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Clinical risk factors and periventricular leucomalacia
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of Paediatrics, Nottingham City Hospital

SUMMARY Two hundred infants of below 1501 g at birth were regularly examined with real time
ultrasound using a 7*5 MHz transducer. Abnormalities were catagorised as periventricular
haemorrhage (PVH) (n=107) or periventricular leucomalacia (PVL), with or without PVH
(n=52). Of the group with PVL, 25 had the appearances of prolonged flare without cavitation.
Prospective assessments of up to 50 potential clinical risk factors were made wherever possible on
each infant including stratification of all blood gas and systolic blood pressure data. Multivariate
logistic regression analyses confirmed a strong correlation between immaturity and PVH but this
was not found in cases of PVL. Independent variables associated with PVL included
pneumothorax, maximum bilirubin concentration, surgery, and the proportion of time the
infant's PaCO2 remained above 7 kPa. There was a very strong inverse correlation between
anaemia and PVL. Systolic blood pressure data were carefully analysed and there was no relation
between either hypotension or antepartum haemorrhage and the development of PVL.

Factors predisposing to germinal matrix haemor-
rhage in preterm infants have been well documented
by previous workers by necropsy,' computed
tomography,2 and ultrasound scan diagnosis.38
Periventricular haemorrhage (PVH) is a condition
of prematurity related to rupture of capillaries
within the germinal matrix; the presence of respira-
tory distress syndrome and its complications are
important associated factors.
The cause of periventricular leucomalacia (PVL)

is uncertain. As part of a study using ultrasound to
ascertain the incidence and outcome of this condi-
tion in 200 very low birthweight infants we pros-
pectively collected data on a large number of poten-
tial clinical risk factors for PVL. Statistical analysis
of these risk factors was performed to understand
further the pathogenesis of this condition.

Patients and methods

Over 16 months (1 January 1984 to 30 April 1985)
200 infants below 1501 g at birth who were admitted
to two neonatal intensive care units (Leicester Royal
Infirmary and Nottingham City Hospital) had regu-
lar cranial ultrasound scans. In both centres an
American Technological Laboratories Mark III real
time sector scanner fitted with a 3-5, 5, and 7-5 MHz
multifrequency scanhead was used. The scans were
classified according to the criteria that we have

previously described.9 In addition, extensive clinical
data relating to antenatal, perinatal, and postnatal
events in the first four weeks of life, or until the time
of death if this were sooner, were prospectively
recorded. The clinical data and scan findings were
computerised and statistical analysis performed
using a VAX 8600 computer. In one centre
(Leicester Royal Infirmary) blood pressure data
were measured directly from arterial cannulas or
catheters when these were in situ. In infants without
arterial access indirect methods were used and only
systolic pressure recorded. At the start of this study
blood pressure data were not routinely measured in
the other centre. This became routine but blood
pressure data are incomplete as some infants not
requiring intensive care may never have had blood
pressure recorded.

Intracranial pathology detected by ultrasound
scan was coded as PVH, or PVL, or both. PVL was
coded as either 'prolonged flare,' precystic, or cystic
as previously described.9 The timing of the vari-
ables associated with PVH was also coded. The
ultrasound appearance of PVL was much more
difficult to time accurately, and although recorded,
was coded only as present or absent.

DEFINITIONS
Variables were regarded as categorical (mainly
dichotomous as shown in table 1), continuous, or
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intermittent (table 2). Continuous refers to an
absolute value, which varies from infant to infant,
and intermittent to all recordings made at variable
and non-standard times. The definitions (where not
obvious) are listed below.

Pre-eclampsia Diastolic blood pressures above
90 together with proteinuria or oedema, or
both.

Antepartum haemorrhage Vaginal bleeding
after 20 weeks of gestation and before delivery
of the infant. This includes retroplacental clot
found at birth.

Fetal distress Type II decelerations detected on
antenatal cardiotocography monitoring or
meconium staining of the liquor, or both.

Intrauterine growth Weight centile for gesta-
tional age derived from the charts of Gairdner
and Pearson'0 and Kitchen et al.11

Recurrent apnoea Apnoeic episodes requiring
stimulation or bradycardia, with colour change,
or both, and persisting for three days or more.

Persistent ductus arteriosus Characteristic pan-
systolic murmur together with full peripheral
pulses.

Arrhythmias Episodic tachyarrhythmia or
bradyarrhythmias documented by observation
on electrocardiography. Bradycardia associated
with apnoea was excluded.

Necrotising enterocolitis Defined according to
the survey criteria of the British Association for
Perinatal Paediatrics.12

Coagulation disorders Platelet counts of
<20x 109/1 or clotting time prolonged three
times or more, or both.

Pneumonia Radiological criteria.

Convulsions Clinically evident only and recog-
nised by an experienced observer.

STATISTICAL METHODS
Two binary variables were created that indicated
whether the infant developed PVH or whether he
developed any evidence of PVL. Analysis of
possible risk factors for PVH and PVL was
performed separately and in two stages. Initially
multiple x2 tests were performed on the categorical

Table 1 Categorical data from all infants

Maternal factors Neonatal factors

Multiple pregnancy Depression of Apgar score
Antihypertensive agents (<5 at five minutes)

fi blockers Intubation at birth
Methyl dopa Race

Pre-eclampsia* White
Antepartum haemorrhage* Indian subcontinent
Prolonged rupture of Others
membranes (>24 hours) Intrauterine growth*

Fetal distress* Hypothermia (<35'C on
Mode of delivery admission)

Vaginal Recurrent apnoea/bradycardia*
Caesarean section Mechanical ventilation

Place of birth Pneumothorax
Inborn Alkali infusion
Outborn Drugs
In utero transfer Tolazoline

Dopamine
Hypoglycaemia (-1 mmol/l)
Persistent ductus arteriosus*
Arrhythmias*
Congenital heart disease
Septicaemia (positive blood

cultures)
Exchange transfusion
Necrotising enterocolitis*
Surgery (abdominal, duct ligation,

or ventriculo-peritoneal shunt)
Coagulation disorder*
Pneumonia*
Hypernatraemia (>150 mmoL/l)
Hyponatraemia (<125 mmol/l)
Hyperkalaemia (>8 mmol/l)
High creatinine concentration
(>120 mmol/l)

Anaemia (haemoglobin - 100 g/l)
Blood transfusion
Convulsion*

*Defined in the text.

Table 2 Coding for continuous and intermittent data with
stratification bands setfor testing blood gas and systolic
blood pressure data points

Continuous data
Gestational age (weeks)
Intrauterine growth (nearest centile)
Maximum bilirubin concentration (,umol/l)

Intermittent data
Blood gases:
pH (proportion of time pH <7, <7-1, <7-2, <7-3)
PaO2 (proportion of time <5, <7, <9, <11 kPa)
PaCO2 (proportion of time >9, >7, >5, >3 kPa)
Base deficit (proportion of time <12, <8, <4, mmoll)

Systolic blood pressure (proportion of time <25, <35, <45,
<55 mm Hg)

variables, and Mann-Whitney U tests on the con-
tinuous and intermittent variables. The intermittent
data were recorded together with the infant's age in
hours to allow calculation of the proportion of time
the infant was found to be above or below preset
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values. In the first analysis previously reported cut
off values were used for PaCO2 (37-0 kPa4) and
pH (<7213). Subsequently, the blood gas and blood
pressure data were stratified by stepwise increments
(table 2) and each increment analysed separately as

the proportion of time within that stratum. The cut
off value that showed the most significant result was
then used for further analysis. In the second stage
multivariate analyses using generalised linear in-
teractive modelling (GLIM) on all factors found to
be significant at the 1% level determined significant
factors independently.14

Results

The median gestational age of the 200 infants was 29
weeks (range 25-37 weeks). PVH occurred in 107
babies (53-5%) and PVL was detected in 52 (26%).
Both conditions occurred in 36 (18%) of the study
group. Of the infants in the PVL group, 25 of the 52
had the appearances of 'prolonged flare.' Cysts were
seen on ultrasound scan within the first week of life
in three babies: days 3, 5, and 7, respectively. In
addition, echodensity subsequently classified as
indicating PVL was present on the initial scan in a

further 28 babies.
Categorical and continuous data were available

for all 200 infants. Intermittent data in the form of
blood gas recordings were made on 171 infants.
Twenty nine babies had no respiratory distress and
required no supplemental oxygen; blood gases were

not measured in this group. Systolic blood pressure
data were available from 113 of the infants.

Thirty two of the babies in the study were from
multiple pregnancies. In addition, there were five
twins and one triplet whose partners were excluded
on birthweight criteria. Of these infants, 15 had
normal scans, eight developed PVL, and nine had

Table 3 Risk factors forprediction ofdevelopment of
PVH that reached significance at a 1% level

Gestational age
Poor intrauterine growth (reduced risk)
Anaemia (reduced risk)
Coagulation disorder
Vaginal delivery v caesarean section
pH <7-2
Arrhythmia
Need for blood transfusion
Intermittent positive pressure ventilation
Tolazoline infusion
Alkali infusion
PaCO2 ¢7-0 kPa
Surgery
Systolic blood pressure >55 mm Hg

isolated PVH, of which one was a parenchymal
extension.

Fourteen risk factors reached significance
(p<O01) for prediction of development of PVH
(table 3) and 10 factors were significantly associated
(p<OO1) with the development of PVL (table 4).
The results of the stratification analysis for the
intermittent data are shown in table 5. For PVH, a
pH of <7-2, and PaCO2 of B7 were found to be the
blood gas concentrations that were most strongly
associated with haemorrhage. Infants who de-
veloped PVH spent a considerably longer propor-
tion of time with blood pressure above 55 mm Hg
than those without haemorrhage (p=0.0007). In-
fants with PVH had significantly higher growth
centiles than those without PVH (p<0.001). It
seems that there was a reduced risk of PVH in
infants with poorer intrauterine growth. When
considering PVL, acidosis (pH <7.1) and hypercap-

Table 4 Risk factors for prediction ofdevelopment of
PVL that reached significance at the 1% level

Gestational age
Anaemia (reduced risk)
PaCO2 >7-0 kPa
Surgery
pH <7-1
Maximum bilirubin concentration
Coagulation disorder
Number of blood transfusions
Intermittent positive pressure ventilation
Pneumothorax

Table 5 Analysis ofthe proportion oftime spent with
intermittent data point results in each stratification band.
Analysis by Mann-Whitney U test

Periventricular Periventricular
leucomalacia haemorrhage

Ph
<7-0 p=0-02 p=0005
<7-1 p=0-002 p=0 003
<7-2 NS p=0-01
<7-3 NS NS

PaO2 (kPa) NS for any strata NS for any strata

PaCO2 (kPa)
:-:.9 p=0-009 p=0.002
>--7 p=0-004 p=0.01
¢_>5 NS NS
2--3 NS NS

Base deficit (mmol/l)
<-12 NS p=003
<-8 NS p=0-02

NS for other strata NS for other strata
Systolic blood pressure
>55 mm Hg NS p=00007

NS for other strata NS for other strata
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Table 6 Significance for the riskfactors associated with
periventricular haemorrhage and periventricular
leucomalacia. (The estimate refers to the GLIM equation)

Estimate Standard p Value
error of the
estimate

Periventricular haemorrhage
Gestation -0-414 0-0937 <0-001
Anaemia -1-845 0-4374 <0-001
Coagulation disorder +1-935 0-7047 0-001
Proportion of time
PaCO2 >7 kPa +2-770 1-3970 0-038

Periventricular leucomalacia
Anaemia -1-860 0-4907 <0-001
Maximum bilirubin

concentration +0-013 0-0041 <0-001
Pneumothorax +1-556 0-5149 0-001
Proportion of time
PaCO2 >7 kPa +3-649 1-3270 0-005

Surgery +1-305 0-5700 0-022

nia (PaCO2¢7) were the only two intermittent
items to reach significance at a 1% level.

Multivariate logistic regression analyses were

performed on the 14 risk factors for PVH and the 10
for PVL. The GLIM equation for PVH can be
described as: log P/1-P= 12-27-0-414a- 1 *845b+
1-935c+2-770d and for any degree of PVL as: log
P/1-P= -3-50-1-860b+1*556e+0*013f+3*649d+
1-305g where a=gestational age in weeks; b=1, if
haemoglobin <100 g/l at any time, otherwise 0; c=1,
if any clotting disorder, otherwise 0; d=proportion
of time PaCO2 :7; e=1, if pneumothorax, other-
wise 0; f=maximum bilirubin level; and g=1, if any
surgical procedure, otherwise 0.

This means that the risk of developing PVH was

negatively correlated with advancing gestational age
and anaemia (haemoglobin <100 g/l). PVL was also
negatively correlated with anaemia. Table 6 summa-
rises these independent variables for both PVH and
PVL.
These models were derived from the 171 infants

with complete blood gas data. When the model for
PVH was applied to the 113 infants with systolic
blood pressure data it did not significantly improve
the fit of the model. Further analyses were per-

formed to distinguish whether there were different
risk factors for cystic and precystic PVL compared
with prolonged flare alone. Three factors best
predicted both these conditions: these were anaemia
(negative correlation), pneumothorax, and maxi-
mum bilirubin concentration.

Discussion

The risk factors for PVH in the newborn are well

documented, and although a large number of
variables have been reported to predispose to
haemorrhage, many studies have agreed on a
relatively few commonly associated conditions.
These include respiratory distress syndrome,35 7

pneumothorax,5 7 acidosis,2 hypercapnia,4 5 7 and
coagulation disorders.5 15 There are considerably
less data available concerning the risk factors
predicting the onset of PVL. As cystic PVL is now
known to be associated with adverse neurodevelop-
ment the purpose of this study was to identify the
events that predisposed to PVL and to compare
these with those preceding haemorrhage.
Many of the risk factors that we found on

multivariate analysis to predispose to PVH were
similar to those previously reported by others.
There was an extremely strong association between
prematurity and PVH, which is not unexpected as
the germinal matrix tends to involute with increasing
maturity. Clotting disorders and hypercapnia are
also well recognised factors. The basic cause of PVH
is rupture of the capillaries within the germinal
matrix, probably in response to acute fluctuations in
cerebral blood flow. Mechanical ventilation and
fluctuating blood pressure, hypercapnia, and acido-
sis may predispose to the acute changes in cerebral
blood flow, and minor bleeding in the presence of a
clotting disorder may cause more extensive haemor-
rhage into the lateral ventricle.
To date three studies have been published report-

ing the aetiological factors associated with PVL. 1618
Maternal antepartum haemorrhage was found to be
an important risk factor in all three studies, but did
not reach significance in our analysis. In addition,
birth asphyxia,16 17 recurrent apnoea,16 patent duc-
tus arteriosus,16 speticaemia,16 seizures,16 duration
of mechanical ventilation,16 18 and hypocarbia
(PaCO2 <3.3 kPa18) were all found in previous
studies to have a significant association with PVL.

Sinha et al postulated that hypotension arising
from a variety of perinatal insults may have been the
common pathway to the development of PVL, but
they reported no blood pressure measurements in
their study. 16 Although we regularly measured
blood pressure in sick infants we were surprised to
find, as Weindling et al had previously reported,'7
that there was no correlation between hypotension
and PVL. It is of interest, however, that infants who
developed haemorrhage had a systolic blood press-
ure of less than 55 mm Hg for a significantly shorter
proportion of time than those infants without
haemorrhage. Before dismissing blood pressure as
unimportant in the development of PVL a study
using direct and continuous blood pressure record-
ings would be valuable. We have seen extensive
PVL develop in infants with a good central blood
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pressure at all times, and it has been suggested that
PVL may be due to uncoupling between the
metabolic requirements of the periventricular white
matter and its local perfusion.19 This attractive
proposition requires further evaluation.
Our study differed from the others by enrolling a

larger number of very low birthweight infants, the
prospective nature of the data collection, and the
multivariate regression analysis performed on the
risk factors. Unlike the other studies we found
ventilatory complications (pneumothorax and
hypercapnia) to be independently associated with
the diagnosis of PVL. The importance of hyperbili-
rubinaemia is of interest but is difficult to explain.
We are not aware of any reports suggesting neuro-
toxicity of bilirubin to the periventricular white
matter. Of the 13 infants who underwent surgery
before the development of PVL, an abdominal
operation for necrotising enterocolitis was the com-
monest underlying cause of the surgical procedure
(seven babies). Necrotising enterocolitis has been
associated with the late onset of PVL in some
infants,20 but in our study necrotising enterocolitis
did not reach significance as a risk factor. Infants
undergoing surgery were probably among the sick-
est babies and therefore the most likely to develop
cerebral insults.
There was an inverse relation between anaemia

and the development of both PVH and PVL. The
reason for this is probably related to our policy of
transfusing the sickest infants more frequently than
less ill babies, thereby preventing this high risk
group from becoming anaemic. Those infants who
were less ill were allowed a lower concentration of
haemoglobin and this is the group least likely to
develop intracranial complications.
We have previously reported that PVH and PVL

commonly occur in the same infant,9 and this study
has found that haemorrhage and PVL shared eight
risk factors that reached significance on univariate
analysis. These lesions seem most likely to occur in
the sickest infants, but interestingly, although im-
maturity was very closely related to the frequency of
haemorrhage, it was not associated with the onset of
PVL. Although the risk of PVH reduces with
increasing gestational age, the infant's brain may
remain susceptible to PVL for a longer period of
time.
We recommend caution in the interpretation of

the findings of this study and other similar papers on
perinatal risk factors of PVL for two reasons:
because of the limitation of multiple significance
testing, which may produce spurious results; and
secondly, PVL may be the result of a variety of quite
disparate factors. Lumping them all together may
well obscure some of the occasional but nevertheless

important causal factors. There are babies in this
study who sustained cardiac arrhythmia with
hypotension and who subsequently developed PVL
shortly afterwards.21 It is also possible that impre-
cise methods for detecting some conditions, such as
fetal distress, may produce a false negative result for
this variable. Because these associations were rarely
seen they may not have reached significance in our
cohort.

Finally, our analysis has shown that the risk
factors for prolonged flare are similar to those for
PVL. We have previously suggested, on the basis of
pathological and ultrasound correlation, that pro-
longed flare is part of the milder end of the PVL
range.22 Our analysis of associated factors reported
here confirms that the same risk factors operate for
both prolonged flare and cystic or precystic PVL;
this adds further weight to our hypothesis that
prolonged flare is not an artefactual appearance. We
must await follow up data on infants with this
condition to establish its prognostic importance.
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