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Abstract
Aim—To assess the prevalence of an
antenatal onset of haemorrhagic and/or
ischaemic lesions in preterm infants; to
identify possibly related obstetric risk fac-
tors.
Methods—A prospective cohort study was
made of 1332 infants born at less than 34
completed weeks, using cranial ultra-
sound, for the presence of antenatal brain
lesions (group A) involving the periven-
tricular white matter (PVWM) or central
grey matter. Entry criteria were presence
of (i) cysts in the PVWM < 7 days; (ii)
increased PVWM echogenicity < 6 hours,
confirmed to be white matter necrosis at
post mortem examination; (iii) a unilat-
eral porencephalic cyst < 3 days; (iv) an
intraventricular haemorrhage with uni-
lateral parenchymal involvement < 6
hours; and (v) symmetrical areas of
increased echogenicity in the thalami,
confirmed to be areas of calcification on
post mortem examination. Group B con-
sisted of infants with a normal early
neonatal ultrasound scan with subsequent
development of the lesions mentioned
above.
Results—Twenty four cases met the entry
criteria for group A: 17 died and five of the
seven survivors developed cerebral palsy
at follow up. Of the whole cohort, 156
(11.7%) infants died and in 63 (40.3%) of
these a large ultrasound lesion was
present. In 17 (26.9%) cases this lesion was
considered to be of antenatal onset. Sixty
eight of the 1176 (5.8%) survivors devel-
oped cerebral palsy and this was attrib-
uted to antenatal onset in five (7.3%). A
comparison of the obstetric risk factors
between the infants in group A and B, who
either died or developed cerebral palsy,
showed a significant diVerence in
gestational age between the two groups
(30.9 vs 28.9 weeks; p<0.001). Prolonged
rupture of membranes was significantly
more common in group B (p=0.03), while
an ominous cardiotachogram was signifi-
cantly more common in group A (p=0.01),
and this remained significant following
logistic regression analysis.
Conclusions—Although these data suggest
that most preterm infants did not develop
their brain lesions in utero, an antenatal
onset was not uncommon, especially in
those with PVWM lesions, who did not
survive the neonatal period.
(Arch Dis Child Fetal Neonatal Ed 1998;78:F51–F56)
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During the past few years considerable atten-
tion has been paid to the possibility of an
antenatal onset of intracranial lesions, which
can subsequently lead to the development of
cerebral palsy during infancy.1–4 Initially studies
focused on full term infants, emphasising that
only 10–20% of the cerebral palsy cases could
definitely be attributed to a perinatal or
postnatal problem.5 6 Recently more attention
has been paid to the antenatal onset of intrac-
ranial lesions in preterm infants, resulting in
the development of cerebral palsy.1–3 In particu-
lar large intraventricular haemorrhages (IVH)
with parenchymal involvement and extensive
cystic periventricular leucomalacia are lesions
often associated with an adverse neurological
outcome.7–9

Many published case reports detail an
antenatal onset of IVH or multicystic encepha-
lomalacia in preterm infants.4 10–12 A few larger
post mortem studies have also reported a
mixed cohort of preterm and full term
stillbirths.13 14 Recently,Murphy et al15 reported
a cohort of preterm infants who died during
their first hospital admission. Necropsy find-
ings suggested that extensive white matter
damage had been of antenatal onset in 31% of
the 83 cases. To date, only two large studies
have been published which deal with live born
preterm infants with ultrasound abnormalities,
present immediately after birth, that suggest an
antenatal onset.1 3

The aim of this study was twofold. First, to
gain more insight into the prevalence of an
antenatal onset of haemorrhagic and/or ischae-
mic lesions in a cohort of preterm infants with
a gestational age of 34 weeks or less, and
secondly, to investigate possibly associated
obstetric risk factors.

Methods
Between 1 September 1989 and 1 January
1996, 1332 infants with a gestational age of 34
weeks or below were admitted to the neonatal
intensive care unit of the Wilhelmina Chil-
dren’s Hospital in Utrecht. All infants were
studied prospectively, using cranial ultrasound,
for the presence of antenatally acquired haem-
orrhagic and/or ischaemic lesions, involving the
periventricular white matter or central grey
matter.
The obstetric history was reviewed by one of

us (HWB) and the following data were
collected: pre-eclampsia (diastolic pressure >
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90 mm Hg on at least two occasions plus pro-
teinuria > 0.3 g/24 hours); antepartum haem-
orrhage (after 20 weeks of gestation); placental
abruption; emergency caesarean section; pro-
longed prelabour rupture of membranes (>24
hours); chorioamnionitis; maternal infection
(cystitis); twin pregnancy; death of a mono-
zygotic co-twin; any known maternal trauma;
polyhydramnios; decreased fetal movements;
cardiotachogram abnormalities and absent end
diastolic or reversed flow in the umbilical
artery. The mode of delivery was recorded, as
well as the infants’ condition at birth, including
umbilical cord blood acid base analysis and
Apgar scores.
Cranial ultrasound scans were performed as

soon as possible after admission to the neona-
tal intensive care unit, using a UM-4 mechani-
cal sector scanner with a rotating scan head
(5–7.5–10 MHz transducer). Examinations
were performed daily during the first week of
life and then twice a week until discharge.
Entry criteria for group A included a

diagnosis of an “antenatally acquired” lesion
when one of the following criteria were met:
cystic lesions in the periventricular white mat-
ter, present within the first 7 days of life;
increased echogenicity in the periventricular
white matter, present within 6 hours of birth,
confirmed to be white matter necrosis at post
mortem examination or evolving into cystic
lesions within the first 7 days of life; unilateral
porencephalic cyst diagnosed within the first 3
days of life; unilateral IVH, associated with
parenchymal involvement present within 6
hours of birth; symmetrical areas of increased
echogenicity in the thalami, present within 6
hours of birth, confirmed at post mortem
examination to be areas of calcification.16

Entry criteria were not met when: white
matter necrosis was not confirmed by post
mortem studies, or when there was no
evolution into cystic lesions within the first 7
days of life or when IVH was noted after 6
hours of age.
Group B comprised children who had a nor-

mal ultrasound scan on admission, but subse-
quently developed any of the lesions mentioned
above. They either died or went on to develop
cerebral palsy.
The survivors were seen in the follow up

clinic at 3, 9, 18 and 24 months of age,
corrected for prematurity. Assessment of out-
come was made using the GriYths’ mental
developmental scale17 and items from Amiel-
Tison and Grenier18 and Touwen.19 A develop-
mental quotient below 85 on the GriYths scale
was considered abnormal and cerebral palsy
was classified according to the criteria of Hag-
berg et al.20

The results of all comparisons are presented
as odds ratios and 95% confidence intervals.
The two tailed Fisher’s exact test with Yates’
correction was used to test for diVerences
between those with antenatal lesions and those
with a normal first ultrasound scan with subse-
quent development of similar brain lesions. A p
value of less than 0.05 was regarded as signifi-
cant. Stepwise logistic regression analysis was
performed to determine whether the variables

that were found to be significant were inde-
pendently associated with the two groups.

Results
Only twenty four cases (1.8%) met the entry
criteria for group A: six infants had cystic
lesions in the periventricular white matter; four
infants had early changes compatible with
white matter damage, confirmed on histology;
three infants showed a porencephalic cyst; five
had an IVH with unilateral parenchymal
involvement and four had a large IVH with
periventricular flaring; two infants had sym-
metrical echogenic lesions in the thalami.
The infants were divided into four groups

with regard to a possibly similar aetiology for
their ultrasonographic abnormality (tables 1
and 2).

PROLONGED FETAL DISTRESS (CASES 1–14)
At least two of the following obstetric risk fac-
tors were present in six infants (cases 1–6) with
a large IVH associated with unilateral paren-
chymal involvement and ipsilateral thalamic
involvement, and in two infants with a large
IVH and periventricular flaring (cases 7 and 8):
pre-eclampsia; HELLP; decelerations on the
cardiotachogram; absent end diastolic flow on
Doppler ultrasound studies; and decreased
fetal movements. All were delivered by emer-
gency caesarean section. Gestational age
ranged between 27 and 32 weeks. All but two
infants did not survive the neonatal period.
Three other infants, cases 9–11, also suffered

fetal distress, but had diVerent cranial ultra-
sound abnormalities. In one case labour had
been induced in another hospital at 32 weeks,
following the diagnosis of a myelomeningocele.
Induction was not successful and spontaneous
delivery occurred two weeks later. Extensive
white matter damage was present immediately
after delivery. In the other two cases decreased
fetal movements and decelerations on the car-
diotachogram had been present. In both
infants extensive areas of increased echogenic-
ity were present in the periventricular white
matter, as well as in the region of the middle
cerebral artery in one. All three infants died. A
post mortem examination was performed in
two and confirmed the ultrasonographic find-
ings.
Two infants born at 27 and 33 weeks,

respectively (cases 12 and 13), were delivered
by emergency caesarean section, the first
because of a placental abruption, the other
because of decreased fetal movements, polyhy-
dramnios, and decelerations on the cardiota-
chogram. These infants were unable to breathe
spontaneously at birth, required vigorous
resuscitation, and both showed contractures in
hips, knees, and elbows and facial diplegia.
Symmetrical areas of increased echogenicity in
the thalami were noted on day 1 and this was
confirmed to be calcification on computed
tomogram and at post mortem examination.
These infants were diagnosed as having
symmetrical thalamic lesions.16

One further infant (case 14) was in antenatal
distress due to antenatal supraventricular
tachycardia, occurring at about 28 weeks of
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gestational age and a porencephalic cyst was
diagnosed at delivery at 33 weeks.

MULTIPLE PREGNANCY (CASES 15–18)
Four infants were part of a multiple pregnancy.
Two cases born at 28 and 31 weeks, respec-
tively, showed extensive periventricular cysts
on day 1. Their monozygous co-twins had died
two and three weeks earlier. One case, one of
monozygous twins, was born by emergency

caesarean section at 34 weeks because of
decelerations on the cardiotachogram, associ-
ated with absent diastolic umbilical flow. This
twin was noted to have a large left middle cer-
ebral artery infarct with cyst formation present
on day 3. The fourth infant was a triplet born
at 31 weeks who was noted to have a small inf-
arct in the region of the right middle cerebral
artery with cyst formation on day 1. The triplet
was delivered by emergency caesarean section

Table 1 Antenatal and perinatal data of the 24 cases with lesions of antenatal onset

Sex
Gestational
age Birthweight Antenatal problems/delivery pH Apgar

Fetal distress
1 F 31 720 0 flow/poor CTG/twins/EmCS 7.13 5/8
2 M 30 1305 PET; decreased fetal movement/poor CTG/EmCS 7.08 3/10
3 M 27 770 0 flow/poor CTG/EmCS 7.12 8/9
4 F 30 715 HELLP/0 flow;poor CTG/EmCS 7.16 4/9
5 M 32 960 0 flow/poor CTG/EmCS 7.16 4/8
6 F 30 1060 0 flow/poor CTG/decreased fetal movement/EmCS 1/6
7 F 27 670 HELLP/0 flow/poor CTG/EmCS 4/7
8 M 30 1455 Poor CTG/decreased fetal movement/EmCS 6.93
9 F 34 2890 Decreased fetal movement/trisomy 21/poor CTG/ vag.

vertex 4/6
10 F 34 2560 Failed induction at 32 weeks/MMC/vag. vertex Good
11 F 32 2500 Polyhydramnios/solutio/vag. vertex
12 F 27 940 Solutio/EmCS
13 F 33 1840 Decreased fetal movement/polyhydramnios/poor

CTG/EmCS
7.06 3/7

Arythmias
14 M 33 2140 SVT/vag. vertex 7.40 8/8

Multiple birth
15 M 28 1140 Death co-twin/EmCS 7.29 5/8
16 M 31 1800 Death co-twin/vag. vertex 9/10
17 M 34 1800 Twins/0 flow/poor CTG/EmCS 7.03 4/7
18 M 31 985 Triplet/CS 9/10

CMV
19 F 33 1500 IUGR/vag. vertex 7.40 9/10

Coagulopathy
20 M 31 1670 NAITP/vag. vertex 4/7

Unknown
21 F 34 1700 Hepatitis A/vag. vertex 7.14 8/9
22 M 33 1305 Decreased fetal movement/poor CTG/EmCS 7.22 4/7
23 M 29 1305 Decreased fetal movement/polyhydramnios/vag. vertex 7.31
24 M 27 1240 APH/vag. vertex 7.26 3/4

EmCS = emergency caesarean section; MMC = myelomeningocele; SVT = supraventricular tachycardia; PET = pre-eclampsia;
IUGR = intrauterine growth retardation; APH = antepartim haemorrhage.

Table 2 Antenatal/perinatal ultrasound findings and outcome of the 24 cases with lesions of antenatal onset

Antenatal ultrasound findings Age at first ultrasound scan Ultrasound scan diagnosis Outcome

Fetal distress
1 3 h IVH+PC Died
2 3 h IVH+VI Delay
3 2 h IVH+VI Mild hemiplegia
4 3 h IVH+PVL Died
5 2 h IVH+VI Died
6 3 h IVH+VI Died
7 3 h IVH+VI Died
8 3 h IVH+PVL Died
9 4 h PVL+MCA Lt Died/trisomy 21
10 MMC+VD 3 h PVL Died
11 3 h PVL Died
12 day 1 STL Died
13 day 1 STL Died

Arythmias
14 3 h IVH+PC Lt Hemiplegia/shunt

Multiple birth
15 death co-twin 2 h c-PVL Died
16 death co-twin 2 h c-PVL Died
17 day 3 MCA Lt Hemiplegia Rt
18 day 1 MCA Rt Delay/asymmetry

CMV
19 day 3 Ca2+ occ. cysts SND/CP

Coagulopathy
20 2 h IVH+PVL Died

Unknown
21 day 2 c-PVL Hemiplegia Rt
22 2 h PC Lt+c-PVL Died
23 4 h PVL Died
24 3 h IVH+PVL Died

IVH = intraventricular haemorrhage; VI = venous infarct; VD = ventricular dilatation; PC = porencephalic cyst; (c)PVL =
(cystic)periventricular leucomalacia; MMC = myelomeningocele; MCA = middle cerebral artery; SND = sensorineural deafness;
CP = cerebral palsy; MR = mental retardation; CVI = cerebral visual impairment; STL = symmetric thalamic lesions.
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because of decelerations on the cardiotacho-
gram in his co-triplet who was severely growth
retarded.

CONGENITAL CYTOMEGALOVIRUS INFECTION

(CASE 19)
One infant born at 33 weeks had cysts in the
occipital periventricular white matter at birth.
She was severely growth retarded and micro-
cephalic at birth and was confirmed to have
congenital cytomegalovirus infection.21

COAGULOPATHY (CASE 20)
One infant born at 31 weeks was noted to have
a large IVH and periventricular leucomalacia at
birth. The haemoglobin concentration at deliv-
ery was 2.9 mmol/l with a platelet count of 18
x 109/l. Further investigations showed that neo-
natal alloimmune thrombocytopenia was the
underlying problem.

UNKNOWN AETIOLOGY (CASES 21–24)
In the remaining four infants no definite aetiol-
ogy could be established. The infants had a
gestational age of 27, 29, 33 and 34 weeks,
respectively. One had a lethal skin disorder
(restrictive dermopathy); polyhydramnios and
decreased fetal movements had been present
before delivery. Extensive areas of increased
echogenicity of the periventricular white mat-
ter were present at birth. The second case was
delivered by caesarean section because of
decreased fetal movements and variable decel-
erations on the cardiotachogram. Ultrasound
scans showed periventricular calcifications, a
porencephalic cyst, and an isolated subcortical
cyst in the other hemisphere. No congenital
infection was identified. In the third case the
mother had hepatitis A infection during the
second trimester and the infant had unilateral
periventricular cystic lesions at birth. The last
case was delivered vaginally, had a poor Apgar
score, and was diagnosed as having a large IVH
with substantial periventricular echodensities
at 3 hours of age.

NEURODEVELOPMENTAL OUTCOME

Seventeen of the 24 (70.8%) infants died and
ultrasound abnormalities were confirmed in
the seven cases in whom permission for post

mortem examination had been obtained. Of
the seven surviving infants, one preterm infant
with IVH and unilateral parenchymal and tha-
lamic involvement had a noticeable speech
delay at 3 years of age. One preterm infant with
a localised infarct in the region of the middle
cerebral artery had a borderline developmental
quotient at 2 years of age. The remaining five
infants developed cerebral palsy, which was
associated with mental retardation in two.

OBSTETRIC RISK FACTORS FOR INTRACRANIAL

LESIONS DEVELOPED ANTENATALLY OR

PERINATALLY

During this six year period 68 of the 1176 sur-
vivors (5.8%) developed cerebral palsy attrib-
uted to an antenatal onset in five cases (7.3 %)
(fig 1). In a further 14 cases (table 3), a severe
ultrasound abnormality was noted on the first
scan, but the entry criteria were not met as the
IVH was restricted to the lateral ventricle in
two and the scan was performed after 6 hours
of age in nine cases with an IVH with
parenchymal involvement; in the other three
cases with leucomalacia, increased periven-
tricular echogenicity was noted on day 1, but
cysts were first noted after the end of the first
week of life. Of these 63 perinatal cases, only 49
could therefore be used for comparison of
obstetric risk factors.
One hundred and fifty six infants (11.7%)

died during this six year period. In 63 of these
156 infants (40.3%) a large haemorrhagic
and/or ischaemic lesion was present on ultra-
sound scan. In 17 (26.9%) of them these
lesions occurred before birth. In a further 11
cases a large haemorrhage was noted on the
first ultrasound examination, but in three
infants the entry criteria were not met as the
blood was restricted to the ventricular system;
in seven the first scan was performed between 6
and 24 hours of age, and in one case white
matter damage was noted but not confirmed as
permission for post mortem examination was
not obtained. Of these 46 perinatal cases, only
35 could therefore be used for comparison.
Twenty two infants with a definite antena-

tally acquired lesion who either died or went on
to develop cerebral palsy were thus compared
with 84 cases (49 survivors and 35 non-
survivors) in whom the first ultrasound scan
did not show any major ultrasound abnormali-
ties, or where periventricular cysts developed
after the first week of life.
Mean gestational age at birth was signifi-

cantly higher for the antenatal cases (mean
30.9; range 27–34) than for the perinatal cases
(mean 28.9; range 25–34) (p<0.001).
Antenatal complications were common in

both groups. Prolonged rupture of membranes
was significantly more common among the

Table 3 Reasons for exclusion of infants in the comparison
group

Reason for exclusion Survivors Non-survivors

Referral > 6 h 9 7
IVH without Par. involvement 2 3
PVE day 1, cysts > day 7 3 0
PVE day 1, no post mortem 0 1
Total 14 11

Figure 1 Flow chart of the cohort studied

Suitable for
comparison

n = 49

Antenatal
n = 17

(26.9%)

Suitable for
comparison

(n = 35)

Antenatal
n = 5

(7.3%)

Severe ultrasound
abnormality n = 63

Cerebral palsy
n = 68

Non-survivors
n = 156

Survivors
n = 1176

  >34 weeks
total

n = 1332
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infants who developed their ultrasound abnor-
malities during the first week of life (p=0.03). A
significantly higher number of the antenatal
cases had an ominous cardiotachogram
(p=0.01), and all but one of these cases was
delivered by emergency caesarean section.
After stepwise logistic regression analysis

only an ominous cardiotachogram remained
significant (P=0.01).

Discussion
In this cohort of preterm infants with a
gestational age of 34 weeks or below, studied in
a tertiary intensive care unit during a six year
period, definite antenatal onset of haemor-
rhagic and/or ischaemic lesions was established
in 1.8%. This prevalence seems low, but it has
to be remembered that no ultrasound abnor-
malities were present in 46% of the children in
this cohort. It is therefore of greater im-
portance to establish that five of the 68 infants
(7.3 %) who survived and went on to develop
cerebral palsy in infancy and 17 of the 63 cases
(26.9%) who died with a similar type of
haemorrhagic/ischaemic lesion met the criteria
of an antenatally acquired lesion. Furthermore,
the number of antenatal cases is probably
higher, but several infants could not be
included as they either presented with only an
intraventricular haemorrhage (n=5) or they
had associated parenchymal involvement but
were admitted after the first 6 hours of age
(n=16), which made it impossible to be certain
about the antenatal onset. If, for instance, all
nine surviving cases with parenchymal involve-
ment diagnosed on the first scan, performed
after 6 hours, were considered to be of
antenatal onset, this would raise the prevalence
of 7.3% (5/68) to 20% (14/68).
When looking at the aetiology of these

antenatal brain lesions, prolonged fetal distress
was noted to be most common. In four infants
a similar ultrasound picture was found imme-
diately after birth, which has so far not been
reported. These infants had a large intraven-
tricular haemorrhage, associated with both
unilateral parenchymal involvement as well as
ipsilateral involvement of the thalamus. Severe
pre-eclampsia, associated with decreased fetal

movements and an ominous cardiotachogram
and/or absent end diastolic flow, with subse-
quent delivery by emergency caesarean section,
was noted in all. Prolonged fetal distress was
present in 11 other cases, but with diVerent
intracranial pathology on ultrasound scan. In
two infants who had symmetrical thalamic
lesions, confirmed to be areas of calcification
on post mortem examination, acute rather than
prolonged fetal distress probably preceded
these lesions.16

Multiple pregnancy was present in four of
the antenatal cases, with death of a
monozygous co-twin in two.22 The third set of
twins was also monozygous and the smaller
one, who showed signs of fetal distress on car-
diotachogram and Doppler ultrasound, had a
large cystic middle cerebral artery infarction
evident on ultrasound scan after birth. The last
one was a triplet and the reason for the
antenatal infarct in this infant remains unclear,
as the emergency caesarean section was
performed for fetal distress in his brother. In
one infant coagulopathy due to neonatal
alloimmune thrombocytopenia was the prob-
able cause of the large intraventricular
haemorrhage.23

In four infants the aetiology remains uncer-
tain. In the case with a lethal skin disorder pro-
longed fetal distress seems the most likely
explanation, while in the third case it cannot be
excluded that the maternal hepatitis infection
earlier in pregnancy might have contributed to
the development of brain lesions.
The outcome of the group with antenatal

lesions was poor: 17 of the 24 infants died and
none of the survivors was completely develop-
mentally normal at follow up.
Antenatal and perinatal risk factors were

compared in those with a haemorrhagic/
ischaemic lesion of definite antenatal onset and
those who had a normal first ultrasound scan
and subsequently developed a similar brain
lesion. The infants with an established lesion at
birth were significantly more mature than those
who developed this lesion after birth (30.9 vs
28.9 weeks). This is not surprising as some of
the antenatal lesions, like the death of a
co-twin, could be accurately timed and oc-
curred two and three weeks before birth. In
other children, however, for example those with
haemorrhagic parenchymal involvement or
increased echogenicity in the periventricular
white matter, the intracranial lesion probably
occurred less than 48 hours before delivery.
In spite of the fact that the insult had

occurred sometimes several weeks before
delivery, with the lesion being well established
at birth, significantly more abnormal tracings
were recorded among the antenatal cases,
resulting in an emergency caesarean section in
all but one of them.This finding is important in
terms of the ever increasing number of
medico-legal cases. Prolonged rupture of
membranes, however, was significantly more
common among the infants who developed
ultrasound lesions during the neonatal period.
This finding agrees with several recent studies
in which an association was found between
premature rupture of the membranes and IVH,

Table 4

Factor

Group A
antenatal cases
(n=22)

Group B
perinatal cases
(n=84)

Odds ratio (95%
CI) for death or
CP P value

Gestational age 30.9 (27-34) 28.9 (25-34) 0.001
Antenatal complications
Multiple pregnancy 4 (18.2%) 25 (29.8%) 1.91 (0.58-6.2) NS
Pre-eclampsia 4 (18.2%) 16 (19%) 1.06 (0.31-3.56) NS
APH 3 (13.6%) 18 (21.4%) 1.72 (0.46-6.49) NS
PROM 2 (9.1%) 28 (33.1%) 4.74 (1.03-21.7) 0.03
Chorioamnionitis 2 (9.1%) 19 (22.6%) 2.72 (0.58-12.7) NS

Antenatal investigations
CTG
Performed 18 (81.8%) 58 (69.9%) NS
Ominous 13 (72.2%) 21 (36.2%) 0.22 (0.07-0.69) 0.01

Delivery
Vaginal vertex 10 (45.5%) 35 (41.7%) 0.86 (0.33-2.2) NS
Vaginal breech 0 11 (13.1%) — NS
Emergency CS 12 (54.5%) 31 (36.9%) 0.48 (0.19-1.26) NS

Condition at birth
Umbilical pH performed 14 (63.6%) 40 (47.6%) NS
PH < 7.10 3 (21.4%) 4 (10%) 0.41 (0.08-2.11) NS
Apgar < 3 at 1 min 4 (18.2%) 23 (27.4%) 1.69 (0.51-5.5) NS
Apgar < 5 at 5 min 2 (9.1%) 11 (13.1%) 1.51 (0.31-7.3) NS
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periventricular leucomalacia, or cerebral
palsy.24–26

While we grouped together infants who sur-
vived with cerebral palsy with infants who died,
but who had severe intracranial pathology on
cranial ultrasound, previous studies have either
looked at survivors with cerebral palsy or at
infants who were either stillborn or died early.
It is therefore diYcult to compare our data with
those of other studies. Bejar et al1 prospectively
studied 127 preterm infants with a gestational
age < 36 weeks to determine the incidence of
white matter necrosis and found a very high
incidence of 10.3% of children who had cysts
by day 3. Stepwise logistic regression identified
placental vascular anastomoses in multiple
pregnancy, funisitis, and purulent amniotic
fluid as significant risk factors. Murphy et al 3

studied a cohort of singletons born before 33
weeks between 1987 and 1990. They excluded
those who died and matched 18 cerebral palsy
cases with controls. None of the infants had
cysts by day 3, six developed cysts by day 10,
and two of these had periventricular echoden-
sities on the first postnatal scan. They con-
cluded that intrauterine factors may have con-
tributed to the adverse neurological outcome,
but that most of the infants developed their
intracranial brain lesion in the perinatal period.
Several large pathology studies have been

reported recently, showing a wide variation of
white matter damage in stillborn infants from
less than 2%27 up to 40%.13 In one study14

microscopic evidence of ischaemic cerebral
injury was found in 31% of the stillborn infants
and this was commonly associated with placen-
tal infarcts. In another study an association was
noted with acute intrauterine infection.28

In a recent study by Murphy et al15 who
studied a cohort of 83 very preterm infants
who died, 57% had evidence of cerebral dam-
age and this was considered to be of antenatal
onset in 31%. This is very similar to the 26.9%
noted in our study. Not all their cases had cra-
nial ultrasound examinations and a lesion was
defined as being of antenatal onset on the basis
of the pathology findings.
In conclusion, the total number of preterm

infants who either died or developed cerebral
palsy following the development of a haemor-
rhagic and/or ischaemic lesion, acquired well
before birth, was small, suggesting that most
preterm infants do not develop their brain
lesions in utero. However, some antenatal
factors, such as prolonged prelabour rupture of
membranes, may be associated with postnatal
onset of certain brain lesions, or may make the
brain more vulnerable to subsequent insults in
the neonatal period.
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