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Abstract Neurosonography has proven to be helpful in neo-
natal brain diagnosis. Premature infants are at great risk for
intraventricular hemorrhage and periventricular leukomalacia,
key abnormalities affecting developmental outcome. Here we
discuss technique, anatomy, variants and key points for
diagnosis.
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Introduction

A preterm infant is defined as a neonate born alive before the
completion of 37 weeks of gestation. Extremely preterm
(<28 weeks of gestation) and very preterm (28—32 weeks of
gestation) infants have a higher mortality and morbidity be-
cause of their greater risk for intraventricular hemorrhage
(IVH) and periventricular leukomalacia (PVL), which can
lead to poor neurodevelopmental outcomes. Premature neo-
nates have impaired cerebrovascular autoregulation,
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including pressure-passive cerebral circulation. Elevations in
arterial or venous pressure lead to increases in cerebral blood
flow and potential hemorrhage in the germinal matrix region,
where there are fragile single-celled vessels as well as
neuroblasts that normally migrate and develop as neurons in
the peripheral gray matter. Episodes of hypotension result in
reduced cerebral flow, hypoxia and reperfusion injury that
can also result in germinal matrix hemorrhage [1]. Early di-
agnosis of hemorrhage allows for clinical neonatology efforts
to minimize subsequent sequelae. Findings on follow-up ul-
trasound (US) can serve as a prognostic indicator for long-
term neurodevelopmental outcome. The neurological mani-
festations of injury to the premature brain can range from
cognitive defects to the major motor defects of cerebral palsy
[2, 3].

History

In 1977 Burstein et al. [4], using CT, demonstrated a high
percentage of intracranial hemorrhage in premature infants.
Transport and the timing of CT imaging based on the clin-
ical status of the neonate was an issue. In 1979-1980 the
first descriptions of head US using the anterior fontanelle
as a window led to practical real-time evaluation of the
premature infant, at the bedside and within the isolette [5,
6]. In 1980 the first reports came of US detecting
subependymal and intraventricular hemorrhage in premature
infants [7]. Significant technical improvements in US and
Doppler software and hardware have since allowed in-
creased resolution and improved image quality as well as
more sensitive vascular flow analysis, increasing our ability
to diagnose abnormalities in the brain and surrounding
structures of newborns and young infants.

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s00247-017-3884-z&domain=pdf

1032

Pediatr Radiol (2017) 47:1031-1045

Technique of head ultrasonography

A standard neonatal head US examination includes cor-
onal and sagittal (midline and parasagittal) imaging
using a transducer (usually a sector, vector or curved
linear array) that fits the anterior fontanelle. The trans-
ducer choice is based on the trade-off between the ex-
cellent near-field resolution of a high-frequency trans-
ducer and the better penetration of a lower-frequency
transducer. Images are best obtained with frequencies
of 7.5 MHz or higher. Additional imaging might be
performed through the posterior or mastoid fontanelle,
and less often through any other open suture, cranioto-
my defect or the foramen magnum. Lower-frequency
transducers can be used to take advantage of thinner
areas of the temporal and parietal bones to obtain trans-
cranial images of the brain. Posterior fontanelle views,
when obtained via sagittal and coronal planes, have
been noted to pick up a greater number of cases of
neonatal hemorrhage by allowing improved evaluation
of the contents of the atria and the occipital horns of
the lateral ventricles [8, 9]. The mastoid fontanelle, lo-
cated at the junction of the squamous, lambdoid and
occipital sutures, behind the ear, does not fuse until
2 years of age. Imaging through it allows excellent vi-
sualization of the subtentorial intracranial structures
(Fig. 1) including the cisterna magna, 4th ventricle, cer-
ebellar hemispheres and cerebellar vermis, as well as
the atrial and occipital portions of the lateral ventricles.

Anterior fontanelle views
Evaluating the brain in coronal plane

The transducer is angled from front to back, imaging the brain
parenchyma from the orbit to subtentorium, with concentra-
tion on the ventricular system from its frontal horns through its
body (Fig. 2). Frontal, temporoparietal and occipital portions
of the supratentorial brain are assessed and, to a lesser extent,
so are the subtentorial structures. Ventricular size can be eval-
uated at the level of the frontal horns and the body of the
lateral ventricles. Homogeneously echogenic choroid, the ma-
jor site of cerebrospinal fluid (CSF) production, is seen within
the lateral ventricles. The corpus callosum is seen on coronal
views as anterosuperior to the frontal horns. Its posterior por-
tion is seen posterior to the bodies of the lateral ventricles.
Inferior to the corpus callosum, the medial walls of the frontal
horns contain a potential space between the septi pellucidi that
is known as the cavum septum pellucidum. A cavum septum
pellucidum is seen in at least 90% of all preterm neonates and
60% of full-term infants, usually closing at 2—6 months after
birth [11]. At times during the exam in the coronal plane,
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Fig. 1 Infant skull with normal open sutures. Diagram shows sutures that
can serve as sonographic windows to the brain. The anterior fontanelle is
used routinely. We also routinely use the mastoid fontanelle and
occasionally the posterior fontanelle. Reprinted with permission from
reference [10], p. 404

particularly if there is poor seating of the transducer in the
fontanelle from, for example, prominent hair, it might be dif-
ficult to see the periphery of the frontal brain well. In such
cases, moving the transducer to the extreme right or left of the
anterior fontanelle and angling it toward the contralateral side
might help to assess the gray and white matter and also the
extra-axial spaces of the peripheral brain on that side. At the
brain peripheries are the Sylvian fissures, which might have a
somewhat wider rectangular shape in very premature babies

Fig. 2 Normal coronal planes of head ultrasound. Diagram depicts how
the transducer, placed at the anterior fontanelle, is angled from front to
back, imaging the brain parenchyma from the orbit to subtentorium with
concentration on the ventricular system from its frontal portion through its
body. Reprinted with permission from reference [10], p. 413
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Fig.3 Normal Sylvian fissure in a premature neonate. Head US imaging
in coronal plane in a 5-day-old premature girl who was born at 24 weeks
of gestation. a Level through frontal horns shows the right Sylvian fissure
(arrowheads), which appears triangular with echoless cerebrospinal fluid
(CSF) lateral to it. The Sylvian fissure appears more prominent than what
would be seen in an older neonate, where it appears as a linear echogenic
Y-shape. This is a result of lesser amounts of brain at this age. Note the
lack of prominent gyri or sulci, consistent with what is expected for this
premature neonate. b Level through body of lateral ventricles. This image

because lesser brain parenchyma is often present (Fig. 3) as
compared to the classic echogenic Y shape seen in the brain of
a term infant [12] (Fig. 4).

Fig.4 Normal head US imaging in a 4-week-old boy born at 35 weeks of
gestation. Coronal plane through the level of frontal horns shows the Y-
shape Sylvian fissure (white arrows) on the right. At this gestational age
there are greater amounts of brain on either side of the fissure compared to
the neonate in Fig. 3. The frontal horns are normal in size. Note the
anterior corpus callosum (arrowhead), which is hypoechoic compared
to the interhemispheric fissure. The interhemispheric fissure is seen
superiorly as an echogenic linear structure (black arrow). This, along
with the linings of the medial brain, is often called the anchor sign. In
cases of volume loss or extra-axial fluid at this site, the area appears
echoless centrally

was obtained through a greater degree of posterior angulation than (a).
Only a few gyri and sulci are seen, consistent with the neonate’s early 24-
week gestational age. We have called this the “toast” sign. Agyria cannot
be diagnosed at this age. Note the Sylvian fissure (arrowheads) of this
very premature brain, which is almost a V-shape, with prominent extra-
axial fluid indicating lesser brain development at this time. The
homogeneously echogenic choroid plexus (arrow) lies within the right
lateral ventricle. No prominent intraventricular CSF is seen lateral to it to
suggest ventricular enlargement

Evaluating the brain in sagittal and parasagittal planes

The midline sagittal plane allows the complete visualization of
the corpus callosum (Fig. 5). It is seen superior to the cavum
septum pellucidum, which might extend posteriorly as the
cavum vergae. In some cases, this CSF-filled area extends even
more posteriorly, beyond the bodies of the lateral ventricles
and projecting beyond the quadrigeminal cistern as the cavum
velum interpositum [13]. The echogenic pericallosal sulcus,
which contains the pericallosal arteries, surrounds the corpus
callosum superiorly. The pericallosal sulcus is surrounded

Fig. 5 Normal head US examination in the sagittal plane through the
midline in a 4-week-old boy born at 35 weeks of gestation. The echoless
cavum septum pellucidum (CSP) extends posteriorly as the cavum vergae
and cavum velum interpositum. It sits below the corpus callosum
(arrowhead). 4 4th ventricle, V cerebellar vermis
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superiorly by the cingulate gyrus. The number of gyri and sulci
seen as echogenic lines in the brain increases with gestational
age [14]. Very few gyri and sulci are normally seen earlier, i.e.
at 24-28 weeks, limiting the ability to diagnose lissencephaly.
In the midline the 3rd ventricle is seen well only if exactly
midline or if it is enlarged. The 3rd ventricle is seen inferior
to the corpus callosum and cavum septum pellucidum.
Choroid plexus can be seen normally in the roof of the 3rd
ventricle [10]. Color Doppler performed in midline sagittal
view shows the anterior cerebral artery crossing over and
paralleling the corpus callosum. If no corpus callosum is pres-
ent, the artery’s course would be superior, at a position anterior
to the expected position of the anterior corpus callosum.
Parasagittal views of each side of the brain are obtained by
angling the transducer laterally from the midline (Fig. 6).
Occasionally it is helpful to move the transducer peripherally
to the left of the anterior fontanelle and angle to the right to see
the right lateral ventricle better and vice versa. Each lateral
ventricle should be evaluated for its frontal horn, body, atrium
(the first area to dilate in hydrocephalus) and occipital horn.
The choroid plexus is well seen on parasagittal views within
the lateral ventricles. It can at times have a lobular or bulbous
appearance. Its homogeneously bright echogenicity can be
confused with IVH. However, three points can help differen-
tiate choroid plexus from IVH. The normal choroid plexus
does not extend into the occipital horns or anterior to the
foramina of Monro. The choroid plexus remains echogenic,

Fig. 6 Median and paramedian planes. Diagram shows plane 1
extending through the Sylvian fissure at the brain periphery. Plane 2
runs through the head of caudate (c) and thalamus (7). Plane 3 extends
through the midline. CC corpus callosum. Reprinted with permission
from reference [10], p. 406
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while hemorrhage becomes less echogenic over time, as the
clot lyses. Color Doppler shows the choroid plexus to have
contained vascular flow by color Doppler, whereas clot has no
vascular flow. Peritrigonal echogenicity, also known as the
peritrigonal halo or blush, can be seen in the parenchyma in
the peri-atrial area. It suggests white matter abnormality.
However, the prominent echogenicity is caused by anisotropic
effect from the US beam striking exactly perpendicular to the
white matter tracts when insonated via an anterior fontanelle
approach [15] (Fig. 7). The key parasagittal image searched
for on each side of the head is the germinal matrix region
where the head of the caudate nucleus and the thalamus meet,
the caudothalamic groove (Fig. 8). By the time a neonate is
viable, its germinal matrix is usually contained in this area.
The germinal matrix region is larger far earlier in fetal life. It is
in this area that neuroblasts and single-cell vessels sit and
subependymal hemorrhage can develop. Routine parasagittal
imaging continues with angulation to the brain periphery and
the Sylvian fissure, where Doppler can show its contained
middle cerebral artery tributaries (Fig. 9).

Mastoid view

The posterior fossa structures are best visualized on
transmastoid views. The midbrain with its contained aq-
ueduct of Sylvius is seen as a hypoechoic structure cau-
dal to the thalamus. If enlarged, the aqueduct, like all
CSF-containing structures, appears echoless. Key infor-
mation obtained on these views is the anatomy of the

Fig. 7 Peritrigonal echogenicity caused by anisotropy. Head US
examination in the parasagittal plane in a 3-day-old girl born at
26 weeks of gestation. There is an echogenic area in the peritrigonal
region (arrows) that could simulate echogenic periventricular
leukomalacia but is caused by normal white matter fibers lying at a 90°
angle to the sound sent from the transducer placed in the anterior
fontanelle. This creates an anisotropic effect responsible for the
apparent greater echogenicity of these normal structures
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Fig. 8 Normal head US examination in the parasagittal plane through the
right germinal matrix region in a 4-day-old boy born at 32 weeks of
gestation. US shows echoless cerebrospinal fluid in the body of the
right lateral ventricle (arrowheads). Note the homogeneously echogenic
choroid (arrow) in the atrium of the lateral ventricle. The caudate head (C)
and the thalamus (7) meet at the caudothalamic groove. This area must be
reviewed for any evidence of bright (when acute) germinal matrix
hemorrhage

cerebellar hemispheres, seen as ovoid hypoechoic struc-
tures caudal to the echogenic tentorium (Fig. 10). They
are symmetrical, with each containing bright areas of
echogenicity consistent with the folia of the hemi-
spheres. In many cases, it is only the hemisphere closest
to the transducer that is technically best seen and its
folia most apparent. The cerebellar vermis appears as
an echogenic midline structure between the hemispheres.
The anechoic cisterna magna is seen posterior to the
vermis and cerebellar hemispheres, while the 4th ventri-
cle is anterior to the vermis [16]. The foramen of
Magendie can sometimes be seen in a normal brain at
the inferior portion of the cerebellum, as an echoless
areca extending between the 4th ventricle and the

cisterna magna (Fig. 10). Classic Dandy—Walker malfor-
mation shows communication between the cisterna
magna and the 4th ventricle because of the association
with vermian dysgenesis. Further discussion of Dandy—
Walker malformation is beyond the scope of this review.

Germinal matrix hemorrhage

Germinal matrix hemorrhage is the most commonly di-
agnosed abnormality in the premature brain. The germi-
nal matrix, as already stated, is an area of neuronal and
glial cell proliferation with a rich single-celled vascular-
ity. Early in gestation it lines the entire ventricular sys-
tem. Neuroblasts from this area migrate toward the pe-
riphery of the brain during its development [4, 17]. The
germinal matrix begins to involute by the end of second
trimester, and by 28-32 weeks only a small amount of
germinal matrix remains, essentially at the
caudothalamic groove [2]. By 35-36 weeks, the germi-
nal matrix involutes completely, which makes the risk
of germinal matrix hemorrhage in near-term infants es-
sentially very low. Systemic hemodynamic instability
and immature cerebral blood pressure autoregulation
are key factors in the development of hemorrhage at
the germinal matrix area. This hemorrhage can extend
into the ventricular system and when large can be asso-
ciated with white matter infarction [1].

Papile and colleagues [18] classified the germinal ma-
trix hemorrhage and IVH they saw on CT in 1978. In
their classification, grade 1 hemorrhage is limited to the
subependymal region, i.e. a subependymal hemorrhage;
grade 2 hemorrhages include those with an intraventricular
extension of the hemorrhage; grade 3 hemorrhages extend

Fig. 9 Normal appearance of Sylvian fissure at different neonatal ages.
Head US examination in the parasagittal planes at the brain periphery. a
Younger premature. US shows the posterior aspect of a triangular- to
quadrilateral-shape Sylvian fissure (arrow) in a girl born at 26 weeks of
gestation. Lesser brain at the Sylvian fissure allows the fissure’s
cerebrospinal fluid to appear more prominent and maintain this shape.

Lack of peripheral gyri underlines the neonate’s early gestational age. b
Older premature. US shows the Sylvian fissure (arrows) in a male
neonate born at 36 weeks of gestation. Multiple gyri are seen. If Color
Doppler were used, middle cerebral artery tributaries would be seen
running in the vertically echogenic lines in the brain parenchyma at the
Sylvian fissure
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Fig. 10 Normal subtentorial contents. Head US examination, mastoid
fontanelle views, in a 7-day-old girl born at 33 weeks of gestation. a
Axial plane through the bodies of cerebellar hemispheres. Note the
echogenic midline vermis (V), which sits just posterior to the normal
4th ventricle (4). Both right and left cerebellar hemispheres (CH) are
well seen. b Plane through the inferior aspect of the cerebellar

into the ventricles and cause prominent ventricular dila-
tion. Grade 4 hemorrhages were at one time described as
intraventricular hemorrhage extending directly into the
brain parenchyma and resulting in associated
intraparenchymal hemorrhage [17, 18]. However, Volpe
[17] noted that the intraparenchymal component of the
grade 4 IVH is not a result of direct extension of the
bleeding but rather venous infarction that develops within
1-2 days of the prominent IVH. This infarction could
develop because of the clot’s mass effect and compression
on the draining terminal veins as they pass near the ger-
minal matrix [19, 20]. While the grading system has its
limitations and its detractors, it is still used. A lower-grade
hemorrhage in a child who later develops post-
hemorrhagic hydrocephalus should not be subsequently
given a higher grade. The short-term mortality rates for
grades 1, 2, 3 and 4 hemorrhages are approximately 0—
12%, 2-24%, 8-32% and 22-45%, respectively, and their
long-term morbidity rates are 15%, 25%, 50% and 75%,
respectively [2]. Early onset IVH, in the first 6 h after
birth, has been associated with a higher risk for both
cognitive and motor impairment than hemorrhages that
occur later [21]. Obstetrical US and MR have shown that
IVH can occur in fetal life as well [22, 23].

Intraventricular hemorrhage

Grade 1 hemorrhages are visualized in the germinal ma-
trix region. This can be seen as an area of increased
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hemispheres. US shows an echoless structure, the foramen of Magendie
(arrowhead), often seen at this site, particularly in the younger neonate; it
extends to the 4th ventricle (4) from the cisterna magna (white arrow).
This communication at the inferior aspect of the 4th ventricle is not
indicative of inferior vermian hypoplasia. Note the tentorium (black
arrows)

echogenicity inferolateral to the floor of the frontal
horns and medial to the head of the caudate nucleus
on coronal images, or between the head of the caudate
and thalamus, or somewhat anterior to it on parasagittal
imaging (Fig. 11). Large germinal matrix hemorrhages
can elevate the floor of the lateral ventricles, resulting
in the effacement of the frontal horn or body. The ger-
minal matrix hemorrhage regresses in size over a period
of time, as the clot lyses, and sometimes completely
resolves. Often the subacute or older subependymal
hemorrhage can be seen as a clot with cysts or cysts
alone (Fig. 12). Grade 2 hemorrhages fill part or all of
the ventricular system secondary to rupture of the ger-
minal matrix hemorrhage through the lateral ependymal
wall (Fig. 13). By definition the ventricle is not dilated
to greater than 50% capacity. Grade 3 hemorrhages
show intraventricular hemorrhage and prominent
ventriculomegaly (Fig. 14). With any IVH, blood can
fill and expand the 3rd and the 4th ventricles, and this
typically appears homogeneously echogenic from when
clot forms. As the hemorrhage evolves, the clot retracts
and undergoes lysis, becoming heterogeneous in
echogenicity and smaller in size. This can result early
in the course of clot lysis, in a more echopenic (less
echogenic) clot, often with some bright peripheral
echogenicity (Fig. 15). IVH can usually result in
ependymal lining echogenicity from what some have
noted as a chemical ventriculitis, because of the irritant
blood products, which gradually disappears in 6—8 weeks
[24]. Increased echogenicity to the ependymal lining
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Fig. 11 Subependymal echogenicity of grade 1 hemorrhage. Head US
examination in a 4-day-old boy born at 32 weeks of gestation. a In the
coronal plane, US shows focal echogenicity (arrowheads) posterior and
medial to the frontal horns. It is more clearly seen near the frontal horn on
the left. The homogeneously bright echogenicity is consistent with early
hemorrhage in the subependymal area between the caudate head and

thalamus. Unlike grade 2 or higher hemorrhage, grade 1 hemorrhage is
not seen within the ventricle. b US in the parasagittal plane shows bright
echogenicity (arrowhead) in the orthogonal plane between the head of
caudate (C) and thalamus (7). Note the normal choroid (arrow) in the
lateral ventricle

SAGITTAL

Fig. 12 Aging subependymal hemorrhage. Head US examination in a
14-day-old boy born at 31 weeks of gestation. a US in the coronal plane
shows a focal, somewhat thick-walled cystic area (arrow) in the left
subependymal area. It is echoless centrally and echogenic peripherally,
consistent with an evolving subacute or older subependymal hemorrhage.

Fig. 13 Grade 2 intraventricular
hemorrhage (IVH). Head US
examination in a 7-day-old boy
born at 28 weeks of gestation. a
US in the coronal plane shows
echogenic clot within the right
frontal horn (arrowhead). There
is no prominent dilation of the
ventricle. b US in the left
parasagittal plane shows clot
(arrowhead) in the dependent
portion of the atrium of a not
prominently dilated lateral
ventricle

Incidentally, note the Y-shape Sylvian fissure (arrowheads). A right-side
subependymal hemorrhage is seen less well on this image. b US in the
parasagittal plane shows echogenic mass with contained cyst (arrow),
evidence of subacute or older subependymal cyst
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Fig. 14 Grade 3 intraventricular hemorrhage (IVH). Head US
examination, coronal plane, in a 5-day-old girl born at 24 weeks of
gestation. a US imaging shows a slightly heterogeneous large clot
(arrow) in the right frontal horn. The prominent ventricular dilation
suggests a grade 3 right IVH. Note the smaller clot (arrowhead),
probably within a non-dilated left frontal horn, and the germinal matrix
area equivalent to grade 2 IVH on the left. Heterogeneity suggests some

could also be caused by residual clot. When the clot
dissolves, echogenic debris appears within the ventricu-
lar CSF, particularly in its dependent portions, e.g., the
occipital horns in a supine neonate (Fig. 16). Grade 4
hemorrhage is an intraventricular hemorrhage with asso-
ciated venous infarction. This hemorrhagic infarction ap-
pears as a brightly echogenic area in the periventricular
white matter, which is usually ipsilateral to the associ-
ated IVH (Figs. 17 and 18). Periventricular hemorrhagic
infarction can be unilateral or bilateral [20]. It can

aging of the clot. b US in the parasagittal plane shows prominent clot
(arrow) as an echogenic area with some heterogeneity. Clot dilates the
ventricle. It is seen anterior (white arrowhead) to the probable position of
the foramen of Monro, confirming it is clot rather than choroid. It is also
seen in the occipital homn (black arrowhead), another indicator of clot
rather than normally echogenic choroid plexus

cavitate with formation of a porencephalic cyst
(Fig. 19). In most cases with time the affected area fills
in by gliosis and can no longer be distinguished as
abnormal on US imaging.

Posterior fossa hemorrhage

Premature infants can develop cerebellar hemorrhage.
Historically these have not been seen well at US

Fig. 15 Aging clot. Head US examination in a 4-week-old girl born at
24 weeks of gestation. a US in the right parasagittal plane shows clot
(arrow) within a dilated lateral ventricle. Its position, both anterior to the
expected foramen of Monro and posterior to the occipital horns, indicates
that this is a clot and not choroid plexus. This is also evidenced by its
peripheral bright echogenicity, with the remainder of the clot showing
lesser echogenicity. The ventricular lining is hyperechoic, consistent
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with ventriculitis versus residual hemorrhage lining the ventricular
walls. b US in the coronal plane shows irregularly shaped older clot
(arrow), probably retracting in the moderately dilated right lateral
ventricle. Note the clots (arrowheads) in the dependent portion of both
lateral ventricles. These changes occurred over 4 weeks after the original
diagnosis of IVH, when homogeneously echogenic hemorrhage was
noted (not shown)
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Fig. 16 Subacute older grade 3 intraventricular hemorrhage. Head US
imaging in a 2-week-old boy born at 26 weeks of gestation. a US in
coronal plane shows a large clot (left arrowhead) in a dilated right
frontal horn. Note the smaller clot (right arrowhead) in the left frontal
horn. The heterogeneity, including the brighter periphery of the clot,
indicates that it is subacute or older. The temporal horn tips (white
arrows) are dilated. There is question of a peripheral left cerebellar

imaging with the anterior or even posterior fontanelle
views. Mastoid views have helped. Cerebellar hemor-
rhage might be a result of prolonged labor and traumat-
ic delivery. These hemorrhages are more common in
preterm infants with extremely low birth weight
(<750 g) [25]. It is believed that germinal matrix zones
that exist within the subependymal layer of the 4th ven-
tricle can bleed in preterm infants [26]. These infants

Fig. 17 Grade 4 hemorrhage. Head US examination, coronal plane, in a
7-day-old girl born at 24 weeks of gestation. US shows a large echogenic
mass (arrow) extending well beyond the expected superior extent of the
right frontal horn. The left frontal horn can be used as a guide. The area
involving the right frontal brain beyond the frontal horn is an associated
white matter infarction that could eventually develop into an area of
porencephaly. The right frontal hemorrhagic infarction creates an
impression on the cavum septum pellucidum. There is clot in the left
frontal horn

hemorrhage (black arrow). b US in the left sagittal plane shows clot as
heterogeneous echogenicity, perhaps surrounding non-discernable
choroid (arrowhead). Note the linear areas of echogenicity (arrows) in
the upper portion of the ventricle, consistent with lace-like residua from
the intraventricular hemorrhage and clot lysis, which are not usually seen.
More typically seen is dependent intraventricular echogenicity (black
arrow), consistent with debris from clot lysis

present with unexplained motor agitation. They can
have parenchymal or subarachnoid hemorrhage without
IVH [27]. Acute cerebellar hemorrhage, as with any
brain hemorrhage, appears homogeneously echogenic,
but with time and clot lysis the appearance becomes
heterogeneous, and eventually hypoechoic (Fig. 20).
Hydrocephalus can develop in affected infants. Mastoid
fontanelle views have led to improved detection of cer-
ebellar hemorrhage because the vermis, cerebellar hemi-
sphere and 4th ventricle are far nearer to a high-
frequency transducer in the mastoid fontanelle and
therefore are better seen compared to imaging via the
standard anterior fontanelle window [12, 27].

Post-hemorrhagic hydrocephalus

Post-hemorrhagic hydrocephalus is a clinically important
sequela of IVH (Fig. 21). Neonates with acute post-
hemorrhagic hydrocephalus might present with rapidly
increasing head circumference, a tense anterior fonta-
nelle, apnea, vomiting and abnormal posture. An ob-
struction inside the ventricular system proximal to the
4th ventricle outlets and the foramina of Luschka and
Magendie is defined as noncommunicating hydrocepha-
lus, whereas an obstruction outside the ventricular sys-
tem is known as a communicating hydrocephalus. Most
cases of post-hemorrhagic hydrocephalus are cases of
communicating hydrocephalus, and this could be caused
by chemical arachnoiditis developing from blood prod-
ucts and resulting in arachnoid granulation fibrosis and
meningeal fibrosis, which impairs CSF absorption [28].
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Fig. 18 Grade 4 hemorrhage evolving into cystic white matter infarction.
Head US imaging in a 4-day-old boy born at 24 weeks of gestation. a US
imaging in coronal plane shows a large bright echogenicity in the right
parietal area, consistent with infarction. b Imaging in the right parasagittal
plane shows clot as echogenicity in the dilated ventricle, but the linear

areas of echogenicity (arrows) extending from it suggest white matter
infarction beyond the ventricle. ¢ US in the right parasagittal plane
performed 2 weeks later shows cystic areas (arrows) in the right
periventricular white matter, where previously there was bright
echogenicity. This was the result of evolving infarction

Fig. 19 Evolution of grade 4 hemorrhage into porencephalic cyst. Head
US examination in the coronal plane in a 2-week-old girl born at
25 weeks of gestation. a US shows a heterogeneous area (arrow) in the
right frontal parenchyma. There is older clot (arrowhead) in the right
frontal horn. There is debris from hemorrhage in the left frontal horn.
There is also moderate dilation of the lateral ventricles, including the

Fig. 20 Cerebellar hemorrhage
and its evolution. Head US
imaging, mastoid views, in a 4-
day-old boy born at 26 weeks of
gestation. a US shows right and
left cerebellar hemisphere areas of
echogenicity (arrows) consistent
with intraparenchymal
hemorrhage. Clot (arrowhead)
within the dilated downside
ventricle confirms that there was
also supratentorial
intraventricular hemorrhage. b
US imaging performed 3 weeks
later shows that part of the
cerebellar hemorrhage became
cystic (arrow)
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temporal horns. b US performed several weeks later shows a large
cystic area (arrow) extending from the frontal horn to the most superior
aspect of the frontal brain. Aging clot and debris are seen within it. The
abnormal brain seen in (a) cavitated over several weeks into a large
porencephalic cyst, communicating with the right frontal horn
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Fig. 21 Communicating post-hemorrhagic hydrocephalus. Head US
examination in a 4-week-old boy born at 25 weeks of gestation. a
Coronal plane US imaging shows that the lateral ventricles (LV) are
much dilated and contain residual aging clot. The temporal horns are
dilated. The dilated frontal horns extend via the foramina of Monro into
a dilated 3rd ventricle (3). There is almost complete fenestration of the
septi pellucidi because of the long-term hydrocephalus. Note the remnant

An inflammatory factor, transforming growth factor beta
(TGF-B), has been implicated as a cause of post-
hemorrhagic hydrocephalus by its stimulation and pro-
duction of extracellular matrix, causing scarring and ob-
struction of arachnoid villi [29, 30]. Noncommunicating
hydrocephalus can also occur secondary to obstruction
of CSF flow within the ventricular system from blood
clots or webs and synechiae that develop secondary to
the hemorrhage. Sometimes obstruction can occur at
both the aqueduct and the outlets of the 4th ventricle,
resulting in a trapped 4th ventricle. This often requires an
additional ventriculostomy because a ventriculoperitoneal
shunt within the lateral ventricle only decompresses the lateral
and 3rd ventricles and not the trapped 4th ventricle [31].
Most radiologists assess ventriculomegaly by gestalt
rather than by a fixed set of measurements [12]. Some
clinicians use bifrontal index measurements for shunt
decisions. The bifrontal index is the width of the
greatest span of the frontal horns divided by the greatest
width of the inner diameter of the skull, and is usually
less than 0.29 in normal neonates [32, 33]. Serial US
imaging can help monitor ventricular dilation, to identi-
fy infants who require shunt placement [7]. Post-
hemorrhagic hydrocephalus occurs in approximately
1% of infants with grade 1 IVH, 4% of those with
grade 2, 25% of those with grade 3 and 28% of those
with grade 4 [34]. Ventriculoperitoneal shunting, usually
reserved for worsening ventriculomegaly over time, is
performed in approximately 15% of neonates with
post-hemorrhagic hydrocephalus [2]. US imaging is help-
ful in noting ventricular decompression in infants shunted for
hydrocephalus. Historically, some researchers have used

of the septum pellucidum (arrowhead). b US imaging in sagittal plane.
An oblique near-midline view shows the dilated lateral ventricle (LV),
dilated 3rd ventricle (3) and very dilated 4th ventricle (4). The dilation
of the ventricles could be caused by communicating hydrocephalus from
an obstructing clot just beyond the foramina of Magendie and Luschka or
from inflammation of the arachnoid villi, limiting the cerebrospinal fluid
resorption

Doppler US and graded compression of the anterior fontanelle
to evaluate neonatal hydrocephalus, suggesting the need for
shunt placement when there was a 20% increase in resistive
index or a reversal of diastolic flow in the spectral pattern
obtained by insonating anterior cerebral and middle cerebral
arteries [35, 36].

Hypoxic—ischemic injury in preterm neonates

Severe hypoxic events result in brain injury, most par-
ticularly in areas of advanced myelination, which have
the highest metabolic activity [37, 38]. These areas in-
clude the thalami, globus pallidi, hippocampi, dorsal
brainstem and the cerebellum. In premature infants, the
caudate nucleus, putamen and the peri-Rolandic cortex
are spared, as compared to term infants, because these
areas myelinate only at a gestational ages of 35 weeks
and older. US imaging has low sensitivity in detecting
early ischemic changes in the deep structures of the
brain. The most common US pattern is transient or per-
sistent hyperechogenicity, which might progress to cav-
itation in the globus pallidus and ventral lateral nuclei
of the thalamus [39, 40] (Fig. 22). These findings are
best seen on MR. With more severe insults involving
the cortex and subcortical white matter, US might depict
indirect evidence of edema, such as effacement of the
sulci, loss of gray—white matter differentiation, and
compressed lateral ventricles. Cystic (cavitated) brain
lesion can be picked up in the later phases on US.
However, it is said that 50-70% of hypoxic—ischemic
lesions seen on autopsy are missed at US [40]. MRI
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Fig. 22 Hypoxic—ischemic encephalopathy (HIE). Head US imaging in
the coronal plane in a 10-day-old girl born at 23 weeks of gestation with
HIE. US shows the prominent echogenicity in the bilateral thalami
(arrows) with some heterogeneity, consistent with evolving changes of
HIE. Post-hemorrhagic hydrocephalus with the dilation of the lateral
ventricles and the 3rd ventricle is also seen secondary to evolving
intraventricular hemorrhage. Echogenic clot and debris are seen in the
frontal horns and the 3rd ventricle

of the brain allows better characterization of severe hyp-
oxic—ischemic injury, particularly parenchymal ab-
normalities, which might be invisible on US because
they do not have a cystic phase. Diffuse extensive
high-signal-intensity lesions associated with HIE might
only be seen on MRI, and in particular on diffusion-
weighted sequences [40].

Periventricular leukomalacia

Periventricular leukomalacia (PVL) is a well-documented
abnormality occurring in the brain of premature infants
as a result of ischemic insult to the white matter tracts.
In preterm infants of less than 32 weeks’ gestational age,
the periventricular white matter is in watershed areas,
where the deep penetrating arteries have not yet devel-
oped. PVL is most commonly observed adjacent to the
trigone of the lateral ventricles and in the white matter
lateral to the frontal horns [12]. The cerebral white mat-
ter of the immature brain is populated predominantly by
pre-oligodendrocytes, which are more susceptible to hyp-
oxic injury as opposed to the mature oligodendrocytes of
the term brain [38, 41, 42]. Long-term sequelae of PVL
include visual, acoustic and motor deficits with spastic
diplegia or quadriplegia [3, 11].
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The first phase of PVL is manifested by increased
echogenicity in the periventricular white matter from
white matter edema or hemorrhage occurring predomi-
nantly lateral to the frontal horns or in the peritrigonal
region [43] (Fig. 23). Hemorrhagic PVL has been
shown to be much more common (64%) than once
thought based on studies using MRI and US correlation
[44, 45]. The echogenic phase of PVL can at times
appear similar to the normal echogenic periventricular
white matter. One should be suspicious for PVL when
there is either unusually increased echogenicity or asym-
metry to the periventricular echogenicity in the white
matter. If unsure, a 2- to 3-week follow-up usually
shows the development of periventricular white matter
cysts in the area of concern if there was true echogenic
PVL that evolved into cystic PVL. The cystic changes
are usually bilateral and often symmetrical. The cysts
can be single or multiple and tend to be seen parallel
to the ventricular border in the deep white matter, again
most commonly observed in watershed areas adjacent to
the trigone of the lateral ventricles and lateral to the
frontal horns [44] (Fig. 23). These cysts measure from
millimeters to 1-2 cm in diameter. Thinning of the cor-
pus callosum often follows PVL because of white mat-
ter necrosis or secondary axonal degeneration [44, 46].
These cysts can coalesce and merge with the adjacent
ventricular wall, manifesting as irregular or wavy ven-
tricular margins. With the passage of additional weeks
to months the tiny cysts fill with fibrous and glial cells,
and they sometimes completely disappear with gliosis
and periventricular volume loss, the only indicator of
abnormality [47, 48]. With the resultant white matter
injury, generalized atrophy gradually sets in with wid-
ening of cerebral sulci, widening of the interhemispheric
fissure and ex vacuo ventriculomegaly [49].

Timing and frequency of screening head US
in preterm neonates

Based on what US imaging can detect, recommenda-
tions have been made to avoid missing cases of IVH
and PVL in the asymptomatic newborn as well as the
complications of post-hemorrhagic hydrocephalus in pa-
tients with known IVH. An initial scan is performed
between days 3 and 7 after birth to capture IVH in
the first week. A second scan between days 10 and 14
is thought to identify most clinically and developmen-
tally important lesions [3, 12, 50]. The rationale behind
this scan timing is the desire to identify IVH — which
is noted in 75% cases in the first week of age and in at
least 84% by days 10-14 — while at the same time
noting whether there is development of any early
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Fig. 23 Evolving periventricular leukomalacia (PVL). a Head US
imaging in the coronal plane in a 14-day-old boy born at 31 weeks of
gestation. US shows the relatively symmetrical but wider-than-normal
periventricular white matter regions (arrows). Small contained areas of
even brighter echogenicity (arrowheads) might be related to focal
hemorrhage or edema. At this point echogenic PVL was considered. b
Head US in the coronal plane 2 weeks later. Cystic areas are now seen in
areas of previously noted homogeneously bright echogenicity,

hydrocephalus or echogenic PVL [3]. A third scan
might be performed at 4-6 weeks of age to exclude
unexpected PVL and post-hemorrhagic hydrocephalus
[3, 12]. Obviously in symptomatic neonates (e.g.,
dropping hematocrit, seizures) a head US examination
should be performed as soon as possible. MRI is the
imaging modality of choice for HIE in the acute phase
because US has lower sensitivity for the detection of
early ischemic changes [40, 45].

Conclusion

Head US imaging is an excellent screening tool and
sometimes the only tool necessary for evaluating pre-
term neonates for intracranial hemorrhage and ischemic
insults. With head sonography and follow-up US or cor-
relative MR exams, it is possible to diagnose in a

confirming the concern for PVL, now in its cystic phase and more
readily diagnosable. ¢ Left parasagittal plane US imaging shows cystic
areas (arrowheads) within the echogenic white matter (arrows) in the
peripheral left brain, consistent with cystic PVL. d US imaging in the
coronal plane coned down to the frontal horn region shows cysts of PVL
in the classic anterior watershed area, just lateral to the frontal horns.
Again, these cysts that developed in echogenic periventricular areas
confirm the suspicion of PVL

timely manner and allow for intervention when neces-
sary. Intracranial US findings can help in predicting
long-term neurodevelopmental outcomes.
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