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Cranial ultrasonography (CUS) was introduced into neonatology in the 
late 1970s and has become an essential diagnostic tool in modern neona-
tology. The non-invasive nature of ultrasonography makes it an ideal im-
aging technique in the neonate. In the neonate and young infant, the fon-
tanels and many sutures of the skull are still open, and these can be used 
as acoustic windows to “look” into the brain. Transfontanellar CUS allows 
the use of high-frequency transducers, with high near-field resolution. 

As a result of ongoing development in ultrasonography, image quality 
is high nowadays, provided optimal settings and techniques are applied. 
Therefore, CUS is a reliable tool for detecting congenital and acquired 
anomalies of the perinatal brain and the most frequently occurring pat-
terns of brain injury in both preterm and full-term neonates.

This book is a practical guide to neonatal cranial ultrasonography.
The first part describes how to perform a standard, good-quality CUS 

procedure, using the anterior fontanel as an acoustic window. It continues 
with the application of supplemental acoustic windows (i.e. posterior fon-
tanel, mastoid fontanels and the temporal windows). Recommendations 
are given on the timing of CUS examinations and on additional neuro-
imaging (MRI). 

The second part of the book deals with the normal anatomy of the neo-
natal brain as depicted by CUS. This is demonstrated using normal CUS 
images in different planes, obtained from different acoustic windows. 

Although, in order to clarify some topics, examples of abnormal CUS 
images are shown, the focus of this book is on the normal ultrasound 
anatomy of the neonatal brain and on how to perform a good-quality 

     Introduction



XIV Introduction

CUS examination. A systematic review of congenital and acquired anom-
alies of the neonatal brain as depicted by CUS is beyond the scope of this 
book. Recommendations are given for further reading on these subjects. 
Doppler and colour Doppler imaging are briefly mentioned; for more de-
tailed information, the reader is referred to an earlier book on this subject 
(Couture and Veyrac 2001).

The current book refers to some of the available literature on the sub-
ject of CUS, but it does not strive to give a complete overview of the lit-
erature. All ultrasound images were performed at the neonatal unit of the 
Leiden University Medical Center by the author of this book or one of her 
collegues, using an Aloka 5500 or Alpha 10 Ultrasound system. 

The ultrasound images shown in this book are normal and age-appro-
priate unless stated otherwise.

The MRI examinations were performed at the department of neuro-
radiology of the Leiden University Medical Center, using Philips 1.5 or 3 
Tesla MR systems.
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  Part I     the cranIal   
ultrasound Procedure



1.1  advantages of cranial ultrasonography

Major advantages of CUS are the following:
• It can be performed bedside, with little disturbance to the infant 

(Fig. 1.1); manipulation of the infant is hardly necessary. 
• It can be initiated at a very early stage, even immediately after birth. 

  1    cranial ultrasonography:  
advantages and aims 

Fig. 1.1 Cranial ultrasound procedure performed in a premature infant in its incuba-
tor
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• It is safe; (safety guidelines are provided by the British Medical Ul-
trasound Society www.bmus.org and the American Institute of Ultra-
sound in Medicine www.aium.com) (British Medical Ultrasound Soci-
ety 2006, American Institute of Ultrasound in Medicine 2006). 

• It can be repeated as often as necessary, and thereby enables visualisa-
tion of ongoing brain maturation and the evolution of brain lesions. In 
addition, it can be used to assess the timing of brain damage.

• It is a reliable tool for detection of most haemorrhagic, cystic, and isch-
aemic brain lesions as well as calcifications, cerebral infections, and 
major structural brain anomalies, both in preterm and full-term neo-
nates. 

• CUS is relatively inexpensive compared with other neuro-imaging tech-
niques. 

• For all these reasons it is an excellent tool for serial brain imaging 
during the neonatal period (and thereafter until closure of the fonta-
nels).

1.2  aims of neonatal cranial ultrasonography 

The aims of neonatal CUS are to assess
• Brain maturation
• The presence of structural brain abnormalities and/or brain injury
• The timing of cerebral injury 
• The neurological prognosis of the infant

In seriously ill neonates and in neonates with serious cerebral abnormali-
ties, either congenital or acquired, it plays a role in decisions on continu-
ation or withdrawal of intensive treatment.  In neonates surviving with 
cerebral injury, it may help to optimize treatment of the infant and sup-
port of the infant and his or her family, both during the neonatal period 
and thereafter.



�

Advantages of CUS Aims of CUS

• Safe
• Bedside- compatible
• Reliable
• Early imaging 
• Serial imaging:

– Brain maturation
– Evolution of lesions 

• Inexpensive
• Suitable for screening

• Exclude/demonstrate cerebral 
pathology 

• Assess timing of injury
• Assess neurological prognosis
• Help make decisions 

on continuation 
of neonatal intensive care

• Optimise treatment 
and support
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For good-quality and safe CUS the following conditions need to be ful-
filled: a high-quality modern ultrasound machine with appropriate trans-
ducers to enable optimal image quality, and an experienced sonographer 
who is aware of the special needs of sick newborn and/or preterm in-
fants.

2.1	 Equipment

2.1.1	 Ultrasound	Machine

The ultrasound machine should be a transportable real-time scanner, al-
lowing bedside examinations without the need to transport the baby (see 
Fig. 1.1). It should be equipped with appropriate transducers, special soft-
ware for CUS and colour Doppler flow measurements, and a storage sys-
tem. Facilities for direct printing of images may be useful. Settings need to 
be optimised for neonatal brain imaging. It is recommended that special 
CUS presets be used; these can be installed by the application specialist. 
In individual cases and under certain circumstances, the settings can be 
adjusted.

2.1.2	 Transducers	

The use of sector or curved linear array transducers is recommended. 
High-frequency transducers have high near-field resolution (the higher 

	 2	 	 Cranial	Ultrasonography:	
Technical	Aspects
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the transducer frequency, the better the resolution), but they do not al-
low the same penetration as lower-frequency transducers. The ultrasound 
system should therefore be equipped with a multifrequency transducer 
(5–7.5–10 MHz) or different frequency transducers (5, 7.5, and 10 MHz). 
The transducers should be appropriately sized for an almost perfect fit 
on the anterior fontanel (Fig. 2.1). To allow good contact between the 
transducer and the skin, transducer gel is used. In most cases, especially 
in preterm infants, the distance between the transducer and the brain is 
small, allowing the use of high-frequency transducers. In most circum-
stances, good images can be obtained using a transducer frequency of 
around 7.5 MHz. This enables optimal visualisation of the peri- and in-
traventricular areas of the brain. For the evaluation of more superficial 
structures (cortex, subcortical white matter, subarachnoid spaces, su-
perior sagittal sinus) and/or in very tiny infants with small heads, it is 
advised to perform an additional scan, using a higher frequency up to 

Fig.  2.1  Well-fitting ultrasound probe, positioned onto the anterior fontanel. Arrow 
indicates the marker on the probe
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Fig. 2.2  a	Coronal ultrasound scan at the level of the parieto-occipital lobes in a full-term 
baby, born asphyxiated, using a transducer frequency of 7.5 MHz.	b	Coronal ultrasound 
scan in the same baby at the same level after increasing the transducer frequency up to 
10 MHz, now showing more details of the superficial cortical (short arrows) and subcorti-
cal structures (arrowheads). Images show increased echogenicity of the parietal white 
matter (arrows), best seen with the transducer frequency set at 7.5 MHz (a), and the sub-
cortical white matter (arrowheads), best seen with transducer frequency of 10 MHz (b)

2.1 Equipment
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Fig. 2.3  a	Coronal ultrasound scan in a full-term baby, born asphyxiated, at the level of 
the frontal horns of the lateral ventricles. Transducer frequency of 7.5 MHz.	b	Coronal 
ultrasound scan in the same baby after decreasing the transducer frequency down to 
5 MHz, now showing more clearly the subtly increased echogenicity of the basal gan-
glia (arrow). Basal ganglia injury became more obvious during the following days
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10 MHz (Fig. 2.2). If deeper penetration of the beam is required, as in 
larger, older infants or infants with thick, curly hair or in order to obtain a 
better view of the deeper structures (posterior fossa, basal ganglia in full-
term infants), additional scanning with a lower frequency (down to about 
5 MHz) is recommended (Fig. 2.3).

2.2	 Data	Management

Images need to be reproducible. Therefore, it is recommended that a dedi-
cated digital storage system be used, allowing reliable storage and post-
imaging assessment. In addition, direct printing of standard views and 
(suspected) abnormalities can be useful, as it enables storage in the medi-
cal files.

2.3	 Sonographer	and	Safety	Precautions

The sonographer can be an ultrasound technician or a physician (i.e. ul-
trasound physician, neuro- or paediatric radiologist, neonatologist). He 
or she should be specially trained to perform safe, reliable neonatal CUS 
examinations. In addition, he or she should be well informed with regard 
to the normal ultrasound anatomy and specific features of the neonatal 
brain and to the maturational phenomena occurring in the (preterm) 
neonate’s brain. He or she also needs to be well informed about frequently 
occurring, often (gestational) age-specific brain anomalies (whether con-
genital or acquired) in the neonate and young infant and be able to recog-
nise these and search for them. The sonographer should also be aware of 
the special needs of vulnerable, sick (preterm) neonates and should take 
the necessary hygiene precautions (such as appropriate hand hygiene and 
cleaning of the ultrasound machine and transducers according to hospi-
tal regulations). The transducer gel should be sterile and stored at room 
temperature. Cooling of the infant due to opening of the incubator needs 
to be avoided. 

2.3 Sonographer and Safety Precautions
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CUS Equipment and Procedure  Transducers

• Modern, portable ultrasound 
machine

• Special CUS software 
• Standard CUS settings;  

adjust when necessary
• Digital storage system
• Printed copies
• Avoid manipulation and 

cooling of infant
• Take necessary hygiene 

precautions

• 5–7.5–10 MHz 
• Appropriately sized
• Standard examination: use 

7.5–8 MHz
• Tiny infant and/or superficial 

structures: use additional 
higher frequency (10 MHz) 

• Large infant, thick hair, and/or 
deep structures: use additional 
lower frequency (5 MHz)
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Preterm infants and sick full-term infants are examined in their incuba-
tor while maintaining monitoring of vital functions (see also Chap. 2 and 
Fig. 1.1). It is recommended that the CUS examination be performed while 
only the incubator windows are open. Manipulation of the infant (with 
the exception of minor adjustments) is rarely necessary while scanning 
through the anterior fontanel. Older infants and full-term, well neonates 
can be examined in their cot or car seat or on an adult’s lap (Fig. 3.1).

Fig. 3.1  Ultrasound examination performed in a full-term newborn infant while infant 
is seated on his mother’s lap (arrow indicates marker on probe)

  3    Performing Cranial 
Ultrasound Examinations
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3.1  Standard Views

For a standard CUS procedure to enable optimal visualisation of the su-
pratentorial structures, the anterior fontanel is used as an acoustic win-
dow. Images are recorded in at least six standard coronal and five standard 
sagittal planes. These standard planes and the anatomical structures visu-
alised in these planes are presented in Part II. 

In addition to the standard planes, the whole brain should be scanned 
to obtain an overview of the brain’s appearance. This allows assessment of 
the anatomical structures and detection of subtle changes and small and/
or superficially located lesions. Besides the standard views, for any sus-
pected abnormality, images should be recorded in two planes (Fig. 3.2).

3.1.1  Coronal Planes

The anterior fontanel is palpated and the transducer is positioned 
in the middle, with the marker on the probe turned to the right side 
of the baby (see Fig. 2.1). The left side of the brain will thus be pro-
jected on the right side of the monitor, and vice versa (Fig. 3.3). The 
probe is subsequently angled sufficiently far forwards and backwards 
to scan the entire brain from the frontal lobes at the level of the or-
bits to the occipital lobes (see Part II).

3.1.2  Sagittal Planes 

The transducer is again positioned in the middle of the anterior fontanel, 
and the marker is now pointing towards the baby’s mid-face (Fig. 3.4). 
The anterior part of the brain will thus be projected on the left side of 
the monitor (Fig. 3.5). First, a good view of the midline is obtained. The 
transducer is subsequently angled sufficiently to the right and the left to 
scan out to the Sylvian fissures and insulae on both sides (see Part II). 
Because the lateral ventricles fan out posteriorly, the transducer should be 
positioned slightly slanting, with the back part of the transducer slightly 
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Fig. 3.2a,b  Ultrasound scan in a preterm infant with cystic periventricular leukomala-
cia, showing cystic lesions and increased echogenicity in the parietal periventricular 
white matter, seen in two image directions. a Coronal scan at the level of the trigone of 
the lateral ventricles. b Parasagittal scan through the right lateral ventricle

3.1 Standard Views

b
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Fig. 3.3  Coronal ultrasound scan in a very preterm infant at the level of the frontal 
horns of the lateral ventricles. If the marker on the transducer is positioned in the 
right corner of the anterior fontanel (see Figs. 2.1 and 3.1), the right side of the brain is 
projected on the left side of the image, and vice versa. Image shows germinal matrix 
haemorrhages of older duration (arrows)

more lateral than the front part. While the second or fourth parasagittal 
planes are being obtained, this enables visualisation of the lateral ventricle 
over its entire length (see Fig. 3.5 and Part II). 

When scanning in the sagittal planes, it is important to mark which 
side of the brain is being scanned. This can either be done using the body 
marker application or by an annotation (Fig. 3.6).
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Fig. 3.5  Parasagittal ultrasound scan in a preterm infant through the left lateral ven-
tricle. If the marker on the transducer is pointing towards the baby’s nose (see Fig. 3.4), 
the anterior part of the brain will be projected on the left of the image and the poste-
rior part on the right. Image shows some increased echogenicity in the parietal peri-
ventricular white matter (arrow)

Fig. 3.4  Probe positioning for obtaining parasagittal scan. Arrow indicates marker

3.1 Standard Views
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Fig. 3.6a,b  Using markers. a Parasagittal ultrasound scan through the left lateral ven-
tricle as is shown by the body marker (same image as Fig. 3.5). b Parasagittal ultrasound 
scan through the right lateral ventricle, as is annotated. Image shows cystic lesions in 
the parietal region (arrow) and a dilated lateral ventricle (grade 2 PVL)
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3.2  Supplemental Acoustic Windows

If only the anterior fontanel is used as an acoustic window, brain structures 
further away from this fontanel cannot be visualised with high-frequency 
transducers. Lower frequencies enable deeper penetration (see Fig. 2.2), 
but detailed information is lost. Better visualisation can be obtained us-
ing acoustic windows closer to these structures, thus allowing the use of 
higher-frequency, high-resolution transducers and visualisation from dif-
ferent angles (Fig. 3.7).

Using these supplemental acoustic windows for CUS examinations re-
quires additional skills, practice, and anatomical knowledge. The views 
thus obtained and the anatomical structures visualised will be presented 

3.2 Supplemental Acoustic Windows

Fig. 3.7  The acoustic windows. AF anterior fontanel, PF posterior fontanel, MF mastoid 
(or postero-lateral) fontanel, TW temporal window
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in Part II. In order to avoid excessive manipulation of the infant, it is rec-
ommended to apply only those acoustic windows that are easily accessible 
(i.e. if the infant is positioned on his or her left side, only the right-sided 
windows are used, and vice versa). The examination can be continued 
when the infant is in another position. 

Indications for CUS using supplemental windows are presented in Ap-
pendix 3.1

3.2.1  Posterior Fontanel

The posterior fontanel, located between the parietal and occipital bones 
(see Fig. 3.7), enables a good view of the occipital horns of the lateral 

Fig. 3.8a,b  Posterior fontanel. a Probe positioning for coronal scan using the posterior 
fontanel as an acoustic window (arrow indicates marker). b see next page
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ventricles, the occipital parenchyma, and the posterior fossa structures.  
Using this fontanel, scanning can be done in the coronal and sagittal 
planes. The posterior fontanel is palpated and the transducer placed in 
the middle of the fontanel, with the marker in the horizontal position 
to obtain a coronal plane and in the vertical position to obtain a sagittal 
plane (Fig. 3.8). Scanning through the posterior fontanel enables more 
accurate detection of blood in the occipital horns of the lateral ventricles, 
injury to the occipital white matter or cortex, cerebellar haemorrhage, 
and posterior fossa malformations (Figs. 3.9, 3.10) 

Fig. 3.8  (continued) b Probe positioning for parasagittal scan using the posterior fon-
tanel as an acoustic window. The marker (not shown here) is on the top of the probe, 
pointing towards the cranium

3.2 Supplemental Acoustic Windows
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Fig. 3.9a–c  Coronal ultrasound scans obtained through the posterior fontanel in 
very preterm infants. a Normal. b Increased echogenicity in the occipital white mat-
ter (arrows) and a blood clot in the occipital horn of the lateral ventricle (short arrow). 
c see next page
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Fig. 3.9  (continued) c  Intraventricular haemorrhage with blood clots in the occipital 
horns of the left lateral ventricle (arrows)

3.2 Supplemental Acoustic Windows

Fig. 3.10a,b  Parasagittal ultrasound scans obtained through the posterior fontanel in 
a very preterm infant. a Normal. b see next page
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3.2.2  Temporal Windows

Good transverse views of the brain stem can be obtained through the tem-
poral window. The transducer is placed above the ear, approximately 1 cm 
above and anterior to the external auditory meatus, with the marker in a 
horizontal position. The transducer position is subsequently adjusted un-
til visualisation of the brain stem is obtained (Fig. 3.11). The image quality 
in this view depends on the bony thickness. Scanning through the tempo-
ral window allows Doppler flow measurements in the circle of Willis and 
detection of brain stem and cerebellar haemorrhages (Fig. 3.12).

Fig. 3.10  (continued) b  Increased echogenicity in the periventricular white matter 
(arrow) (Same patient as in Fig. 3.9b)
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Fig. 3.11  Temporal window. Probe positioning for CUS using temporal window, pro-
viding transverse views (arrow indicates marker)

Fig. 3.12a,b  Temporal window. a Normal transverse view of brain stem and upper cer-
ebellum, obtained through temporal window. b see next page

3.2 Supplemental Acoustic Windows
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3.2.3  Mastoid Fontanels

The mastoid fontanels are located at the junction of the temporal, oc-
cipital, and posterior parietal bones (see Fig. 3.7). These windows allow 
visualisation of the posterior fossa and the midbrain in two planes, thus 
enabling detection of congenital anomalies and haemorrhages in these 
areas, in particular cerebellar haemorrhages and dilatation of the third 
and fourth ventricles (Fig. 3.13). After the auricle is gently bent forward, 
the transducer is placed behind the ear, just above the tragus, and subse-
quently moved until a good view of the posterior fossa is obtained. If the 
transducer is positioned with the marker in a vertical direction, a coronal 
plane is obtained. If the marker is in a horizontal position, a transverse 
view is obtained (Fig. 3.14).

Fig. 3.12  (continued) b Transverse view of brain stem showing circle of Willis, using 
colour Doppler
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Fig. 3.13a,b  Mastoid fontanel. a Coronal view through the left mastoid fontanel in a 
preterm baby, showing a normal cerebellum. b Coronal view through the left lateral 
ventricle in a preterm baby, with the transducer positioned more anteriorly, showing 
irregular increased echogenicity in the right cerebellar hemisphere (arrow), diagnosed 
as cerebellar haemorrhage (confirmed by MRI) and a wide fourth ventricle (short ar-
row). R right, L left

3.2 Supplemental Acoustic Windows
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Fig. 3.14a,b  Mastoid fontanel. a Probe position for coronal view using the mastoid 
fontanel as an acoustic window. b Probe position for transverse view using the mas-
toid fontanel as an acoustic window. Arrows indicate marker on probe
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3.3  Doppler Flow Measurements

(Colour) Doppler ultrasonography can be applied to study cerebral haemo-
dynamics. Blood flow velocity can be measured in the major cerebral arter-
ies and their branches and in the basilar and internal carotid arteries (see 
Fig. 3.12b) and the large veins (i.e. internal cerebral veins, vein of Galen, su-
perior sagittal, straight and transverse sinus). Doppler flow measurements 
may help to distinguish between vascular structures and non-vascular le-
sions. Blood flow velocities in the major cerebral arteries can be of prognos-
tic significance in infants with hypoxic-ischaemic cerebral damage.

A detailed overview of the role of cerebral Doppler imaging is pro-
vided in the recent book by Couture and Veyrac (2001).
 

Standard CUS procedure  Supplemental acoustic windows

• Anterior fontanel = acoustic 
window (supratentorial 
structures)

• Scan whole brain from frontal 
to occipital and right to left

• Record at least six standard 
coronal and five standard 
(para)sagittal planes

• Record (suspected) 
abnormalities in two planes

• Posterior fontanel (occipital 
parenchyma, occipital horns, 
posterior fossa)

• Mastoid fontanels (midbrain, 
posterior fossa, ventricular 
system)

• Temporal windows (midbrain, 
circle of Willis, flow 
measurements)

Appendix 3.1  Indications for Scanning  
Through Supplemental Windows

•	 Preterm, gestational age < 30 weeks, around third day (cerebellar haem-
orrhage?)

•	 Preterm, complicated medical course with circulatory and/or respira-
tory instability

Appendix 3.1 Indications for Scanning Through Supplemental Windows
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•	 Peri- and intraventricular haemorrhage (blood in occipital horns? 
Concomitant cerebellar haemorrhage?)

•	 Suspected posterior fossa haemorrhage on standard CUS
•	 Suspected posterior fossa abnormalities
•	 Ventricular dilatation of unknown cause 
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edn. Springer, Berlin
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4.1	 Assessing	Cranial	Ultrasound	Examinations	

When performing and assessing CUS examinations, the anatomy (see 
Part II) and maturation (see Chap. 8) of the brain are evaluated, and signs 
of pathology, whether congenital or acquired, are sought. In general, ce-
rebral anomalies or injury should be visualised in at least two different 
planes (see Fig. 3.2). An overview of cerebral pathology as can be visu-
alised by CUS is provided in the Atlas on Cranial Ultrasonography by Go-
vaert and De Vries (1997).

4.1.1	 A	Systematic	Approach	to	Detect	Cerebral	Pathology

While looking for signs of pathology, a systematic approach is recom-
mended. The following can be used as a guideline: 
• Are the anatomical structures distinguishable, and do they appear 

normal? (See Part II; Fig. 4.1)
• Does the maturation of the brain (cortical folding) appear appropriate 

for GA? (See Chap. 8; Fig. 4.2)
• Is there a normal distinction between the cortex and the white matter? 

(Fig. 4.3)
• Is the echogenicity of the cortical grey matter normal? (Fig. 4.4)
• Is there normal echogenicity and homogeneity of the periventricular 

and subcortical white matter? (Fig. 4.5)
• Is there normal echogenicity and homogeneity of the thalami and basal 

ganglia? (Fig. 4.6) 

	 4	 	 Assessing	Cranial	Ultrasound	
Examinations
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Fig. 4.1a,b  Coronal ultrasound scan at the level of the bodies of the lateral ventricles. 
a Normal image in a full-term neonate. b Loss of normal architecture and diffusely 
increased echogenicity in a full-term neonate with severe hypoxic-ischaemic brain 
damage
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Fig. 4.2  Coronal ultrasound scan at the level of the bodies of the lateral ventricles in 
a preterm infant (GA 26 weeks), showing smooth interhemispheric fissure (arrow) and 
wide open Sylvian fissures (short arrows). Also shows bilateral germinal matrix haem-
orrhage of longer duration (arrowheads). Brain maturation appropriate for GA. Com-
pare image with Fig. 4.1a

• Do the size, width, lining and echogenicity of the ventricular system 
appear normal? (Figs. 4.7 and 4.8)

• In the case of ventricular enlargement, are the lateral ventricles mea-
sured according to standard guidelines? (Fig. 4.8) (Levene 1981, Davies 
et al. 2000; see also Appendix 4.1 and Figs. 4.11 and 4.12)

• Are the widths of the subarachnoid spaces appropriate for age? (Fig. 4.9) 
• Is there a midline shift? (Fig. 4.10)

4.1 Assessing CUS Examinations 
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Fig. 4.3a,b  Parasagittal ultrasound scan through the insula. a Normal image in a full-
term neonate, showing normal hypo-echogenic cortex (arrows) and distinction be-
tween cortex and white matter. b Loss of normal grey–white matter differentiation 
with blurring of the cortex in a full-term neonate with hypoxic-ischaemic brain injury
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Fig. 4.4  Parasagittal ultrasound scan through the insula in a full-term baby with wide-
spread hypoxic-ischaemic cortical and subcortical damage, showing a widened hypo-
echogenic cortex (arrows). Compare image with normal image of Fig. 4.3a

4.1 Assessing CUS Examinations 
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CA Fig. 4.5a–c  Parasagittal ultrasound scan through the insula. a Preterm infant 
(GA 26 weeks), showing normal echogenicity of the periventricular white matter. Also 
shows very smooth, unfolded cortex. Same infant as in Fig. 4.2. b Preterm infant (GA 
29 weeks), showing inhomogeneously increased echogenicity of the periventricular 
white matter (arrows), so-called periventricular ”flaring.” c	Full-term infant with wide-
spread hypoxic-ischaemic cortical and subcortical damage (same image as Fig. 4.4), 
showing increased echogenicity of the subcortical white matter (arrows). Compare im-
age with normal image of Fig. 4.3a

4.1 Assessing CUS Examinations 
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C A Fig. 4.6a–c  Coronal ultrasound scan at the level of the bodies of the lateral ven-
tricles. a	Full-term infant with hypoxic-ischaemic cerebral damage, showing increased 
echogenicity of the basal ganglia and thalami, being most pronounced on the right 
side (arrows) and having a “fuzzy” appearance with loss of normal architecture. Com-
pare with normal image in Fig. 4.1a.		b	Preterm infant (GA 31 weeks), showing normal 
basal ganglia (level of the image is slightly more frontal than in a and c).	c	Preterm 
baby (GA 33 weeks) with bilateral intraventricular haemorrhage (arrows) of longer du-
ration and blood clot in the third ventricle (arrowhead), showing local echodensity in 
the basal ganglia on the right side (short arrow)

4.1 Assessing CUS Examinations 
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D Fig. 4.8a,b  Coronal ultrasound scan at the level of the bodies of the lateral ven-
tricles. a	 Preterm infant (GA 31 weeks) showing bilateral IVH (arrows) with ventricu-
lar dilatation, echodense ventricular lining (arrowhead), and widened third ventricle 
(short arrow). Also showing dilated temporal horns of the lateral ventricles (long ar-
rows). Ventricular index is measured according to Levene (the indicated distance 
to be divided by 2) (1981). b	 Preterm infant (GA 29 weeks), showing bilateral IVH 
(arrows) with asymmetric ventricular dilatation. Also shows right-sided periven-
tricular haemorrhagic infarction (short arrow) and echodensity in the basal ganglia 
(arrowhead). The anterior horn width is measured according to Davies et al. (2000).  
Compare with normal image in Fig. 4.6b (level of the image in Fig. 4.6b is slightly more 
frontal)

Fig. 4.7  Coronal ultrasound scan at the level of the bodies of the lateral ventricles in 
a preterm infant (GA 30 weeks), showing bilateral (arrows) with blood clot in the third 
ventricle (short arrow). Compare with normal image in Fig. 4.6b



474.1 Assessing CUS Examinations 
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Image assessment

• Anatomy
• Maturation
• Distinction of cortex/white matter
• Echogenicity of cortex
• Echogenicity/homogeneity of white matter
• Echogenicity/homogeneity of deep grey matter
• Ventricular system: size, lining, echogenicity
 if dilated: perform serial measurements
• Width of subarachnoid spaces
• Midline shift

 

Fig. 4.9  Coronal ultrasound scan at the level of the frontal lobes in a very preterm 
infant scanned at term age, showing wide subarachnoid space (arrow)
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Appendix	4.1	 Measurement	of	the	Lateral	Ventricles

• In the third coronal plane (at the level of the interventricular foramina 
of Monro), the “ventricular index” is measured as the largest distance in 
millimetres between the frontal horns. This number, if divided by 2, re-
sults in the “ventricular index” (VI), according to Levene. Normal values 
are available (Fig. 4.11; see also Fig. 4.8a). [Adapted from Levene (1981)]

• According to Davies (2000), the width of the anterior horn of the lat-
eral ventricles is measured in the third coronal plane (at the level of 
the interventricular foramina of Monro). The width is measured on 
each side as the distance between the medial wall and the floor of the 
lateral ventricle at the widest point (Fig. 4.12; see also Fig. 4.8b)

Fig. 4.10  Coronal ultrasound scan in a full-term neonate (level of the frontal horns of 
the lateral ventricles), showing midline shift, increased echogenicity in the right tem-
poral region, and compressed frontal horn of the right lateral ventricle due to massive 
haemorrhage in the right temporal lobe

Appendix 4.1 Measurement of the Lateral Ventricles
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Fig. 4.11  Growth charts of the ventricular index according to Levene (1981) (see also 
Appendix 4.1). Reproduced with permission from BMJ Publishing Group



51

References

1.  Davies MW et al. (2000) Reference ranges for the linear dimensions of the in-
tracranial ventricles in preterm neonates. Arch Dis Child Fetal Neonatal Ed 82:
F218–F223

2.  Govaert P, De Vries LS (1997) An atlas of neonatal brain sonography, 1st edn. 
MacKeith Press, Cambridge

3.  Levene MI (1981) Measurement of the growth of the lateral ventricles in pre-
term infants with real-time ultrasound. Arch Dis Child 56:900–904

References

Fig. 4.12  Measurement of anterior horn width, according to Davies et al. (2000) (see 
also Appendix 4.1). Reproduced with permission from BMJ Publishing Group



52 4  Assessing Cranial Ultrasound Examinations

Further	Reading

1.  Arthur R, Ramenghi L (2001a) Imaging the neonatal brain. In: Levene MI et al. 
(eds) Fetal and neonatal neurology and neurosurgery. Churchill Livingstone, 
London

2.  Ashwal S (2001b) Congenital structural defects of the brain. In: Levene MI 
et al. (eds) Fetal and neonatal neurology and neurosurgery. Churchill Living-
stone, London

3.  Lam WW et al. (2001) Ultrasonographic measurement of subarachnoid space 
in normal infants and children. Pediatr Neurol 25:380–384

4.  Larroche J-C (1987) Le developpement du cerveau foetal humain. Atlas 
anatomique. INSERM CNRS, Paris

5.  Levene MI (2001c) The asphyxiated newborn infant. In: Levene MI et al. 
(eds) Fetal and neonatal neurology and neurosurgery. Churchill Livingstone, 
London

6.  Levene MI, De Vries LS (2001d) Neonatal intracranial hemorrhage. In: Levene 
MI et al. (eds) Fetal and neonatal neurology and neurosurgery. Churchill Liv-
ingstone, London

7.  Libicher M, Troger J (1992) US measurement of the subarachnoid space in 
infants: normal values. Radiology 184:749–751

8.  Murphy NP et al. (1989) Cranial ultrasound assessment of gestational age in 
low birthweight infants. Arch Dis Child 64:569–572

9.  Naidich TP et al. (1994) The developing cerebral surface. Preliminary report 
on the patterns of sulcal and gyral maturation – anatomy, ultrasound, and 
magnetic resonance imaging. Neuroimaging Clin N Am 4:201–240

10.  Volpe JJ (2001a) Bacterial and fungal intracranial infections. In: Volpe JJ (ed) 
Neurology of the newborn. WB Saunders, Philadelphia

11.  Volpe JJ (2001b) Hypoxic-ischaemic encephalopathy: clinical aspects. In: Volpe JJ 
(ed) Neurology of the newborn. WB Saunders, Philadelphia

12.  Volpe JJ (2001c) Intracranial hemorrhage: germinal matrix-intraventricular 
hemorrhage of the premature infant. In: Volpe JJ (ed) Neurology of the new-
born. WB Saunders, Philadelphia

13.  Volpe JJ (2001d) Intracranial hemorrhage: subdural, primary subarachnoid, 
intracerebellar, intraventricular (term infant), and miscellaneous. In: Volpe JJ 
(ed) Neurology of the newborn. WB Saunders, Philadelphia

14.  Volpe JJ (2001e) Viral, protozoan, and related intracranial infections. In: Volpe JJ 
(ed) Neurology of the newborn. WB Saunders, Philadelphia



5.1	 Timing	of	Ultrasound	Examinations

In order to obtain optimal prognostic information from CUS serial, care-
fully timed examinations are essential, both in preterm and sick full-term 
infants. If timing is not optimally chosen, if time intervals between CUS 
examinations are too long, or if CUS examinations are discontinued too 
early, important information and/or injury may be overlooked. Adequate 
outcome prediction will then be unreliable, and an unfavourable outcome 
may not be predicted. On the other hand, if the quality of CUS is good, 
timing is carefully chosen, proper transducers are used, and, in the case 
of preterm birth, serial examinations are continued until term age, most 
diagnoses will not remain undetected, and the reliability and prognostic 
value of CUS can be high. Serial CUS examinations are not only essential 
for accurate and reliable detection of haemorrhagic, ischaemic, and in-
flammatory brain damage, but they also enable assessment of the onset of 
injury and the evolution of lesions.

5.1.1	 Ultrasound	Screening	Programme

In neonatal units it is useful to apply general guidelines for CUS examina-
tions (see Chaps. 3 and 4) and a CUS screening programme. In Table 5.1, 
an example of a basic screening programme, as applied at our neonatal in-
tensive care unit (NICU), is presented. This screening programme is used 
for all infants admitted to our unit, who consist mainly of preterm infants, 

	 5	 	 Timing	of	Ultrasound	Examinations
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sick full-term neonates, and neonates with congenital malformations. It 
calls for at least one CUS examination for each infant, regardless of GA, 
diagnosis, or medical course, and serial CUS examinations for preterm 
and sick full-term neonates.

This screening programme is based on the following:
• A first CUS examination soon after birth will give information on con-

genital anomalies of the brain, congenital infections, some metabolic 
diseases, traumatic brain injury after traumatic delivery, and the ante-
natal onset of lesions. It can also serve as a baseline and comparison 
for the next CUS examinations.

• Haemorrhagic lesions usually become visible within hours of the inci-
dent.

• Most haemorrhagic lesions in newborn infants develop around birth.
• More than 90% of peri- and intraventricular haemorrhages (P/IVH) 

develop within the first 3 days of birth.
• Progression of an initial P/IVH usually occurs within 3 to 5 days.

Table 5.1  CUS screening programme

NICU and/or <32 weeks GA 
and/or birth weight <1,500 g 

High care and ≥32 weeks GA 
and ≥1,500 g

<24 h after birth

On the third day On the third day

Biweekly until the second week

Weekly until discharge Weekly until discharge 

Around terma

More frequently in the case  
of (suspected) abnormalities

More frequently in the case 
of (suspected) abnormalities

a It is recommended that term CUS be performed at the neonatal centre
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Thus, a first CUS examination performed soon after birth (within 24 h) 
and a second examination performed around the third day will enable de-
tection of most haemorrhagic lesions. By performing a third scan around 
the seventh day, almost all haemorrhages will be detected and their maxi-
mum extent identified. 

• It takes a variable period of time (hours to days) before ischaemic le-
sions become visible.

• The first stages of hypoxic-ischaemic brain damage may evolve over a 
variable period of time (hours to weeks).

• Especially in preterm infants, the first stages and the milder spectrum 
of hypoxic-ischaemic brain damage may be hard to distinguish from 
normal (maturational) phenomena occurring in the immature brain 
(Fig. 5.1).

• In preterm infants ischaemic lesions may develop throughout the neo-
natal period, related to postnatal events (see Fig. 5.2a).

Thus:
• A CUS examination performed on the first day of life and repeated 

at least twice during the first week will enable detection of the acute 
stages of perinatal hypoxic-ischaemic brain injury.

• Sequential CUS examinations are necessary to assess the evolution of 
ischaemic lesions and to distinguish (mild) pathology from normal  
(maturational) phenomena.

• In preterm infants, sequential CUS examinations throughout the neo-
natal period are necessary to exclude later onset of ischaemic lesions.

For infants who were born prematurely and are later transferred from the 
neonatal referral centre to a local hospital, arrangements need to be made 
for continuation of CUS examinations. If local facilities are insufficient, it 
is recommended that CUS examinations be performed at regular inter-
vals at the neonatal centre. 

5.1  Timing of Ultrasound Examinations
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5.2	 Cranial	Ultrasonography	at	Term	Corrected	Age

In addition, in infants born very prematurely (GA < 32 weeks) and/or with 
very low birth weight (< 1,500 g), infants in whom parenchymal injury 
was demonstrated or suspected, infants at increased risk of brain damage, 
infants with complicated intraventricular haemorrhage (IVH), and infants 
with meningitis and/or brain infections, it is recommended that CUS be 
performed around term age, preferably at the neonatal centre. This term 
examination is done to see the later stages of (ischaemic) brain injury, 
to detect new lesions that may have developed after discharge (Fig. 5.2), 
and to evaluate brain growth and development, which may be impaired in 
very preterm infants (see Fig. 4.9).

Indications for CUS at term corrected age are presented in Appen-
dix 5.1.

C Fig. 5.1  a	Coronal ultrasound scan at the level of the frontal lobes in a preterm in-
fant (GA 27 weeks), showing symmetrical, bilateral increased echogenicity in the fron-
tal white matter (“frontal echodensities”) (arrows), which is a normal finding in preterm 
infants (van Wezel-Meijler et al. 1998).	b	These normal frontal echodensities should not 
be confused with pathological periventricular flaring (arrows): coronal ultrasound scan 
in  a  preterm  infant,  showing  asymmetric  periventricular  flaring  in  the  frontal  white 
matter

5.2  Cranial Ultrasonography at Term Corrected Age
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5.3	 Adaptations	of	Ultrasound	Examinations,	
Depending	on	Diagnosis

When using a CUS screening programme, it is important to realise that 
such a programme is suitable for neonates without neurological symp-
toms or brain pathology or for neonates with stable brain abnormalities 
(such as congenital anomalies or acquired but stabilised lesions). In cases 
of (suspected) cerebral and/or neurological abnormalities, the intensity 
and frequency of CUS examinations may need to be increased, depending 
on the clinical picture and the lesion(s). This can vary between one or two 
CUS examinations a week in non-progressive cases and several CUS ex-
aminations a day in unstable cases (such as IVH and post-haemorrhagic 
ventricular dilatation (PHVD), severe hypoxic-ischaemic encephalopathy, 
complicated meningitis, and brain infections). 

If complications occur after P/IVH (progression of the haemorrhage, 
ventricular dilatation, and/or periventricular haemorrhagic infarction) 
(see Chap. 6), it is recommended that the frequency of CUS examinations 
be intensified and, in the case of ventricular dilatation, the lateral ven-
tricles be measured on a regular basis until stabilisation has occurred (see 
Appendix 4.1, Figs. 4.8, 4.11, and 4.12 and Chap. 6). 

It is also important to realise that the end stages of hypoxic-ischaemic 
brain damage may not become visible until a variable period of time, of-
ten several weeks to months after the event, and that the early stages may 
seem mild or subtle (Figs. 5.3 and 5.4 and Chap. 6). In cases of (suspected) 
ischaemic injury, even if apparently mild, it is therefore advisable to in-

C Fig. 5.2  a	Coronal ultrasound scan at the level of the trigone of the lateral ventricles, 
showing asymmetric, bilateral periventricular flaring (arrows). This preterm infant ini-
tially had normal CUS scans but later developed PVL (same infant as in Fig. 5.1b). b	CUS 
scan at the level of the parieto-occipital lobes in a preterm infant, imaged at term age. 
It shows bilateral cystic white matter lesions within hyperechogenic areas. This infant 
initially  had  periventricular  flaring  and  developed  the  cystic  lesions  after  discharge 
(same infant as in Fig. 4.5b). Also shows wide subarachnoid spaces (arrow)

5.3  Adaptations of Ultrasound Examinations, Depending on Diagnosis
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tensify CUS examinations until normalisation or stabilisation of abnor-
malities has occurred.

Meningitis and brain infections can have a very rapid, fulminant 
course and should therefore be intensively monitored by repetitive CUS 
(Fig. 5.5).

It needs to be emphasised once more that if the timing of CUS is 
not optimal, the first stages of ischaemic damage may be missed, milder 
and/or diffuse damage may be overlooked, and complications of haem-
orrhages or infections may be detected late or not at all. In addition, if 
CUS examinations are discontinued too early, (the severe end stages of) 
hypoxic-ischaemic injury may remain undetected. 

Fig. 5.3a–c  Parasagittal ultrasound scan in a preterm infant (GA 31 weeks). a Initially 
show mild, homogenous periventricular flaring (arrow) in the parietal region. b,c	see 
next page
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Fig. 5.3  (continued) b	Later evolved into more severe non-homogeneous echodensi-
ties (arrows) and c	cystic lesions, which developed only after several weeks

5.3  Adaptations of Ultrasound Examinations, Depending on Diagnosis
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Fig. 5.4a,b  Coronal ultrasound scan in a full-term neonate, born asphyxiated.	a	First 
scan, performed several hours after birth, showing subtle echogenicity in the thalami 
(arrows)  and  basal  ganglia  (short arrows).	 b	 On  the  third  day  there  is  more  obvious 
increased echogenicity in the thalamus and basal ganglia, and the brain anatomy is 
shown in less detail. Compare with normal image as in Fig. 4.1a



635.3  Adaptations of Ultrasound Examinations, Depending on Diagnosis

  Timing of CUS    Background

•  Serial examinations until 
discharge

•  Routine screening programme 
in neonatal units

•  Intensify CUS if (suspected) 
abnormalities

•  Term CUS:
-  GA < 32 weeks
-  Birth weight < 1,500 g
-  Suspected parenchymal 

brain damage
-  Periventricular flaring 

present at discharge
-  IVH grade 3 
-  Complications of IVH
-  Meningitis
-  Brain infections

•  Haemorrhagic lesions: 
-  Early detection (hours) 
-  Occur around birth (< 72 h)
-  Extension first days after 

event
-  Later complications (days/

weeks)
•  Ischaemic lesions:

-  Later detection (hours/days 
after event)

-  May develop any time 
during the neonatal period

-  Early stages may evolve 
into late, more severe 
stages over a long period 
(weeks/months)

-  Late detection of end 
stages 

-  Early stages may seem mild 
-  May be difficult to 

distinguish from normal 
phenomena
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Appendix	5.1	 Indications	for	Ultrasonography	
at	Term	Corrected	Age

• Born prematurely, < 32 weeks and/or birth weight < 1,500 g
• Periventricular leukomalacia ≥ stage 2 according to De Vries et al. 

(1992)
• Periventricular echodensities (flaring) still present at discharge/trans-

fer
• Non-homogeneous periventricular flaring (even if already subsided at 

discharge/transfer)
• Other lesions of brain parenchyma (such as periventricular haemor-

rhagic parenchymal infarction, arterial infarction, basal ganglia le-
sions, brain abcesses, global hypoxic-ischaemic brain damage, etc.) 

• P/IVH stage 3 (Volpe 2001b) and/or periventricular haemorrhagic 
infarction and/or post-haemorrhagic ventricular dilatation, needing 
treatment 

• Meningitis or brain infections

Appendix 5.1  Indications for Ultrasonography at Term Corrected Age

C Fig. 5.5  Ultrasound scan in a 6-week-old full-term infant, 1 week after admittance 
for group B streptococcal meningitis. This infant initially had normal CUS findings, but 
eventually developed multi-cystic encephalopathy within a few weeks after the first 
symptoms of the adequately treated meningitis. a Coronal scan at the level of the fron-
tal horns of the lateral ventricles. b Parasagittal scan through the left lateral ventricle. 
CUS shows areas of increased echogenicity (arrows), probably presenting infarctions; 
small areas of ecreased echogenicity (long arrows), probably presenting liquefaction; 
and thickening of the cerebal surface (short arrows), probably due to cortical necrosis
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6.1	 Scoring	Systems

In order to obtain insight into the severity of lesions and for better prog-
nostication, it is recommended that a scoring system be applied for P/
IVH, PVL, and periventricular echogenicity. These scoring systems are 
presented in Appendices 6.1, 6.2, and 6.3, respectively. 

Appendix	6.1	 Classification	of	Peri-	and	Intraventricular	
Haemorrhage

Adapted from Volpe (1989):
• Grade 1: germinal matrix haemorrhage with no or minimal IVH (<10% 

of ventricular area on parasagittal view) (Fig. 6.1)
• Grade 2: IVH (10–50% of the ventricular area on parasagittal view) 

(Fig. 6.2)
• Grade 3: IVH (>50% of the ventricular area on parasagittal view; usu-

ally distends to the lateral ventricle) (Fig. 6.3)
• Separate notation: concomitant periventricular echodensity (location 

and extent), referred to as “IPE” (intraparenchymal echodensity), 
periventricular haemorrhagic parenchymal infarction, or venous in-
farction (Fig. 6.4)

• Separate notation: PHVD (Fig. 6.5; see also Fig. 6.3c)

	 6	 	 Classification	of	Peri-	and	Intra-
ventricular	Haemorrhage,	
Periventricular	Leukomalacia,	
and	White	Matter	Echogenicity
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Fig. 6.1  Coronal ultrasound scan in a preterm infant at the level of the frontal horns of 
the lateral ventricles, showing bilateral germinal matrix haemorrhage (arrows; grade 1 
P/IVH) and asymmetric ventricular dilatation of the left lateral ventricle

D Fig. 6.2  Grade 2 IVH a Coronal ultrasound scan in a preterm baby (GA 26 weeks, 
scanned at post-conceptional age 29 weeks), level of the bodies of the lateral ventri-
cles, showing bilateral IVH (arrows). b Parasagittal ultrasound scan through left lateral 
ventricle (same infant, some days later) showing IVH (arrows), beginning PHVD, and 
increased echogenicity of the ventricular wall (short arrow) 
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CA Fig.  6.3a–c  Grade 3 IVH. a Coronal ultrasound scan in a preterm neonate (GA 
28 weeks, level of the bodies of the lateral ventricles), showing bilateral IVH (arrows), 
distending the frontal and temporal (long arrows) horns of the lateral ventricles; also 
showing echodensities in the cerebellar hemispheres (short arrows) and a small echo-
density in the area of the left basal ganglia (arrowhead), presenting haemorrhages. 
b Parasagittal ultrasound scan through the right lateral ventricle (same infant, 1 day 
later), showing the large IVH (arrows) distending the lateral ventricle and the haem-
orrhage in the right cerebellar hemisphere (short arrow). c Coronal ultrasound scan 
in another preterm infant with grade 3 IVH, showing more obvious dilatation of the 
frontal and temporal horns of the lateral ventricles (arrows), “ballooning” of the fron-
tal horns (grade 3 IVH with PHVD, and increased echogenicity of the ventricular wall 
(short arrow)

Appendix 6.1 Classification of Peri- and Intraventricular Haemorrhage
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Fig. 6.4a,b  Ultrasound scan in a preterm infant with bilateral IVH and right-sided 
periventricular haemorrhagic infarction (also referred to as venous infarction, or IPE). 
a	Coronal scan showing the intraventricular haemorrhages (short arrows) and a large 
echodensity in the right fronto-parietal white matter (arrow). b	Parasagittal scan show-
ing the echodensity (arrows) extending from the frontal white matter into the parietal 
white matter; also beginning to show some echolucency (short arrows), presenting 
cystic degeneration
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Fig. 6.5a,b  Ultrasound scan in a preterm infant with IVH (grade 3) and PVHD. a	Coronal 
view showing the haemorrhages, dilated frontal horns, and temporal horns (arrows) of 
the lateral ventricles, dilated third ventricle (short arrow), and echogenic ventricular 
wall (arrowhead). b Parasagittal view showing IVH, dilated lateral ventricle, and echo-
genic ventricular wall

Appendix 6.1 Classification of Peri- and Intraventricular Haemorrhage
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Fig. 6.6a,b  Grade 3 PVL. Ultrasound scan in a preterm infant, PCA 34 weeks, born at 
29 weeks’ gestation, with a complicated course. a	Coronal view showing cystic lesions 
surrounded by echodensities in the parietal white matter (arrows) (same image as 
Fig. 5.2b). b	Parasagittal view 1 month later showing extensive cystic lesions in the pa-
rietal white matter and also showing dilated lateral ventricle and wide subarachnoidal 
spaces (short arrow), both resulting from tissue loss
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Fig. 6.7a,b  Ultrasound scan in a premature infant who gradually, over a period of 
weeks, developed extensive leukomalacia (grade 4), showing cystic lesions extending 
into the deep white matter. This baby was one of monochoriotic twins; the pregnancy 
had been complicated by severe twin-to-twin transfusion syndrome. a	Coronal view at 
the level of the parieto-occipital lobes. b	see next page
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Fig. 6.7a,b  (continued) b	Parasagittal view

Appendix	6.2	 Classification	of	Periventricular	
Leukomalacia

According to de Vries et al. (1992): 
• Grade 1: transient periventricular echodensities persisting for ≥ 7 days 

(see Figs. 4.5b, 5.1b, 5.2a, 5.3a, and 5.3b) 
• Grade 2: transient periventricular echodensity evolving into small, lo-

calised fronto-parietal cysts (see Fig. 3.6b)
• Grade 3: periventricular echodensities evolving into extensive periven-

tricular cystic lesions (Fig. 6.6; see also Figs. 3.2, 5.2b, and 5.3c)
• Grade 4: densities extending into the deep white matter evolving into 

extensive cystic lesions (Fig. 6.7)
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Fig. 6.8a,b  Ultrasound scan in a preterm baby with moderately increased echogenicity 
(“flaring”) of the parietal periventricular white matter (grade 1 echogenicity) (arrows). 
a	Coronal view at the level of the trigone of the lateral ventricles. b	see next page

Appendix 6.3 Classification of White Matter Echogenicity

Appendix	6.3	 Classification	of	Periventricular	
White	Matter	Echogenicity

According to van Wezel et al. and adapted according to Sie et al. (1998, 
2000):
• Grade 0: normal echogenicity of the periventricular white matter (the 

echogenicity of the periventricular white matter being less than that of 
the choroid plexus) (see Figs. 4.1a, 4.2, 4.3a, 4.5a, and 4.6b)

• Grade 1: moderately increased echogenicity of the periventricular white 
matter, the affected region (or smaller areas within the affected region) 
being almost as bright or as bright as the choroid plexus (Fig. 6.8; see 
also Figs. 3.5, 3.10b, 4.5b, 5.1b, and 5.3a)
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Fig. 6.8a,b  (continued) b	Parasagittal view. This infant later developed grade 3 cystic 
PVL (same infant as in Fig. 6.6)

• Grade 2: seriously increased echogenicity, the affected region (or 
smaller areas within the affected region) being obviously brighter than 
the choroid plexus (Fig. 6.9)

• Separate notation: homogeneous, non-homogeneous (Fig. 6.10)
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Fig. 6.9  Coronal ultrasound scan in a preterm neonate (GA 31 weeks), showing mainly 
homogeneously increased echogenicity (grade 1) in the right parietal white matter 
(arrow) and more serious but mainly homogeneously increased echogenicity (echo-
genicity grade 2) in the left parietal white matter (short arrow)
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Fig. 6.10a,b  Ultrasound scan in a preterm infant, showing diffuse, non-homogeneous, 
seriously increased echogenicity (grade 2) of the parieto-occipital white matter (ar-
rows). This serious periventricular flaring later evolved into extensive cystic PVL (same 
infant as in Fig. 6.7, but 1 month earlier). a	Coronal view at the level of the parieto-oc-
cipital lobes. b Parasagittal view through the lateral ventricle
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7.1	 Limitations	of	Cranial	Ultrasonography	

The advantages of CUS are numerous and widely appreciated (see Chap. 1); 
however, it is important to acknowledge its limitations:
• Image quality can be affected by small acoustic windows. Although the 

adaptation of transducer frequency to individual situations and cases 
and the implementation of additional acoustic windows enhance the 
possibilities of CUS, some structures and abnormalities remain dif-
ficult to visualise. 

• Evaluation of superficial structures is difficult; subtle aspects of cortical 
folding will not be reliably assessed, and extracerebral haemorrhage 
located at the convexity of the cerebral hemispheres (i.e. subdural, epi-
dural, and subarachnoid haemorrhages) may remain beyond the scope 
of CUS. 

• Cerebellar haemorrhage and infarctions are a well-known complica-
tion of very preterm birth and may have important consequences for 
neurodevelopment. These and other posterior fossa abnormalities 
are usually detected, especially if additional scanning is performed 
through the posterior and/or mastoid fontanels, but it is not always 
possible to define abnormalities precisely. 

• Myelination is not visualised. 
• Damage to the basal ganglia in term hypoxic-ischaemic encephalopa-

thy and areas of focal infarction are usually detected, but they may not 
be defined well enough for precise prognostication. 

• Diffuse white matter injury, as can occur in very preterm infants, is 
probably not well detected by CUS. 

	 7	 	 Limitations	of	Cranial	Ultrasonography	
and	Recommendations	for	MRI	
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7.2	 Role	of	MRI

Although MRI cannot replace serial CUS, there are many instances when 
MRI of the brain is required. MRI depicts brain maturation, including 
myelination, in much detail. MRI helps to define pathological processes 
and enables prognostication in many cases. It can help to establish the 
precise site, origin, and extent of lesions. If abnormalities exist in areas  
that are difficult to visualise with CUS, MRI may detect lesions that CUS 
does not. MRI allows detection of diffuse and non-cystic white matter 
lesions in preterm infants. Modern MRI techniques (diffusion-weighted 
imaging) allow very early detection of hypoxic-ischaemic brain injury. 
However, MRI does not enable frequent, serial imaging, and very early 
imaging within a few hours after birth is hard to realise. In addition, al-
though safe, MRI is much more stressful than CUS for the sick and/or 
preterm neonate. Some conditions, such as calcifications and lenticulos-
triate vasculopathy, are better or only depicted by ultrasound.

Thus, in modern neonatology, CUS and MRI are complementary 
neuro-imaging tools. 

7.2.1	 Conditions	in	Which	MRI	Contributes	
to	Diagnosis	and/or	Prognosis

• Term hypoxic-ischaemic encephalopathy 
• Focal infarction (exact location and extent)
• Periventricular haemorrhagic parenchymal infarction (exact location 

and extent)
• Diffuse and/or non-cystic white matter damage
• Extracerebral haemorrhage 
• Sinus vein thrombosis
• Posterior fossa abnormalities (both congenital and acquired)
• Cortical dysplasia 
• Infectious brain disease
• Hypoglycaemia
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• Metabolic disease 
• Congenital (central nervous system) abnormalities

In Appendix 7.1, indications for MRI examinations as applied at our neo-
natal unit are presented. 

7.3	 Role	of	CT

The radiation dose involved in CT scanning is significant, and in most 
cases CT has little or no additional diagnostic value as compared to high-
quality CUS. Therefore, our policy is to apply cerebral CT only under rare 
conditions, such as suspected calcifications at the brain’s convexity, poste-
rior fossa haemorrhage and/or subdural or subarachnoid haemorrhages if 
intervention is considered and MRI is not readily available, and suspected 
calcifications at the brain’s convexity. 

Appendix	7.1	 Indications	for	Neonatal	
MRI	Examinations

• After perinatal asphyxia: hypoxic-ischaemic encephalopathy stage 
2 or 3 (Sarnat and Sarnat 1976) and/or (suspected) CUS abnormali-
ties of the thalami/basal ganglia, cortex, and subcortical white matter. 
(Optimal timing: days 3–6)

• After traumatic delivery 
• In newborn infants with seizures
• CUS diagnosis of parenchymal brain injury (such as cystic PVL, arte-

rial infarction, periventricular haemorrhagic parenchymal infarction, 
and brain abcesses). Allows exact information on the location and ex-
tent of lesions and involvement of the posterior limb of the internal 
capsule. Best timing in preterm infants: around term corrected age

• In the case of severe PHVD. Associated white matter damage? Best 
timing: around term age.

Appendix 7.1 Indications for Neonatal MRI Examinations
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• Suspected posterior fossa abnormalities
• Miscellaneous: congenital abnormalities of the central nervous sys-

tem, congenital malformations, severe hypoglycaemia, congenital in-
fections, infections of the central nervous system, metabolic disorders

• Extreme prematurity (< 28 weeks GA) may as such be an indication to 
perform MRI, preferably around term age. Allows detection of diffuse 
white matter injury and/or diffuse excessive high-signal intensity in 
the white matter and evaluation of brain growth and maturation.
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8.1	 Maturational	Processes	

During the late foetal and perinatal period and during early infancy, ma-
jor maturational processes and growth of the brain take place. Because of 
this ongoing maturation, the preterm brain in particular is very vulnera-
ble to deviant development and damage. Patterns of perinatal brain injury 
depend not only on the origin of the injury (i.e. traumatic, hypoxic-isch-
aemic, inflammatory, haemorrhagic) but also on the PCA of the foetus or 
infant at the time of the event(s).

Maturational phenomena give very specific CUS features, and CUS 
images change with ongoing maturation. Those performing neonatal CUS 
need to be well informed about normal brain maturation, maturational 
phenomena as depicted on CUS, and (gestational) age-related patterns of 
perinatal brain injury. 

Maturational processes include a major increase in volume, weight, 
and surface area of the brain; gyration; cell migration; germinal matrix 
involution; and myelination. These processes can be visualised by modern 
neuro-imaging techniques, resulting in age-specific features, and will be 
reviewed in this chapter. Other changes, such as programmed cell death 
of excess neuroblasts and glioblasts, formation and growth of neurons, 
and synaptogenesis, are not depicted by neuro-imaging techniques and 
will not be discussed. 

	 8	 	 Maturational	Changes	
of	the	Neonatal	Brain
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8.2	 Gyration

Gyration starts in the second trimester of pregnancy, continues in an or-
dered, predictable way, and is completed around term age when the brain 
surface has an almost mature appearance. In extremely preterm infants 
(GA 24–26 weeks), the brain surface is still very smooth and has a lissen-
cephalic appearance (Figs 8.1, 8.2).

Important regional differences in gyral development exist: Generally, 
the posterior parts of the brain show the fastest development, and the an-
terior parts of the brain gyrate much later. Thus, at around 34 weeks of 
gestation, the frontal cortex can still look very smooth, while the occipital 
cortex already shows obvious gyration (Fig. 8.3). The process of gyration 
can be followed by CUS. It is possible to assess the GA of the infant from 
the ultrasound images.

CUS images of very preterm infants before term age differ substan-
tially from those obtained in infants of around term age, mainly because 
of the progress in gyration (see Figs. 8.1, 8.2).

While obvious differences in cortical folding between term-equiva-
lent-age preterm and full-term infants as seen on CUS have not been 
reported, MRI studies have shown that cortical development is not as 
complex in term-equivalent-age infants born very prematurely as it is in 
controls born at term. 

D Fig. 8.1a,b  CUS scan at the level of the frontal horns of the lateral ventricles.  
a	 A very preterm infant (GA 26 weeks), showing very smooth cortex (arrow) and 
open insulae (short arrows); also showing germinal matrix haemorrhages (arrow 
heads). b A term infant showing advanced cortical folding (arrow) and closed insulae 
(short arrow)
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Fig. 8.2a,b  Parasagittal ultrasound scan at the level of the insula.	a The same, very pre-
term infant as in Fig. 8.1a, showing a smooth cortex (short arrow) and absent gyration 
of the insular cortex. Also shows wide subarachnoid space (arrow).	b	A full-term infant, 
showing advanced development of the insular cortex
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Fig. 8.3  Parasagittal T1-weighted MRI scan in a preterm infant, GA 33 weeks, PCA 34 
weeks, showing regional differences in cortical development: The frontal cortex is 
still almost smooth, while the posterior parietal and occipital cortex show obvious 
gyration

8.2 Gyration
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8.3	 Myelination	

The posterior brain stem becomes myelinated during the second trimes-
ter, but myelination of the anterior brain stem, internal capsule, and ce-
rebral hemispheres does not start until the middle of the third trimester 
of pregnancy. It then proceeds rapidly during the late foetal period and 
infancy and continues until early adolescence. Thus, while full-term birth 
gyration mainly occurs before birth, myelination also takes place after 
birth and is very susceptible to perinatal injury. 

Like gyration, myelination is a very ordered and predictable process. 
In general, the central parts of the brain myelinate before the peripheral 
parts, and the posterior parts before the anterior. Myelination is well de-
picted by MRI  (Fig. 8.4) but is not shown on CUS. However, myelina-
tion, cell migration, and germinal matrix involution result in white matter 
changes, which are shown on CUS (see also Chaps. 4 and 5).

Fig. 8.4a–c  Transverse T1-
weighted MRI scan at low 
ventricular level. a A preterm 
infant, GA 28 weeks, scanned 
at PCA 29 weeks, showing a 
“watery” brain with low signal 
intensity of the unmyelinated 
brain white matter (arrow). 
The basal ganglia have a 
higher signal intensity than 
the surrounding unmyelinated 
white matter. Also shows small 
germinal matrix haemorrhag-
es (short arrows) (movement 
artefact). b,c see next page
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Fig. 8.4a–c  (continued)  
b A full-term neonate, show-
ing a somewhat higher signal 
intensity of the brain white 
matter compared with the 
preterm infant, and obvious 
myelination (high signal) in 
the PLIC (arrow) and the peri-
rolandic cortex (short arrow). 
Note the advanced cortical 
development compared with 
the preterm infant.  
c A preterm infant, scanned 
at 4 months corrected age, 
now also showing beginning 
myelination of the anterior 
limb of the internal capsule 
(arrow) and of the optic radia-
tion (short arrow)

8.3 Myelination 
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8.4	 Cell	Migration

In the first trimester of pregnancy, neurons migrate towards the immature 
cortex. Although neuronal cell migration is completed after 20 weeks of 
gestation, migration of glial cells continues until late gestation. Glial cell 
migration is visualised on T1- and T2-weighted MR images as regular 
bands of alternating signal intensity. In normal preterm infants, we may 
recognise on CUS subtle areas of symmetrical increased echogenicity, 
mainly in the frontal regions. These areas of increased echogenicity rep-
resent glial cell migration and should be distinguished from pathological 
periventricular flares (see Fig. 5.1).

Fig. 8.5a,b  Transverse MRI 
scan at low ventricular level 
in a preterm infant, PCA 29 
weeks (same infant as in 
Fig. 8.4a), showing germinal 
matrix, visible as strips in the 
ventricular wall (arrows), hav-
ing a high signal intensity on 
the T1-weighted image (a)  
and a low signal on the  
T2-weighted image (b).  
see next page
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8.5	 Germinal	Matrix	Involution	

The germinal matrix is an abundant, highly cellular and vascular “strip” 
of subependymal tissue. During early gestation it lines the entire wall of 
the lateral ventricles and third ventricle. It produces neuroblasts and glio-
blasts and is the origin of migrating neurons (first trimester) and glial cells 
(second and third trimesters). Regression of the germinal matrix starts 
from 24–26 weeks of gestation onwards. After 34 weeks, remnants remain 
in the thalamo-caudate notch and temporal horns of the lateral ventricles. 
On MR images of preterm infants, the germinal matrix is clearly visible as 
a high or low signal intensity strip in the ventricular wall on T1- and T2-
weighted images, respectively (Fig. 8.5). On CUS, the germinal matrix can 
be distinguished as small areas of high echogenicity, mostly only visible 
around the thalamo-caudate notch (Fig. 8.6).

Fig. 8.5  (continued) b Also 
shows myelination in the 
ventral thalamic nuclei  
(arrowheads in b) and small 
germinal matrix haemor-
rhages (short arrows) having 
high signal intensity on the 
T1-weighted image (a) and 
lower signal intensity on the 
T2-weighted image (b)

8.5 Germinal Matrix Involution 
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Fig. 8.6a,b  Parasagittal ultrasound scan through the right lateral ventricle.	a	A pre-
term infant, GA 28 weeks, showing remnants of the germinal matrix in the thala-
mo-caudate notch (arrow). This should not be confused with b small germinal ma-
trix haemorrhage (arrow), often originating at the same location. (preterm infant, 
GA 29 weeks)
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8.6	 Deep	Grey	Matter	Changes

On CUS of preterm infants, the thalami and basal ganglia undergo 
changes. In very preterm infants these deep grey matter structures may 
show a diffuse, subtly increased echogenicity compared with surroun-
ding tissue (Fig. 8.7). The origin of this phenomenon still needs to be 
established. It may be the result of changes in myelin and water content 
within these structures and/or the surrounding tissue, and/or the result of 
changes in fibre density. This diffuse, subtly increased echogenicity should 
be distinguished from pathological changes in the deep grey matter re-
sulting from hypoxic-ischaemic injury, typically occuring in (near)-term 
neonates after perinatal asphyxia (Fig. 8.8;  see  also  Figs. 2.3  and  4.6a) 
and from more localised or unilateral lesions in the thalami and/or basal 
ganglia, resulting from haemorrhage or infarction in these areas (see 
Fig. 4.6c).

Therefore, a diffuse, subtle, echogenic “haze” over the basal ganglia 
and/or thalami can be a normal finding in very preterm neonates, whereas 
in (near) term neonates, increased echogenicity increase in this same re-
gion often presents hypoxic-ischaemic injury, with possible, sometimes 
serious, consequences for neurodevelopment.

8.7	 Changes	in	Cerebrospinal	Fluid	Spaces	

In the foetus and very preterm infant, the lateral ventricles are often wide 
and asymmetric (usually the left is larger than the right) with very wide 
occipital horns (see  Fig. 8.7b). Subarachnoid spaces may also be wide 
(Fig. 8.9; see also Fig. 8.2a). Because of brain growth and loss of fluid in 
the first few days, the cerebrospinal fluid spaces gradually become smaller. 
Under some conditions (after extreme prematurity, in infants with con-
genital cardiac defects, after perinatal asphyxia) the cerebrospinal fluid 
spaces are sometimes wide, even after term age (see Fig. 4.9). This may be 
the result of impaired brain growth. 

8.7 Changes in Cerebrospinal Fluid Spaces 
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Fig. 8.7a,b  Ultrasound scan in a preterm infant, GA 27 weeks, showing diffuse, sub-
tly increased echogenicity in the basal ganglia (arrows).	 a	 Coronal scan at the level 
of the frontal horns of the lateral ventricles.	 b	 Parasagittal scan through the lateral 
ventricle, also showing wide occipital horn of the lateral ventricle (short arrow), which 
is frequently seen in very preterm infants 
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Fig. 8.8  Parasagittal ultrasound scan through the lateral ventricle in a term neonate, 
born asphyxiated (same infant as in Fig. 4.6a), showing pathological, diffusely in-
creased echogenicity in the basal ganglia (arrow) and thalamus (short arrow). In be-
tween these echogenic structures, the internal capsule stands out as a structure of 
low echogenicity (long arrow). Arrowhead shows increased echogenicity in the frontal 
white matter, an abnormal finding in full-term neonates

Changes of Brain Maturation

• Increase in volume and weight
• Cortical folding
• Myelination
• Cell migration
• Germinal matrix involution
• Deep grey matter changes
• Decrease in cerebrospinal fluid spaces
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•	 CUS	is	an	essential	diagnostic	tool	in	modern	neonatology.	It	 is	very	
suitable	 for	 screening,	 and	 it	 depicts	 normal	 anatomy,	 maturational	
changes,	and	pathological	changes	 in	the	brains	of	preterm	and	full-
term	neonates.	CUS	can	reliably	be	performed	only	by	specially	trained	
individuals	and	with	suitable	equipment	and	technique.	CUS	plays	an	
important	role	in	assessing	neurological	prognosis	in	the	infant	at	risk	
for	deviant	development.	

•	 Standard	 CUS	 scanning	 is	 performed	 through	 the	 anterior	 fontanel,	
the	whole	brain	is	scanned,	and	images	are	recorded	in	at	least	six	cor-
onal	and	five	sagittal	planes	with	a	7.5-MHz	frequency	transducer.	In	
individual	cases,	other	frequencies	may	need	to	be	applied,	and	scan-
ning	through	supplemental	acoustic	windows	may	be	necessary.

•	 Optimal	timing	and	frequency	of	serial	CUS	examinations	is	essential.	
It	is	recommended	that	screening	programmes	be	applied	in	neonatal	
units.	Screening	schedules	should	take	into	account	the	fact	that	isch-
aemic	lesions	can	develop	at	any	time	during	the	neonatal	period	and	
may	change	in	appearance	over	a	variable	period	of	time.	

•	 Additional	 MRI	 is	 recommended	 if	 parenchymal	 damage	 is	 present	
or	suspected	and	in	very	preterm	infants,	and	infants	with	congenital	
malformations	and	miscellaneous	disorders.	MRI	can	show	the	loca-
tion	and	extent	of	 lesions	more	precisely	and	 is	better	able	 to	depict	
abnormalities	 in	 the	 posterior	 fossa.	 MRI	 detects	 subtle	 or	 diffuse	

  9    Summary
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white	matter	injury.	In	addition,	MRI	gives	more	detailed	information	
about	maturational	processes.

•	 Knowledge	of	normal	anatomy	is	essential	when	performing	CUS.	

•	 During	the	late	foetal	period	and	in	the	case	of	(very)	preterm	birth,	
essential	 maturational	 processes	 of	 the	 brain	 take	 place	 and	 can	 be	
visualised	by	modern	neuro-imaging	techniques.	These	maturational	
processes	 include	 brain	 growth,	 surface	 development,	 and	 enlarge-
ment	(gyration);	white	matter	changes	due	to	myelination,	cell	migra-
tion,	and	involution	of	the	germinal	matrix;	deep	grey	matter	changes;	
and	a	decrease	in	cerebrospinal	fluid	spaces.	Knowledge	of	brain	mat-
uration	is	essential	when	performing	CUS,	and	maturational	changes	
need	to	be	distinguished	from	(mild)	pathology.

•	 Patterns	of	perinatal	brain	injury	depend,	among	other	things,	on	the	
origin	of	the	injury	and	on	the	PCA	of	the	infant.
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The ultrasound scans shown in this section are normal, considering the 
gestational age of the infant and the post-conceptional age at scanning, 
unless stated otherwise.

  Part I I     UltrasoUnd anatomy 
of the neonatal BraIn



Fig. 1.1  Probe positioning for obtaining coronal planes (arrow indicates marker)

  1    Coronal Planes



114 1  Coronal Planes

Fig. 1.2  Coronal section
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Fig. 1.3  Standard six coronal planes



116 1  Coronal Planes

 1. Interhemispheric fissure
 2. Frontal lobe

 3. Skull
 4. Orbit

legends of Corresponding numbers in Ultrasound scans
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Fig. 1.4  a First coronal plane (C1) at the level of the frontal lobes. b Ultrasound scan 
of the first coronal plane (C1) at the level of the frontal lobes (PCA 30 weeks). Scan 
shows symmetric increased echogenicity of the frontal white matter, a normal finding 
in preterm infants



118 1  Coronal Planes

 1. Interhemispheric fissure
 2. Frontal lobe
 5. Frontal horn of lateral ventricle
 6. Caudate nucleus

 7. Basal ganglia
 8. Temporal lobe
 9. Sylvian fissure

legends of Corresponding numbers in Ultrasound scans
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Fig. 1.5  a Second coronal plane (C2) at the level of the frontal horns of the lateral ven-
tricles. b Ultrasound scan of the second coronal plane (C2) at the level of the frontal 
horns of the lateral ventricles (GA 27 weeks, PCA at scanning 29 weeks). Ultrasound 
scan shows subtle, diffuse echogenicity of the basal ganglia, a normal phenomenon 
at this age



120 1  Coronal Planes

 1. Interhemispheric fissure
 2. Frontal lobe
 5. Frontal horn of lateral ventricle
 6. Caudate nucleus
 8. Temporal lobe

 9. Sylvian fissure
 10. Corpus callosum
 11. Cavum septum pellucidum
 12. Third ventricle
 13. Cingulate sulcus

legends of Corresponding numbers in Ultrasound scans
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Fig. 1.6  a Third coronal plane (C3) at the level of the foramen of Monro and the third 
ventricle. b Ultrasound scan of the third coronal plane (C3) at the level of the foramen 
of Monro and the third ventricle (PCA 31 weeks); scan shows narrow lateral ventricles, 
a normal finding if the brain parenchyma has normal echogenicity



122 1  Coronal Planes

 1. Interhemispheric fissure
 8. Temporal lobe
 9. Sylvian fissure
 14. Body of lateral ventricle 
 15. Choroid plexus  

(*: plexus in third ventricle)

 16. Thalamus
 17. Hippocampal fissure 
 18. Mesencephalic aqueduct
 19. Brain stem
 20. Parietal lobe

legends of Corresponding numbers in Ultrasound scans
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Fig. 1.7  a Fourth coronal plane (C4) at the level of the bodies of the lateral ventricles. 
b Ultrasound scan of the fourth coronal plane (C4) at the level of the bodies of the 
lateral ventricles (PCA 41 weeks). (Note the advanced cortical folding in this full-term 
baby)



124 1  Coronal Planes

 1. Interhemispheric fissure
 8. Temporal lobe
 10. Corpus callosum
 15. Choroid plexus  

(*: plexus in third ventricle)
 20. Parietal lobe

 21. Trigone of lateral ventricle
 22. Cerebellum  

(a: hemispheres; b: vermis)
 23. Tentorium
 24. Mesencephalon

legends of Corresponding numbers in Ultrasound scans
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Fig. 1.8  a Fifth coronal plane (C5) at the level of the trigone of the lateral ventricles. 
b Ultrasound scan of the fifth coronal plane (C5) at the level of the trigone of the lateral 
ventricles (PCA 41 weeks)



126 1  Coronal Planes

 1. Interhemispheric fissure
 20. Parietal lobe
 25. Occipital lobe

 26. Parieto-occipital fissure
 27. Calcarine fissure

legends of Corresponding numbers in Ultrasound scans
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Fig. 1.9  a Sixth coronal plane (C6) through the parieto-occipital lobes. b Ultrasound 
scan of the sixth coronal plane (C6) at the level of the parieto-occipital lobes (PCA 29 
weeks)



Fig. 2.1  Probe positioning to obtain sagittal planes (arrow indicates marker)

  2    Sagittal Planes



130 2  Sagittal Planes

Fig. 2.2  Sagittal section
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Fig. 2.3  Standard five sagittal planes



132 2  Sagittal Planes

	10.	Corpus	callosum
	11.	Cavum	septum	pellucidum
	12.	Third	ventricle
	13.	Cingulate	sulcus
	16.	Thalamus
	22.	Cerebellum	(b:	vermis)
	24.	Mesencephalon

	28.	Pons
	29.	Medulla	oblongata
	31.	Cisterna	magna
	32.	Cisterna	quadrigemina
	33.	Interpeduncular	fossa	
	34.	Fornix

Legends of Corresponding Numbers in Ultrasound Scans
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Fig. 2.4  a  Midsagittal plane (S3) through the third and fourth ventricles. b  Ultra-
sound scan of the midsagittal plane (S3) through the third and fourth ventricle (PCA 
40 weeks). Orange arrow indicates mesencephalic aqueduct (18). White arrow indicates 
fourth ventricle (30)



134 2  Sagittal Planes

	 2.	 Frontal	lobe
	 5.	 Frontal	horn	of	lateral	ventricle
	 6.	 Caudate	nucleus
	 8.	 Temporal	lobe
	14.	Body	of	lateral	ventricle	
	15.	Choroid	plexus		

(*:	plexus	in	third	ventricle)
	16.	Thalamus

	17.	Hippocampal	fissure	
	20.	Parietal	lobe
	21.	Trigone	of	lateral	ventricle
	22.	Cerebellum		

(a:	hemispheres)
	25.	Occipital	lobe
	36.	Occipital	horn	of	lateral		

ventricle	

Legends of Corresponding Numbers in Ultrasound Scans
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Fig. 2.5  a Second and fourth parasagittal planes (S2, S4) through the right and left 
lateral ventricles. b Ultrasound scan of the fourth parasagittal planes (S4) through the 
left lateral ventricle (PCA 29 weeks). Arrow indicates internal capsule (35)



136 2  Sagittal Planes

	 2.	 Frontal	lobe
	 8.	 Temporal	lobe
	 9.	 Sylvian	fissure

	20.	Parietal	lobe	
	25.	Occipital	lobe
	37.	Insula

Legends of Corresponding Numbers in Ultrasound Scans
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Fig. 2.6  a  First and fifth parasagittal planes (S1, S5) through the insulae (right and 
left).  b  Ultrasound scan of the first parasagittal planes (S1) through the right insula 
(GA 28 weeks, scanned at PCA 33 weeks)



Fig. 3.1  The acoustic windows. AF anterior fontanel, PF posterior fontanel, TW tempo-
ral window, MF mastoid (or postero-lateral) fontanel

Fig. 3.2  Probe positioning to obtain a coronal view, using the posterior fontanel as an 
acoustic window (arrow indicates marker)

  3    Posterior Fontanel



140 3  Posterior Fontanel

	 8.	 Temporal	lobe
	22.	Cerebellum		

(a:	hemispheres;	b:	vermis)
	23.	Tentorium
	25.	Occipital	lobe
	27.	Calcarine	fissure

	29.	Medulla	oblongata
	36.	Occipital	horn	of	lateral		

ventricle	
	38.	Falx
	39.	Straight	sinus	(sinus	rectus)

Legends of Corresponding Numbers in Ultrasound Scans
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Fig. 3.3  a Coronal view, using the posterior fontanel as an acoustic window. b Ultra-
sound scan of the coronal view, using the posterior fontanel as an acoustic window 
(GA 26 weeks, 5 days, PCA 30 weeks, 2 days). Scan shows wide occipital horns, often 
seen and a normal finding at this age. Note that the cerebellar vermis is more echo-
genic than the cerebellar hemispheres



142 3  Posterior Fontanel

Fig. 3.4  Probe positioning to obtain a sagittal view, using the posterior fontanel as 
an acoustic window. The marker (not shown here) is on the top of the probe, pointing 
towards the cranium



144 3  Posterior Fontanel

	 8.	 Temporal	lobe
	15.	Choroid	plexus		

(*:	plexus	in	third	ventricle)
	16.	Thalamus
	20.	Parietal	lobe

	21.	Trigone	of	lateral	ventricle
	22.	Cerebellum		

(a:	hemispheres)
	25.	Occipital	lobe
	27.	Calcarine	fissure

Legends of Corresponding Numbers in Ultrasound Scans
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Fig. 3.5  a  Parasagittal view, using the posterior fontanel as an acoustic window. 
b  Ultrasound scan of parasagittal view through the right lateral ventricle using the 
posterior fontanel as an acoustic window (PCA 29 weeks, 3 days). White arrow indi-
cates occipital horn of lateral ventricle (36). Orange arrow indicates temporal horn of 
lateral ventricle (40)

a



Fig. 4.1  Probe positioning to obtain a transverse view, using the left temporal window 
(arrow indicates marker)

  4    Temporal Window



148 4  Temporal Window

	 1.	 Interhemispheric	fissure
	 8.	 Temporal	lobe
	12.	Third	ventricle
	22.	Cerebellum		

(a:	hemispheres;	b:	vermis)

	24.	Mesencephalon
	33.	Interpeduncular	fossa	
	41.	Circle	of	Willis

Legends of Corresponding Numbers in Ultrasound Scans
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Fig. 4.2  a Transverse view using the left temporal window. b Ultrasound scan of the 
transverse view through the upper cerebellum and mesencephalon using the tempo-
ral window (PCA 29 weeks, 3 days). Arrow indicates mesencephalic aqueduct (18)



150 4  Temporal Window

	 8.	 Temporal	lobe
	22.	Cerebellum		

(a:	hemispheres;	b:	vermis)
	25.	Occipital	lobe

	28.	Pons
	41.	Circle	of	Willis
	42.	Prepontine	cistern

Legends of Corresponding Numbers in Ultrasound Scans
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Fig. 4.3  a Lower transverse view using the left temporal window. b Ultrasound scan 
of a lower transverse view through cerebellum and upper pons, using the temporal 
window (PCA 25 weeks, 2 days). Arrow indicates aqueduct of Sylvius (18)



 

Fig. 5.1  Probe positioning to obtain a coronal view, using the left mastoid fontanel as 
an acoustic window (arrow indicates marker)

  5    Mastoid Fontanel



154 5  Mastoid Fontanel

	22.	Cerebellum		
(a:	hemispheres;	b:	vermis)

	28.	Pons

	30.	Fourth	ventricle
	31.	Cisterna	magna

Legends of Corresponding Numbers in Ultrasound Scans
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Fig. 5.2  a Coronal view using the mastoid fontanel as an acoustic window. b Ultra­
sound scan of coronal view through the cerebellum, using the left mastoid fontanel 
as an acoustic window (PCA 26 weeks). Note that the cerebellar hemisphere further 
away from the probe shows fewer details than the hemisphere close to the probe (this 
is normal and should not be confused with pathological changes)



156 5  Mastoid Fontanel

Fig. 5.3  Probe positioning to obtain a transverse view, using the left mastoid fontanel 
as an acoustic window (arrow indicates marker)



158 5  Mastoid Fontanel

	 8.	 Temporal	lobe
	22.	Cerebellum		

(a:	hemispheres;	b:	vermis)

	25.	Occipital	lobe
	28.	Pons

Legends of Corresponding Numbers in Ultrasound Scans
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Fig. 5.4  a Transverse view using the mastoid fontanel as an acoustic window. b Ultra­
sound scan of transverse view through cerebellum and pons, using the mastoid fonta­
nel as an acoustic window (PCA 25 weeks). Arrow indicates fourth ventricle (30)



	 1.	 Interhemispheric	fissure
	 2.	 Frontal	lobe
	 3.	 Skull
	 4.	 Orbit
	 5.	 Frontal	horn	of	lateral	ventricle
	 6.	 Caudate	nucleus
	 7.	 Basal	ganglia
	 8.	 Temporal	lobe
	 9.	 Sylvian	fissure
	10.	Corpus	callosum
	11.	Cavum	septum	pellucidum
	12.	Third	ventricle
	13.	Cingulate	sulcus
	14.	Body	of	lateral	ventricle	
	15.	Choroid	plexus		

(*:	plexus	in	third	ventricle)
	16.	Thalamus
	17.	Hippocampal	fissure	
	18.	Aqueduct	of	Sylvius
	19.	Brain	stem
	20.	Parietal	lobe
	21.	Trigone	of	lateral	ventricle
	22.	Cerebellum		

(a:	hemispheres;	b:	vermis)

	23.	Tentorium
	24.	Mesencephalon
	25.	Occipital	lobe
	26.	Parieto-occipital	fissure
	27.	Calcarine	fissure
	28.	Pons
	29.	Medulla	oblongata
	30.	Fourth	ventricle
	31.	Cisterna	magna
	32.	Cisterna	quadrigemina
	33.	Interpeduncular	fossa	
	34.	Fornix
	35.	Internal	capsule
	36.	Occipital	horn	of	lateral		

ventricle	
	37.	Insula
	38.	Falx
	39.	Straight	sinus	(sinus	rectus)
	40.	Temporal	horn	of	lateral		

ventricle
	41.	Circle	of	Willis
	42.	Prepontine	cistern

        Legends of Corresponding Numbers  
in Ultrasound Scans



A
acoustic window XIII, 18, 24, 25, 

32, 85, 107, 139, 141, 142, 155, 
156, 159
anterior fontanel XIII, 17, 18, 
20, 33, 107, 139
fontanel 23
mastoid fontanel XIII, 30, 31, 
32, 33, 153
posterior fontanel XIII, 23, 
24, 25, 26, 27, 33, 139, 141, 142, 
145
supplemental acoustic 
window XIII, 23
temporal window XIII, 28, 
33, 147

annotation 20
asphyxia. see perinatal asphyxia

anterior horn width. 
see perentala asphyxia

B
basal ganglia 12, 13, 48, 62, 73, 

87, 101, 102
basilar artery 33

–

–
–

–

–

–

–

body marker 20, 22
brain abnormaly

abnormaly thalami/basal 
ganglia 45

brain anatomy 62
brain anomaly

abnormaly thalami/basal 
ganglia 87

brain growth 57, 88, 101, 108
brain maturation 4, 5, 86, 91, 103
brain stem 28, 30, 96

C
calcarine fissure 104
calcification 4, 86, 87
cell migration 91, 96, 98, 103

glial cell 98
neuronal 98

cerebellum 29, 31
cerebral blood flow 33
cerebrospinal fluid space 101, 

103
choroid plexus 79, 80
Circle of Willis 28
classification

–

–

–
–
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Circle of Willis. see ultrasound 
scoring systems

colour Doppler XIV, 9, 30, 33
coronal plane 18, 25, 30, 32, 57, 

113, 139, 141, 153, 155
coronal plane through mastoid 
fontanel 31

coronal view. see coronal plane
cortex 10, 25, 37, 40, 43, 48, 87, 

92, 98
cortical dysplasia 86
CT 87
cystic lesions 19, 59, 76, 77

D
deep and/or subcortical white 

matter
white matter 10

deep grey matter. see basal ganglia
diffuse excessive high signal 

intensity 88
Doppler imaging. see colour 

Doppler

E
echodensity 45, 46, 61, 69, 73, 

74, 78
inhomogeneous 61

echogenicity 11, 12, 19, 28, 31, 
37, 38, 39, 43, 48
increase 11, 12, 19, 21, 26, 28, 
31, 38, 43

–

–

–

–

–

F
flare 57, 59, 60, 63, 82, 98

periventricular 57, 59, 60, 63, 
65, 82, 98

foetus 91, 101
foramen of Monro 121
fourth ventricle 30, 31, 133
frontal horn 119

(lateral) ventricle 20
frontal lobe 18, 117

G
germinal matrix 69, 70, 91, 92, 

96, 99, 100
haemorrhage 20, 39, 69, 70, 
92, 100
involution 96, 99

gestational age 13, 33, 91
grey–white matter 

differentiation 40
gyration 91, 92, 96, 108

H
haemorrhage 25, 27, 30, 33, 34, 

45, 54, 55, 57, 59, 60, 69, 85, 92, 
100, 101
brain stem 30, 96
cerebellar 25, 28, 30, 33, 34, 
85
germinal matrix 20, 39, 92, 
100
intraventricular 27, 45, 54, 
57, 69

–

–

–

–

–
–

–

–
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posterior fossa 34, 87
subarachnoid 85, 87
subdural 87

hypoglycaemia 87, 88
hypoxic-ischaemic 

encephalopathy 85, 86, 87

I
incubator 3, 13, 17
infarction 59, 65, 74, 85, 86

arterial 65
periventricular 
haemorrhagic 46, 59, 65, 69, 
74, 86
venous. see infarction, 
periventricular haemorrhagic

insulae 18, 40, 41, 43, 94, 137
interhemispheric fissure 39
internal capsule 87, 96, 97

anterior limb of the internal 
capsule 97
posterior limb of the internal 
capsule 87

internal carotid artery 33
internal cerebral vein 33

L
lateral ventricle 18, 20, 25, 38, 

39, 45, 49, 59, 69, 73, 99, 119, 
123, 125
body 38, 39, 45, 73, 123
frontal horn 49, 75, 119
measurement 49, 59

–
–
–

–
–

–

–

–

–
–
–

occipital horn of the lateral 
ventricle 26, 27
temporal horn 75, 99
trigone 125
ventricular dilatation 34, 46
ventricular wall 70, 99

lobe 11, 18, 48, 49, 104
frontal 18, 48
occipital 11, 18, 59, 104
temporal 49

low signal intensity 96

M
meningitis 57, 59, 60, 63
metabolic disease 54, 87
midline shift 39, 48
MRI XIII, 85, 86, 92, 96

T1-weighted MRI 95, 96, 98, 
99
T2-weighted MRI 98, 99
timing of MRI 87

myelination 85, 86, 91, 96, 103

N
neonatal period 4, 55, 63, 107
neonatal unit XIV, 53, 63, 87, 107
neonate XIII, 4, 13, 17, 38, 40, 

49, 54, 59, 62, 73, 86, 101
full-term 4, 17, 38, 40, 49, 53, 
62, 107
preterm 4, 73, 86, 107

neonatology XIII, 86
neuro-imaging 4, 86, 91

–

–
–
–
–

–
–
–

–

–
–

–

–



166 Subject Index

neurological prognosis 4, 5, 107

O
orbit 18

P
para sagittal plane 18, 20, 25, 33, 

107, 131, 135, 137
perentala asphyxia 46, 51
perinatal asphyxia 87, 101
periventricular leukomalacia 19, 

65, 69, 78
ultrasound scoring system 65

post-conceptional age 70, 91, 95, 
96, 98, 108, 117, 145

posterior fossa 25, 30, 33, 34, 85, 
86, 88

post haemorrhagic ventricular 
dilatation 59, 65, 69, 88

prematurity. see preterm birth
preterm birth 53, 88, 101, 108
probe 18, 129, 142, 147, 155, 156

probe position 24, 32, 147, 
156
probe positioning 21, 113

R
resolution XIII, 9, 10, 23

S
safety 4, 13
seizures 87
signal intensity 88, 98, 99
sinus vein thrombosis 86

–

–

–

sonographer 9, 13
soronal view

coronal ultrasound scan. 
see coronal plane

straight sinus 140, 160
subarachnoid space 39, 48, 94, 

101
subarachnoid spaces 10
superior sagittal sinus 10
Sylvian fissure 18, 39

T
temporal window

acoustic window 10
term (equivalent) age 53, 57, 88, 

92
thalamo-caudate notch 99, 100
thalamus 62, 103
third ventricle 45, 46, 99, 121
timing of ultrasound 

examinations 53
transducer frequency 10, 12, 85
transverse plane 28, 30, 147, 149, 

151, 159
transverse sinus 33
transverse view 30

U
ultrasound scoring system 69

peri- and intraventricular 
haemorrhage 34, 54, 69
periventricular 
echogenicity 69

–

–

–

–
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periventricular 
leukomalacia 19, 69

ultrasound scoring systems 33
ultrasound screening 

programme 53
ultrasound system XIV, 10

V
vein of Galen 33
venous. see infarction, 

periventricular haemorrhagic
ventricular index 46, 49

– W
white matter 10, 25, 37, 48, 69, 

74, 78, 79, 85, 86, 88, 96, 108
deep and/or subcortical white 
matter 43, 77, 78
periventricular white 
matter 19, 28, 79
subcortical deep and/or 
subcortical white matter 37

–

–

–


	=N=.pdf
	front-matter.pdf
	Part I.pdf
	1.01 Cranial Ultrasonography- Advantages and Aims.pdf
	1.02 Cranial Ultrasonography- Technical Aspects.pdf
	1.03 Performing Cranial Ultrasound Examinations.pdf
	1.04 Assessing Cranial Ultrasound Examinations.pdf
	1.05 Timing of Ultrasound Examinations.pdf
	1.06 Classification of Peri- and Intraventricular Haemorrhage, Periventricular Leukomalacia, and White Matter Echogenicity.pdf
	1.07 Limitations of Cranial Ultrasonography and Recommendations for MRI.pdf
	1.08 Maturational Changes of the Neonatal Brain.pdf
	1.09 Summary.pdf
	1.10 Further Reading.pdf
	Part II.pdf
	2.01 Coronal Planes.pdf
	2.02 Sagittal Planes.pdf
	2.03 Posterior Fontanel.pdf
	2.04 Temporal Window.pdf
	2.05 Mastoid Fontanel.pdf
	back-matter.pdf



