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Abstract To date the literature comparing the usefulness
of US and MR examinations of the neonatal brain suggests
that US is not as effective a modality as MR. However,
available studies were done on older equipment and
published descriptions of the abnormalities found in the
term brain are often incomplete. The purpose of this article
is to emphasize technical factors that may be useful to
optimize US imaging of the term neonatal brain, to provide
a description of the sonographic findings in the brain in
full-term neonates with hypoxic–ischaemic injury and to
provide some data regarding the accuracy of sonography.
While MR imaging may reveal abnormalities of the brain
more floridly than sonography, we believe that sonography
remains an extremely useful modality for evaluation of the
full-term neonatal brain and it is probably a more accurate
modality in this age group than the current literature
suggests. Further prospective studies comparing sono-
graphic and MR imaging findings are required to document
the accuracy of sonography better and to help us define the
role of this modality better. Such studies may help us select
which patients really require MR imaging.
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Introduction

MR imaging is considered the gold standard for imaging of
the brain at all ages including in full-term neonates.
However, some neonates may be too sick to be transported
to the MRI suite and, therefore, one may be forced to rely
on US imaging for information regarding the status of the
brain and to guide management. Furthermore, many times
one may not be able to obtain an MR examination
immediately or at the most appropriate time in a neonate
and this may even be true in institutions that have several
MRI units. In other institutions MRI may simply not be
available at all. For these reasons US examinations of the
brain are still quite commonly performed in full-term
neonates.

To date, the literature [1–9] comparing the usefulness of
US and MRI examinations of the neonatal brain suggests
that sonography is not as effective a modality as MRI. Most
of these reports deal with imaging of the brain in preterm
neonates and few include term neonates. Therefore, there
are limited data in the literature regarding comparison of
the accuracy of US and MR images for the depiction of
abnormalities of the brain in full-term neonates.

Unfortunately, the available published studies are now
relatively old and none used the state-of-the-art US
equipment that is available today. This includes the use
of newer high-frequency transducers that can function at
variable frequencies as high as 17 MHz and which can be
focused to depict near-, mid- and far-field anatomy and
pathology optimally.

There are also several further deficiencies in many of the
reported studies. The US examinations were often
evaluated retrospectively and there was often a long
interval between the time when the US and the MRI
examinations were performed in individual patients,
sometimes not even on the same day (Fig.1). A few
hours apart may be equivalent to a lifetime for a neonate.
While the MR images that are illustrated are of excellent
quality the US images are usually suboptimal or in some
instances not provided at all. Although these articles
provide a detailed description of the MR imaging
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techniques used, there is minimal or no description of the
US technique, including basic information regarding
number of images obtained and equipment used. None of
the studies refer to the need for acquiring focused,
magnified views of the various individual parts of the
brain. Furthermore, there is seldom reference to the use of a
variety of sonographic windows (in addition to the anterior
fontanel) in order to depict the posterior fossa and the
periphery of the brain to greater advantage. None of the
recent studies have utilized spectral or colour Doppler US
evaluation of the brain and resistive indices in the major
arteries have not been measured [1–9]. Furthermore, the
descriptions in papers and textbooks of the abnormalities
that one may encounter on US examinations of the brain in
full-term neonates are often suboptimal, deficient or even
completely absent.

In order to extract all the information that an US
examination can provide it is essential, firstly, to perform
the examination with meticulous technique using state-of-
the-art equipment; secondly, to know exactly what one is
looking for in order to interpret the images as accurately as
possible; and, thirdly to have an understanding of how
accurate interpretation of US images in this age group is.

The purpose of this article is to emphasize technical
factors that may be useful to optimize US imaging of the
neonatal brain, to provide a description of the US findings
in the brain in full-term neonates with hypoxic–ischaemic
injury (HII) and to provide some data regarding the
accuracy of US imaging. However, it is beyond the scope
of this article to review the pathogenesis and illustrate all of
the lesions that may be encountered in full-term neonates
with HII.

Technique

It is essential to use a flexible technique and not a simple
strict protocol that provides only a fixed number of the
same images in each patient. The approach should,
therefore, be a dynamic one that can be adjusted at any
time depending on what the requirements are to obtain
optimal images in each individual patient. A routine set of
images obtained through the anterior fontanel in coronal
and sagittal planes showing the whole brain in each image
constitute an inadequate examination. Specific images
should also be obtained to depict both superficial and
deeper structures optimally. In full-term neonates particu-
larly, it is essential to obtain optimal images of the grey and
white matter and the grey–white matter differentiation
(GWMD) of the cerebral hemispheres. Central structures
that must be evaluated individually include the basal
ganglia, thalami, corpus callosum and the brain stem and
cerebellum.

The following technical factors should be employed in
order to achieve a complete evaluation of as much of the
brain and its coverings as possible. Imaging should be
performed using a variety of vector, curved and linear array
transducers functioning at variable megahertz. An attempt
must be made to optimize resolution and depth penetration.
Resolution in the near, mid and far fields must be optimized
by adjusting the megahertz used (e.g. between 8 and
17 MHz) and the focal zone of the US beam in order to
depict the anatomy of the various areas of the brain at
different depths optimally. Multiple acoustic windows such
as the anterior and posterior fontanels as well as views
through the temporal, mastoid and occipital areas and even

Fig. 1 Full-term neonate with hypoxic ischaemia.a Coronal US
image on day 2 shows normal echogenicity adjacent to the left
cingulate gyrus (arrow). The infant deteriorated and a repeat US
examination was performed on day 4.b, c Coronal (b) and sagittal
(c) US images with linear and vector transducers respectively show
a focus of increased echogenicity (arrow) on either side of the same

gyrus.d Coronal MR image on day 4 confirms the presence of the
lesion on the left (arrow) which has restricted diffusion on DWI.
There is excellent correlation between the MR and the US images
obtained within 2 h of each other on day 4. Comparing the MR with
the US images obtained 2 days previously would erroneously
suggest that there was lack of correlation
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foramen magnum must be used in order to visualize as
much of the central and peripheral structures of the brain as
possible. The images obtained should be in coronal, sagittal
and parasagittal as well as in axial planes. The angle of the
transducer must be varied as this is particularly important
for evaluation of the periphery of the brain where one must
pay particular attention to the GWMD in as much of the
cerebral hemispheres as possible.

One should never rely only on a study that simply
provides images of the whole brain in each plane. While
these images may be useful to define the geography of the
brain as a whole they will not necessarily provide the
detailed imaging required to evaluate the GWMD or very
small lesions adequately. Therefore, magnification of
selected parts of images is essential to depict smaller
structures and punctate abnormalities to best advantage.

A complete US examination of the brain should always
include evaluation of the imaging in real time as well as
review of the static images. Real-time evaluation may
enable one to appreciate subtle changes in echogenicity
more easily than if one simply relies on the static images.
This applies particularly to lesions that affect the GWMD
as well as focal non-hemorrhagic infarcts, which may also
cause only mild changes of echogenicity. In a busy US
imaging department it may be unrealistic to expect the staff
radiologist to check every examination in real time.
However, if there is a history of asphyxia in a term neonate
undergoing a cranial US examination, it is wise for the
radiologist to evaluate the images either in real time or on a
video recording of the examination. If one relies on another
operator, such as a technologist or trainee, to do the real-
time examination one should be sure that the operator is
technically experienced and is knowledgeable of the types
and appearances of the lesions that one may encounter in
this clinical setting.

Doppler US techniques can be utilized to evaluate both
intracranial arteries and veins in HII. Spectral Doppler

tracings may be obtained from the major cerebral arteries
and the resistive index (RI) recorded. (RI=PSV� EDV/PSV,
where PSV is peak systolic velocity and EDV is end
diastolic velocity). Any fluctuations over time of the RI,
PSV and EDV at the anterior cerebral artery (ACA) should
be documented. Colour and power Doppler evaluation of
central and peripheral structures may provide information
regarding hyperaemia. Evaluation of the major dural
venous sinuses should also be attempted to determine
patency and flow.

Description of sonographic abnormalities

Grey-scale US imaging

HII of the full-term brain may give rise to parenchymal
lesions that are invariably hyperechoic relative to normal
parenchymal echogenicity. These abnormalities may affect
the parenchyma diffusely or focally. Diffuse lesions are
usually found in the cerebral hemispheres and may affect
the parenchyma homogeneously or more heterogeneously
or in a patchy distribution. Focal lesions can indeed occur
anywhere in the brain parenchyma.

The textbook description of the more diffuse abnormal-
ity seen in the full-term brain in HII is usually simply that
of “ increased echogenicity of the brain” (Fig. 2). This is an
inadequate description as it fails to explain exactly what
this means. Determining increased echogenicity of the
parenchyma of any organ can be difficult and may relate to
many technical factors, e.g. gain settings as well as the
transducers, megahertz and focal zones utilized. It is
always helpful if one can compare the echogenicity of the
organ in question to an adjacent organ, e.g. liver and
kidney, in abdominal imaging. In the head there is no other
structure to compare the brain echogenicity to and,

Fig. 2 Full-term neonate with asphyxia.a Coronal US image using
a vector transducer shows ill-defined areas of increased echogenicity
in the left temporal region.b Axial MR image shows restricted

diffusion on DWI in the left temporal and occipital regions. There is
good correlation between the two modalities
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Fig. 3 Examples of normal
echogenicity of the grey and
white matter and GWMD (a–d).
The curvilinear echogenic lines
represent the surface of the
sulci. The most echogenic part
of the white matter is in the
central portion of the gyrus. The
echogenicity decreases
gradually toward the grey
matter, which is more
hypoechoic. The GWMD is ill-
defined.c There are some
hyperechoic foci in the white
matter giving it a granular
appearance.d An image
obtained with an older, lower
frequency transducer. The
echogenicity of the white matter
is somewhat coarser than in
imagesa–c, which were
obtained with higher frequency
transducers giving the white
and grey matter a finer
echogenicity

Fig. 4 Examples of abnormal increase in GWMD in full-term
neonates with asphyxia (a–d) and leucodystrophy (e). All the
images show varying degrees of increased echogenicity in the white
matter and varying degrees of increase in the GWMD. The increased

white-matter echogenicity reflects oedema and possibly necrosis.
The image (e) from a patient with leucodystrophy emphasizes that
the pattern of abnormal echogenicity illustrated by these images is
not specific for asphyxia
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therefore, one should attempt to compare structures within
the brain itself.

An extremely important observation of brain echogeni-
city relates to the evaluation of GWMD. In full-term
neonates with HII, cerebral US images show not only an
increase in echogenicity in the white matter but even more
importantly an increase in GWMD [10, 11]. This latter
observation regarding GWMD assists one in defining what
is meant by increased echogenicity of the brain or cerebral
hemispheres. It is an extremely important observation as it
defines at least part of the spectrum of sonographic
abnormalities one should be attempting to define in these
neonates with known or suspected HII. In 1998 Winkler
[10] drew attention to this abnormal GWMD in HII by
stating that the“cortico-medullary differentiation (was)
considerably enhanced”. Despite this observation the

description has generally not been included in standard
textbooks.

In order to appreciate abnormalities of GWMD it is
essential to first understand the normal US imaging
appearances of this area of the cerebral hemispheres. This
also receives virtually no place in standard texts which deal
with US imaging of the brain. Normal white matter has
loosely packed echoes with some scattered punctate more
echogenic foci giving it a low-level granular echogenicity
(Fig. 3). The white-matter echogenicity is hypoechoic
relative to the normal echogenicity of the surface of the
sulci and gyri of the brain. The normal grey matter is even
more hypoechoic than the white matter, being almost
anechoic. There is a normal gradation of echogenicity from
the white matter in the central part of the gyrus (which is
the most echogenic part of the white matter) towards the

Fig. 5 Full-term neonate with
asphyxia.a Coronal US image
using a vector transducer shows
diffuse, ill-defined increased
cerebral echogenicity. There is
also increased echogenicity of
the corpus callosum.b, c Mag-
nified coronal views using a
linear transducer show patchy
increased echogenicity of the
white matter and poor definition
of the GWMD.d Coronal MR
image shows diffuse restricted
diffusion on DWI in the upper
parietal areas of the cerebral
hemispheres and also in the
corpus callosum. There is
excellent correlation between
the US and MR images
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grey matter with no sharp boundary of differentiation
between grey and white matter (Fig.3). The granular white
matter echogenicity, therefore, gradually becomes less
echogenic as it merges with the grey matter.

In HII, it is primarily the white matter that becomes
hyperechoic and contributes to the overall appearance of
increased brain echogenicity. The white-matter echoes
increase in brightness and number becoming more tightly
packed (Fig.4). Differentiation between hyperechoic white
and hypoechoic grey matter becomes more obvious and
GWMD becomes more sharply defined (Fig.4). This
appearance should always be looked for as it is an
extremely important sign in full-term neonates with HII.
These changes may be seen diffusely throughout the
cerebral cortex or may be more heterogeneous with patchy
areas of abnormal echogenicity. The abnormality reflects
the presence of cerebral oedema and possibly necrosis in
some places. It correlates with areas of increased signal on
MR diffusion weighted imaging (DWI). However, it is a
nonspecific sign as it can be seen not only in HII, but also
in cerebral infections (both congenital and acquired) and
leucodystrophies.

More marked changes in cerebral echogenicity and
GWMD can be seen in more severely affected neonates. In
such patients the increase in white-matter echogenicity
becomes quite heterogeneous, the cortex may become
thickened and there is a disruption of the sharp GWMD
(Figs.5 and6). This severity of abnormality is usually quite
diffuse and often asymmetric in the cerebral hemispheres.
It may sometimes be more difficult to recognize this degree
of abnormality compared to the changes seen when the
GWMD is more sharply defined. Associated with these
changes there may also be a loss of US definition of several
anatomical landmarks of the brain including the sulci,
interhemispheric and Sylvian fissures and the basal ganglia
(Fig. 6). The abnormality of echogenicity may become so
heterogeneous that these structures become indistinct on
the US images. This appearance may suggest to the
inexperienced observer that a poor examination has been
performed as the anatomical landmarks cannot be visua-
lized. It is in these difficult situations that reviewing the
real-time images may be more rewarding than evaluation of
the static images alone.

Many neonates may exhibit a mixed pattern with some
areas of the cerebral hemispheres showing increased
GWMD and others showing decreased GWMD. Both
patterns correlate with increased signal on DW MR images.

Focal lesions can indeed occur anywhere in the brain due
to HII. It is beyond the scope of this article to describe all
types of these lesions. They are invariably hyperechoic
relative to the adjacent brain parenchyma and may
represent focal haemorrhages or non-haemorrhagic in-
farcts. It is often difficult, if not impossible, to determine
whether there is haemorrhage present based on the
sonographic findings alone. Although haemorrhagic le-
sions tend to be more echogenic, this is not always true.
The focal lesions also correlate with areas of increased
signal on DW MR images (Figs.7, 8, 9 and10).

Fig. 6 Full-term neonate with asphyxia.a, b Coronal US images
using a linear transducer show patchy increased echogenicity of the
white matter and decreased GWMD. Note that the sulci of the
superior portion of the cerebral hemispheres are not recognizable
due to the degree of abnormality in echogenicity of the parenchyma.
The abnormal echogenicity is asymmetric.c Coronal MR image
shows restricted diffusion on DWI in the same areas of the
parenchyma indicating good correlation between the two modalities
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Focal lesions may be relatively large, involving one or
more geographic anatomical regions of the brain (Figs.7
and8) or they may be extremely small (Figs.9 and10). The
abnormal increase in echogenicity of some of the non-
haemorrhagic lesions (even when quite large) may be quite
subtle and may be better appreciated on real-time imaging
than on the static images (Fig.8). The smaller lesions may
be only punctate in size (Figs.9 and10) and documentation
of their presence requires extreme patience on the part of
the operator and use of the flexible technical approach
described above. Magnification views are essential to
optimally define some of these smaller lesions.

Doppler sonography

Changes on Doppler sonography have been described in
full-term asphyxia [12] but this modality is still not
routinely used in most US departments. The main
changes described are a decrease in RI on spectral
analysis of arterial flow signals. This is due to a relative
increase in the diastolic flow velocity which may reflect
changes due to local or diffuse vasodilatation as a result
of the accumulation of metabolites, or to increased pCO2
due to asphyxia. Our own unpublished experience in 42
neonates shows that the degree of decrease in the RI
(below a normal of 0.6) and the length of time that this
abnormality lasts (sometimes up to several days) depend

Fig. 7 Full-term neonate with asphyxia.a, b Coronal (a) and
sagittal (b) US images using a vector transducer show foci with
obvious increase in echogenicity in the right basal ganglia (white

arrow) and thalamus (black arrow). c Axial MR image shows
restricted diffusion on DWI in the same areas showing excellent
correlation between the two modalities
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on the severity of the asphyxia. The degree of abnor-
mality of the RI, therefore, is useful in early determi-
nation of prognosis. Unfortunately, some full-term
neonates with significant asphyxia may not show this
decreased RI and may instead have an increased RI that
is due to a relative decrease in diastolic flow velocity.
This may result from the presence of a significant patent
ductus arteriosus, myocardial dysfunction, such as in
transient myocardial ischaemia, and in association with
hypovolaemia.

Fluctuations in RI in a major artery over a period of time
during the same examination in neonates with full-term
asphyxia have been documented without altering the
pressure of the transducer on the fontanelle (Fig.11). This
probably reflects loss of cerebral vascular autoregulation.

Colour and power Doppler sonography may show
changes of hyperaemia in the brain which may be detected
in the cerebral hemispheres or deeper structures. It has been
shown that this correlates with increased flow in the region
of the lenticulostriate vessels on MR imaging. The
diagnosis of hyperaemia is, however, very subjective on
colour Doppler sonography and also depends on the
technique used and the settings of the US equipment.

The major dural venous sinuses can be visualized on
grey-scale sonography and flow can be evaluated in the
sinuses with Doppler sonography. There is, however,
limited information in the literature regarding evaluation of
the sinuses in the neonate with sonography [13–16] and
there are no data comparing US imaging with MR or CT
imaging in this regard. It has been our experience that grey-
scale and Doppler sonographic evaluation of the dural
venous sinuses may indeed provide extremely useful
information regarding flow and thrombosis.

Despite these findings, Doppler sonography is still not
routinely used in the evaluation of full-term asphyxia in
many institutions. A low RI, fluctuations of RI and
hyperaemia are useful findings in neonates with HII. The
Doppler sonographic findings do provide complementary
information to the grey-scale sonographic findings and
may be useful in some cases providing information for
prognosis and regarding flow in the major dural sinuses.
Large prospective studies comparing the Doppler sono-
graphic findings with grey-scale sonography, MR imaging
and also CT venography are essential to determine the
exact role that Doppler sonography may play in full-term
neonates with HII.

Fig. 8 Full-term neonate with
asphyxia.a–c Coronal US
images with vector transducer
show areas of subtle increased
echogenicity in the left basal
ganglia and thalamus (arrows).
The subtle abnormality shown
here on the static images was
much more obvious during real
time imaging.d Coronal MR
image shows restricted diffusion
on DWI in the left basal ganglia
and thalamus showing excellent
correlation between the two
modalities
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Accuracy

At the annual meeting of the Radiological Society of North
America in 2003, Epelman et al. [17] reported a
prospective study comparing the accuracy of US and MR

imaging using state of the art equipment for both modalities
and the US technique described above. The study included
58 term neonates. The purpose was to determine whether
US imaging could compete with MR imaging. All US
studies were performed within 2 h of MR imaging and the

Fig. 10 Full-term neonate with
asphyxia.a Left parasagittal US
image shows a small focus of
increased echogenicity in the
white matter (arrow). b Left
parasagittal T1-W MR image
confirms the presence of the
lesion in the white matter
(arrow) showing good
correlation between the two
modalities

Fig. 9 Full-term neonate with
asphyxia.a Midline sagittal US
image using a vector scan shows
no definite abnormality in the
corpus callosum. However, the
magnified views (b, c) show a
round focus of increased
echogenicity in the corpus
callosum due to haemorrhage
(arrow). d Midline, sagittal
T1-W MR image shows a focus
of increased signal intensity
(arrow) in the corpus callosum
confirming the presence of
haemorrhage. There is excellent
correlation between the two
modalities
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radiologists performing the US studies were blinded to the
MR and clinical findings. The radiologists evaluated the
US studies prospectively and a report was provided
following the evaluation of the real-time and static images.
The US findings were then compared to the results of the
MR examinations which had been evaluated by paediatric
neuroradiologists. The results of this prospective study
showed that all full-term neonates who showed a positive
abnormality on MR images (on DWI and/or other
sequences and/or lactate peaks) were found to have
positive abnormalities on US images.

Epelman et al. [18] then retrospectively reviewed the US
and MR examinations in 43 other neonates who had been
evaluated before the time period of the above prospective
study. Many of the neonates in this second group did not
have their US and MR examinations performed within a
short time interval of each other and, in some, the time
period between the two examinations was up to several
days. Furthermore, the US examination technique that had
been utilized during this period was not as detailed as that
used in the prospective study. The accuracy, sensitivity and
specificity of US imaging were 91%, 100% and 33% in the
prospective study [17] and 53%, 74% and 19% in the
retrospective study [18]. These studies emphasize that if
one is going to attempt to compare the ability of
sonography to depict lesions documented on MR imaging
one needs to ensure that the examinations are done as close
together as possible and that one uses state-of-the-art US
equipment and techniques.

In summary, we believe that sonography remains an
extremely useful modality for evaluation of the full-term
neonatal brain and is probably a more accurate modality in
the full-term neonate than the literature suggests [17–19].
The prospective study by Epelman et al. [17] using US and
MR imaging within 2 h of each other has shown that
abnormalities found on US images correlated well with
abnormalities on MR images if meticulous attention is paid
to US technique.

Special features that must be evaluated on every US
examination in neonates with HII include the GWMD and
focal abnormal echogenicity in the cerebral hemispheres
and the deeper structures. Doppler sonographic evaluation
of RI, fluctuations in RI, hyperaemia and flow in the dural

venous sinuses may provide complementary information.
Further prospective studies comparing US and MR imag-
ing findings are required to document the accuracy of
sonography better and to help us better define the role of
this modality. This may help us select which patients really
require MR imaging.

As radiologists we are responsible for providing detailed
descriptions of US techniques and accurate descriptions of
the abnormalities depicted by sonography. It is our
responsibility not only to report this in peer-reviewed
journals, but also to ensure that these are appropriately
described in textbooks. Many of today’s textbooks are
deficient in this area of full-term asphyxia and description
of the sonographic appearance of lesions due to HII is no
longer included in recent textbooks. It is essential to
describe the changes accurately, as sonography does still
play a crucial role in the evaluation not only of the preterm,
but also the term brain. We need trainees to understand what
they are trying to look for and we also need to ensure that
we provide clinicians with the most appropriate information
in a common language everyone can understand.
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