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Periventricular leucomalacia and intraventricular
haemorrhage in the preterm neonate
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SUMMARY Two hundred very low birthweight infants were prospectively scanned to ascertain
the incidence of periventricular leucomalacia (PVL) and haemorrhage. Before collection of data,
clear definitions of ultrasound abnormalities believed to represent PVL and intraventricular
haemorrhage were described. These referred to small and moderate intraventricular haemor-
rhage, parenchymal haemorrhage, and PVL, including prolonged flare (echoes in the
periventricular region lasting for two weeks or more and not becoming cystic). Sixty nine infants
(34%) had no abnormality on ultrasound scans. Intraventricular haemorrhage occurred in 107
babies (37 grade I and 62 grade II), and only eight infants were thought to have true parenchymal
haemorrhage. Ultrasound appearances of PVL were seen in 27 infants, 19 of whom developed
cysts and eight died in the precystic stage. Prolonged flare occurred in another 25 babies.
Unilateral parenchymal haemorrhage occurred in four infants who subsequently developed cystic
PVL in the contralateral hemisphere. Twenty one infants developed ventricular dilatation, 12 of
whom had associated parenchymal-lesions. Haemorrhage, PVL, and flare occurred commonly in
infants of 30 weeks' gestation and below and became markedly less common in more mature
infants. We believe prolonged flare represents a form of PVL, and in this study a total of 52
(26%) infants had an ultrasound appearance of periventricular leucomalacia, an incidence
considerably higher than previously reported.

Haemorrhage in and around the lateral ventricles is
a common lesion of the preterm brain, with an
incidence variously reported between 32% 1 and
90%.2 Periventricular leucomalacia (PVL) has also
been recognised as affecting the infant's brain, but its
incidence has been largely derived from postmortem
studies and may not reflect its incidence in surviving
infants. High resolution real time ultrasound en-
ables a diagnosis of PVL to be made in the living
infant,'"' but there have been only three studies
reporting its overall incidence,4 which ranges
between 7-5% and 17-8% of low birthweight
populations. Preliminary data suggest that PVL is
associated with a poor prognosis6 7 12-14 and for this
reason deserves more careful study. No agreed
definitions exist for the ultrasound appearances of
PVL, and as a preliminary to our study we carefully
described the appearances that we believed repre-
sented ischaemic brain lesions. We then prospec-
tively examined 200 very low birthweight infants to
define the incidence of this condition, assess patho-

logical correlation with scan findings, and look at
risk factors for development of PVL and its effect on
neurodevelopmental outcome. This paper compares
the incidence of PVL with intraventricular haemor-
rhage in a group of infants weighing 1500 g or less at
birth.

Patients and methods

Over a 16 month period (1 January 1984-30 April
1985) all neonates of birth weight -1500 g who were
admitted to two neonatal intensive care units
(Leicester Royal Infirmary and Nottingham City
Hospital) were scanned at least twice each week for
the first month and then once each week until
discharge. All babies with an abnormality on the
predischarge scan were recalled for at least one
further scan. In both centres an ATL Mark III real
time sector scanner fitted with a 3-5, 5, and 7-5 MHz
multifrequency scanhead was used, and all scans
were performed by the same observer (JOT). A
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permanent record of all scans was kept on either
videotape or x ray film, and abnormalities were
reviewed by another of the authors (MIL).

Definition of scan abnormalities. At the start of the
study we clearly defined the ultrasound abnormali-
ties we had consistently recognised over the pre-
vious three years. These definitions were adhered to
throughout the study and final diagnosis was made
at discharge or death. The definitions were as
follows:

Normal
No ultrasound abnormality detected at any time.

Small haemorrhage
Echoes in and around the region of the germinal
matrix and corresponding to the grade I haemor-
rhage of Levene et al. 1(

Intraventricular haemorrhage
Echoes within the lateral ventricles with distension
or formation of an intraventricular clot. This corres-
ponds to the grade II lesion of Levene et al. ")

Fig. 1 Parenchymal haemorrhage. Coronal ultrasound
scan showing a large echodense lesion involving the
right lateral ventricle and parenchyma. There is complete
loss of the outline of ventricular structures.

Fig. 2 Periventricular leucomalacia. Coronal ultrasound
scan showing a triangular echodense area with its apex
lying at the lateral margin of the right lateral ventricle.
There is a less extensive, but smaller, echodensity in
the left sided parenchymna.

Fig. 3 Cystic degeneration. Posterior coronal ultrasound
scan showing bilateral and multiple echofree lesions
separate from the lateral ventricles (arrow head).
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Parenchymal haemorrhage
An echodense area involving the ventricle and the
parenchyma. The apex of the echoes lies near the
midline with the base extending well into the
parencyhmal substance. There is complete loss of
the outline of ventricular structures (Fig. 1). In
surviving infants a porencephalic cyst would develop
with complete loss of the ependyma of the lateral
part of the lateral ventricle. We refer to this lesion as
representing 'parenchymal haemorrhage'.

Periventricular leucomalacia (PVL)
We recognised three appearances that we believed
represented the range of PVL.
(a) Cystic. An echodense triangle with its apex lying
at the lateral border of the lateral ventricle. In many
infants intraventricular clot is seen within the
ventricle and accompanies this parenchymal appear-
ance. The triangular parenchymal appearance has
been recently described by Rushton et al,8 and we
refer to it as 'PVL' (Fig. 2). In surviving infants the
echodensity resolves to discrete echofree cavities
representing cyst formation (Fig. 3). The ependyma
of the lateral ventricles remains intact in most cases.
(b) Precystic. Some infants die in the precystic
(echodense) phase, and if the ultrasound appear-
ances described above are present at death this is
referred to as precystic PVL.
(c) Prolonged flare. An appearance of relative
increased echodensity in the periventricular region

seen in both coronal and parasagittal views and
persisting for at least two weeks but not undergoing
cystic degeneration (Fig. 4). Although subjective
assessment of echodensity is difficult, these lesions
are less echogenic than those of parenchymal
haemorrhage, despite standardised gain and energy
output settings.

Ventricular dilatation
(a) Progressive. Ventricular index rapidly increasing
to cross the 97th centile line. '6 This usually required
treatment with lumbar punctures or a ventricular
shunt.
(b) Persistent but non-progressive. Ventricular index
increasing more slowly to cross above the 97th
centile line but then arresting and following a
normal rate of growth.

Babies with ventricular index greater than the 97th
centile due to distension with echodense haemor-
rhage, and who subsequently return to normal
measurements of ventricular index, were not in-
cluded in the ventricular dilatation group.

Results

Of the 209 babies of birth weight 1500 g, seven
were excluded because they died before a scan could
be performed and two because they were trans-
ferred from outlying hospitals too late for a scan to

Fig. 4 Echodense flare. Coronal ultrasound scan (right) showing discrete bilateral echodense areas in the periventricular
region. There is no intraventricular haemorrhage. Parasagittal scan (lefi) showing extent of the flare (arrows) extending
from the frontal region to the occipital region. A =Anterior, P=posterior.
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be performed within the first four days of life. The
remaining two hundred infants form the subject of
this report. Median birth weight was 1200 g (range
650-1500 g) and median gestational age was 29
weeks (range 25-37 weeks). Fifty six infants had a
birth weight ,1000 g.

Sixty nine infants (34%) had entirely normal
scans.

Haemorrhage. Haemorrhage was seen in 107 babies
(53%), and in 37 this was in the region of the
germinal matrix (grade I haemorrhage). Grade II
lesions occurred in 62 babies, and in a further eight
there was parenchymal haemorrhage.

Parenchymal haemorrhage and PVL. Of the eight
babies with parenchymal haemorrhage on -early
scans, four subsequently developed echodensity in
the contralateral periventricular region after a vari-
able period (Fig. 5). In the two long term survivors
the former lesion resolved, with the formation of a
large porencephalic cyst, and the latter into multiple
discrete cysts. We believe this appearance rep-
resents parenchymal haemorrhage on one side with

Fig. 5 Parenchymal haemorrhage with contralateral
periventricular leucomalacia. Coronal ultrasound scan
showing extensive haemorrhage in both lateral ventricles
with parenchymal extension on the left side. There is an
echodense triangular lesion in the right periventricular area,
which developed some time after the initial haemorrhage.

contralateral PVL. One infant had a prolonged flare
of the opposite side; in only three babies with
parenchymal haemorrhage was there no associated
contralateral parenchymal lesion.

PVL. Fifty two babies (26%) showed parenchymal
lesions thought not to be primarily haemorrhagic.
Eight babies died in the precystic phase of PVL, and
in a further 19 infants cysts subsequently developed.
In another 25 there was prolonged flare of peri-
ventricular echodensity.
A total of 123 infants had evidence of haemor-

rhage, cystic or precystic PVL, or flare (Fig. 6).
Haemorrhage alone occurred in 71 infants, and a
further 36 had the appearances- of PVL together
with haemorrhage. Fifty five infants had paren-
chymal involvement (Fig. 7), and only three of these
showed the appearances of haemorrhage alone.
Two others had PVL alone and 14 had a flare with
no other abnormality. Thirty six of the 55 (65%)
showed evidence of both haemorrhage and PVL.

Ventricular dilatation. Twenty one babies (10%)
developed ventricular dilatation; nine were non-
progressive and 12 required treatment. Twelve of
the 21 (57%) had associated parenchymal involve-
ment. Thirteen infants developed ventricular dilata-
tion by 14 days, and in all cases it had developed by
the age of 4 weeks.

Deaths. Forty two babies (21%) died, and all deaths
occurred before discharge from hospital. Twenty
one of the babies who died weighed -1000 g at
birth. Fourteen of the deaths involved babies of 26
weeks' gestation or less. The time of death ranged
from day 1 to 121, and 22 of the babies died before
1 week of age. Postmortem information was obtained
in 30 of the 42 (71%) dead infants and is discussed in
a paper on pathological correlation.'7

Timing. Haemorrhage occurred within the first
seven days of life in 83 of the 107 (78%) infants, but
17 infants (15%) showed the first ultrasound appear-
ance of haemorrhage after 2 weeks of age. Nine of
the 107 (8%) babies with haemorrhage did not show
an abnormality until after 31 days of age.
The echodense phase of PVL was first noted by

the age of 3 days in 14 babies and by 1 week in a
further 11. In the final two infants the change was
observed by the 10th day.

Nineteen infants developed cysts. One was pres-
ent at the first scan at age 2 days. Cysts developed
between 4 and 7 days in four and after 11 days in the
rest. The median time for cysts to be first detected
was 18 days of age. Only one infant developed an
echofree cystic lesion after 30 days of age.
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Fig. 6 Distribution of haemorrhage and periventricular leucomalacia. Figures in brackets refers to the numbers of infants
with germinal matrix, intraventricular, and parenchymal haemorrhage, respectively.
*Four babies extension one side. periventricular leucomalacia the other.

Parenchymal lesions
55

9 I I I F
Haernorrhage Haemorrhage

alone (parenchymal)
* PVL

3 4

alone

2

GMH/IVH
* PVL

21

Flare
alone

14

I I
GMH/IVH Flare +

* flare haernorrhage
(pcrenchymal)

10 1

Fig. 7 The patterns ofparenchymal lesions. GMH= Germinal matrix haemorrhage; IVH=intraventricular haemorrhage;
PVL=periventricular leucomalacia.

Eleven of the 25 (44%) infants with prolonged
flares were found to have this abnormality on the
first scan (1-3 days). Eighteen (72%) developed
flaring by the end of the first week. The flare was

first noted after 20 days in only two infants.

Gestation. Of the 107 babies with haemorrhage, 99
(93%) were of 30 weeks' gestation or less. There
was a pronounced decrease in the prevalence of
haemorrhage from 62% at 30 weeks' to 19% at 31
weeks' gestation. A similar pattern was seen in the
babies with PVL and prolonged flare: 25 out of 27
babies with PVL and 22 out of 25 babies with
prolonged flare had a gestation of 30 weeks or less.

Discussion

The incidence of the ultrasound appearances that we
believe represent cystic and precystic PVL is 13-5%
in a group of very low birthweight infants. A
previous retrospective study from the Hammersmith
Hospital reported an incidence of 7.5%4 and Fawer
et al found the incidence to be 16-8% among
relatively few infants of 34 weeks' gestation or

below.5 Bozynski and colleagues found cystic PVL
in 5% of babies of birth weight <1200 g.'4 They
studied only surviving infants and this is therefore
not an accurate reflection of the overall incidence of
the condition. Sinha and colleagues have recently
reported the incidence of haemorrhage and
ischaemia in a group of premature infants of 32
weeks' gestation or below.l Almost 18% of their
infants showed ultrasound appearances of PVL.
The only other published incidence of PVL derives
from postmortem studies and varies between 7% 18
and 34% .19 The latter study looked only at a
highly selected group of 106 infants of birth weight
61500 g, all of whom were outborn. Computed
tomography has proved to be disappointing in its
ability to diagnose hypoxic-ischaemic lesions in the
premature neonate20 21 and compares poorly with
real time ultrasound.

All areas of extensive echodensity within the
parenchyma seen in association with intraventricular
haemorrhage have until recently been assumed to be
parenchymal haemorrhage. Hill et al were the first
to recognise that parenchymal echodensity might be
due to haemorrhagic infarction,3 and Levene and
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colleagues later reported the evolution of 'haemor-
rhagic' PVL to cystic degeneration.4 Nwaesei and
coworkers have shown that echodensity may be due
to gliosis without haemorrhage.9 Few would now
disagree that multiple small echolucent areas in the
periventricular white matter represent PVL. A
characteristic triangular echodense region in the
parenchyma precedes cystic degeneration, and if
seen in those infants who died before cysts develop
then we have termed this the 'precystic' phase of
PVL. Rushton reports accurate pathological correla-
tion of PVL in five infants with the precystic
ultrasound appearance,8 and we have confirmed
this. 17
The most difficult and controversial area of the

diagnosis of parenchymal lesions is the differentia-
tion between extension of haemorrhage and PVL.
Even at autopsy it may be impossible to distinguish
primary haemorrhage from bleeding into an
ischaemic lesion or venous infarction. Armstrong
and Norman showed bleeding into an ischaemic
periventricular area in 25% of their cases.18 Flod-
mark and colleagues reported that of 19 preterm
babies thought to have parenchymal haemorrhage
on computed tomography, autopsy revealed
bleeding into an ischaemic area in 18 (95%).21 More
recently Volpe and his colleagues, using positron
emission tomography, showed extensive areas of
diminished cerebral blood flow around an apparent
primary parenchymal haemorrhage and suggested
that the haemorrhage may have been secondary to
ischaemia.22 These reports do not prove that
ischaemia is the underlying cause of parenchymal
haemorrhage in all cases (as suggested by Rushton
and colleagues), but they do make it likely that a
number of such lesions are primarily ischaemic.
The appearance we refer to as 'parenchymal

haemerrhage' and the subsequent evolution to
porencephaly is quite different from that which we
recognise as PVL (see Figs. 1 and 2). We have seen
four infants in whom the appearance of
parenchymal haemorrhage preceded contralateral
PVL, and the two survivors developed porencephaly
in one hemisphere and multiple cystic degeneration
in the other. The aetiology of the underlying cause
of these two lesions is, we believe, quite different.
The timing also suggests that at least in some cases
the massive parenchymal haemorrhage may induce
secondary cerebral ischaemia with contralateral
PVL. The delayed timing of the parenchymal
echodensity after intraventricular haemorrhage also
suggests venous infarction as the possible cause.
Only eight infants showed the appearance we
believe to represent parenchymal haemorrhage.
The term PVL was originally coined by Banker

and Larroche to describe a specific but subtle

macroscopic appearance in infants dying after a
complicated perinatal course.23 The most obvious
lesions were 'white spots'. Since then the term PVL
has been used more widely to describe a num-
ber of different macroscopic and microscopic
appearances.24 25 Although the aetiology of PVL
may be border zone infarction, more than one
aetiological factor is probably involved. We believe
that some cases may be due to venous infarction:
eight babies in our series showed a pattern of
thrombus distending a lateral ventricle associated
with development of a triangular echogenic area in
the ipsilateral parenchyma. Pape and Wigglesworth
have described congestion of the branches of the
terminal vein in cases of massive germinal matrix
haemorrhage with associated venous infarction of
the surrounding periventricular white matter.24 This
would account for the incidence of PVL in infants
with grade II haemorrhage.
Our overall incidence of haemorrhage (53%)

corresponds with previous studies of the very low
birthweight infant. 15 Of the 107 babies with
haemorrhage described here, parenchymal ex-
tension occurred in only eight (7%), whereas
previous workers have reported parenchymal
involvement in about 20% of cases.15 We believe
that many parenchymal lesions that we now
recognise as PVL have been classified as
parenchymal haemorrhages in the past, and this
would explain our lower incidence for the
parenchymal lesion.

This is the first prospective study of the incidence
of abnormal ultrasound appearances that have been
carefully defined before starting collection of data.
The definition of cystic and precystic PVL was based
on sound pathological correlation, but we chose to
use the term 'flare' to avoid assuming pathological
abnormality in all cases where this was prolonged.
Some periventricular echodensity is very common26
and usually transient, and we elected to include as
abnormal only those patients in whom the echoes
persisted for two weeks or more and could be
consistently seen in two planes. Our subsequent
autopsy correlation with prolonged flares in three
hemispheres confirmed extensive gliosis and micro-
calcification17 and agrees with the data of Nwaesei et
al.9 Prolonged flare was seen in 12% of infants in
our study and is clearly an important ultrasound
finding, but we must await follow up data on the
outcome of these infants before establishing its
prognostic importance.

Previous studies have shown that most
intraventricular haemorrhages occur within three
days of birth.'5 27 In this study accurate timing of
intraventricular haemorrhage was not possible, but
78% of the haemorrhages were noted before 7 days
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of age. Nine of the 107 haemorrhages (8%) occurred
after 1 month of age. In one case the haemorrhage
was first noted the day after a cardiac arrest, but in
the other eight there was no preceding insult. This
group resembles the pattern of late haemorrhages as
reported by Hecht et al,28 and like his cases the
haemorrhages in our babies were small. The
echodense phase of PVL was observed by 3 days of
age in 14 cases and by 10 days of age in the other 13.
This contrasts with the study of the Toronto group
in which the mean age for first noting the
echodensity was 37 days (range 1-85).9 The
difference may be partly due to their selection
criteria as the babies had to survive at least 20 days
for inclusion in their retrospective study.

In conclusion, we report an incidence of
periventricular leucomalacia, precystic and cystic, of
13-5% in a cohort of 200 babies of birth weight
61500 g. The appearance of a prolonged flare, which
we argue also represents PVL, occurred in a further
25 infants (12-5%). Overall, the ultrasound
appearances of PVL when prolonged flares are
included in this group occurred in 52 of the 200
infants, representing an incidence of 26% of very
low birthweight infants. This is considerably higher
than any previous report.

The authors are grateful for the help and cooperation of the
medical and nursing staff in both centres and to the Department of
Medical Illustration, Leicester Royal Infirmary. Dr Trounce is
supported by the Spastics Socicty.
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