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Coronal Plane—Frontal Lobes. This anatomic plane is just
anterior to the frontal horns of the lateral ventricles. Normal
periventricular echogenicity is evident centrally in each frontal
lobe (straight arrow). The curved arrow indicates the midline
sagittal fissure. o, orbit

1.2

Coronal Plane—Frontal Horns. Images demonstrate the full
field of view (A) and a coned down view (B) of the frontal
horns (shortest arrow) in two different infants.
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Coronal Plane-Third Ventricles. The echogenic choroid
plexus (large arrow) is visible lying along the roof of the third
ventricle just inferior to the cavum septum pellucidum. This
landmark indicates the plane of section is posterior to the
foramen of Monro. Echogenic choroid plexus may be seen
normally overlying the caudate nucleus in the lateral ventricles
in this plane of section. The third ventricle is usually slit-like
and is not discretely visualized in coronal plane. Also seen on
this image are a portion of the brainstem (b), the cerebellar
hemisphere (h), the cisterna magna (small arrow), and the
temporal lobes (t)
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Coronal Plane—Lateral Ventricles. A. Posteriorly angled
coronal view shows the prominent glomus (arrow) of the
choroid plexus in the atrium of the lateral ventricles. When
this scan was obtained, the infant was lying with the left side
of his head down. The choroid plexus lies dependently against
the left lateral wall of the ventricle. B. Image angled further
posteriorly shows the occipital horns of the lateral ventricles
(small arrow). The size of the occipital horns is commonly
asymmetric. Note the prominent but symmetric echogenicity
of the periventricular white matter tracts (large arrow).
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Coronal Plane—Periventricular White Matter. With the transducer
held in coronal orientation at the anterior fontanel, this image is
obtained by angling the transducer far posteriorly approaching an
axial plane. The prominent echogenic periventricular white
matter (arrow) is demonstrated superior to the lateral ventricles.
The normal echogenicity is symmetric. Asymmetry of the
periventricular echogenicity suggests the early hemorrhagic stage
of periventricular leukomalacia
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1.6

Sagittal Plane—Midline. Images of a premature (A) and a full-term (B)
newborn infant demonstrate the important normal anatomic landmarks.
The midline cystic cavum septum pellucidum (long arrow) and cavum
vergae are prominent in the premature infant but are smaller and limited
to only the cavum septum pellucidum in the full-term infant. Note the
increased prominence of the gyri and sulci in the full-term infant
compared to the relatively featureless brain of the premature. The
corpus callosum (fat arrow) forms a curving hypoechoic band just
above the cavum septum pellucidum. The choroid plexus (short curved
arrow) in the roof of the third ventricle forms an echogenic band just
below the cavum septum pellucidum. The vermis (v) of the cerebellum
is a round echogenic mass in the posterior fossa. The fourth ventricle
(tiny arrow) is seen as a triangular lucency indenting the vermis.
Anterior to the vermis is the hypoechoic brainstem (b). The pons (p) is
echogenic compared to the remainder of the brainstem. A normal fluid-
filled cisterna magna (long curved arrow) should always be present.
Absence of the cisterna magna is indicative of a Chiari defect

15

1.7

Sagittal Plane-Lateral Ventricle. Laterally angled, sagittally oriented
image demonstrates the rounded mass of the thalamus (T) and the
tongue-shaped structure of the caudate nucleus (c). The slight
indentation between these two structures is the caudothalamic groove
(straight arrow). The caudothalamic groove is the sagittal plane marker
of the location of the foramen of Monro. Echogenic mass replacing the
tip of the tongue of the caudate nucleus anterior to the caudothalamic
groove is indicative of germinal matrix hemorrhage. The echogenic
glomus of the choroid plexus (curved arrow) is seen in the atrium of the
lateral ventricle. Echogenic choroid plexus extends anteriorly and
inferiorly into the temporal horn.
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1.8

Sagittal Plane—Periventricular White Matter. Sagittally oriented
view angled further laterally demonstrates the echogenic
periventricular white matter (arrow). This view is utilized to detect
periventricular leukomalacia. The echogenicity of the right side
should be compared to the echogenicity of the left side.

19

1.9

Axial Plane-Third Ventricle. An axial plane view obtained by
imaging through the thin squamous portion of the temporal bone is
optimal for demonstrating the third ventricle (straight arrow). The
normal third ventricle is a slit-like structure between the two walnut-
shaped thalami (T). The brain-cranium interface (curved arrow)
should be noted to detect extra-axial fluid collections
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1.10

Axial Plane-Suprasellar Cistern. A. Axial plane view obtained
more inferiorly demonstrates the suprasellar cistern as a 5-
pointed-star-shaped  echogenic  structure  (short  arrow)
surrounding the hypothalamus (long arrow). Posterior to the
suprasellar cistern is the heart-shaped structure of the cerebral
peduncles (p). The echogenic spot (curved arrow) at the apex of
the “heart” is the cerebral aqueduct (of Sylvius). B. With color
Doppler (shown here in gray scale), the circle of Willis is
clearly visible in the suprasellar cistern
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1.11

Coronal image of a 24 week gestation preterm infant. Note the
lack of cerebral sulci. Only the Sylvian Fissures are clearly
visible.
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1.12

Sagittal images of the (a) right and (b) left lateral ventricles
demonstrating asymmetry in the choroid plexus (arrows) with
the right being larger and more lobulated than the left. Both are
normal
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1.13

Coronal image in a premature infant (note the lack of sulci)
demonstrating hyperechoic psedudolesions in the periventricular
white matter consistent with normal “periventricular halo”. This
should not be confused with the more echogenic, less
homogeneous findings of periventricular luekomalacia.
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1.14

Calcar avis.Us image obtained through the posterior fontanelle
shows a calcar avis ( ® ) with a central echogenic sulcus (® )
as well as an occipital horn (® ) and a normal echogenic
choroids glomus G1®1
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1.15

Lobular chorold plexos.(a) Sagittal US image of the lateral
ventricle through the anterior fontanelle shows a large germinal
matrix hemorrhage (GMH[®])with possible intraventricular
extension, (b) US image obtained through the posterior
fontanelle demonstrates a normal-appearing trigone, occipital
horn, and chorokl glomus (G[®]) of the right Ilateral
ventricle.(c) US image obtained through the posterior fontanelle
shows a lobular left choroids plexus and raises suspicion for
intraventricular hemorrhage (? ), especially in view of the
asymmetry of the lesion relative to the right lateral ventricle. (d)
Pulsed color Doppler US image obtained through the posterior
fontanelle demonstrates arterial signal arising from the lobular
left choroide plexus, a finding that helps exclude dot . These
findings remained stable on multiple follow-up examinations.
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1.16

Normal foramen of Magendie in a 27-week-old infant.(a)
Sagittal midline US image obtained through the anterior
fontanelle shows a normal fourth ventricle (®), inferior vermis
(®), and cisterna manga ( ®). (b) US image obtained through
the mastoid fontanelle demonstrates a normal -—appearing
cisterna magna (® )and cerbellar hemispheres (®). (c) more
caudally angled US image obtained through the mastoid
fontanelle shows the normal fourth ventricle (®)and inferior
vermis (®). (d)US image obtained through the mastoid
fontanelle with further caudal angulation shows a thin
communication between the fourth ventricle and the cisterna
magna (foramen of Magendie)
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Atlas of neuroanatomy and neurophysiology 2002
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1.18

Normal color flow Doppler sonogram via the anterior fontanelle
in a term neonate. (A) Sagittal midline view with infant facing
the left demonstrates the ACA coursing over the corpus
callosum. Cursor is placed on the pericallosal artery
demonstrating a normal RI for a term infant measuring 0.73. (B)
Coronal view with cursor placed on the peripheral left MCA
demonstrating a normal RI of 0.66.

34

1.19

Normal TCD color Doppler image obtained from the left
temporal approach. Labeled vessels include middle cerebral
artery (MCA), posterior cerebral artery (PCA), and anterior
cerebral artery (ACA). Red and blue indicate arbitrary
designation of flow toward and away from the transducer,
respectively. Lt left, Rt right
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2.1

The effect of ischemia on cerebral perfusion, Berger et al 2000

40

2.2

Diagram illustrates the cascade of events contributing to brain
injury in hypoxia-ischemia
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3.1

Drawing illustrates the neonatal skull (lateral view)with the
major sutures as well as the posterior ( ®) and anterior (® )
fontanelles. A US transducer is positioned over the mastoid
fontanelle (Reprinted, with permission, from reference2)
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3.2

. van Wezel-Meijler 2007
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3.3

G. van Wezel-Meijler 2007
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3.4

Posterior fontelle imaging (a)US image obtained the posterior
fontelle with the transducer positioned directly over the fissure
(®)demonstrates the body of the right lateral ventricle (®)as
well as the occipital hom (®) and a choroid glomus (G[®
]).(b)US image obtained with the the transducer positioned
slightly cephaled to the calcarine fissure (®) provides and
excellent view of the body of the right lateral ventride (®) as
well as the occipital (®) and temporal (®)horns and the
choroids glomus (G[®]).Because the patient was supine, the
posterior fontanelle was not accesible.
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3.5

G. van Wezel-Meijler 2007
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3.6

Mastoid fontelle imaging,(a)US image of the midbrain obtained through
the mastoid fontanelle shows an echogenic line denoting a collapsed third
ventricle and aqueduct (®)as well as the cerebral peduncle (®),thalamus
(®), and quadrigeminal plate cistern (Q[®]), which blends into the
upper cerebellum. The perimesencephalic cistem (®) and tentorium
(®)are also a seen.(b) US image of the posyerior fossa obtained through
the mastoid fontanelle depicts the fourth ventriclw (®), posterior vermis
(®), cisterma manga (®), and cerbellar hemisphere (CH [®)]).
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3.7

Normal coronal gray-scale images of 7-day-old boy with seizures.A,
Sonogram through frontal lobes (F) shows orbits (O) and hyper echoic
falx cerebri (arrow) located within interhemispheric fissure. B, Sonogram
through frontal horns shows corpus callosum, seen as hypo echoic
midline structure outlined by echogenic superior and inferior borders
(arrow). Frontal horns (F), cavum septum pellucidum (asterisk), globus
pallidus (G), putamen (P), caudate nucleus (C), temporal lobes (T), and
Sylvian fissure (dotted line) are seen. C, Sonogram at level of cerebral
peduncles identifies hyper echoic choroid plexus along roof of third
ventricle (straight arrow) and floor of lateral ventricles (curved arrows).
Also noted are left cerebral peduncle (CP), thalamus (T), cerebellar
hemispheres (Cb), and cisterna magna (arrowhead). D, Sonogram at level
of quadrigeminal plate (Q) illustrates temporal lobes (TL), cerebellar
hemispheres (Cb), thalamus (T), hippocampus (H), and third ventricle
(3). E, Sonogram obtained through hyper echoic choroid plexus
(asterisks) within lateral wventricles. Note less echogenic adjacent
periventricular white matter (arrows). Periventricular white matter halo
should normally be less echogenic than adjacent choroid plexus.F,
Sonogram through cerebral convexities reveals normal layers of cortex,
which should be seen throughout brain. Well-defined hyper echoic pia
(curved arrow) on surface of cortex overlies hypo echoic cortical gray
matter (straight arrow), which overlies slightly hyper echoic white matter
(arrowhead
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3.8

Normal sagittal gray-scale images of 7-day-old boy with seizures (same
patient as Fig. 3). A, Sonogram through midline shows corpus callosum
(straight arrows), hypo echoic structure bound by echogenic superior
and inferior borders, cingulate gyrus (arrowheads), cavum septi
pellucidi (asterisk), occipital lobe (O), third ventricle (3) with choroid
plexus in its roof (curved arrow), and fourth ventricle (4). Also noted
are hypo echoic midbrain (M); Pons (P), which has hyper echoic
ventral and hypo echoic dorsal regions; and cerebellar vermis (V). B,
Parasagittal sonogram through lateral ventricles shows caudothalamic
groove (arrow), separating caudate nucleus (C) from thalamus (T), and
choroid plexus along posterior margin of thalamus (dotted line). Note
hyper echoic focus adjacent to lateral ventricle trigone that was not seen
on coronal view (not shown). This periventricular pseudo lesion
(arrowhead) is common artifact on this view. C, Normal peripheral
sagittal gray-scale sonogram through Sylvian sulcus (dotted line)
reveals temporal lobe (T), frontal lobe (F), and parietal lobe (P). Note
normal hypo echoic gray matter (arrow) between superficial hyper
echoic pia and slightly hyper echoic white matter.
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3.9

Normal color Doppler Sonography of 8-day-old premature girl
being screened for intracranial hemorrhage.

A, Sonogram obtained through circle of Willis illustrates right
(Rt) and left (Lt) internal carotid arteries (ICA), right and left
middle cerebral arteries (MCA), and anterior cerebral (ACA)
arteries. Distinguishing between right versus left ACA is often
difficult, but usually unnecessary. Thus, they are labeled together.
B, Spectral Doppler tracing of circle of Willis obtained via
anterior fontanel shows normal arterial flow pattern. in MCA.
Note continuous flow above baseline, including rapid systolic
upstroke (arrow) followed by gradual decline in flow during
diastole (arrowhead). Normal peak systolic velocity (PSV), end-
diastolic velocity (EDV), and resistive index (RI) are indicated. C,
Sagittal Doppler sonogram of venous system shows patent deep
venous system, including vein of Galen (VOG) (arrow).
Pericallosal branch of ACA (arrowhead) is noted. D, Sonogram of
superficial venous system, including sagittal sinus (arrow), is
shown. Observe normal venous spectrum showing continuous
undulating venous flow. Incidentally noted is reversal of color
map
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3.10

Normal gray-scale posterior fossa sonogram obtained via mastoid
fontanel in 3-day-old infant, on extracorporeal membrane
oxygenation therapy screened for intracranial hemorrhage.
Cerebellar hemispheres (Cb), fourth ventricle (4), cistern magna
(asterisk), quadrigeminal plate (Q), vermis (V), and temporal
lobes (T) are shown
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3.11

Posterior fossa hemorrhages in 2-week-old boy born at 27 weeks’
gestational age. A and B, Coronal sonogram via anterior fontanel
shows area of hypoechogenicity in right cerebellum (arrow),
concerning for hemorrhage. Note developing post hemorrhagic
hydrocephalus. When evaluated via mastoid fontanel (B), right
cerebellar hemorrhage (arrow) is confirmed
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3.12

Normal linear Sonographic image in coronal plane in 6-week-old
girl with macrocephaly. Color. Doppler linear image of superficial
cortex reveals prominence of subarachnoid space. Normal vessels
(arrows) are present. (
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3.13

Hypoxic ischemic brain injury in 2-day-old boy with seizures.

A, Coronal sonogram reveals bilateral increased thalamic
echogenicity (arrows). MRI (not shown) confirmed restricted
diffusion in dorsal putamina and ventrolateral thalami. B, Coronal
power Doppler image using linear-array transducer reveals
hyperemic flow in lenticulostriate and thalamoperforate arteries of
basal ganglia and thalami
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3.14

Right middle cerebral artery stroke in 1-week-old boy. Coronal
sonogram shows loss of normal cortex in right cerebrum (arrows).
Compare with normal cortex on left
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3.15

Periventricular leukomalacia in 6 week-old premature girl.
Coronal sonogram identifies bilateral periventricular hyper
echogenicity and subtle periventricular cystic encephalomalacia
(arrows). MRI (not shown) confirmed diffuse abnormal signal in
white matter and some periventricular hemorrhage.
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3.16

Low resistive index (RI) in 2-day-old infant with hypoxic
ischemic brain injury. Spectral Doppler tracing of middle cerebral
artery (MCA) obtained via temporal fontanel reveals elevated
diastolic flow (arrow) and low RI of 0.53 (normal RI,
approximately 0.6-0.9). Gray-scale images (not shown) revealed
diffuse increased echogenicity suggesting cerebral edema. PSV =
peak systolic velocity, EDV = end diastolic velocity.
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3.17

Elevated resistive index (RI) in 8-day-old preterm infant due to
patent ductus arteriosus. Spectral Doppler tracing obtained from
middle cerebral artery (MCA) shows elevated RI of 1.34 (normal
preterm RI, 0.77 + 0.15). Note normal rapid systolic upstroke
followed by abnormally rapid decline with reversal of flow during
diastole (arrow). PSV = peak systolic velocity, EDV = end-
diastolic velocity

67

4.1

12 h old girl born at 39 weeks of gestation with a history of
perinatal asphyxia after total abruption placenta and the respective
Apgar scores 1-2-3 at the age of 1-5-10 minutes with severe HIE
who survived with cerebral paralysis, tetraplegia, seizures and
bulbar paralysis. (Ilves et al., 2009a). a) Coronar US image shows
ill-defined structures including basal ganglia, and slitlike ventricles
at the age of 12 h b) Magnified sagittal view using linear
transducer shows the accentuation of the grey —white matter
differentiation with prominent sulci at the age of 12 h c¢) Left
parasagittal view shows hyperaemia in the region of basal ganglia
with power Doppler at the age of 12 h d) Colour Doppler
evaluation shows a low cerebral blood flow velocity with normal
resistance in the right anterior cerebral artery at the age of 12 h e)
Coronar US image shows still ill-defined structureswith general
increase in echogenicty including basal ganglia, and still slitlike
ventricles at the age of 3 days f) Colour Doppler evaluation shows
a high cerebral blood flow velocitywith low resistance in the left
medial cerebral artery at the age of 3 days g) MRI FLAIR image
with pathological signal intensity bilaterally in basal ganglia at the
age of 8 days h) Coronar US with moderately enlarged side
ventricles and ill-defined basal ganglia at the age of 1 month

i) CT image with atrophy and increased attenuation in basal
ganglia at the age of 3 years.
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4.2

12 h old girl born at 39 weeks of gestation with a history of
perinatal asphyxia after total abruption placenta and the respective
Apgar scores 1-2-3 at the age of 1-5-10 minutes with severe HIE
who survived with cerebral paralysis, tetraplegia, seizures and
bulbar paralysis. (Ilves et al., 2009a). a) Coronar US image shows
ill-defined structures including basal ganglia, and slitlike
ventricles at the age of 12 h b) Magnified sagittal view using
linear transducer shows the accentuation of the grey —white matter
differentiation with prominent sulci at the age of 12 h c) Left
parasagittal view shows hyperaemia in the region of basal ganglia
with power Doppler at the age of 12 h ,d) Colour Doppler
evaluation shows a low cerebral blood flow velocity with normal
resistance in the right anterior cerebral artery at the age of 12 h ,e)
Coronar US image shows still ill-defined structureswith general
increase in echogenicty including basal ganglia, and still slitlike
ventricles at the age of 3 days, f) Colour Doppler evaluation
shows a high cerebral blood flow velocitywith low resistance in
the left medial cerebral artery at the age of 3 days ,g) MRI FLAIR
image with pathological signal intensity bilaterally in basal
ganglia at the age of 8 days h) Coronar US with moderately
enlarged side ventricles and ill-defined basal ganglia at the age of
1 month, i) CT image with atrophy and increased attenuation in
basal ganglia at the age of 3 years

77

4.3.a

Sagital view at lateral ventricle level echogenic material in the
thalamo-caudate groove; b) Detail the irregular echogenic deposit
is located between the caude nucleus (anterior) and thalamus
(posterior(.Diagnostic:small subependumal grade | haemorrhage
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Fig.3.a

Coronal view at the frontal homs level echogenic material on both
supependimal regions, more aboundant on the left, b) Sagital
view: oval shaped echogenic deposit in the left thalamo-caudate
groove, apparently protruding into the lateral ventricle.
Diagenostic: subependinal grade | haemorrhage
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Fig.3.a)

Coronal view at the frontal homs level echogenic material on both
supependimal regions,more abundant on the left; b)sagital view
:oval shaped echogenic deposit in the left thalamo-caudate groove,
apparently protruding into the lateral ventricle. Diagnostic:
subependimal grade | haemorrhage.
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44

Control view: the thalamic and caudate grooves are filled with
hyperechoic material, more abundant on the right side; b) Coronal
view at the lateral ventricles body: asymmetric left ventricles:
minimal right ventricle dilation.Diagnostic:bilateral subependimal
haemorrhage with right interaventricular haemorrhage and
minimal ventricular distension-grade H haemorrhage.
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4.5

Coronal view at ventricular body level:both ventricles are
distended; on the left side an echogenic dot extends to the frontal
hom; b) sagital view demonstrate oval shaped irregular clot on the
left ventricle's body, distinct by echogenicity and location from
the choroids plexus which can be seen posterior Diganostic:grade
I11 Intraventricular haemorrhage
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4.6

Grade Il intraventriculat haemorrhage outcome:ultrasound
examination at 5 and 8 weeks postnatal.a) Coronal view:dilated
frontal & temporal horns, mild Illrd ventricle distension;b)
Asymmetrical frontal and temporal horns distension.Diagnostic:
intraventricular grade Il haemorrhage with secondary
hydrocephalus
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4.7

Full term new born with severe birth hypoxia- examination on day
5.a) Coronal view:both lateral ventriclar fulfilled by an echogenic
structure, consistent with bilateral intraventricular
clots:Hyperechohoic periventiculat parenchyma, suggestive for
venous infarctions; b) Sagital view at lateral ventricle level:The
hyperechoic clod extends to almost entire
ventricle.Diagnostic:grade 1V intraventricular haemorrhage

88

4.8

The same case as in fig.7 reexamined at 18 days of age. A) sagital
view: pronounced distension of the left lateral ventricle with
persistent hyperechoic imagines inside. B. Coronal view bilateral
ventriculomegaly, intraventricular clot on a slow resolution
process.Diagnoatic grade IV intraventricular haemorrhage post
hemorrhagic hydrocephalus
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4.9

A3 days old newnorn,28 weeks gestational age weight 1900 gr
with severe perinatal hypoxia,Apagar score 3/1 min.Head
ultrasound on day 7.a)coronal view :both frontal and temporal
horns are distended by an echogenic irregular, inhomogenecous
structure inside the ventricles.Dilated thirs ventricle;b)Sagital
view to secondary ventricule level: voluminous clot with irregular
borders lwading to secondary ventricular distension .Diagnostic
grade 1V intraventricular haemorrhage.secomdary hydrocephalus
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4.10

Coronal view: distended lateral ventricle with porencephalic
cyst formation. Diagnostic: grade IV intraventricular
haemorrhage. Post hemorrhagic hydrocephalus,
porencephalic cysts

89

411

Preterm newborn examined for periventricular
hyperechogenicities observed at 48 h of age a) sagital view day3
periventricular hyperechogenicities superior to the echogrncity of
choroids plexus; b) Examination on day 10: small cyst in the
periventricular area, c) coronal view cyst on the extermal angle
left frontal horn, d)sagital view multiple periventricular cystic
cavities .Diagnoatic: grade Il PVL
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4.12

a)and b) Coronal view: in various cerebral regions-multiple
extensive cystic cavities on the fronto occipital regions; c)
and d) Sagital views: multiple cysts with various shapes and
dimensions located on both peniventricular area. Diagnostic
hypoxic ischemic encephalopathy; grade 111 PVL
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4.13

Preterm newborn-36 weeks gestrional age . Apgar
score2/Imin 4/5 min examined in the 14h days of life a) and
b) coronal view numerous cysts of different shapes and
dimensions extending periventricular bilaterally. Marked
extraaxial spaces distension with anechoic content, ¢) and d)
sagital view peniventricular  cysts with fronto-paneto-
occipital extension. Enlarged subarachnoid space .Note the
normal dimensions of the lateral ventricles .Diagnostic:
hypoxic encephalopathy ; grade 1V PVL
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5.1

Doppler curve of pericallosal artery: Pl — pulsatility index,
Rl — resistive index, PSV - peak systolic blood flow
velocity, EDV - end-diastolic blood flow velocity, MnV -
mean blood flow velocity, FlowT — flow time
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5.2

High RI values in the first day of life, with typical
diastolic notch on the spectral curve, followed by low RI
characteristic for luxurious perfusion, after 24 hours in
the reperfusion period
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5.3

Serial changes in the mean BFV (TAV) in the BA during the
first 6 months of age. Data are represented as mean + SD. *
P< .05, HIE 0 versus HIE 3; ** P< .0005, HIE 0 versus HIE
3; § P<.05, HIE 1 + 2 versus HIE 3; 8§ P<.0005, HIE 1 +
2 versus HIE 3; # P< .05, HIEO versus HIE1 + 2
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5.4

Transcranial duplex Doppler ultrasonography demonstrating
a low resistance pattern of the middle cerebral artery (MCA)
in an asphyxiated infant.
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5.5

Transcranial suplex Doppler ultrasongraphy demonstrating a
low resistance pattern of the anterior cerebral artery (ACA)
in an asphyxiated infant.
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