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Abstract
Objective—To investigate whether cranial
ultrasound abnormalities found in low
risk full term infants had any influence on
neurodevelopmental outcome.
Methods—For 103 infants who had a
neurological assessment, a cranial ultra-
sound examination, and for whom ante-
natal and perinatal data were collected
within 48 hours of delivery, neurodevelop-
mental status was evaluated at 12 and 18
months. The results of a scored neurologi-
cal examination and the GriYths mental
developmental scale were correlated with
the presence and type of ultrasound
abnormality found in the neonatal period.
Results—None of the infants with ultra-
sound abnormalities showed any signs of
cerebral palsy or severe developmental
delay. There was also no significant diVer-
ence between the overall neurological and
neurodevelopmental scores of the infants
with normal and abnormal ultrasound
findings. However, when the individual
subscales of the GriYths test were ana-
lysed, all infants with bulky choroid or
intraventricular haemorrhage had nor-
mal scores in all subscales, four of eight
with periventricular white matter lesions
had low scores on the locomotor subscale,
and three of five with asymmetrical
ventricles had low scores on the perform-
ance subscale. The presence of adverse
antenatal and perinatal factors did not
aVect the outcome in this group.
Conclusion—Incidental ultrasound ab-
normality in full term neonates, in par-
ticular intraventricular haemorrhage, al-
though common, appear to have a good
prognosis. Longer follow up studies are
needed to see whether some of these
infants, in particular those with white
matter lesions, develop dyspraxia or other
minor neurological impairments at school
age.
(Arch Dis Child Fetal Neonatal Ed 2000;82:F128–F133)
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The advent of cranial ultrasound as a routine
tool in neonatology has greatly improved our
knowledge of the presence and incidence of
brain lesions in the newborn infant. Cranial
ultrasound has been used routinely for infants
at risk of neurological impairment, such as
those born prematurely1–5 or who have suVered

from birth asphyxia,6 7 but less has been
reported about the range of the cranial
ultrasound findings and their long term signifi-
cance in low risk infants.8–12

In 1996 we performed cranial ultrasound
and neurological assessments in a cohort of
177 infants regarded as normal at birth. Thirty
five of the 177 infants (20%) showed some
ultrasound changes. As in previous studies, we
observed a significant incidence of haemor-
rhages (6%) and asymmetrical ventricles (6%).
We also observed that an additional 8% showed
periventricular white matter echogenicity,
which until then had not been described in
normal full term infants. Some 8% of the
infants had an unusually full choroid. The
presence of abnormal features on ultrasound
scans was associated with deviant patterns on
the neurological examination (p < 0.0001).13

The aim of this study was to evaluate the
neurodevelopmental outcome in this popula-
tion to determine whether infants with cranial
ultrasound abnormalities diVer from those
with normal scans.

Subjects and methods
The infants described in this study are part of
a project investigating neurodevelopmental
outcome in a cohort of infants admitted soon
after birth to the postnatal ward at Queen
Charlotte and Chelsea Hospital and regarded
as normal by the obstetric and paediatric
staV.14 The project was approved by the
research ethics committee of the Royal Post-
graduate Medical School.

SUBJECTS

While they were inpatients, mothers were asked
if a neurological examination and cranial ultra-
sound scan could be performed on their infant
within the first 48 hours of birth; 177 agreed to
both.13

When the cohort of 177 infants approached
the age of 12 or 18 months, their parents were
contacted again to see if they were prepared to
let their child have a neurological and develop-
mental examination. Thirty seven families
could not be traced because the address and
the contact numbers available in the notes were
no longer appropriate; three families had
moved abroad, 24 had moved outside the area,
and 10 were not interested in participating in
the study. This resulted in a final cohort of 103
infants. Seventy six infants (46 boys and 30
girls) were assessed at the age of 12 months
(range 11.7–13.3, mean 12.3), and 27 (12 boys
and 15 girls) were assessed at the age of 18
months (range 17–20.3, mean 18.3).
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Details of antenatal and perinatal data were
available for all the children.

CRANIAL ULTRASONOGRAPHY

Cranial ultrasound scans were performed with
an Advanced Technology Laboratory (ATL)
mark IV sector scanner, using 5 and 7.5 MHz
probes. The scans were reviewed for normal
anatomy, ventricular size, and evidence of focal
or diVuse increased echogenicity in the cere-
bral hemispheres and basal ganglia in the neo-
natal period.13

ANTENATAL AND PERINATAL FACTORS

All the maternal notes were searched for the
presence of adverse antenatal and perinatal fac-
tors to determine their influence on outcome in
children with normal and abnormal ultrasound
findings. Table 1 shows a list of the individual
antenatal and perinatal factors found.

FOLLOW UP CLINICAL EXAMINATION

Neurological examination
The proforma used to record the neurological
findings at 12 and 18 months consists of 37
items divided into three sections.14 The first
section includes 26 items assessing cranial
nerve function, posture, movements, tone, and
reflexes. The second section includes eight
items documenting developmental progress,
and the third section includes three items
evaluating state of behaviour. This examination
has been standardised in a normal population
at 12 and 18 months of age. Scores between 73
and 78 are considered normal.

Developmental assessment
The neurodevelopmental outcome was evalu-
ated by the GriYths mental developmental
scale.15 The developmental quotients (DQs)
were calculated for global development as well
as for the individual subscales (locomotor,
personal-social scale, hearing and language,
eye and hand coordination, and performance).
Results were classified as normal when the DQ
was 80 or above, and abnormal when it was
below 80.16

The examiner (LH) who performed the fol-
low up assessment was not involved with the
neonatal examination and was unaware of the
early findings.

STATISTICAL ANALYSIS

The results of the outcome measures were ana-
lysed in the groups with normal and abnormal
ultrasound findings (Student’s t test, level of

Table 1 Individual antenatal and perinatal factors

Antenatal factors Perinatal factors

Amniocentesis Abnormal cardiotocography
Intrauterine growth

retardation
Abnormal Apgar scores

Reduced amniotic fluid Low cord pH
Reduced fetal movements Presence of meconium (grade

I–III)
Infection
Bleeding
High blood pressure
Unexplained abdominal pain
Trauma
In vitro fertilisation
Breech position

Table 2 Details of antenatal and perinatal factors, global neuroscore, global developmental quotients, and subscale developmental quotients in infants with
abnormal ultrasound

Cranial ultrasound finding Antenatal factors
Perinatal
factors

Global
neuro
score

Global
DQ Locomotor

Personal–
social

Hearing–
speech

Eye–hand
coordination Performance

Choroid cyst IVF, infection 69 82 96 72 100 69 69
Arachnoid cyst 76 111 107 107 110 113 114
Asymmetrical ventricles Breech 73 98 108 99 110 95 76
Asymmetrical ventricles Amniocentesis, breech 76 91 91 90 93 89 92
Asymmetrical ventricles Infection 77 97 107 85 102 122 73
Asymmetrical ventricles 77 98 91 123 106 103 64
Asymmetrical ventricles Amniocentesis 74 114 128 110 118 122 93
IVH grade I* 77 94 112 80 103 95 80
IVH grade I 75 98 112 104 86 89 100
IVH grade IIa IUGR, bleed 76 97 95 104 93 106 92
IVH grade IIa IUGR 77 93 108 95 89 89 84
IVH grade IIa Amniocentesis, breech 75 122 100 137 119 136 114
IVH grade IIb Bleed Grade II

meconium
76 103 112 90 96 100 115

PV WM lesion High blood pressure 78 78 70 85 86 78 76
PV WM lesion IUGR 73 79 78 85 82 66 84
PV WM lesion 77 102 78 113 93 95 131
PV WM lesion 78 91 91 104 82 114 80
PV WM lesion Reduced fetal

movement
73 109 99 113 107 123 104

PV WM lesion IUGR Grade II
meconium

75 121 103 149 132 118 100

PV WM lesion Grade II
meconium

75 107 79 124 115 109 98

PV WM lesion 75 104 107 101 101 108 106
Thalamic density IUGR, amniocentesis 76 103 95 108 114 100 96
Thalamic density 75 107 123 94 93 112 126
Full choroid 74 104 99 99 103 112 108
Full choroid Reduced fetal

movement
Grade III
meconium

78 120 120 95 125 112 139

Full choroid 77 98 113 93 100 95 89
Full choroid 77 121 124 122 132 118 104
Full choroid 77 118 106 132 117 122 110
Full choroid High blood pressure 78 108 83 120 100 122 118
Full choroid 78 103 130 89 90 113 110
Full choroid 74 110 129 114 100 111 97

*According to de Vries et al.16

IVH, intraventricular haemorrhage; IVF, in vitro fertilisation; IUGR, intrauterine growth retardation; PV, periventricular; WM, white matter; DQ, developmental
quotient.
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significance p < 0.05). The eight children who
showed an unusually full choroid were classi-
fied separately, as we found it diYcult to decide
whether this finding was normal or represented
a choroidal haemorrhage.13

Results
Tables 2–5 show details of the results. The
incidence of abnormal ultrasound and ante-
natal and perinatal factors in the cohort of 103
children who participated in the follow up
study was not significantly diVerent from the

incidence of the same factors in the original
cohort of 177 who had a neonatal cranial ultra-
sound examination (p > 0.05).

CRANIAL ULTRASOUND FINDINGS

A completely normal scan at birth was found in
72 of the 103 infants examined at follow up; the
remaining 31 had some changes. Periventricu-
lar white matter echogenicities were present in
eight of the 31, intraventricular haemorrhage in
six, asymmetrical ventricles in five, unilateral
thalamic densities in two, a choroid cyst in one,
and a large infracerebellar space (possible

Table 3 Details of antenatal and perinatal factors, global neuroscore, global developmental quotients and subscale developmental quotients in infants with
normal ultrasound and normal outcome (n = 72)

Cranial
ultrasound Antenatal factors Perinatal factors

Global
neuroscore

Global
DQ

Loco
motor

Personal–
social

Hearing–
speech

Eye–hand
coordination Performance

Normal 78 108 129 110 107 106 84
Normal 71 93 87 104 86 100 92
Normal Low cord pH 74 93 87 104 93 106 80
Normal 77 120 120 127 110 100 135
Normal 73 100 108 94 92 104 100
Normal 74 109 95 108 103 106 127
Normal Abnormal CTG, abnormal

Apgar 78 101 120 99 96 95 92
Normal Amniocentesis, reduced fetal

movement 75 96 116 81 107 95 80
Normal Infection, bleed, reduced fetal

movement 71 111 95 99 128 112 115
Normal Grade II meconium 73 115 103 113 121 112 119
Normal Reduced fetal movement 77 105 103 104 114 106 96
Normal 77 103 99 90 118 100 104
Normal 77 114 116 108 96 146 111
Normal Bleed 77 114 116 104 125 118 104
Normal 78 111 101 118 122 117 89
Normal 75 118 99 113 121 112 135
Normal Reduced amniotic fluid 76 107 108 113 118 106 88
Normal 78 104 95 113 96 112 108
Normal Bleed 75 102 99 108 100 112 96
Normal Infection Abnormal CTG 77 94 96 100 94 86 94
Normal Infection, amniocentesis Abnormal CTG, grade II

meconium 78 101 103 113 93 100 96
Normal 77 102 99 104 118 100 88
Normal Amniocentesis, reduced

amniotic fluid
Abnormal CTG

78 119 129 127 114 118 108
Normal Bleed Abnormal CTG 77 110 116 108 125 106 92
Normal Infection, amniocentesis. 77 99 116 108 89 100 84
Normal 78 102 120 117 100 95 80
Normal High blood pressure 78 111 87 127 107 112 123
Normal Abdominal pain 78 108 120 108 100 118 96
Normal Bleed 75 101 91 99 114 112 88
Normal Bleed 78 129 117 122 132 117 148
Normal Amniocentesis, reduced

amniotic fluid 76 117 125 122 107 122 110
Normal Amniocentesis 76 110 108 113 107 135 96
Normal 78 105 87 104 93 123 123
Normal Reduced fetal movement 78 116 103 117 107 129 123
Normal Amniocentesis 72 102 91 108 100 106 108
Normal Bleed 73 118 109 122 118 128 114
Normal Grade III meconium 75 104 108 104 114 112 84
Normal Low cord pH 78 116 112 127 127 100 115
Normal High blood pressure 75 92 87 85 94 92 102
Normal 76 105 112 99 110 106 96
Normal 78 105 125 97 103 106 93
Normal 78 128 124 122 118 129 143
Normal 75 109 112 99 100 118 115
Normal 73 119 133 122 103 128 110
Normal Amniocentesis 77 104 112 99 96 95 115
Normal Reduced fetal movement 75 122 125 129 114 134 109
Normal 75 108 133 110 92 117 89
Normal Trauma 78 108 129 101 96 106 106
Normal 78 122 134 127 126 117 102
Normal 76 120 113 132 118 118 114
Normal 78 106 100 120 103 126 86
Normal 78 110 102 124 100 127 102
Normal 78 117 118 111 119 122 114
Normal 77 109 90 107 102 122 123
Normal Infection, high blood pressure 77 113 106 120 112 117 106
Normal 77 117 106 137 112 108 118
Normal 77 129 118 132 127 136 130
Normal Abnormal CTG, grade II

meconium 78 112 102 111 115 109 119
Normal 78 111 96 128 115 109 98
Normal 76 109 99 104 121 106 108

DQ, developmental quotient; CTG, cardiotocography.
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arachnoid cyst) in one. An unusually full
choroid was found in eight infants.

ADVERSE ANTENATAL AND PERINATAL FACTORS

Adverse antenatal factors were found in 29 of
72 infants (40%) with a normal ultrasound and
in 16 of 23 infants (61%) with abnormal ultra-
sound. There was no significant diVerence in
the relative incidence of the individual factors,
but intrauterine growth retardation was more
common in the infants with abnormal ultra-
sound (5/23 (22%) v 1/72 (1%)).

Adverse perinatal factors were recorded in
11 of 72 infants (15%) with normal ultrasound
and in three of 23 (13%) with abnormal ultra-
sound findings. There was no significant
diVerence in the total incidence of adverse
perinatal factors in the two groups, but
cardiotocography abnormalities only occurred
in the group with normal ultrasound. Tables
2–4 show details of the type and incidence of
the adverse antenatal and perinatal factors.

NEUROLOGICAL EVALUATION

Neurological examination was normal in 96
and abnormal in seven of the 103 infants
studied.

Of the 72 infants who had a normal cranial
ultrasound scan, 66 had a normal and six an
abnormal neurological examination. Of the 23

infants with abnormal ultrasound findings, 22
had a normal and one an abnormal neurologi-
cal examination. All eight children with full
choroid had a normal neurological examina-
tion.

When the scores on the neurological exam-
ination were analysed, the diVerence between
the three groups was not significant: 75.93
(2.52), 76.63 (1.69), and 75.35 (2.01) for the
group with normal cranial ultrasound results,
the group with full choroid, and the group with
abnormal ultrasound results respectively
(mean (SD)). Tables 2–4 give the individual
scores of the neurological examinations in the
cohort in relation to ultrasound findings.

DEVELOPMENTAL SCALES

Of the 103 infants examined, 100 had normal
and three had abnormal global DQ.

Eighty three of the 103 infants assessed had
normal scores on all the subscales. The other
20 had mild delay (DQ between 61 and 79) on
at least one subscale. None of the infants in our
cohort had severe delay.

Sixty of the 72 infants with normal ultra-
sound scans had a normal score on all the sub-
scales and 12 had at least one abnormal score.

Fifteen of the 23 infants with abnormal
ultrasound scans had normal and eight abnor-
mal scores on at least one of the subscales.

Table 4 Details of antenatal and perinatal factors, global neuroscore, global developmental quotients and subscale developmental quotients in infants with
normal ultrasound and abnormal outcome

Cranial
ultrasound Antenatal factors Perinatal factors

Global
neuroscore Global DQ Locomotor Personal–social Hearing–speech

Eye–hand
coordination Performance

Normal Abnormal CTG 72 86 87 76 96 95 80
Normal IUGR 72 90 74 85 110 95 84
Normal 78 101 78 122 114 106 88
Normal 75 79 91 53 82 103 84
Normal 77 93 108 95 93 78 92
Normal Amniocentesis, bleed 73 83 61 90 86 95 88
Normal Breech 73 99 99 104 93 95 76
Normal Trauma 78 90 103 81 93 100 76
Normal 63 90 69 97 92 106 93
Normal 74 89 95 98 76 103 90
Normal 75 90 79 107 92 91 82
Normal 77 87 96 98 72 96 90

DQ, developmental quotient; CTG, cardiotocography; IUGR, intrauterine growth retardation.

Table 5 The incidence of normal and abnormal neurological examination and GriYths scores in the children with
diVerent ultrasound findings

Neurological
examination

Full
scale Locomotor

Personal–
social

Hearing–
speech

Eye–hand
coordination Performance

Normal cranial ultrasound (n = 72)
Normal 66 71 68 70 70 71 70
Abnormal 6 1 4 2 2 1 2

Full choroid (n = 8)
Normal 8 8 8 8 8 8 8
Abnormal 0 0 0 0 0 0 0

Haemorrhage (n = 6)
Normal 6 6 6 6 6 6 6
Abnormal 0 0 0 0 0 0 0

Asymmetric ventricles (n = 5)
Normal 5 5 5 5 5 5 2
Abnormal 0 0 0 0 0 0 3

Periventricular white matter densities (n = 8)
Normal 8 6 4 8 8 6 7
Abnormal 0 2 4 0 0 2 1

Thalamic densities (n = 2)
Normal 2 2 2 2 2 2 2
Abnormal 0 0 0 0 0 0 0

Arachnoid cyst (n=1)
Normal 1 1 1 1 1 1 1
Abnormal 0 0 0 0 0 0 0

Choroid cyst (n=1)
Normal 0 1 1 0 1 0 0
Abnormal 1 0 0 1 0 1 1
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All eight infants with full choroid had normal
scores on all the subscales.

Table 5 shows the incidence of normal and
abnormal neurological examination and Grif-
fiths scores in the cohort subdivided according
to ultrasound findings.

Tables 2–4 give details of the findings in all
the infants. The results show that, whereas the
presence of haemorrhages or full choroids was
not associated with abnormal results on any of
the subscales, white matter lesions were associ-
ated with locomotor delay in four of eight
infants and asymmetrical ventricles with delay
in performance in three of five infants (table 2).
The presence of adverse antenatal or perinatal
factors had no impact on outcome in infants
with abnormal scans.

Discussion
The aim of this study was to evaluate whether
the outcome of a cohort of infants regarded as
normal in the neonatal period, but with abnor-
mal features on neonatal cranial ultrasound
examination, diVered from those with normal
scans. We were able to follow 60% of the origi-
nal cohort with neonatal ultrasound and we
feel there was no bias, as there was no selection
other than not being able to find the infants.
The refusal rate among those traced was low,
and in fact the incidence of ultrasound abnor-
malities and adverse antenatal/perinatal factors
was similar in the original and in the follow up
cohort.

At follow up at 12 or 18 months, none of the
children in our cohort showed any sign of cere-
bral palsy and there was no significant
diVerence between the infants with and
without abnormal ultrasound results on neuro-
logical examination.

Although the scores on the GriYths develop-
mental test in the group with ultrasound
abnormalities were lower than in the group
with normal cranial ultrasound, the diVerence
was not significant The numbers were too
small to allow a meaningful statistical analysis
of the results in relation to the diVerent types of
ultrasound findings, but it is of interest that
intraventricular haemorrhages and thalamic
densities were always associated with normal
scores on all the subscales. Other ultrasound
abnormalities were associated with some de-
gree of impairment. Four of the eight infants
with periventricular white matter echogenicity
had low gross locomotor scores, while those
with asymmetrical ventricles had normal loco-
motor scores but three of five had lower scores
in the performance scales. The infants who
showed a full choroid, a finding that we were
uncertain how to classify on the neonatal ultra-
sound, not only did not show any abnormal
results but, as a group, had higher scores than
the infants with normal ultrasound.

Our results are in basic agreement with pre-
vious studies which showed that unilateral tha-
lamic densities were associated with a normal
outcome.17 18 Also in agreement with previous
studies,19–21 we found that intraventricular
haemorrhage, even when large, if not compli-
cated by severe ventricular dilatation or paren-

chymal extension was not associated with any
neurological or developmental sequelae at 12
or 18 months of age.

As all the infants in our cohort only had one
scan within 48 hours, our data on periventricu-
lar densities are not easily comparable with
previous studies where outcome depends on
the persistence and evolution of the lesions.22 23

As adverse antenatal factors such as infection
and bleeding tendencies have been reported to
be associated with increased risk for cerebral
palsy,24 we also tried to evaluate whether the
variability in outcome observed in our infants
could be related to the presence of adverse
antenatal or perinatal factors. Although ante-
natal factors were more common in the infants
with ultrasound abnormalities, we were unable
to find any significant association between the
presence or the type of any of these factors and
the outcome.

Our results suggest that some abnormality
on cranial ultrasound is relatively common in a
population considered to be at low risk for
neurological sequelae in the neonatal unit, but
they are not associated with cerebral palsy or
other major neurological or developmental
abnormalities. As the follow up in our cohort
was relatively short, we do not know whether
any of these infants would develop dyspraxia or
minor neurological impairment at school age,
as found in preterm infants with similar lesions.
It would be of interest to know whether any
children who do develop minor neurological
problems also had minor developmental ab-
normalities on the short term follow up.
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