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Cranial ultrasound in preterm infants: long term
follow up
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SUMMARY One hundred and twenty nine high risk preterm infants (gestational ages 26-36
weeks, mean 31-2 weeks; birth weights 800-3880 g, mean 1490 g) were studied by cranial
ultrasound during the neonatal period, over a period of one week to three months, and at the age
of 1 year. Neonatal ultrasound scanning was performed with an ATL Mk III real time echoscope,
and follow up ultrasound scans at the age of 1 were performed with an Octoson static compound
scanner. The neonatal scans of 66 infants were abnormal. Cerebroventricular haemorrhages were
detected in 53 infants and other lesions in 19, six of whom also had haemorrhages.
Posthaemorrhagic changes developed in 30 infants. The follow up scans at 1 year were abnormal
in 27 children. One large parenchymal cyst was detected. All 27 scans showed ventricular
dilatations; 19 were asymmetrical. About 95% of the children with normal neonatal scans and
60% with abnormal neonatal scans had normal scans at 1 year. The size and shape of the
ventricular system had changed in 20% of all infants. As no major changes were seen in the
ultrasound images of those studied beyond the age of 2 months cranial ultrasound follow up in
high risk preterm infants should therefore be continued until the age of 2-3 months; follow up
beyond that age would only rarely be necessary.

Periventricular and intraventricular haemorrhages
and cerebral ischaemia are important causes of
mortality and short and long term morbidity in
preterm infants. The incidence of these abnormali-
ties in infants admitted for neonatal intensive care is
high, and structural cerebral defects develop in
many cases. 1-9 Real time ultrasound scanning is
particularly useful in the detection and short term
follow up of these lesions.'020 Follow up scanning
has usually been limited to the time the infant is
admitted to the neonatal unit. Only few studies have
indicated how long follow up should be continued to
determine the full extent of neonatal haemorrhagic
and ischaemic damage.2' 22
Assuming that cerebral ultrasound images at the

age of 1 year would reflect the end stage of any
neonatal cerebral damage, we compared cranial
ultrasound images at 1 year with serial neonatal
images in a group of high risk preterm infants. Thus
the optimal period for neonatal cranial ultrasound
follow up could be determined.

Subjects and methods

We studied 129 infants. The population was com-

posed of survivors from a group of high risk preterm
infants who were admitted to our neonatal intensive
care unit. The gestational ages ranged from 26 to 36
weeks, mean 31-2 weeks; birth weights ranged from
800 to 3880 g, mean 1490 g.

Neonatal scanning was conducted with an Ad-
vanced Technology Laboratories Mark III ultrasound
system with a 5 MHz scan head, producing high
resolution real time images. Scanning was per-
formed through the anterior fontanelle with the
infant in his incubator or cot, as described
previously." 13 14 17 Two sets of planes, one coronal
and one parasagittal, were scanned and representa-
tive images were recorded on Polaroid film. An
average of five scans was taken of each infant during
the stay in the neonatal unit. Three babies were
scanned once only and 21 twice only; 10 infants were
scanned 10 times or more. Twelve babies were
scanned only in their first week of life, but in
49 scans were taken beyond the age of 1 month.
The images were screened for haemorrhagic and

cystic lesions, the size and the shape of the
ventricular system were noted, and the lateral
ventricular index at the intermediate part of the
lateral ventricle was calculated for comparison with
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follow up scans. The follow up scans at the age of 1
were obtained with an Ausonics Octoson scanner, a
highly mechanised compound water path system
with up to eight 3 MHz transducers. The resolution
of this system is 1-2 mm, resulting in high quality
static images. Ultrasound scanning was performed
through the temporoparietal bones with the child
resting on the system's water pillow, as described
previously.23 24 In several cases sedation with
chloral hydrate was necessary. Two sets of planes,
one semiaxial and one paracoronal, were scanned
and recorded on x ray film. The images were
screened for cystic lesions, the size and the shape of
the ventricular system was noted, and the lateral
ventricular index was calculated for comparison with
neonatal scans.
The ultrasound studies at the intensive care

nursery were considered to be part of standard
treatment, but parental consent was obtained for the
studies on the infants at age 1.

Results

Neonatal scans. The neonatal scans were normal in
63 infants and abnormal in 66. Table 1 shows
findings for the 66 infants with abnormal scans.
Periventricular and intraventricular haemorrhages
were detected in 53 neonates. Subependymal and
intraventricular haemorrhages occurred in 39, and
parenchymal haemorrhages were seen in 14. All
infants whose haemorrhages could be timed bled
during the first six days of life. Progression of the
haemorrhages was noted in eight infants, and

Table 1 Findings in the abnormal ultrasound scans of 66
infants during the neonatal period

Subependymal and Parenchymal Other lesion
intraventricular haemorrhage only
haemorrhage (n= 14) (n 13)
(n=39)

Normal ventricular
system 25 2 10

Ventricular
dilatation 14* 12t 3

Ventricular
asymmetry 4 6 1

Subependymal cyst 8t 1 3
Porencephaly 9
Subependymal

necrosis 3§ 7
Periventricular

leucomalacia lI 1

*Ventriculoperitoneal shunt in one patient.
tVentriculoperitoneal shunt in two patients.
tLesion additional to and apparently unrelated to haemorrhage in two
patients.
§Lesion additional to and apparently unrelated to haemorrhage in three
patients.
IlLesion additional to and apparently unrelated to haemorrhage in one
patient.

posthaemorrhagic changes were seen in 30 infants.
Subependymal cysts developed in seven infants and
porencephaly in nine. Parenchymal cysts were
present in two of the nine infants at their last
neonatal scan, while porencephalic ventricular
enlargements had developed in the seven others.
Ventricular dilatations (lateral ventricular index
> 0-35)25 occurred in 26 infants. These were
asymmetrical in 10 infants; the asymmetry seemed
to be the result of posthaemorrhagic porencephaly
in seven, but no apparent cause was seen in the
three others. Three infants had to be shunted for
progressive ventricular dilatation.

Lesions, apparently unrelated to haemorrhages
and probably of ischaemic origin, were seen in 19
infants. These lesions were isolated in 13 infants and
were additional to haemorrhages in six. A mild
ventricular dilatation was noted in three of the
infants, subependymal cysts or necrosis in 14, and
cystic periventricular leucomalacia in two.

Scans at 1 year. The follow up scans taken at the age
of 1 were normal in 102 children and abnormal in 27.
In one child a large frontal parenchymal cyst was
present. A dilated ventricular system (lateral ven-
tricular index > 0-35)26 was seen in all abnormal
scans. Nineteen of the 27 dilatations were asym-
metrical.

Neonatal versus scans at 1 year. Tables 2 and 3
summarise the neonatal findings and findings at the
age of 1. Sixty children showed no abnormality
either during the neonatal period or at the age of
1 year. Forty two children with abnormal neonatal
scans had normal scans at 1 year; 27 of these
originally showed a subependymal and intra-
ventricular haemorrhage, five a parenchymal
haemorrhage, and 10, other abnormalities. All five
parenchymal haemorrhages had been small
haemorrhages.
Eighteen of the 27 abnormal scans at 1 year were

the result of subependymal and intraventricular
haemorrhage or parenchymal haemorrhage with

Table 2 Ultrasound findings at I year in 129 children
related to neonatal ultrasound findings

Neonatal findings Findings at 1 year

Normal Ventricular Ventricular
dilatation asymmetry

Normal 60 3 1
Subependymal and

intraventricular
haemorrhage 27 12 6

Parenchymal haemorrhage 5 9 9
Other lesion 10 3 3
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Table 3 Ultrasound findings at 1 year in 129 children
related to posthaemorrhagic changes and other lesions
during neonatal period

Neonatal findings Findings at I year

Normal Ventricular Ventricular
dilatation asymmetry

Normal ventricular
system 91 9 4

Ventricular
dilatation 11 18 15

Ventricular
asymmetry 5 6 6

Subependymal cyst 9 3 2
Porencephaly 2 7 7
Subependymal

necrosis 7 3 2
Periventricular

leucomalacia 2 1

posthaemorrhage or porencephalic ventricular dila-
tations, and six were the result of lesions without
ventricular dilatation. The neonatal scans had been
normal in the three remaining children. Neonatal
ventricular dilatations had resolved, however, by
the age of 1 in 11 children. Three of the 19 children
with ventricular asymmetries at 1 year originally had
lesions without ventricular dilatation or asymmetry.
One child with ventricular asymmetry at 1 year had
entirely normal neonatal scans. Asymmetries had
resolved, however, at 1 year in five children.
Overall, the size and the shape of the ventricular
system changed in 29 of the 129 children.

Table 4 compares the neonatal scans and scans at
1 year, in relation to the period of neonatal follow
up. Three of the 63 children with normal neonatal
scans had abnormal scans at the age of 1. Neonatal
follow up had been limited to less than one month in
all three. Differences in ventricular size and shape
were found in 26 of the 66 children with abnormal
neonatal scans. The changes occurred in 20 of 26
children in whom neonatal follow up had been
limited to less than one month, in five of 25 who had
been followed up for 1-2 months, and in one of 15
who had been followed up for over two months.

Table 4 Comparison of neonatal and 1 year scans related
to period of neonatal follow up

Agreement No agreement
at 1 year at I year

All neonatal scans 100 29
Follow up of normal neonatal scans:
<1 month 51 3
1-2 months 7 0
>2 months 2 0

Follow up of abnormal neonatal scans:
< 1 month 6 20
1-2 months 20 5
>2 months 14 1

Discussion

By ultrasound scanning haemorrhagic or ischaemic
cerebral lesions, or both can be shown in 35-50% of
sick preterm infants admitted for neonatal intensive
care.'8 21 27-30 Most haemorrhages occur during the
first week of life showing echodensities in typical
localisations. Resorption of the haemorrhages
occurs in the following weeks, often resulting in
porencephaly at the site of the haemorrhage.
Posthaemorrhagic ventricular dilatations develop in
50% of cases, being transient in about half and
progressive in less than a quarter of the cases.
Atrophic ventricular dilatations may develop after
generalised cerebral ischaemia. Major local
ischaemic lesions may be detected by the appear-
ance of secondary haemorrhages, which sometimes
occur, or by cystic changes that become visible one
to three weeks later. Haemorrhages and ischaemia
may coexist in several infants, resulting in changes
attributable to both. Thus after some time the extent
of perinatal haemorrhagic or ischaemic trauma, or
both to the preterm newborn's brain will be re-
flected by the presence of cystic lesions of the
parenchyma and the size and shape of the ventricu-
lar system.1622 27-32

Several studies have reported cranial ultra-
sound follow up in high risk preterm in-
fants. 17 19 21 22 27 28 31 Most follow up, however, is
limited to a few weeks or months while the infant is
admitted to the neonatal unit. In only one study was
follow up extended until the age of 1 year and in
only 34 children.22 No comparison, however, was
made between the neonatal scans and the findings at
the age of 1.
We compared neonatal ultrasound images and

images taken at 1 year of the cerebral parenchyma
and ventricular system in 129 high risk children. The
agreement between neonatal findings and those at
the age of 1 was best in the children with normal
neonatal scans and in children with abnormal
neonatal scans who were followed up for over one
month while admitted to the neonatal unit. About
95% of children with normal neonatal scans had
normal scans at the age of 1. Sixty per cent of the
children with abnormal neonatal scans had normal
scans at 1 year. No germinal layer area lesions were
seen at 1 year, probably due to the involution of this
area. A large parenchymal cyst was detected in one
of the two children who had cysts visible in their last
neonatal scan. The parenchyma appeared to be
normal at 1 year in the two children with cystic
periventricular leucomalacia, but an enlarged ven-
tricular system was seen in both.
The size and shape of the ventricles had changed

in 35% of children with abnormal neonatal scans.
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Posthaemorrhagic dilatations had resolved in sev-
eral infants whereas in others enlargements had
appeared that had not been detected previously.
Asymmetries of the ventricular system were noted
in some infants in whom symmetries had been noted
previously. These differences were found mainly in
children in whom neonatal follow up scanning had
been limited to less than one month. No major
changes occurred beyond the age of 2 months in
those scanned. Our findings confirm the results of a
previously reported study in which in a similar group
of high risk infants over 90% of all ultrasound
abnormalities were detected within the first 3
months of life.22
The end stage of cerebral anatomical changes

caused by perinatal insults and seen by ultrasound
scanning will usually be reached by the age of 2-3
months. In conclusion, cranial ultrasound follow up
in high risk preterm infants should be continued
until 2-3 months to visualise the full extent of
perinatal haemorrhagic or ischaemic damage, or
both. Follow up beyond that age would only be
necessary in a few selected cases.
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