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Abstract
Background/aims—A recent report has
highlighted the decreasing prevalence in
recent years of severe intraventricular
haemorrhage (IVH) in very low birth-
weight (VLBW) infants (<1500 g). This
study attempted to identify the severity of
the grade of IVH in infants with stage 3
retinopathy of prematurity (ROP), and to
re-examine the association between
threshold ROP and IVH.
Methods—This was a retrospective study
carried out over 3 years, between Decem-
ber 1995 and December 1998 of neonates
admitted to a single neonatal intensive
care unit. 28 infants with stage 3 ROP
were identified from the ROP screening
database. Cranial ultrasound scans were
available on 24 of these infants. The scans
were reviewed and the severity of IVH was
graded from grade 1 to grade 4. The birth
weight, sex, ethnic origin, and gestational
age of the babies were recorded. The
number of infants progressing to thresh-
old disease and the treatment provided
was documented.
Results—The 24 infants had a median
gestational age of 26 weeks (range 24–28
weeks) and a median birth weight of
762.5 g (range 540–1010 g). 17 infants were
treated for threshold disease. 13 infants
(54.2%) had IVH, of these eight (61.5%)
had grade 1, two (15.4%) had grade 2, one
(7.7%) had grade 3, and two (15.4%) had
grade 4. 12 of the 13 infants (92.3%) with
IVH had treatment with laser or cryo-
therapy for ROP compared with five of the
remaining 11 infants (p = 0.023, Fisher’s
exact test). These data provide little
evidence of any association between IVH
and each of ethnic origin (p = 0.856), sex
(p = 1), birth weight, or gestational age (p
= 0.56 and p = 0.06 respectively) in infants
with stage 3 ROP.
Conclusions—These data provide strong
evidence (p = 0.023) of an association
between the presence of IVH and treat-
ment of threshold ROP. Although the
numbers in this study are small the
majority of infants with stage 3 ROP had
grade 1 IVH, which heralds a more
favourable neurological outcome. An as-
sociation between the severity of ROP and
severity of IVH was not demonstrated.
With improvements in neonatal care and a
reduction in the prevalence of severe IVH,
there appears to be a weakening of the
previously reported association between
severe IVH and severe ROP. However, the

presence of even a minor grade of IVH
may be a significant risk factor for thresh-
old ROP once stage 3 disease is encoun-
tered.
(Br J Ophthalmol 2000;84:596–599)

The National Institute of Child Health and
Human Development Neonatal Research Net-
work register has reported an increasing
survival of infants with a birth weight of
501–1500 g (VLBW).1 A large population
based study of surviving VLBW infants re-
vealed a greater risk of poor vision, myopia,
and strabismus in infants with retinopathy of
prematurity (ROP) compared with those with-
out ROP.2 The incidence of intraventricular
haemorrhage (IVH) in premature VLBW
infants has been reported to be about 43%3

with previous studies reporting a significant
association between the severity of IVH and
severe ROP. Hungerford et al reported IVH in
79% of infants with any stage ROP and in 78%
of infants with permanent ocular sequelae.4 Ng
et al described six infants with stage 3 ROP or
greater with periventicular leucomalacia (PVL)
and proposed hypoxia as a common aetiologi-
cal factor.5 Recently, Cooke6 has reported that
the improved survival of VLBW infants since
1990 has been accompanied by a fall in the
incidence of parenchymal lesions and cerebral
palsy in survivors and attributed this change to
the advent of the widespread use of antenatal
steroid prophylaxis.

Since the introduction of the international
classification for ROP,7 the term “severe” ROP
described in association with IVH4 5 has been
replaced by stage 3 ROP or worse. The aims of
this study were
(1) to describe the various grades of IVH

present in stage 3 ROP,
(2) to describe its association with sex, ethnic

origin, birth weight, gestational age, and
treatment of threshold ROP, and

(3) to re-examine the association between
IVH and stage 3 ROP in view of the recent
report of decreasing severity of IVH in
VLBW infants.6

Patients and methods
During the period between December 1995
and December 1998, 179 neonates were
admitted to a single neonatal intensive care
unit in Northwick Park Hospital. The ROP
screening was carried out weekly and details
recorded in an ROP screening diary and in the
hospital records. Screening criteria were based
on the guidelines recommended by the Royal
College of Ophthalmologists and the British
Association of Perinatal Medicine,8 which
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included babies with a birth weight of less than
1501 g or a gestational age of 31 weeks or less.
Threshold ROP defined as stage 3 ROP in
zone 1 or 2, involving 5 contiguous clock hours
or 8 cumulative clock hours in the presence of
plus disease was indication for treatment and
was present in 11.1% of babies (21 infants).

Acute ROP developed in 58 infants
(32.4%). The maximum stage of ROP reached
before regression started or treatment initiated
was stage 1 in 22 infants (12.2%), stage 2 in
eight infants (4.4%), and stage 3 in 28 infants
(15.6%).

Of the 28 infants with stage 3 ROP
ultrasound data were available on the 24
inborn infants, the other four babies were
transferred to the unit after delivery elsewhere.

The ultrasound scans were performed on the
first day of admission to the neonatal unit and
several times in the first 10 days of life with a 5
or 7.5 MHz ultrasound probe, through the
anterior fontanelle, obtaining coronal, midsag-
ittal and parasagittal right and left views. The
scans were repeated at 6 weeks of age to look
for signs of cystic changes. A consultant
neonatologist reviewed all scans. The scans
were classified in accordance with the grading
of Papile et al 3:
Grade 0 = no evidence of IVH,
Grade 1 = subependymal haemorrhage,
Grade 2 = IVH without ventricular dilatation

(Fig 1)
Grade 3 = IVH with ventricular dilatation (Fig

2)
Grade 4 = IVH, parenchymal haemorrhage

(PH) (Fig 3).
The birth weight, gestational age, sex, ethnic
origin, and any treatment for ROP were
recorded. The association between IVH (grade
1 or above versus grade 0) and birth weight and
gestational age was assessed using the Wil-
coxon rank sum test. Fisher’s exact test was
used to assess the association between IVH and
each of ethnic origin, sex, and threshold
disease.

Results
Of the 179 neonates screened 121 had no
ROP, 22 had stage 1, eight had stage 2, and 28

had stage 3 ROP. IVH was documented in 32
of the 179 neonates—10 without ROP, seven
with stage 1 ROP, two with stage 2 ROP, and
13 with stage 3 ROP (Table 1).

IVH was present in 54.2% (13/24) of the
infants with stage 3 ROP.

The median gestational age in the group
with IVH was 25 (IQR: 25, 26) and those
without IVH was 27 (IQR: 25, 27) weeks; this
slight diVerence was not significant (p = 0.06).
The birth weight in the group with an IVH was
slightly lower than those without an IVH, but
this did not reach significance, 710 g (IQR:
650 875) v 780 g (IQR: 710 850), p = 0.56
(Fig 4). There were seven female infants. Seven
neonates were white, five Asian, and one Afro-
Caribbean (Table 2).

The severity of IVH in neonates with stage 3
ROP was grade 1 in 61.5% (8/13), grade 2 in
15.4% (2/13), grade 3 in 7.7% (1/13), and
grade 4 in 15.4% (2/13) (Fig 5).

Twelve out of 13 patients (92.3%) with stage
3 ROP and IVH were treated for threshold dis-
ease, compared with five out of the 11 (45.5%)
patients with stage 3 ROP but without IVH.
These data thus provide strong evidence of an
association between threshold disease and IVH
(p =0.02), but little between IVH and sex (p
=1) or ethnic origin (p =0.856).

Figure 1 Coronal ultrasound scan demonstrating an
intermediate grade 1/grade 2 intraventricular haemorrhage
(IVH).

Figure 2 Coronal ultrasound scan with grade 3
intraventricular haemorrhage (IVH).

Figure 3 Coronal ultrasound scan with grade 4
intraventricular haemorrhage (IVH).
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Discussion
The incidence of IVH in very low birthweight
infants has been reported to vary between 30%
and 43%.4 9 10 The mechanism of IVH has been
postulated to be due to the development of an
ischaemic environment associated with cer-
ebral hypoperfusion which may lead to rupture
of the immature thin walled subependymal
vessels causing an IVH.5 11 It is the IVH associ-
ated with parenchymal involvement (grade 4)
that is believed to be associated with a
significant risk of neurodevelopmental
handicap.12 13 Periventricular leucomalacia

(PVL), a hallmark of perinatal ischaemia, is a
necrosis of the white matter of the brain which
is reported to occur in about 6% of VLBW
infants.1

The incidence of any stage of ROP was
65.8% and of threshold disease was 6% in the
multicentre trial of cryotherapy for ROP in
VLBW infants.14 The pathogenesis in ROP is
believed in part to be due to the hypoxic envi-
ronment induced by the primary avascular
retina.15 It has been suggested that there is a
linear relation between stage 3 ROP and grade
4 IVH, caused to an extent by a hypoxic envi-
ronment. Ng et al 5 suggested that both severe
acute ROP and PVL were related to ischaemia.
They reported six cases of stage 3 or greater
ROP with PVL and IVH with periventricular
echodensities (IVH grade IV), and suggested
that additional ischaemia in the carotid circula-
tion contributed to the severity of the eye
disease. In addition to ROP, strabismus is also
associated with IVH. Phillips et al reported a
high prevalence of esotropia with grade 3 and 4
IVH, but lower grade haemorrhages were not a
predictor of strabismus suggesting that the
degree of parenchymal damage and ocular
morbidity may be related.16 Hungerford et al 4

reported 78% (seven of nine infants with ROP)
of infants with severe ROP had periventricular
haemorrhages. A similar association between
ROP and periventricular haemorrhage has
been reported by Procianoy et al.9 There are no
reports on the presence of other grades of IVH
in stage 3 ROP.

In our study, 13 patients with stage 3 ROP
had IVH, and although there was a positive
association with IVH and threshold disease (p
= 0.02) the majority (61.5%) had grade 1
intraventricular haemorrhage. This heralds a
more favourable neurological outcome for the
infants as grade 1 and 2 resolve spontaneously
and do not lead to any long term sequelae. Two
patients had PVL, one with threshold, and the
other with subthreshold ROP, one infant had
grade 3 IVH with threshold ROP. It is these
infants who are at risk of strabismus and
neurological deficits. These three infants with
severe IVH (grade 3 and above) were all males,
two were Asian and one white. They were born
at 25 weeks’ gestation and had birth weights of
710, 790, and 840 g. There was no diVerence
in the gestational age (GA) or birth weight
(BW) between these infants and the other
infants with either grade 1 or grade 2 IVH (p =
0.3 and 0.31 respectively). There was no
diVerence in the prevalence of hyaline mem-
brane disease, chronic lung disease, or sepsis in
these infants. It is not known why these three
infants developed severe IVH, and perhaps it
could be hypothesised that their risk factors
were determined prenatally as suggested by
Paneth et al.11

Our study failed to confirm the previously
reported association between severe ROP
(stage 3 or above) and severe IVH. This diVer-
ence between our study and others reporting
more severe forms of IVH and advanced acute
ROP could be due to a number of factors
which include the diVerent population group
studied and may include improvement in neo-

Table 1 Intraventricular haemorrhage (IVH) and retinopathy of prematurity (ROP)

No ROP Stage 1 Stage 2 Stage 3

No of infants 121 22 8 24
IVH (n) 31.2% (10) 21.8% (7) 6.2% (2) 40.6% (13)

n= number of patients.

Figure 4 Graph comparing the gestational age with birth
weight of those stage 3 ROP infants with and without
intraventricular haemorrhage (IVH).
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Table 2 Stage 3 retinopathy of prematurity with intraventricular haemorrhage (IVH)

S No
IVH
grades Treatment Sex Ethnic origin

Gestational
age (weeks) Birth weight (g)

1 4 Laser M A 25 710
2 2 Cryotherapy M W 26 1010
3 1 Cryotherapy F W 24 670
4 1 Cryotherapy F A 26 640
5 4 No treatment M W 25 790
6 1 Cryotherapy F W 26 540
7 1 Cryptherapy F A 25 705
8 3 Cryotherapy M A 25 940
9 1 Laser M W 27 765
10 1 Cryotherapy F AC 25 650
11 1 Cryotherapy F W 24 640
12 1 Laser F A 27 1000
13 2 Cryotherapy M W 27 875

A = Asian, W = white, AC = Afro-Caribbean.

Figure 5 Frequency of various grades of intraventricular
haemorrhage (IVH) in stage 3 ROP.
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natal and obstetric management.17 Recent
research on the prevention of IVH indicates
that neurological disability may have a pre-
dominantly prenatal aetiology and may not be
predominantly perinatal as was previously
thought.11

Recently, Cooke6 reported the improved sur-
vival of VLBW infants to be accompanied by a
decreased incidence of parenchymal haemor-
rhages and subsequent cerebral palsy rates in
survivors. This was significantly associated
with the widespread use of antenatal steroids.
In our hospital it is the policy that all the moth-
ers in preterm labour receive antenatal steroids
if time allows, this might account for the above
trend. The administration of antenatal steroids
has also been reported to be associated with a
decrease in the severity of ROP.18

The lower percentage of severe IVH in our
study was not mirrored by a decrease in the
percentage of stage 3 threshold ROP (11%).
This may perhaps suggest that the earlier
studies4 5 which linked severe ROP and IVH,
may not presently apply, with improved stand-
ards of neonatal care. It also suggests that the
hypothesis that both severe ROP and IVH were
due to similar hypoxic events may also not be
tenable.

The improving standards of neonatal care
associated with the increased survival of
VLBW infants have led to a lower prevalence of
IVH and neurodevelopmental disorders. This
change in perinatal outcome appears to have
changed the previously well recognised associ-
ation between IVH and ROP in our cohort of
infants with stage 3 ROP.

Conclusions
In our study although the number of patients
with IVH is too small to draw any definite con-
clusions, those infants with IVH were smaller
and more immature (birth weight and
gestational age) than those without IVH. All
grades of IVH, but predominantly the early
grades, which signify a more favourable neuro-
logical outcome, may complicate stage 3 ROP.
We found a significant association between the
presence of IVH and treatment of threshold
ROP. We did not, however, confirm the

previously documented association between
the severity of IVH and severity of ROP. How-
ever, the presence of even a minor grade of
IVH may be a significant risk factor for thresh-
old ROP once stage 3 disease has developed.
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