preterm, but also in full-term neonates (10,12).

Figure 4. Term neonate (gestational age 40 weeks) born after emergency caesarean section performed
for fetal distress, with good Apgar scores. On the 2" day of life CUS was performed because he was
hypertonic and irritable. Conventional CUS using the AF revealed no abnormalities.

(A) Coronal CUS using the right MF as acoustic window demonstrates an echogenic lesion in the
left hemisphere, suspect for hemorrhage (arrow). (B) Coronal T2-weighted MRI in the same neonate
confirms the hemorrhage in the left cerebellar hemisphere (arrow).
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Inborn errors of metabolism

Several inborn errors of metabolism can affect the development of the cerebellum
during early and late pregnancy (29). Early influence of metabolic disorders on the
developing cerebellum can lead to structural abnormalities and hypoplasia, for
example in adenylsuccinate lyase deficiency, Zellweger syndrome, pyruvate dehy-
drogenase complex deficiency, and other mitochondrial diseases (29,30). Other
disorders can induce cerebellar atrophy which can be progressive during the first
few years of life. In the newborn period this is most frequently and profoundly seen

in newborns with carbohydrate deficient glycoprotein syndrome (31-33).

Cerebellar hypoplasia and atrophy can be easily recognized using MF-CUS (Figure 5),
although it may be difficult to differentiate between hypoplasia and atrophy of
prenatal onset. Measurement of the transcerebellar diameter can be helpful to
assess whether cerebellar size is appropriate for gestational age (34,35) (Figure 5).
Cerebellar hypoplasia and atrophy are non specific findings. Combined with a clini-
cal picture suggesting a metabolic disorder, these abnormalities can help diagnosing

the underlying disease.

Congenital posterior fossa malformations

MEF-CUS is a valuable tool for imaging of congenital PF anomalies. Abnormal fluid
collections, such as a retrocerebellar arachnoid cyst and mega cisterna magna, can
be visualized (Figure 5). An arachnoid cyst is a pocket of CSF without communication
with the fourth ventricle, which can cause mass effect on the adjacent cerebellar
parenchyma. Mega cisterna magna is an increased retrocerebellar CSF space, the
vermis and cerebellar hemispheres are generally normal (36).

Focal hypoplasia of the cerebellar vermis or one of the cerebellar hemispheres and
generalized hypoplasia can be detected. Cerebellar hypoplasia may be isolated or
associated with syndromic disorders. It can occur in combination with corpus callo-
sum agenesis, a hypoplastic pons (in pontocerebellar hypoplasia) or cystic PF malfor-
mation (as part of the Dandy Walker continuum). The classic Dandy Walker malfor-
mation is characterized by a hypoplastic cerebellar vermis that is rotated upwards,
cystic dilatation of the fourth ventricle and enlargement of the posterior fossa with

elevated tentorium (Figure 6) (36,37).
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Figure 5. Term neonate (gestational age 40 weeks) with pyruvate dehydrogenase complex deficiency.
Conventional CUS using the AF showed large bilateral germinolytic cysts (not shown).

(A) CUS using right MF as acoustic window demonstrates cerebellar hypoplasia with small transcere-
bellar diameter of 45 mm and a possible cyst in the PF (arrow). (B) T1-weighted MRI in same neonate
demonstrating cerebellar hypoplasia and an arachnoid cyst (arrow). In addition, a small punctate
hemorrhage was seen in the right cerebellar hemisphere (arrowhead), not detected by CUS.

Figure 6. (A) Fetal MRI (gestational age 35 weeks) in neonate with PF malformation. Sagittal T2-weighted
image shows a Dandy Walker malformation with an enlarged PF, a dilated fourth ventricle (arrow-
head) and a hypoplastic, upward rotated vermis (arrow). (B) Postnatal axial CUS using the MF showing
an enlarged PF and dilated, trapezoid shaped fourth ventricle (arrow) communicating with a retro-
cerebellar cyst. The vermis could not be detected. Dotted arrow indicates the pons, located anterior
to the fourth ventricle.
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Measurement of the transcerebellar diameter

The transcerebellar diameter can be measured accurately using the MF (Figure 5).
A good correlation between transcerebellar diameter and gestational age has been
described both in appropriate and small for gestational age neonates, and normal
values are available (34,38). In infants with an accurate determination of gestational
age a reduced transcerebellar diameter at birth may indicate congenital cerebellar
hypoplasia. This is often associated with structural CNS malformations, chromo-
somal disorders, congenital cytomegalovirus infection and inborn errors of metab-
olism. It may also reflect atrophy due to an insult causing direct cerebellar injury or
may result from crossed cerebellar atrophy as can occur in cases with large supra-

tentorial lesions (34,39).

Pitfalls and limitations

When looking for PF malformations, one should be aware of a pitfall of MF-CUS.
In the most posterior coronal plane a communication between the fourth ventricle
and the cisterna magna via the foramen of Magendie may be seen. This can give
a false impression of inferior vermian agenesis (2,3). Imaging at different angles in
axial and coronal planes through the MF, in combination with a good quality midline
sagittal image obtained through the AF or posterior fontanelle, is usually sufficient to

prevent an erroneous diagnosis of vermian agenesis.

As in conventional CUS using the AF, there are limitations of MF-CUS. First of all it
is operator dependent. Adding MF-CUS as a routine while performing CUS exam-
inations, will increase experience and expertise of the sonographist. This enables
recognition of the normal appearance and anatomy of the PF and of scanning arti-

facts, and improves the detection rate of PF abnormalities.

Scanning artifacts are not uncommon and may lead to misinterpretation and/or false
diagnoses, especially in infants at risk of PF abnormalities. Imaging in both axial and
coronal orientations and scanning through both mastoid fontanels can help distin-

guishing artifacts from focal lesions.
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Furthermore, image quality may be affected by the small size of the MF. The near
field and nearest cerebellar hemisphere are generally better depicted than the hemi-
sphere that is farthest away from the transducer. The echogenicity of the cerebellar
hemispheres may seem asymmetric depending on the angulation of and distance
to the transducer (Figure 1). In these cases the use of both mastoid fontanels will

improve the performance of MF-CUS.

Discussion

MEF-CUS is a valuable tool for the detection of cerebellar injury in preterm infants. It is
also useful in the full-term newborn with PF abnormalities, not only for the detection
of hemorrhage and congenital malformations but also in cases with (suspected) HIE,
CNS infections and inborn errors of metabolism. The major advantages of MF-CUS
in full-term neonates at risk of PF abnormalities are that it is safe, can be performed at
the bedside and instantly provides diagnostic information, enabling early detection
and diagnosis before MRl is feasible in sick, instable neonates. For an experienced
sonographer it requires only a few minutes of additional scanning time to obtain the

images.

However, there are also limitations of MF-CUS. Smaller lesions may be missed
and false positive diagnoses may occur. Therefore, additional MRI is necessary in
neonates with (suspected) PF abnormalities. MRI enables detailed visualization
of the whole brain, showing the exact location and extent of abnormalities, and it
may provide additional information on the underlying cause. However, it is a more
burdening procedure requiring transportation of the neonate to the MRI unit and,
in some cases, sedation. This makes MRI less suitable for early detection and unde-

sirable for serial imaging.

In conclusion, (serial) MF-CUS is a useful technique to detect PF abnormalities in the
full-term neonate. MRI is needed to confirm the diagnosis, to detect smaller lesions
and to avoid false positive diagnoses.

Studies comparing MF-CUS with MRI are necessary to investigate the reliability of
MEF-CUS for the detection of PF abnormalities in the full-term neonate.
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