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Foreword

This is now the third edition of Neonatal Cranial Ultrasonography by Gerda
Meijler and Sylke J. Steggerda, both well-known experts in the field of
neuro-imaging in the newborn. The ultrasound images have improved even
further in this edition with the use of better equipment showing the even
more detailed information that can now be obtained using this non-invasive
bedside technique. The book is very well illustrated and there are videos
available online, showing those who are just starting to learn the technique
how to place the probe for different acoustic windows, adjust the machine
and what to look for. The size of the book makes it easy to have to hand for
comparing images made by the trainee and those shown in the atlas.

Not only is normal anatomy very well shown, there is a chapter illustrat-
ing the progress in brain maturation from extremely preterm to term infants
that can be visualised using cranial ultrasound. Scoring systems one can use
for intraventricular and cerebellar haemorrhages and white matter injury
are well described. There are some correlates with MRI of the brain which
are also helpful and illustrate how much can be seen with both techniques.
Calcification, for example lenticulostriate vasculopathy, will not be visible
on conventional MRI techniques, small cysts are difficult to see on MRI
and myelination cannot be seen on ultrasound, showing that these two tech-
niques are complementary. Doppler ultrasonography is well explained and
illustrated.

There is not enough space for all the different pathologies one may
encounter in a newborn infant (metabolic disorders; neurocutaneous phaco-
matoses) but with the help of many references, one will find a relevant
recent publication or book.



W Foreword

This pocket-sized book can and should be carried by every trainee who
is learning how to perform cranial ultrasound, and he or she is likely to
become as enthusiastic as these two authors have been for many years.

Frances M. Cowan
Imperial College London
London, UK

University of Bristol
Bristol, UK

Linda S. de Vries
Neonatal Neurology
University Medical Center
Utrecht, The Netherlands
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PROCEDURE



Neonatal Cranial Ultrasonography:
Advantages and Aims

1.1 Introduction

Cranial ultrasonography (CUS) is the preferred modality for visualising the
brain of the sick and/or preterm neonate. It uses the unique features of the
neonatal skull with its open fontanelles and sutures to look into the brain
and has important advantages above other imaging modalities.

1.2 Advantages of Cranial Ultrasonography
Major advantages of CUS are:

o It can be performed at the bedside, on the lap or in the cot with little
disturbance to the neonate (Fig. 1.1; see also Chap. 3).

o It can be performed immediately after birth and repeated as often as nec-
essary. It thereby enables visualisation of ongoing brain growth and mat-
uration and the changes of brain lesions over time. In addition, it can be
used to assess the timing of brain injury.

o Itis safe.

o It is a reliable tool for the detection of most haemorrhagic brain lesions
in preterm and full-term neonates.

o It is a helpful tool for the detection of ischaemic brain lesions as well as
cerebral infections, and major structural brain anomalies, in both pre-
term and full-term neonates.

o Some abnormalities (including lenticulostriate vasculopathy [LSV], cal-
cifications and germinolytic cysts) are only or better detected by CUS as
compared to other neuro-imaging modalities.

© Springer Nature Switzerland AG 2019 3
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Fig. 1.1 Cranial ultrasound procedure performed in a neonate in its cot

o Doppler flow velocity measurements of the cerebral vessels can be per-
formed during the same examination.

o It is relatively inexpensive as compared to other neuroimaging tech-
niques and therefore also a very feasible neuroimaging modality in low-
income countries.

For all these reasons, CUS is an excellent tool for serial brain imaging
during the neonatal period and thereafter until closure of the fontanelles.

1.3 Aims of Neonatal Cranial Ultrasonography

The aims of neonatal CUS are to assess:

o Brain growth and maturation

o The presence of structural brain abnormalities and/or brain injury
o The timing of injury
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CUS also helps in determining the neurological prognosis of the
neonate.

In sick neonates and in neonates with serious brain abnormalities, either
congenital or acquired, it plays an important role in decision making
regarding the continuation or redirection of intensive care. In neonates with
brain injury, it may help to optimise treatment and support of the neonate
and its family, both during the neonatal period and thereafter.

Advantages of CUS Aims of CUS

Safe Follow brain growth and maturation
Exclude/demonstrate brain pathology
Bedside-compatible Follow lesions over time
Assess timing of injury
Enables early imaging Estimate neurological prognosis
Enables serial imaging Optimise treatment and support

- Brain maturation

— Brain growth

— Evolution of lesions
Inexpensive

Suitable for screening
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Cranial Ultrasonography:
Technical Aspects

For good-quality and safe CUS examinations, the following conditions need
to be fulfilled: a high-quality modern ultrasound machine with appropriate
transducers to enable optimal image quality and a sonographer who is
aware of the special needs of the sick and/or preterm neonate and who is
sufficiently experienced in CUS.

2.1 Equipment
2.1.1 Ultrasound Machine

The ultrasound machine should be a transportable real-time scanner, allowing
bedside examinations without the need to transport the baby (see Fig. 1.1). It
should be equipped with transducers that are appropriate for CUS, adapted
software for CUS and Doppler assessments (see Chap. 9) and a reliable digital
storage system. Settings need to be optimised for neonatal brain imaging. It is
recommended that preprogrammed presets be used for CUS imaging in both
preterm and full-term neonates. These settings can be further optimised in
individual cases and under certain circumstances (see Chap. 3).

2.1.2 Transducers

The use of a convex (CV) or curved array transducer is recommended. The
transducer should be appropriately sized for an almost perfect fit on the
anterior fontanelle (Fig. 2.1). To allow good contact between the transducer
and the skin, ultrasound gel is used. We preferably use a micro CV
transducer (see Fig. 2.1). If the fontanelle is very small, or when hats are

© Springer Nature Switzerland AG 2019 7
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used for fixation of ventilatory support systems, a smaller phased array (PA)

probe can be used, but the field of view is smaller and the image quality less
than that of the CV probe (Fig. 2.2).

Fig. 2.1 (a) Well-fitting CV probe, positioned on the anterior fontanelle. (b) Coronal
CUS scan at the level of the bodies of the lateral ventricles performed with micro CV
probe in extremely preterm infant gestational age (GA) 25 weeks, scanned on the sec-
ond day after birth. The whole brain is well depicted
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Fig. 2.2 (a) Smaller PA probe, positioned on the anterior fontanelle. (b) Coronal CUS
scan in very preterm neonate performed with PA probe. Due to the small scan area, the
periventricular white matter cannot be well assessed (compare with Fig. 2.1b). (c, d)
Coronal CUS scans at the level of the bodies of the lateral ventricles in a preterm neo-
nate with posthaemorrhagic ventricular dilatation (PHVD). (c) Performed with a PA
probe: the wide ventricles are filling the image and hamper visualization of the peri-
ventricular white matter (arrow). (d) Performed with a CV probe: thanks to the larger
scan area, the periventricular white matter (arrow) is now well depicted



Fig. 2.2 (continued)
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Thanks to the high scan frequency and the parallel ultrasound beam,
linear array (LA) probes provide superb near-field resolution. Because of
their large footprint (Fig. 2.3) and suboptimal far-field resolution, they are
not suitable for routine CUS examinations. However, they provide detailed

Fig.2.3 (a) LA probe, positioned on the anterior fontanelle. (b, ¢) Coronal CUS in a very
preterm neonate at the level of bodies of the lateral ventricles, using the CV probe and
transducer frequency of 10 MHz (b) and LA probe with transducer frequency set at
18 MHz (c), showing the superb near-field resolution of the LA probe. However, the
overall view of the brain is less well defined using the LA probe
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Fig. 2.3 (continued)

views of superficial structures (cortex, subcortical white matter, subarach-
noidal and subdural spaces) and can demonstrate flow in the superior sagit-
tal sinus (see Chap. 9) (Fig. 2.4).

The higher the transducer frequency, the better the near-field resolution.
A lower transducer frequency will provide a lower resolution, but a better
penetration (see Chap. 3). The ultrasound system should therefore be
equipped with multifrequency transducers (5-7.5(8)-10 (11) MHz).

Neonates have relatively small heads. Therefore, high-quality images can
usually be obtained with the transducer frequency set at 7.5-8 MHz. In
most neonates this enables good visualisation of the whole brain. For better
evaluation of the most superficial structures and/or in very tiny infants with
tiny heads, we advise performing additional scanning, using a higher fre-
quency up to 10 or 11 MHz, thus obtaining a higher near-field resolution
(Fig. 2.5). If, on the other hand, deeper penetration of the beam is required,
as in larger, older infants or infants with thick, curly hair or to obtain a bet-
ter view of the deeper structures, additional scanning with a lower fre-
quency (around 5 MHz) is recommended (Fig. 2.6).
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Fig. 2.4 (a-d) CUS in full-term neonate with GBS sepsis/meningitis. (a) (coronal) and
(b) (parasagittal) scans performed with CV probe, (c) (coronal) and (d) (parasagittal)
scans performed with LA probe. With the CV probe, a good overview of the brain is
obtained, showing increased echogenicity around the cortex (arrows), indicating cor-
tical injury, and in the ventricular wall (green arrows), suggesting ventriculitis. The
images performed with the LA probe are of superb resolution and show more detail of
the cortical injury (arrows), but the overview of the brain is lost. (e-g) CUS scans per-
formed in a full-term baby with intractable seizures. (e) Parasagittal scan performed
with a CV probe. (f) Parasagittal scan performed with a LA probe, showing the swollen
cortex (arrows) in more detail.
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Fig. 2.4 (continued) (g) Colour Doppler scan using the LA probe, demonstrating flow
in superficial cortical arteries and the superior sagittal sinus (green arrow). (h, i) CUS in
a very preterm neonate. (h) Parasagittal scan through the insular area performed with
the CV probe shows inhomogeneous echogenicity of the white matter (arrow). (i) The
LA probe shows that the echogenicity extends deeper into the white matter (arrow).
However, the overall view of the brain is lost
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Fig. 2.4 (continued)
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Fig. 2.4 (continued)
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Fig. 2.5 Same full-term baby with intractable seizures as Fig. 2.4e—g. (a) Parasagittal
scan performed with scan frequency set at 8 MHz. (b) scan frequency set at 10 MHz. In
(b) the resolution is better, and the superficial structures (cortex (arrow)) and subcorti-
cal white matter (green arrow) are depicted in more detail
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Fig. 2.6 (a, b) Coronal CUS scans in a full-term neonate, scanned with a transducer
frequency of, respectively, 8 (a) and 5 (b) MHz. A good resolution is obtained with the
high scan frequency, while with the lower frequency, the resolution is less, but the
cerebellum (arrow) is somewhat better depicted.




