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Abstract

In a prospective study of 301 premature
newborn infants, neonatal tracings were done
to evaluate the use of the electroencephalogram
(EEG) and positive rolandic sharp waves
(PRSW) in the diagnosis and prognosis of
periventricular leucomalacia. Each infant had
ultrasonographic studies and standardised
neurological examinations at 1 year of age or
later. Two hundred and eighty infants were
followed up at 1 year.

This study demonstrated that the absence
of PRSW was correlated with a favourable
motor development (98-:2%) and confirmed
the great value of PRSW in the diagnosis and
the prognosis of periventricular leucomalacia.
PRSW were sensitive (98%) and specific
(84%) markers of developmental motor dis-
ability and were a sensitive (96%) marker of
severe spastic diplegia. A frequency above
2/minute was a specific (92%) sign of severe
spastic diplegia. Social and language develop-
mental abnormalities were not correlated with
the neonatal EEG.

Periventricular leucomalacia and intraventricu-
lar haemorrhage are serious neurological comp-
lications of prematurity. Numerous studies of
infants prospectively scanned with ultrasound
have shown that intraventricular haemorrhage
had a relatively benign prognosis in the absence
of involvement of the brain parenchyma or
ventricular dilation' 2 whereas periventricular
leucomalacia had a worse one. '~ Though intra-
ventricular haemorrhage is readily recognised
by transfontanellar ultrasonography, early posi-
tive diagnosis and prognosis of periventricular
leucomalacia are not always so easy.

Positive rolandic sharp waves (PRSW) on the
electroencephalogram (EEG) were first reported
by Cukier et al in 1972 in premature newborn
infants with intraventricular haemorrhage.*
We® and others®® observed that PRSW were
not always associated with intraventricular
haemorrhage but rather with white matter
necrosis or periventricular leucomalacia. PRSW
seemed to be, therefore, a marker of periventri-
cular leucomalacia rather than of intraventricu-
lar haemorrhage. From these anecdotal reports
we decided to conduct a formal prospective
evaluation of the use of the EEG and detection
of PRSW in the diagnosis and prognosis of
periventricular leucomalacia in premature new-
born infants.

Subjects and methods

SUBJECTS
The study was carried out over a five year

period between 1 January 1986 and 31 December
1990 on all newborn infants of gestational age
less than 33 weeks who were born between
1 January 1986 and 31 December 1989 and
admitted to the department of neonatalogy or
the intensive care unit of the Centre Hospitalier
Universitaire de Rouen; 350 newborns were
included. Forty nine died before 3 months and
were then excluded from the study. Three
hundred and one survived and had at least one
EEG within the first 14 days of life; most had
two or three EEGs before the age of 1 month.

ELECTROENCEPHALOGRAPHY

Two hundred and fifty five infants had three
EEGs. The first EEG was done between days 2
and 4, the second between days 7 and 14, and
the third between days 21 and 30. Twenty eight
infants had two EEGs and 18 only one. The
recordings were done at the infant’s bedside and
lasted at least 45 minutes. They were performed
with a portable 10 or 16 channel machine
(Alvar) (six or 10 derivations for EEG, one for
an electrocardiogram, one for ocular move-
ments, one for an electromyogram, and one or
three for respiratory movements). Bipolar
montage was adapted for the newborn infant.
The scalp electrodes were put in T4-02, FP2-
C4, C4-02, FP1-C3, C3-01, T3-01 in the 10
channel machine montage and in FP2-T4,
T4-02, FP2-C4, C4-02, FP1-C3, C3-01,
FP1-T3, T3-01 in the 16 channel machine
montage. The EEGs were analysed by two of
the authors (SM, DP) and another board
certified paediatric neurologist. As previously
described the PRSW (fig 1) were identified as
sharp transients of positive polarity appearing in
the rolandic regions (C3-4).5° For each record-
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Figure ] Example of PRSW type A and type B in an
EEG made on a 16 channel machine.
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ing, PRSW were classified as type A (isolated
and sharply differentiated from the background
activity) or B (occurring in bundles and less
well differentiated from background activity)
according to Blume and Dreyfus-Brisac.'® The
frequency (number of PRSW per minute of
recording time) was calculated over all the
tracing. When it was possible, the persistence of
PRSW in two EEGs was noted. Background
activity was classified as normal or mildly,
moderately, or markedly abnormal, according
to the Clancy and Tharp criteria.®

ULTRASONOGRAPHIC STUDIES
Each infant had two transfontanellar ultrasono-
graphic studies: one in in the first and another

in the third week. They were performed with a
real time linear array ultrasound scanner (Sonel
400) with a 5 or 7°5 MHz tranducer. Coronal
and sagittal views of brain were obtained. They
were seen by a paediatric radiologist without
knowledge of the clinical and EEG data. Intra-
ventricular haemorrhage, intraparenchymal
haemorrhage, and periventricular cysts in the
white matter were studied. Intraventricular
haemorrhage was classified as type II when
there was no ventricular dilation and type III
when there was dilation. Intraparenchymal
haemorrhage was considered when there was a
unilateral marked echodensity with coexisting
intraventricular haemorrhage. Germinal layer
haemorrhages were not taken into account and
neither were increased parenchymal hypoxic-
ischaemic echodensities as infants had only two
ultrasonographic studies at a two week interval.
In our study, only periventricular cysts were
considered as a certain sign of periventricular
leucomalacia.

FOLLOW UP

Standardised neurological and developmental
examinations were carried out at 3,6, 9, and 12
months at least and at 24 months in the older
infants. They were classified into three motor
developmental groups: I: always normal; II:
transient or minor motor developmental abnor-
malities with hand free sitting acquired at 1 year
and walking independently acquired at 2 years;
and III: severe motor abnormalities with spastic
diplegia or quadriplegia. Social and language
development was evaluated by Brunet-Lezine
tests at 1 and 2 years.!! It was abnormal below
75, normal above. Because of the duration of
follow up standardised measurement of cognitive
development was not obtained.

STATISTICS

Different groups were compared by the %2 test,
with Yates’s correction or Fisher’s exact test, as
appropriate; p values were considered significant
below 0°05. When there was a significant
difference in comparing groups for one criteria,
sensitivity, specificity, predictive positive and
negative value, and constant k of relative risk
were calculated.

Results
ELECTROENCEPHALOGRAPHIC ANALYSIS
Eight hundred and thirty nine EEGs were
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analysed. PRSW were observed in 114 of the
301 infants (38%). The first PRSW were seen
within the first 14 days in 106 infants (93%).
Eighty (70%) had both types A and B in the
same recording or in different recordings. Six
had only type A and 28 type B. Frequency is
shown in fig 2. Persistence of PRSW was noted
in two recordings at least in 63/113 (56%) of
cases with two or three EEGs and PRSW.

Thirty five (12%) infants had an abnormal
background (eight mild, 19 moderate, eight
marked). Twenty two of the 35 had an abnormal
background and PRSW (eight mild, nine
moderate, five marked). In 33 infants an
abnormal background was seen in the first
EEG. In only two of these 33 did the background
abnormality persist in the second recording.
Two infants had a moderately abnormal activity
only in the second EEG.

ULTRASONOGRAPHIC STUDIES

Twenty one infants (7%) had an intraventricular
haemorrhage, eight of the 21 with a dilation
(type III). There was no intraparenchymal
haemorrhage. Eighteen (6%) had periventricular
cysts. Three of the 18 with cysts also had an
intraventricular haemorrhage.

OUTCOME

At 1 year of age 21/301 infants were lost to
follow up. Two hundred of the 280 had a
normal motor development (group I). Eighty
were neurologically impaired at follow up: 52
had transient or minor motor abnormalities
(group II) and 28 a severe spastic diplegia or
quadriplegia (group III).

Prevalence of impaired motor development in
infants followed up within the first year was
28:6%. Prevalence of severe diplegia or quad-
riplegia (group III) was 10%. Developmental
quotient for social and language development
was low in 20 infants. Three infants had impaired
development without spastic diplegia, and 17
had associated diplegia or quadriplegia.

Two hundred and fifteen infants of the 280
were investigated at 2 years. Forty infants were
lost to follow up. Forty six did not reach 2 years
of age. One hundred and thirty six of the 215
were normal. Of the remainder three had
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Figure 2  Electroencephalography: the first column shows
the total number of infants in each PRSW frequency group
and the last three columns the distribution of PRSW
frequency in each motor development group.
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impaired development without motor impair-
ment, 48 belonged to group II, and 28 to group
III1.

EEG AND ULTRASOUND

PRSW were present in all 18 children with
cystic periventricular leucomalacia shown by
ultrasound. Thirteen of the 21 (62%) infants
with intraventricular haemorrhage (10 type II
and three type III) had PRSW. Eighty six of the
114 infants with PRSW had normal ultrasound
scans.

EEG AND OUTCOME

The distribution of PRSW in the groups followed
up is shown in fig 3. Altogether 98:2% of the
infants without PRSW had normal motor
development. Sixty eight per cent of the infants
with PRSW and only 1:8% of the infants
without had impaired motor development. The
absence of PRSW was a sensitive and specific
sign of right motor development (sensitivity=
81%, specificity=96%). The PRSW were very
sensitive (98%) and specific (84%) markers of
impaired motor outcome (group II plus III) and
were sensitive markers of severe motor handicap
(96%) (group III) but less specific (65%). An
infant with PRSW had 33 times the risk of
having a severe spastic diplegia than .an infant
without PRSW. Thirty seven infants with
PRSW had no delay in motor development.
Three infants had no PRSW but an abnormal
motor development (two a moderate one, one a
severe one). The infant with no PRSW and
severe diplegia had only two EEGs in neonatal
period (one at D2 and one at D24).
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Figure3  Electroencephalography in follow up groups
showing number of infants with or without PRSW in each
motor development group; *p<<0-00001.

Qutcome, PRSW, and lesions seen on ultrasound
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Frequency above 2/minute was statistically
different between group III compared with
groups I plus II (p<0-00001) (fig 2). It had a
good specificity as a bad prognosis marker
(97%) but a low sensitivity (50%). Among the
37 infants with PRSW but normal motor de-
velopment, PRSW appeared less than 2/minute
in all and less than 1/minute in 34 cases. Neither
persistence of PRSW nor type A or B were
significant prognostic markers.

There was no correlation between abnormal
background and language and social develop-
ment in our study.

EEG, ULTRASOUND, AND OUTCOME

The results are shown in the table. In the
infants with impaired motor development (group
II and III), PRSW on the neonatal EEG were
more frequent than cysts seen on ultrasound.
The infants with an intraventricular haemorr-
hage and PRSW (62%) were in the three motor
developmental groups whereas the infants with
an intraventricular haemorrhage and without
PRSW (38%) were all in the group 1.

Discussion

A lot of studies have shown the importance of
sequential ultrasound scans in the diagnosis of
periventricular leucomalacia.'~* !> Qur prospec-
tive study confirms the great value of an EEG
associated with ultrasound in the diagnosis and
the prognosis of periventricular leucomalacia.

In our study the incidence of PRSW (38%) is
comparable with that of Lacey ez al (37%)."3
The absence of PRSW on the neonatal EEG is
correlated with unimpaired motor development
(98-:2%) whereas in their presence impaired
development is more frequent (68%). PRSW
are a good, sensitive, and specific diagnostic
marker of impaired motor outcome. They are
a good, sensitive diagnostic marker of severe
motor abnormalities (group III) but not a
specific one. Such motor abnormalities are
known to be due to periventricular leuco-
malacia.'* Periventricular leucomalacia can be
seen on ultrasound when there is development
of cysts. But it is noteworthy that hypoxic-
ischaemic parenchymal lesions can be un-
diagnosed by ultrasound when there is a diffuse
gliosis or small areas of periventricular leuco-
malacia.'® In our study, 18 of the 80 infants
with impaired motor outcome had cysts. There-
fore in premature newborns PRSW are a
useful sign of neonatal periventricular ischaemia
with impaired motor development.

Ultrasound Group 1 Group 11 Group 111
appearances
PRSW— PRSW+ PRSW - PRSW+ PRSW— PRSW+

Cysts:

Without 163 37 2 47 1 12

With 0 1] 0 3 0 15
Intraventricular

haemorrhage:

Without 155 32 2 46 1 23

With 8 5 0 4 0 4"

(type III) )

n (2)

*¥s also had cysts.
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Some infants have PRSW but no motor
sequelae. None of these infants have a high fre-
quency of PRSW (=2/minute); this is the single
most specific marker of severe impaired motor
development in our study. These infants will
also probably have some neonatal white matter
ischaemic lesions. Perhaps they will later have
cognitive developmental abnormalities, mini-
mal brain dysfunction, and problems with edu-
cational achievement.

PRSW were first reported by Cukier et al in
premature infants with intraventricular hae-
morrhage.* As reported by Lacey et al in their
study of infants with intraventricular haemorr-
hage, some had PRSW and others did not.'?
The infants with PRSW and intraventricular
haemorrhage (with or without dilation) have a
worse motor development than those without
PRSW, who are always normal. In the former
case intraventricular haemorrhage is associated
with ischaemic parenchymal lesions, which are
a more critical determinant of outcome than the
amount of haemorrhage in the ventricle.” Three
of these infants also had evidence of cysts seen
on ultrasound.

Unlike other reported findings,” '* '® back-
ground abnormalities were not a prognostic sign
in our study. Marked and persistent back-
ground abnormalities are usually bad prognostic
markers.'® '® Several facts can explain the lack
of significance in our study. Firstly, it concerned
only infants who survived the neonatal period
and secondly, the infants were all less than 33
weeks of gestational age. In these immature
babies, the cerebral cortex is spared the effects
of ischaemia because of its rich leptomeningeal
arterial supply.'” In our study one infant later
developed infantile epilepsy and one West’s
syndrome. Finally, the eight children with
marked background EEG abnormalities all had
excessive interburst activity lasting for more
than a minute. They never persist in two EEGs.
Only one infant with marked background
abnormalities is impaired for social and
language development. Only two infants have
persistent, but moderate, background abnor-
malities; both are normal.

This study demonstrates the need for serial
EEGs in the neonatal period in premature
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newborn infants. They are useful for predicting
both favourable and unfavourable outcome.

We thank Dr D Samson-Dollfus for valuable advice and analysis
of the EEG, Dr N Moore for valuable editorial comments,
Dr ] Menard, for statistical analysis of the data, and C Berland
for skilful technical assistance.
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