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SUMMARY Continuous monitoring by electroencephalography (EEG) was performed in 31
preterm infants with echodense ultrasound lesions using the Oxford Medilog four channel
recorder. In 12 infants these densities preceded cyst formation, eight in the periventricular and
four in the subcortical region. In the 19 other infants the densities resolved.
The most severe EEG depression occurred in the four infants with subcortical cysts, who also

had the poorest outcome. Six of eight infants with periventricular lesions had lesser degrees of
abnormality though all infants had moderate to severe handicap at follow up. Similar
abnormalities were seen on EEG recording in three infants in whom the densities resolved
without cyst formation and these infants also had an abnormal outcome.
An abnormal EEG recording provides a sensitive early guide to the severity and prognosis of

these lesions, even before they can be seen on ultrasonography.

Recent refinements in ultrasound techniques have
permitted diagnosis of ischaemic as well as haemor-
rhagic lesions.' 2 Ischaemic lesions initially present
as areas of increased echodensity on ultrasonogra-
phy; some resolve but others proceed to extensive
cyst formation in the periventricular or subcortical
white matter, referred to as periventricular or
subcortical leucomalacia. The poor prognosis of
infants with extensive cystic lesions has been well
documented, but in those whose densities resolve
the prognosis is more variable.i-5
Although prognosis based on the presence of

extensive cysts seems to be reliable, the cysts are not
present initially and may take two to four weeks to
develop. Further aids to early prognosis would
therefore be valuable. This study aimed to assess the
prognostic value of early and sequential EEG
recording in infants with echodense ultrasound
lesions and subsequent extensive cystic leuco-
malacia.

Method

Over 21 months 150 infants were entered into a
prospective correlative study of EEG recordings and

cranial ultrasonography. The 31 infants with persis-
tent echodensities are reported here. Their mean
gestation was 31 weeks (range 27-36) and mean
birth weight 1230 g (range 720-2150).

ULTRASOUND ASSESSMENT
Ultrasound assessment was made daily during the
first week of life and then twice weekly, using an
ATL Mark 3 sector scanner (3-5-7-5 MHz crystal).
Densities were defined as unilateral or bilateral
areas of increased echogenicity seen in both coronal
and parasagittal views that persisted for at least 48
hours. Their evolution was classified as resolution
without cyst formation, or extensive cyst formation
in the periventricular or subcortical white matter.

EEG ASSESSMENT
An Oxford Medilog 4-24 continuous four channel
monitor was used.6 Electrocardiogram, respiration,
and two channels of EEG were recorded with
silver/silver chloride electrodes applied with collo-
dion in the F4-P4, F3-P3 positions (impedances <5
kohms).

Initial recordings were made within 48 hours of
birth, transfer to the neonatal unit, or onset of the
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illness (if delayed). Sequential recordings were

made for 24 hour periods at intervals of two to four
weeks until term or discharge from the unit. Data
for each 24 hour period were recorded on standard
C 120 cassette tape and reviewed on a visual display
unit of Medilog system at 20 and 60 times the normal
speed at scales of 1-5 and 3-0 cm/second.
Compressed transcription was done at 6 cm/

minute using a Siemens 8 Elema Schonander ink jet
recorder. All initial recordings were assessed inde-
pendently by two observers without knowledge of
the ultrasound development or clinical outcome.

Classification of normal or abnormal was made
from standards for gestational age established for
the Medilog 4-24 monitor in a group of low risk
preterm infants,7 as well as from criteria derived
from conventional EEG recordings.8
EEG abnormalities were classified into four

categories (fig 1), as follows:
(1) Activity inappropriate for gestation. In preterm
infants this was indicated by excess discontinuous
activity or a prolonged interburst interval for
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gestational age, and in term infants by impaired
sleep state definition.
(2) Overtly abnormal activity independent of gesta-
tion (excluding seizures) as indicated by: persistent
discontinuity throughout recording or burst suppres-

sion; low amplitude recording; asymmetry; asyn-

chrony; and spikes and sharp waves.

These were further classified according to back-
ground activity into those showing: (i) one abnormal
feature on normal background; (ii) those showing
one abnormal feature on category 1 abnormal
background; and (iii) those showing two or more

overtly abnormal features.
(3) Seizures were further classified according to
background activity into; (i) those on normal back-
ground; (ii) those on category 1 abnormal back-
ground; and (iii) those on category 2 abnormal
background.
(4) Maximal background depression either (i) with
seizures or with (ii) no discernible activity.

NEUROLOGICAL ASSESSMENT OF OUTCOME

Assessment of outcome was made on clinical ex-

amination at discharge from the neonatal unit using
a standardised protocol,9 and at 6-18 months using
the Griffiths mental development scale and items
from Amiel-Tison'sl" and Touwen's"' scores.

Because some infants have been assessed only up
to the age of 6 months, only major neurological
abnormalities were considered in this study. These
included confirmed cerebral palsy and mental re-

tardation.

Results

The table summarises the development of the
ultrasound appearances, the initial and sequential
EEG findings, and the clinical outcome in the 31
infants studied. The relative timings of the develop-
ment of the EEG and ultrasonographic abnormali-
ties are also shown.

ULTRASOUND ASSESSMENT
In 19 of the infants studied the densities resolved
without cyst formation, but in seven they proceeded
to extensive cystic leucomalacia. In five infants the
cysts were already well established at presentation.
Of the 12 infants with cysts, eight had periventricu-
lar leucomalacia and four had subcortical leucoma-
lacia.

EEG ASSESSMENT
In 13 infants the initial EEG recording was abnor-
mal (fig 2). Category 4 abnormalities were found in
four infants, two of whom presented with subcorti-
cal leucomalacia and two of whom subsequently

Fig 1 Examples ofcategories ofEEG abnormality
(compressed time scale) precededfor contrast by normal
preterm record during phase ofcontinuous activity.
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Table Summary of ultrasound development, initial and sequential EEC
echodense lesions on ultrasonography

findings, and outcome in 31 infants with

Ultrasounid development

Cysts: subcortical leucomalacia
Cysts: subcortical leucomalacia
Cysts: subcortical leucomalacia* *
Cysts: subcortical leucomalacia* *
Cysts: perivcntricular leucomalacia*
Cysts: periventricular leucomalacia*
Cysts: periventricular leucomalacia
Cysts: periventricular leucomalacia
Cysts: periventricular ieucomalacia'
Cysts: periventricular leucomalacia**
Cysts: periventricular Ieucomalacia
Cysts: periventricular leucomalacia
Densities only
Densities only
Densities only
Densities only
Densities only
Densities only
Densities only
Densities only
Densities only
Densities only
Densities only
Densities only
Densities only
Densities only
Densities only
Densities only
Densities only
Densities only
Densities only

*EEG abnormality preceded cysts; **EEG abnormality preceded densities.
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Fig 2 Correlation of initial EEC, ultrasound evolution of
densities, and neurological outcome in 31 infants.

developed it. Eight infants had category 2 and 3
abnormalities, five of which were associated with
cystic lesions. Two of these had presented with
periventricular leucomalacia and another three sub-

sequently developed it. The remaining three infants
with category 2 and 3 abnormalities did not develop
cysts. Only one infant had category 1 abnormalities
and he subsequently developed periventricular
leucomalacia. The EEG abnormality preceded the
appearance of even the density in three of the above
infants; two of these subsequently developed sub-
cortical leucomalacia and one periventricular leuco-
malacia. Fig 3 shows the progression in one of these
infants.

Eighteen infants had normal EEG recordings. Of
these 16 did not form cysts; one had presented with
periventricular leucomalacia and one subsequently
developed it.

Six infants had persistently abnormal EEG re-

cordings (fig 4), including two with subcortical
leucomalacia, three with periventricular leucomala-
cia, and one without cysts. Ten infants had normal
sequential EEG recordings. In one infant with
periventricular leucomalacia an initially abnormal
recording became normal within two weeks. Nine
infants had persistently normal EEG recordings,

Case

No

2

3

4
5

6
7
8

9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

Initial EEC
category

4 (ii)
4 (ii)
4 (i)
4 (i)
3 (iii)
3 (iii)
3 (iii)
2 (iii)
2 (ii)

Normal
Normal
3 (iii)
3 (iii)
2 (iii)
Normal
Normal
Normal
Normal
Normal
Normal
Normal
Normal
Normal
Normal
Normal
Normal
Normal
Normal
Normal
Normal

Sequential EEG
category

Not done
Not done
3 (iii)
3 (iii)
Not done
2 (ii)
2 (ii)
Not done
Normal
3 (i)
Not done
Normal
Not done
3 (i)
Not done
Not done
Not done
Not done
Not done
Not done
Not done
Not done
Not done
Normal
Normal
Normal
Normal
Normal
Normal
Normal
Normal

Outcotne

Died
Died
Abnormal
Abnormal
Died
Died
Abnormal
Abnormal
Abnormal
Died
Abnormal
Abnormal
Died
Abnormal
Abnormal
Normal
Normal
Normal
Normal
Normal
Normal
Normal
Normal
Died
Normal
Normal
Normal
Normal
Normal
Normal
Normal

A

0~~~~~~~~~~~
I0

0~~~~III
0000 6
0000

.r



1022 Connell, Oozeer, Regev, de Vries, Dubowitz, and Duibowitz

ably associated with a normal outcome; two survi-
vors had normal initial recordings but abnormal
outcome.

If the sequential EEG recordings were persist-
ently abnormal the outcome was always abnormal;
four survivors in whom this occurred were all neuro-
logically abnormal. Not all infants with a normal
sequential EEG had a normal outcome, however.
Neither persistently normal recordings nor ones
which subsequently became normal were constantly
associated with normal outcome. This happened in
seven survivors, in two of whom the outcome was
abnormal.

Seizures, present in four infants, always resulted
in abnormal outcome.

Discussion

EEG recordings in neonates have been shown in
other conditions'2 3 to give early and sensitive
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Fig 3(a) Relative evolution ofEEG and ultrasound
abnormalities ofsubcortical leucomalacia in 35 week
gestation infant with necrotising enterocolitis (case 3).
Day 1, ultrasound within normal limits; EEG severely
abnormal with bilateral seizures (arrowed) on very low
amplitude background.

including eight without cysts and one with pern-
ventricular leucomalacia.

Eight infants showed seizure activity on EEG
recording (categories 3 and 4), including two with
subcortical leucomalacia, four with periventricular
leucomalacia, and two without cysts. These were
associated with clinical seizures in five infants.

NEUROLOGICAI OUTCOME
Eight infants died too early for assessment and nine
of the 23 survivors developed abnormally.

F3-P3

CORRELATION OF EEG WITH Cl-INICAL OUTCOME
The two survivors who showed category 4 abnorma-
lities on the initial EEG recordings had the most
severe neurological abnormalities (fig 2). Category 2
and 3 abnormalities were associated with abnormal
outcome in seven surviving infants. Category 1
abnormality was found in only one infant who died.
A normal initial EEG recording was not invari-

2OOyN]_____
1 minute

Fig 3(b) Relative evolution ofEEG and ultrasound
abnormalities ofsubcortical leucomalacia in 35 week
gestation infant with necrotising entercolitis (case 3).
Day 5, ultrasound now abnormal with echodensities in
periventricular regions and inter-hemispheric fissure; EEG
persistently abnormal with extreme amplitude depression.
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Fig 3(c) Relative evolution ofEEG and ultrasound
abnormalities ofsubcortical leucomalacia in 35 week
gestation infant with necrotising entercolitis (case 3).
Week five; ultrasound now shows extensive subcortical
leucomalacia; EEG still low amplitude and discontinuous
with persistent seizures (arrowed).
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Fig 4 Correlation ofsequential EEG, ultrasound
evolution of densities, and neurological outcome in 16
infants.

indications of the functional severity of lesions of
considerable prognostic importance. This study
shows that the technique may also be applied to the
recently recognised problem of whether ultrasound
echodensities indicate cystic leucomalacia.

In this condition the EEG recording also provided
a sensitive guide to the functional severity of the
ultrasonographic lesion, showing much more fre-
quent and serious abnormalities in infants with
cystic leucomalacia than in those whose densities
resolved without cysts. In particular, it identified the
exceptional severity of the functional damage associ-
ated with subcortical leucomalacia. Maximal de-
pression of background EEG activity was seen in the
four infants with subcortical leucomalacia but in no

other group.
The sensitivity of the initial EEG abnormality as

an index of the functional severity of the lesion was

also reflected in its prognostic ability. Although
there was a definite correlation between EEG
abnormalities and abnormal outcome, a normal
EEG recording was not invariably associated with a

normal clinical outcome. It is possible that with only
two channels of EEG recording some abnormal foci
may have been missed. Alternatively, the EEG
recording may have shown some recovery after the
initial insult. In favour of this argument is the fact
that improvement or return to normal of an initially
abnormal EEG recording was seen in seven infants
in sequential studies. Two infants had normal initial
recordings and abnormal outcome. One of these was
studied late when cysts were already present. The
other had densities from day 1 after a pregnancy
complicated by severe pre-eclamptic toxaemia. It is
therefore possible that the EEG, which was also
monitored from day 1, may already have become
normal by the time of the birth after an insult in
utero.

In contrast, the particular prognostic value of an

abnormal EEG recording is well illustrated by this
study. Seizures always indicated an abnormal out-
come. Even in the absence of seizures, however,
abnormalities such as low amplitude and excessive
discontinuous background activity, and asymmetry
and asynchrony of discharges, were consistently
adverse prognostic factors, irrespective of ultraso-
nographic findings.
The particular additional value of EEG monitor-

ing was that the prognostically relevant information
that it supplied was immediately available from the
first day of recording, whereas that derived from
ultrasonography was not available for two to four
weeks when the densities had resolved or cysts had
formed.

Neonatal EEG recordings may be effectively
monitored using the four channel Medilog 4-24
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continuous recorder in infants who have ultrasound
echodensities and cystic leucomalacia; the informa-
tion that the recordings provide acts as a sensitive
index of the severity of such lesions. The early
appearance of these important EEG changes means
that the role of this investigation is not confined
merely to confirming the ultrasound assessment.
Rather it provides the first available guide to
assessing the functional severity of these lesions and
their prognostic importance.
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