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Background: The rate of brain abnormalities in asymptomatic 
term neonates varies substantially in previous studies. 
Some of these rates may justify general screening of healthy 
newborns by head ultrasound (HUS). 
Objectives: To assess the incidence of intracranial abnor-
malities among asymptomatic term newborns with HUS and to 
detect high-risk populations that might need such screening.
methods: This was a prospective study in 493 term newborns 
who underwent HUS and a neurological evaluation during 
the first 3 days of life. The neurological examination results 
were unknown to the sonographist and the examiner was 
blinded to the HUS findings. The abnormal HUS findings 
were classified as significant or non-significant according to 
the current literature.
results: Abnormal HUS was found in 11.2% of the neonates. Sig- 
nificant findings were noted in 3.8% of the infants. There 
was no association between non-structural HUS findings 
(hemorrhage or echogenicity) and mode of delivery. There 
was no relationship between any HUS abnormality and birth 
weight, head circumference and maternal age, ethnicity, 
education or morbidity. The rate of abnormal neurological, 
hearing or vision evaluation in infants with a significant 
abnormal HUS (5.2%) was comparable to the rate in infants 
with normal or non-significant findings on HUS (3.1%). 
conclusions: There is no indication for routine HUS screening 
in apparently healthy term neonates due to the relatively low 
incidence of significant brain abnormalities in these infants 
in our population.   
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aBstract:

KeY wOrDs:

HUS = head ultrasound

h ead ultrasound is a useful tool to detect intracranial 
abnormalities in high-risk infants, especially those born 

prematurely. HUS is a highly available, easily performed pro-
cedure with no radiation or need for sedation. 

A few studies have reported brain abnormalities in appar-
ently healthy asymptomatic neonates [1-5]. The incidence 
and significance of these findings were found to be highly 
variable. Furthermore, a large proportion of these children 
suffer from a mild to moderate degree of neurodevelopmental 
impairment. It is possible that some of those children might 
have experienced a subtle perinatal event that was clinically 
asymptomatic but could be detected by neonatal HUS. Thus, 
performing screening HUS at that period may be informative 
and may serve as an additional tool to explain some of the 
so-called idiopathic impairments among children, enabling 
early diagnosis and intervention. 

The aim of our study was to assess the incidence and type 
of intracranial abnormalities among asymptomatic healthy 
term neonates by using HUS. We also attempted to detect 
high-risk populations that might need such screening.

suBJects anD methODs

This was a prospective study performed at Bnai Zion Medical 
Center, Haifa, Israel, from September 2006 until July 2007. 
The study was approved by the Institutional Review Board 
at our center. 

The study population included all consecutive newborns 
who had parental consent for a HUS along with a neurologi-
cal physical evaluation within 3 days of birth. Excluded were 
infants with congenital abnormalities, signs of illness or gross 
neurological deficit, born prematurely (< 37 weeks), or whose 
mothers were substance or alcohol abusers. 

stuDY PrOceDure

HUS was performed by one of two trained neonatologists. The 
study was performed on certain days, according to the atten-
dance of these neonatologists. The ultrasound examination 
included coronal and sagittal images of the brain, through 
the anterior fontanel [6,7], using a 5 and 6.5 MHz trans-
ducer (Logiq 200, Pro Series, GE Medical Systems, Solingen, 
Germany). Evaluation of the imaging was performed in real 
time as well as by later review of the static images. The infants 
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were examined supine in their cot. Abnormal ultrasound 
findings were categorized as significant or non-significant.

All infants underwent a neurological evaluation by one 
of two physicians who were trained for this purpose by a 
certified neurodevelopmental pediatrician. The neurological 
evaluation consisted of: a) general neurological examina-
tion (postures, power and passive movement, reflexes and 
responses, muscle tone, cranial nerves assessment, primary 
and deep tendon reflexes, and fontanel size and tension); b) 
clinical evaluation of vision and eyes, habituation and ori-
entation; and c) hearing evaluation based on responses to 
sounds and habituation [8-10].

Data interPretatiOn anD analYsis

HUS findings considered as significant were those previ-
ously reported to have a possible abnormal outcome: namely, 
intracranial (intraparenchymal or intraventricular) hemor-
rhage [2,3,5], brain infarction [5], focal periventricular white 
matter echogenicity (intensity that was equal to or higher 
than that of the choroid plexus seen simultaneously in both 
coronal and parasagittal scans) in cerebral hemisphere and 
basal ganglia [1,11,12], partial or total agenesis of corpus cal-
losum [13,14], an enlarged cisterna magna [15], and a midline 
cyst [16]. Findings that were previously reported as variants 
of normal structure or very mild changes we considered as 
probably non-significant. These included: persistent cavum 
vergae [2], cavum septum pellucidum [2], choroid plexus cyst 
or germinolysis [17], mild ventriculomegaly (defined as < 
10 mm diameter of one or both lateral ventricles. The ven-
tricular atria were measured on an axial plane at the level of 
the thalami by positioning electronic calipers on the internal 
margins of the ventricular wall perpendicular to the long axis 
of the ventricles) [18], mild ventricular asymmetry [19] and 
caudothalamic cysts [20].

A neurological evaluation was considered abnormal if 
there were one or more abnormal neurological findings as 
well as an elicited deficit in vision or hearing functions, but 
not in cases of partial abnormality (for example, one-sided 
lack of habituation response to light or sound, or one reflex 
not elicited when the rest of the neurological examination 
is normal). 

The results of the neurological examination were unknown 
to the sonographist, and the examiner was blinded to the 
ultrasound findings. The ultrasound examinations were 
recorded and later reviewed by a pediatric neuroradiologist 
who was unaware of the neonatologist's interpretation and 
was blinded to the neurological examination. In cases of 
disagreement between the neonatologist and the pediatric 
neuroradiologist regarding interpretation of the scan, it was 
reviewed a third time by the two neonatologists and a final 
decision was made by the neonatologist who performed the 
ultrasound and made the real-time assessment. 

statistical analYsis

Two-sample Student’s t-test and ANOVA were used for com-
parison of continuous variables with normal distribution, and 
the Wilcoxon rank-sum non-parametric test was used where 
the distribution was skewed. For categorical variables we 
performed chi-square analysis. We also did linear regression 
analysis to check for correlations. The level of significance 
was set at P < 0.05. Data are presented as mean ± standard 
deviation or median with range. Analysis was performed 
using SigmaStat software (version 2.03, Chicago, IL).

results

During the study period 3171 infants were born at our cen-
ter. We approached the parents of 896 unselected infants. 
The demographic characteristics of infants included or not 
included in the study were comparable [Table 1]. The recruit-
ment process is summarized in Figure 1. A total of 493 neo-
nates underwent HUS and neurological examination. 

Fifty-five infants (11.2%) were found to have HUS abnor-
malities. The findings were significant in 19 infants (3.8%) 
and non-significant in 36 (7.2%). The incidence of the differ-
ent sonographic findings is shown in Table 2.

Of the 19 infants with significant findings, 10 had an isolated 
abnormality and 9 had one or more associated abnormalities, 
although frequently non-significant. One infant (0.2%) had an 
intraventricular hemorrhage of III-IV degree. Her fetal and neo-
natal course was uneventful and her neurological examination 
was normal. Her blood count, prothrombin time and partial 

study population (n=493)

Maternal age (yrs)* 30 (18–48)

Parity
Primipara
Multipara
Grand multipara

37%
60%
3% (> 5 previous births)

ethnicity
Jewish
Arab
Druze
Other

67%
26%
3%
3%

education (yrs at school)
4–11 yrs
12–23 yrs

9%
91%

mode of delivery
Spontaneous vaginal
Assisted (vacuum)
Elective CS
Emergency CS

65%
7%
15%
13%

Birth weight* 3310 g (2120–4900 g)

Gestational age* 39.5 wks (37.0–42.1 wks)

* Median (range)
CS = cesarean section

table 1. Demographic data of the study population
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thromboplastin time were normal. Repeat HUS during her first 
year showed resolution of the findings. At age 2 years she was 
reported to have a normal neurodevelopmental outcome. 

Focal periventricular echogenicity was found in 14 infants 
(2.8%). In 8 infants (1.6%) the finding was isolated, and in 6 
infants (1.2%) it was associated with other findings: cavum sep-
tum pellucidum in three, a choroid plexus cyst and ventricular 
asymmetry in one, a choroid plexus cyst and germinolysis in 
one, and partial agenesis of corpus callosum in one. Partial 
ACC was found in 3 infants (0.6%), always in association 
with other findings: one had an enlarged third ventricle, one 
had a midline cyst and mild ventriculomegaly, and one had 
focal echogenicity. An enlarged cisterna magna was found in 
2 infants (0.4%), one isolated and one with a mild ventriculo- 
megaly. A midline cyst was found in one infant (0.2%), who 
also had mild ventriculomegaly and partial ACC. 

We found no significant association between the mode 
of delivery (spontaneous, vacuum, elective or emergency 
cesarean section) and non-structural abnormalities (focal 
echogenicity and/or hemorrhage) (data not presented).

The mean birth weight (± SD) and head circumference were 
comparable in infants with abnormal HUS findings (structural 
and non-structural findings) and in infants with normal scans 
(3306 ± 502 vs. 3328 ± 468 g, P = 0.82; and 34.9 ± 1.5 vs. 34.4 
± 1.3 cm, P = 0.07, respectively). We found no significant asso-
ciation between HUS findings (significant or non-significant) 
and maternal age, ethnicity, education or morbidity during 
pregnancy (gestational diabetes mellitus, eclampsia, etc.). 

The rate of abnormal neurological evaluation (including 
neurological examination, hearing and vision assessment) 
(1/19, 5.2%) in infants with significant abnormal HUS did 
not differ significantly from the rate (15/474, 3.1%) in infants 
who had HUS with normal or non-significant findings (P = 
0.47). Table 3 presents the data on HUS findings in relation 
to the different components of the neurological evaluation 
(no significant differences).

ACC = agenesis of corpus callosum

Figure 1. Patient enrollment to the study

vacuum
33

elective
74

spontaneous
323

emergency
63

Eligible infants
2851

No. of births 
3171

Excluded*
320

vaginal delivery
356

cesarean
137

included in study
493

* Infants were excluded due to prematurity, illness or congenital anomalies
** Unable to conduct the ultrasound or physical examination due to 
attendance of the physicians performing the study

Refused
403

Technical** 
1955

Did not participate
2358

sonographic findings incidence

significant findings
Hemorrhage
Focal echogenicity
Partial agenesis of corpus callosum
Enlarged cysterna magna
Midline cyst

1 (0.2%)
14 (2.8%)
3 (0.6%)
2 (0.4%)
1 (0.2%)

non-significant findings
Persistent cavum vergae
Cavum septum pellucidum
Choroid plexus cyst
Ventricular asymmetry
Germinolysis
Mild ventriculomegaly
Enlarged third ventricle
Caudothalamic cyst

3 (0.6%)
15 (3%)
10 (2%)
9 (1.8%)
4 (0.8%)
8 (1.6%)
1 (0.2%)
2 (0.4%)

table 2. Incidence of head ultrasound findings (study population 
= 493 infants)

neurological examination hearing assessment vision assessment

normal abnormal normal abnormal normal abnormal

Normal ultrasound 433 5 437 1 432 6

Insignificant finding 34 2 36 – 35 1

Hemorrhage 1 – 1 – 1 –

Focal echogenicity 14 – 14 – 13 1

Enlarged cysterna magna 2 – 2 – 2 –

Midline cyst 1 – 1 – 1 –

Partial agenesis of corpus callosum 3 – 3 – 3 –

table 3. Head ultrasound findings in relation to the different components of the neurological evaluation
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screening of healthy newborns our results do not lend sup-
port to such an approach. 

The significance of the HUS findings is derived from its 
future outcome. Heibel and team [2] reported that 3 of 20 
children with intraventricular hemorrhage developed contra- 
lateral hemiparesis. One child with subependymal hemorrhage 
developed infantile spasm. In the study of Wang et al. [5], of 
the two children with IVH, one had a minor developmental 
delay that had resolved by the age of 3 years and the other still 
had a significant developmental delay at 2 years. Haataja and 
collaborators [1] reported that the six infants who had IVH 
were neurologically and developmentally normal. The rate of 
hemorrhage in our study was low (0.2%), similar to the 0.1% 
found by Wang et al. [5] and much lower than the 3.5% and 
5.6% found by others [2,3]; all used HUS for imaging. 

We found a 2.8% rate of focal echogenicity, lower than the 
8.4% observed by Mercuri et al. [3]. None of the other recent 
studies reported this sonographic finding, which is rela- 
tively frequent in premature infants and can precede periven-
tricular leukomalacia [11] or represents edema or hypoxic-
ischemic encephalopathy in symptomatic patients [10]. The 
significance of such a finding in term asymptomatic neonates 
is yet unclear [4].

ACC can be partial or complete, isolated or associated 
with other malformations. In our study the rate of ACC was 
0.6%, all were partial and none was isolated. Wang et al. [5] 
reported a 0.08% rate of isolated complete ACC. The signifi-
cance of such findings is controversial [5,13,14]. 

An enlarged cisterna magna was found in 0.4% in our 
study, similar to the 0.3% reported by Heibel and colleagues 
[2]. This finding, when isolated, had been generally found 
to have either no influence or a mild influence on cognitive 
function [15,22]. 

We found no cases of brain infarct, which occurred in 
0.04% of infants in the study of Wang et al. [5], but not in 
others [2,3]. This may be attributed to the smaller study 
population, as well as to the timing of performing the HUS 
[23]. Furthermore, we did not perform MRI, which is more 
sensitive than HUS [23]. 

HUS as a screening tool requires further assessment, 
which is done by comparing its yield with that of neurological 
evaluation. The rates of abnormal neurological examination 
reported by Mercuri et al. [3] were 68% and 10% of infants 
with and without abnormal ultrasounds, respectively (P < 
0.0001). Unlike previous studies [3,5] we found no correla-
tion between an abnormal HUS and neurological examina-
tion, or with abnormal assessment of vision and hearing. This 
may be due to the nature of the findings compared to those of 
Wang et al. [5] and to a lower incidence of findings compared 
to the study of Mercuri et al. [3].

IVH = intraventricular hemorrhage

neurOlOgical examinatiOn

The neurological examination was normal in all the children 
who had significant ultrasound findings. All seven infants 
with an abnormal examination had abnormal tone. 

hearing assessment

There was only one infant in this study who did not respond 
to the sound of the standard examination bell. He had an 
otherwise normal examination and a normal HUS. All the 
infants with significant or non-significant ultrasound find-
ings responded to sound. There was no correlation between 
abnormal habituation and abnormal HUS (P = 0.844).

visiOn assessment

Vision assessment was abnormal in eight infants. Object track-
ing was abnormal in all of them; seven had a normal visual 
response to light, and one did not. Only one of the infants had 
a significant HUS finding (focal echogenicity). She could not 
track an object during the neurological examination despite 
having a normal visual response to light. The single infant who 
did not respond to light stimulation and also could not track 
an object had an otherwise normal examination and a normal 
brain ultrasound. No association was found between abnormal 
habituation to light and abnormal ultrasound. 

DiscussiOn

Our prospective study found that the rate of significant 
abnormal HUS findings in apparently healthy term infants 
is low. Mode of delivery and use of instrumentation were not 
associated with increased rate of abnormal non-structural 
findings in HUS.

The rate of brain abnormalities in asymptomatic 
term neonates varied substantially in previous studies 
[1,2,4,5,18,21]. Heibel et al. [2] reported a 9% rate of abnor-
mal head ultrasounds in 1000 healthy neonates, employing 
the same technique as in the present study (anterior fontanel 
views). Mercuri and co-authors [3] reported a 19.7% rate 
of abnormal HUS in 177 unselected neonates ("standard 
views" – not specified). Wang et al. [5], who conducted 
the largest study so far, on 2309 term healthy newborns, 
reported a strikingly lower incidence (0.25%) of abnormal 
HUS (anterior fontanel views). Some studies emphasize the 
much higher yield in detecting abnormal findings provided 
by magnetic resonance imaging [4,21]. In our study the rate 
of abnormal scans was more consistent with that of Heibel 
et al. [2] and not at the extreme ends reported by the other 
studies [3-5]. The different results of the studies may be due 
to different techniques (HUS, MRI), methodology of HUS 
performance (frontal vs. posterior or mastoid fontanel), 
operator dependency and different populations. While the 
rates reported by some of the studies may justify general 
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Further investigation could determine whether there are 
high-risk subgroups that would especially benefit from HUS 
screening. A large retrospective study performed in symp-
tomatic infants by Towner and co-researchers [24] showed 
a higher rate of intracranial bleeding in infants delivered by 
vacuum extraction, forceps or cesarean section than among 
infants delivered spontaneously. Contrary results were found 
by Rooks et al. [4] who examined asymptomatic neonates. 
The rate of subdural hemorrhage was significantly higher 
in vaginal deliveries as compared to cesarean section (elec-
tive or emergency), and there was no difference between the 
vaginal delivery groups (spontaneous, vacuum, forceps) [4]. 
Our study, as well as that of Mercuri et al. [3], did not show 
a significant association between abnormal HUS and any of 
the modes of delivery. Furthermore, in our study there was 
no correlation between abnormal sonographic findings and 
birth weight or head circumference, in contrast to Mercuri 
et al. [3] who demonstrated a higher incidence of abnormal 
HUS in infants with intrauterine growth retardation. The 
difference may be due to the fact that infants < 37 weeks of 
gestation were not excluded from their study. Mercuri and 
group [3] did not find a correlation between a sonographic 
abnormality and maternal age, parity, presence of meconium, 
or signs of fetal distress. Thus, based on the available data we 
cannot define a high-risk group for abnormal HUS. 

The limitation of our study lies in the number of par-
ticipants and the low incidence of significant findings. 
Furthermore, no posterior fontanel or posterior fossa views 
were obtained through the mastoid approach (a limitation 
found in most previous published studies). It is possible 
that complete evaluation by a specialized pediatric radiolo-
gist [25] would have yielded more findings. However, such 
an evaluation performed as a routine screening in all new-
borns is probably not feasible. Determining the prognostic 
importance of the findings requires long-term follow-up. An 
inherent limitation of all studies using ultrasonography is 
operator-dependency. We tried to minimize this by the use 
of separate analysis on the part of trained neonatologists and 
an independent neuroradiologist who was blinded to their 
findings. 

We conclude that due to the relatively low incidence of 
significant abnormalities in our study, there is no indication 
for routine general screening in apparently healthy term 
infants in our population. Larger studies or a meta-analysis 
with long-term neurodevelopmental follow-up are warranted 
to confirm our findings.
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