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Abstract
Nowadays, cranial ultrasonography (US) of the newborn represents the first imaging method in brain damage study and its 
possible outcomes. This exam is performed using the natural fontanelles, especially the anterior one. It is fast, non-invasive 
and does not produce any side effect. Ultrasonographic examination is usually performed in cases of prematurity, especially 
in children with birth weight less than 1500 g, because important informations about the possible presence of pathologies 
such as cerebral hemorrhage and hypoxic–ischemic encephalopathy are given. This approach can be useful also in the study 
of pre- and post-natal infections, for example, type II Herpes Simplex virus or Cytomegalovirus infections, or pointing out 
vascular malformations such as vein of Galen aneurysm. Although less important than methods such as computed tomog-
raphy (CT) and magnetic resonance imaging (MRI) in the evaluation of trauma and tumors, ultrasound can provide useful 
informations or be used in first instance in the suspicion of a brain mass.
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Sommario
Al giorno d’oggi l’ecografia encefalica del neonato rappresenta la prima metodica di imaging nello studio del danno cere
brale e dei suoi possibili esiti. Tale esame viene eseguito utilizzando le fontanelle naturali, in particolare quella anteriore. 
È veloce, non invasivo e privo di complicanze. L’esame ecografico è di solito eseguito in caso di prematurità, soprattutto 
nei bambini con un peso alla nascita inferiore a 1500 grammi, potendo fornire importanti informazioni riguardo la presenza 
di patologie come l’emorragia cerebrale e l’encefalopatia ipossico-ischemica. Questo approccio è utile anche per lo studio 
delle infezioni pre- e post-natali, quali ad esempio quelle da virus Herpes Simplex di tipo II o da Citomegalovirus, o per 
evidenziare malformazioni vascolari quali l’aneurisma della vena di Galeno. Sebbene meno importante rispetto a metodiche 
quali la tomografia computerizzata (TC) e risonanza magnetica (RM) nello studio dei traumi e dei tumori, l’ecografia può 
talvolta fornire informazioni utili o essere la metodica di prima istanza nel sospetto di una massa cerebrale.

Introduction and technical notes

During the last 30 years, sonographic examination of the 
brain has become a routine procedure in most neonatal inten-
sive care structures and sonographic centers. Its accessibil-
ity, safety and low cost contributed to the diffusion of this 
technique [1]. Besides, ultrasound reports have proved to 
match anatomo-pathological examinations. As in any other 
organs, pediatric encephalic ultrasonography requires some 
both technical and methodological care: a strict collabo-
ration with clinicians, a comfortable and properly heated 
environment. Furthermore, the room should not be crowded 
(only one parent allowed) and waiting time limited.
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During both neonatal and early infancy, the skull is so 
thin and the ‘fontanelles’ are open allowing a clear view 
of the whole area with no need for anesthesia or sedation. 
The anterior fontanelle is used as cerebral acoustic window 
and maintains its patency until the age of 10/12 months 
[2]. Some pathological conditions (osteogenesis imper-
fecta, Down syndrome, cleidocranial dysostosis) can cause 
a delayed sealing of the fontanelles, allowing a successful 
scan even in older children.

Ultrasound probes need to be small enough (microcon-
vex) as to allow neonatal brain examination, even when the 
anterior fontanelle is relatively narrowed. We usually employ 
5–6.5 MHz frequencies or 5–10 MHz. In the last years, the 
diffusion of high-frequency linear probes (10–13 MHz) ena-
bled a more detailed surface structures analysis.

The anterior fontanelle approach can sometimes be com-
pleted with transversal scanning involving the posterior and 
mastoid fontanelle, as well as cranial bone flaps [3].

Standard brain ultrasonography needs both coronal and 
sagittal scans. Coronal scans allow a comparative of left 
and right hemispheres; usually executed in number of 5–7 
from the median region of the bregmatic fontanelle through 
a slight inclination of the probe, evaluate the brain from 
the anterior to posterior region. Sagittal scans, usually 5 
(median, parasagittal and parasagittal peripheral right and 
left), allow isolation of the ventricular and paraventricular 
structures [4, 5] (Fig. 1). With these series of scans, the 
ventricles (shape, size and content), the periventricular and 
subcortical white matter, basal ganglia, gray matter and 
pericerebral fluid spaces can be accurately evaluated. Any-
how, despite this standard approach, nowadays, real-time 
ultrasound allows to scan brain in any direction.

The integration with the color and power Doppler can 
give additional qualitative data, such as the visualization of 
aneurysms or the absence of flow in a venous vessel indica-
tive of post-hemorrhagic venous infarct.

In this paper, we analyze the ultrasonographic approach 
to the study of the main cerebral pathologies: cerebral hem-
orrhage, hypoxic–ischemic encephalopathy (HIE), pre- 
and post-natal infections, trauma, vascular anomalies and 
tumors.

Cerebral hemorrhage

Cerebral hemorrhage can show different patterns depending 
on the gestational period. Prematures are at higher risk of 
germinal matrix hemorrhage and periventricular leukoma-
lacia. Term babies can show hemorrhage at subdural, suba-
rachnoid or choroid plexus levels [6, 7].

Germinative matrix is located between the caudate 
nucleus and the thalamus; its close proximity to the lateral 
ventricles explains their frequent secondary involvement.

Incidence varies between 20 and 25% in premature chil-
dren aged < 32 weeks or less than 1500 g at birth and its 
onset occurs within the first 10 days of life, with a worsening 
in the first 2–3 days. It is usually bilateral; when unilateral, it 
tends to appear on the left side. Papile Classification (1978) 
is still employed today (Table 1) [8].

Stage I

Subependymal hemorrhage can be single or bilateral, iso-
lated or combined with a more extended hemorrhage. It 
appears as a homogeneously echoic area located in the 
caudothalamic groove. First-grade hemorrhage can resolve 
completely, or sometimes lead to the formation of a small 
cyst or to ventricular rupture (Fig. 2).

Stage II

In the second stage, subependymal hemorrhage involves the 
adjacent ventricle (Fig. 3). Sonographically, it is character-
ized by hyperechoic images that partly or completely cover 
the ventricular cavities. The hemorrhage breaks the ependy-
mal wall, floating into the lateral ventricle. The ventricle 
turns echoic, although it does not expand. Ventricular walls 
can be thickened (chemical ventriculitis). Sometimes, a ven-
tricular declivous liquor-blood level can be present.

Stage III

Hemorrhage floods into the lateral ventricle, distending it. It 
can affect one or both lateral ventricles (VVLL), sometimes 
involving III° and IV° ventricles.

It tends to resolve within 5–6 weeks. Secondary infec-
tions may occur with an inhomogeneous and corpusculated 
ventricular content; hyperechoic stripes or bands can result. 
Furthermore, it can cause post-hemorrhagic hydrocephalus.

The pathology regresses spontaneously 65/75% of the 
time, while 10% of the cases requires ventriculoperitoneal 
shunting (Fig. 4).

Stage IV

Subependymal hemorrhage, intraventricular hemorrhage 
with dilated ventricle and parenchymal hemorrhage (IPH) 
are sometimes found [7]. Sometimes, it can manifest through 
a periventricular hemorrhagic focus which can be uni- or 
bilateral. Most commonly, it is located in the frontal or pari-
etal area, extending from the caudothalamic groove [9]. If 
the hemorrhage is unilateral, the median line can appear dis-
located. Hemorrhagic stuffing can lead to a reduced venous 
draining, potentially degenerating into thrombosis with con-
sequent parenchymal necrosis.
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Fig. 1   Normal anatomy. 
Coronal anterior (a), median (b 
superior white arrows lateral 
ventricles, inferior white arrows 
basal ganglia, orange arrow 
zone of caudothalamic notch) 
and posterior (c, white arrows 
choroid plexus, red arrow lateral 
ventricles) scan with magni-
fied coronal scan (d) showing 
corpus callosum; g magnified 
coronal scan with normal color 
Doppler signal in cerebral ante-
rior artery. Sagittal scan (e) and 
magnified parasagittal scan (f, 
thalamus red arrow and caudate 
nucleus white arrow). CC cor-
pus callosum, III third ventricle, 
F frontal lobes, V lateral ventri-
cle, O occipital lobe, P parietal 
lobe, CP choroid plexus
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Hematoma appears as a hyperechoic intraparenchymal 
mass, with progressive reduction of its echogenicity over 
time, finally resulting in a porencephalic cavitation [10] 
(Figs. 5, 6).

Prognosis depends on the gravity of the disease, with 
more risk of hydrocephalus, neurological deficit or death 
for grades III and IV.

Hypoxic ischemic encephalopathy (HIE)

Hypoxic ischemic syndrome is characterized by a reduced 
hematic supply of oxygen to the brain (hypoxia) [11]. It is 
determined by respiratory deficit and reduced hematic flow 
to the brain which causes parenchymal damages (ischemia) 
[12].

Periventricular leukomalacia (PVL) is the main 
ischemic lesion of the preterm birth and, together with 
germinal matrix hemorrhage, the most important cause of 
permanent brain damage.

Asphyxia (prepartum, intrapartum and postpartum) 
appears to be the etiology [13]. Concurrent factors seem 

Table 1   Papile classification [8]

Grade I Limited subependymal hemorrhage
Grade II Intraventricular hemorrhage without hydrocephalus
Grade III Intraventricular hemorrhage with hydrocephalus
Grade IV Intraparenchymal and intraventricular hemorrhage

Fig. 2   a Coronal scan. Hyperechoic subependymal hemorrhage 
(grade I, red arrow and calipers) without ventricular involvement 
(blue arrow thalamus; green arrow caudate nucleus), b coronal 
median scan with presence of a cystic area after 10 days from a grade 
I hemorrhage (white arrow)

Fig. 3   Coronal scan. Hyperechoic right intraventricular hemorrhage 
(grade II, red arrow; yellow arrow choroid plexus; blue arrow normal 
lateral ventricle)

Fig. 4   Coronal scan. Ventricular enlargement with the presence of 
derivation catheter (white arrow) after grade III hemorrhage
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to be the absence of cerebral flow self-regulation and car-
diovascular immaturity. HIE affects 25–40% of newborns 
with birth weight less than 1000 g. Different degrees of 
PVL are shown in Table 2 [14].

HIE involves first the white matter located at the border 
regions of the arterial vascular supply, peripherally to the 
trigones of the lateral ventricles and in the frontal lobes [9].

In the early stages of disease, ultrasound can be normal 
or show a hyperechogenicity of the interested white mat-
ter, more than the adjacent choroid plexus [10, 15, 16]. 
A direct comparison between the two hemispheres on 
coronal view from the anterior and the posterior fonta-
nelles should be used to point this out [17]. However, the 
alterations can be bilateral, symmetrical or asymmetrical. 

When pathology is limited, it can affect the periphery of 
the brain, the white matter next to the anterior horn of the 
lateral ventricles or trigonum cerebri. In its diffuse form, 
it involves the entirety of the periventricular white matter.

Consequent manifestations result as hypoechoic areas 
of cystic encephalomalacia (Fig. 7), that begin to appear 
within a month after the event at the site of the early 
hyperechogenicity. Such cysts may be single or multi-
ple (ranging from 1 mm to 2–3 cm) and are located in 
the periventricular white matter varying according to the 
insult extent [9]. Subsequently (1–3 months), the cysts 
tend to disappear, leading to ex vacuo dilatation of the 
lateral ventricles. Necrosis of the affected zones leads 

Fig. 5   a Coronal scan. Intraparenchymal (red arrows) and intraven-
tricular (yellow arrows) bilateral hemorrhage (grade IV); b Coronal 
scans showing right grade IV hemorrhage

Fig. 6   Coronal scans. Right fronto-temporal subacute–chronic paren-
chymal hemorrhage with initial cystic malacic cavitation
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to thinning of white matter and eventually of the corpus 
callosum [16–18].

Ultrasound tends to underestimate the extent of the 
pathological process, which can be better assessed in its 
severity and long-term sequelae through the MRI. The 
MRI allows to highlight gliosis in the damaged areas, 
with thinning of the periventricular white matter and 
enlargement of the lateral ventricles [12, 19] and can 
better predict global neurodevelopmental outcome in 
affected patients [20].

It should be noted that a faint hyperechoic halo poste-
rior to the ventricular trigones can be visible in preterm 
births when performing parasagittal scans. However, it 
is not considered as a pathological finding and tends to 
resolve in the first 7 days of life. The areas of PVL tend to 
be more marked and confluent and in any case persisting 
beyond the first week [18].

In term bir ths, a frequent consequence of a 
hypoxic–ischemic event is the presence of a diffuse cere-
bral edema. A dimensional reduction of the ventricles can 
be observed in ultrasound, sometimes with a widespread 
increase in parenchymal echogenicity and a lesser recog-
nition of sulci. Due to the severity of the event, long-term 
consequences may include a widespread atrophy, or local-
ized encephalomalacia areas [9].

Infective pathology

Central nervous system infections of viral or bacterial ori-
gin can develop before or after birth. Pathogenic agents 
causing prenatal infections are classified under TORCH 
acronym (toxoplasmosis, rubella, cytomegalovirus, type II 
herpes simplex virus). These are responsible for necrotic 
and calcified meningoencephalitis. The alterations caused 
by such pathologies are seen as anechoic areas of malacia 
and ventriculomegaly ex vacuo, consequent to parenchymal 
destruction, and calcification. The latter appear as small 
hyperechoic images with or without posterior shadow cone 
depending on their size and the kind of frequency applied 
through the probe [21]. Among prenatal infections, cyto-
megalovirus is the most common, affecting between 0.2 and 
2.2% of fetus.

Typical ultrasonographic aspects are subependymal cal-
cifications, punctiform or nodular, isolated or confluent [22] 
(Fig. 8).

Other findings can coexist, namely ventriculomegaly, 
periventricular cysts and brain malformations. The presence 
of calcifications does not allow a differential diagnosis with 
other infectious diseases, as they are also found in toxoplas-
mosis and rubeola [23].

Another prenatal infection is type II herpes simplex virus, 
which has high necrotic potential and is typically diffuse, 
leading to serious cerebral atrophy.

Ultrasound examination can show multiple parenchymal 
cavitation areas, eventually with ventriculomegaly (Fig. 9).

Pathogenic agents most commonly involved in postnatal 
infections are haemolytic Streptococcus and Escherichia coli 
(affecting newborns), as well as Haemophilus influenzae.

Meningitis and Meningoencephalitis are direct conse-
quences of those pathogenic agents. Meningoencephali-
tis frequently leads to complications such as ventriculitis, 
hydrocephalus, subdural collections and parenchymal dam-
ages such as atrophia, porencephaly, abscess and infarction.

Non-complicated bacterial acute meningitis shows an 
increased echogenicity of sulci, due to deposition of puru-
lent material [24].

Ventriculitis is suspected when the ventricular walls 
thicken and increase their echogenicity showing inside 
echoic material, eventually associated with dimen-
sional enlargement. Other possible complications are 
subdural collections that can appear as a hypo/anechoic 
sickle between the cranial table and the cerebral surface. 

Table 2   De Vries classification 
[14] Grade I Periventricular hyperechogenicity, persisting for > 7 days

Grade II Periventricular hyperechogenicity, evolving into small localized fronto-parietal cysts
Grade III Periventricular hyperechogenicity, evolving into extensive periventricular cystic lesions
Grade IV Hyperechogenicity extending into the deep white matter evolving into extensive cystic lesions

Fig. 7   Sagittal scan showing large hypoechoic areas of cystic PVL
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Parenchymal infections can lead to porencephalic areas, 
whereas cerebral abscess is characterized by a homog-
enous or, more rarely, inhomogenous area of moderate 
echogenity, surrounded by an echoic ring of variable thick-
ness [24–26] (Fig. 10).

Vascular malformations

Vein of Galen aneurysm malformations are rare congenital 
vascular–cerebral pathologies. Nonetheless, they account for 
about 30% of all vascular malformations in pediatric age.

Vein of Galen aneurysm is a misnomer because it is 
not a true aneurysm. It is a venous ectasia secondary to an 
arteriovenous (a-v) shunt between deep choroidal vessels 
and the median prosencephalic vein of Markowski; vein of 
Galen fails to form because of the fistula [27].

Fig. 8   Coronal (a) and sagittal (b) scans. Multiple small periventricu-
lar hyperechoic spots in Cytomegalovirus infection

Fig. 9   Cerebral atrophy and ventricular enlargement after herpes sim-
plex virus encephalitis

Fig. 10   Coronal posterior (a) and sagittal (b) scans. Right abscessual 
round cavity (yellow arrow)
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Often, the pathology is identified through ultrasono-
graphic examinations in fetal age [23, 28], though MRI can 
deliver a more precise characterization.

On a scan, it appears as a median anechoic formation with 
internal flow at Color Doppler, extended posteriorly to the 
III ventricle until the sinus junction. It shows a marked pul-
satility of the satellite artery and vein (due to the a-v shunt) 
and hydrocephalus of variable degree [4, 29] (Fig. 11).

Trauma

Cranial trauma is extremely common and one of the most 
frequent and important aspects of pediatric emergency room 
activity. Different lesions can be consequent to accidental or 
non-accidental cranial trauma:

•	 Scalp wounds;
•	 cranial fractures;
•	 cerebral contusions;
•	 obstructive hydrocephalus;
•	 epidural hematoma (blood accumulation between bone 

inner layer and dura mater);
•	 Subdural hematoma (blood accumulation between arach-

noid and dura mater).

CT and MRI are the reference imaging techniques in 
head trauma; nevertheless, US could give useful informa-
tion in diagnosis and follow-up. Ultrasonographic scan of 

traumatized newborns is a safe and repeatable examina-
tion, but patient sedation can be necessary, and medica-
tions and scalp wounds may obstacle the exploration. It 
allows identifying any presence of intraventricular, intra- 
or extra-parenchymal bleeding and its possible mass effect 
on the surrounding structures [30].

In fractures, a focused evaluation with the ultrasound 
probe can demonstrate an interruption of the continuity of 
the cranial table, evaluate its entity and also differentiate it 
from a normal suture. The latter typically shows serrated 
margins, which are more irregular and sharp in the event 
of a fracture [31, 32].

Epidural collections are more frequently associated 
with cranial fractures and adjacent to them in older chil-
dren, but fractures are less frequent in neonates because 
of skull elasticity; typically, the epidural hematoma will 
appear as a biconvex-shaped, echogenic, mass adjacent to 
the cranial table [33].

Subdural blood collections are located superficially to 
the cerebral hemispheres or even in the interhemispheric 
falx region. They can have different echogenicity accord-
ing to blood age (acute-hyperechoic, old-hypoechoic) [35]. 
In non-accidental traumas due to child abuse, the presence 
of inhomogeneous subdural hematomas with internal septa 
can reflect the coexistence of fresh and old blood [34, 35] 
(Fig. 12).

Parenchymal lesions can be recognized primarily 
as contusion areas at the gray–white matter junction, 

Fig. 11   Coronal scans showing a posterior median pseudo-cystic lesion with internal vascular signal, Galen aneurysm malformation (white 
arrow)
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particularly in the fronto-parietal region, which may 
appear as linear hypoechoic areas.

It should also be remembered that “secondary” ence-
phalic damage is possible, such as the presence of cerebral 
edema characterized by an increase in echogenicity of the 
brain tissue, which is swollen, with a localized or diffused 
pattern depending on the extent of the damage [35]. Fur-
thermore, recent literature is emerging about the role of 
transcranial Doppler ultrasound in traumatic brain injury as 
a useful tool to assess autoregulation, intracranial pressure, 
and vasospasm [36].

Neoplastic pathology

Cerebral tumors are quite rare in neonatal age through the 
first year of life. About 20% of tumors affecting pediatric 
patients originates in the central nervous system. They are 

divided into primitive or congenital/metastatic tumors such 
as neuroblastoma and leukemia lesions.

Primitive infratentorial tumors account for about 45–60% 
of all brain tumors in children (usually age between 4 and 
10 years) and most commonly are cerebellar astrocytoma, 
medulloblastoma, ependymoma, cerebral trunk glioma. 
Supratentorial tumors are more common under 3 years 
(optical nerve glioma, germinoma, craniopharyngioma, 
pleomorphic xanthoastrocytoma, PNET/DNET, gangli-
oglioma); choroid plexus is the most common site involved 
in newborns [37, 38].

MRI and CT are the reference imaging methods in the 
suspicion of a brain tumor. Nevertheless, ultrasound can be 
the first-line imaging in those cases with aspecific clinical 
presentation or suspected hydrocephalus [9, 39].

In general, cerebral tumors can have various US appear-
ances, more frequently hyperechoic, homogenous or inho-
mogenous depending on the presence of cystic, necrotic or 

Fig. 12   a, b Coronal and sagittal scans showing a hypoechoic subdural fluid collection; c, d magnified view of the same patient



136	 Journal of Ultrasound (2020) 23:127–137

1 3

hemorrhagic areas; depending on tumor localization, ven-
tricular dilatation may occur. Sometimes, US can show a 
typical pattern, as in choroid plexus papilloma and callosal 
lipoma [31, 40].

Conclusions

MRI examination is the reference standard of cerebral 
pathology and related outcomes in neonatal age. However, 
cranial ultrasonography of the newborn is now widely dif-
fused as a first-line imaging method in brain damage study, 
particularly in prematures at higher risk of cerebral hemor-
rhage and hypoxic–ischemic encephalopathy. It is fast, non-
invasive and does not produce any side effect, so that it can 
be repeated in follow-up. This approach can be useful also 
in the study of pre- and post-natal infections or pointing out 
vascular malformations such as vein of Galen aneurysm.

Although less important than CT and MRI in the evalu-
ation of trauma and tumors, ultrasound can provide some 
useful informations or be used in first instance in those cases 
with aspecific clinical presentation.
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