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CLINICAL RESEARCH

Protective effect of vitamin E (DL-alpha-tocopherol) against
intraventricular haemorrhage in premature babies

MALCOLM L CHISWICK, MARY JOHNSON, CYNTHIA WOODHALL, MAUREEN GOWLAND,
JACQUELINE DAVIES, NANCY TONER, DOUGLAS G SIMS

Abstract

Forty four babies, of less than 32 weeks' gestation, were
either randomly given 25 mg/kg vitamin E (DL-a-toco-
pherol acetate) intramuscularly after birth (day 0) and
on days 1, 2, and 3 or served as controls. Frequent real
time ultrasound examinations of the brain were made in
each baby during the first week and less frequently
thereafter. In babies under 32 weeks' gestation the inci-
dence of intraventricular haemorrhage was lower in
supplemented babies (18 8%) compared with the controls
(56-3%). On days 0, 1, 2, and 3 median plasma vitamin E
concentrations in babies without haemorrhage and in
those with subependymal haemorrhage only were simi-
lar. Babies with intraventricular haemorrhage had lower
median concentrations on day 1 (p <0 002) and day 2
(p <0 05) compared with those with subependymal
haemorrhage and lower concentrations on day 0 (p <0 02)
and day 1 (p <0 05) compared with those without haemor-
rhage.
These findings suggest that in premature babies vita-

min E, an antioxidant, protects endothelial cell mem-
branes from oxidative damage and disruption and limits
the magnitude of haemorrhage and its spread from the
subependyma into the ventricles.

Introduction

Newborn babies, particularly those born prematurely, have
low plasma vitamin E concentrations compared with older
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infants, children, and adults.1 2 One function of vitamin E is
to protect cell membranes against lipid peroxidation3; a vitamin
E responsive haemolytic anaemia has been reported in pre-
mature babies.4

In a study of premature babies designed to assess the appro-
priate dose of vitamin E required to increase their plasma
concentrations to adult values and to reduce the susceptibility
of their red blood cells to haemolysis in hydrogen peroxide
we made the chance observation that intraventricular haemor-
rhage was seen less frequently at necropsy in supplemented
babies compared with controls.5

Intraventricular haemorrhage is the most common finding in
the brains of premature babies who die during the first week of
life and is probably one of the most important lesions responsible
for handicap in surviving babies.6 Bleeding usually originates
from thin walled capillaries in the highly vascular germinal
matrix of the subependymal layer of the brain; the haemorrhage
may be confined to the subependymal layer (subependymal
haemorrhage) or if extensive may rupture into the ventricles
(intraventricular haemorrhage).
We report the preliminary results of a study which examines

whether vitamin E protects against intraventricular haemorrhage
diagnosed in living babies by real time ultrasonography.

Patients and methods

We studied 44 babiLs who were born at this hospital before 37
weeks' gestation and who weighed less than 1751 g. At birth each
baby was randomrrly allocated to a vitamin E supplemented (n= 21) or
control group (n= 23). We gave 20 mg/kg of vitamin E (DL-a-toco-
pherol acetate, Ephynal, Hoffman-La Roche, Basle) intramuscularly
on three consecutive days starting within 12 hours of birth (day 0)
and 24 and 48 hours later (days 1 and 2).

PLASMA VITAMIN E ASSAYS AND HYDROGEN PEROXIDE HAEMOLYSIS TESTS

A 1 5 ml heparinised specimen of venous or arterial blood was
sampled from each baby in the control group within 12 hours of
birth and from supplemented babies immediately before the first
dose of vitamin E was given. Thereafter, blood specimens were
taken from each baby at daily intervals for three days (days 1, 2, and
3). Plasma vitamin E (total tocopherol) concentration was measured
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FIG 1-Ultrasound scans of the brain (coronal sections) showing: (a) normal lateral ventricles which appear as slit like cavities (arrows); (b) bilateral sub-
ependymal haemorrhages shown as bright echoes (closed arrows) in the floor of the ventricles; both lateral ventricles retain their slit like appearance and the
right ventricle (open arrow) is a little larger than the left; and (c) bilateral intraventricular haemorrhage; the bright echoes (arrowed) on this enlarged view
represent blood clot inside both ventricles which is more extensive on the left.

on each specimen using a colorimetric method in which ferrous ion
produced by the reduction of ferric ion by vitamin E was used as an
index of plasma vitamin E concentration.7 The susceptibility of red
blood cells to peroxidation was measured on each specimen by the
hydrogen peroxide haemolysis test.8 Increased susceptibility to hae-
molysis (that is, a positive result) was indicated if more than 1000 of
the baby's red blood cells haemolysed in the hydrogen peroxide
solution.

Results

Mean plasma vitamin E concentrations on day 0 in supplemented
and control groups were similar. Thereafter, supplemented babies
had higher mean plasma vitamin E concentrations compared with
controls (p<0 001) (fig 2). Throughout the study 52-6-88 2%, of
babies in the control group had a positive red blood cell haemolysis
test. In contrast, the percentage of supplemented babies with a

positive test fell from 50-0%' on day 0 to 10 500 on day 2 and there-
after no supplemented baby had a positive test. Subependymal or

BRAIN SCANS

Real time ultrasound scans of the brain were carried out by one
of us (MG or JD) who did not know the vitamin E status of the
babies. The examinations were made with a Technicare autosector
scanner (Technicare, Denver, Colorado, USA), model 8100; our
method of ultrasound imaging of the brain in the newborn has
been described.' Both groups of babies were first scanned within
48 hours of birth (day 0 or day 1) and where possible daily during
the first week of life; thereafter babies were examined less often.
Scans were graded as showing: no haemorrhage, subependymal
haemorrhage only, or intraventricular haemorrhage (fig 1). In babies
in whom serial scans showed a change in the grade it was always a
deterioration and only the findings on the final scan were reported.
All babies with "no haemorrhage" had at least one scan carried out
after 72 hours.

CLINICAL INFORMATION

The gestational age of each baby was calculated from the date of
the mother's last menstrual period; when this was uncertain maturity
was assessed by examination of the baby.10 Clinical information was
prospectively recorded and the following definitions were used:
perinatal asphyxia-delay in the onset of spontaneous breathing for
more than five minutes after birth in the absence of attributable
causes other than asphyxia; hyaline membrane disease-respiratory
distress presenting within four hours of birth and associated with a
chest x ray appearance of diffuse reticular/granular shadowing; and
mechanical ventilation-positive pressure ventilation for at least 12
hours.
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FIG 2-Mean (standard error of mean) plasma vitamin E
concentrations at different postnatal ages in supplemented babies
and controls.

STATISTICAL ANALYSIS

The x2 test or Fisher's test was used to determine the significance
of differences in incidence between groups. Student's t test was used
to compare mean plasma vitamin E concentrations between the
supplemented and control groups of babies. The non-parametric
Mann-Whitney U test was used to compare differences in median
plasma vitamin E concentrations between babies without haemor-
rhage and those with subependymal or intraventricular haemorrhage.

intraventricular haemorrhage occurred in 19 of the 44 (43-20 ) babies;
in 14 the haemorrhage was first observed on days 0, 1, or 2 (within
72 hours of birth). In no baby was haemorrhage first observed after
day 4. The incidence ofsubependymal or intraventricular haemorrhage
was similar in the vitamin E supplemented group (nine out of 21,
42.9%,) and control group (10 out of 23, 43 5o0). Haemorrhage
extended into the ventricles, however, in only three of the nine
supplemented babies with subependymal or intraventricular haemor-
rhage, whereas in the control group nine out of 10 had an intra-
ventricular haemorrhage (p< 0025, one tailed; p <005, two tailed).
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All babies with subependymal or intraventricular haemorrhage
were of less than 32 weeks' gestation. When only babies of less than
32 weeks' gestation were considered the incidence of intraventricular
haemorrhage in the supplemented group (three out of 16, 18 8O0) was
lower compared with the control group (nine out of 16, 56-3°,)
(p<005, one tailed; p<01, two tailed). Two supplemented babies
died and neither had intraventricular haemorrhage; both of the babies
in the control group who died had intraventricular haemorrhage.
Gestational age and birthweight indices and the incidence of certain
risk factors for intraventricular haemorrhage were similar in supple-
mented and control groups in all babies of less than 32 weeks'
gestation and in only those who had subependymal or intraventricular
haemorrhage (table).

Birthweights, gestational ages, and risk factors for intraventricular haemorrhage
in all babies of < 32 weeks' gestation and in those with subependymal or intra-
ventricular haemorrhage

Subependymal or
All babies (<32 w) intraventricular

haemorrhage

Supplemented Control Supplemented Control

Birthweight (g)
Mean (SD) 1349 (254) 1273 (177) 1319 (269) 1263 (216)
Median 1445 1275 1440 1225
Range 900-1700 1050-1750 900-1620 1050-1750

Gestational age (weeks)
Mean (SD) 29-3 (1 8) 29-4 (1-2) 29 1 (2-1) 29 4 (1-1)
Median 29 29 30 29
Range 25-31 27-31 25-31 28-31

No of babies with:
Hyaline membrane

disease 5 5 4 4
Mechanical ventilation 5 6 4 5
Pneumothorax 0 1 0 1
Perinatal asphyxia 3 3 1 1
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vitamin E concentrations on days 1 and 2 compared with those who
had subependymal haemorrhage only and significantly lower values
on days 0, 1, and 2 compared with babies who did not have any
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FIG 4-Range of plasma vitamin E concentrations at different
postnatal ages in supplemented babies of <32 weeks' gestation
without any haemorrhage (shaded). Plasma vitamin E concen-
trations of the three supplemented babies with intraventricular
haemorrhage are shown ( *).
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FIG 3-Median plasma vitamin E concentrations at different
postnatal ages in babies of <32 weeks' gestation without any
haemorrhage (0) with subependymal haemorrhage only (A),
and with intraventricular haemorrhage (0). Significance tests
(Mann-Whitney U, two tailed): Subependymal v intraventricular
haemorrhage-p < 0-002 day 1, p < 0-05 day 2; no haemorrhage v

intraventricular haemorrhage-p < 002 day 0, p < 005 day 1;
no haemorrhage+subependymal v intraventricular haemorrhage
-p<003 day 0, p<002 day 1, p<005 day 2, p<0 05 day 3.

When babies of less than 32 weeks' gestation were considered
together (supplemented and control groups) then throughout the
study the median plasma vitamin E concentrations of those without
any haemorrhage were similar to the corresponding values in babies
with subependymal haemorrhage only. In contrast, babies with
intraventricular haemorrhage had significantly lower median plasma

haemorrhage (fig 3). Throughout the study each of the three babies
who had an intraventricular haemorrhage despite vitamin supple-
mentation had plasma vitamin E concentrations below the range
observed in supplemented babies who had no haemorrhage (fig 4).

Discussion

The lower limit of normal for plasma vitamin E concentrations
in older infants and adults is usually given as 11-6 ltmol/l
(0-5 mg/100 ml).'t Our findings confirm that at birth the mean
plasma vitamin E concentration of premature babies is low and
their red blood cells have an increased susceptibility to haemoly-
sis in a dilute solution of hydrogen peroxide. The rise in mean
plasma vitamin E concentration and reduced susceptibility of
red blood cells to hydrogen peroxide haemolysis were benefits
observed only in supplemented babies.
The overall incidence of subependymal or intraventricular

haemorrhage of 43-2% in our study and the timing of haemor-
rhages, with most (73.70o) occurring in the first 72 hours, are
entirely in keeping with observations made by other investiga-
tors.'2 " Several findings in our study suggest that while
vitamin E does not reduce the incidence of subependymal
haemorrhage it does protect against extension of haemorrhage
into the ventricles in babies born very prematurely. Firstly,
supplemented babies had a lower incidence of intraventricular
haemorrhage compared with controls. Secondly, babies with
intraventricular haemorrhage had lower plasma vitamin E con-
centrations compared with those who had no haemorrhage or
subependymal haemorrhage only. Thirdly, the three babies
who had intraventricular haemorrhage despite supplementation
were the only ones whose plasma vitamin E concentrations
were below the range observed in supplemented babies who did
not have any haemorrhage.
The pathological anatomy of subependymal and intraventri-

cular haemorrhage in relation to the developing central nervous
system microcirculation has been reviewed by Pape and Wiggles-
worth.6 Apart from prematurity aetiological factors include
hypoxaemia,6 hypercapnoea,6 5526 intravenous sodium bicar-
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bonate treatment,1' 18 mechanical ventilation,6 16 and pneumo-
thorax.'9 20 It is, therefore, not surprising that babies with
hyaline membrane disease are vulnerable. An increase in
cerebral blood flow is thought to be a key factor in the train of
events that culminate in subependymal or intraventricular
haemorrhage.' The factors that promote extension of haemor-
rhage from the subependymal layer into the ventricles are not
understood. It is possible that a pressure differential across the
ependyma plays a part. More important is the observation that
extensive subependymal bleeding causes venous infarction
within the germinal matrix6; it is possible that extension of
haemorrhage into the ventricles is simply the result of germinal
matrix and ependymal destruction.
We propose a new theory that oxidative damage to capillary

endothelial membranes of the subependymal layer contributes
to the pathogenesis of subependymal and intraventricular
haemorrhage in premature babies. We suggest that vitamin E
protects endothelial membranes, limits the magnitude ofhaemor-
rhage in the subependymal layer, and hence reduces the risk
of extension of haemorrhage into the ventricles. We did not
observe a relation between intraventricular haemorrhage and
susceptibility to hydrogen peroxide haemolysis but protection of
endothelial membranes by vitamin E would not necessarily be
reflected by the ability of red blood cell membranes to with-
stand oxidative stresses.
The fact that intraventricular haemorrhage is relatively un-

common in stillborn babies21 is pertinent to our hypothesis.
The fetal arterial Po2 is normally only 3 33 kPa (t25 mm Hg)
and this low level might prevent oxidative damage to the endo-
thelial membranes of the germinal matrix occurring in utero.
Thus it is possible that while acute hypoxia encourages sub-
ependymal or intraventricular haemorrhage by increasing cere-
bral blood flow chronic hypoxia reduces oxidative stresses on
endothelial walls. Indeed, paediatricians are familiar with
certain premature babies with respiratory distress and persis-
tent pulmonary hypertension who remain cyanosed until death

at 24 to 48 hours and who surprisingly do not have intraventri-
cular haemorrhage at necropsy.
The idea that vitamin E reduces capillary fragility is not a

new one. --24 Over 30 years ago Minkowski, on the basis of
maternal supplementation experiments, suggested that the
vitamin protected against "hemorragies cerebro-meningees du
premature"-an idea that was not widely accepted.25 Further
support for our hypothesis comes from certain vitamin E
deficiency diseases in animals. In nutritional encephalomalacia
in chicks,26 although the cerebellum bears the brunt of the
pathology, the cerebral hemispheres are not spared and endo-
thelial cell changes culminating in haemorrhage are a promi-
nent feature. Swelling and fragmentation of the endothelial
cells of the central nervous system microcirculation are observed
by electron microscopy in vitamin E deficient chicks.27 Of special
interest is a vitamin E responsive disorder in hamsters known
as spontaneous haemorrhagic necrosis of the central nervous
system, in which the initial haemorrhagic lesions do indeed
involve the subependymal vasculature and progress to intra-
ventricular haemorrhage.28

It should not go unnoticed that in our study on day 0, even
before vitamin supplements were given, babies who suffered
intraventricular haemorrhage had a marginally but significantly
lower mean plasma vitamin E concentration compared with
babies without intraventricular haemorrhage. We cannot rule
out the possibility that some babies suffered subependymal or
intraventricular haemorrhage before the first dose of vitamin E
was given. Although there is a "transport barrier" to the
passage of vitamin E from mother to fetus,29 maternal supple-
mentation during premature labour should be explored because
it might benefit babies by marginally increasing their plasma
concentrations above a threshold that protects endothelial cell
membranes.

We thank Hoffmann-La Roche for the supply of Ephynal and
Mrs M O'Donnell for secretarial help.
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