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The impact of low birth weight on the visual pathway

It is well known that the survival of babies born
prematurely has increased greatly in the recent past and
that low birth weight carries a significant morbidity for
ophthalmic problems. However, the impact of low birth
weight on childhood vision impairment in epidemiological
terms is largely unknown.
The article in this issue of the BJO (p 9) by Crofts and

colleagues is therefore particularly welcome. Using the
Oxford Register of Early Childhood Impairment, these
authors gathered information on all babies with severe vision
impairment born in the 4 years commencing January 1984.
We are told that this population is reasonably representative
of the UK as a whole. Vision impairment was defined as an
acuity of 6/18 or less in the better eye identified by 5 years of
age. From this database the birthweight specific rate of
severe vision loss was calculated. The overall rate of severe
vision impairment was 1.25/1000 births, but those of birth
weight less than 1500 g contributed to 17.5% of the cohort
and for this group the rate was 26 times that for babies of
2500–3499 g birth weight. The prevalence of associated
impairments was high for all birth weights (60%), but high-
est for those under 1500 g (72%), decreasing with increasing
birth weight to 44% for those over 3500 g.
The time of origin of the disorder was estimated, as best

as possible, according to three major categories—prenatal,
perinatal, and postnatal, and each of these contained 60%,
24%, and 10% respectively (5% were unclassifiable).
Thus, 84% of childhood vision impairment has its origins
at birth or before, and once the perinatal period has
passed, from the vision impairment point of view, the
visual pathway is more likely than not to remain unscathed.
The aetiological front runner was cortical vision impair-
ment which accounted for 36% of all childhood vision
impairment, and was followed by optic atrophy (13%) and
cataract (10%), with nystagmus, retinal dystrophy, and
retinopathy of prematurity (ROP) all accounting for 6%
each. Mindful that most childhood vision impairment
aVects parts of the visual pathway other than the eye,
significant reduction of childhood vision impairment in the
future has to come from preventing neurological prenatal
and perinatal maldevelopment and/or damage.
It is of interest that ROP accounts for such a small

proportion of severe vision impairment in this low
birthweight population, particularly as this study predated
the introduction, in 1988, of treatment for severe disease.
Here, Oxford does not accurately reflect the worldwide situ-
ation for there is a rising incidence of severe disease associ-
ated with increased survival of preterm babies in middle

income countries such as Latin America and eastern
Europe, all of which have less than ideal standards of care.1

Thus, 54% of babies requiring treatment in Lithuania2 had
birth weights over 1500 g and the birth weight of some of the
treated babies in Hungary was over 2000 g.3 In the UK and
USA, severe ROP is virtually confined to babies under
1500 g and less than 32 weeks gestational age, hence the use
of these criteria for the UK national screening guidelines.4

Clearly, however, these are not internationally appropriate
and it is ironic that those countries with sparse resources
have the greatest screening load. Both ROP and cataract are
important for they are two of the few conditions about which
the clinician can influence outcome.
So far we have concentrated on severe vision impair-

ment, but babies born prematurely are also at risk of devel-
oping a range of less severe sequelae of the visual pathway.
These include low acuity, colour and contrast sensitivity
deficits, field defects, as well as the better known refractive
errors and strabismus.5–16 A number of factors might play a
role, such as an abnormal prenatal period, the neonatal
environment, and illnesses suVered during the perinatal
period.17 18 Some of these can be directly attributed to ROP
and/or neurological insults, although in many instances it is
not possible precisely to tease out their individual
contributions.8 Over the past decade or so we have learned
much about the visual pathway complications of prematu-
rity, but as yet we know little about the mechanisms by
which they occur, or about their functional implications.
Fascinating glimpses of future research directions come
from the finding that advanced ROP can be associated with
a missense mutation of the Norrie gene,19 20 or at a
neurological level that intrauterine stress and preterm birth
could impair wiring and impede neuronal migration.21 22

Epidemiological data are essential if we are to learn about
the types of vision impairment and their frequency in the
community, but they give no insight into the functional
impact of visual disability, mindful that most children have
more than one handicap. Here the term “disability adjusted
life years” (DALYs) is helpful, for it reminds the clinician of
the lifelong challenges that lie ahead for the child and family,
with education and employment, social interaction, and lei-
sure. We have now entered a diYcult area. For all clinicians,
telling parents that their baby has a severe vision impairment
is a diYcult and daunting experience. But, it is nothing
compared with what the parents have to face thereafter, and
giving the appropriate information sensitively is an essential
prerequisite to ensure that the baby and family get the best
possible support. A recent survey of parents of impaired
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children sought information about the support they received
at the point of diagnosis—it does not make comfortable
reading for the medical profession. However this report,
Taking the Time,23 makes several important and positive rec-
ommendations of which the following are but a few. If possi-
ble, giving the diagnosis of severe vision impairment should
be done in private. A review appointment should be oVered
within a couple of weeks to provide another opportunity for
discussion, recognising that this is not strictly medically nec-
essary. Try to give parents written information which can be
updated according to progress, this may be in the form of a
personal letter. The care of the visually disabled child
requires multiprofessional input and links with the commu-
nity support services, such as the peripatetic teaching
service, should be established as soon as possible. Do not
forget the value of client based parents’ support organisa-
tions. Finally, while the ophthalmologist has to be the bearer
of bad news, he or she also has the first opportunity to take
positive supportive steps for the family, one which must not
be missed. Hopefully by being open with the family and
other professionals, the parents will come to regard the
clinician as an advocate and ally to work with.

ALISTAIR R FIELDER

Academic Unit of Ophthalmology, Western Eye Hospital,
Imperial College School of Medicine, London NW1 5YE

1 Gilbert C, Rahi J, Eckstein M, O’Sullivan J, Foster A. Retinopathy of
prematurity in middle-income countries. Lancet 1997;350:12–4.

2 Bagdoniené, R, Sirtautiené. Threshold retinopathy of prematurity in
Lithuania: tendencies during three years. In: Reibaldi A, Di Pietro M,
Scuderi A, Malerbi E, eds. Progress in retinopathy of prematurity.
Amsterdam/New York: Kugler, 1997:31–6.

3 Kovacs B. A ten-year follow-up of retinopathy of prematurity patients. In:
Reibaldi A, Di Pietro M, Scuderi A, Malerbi E, eds. Progress in retinopathy
of prematurity. Amsterdam/New York: Kugler, 1997:15–9.

4 Report of a Joint Working Party of the Royal College of Ophthalmologists
and the British Association of Perinatal Medicine. Retinopathy of
prematurity: guidelines for screening and treatment. E Hum Dev 1996;46:
239–58.

5 Fledelius HC. Ophthalmic changes from 10–18 years. A longitudinal study
of sequels to low birthweight. II Visual acuity. Acta Ophthalmol
1981;59:64–70.

6 Burgess P, Johnson A. Ocular defects in infants of extremely low birth
weight and low gestational age. Br J Ophthalmol 1991;75:84–7.

7 McGinnity FG, Bryars JH. Controlled study of ocular morbidity in school
children born preterm. Br J Ophthalmol 1992;76:520–4.

8 Laws D, Shaw DE, Robinson J, et al. Retinopathy of prematurity: a prospec-
tive study. Review at six months. Eye 1992;6:477–83.

9 Page JM, Schneeweiss S, Whyte HEA, Harvey P. Ocular sequelae in prema-
ture infants. Pediatrics 1993;92:787–90.

10 Pike, MG, Holmstrom G, de Vreis LS, et al. Patterns of visual impairment
associated with lesions of the preterm infant brain. Dev Med Child Neurol
1994;36:849–62.

11 Cryotherapy for Retinopathy of Prematurity Cooperative Group. The natu-
ral ocular outcome of premature birth and retinopathy:status at 1 year.Arch
Ophthalmol 1994;112:903–12.

12 Dowdeswell HJ, Slater AM, Broomhall J, Tripp J. Visual defects in children
born at less than 32 weeks’ gestation with and without major ocular pathol-
ogy and cerebral damage. Br J Ophthalmol 1995;79:447–52.

13 Dobson V, Quinn GE, Abramov I, et al, for the CRYO-ROP Cooperative
Group. Color vision measured with pseudoisochromatic plates at 5 1/2
years in eyes of children from the CRYO-ROP Study. Invest Ophthalmol Vis
Sci 1996;37:2467–74.

14 Jongmans M, Mercuri E, Henderson S, et al.Visual function of prematurely
born children with and without perceptual-motor diYculties. E Hum Dev
1996;45:73–82.

15 Jacobson L, Elk U, Fernell E, Flodmark O, Broberger U. Visual impairment
in preterm children with periventricular leukomalacia—visual, cognitive
and neuropaediatric characteristics related to cerebral imaging. Dev Med
Child Neurol 1996;38:724–35.

16 Fielder AR, Quinn GE.Myopia of prematurity.Br J Ophthalmol 1997;81:2–
3.

17 Robinson J, Fielder AR. Light and the neonatal eye. Behav Brain Res 1992;
49:51–5.

18 Fielder AR, Foreman N, Moseley MJ, Robinson J. Prematurity and visual
development. In: Simons K, ed. Early visual development, normal and abnor-
mal. New York: Oxford University Press, 1993:485–504.

19 Mintz-Hittner HA, Ferrell RE, Sims KB, et al. Peripheral retinopathy in oV-
spring of carriers of Norrie disease gene mutations. Ophthalmology
1996;103:2128–34.

20 Shastry BS, Pendergrast SD,Hatzer MK, Liu X, Trese MT. Identification of
missense mutations in the Norrie disease gene associated with advanced
retinopathy of prematurity. Arch Ophthalmol 1997;115:651–5.

21 Evrard P, Marret S, Gressens P. Environmental and genetic determinants of
neural migration and postmigratory survival.Acta Paediatr Suppl 1997;422:
20–6.

22 Lagercrantz H. Better born too soon than too small. Lancet 1997;350:1044–
5.

23 Royal National Institute for the Blind. Taking the time. Telling parents their
child is blind or partially sighted. London: RNIB, 1996.

Is there a role for computerised image analysis in glaucoma
management?

The key elements in glaucoma diagnosis and follow up are
measurement of the intraocular pressure, assessment of the
optic disc, and examination of the visual field. In the
1920s, Ransom Pickard wrote about the benefits of draw-
ing the optic disc to outline the disc and cup boundaries,
placing emphasis also on the depth of the cup.1 2 In
addition, he used a grid to measure the size of the cup rela-
tive to the disc, and his results of serial drawings over many
years show an increase in cupping with the passage of
time.3

Armaly4 popularised the use of the cup:disc ratio in the
1960s, particularly in epidemiology studies, but the term
was later adopted by clinicians and to this day is the most
commonly used clinical method of describing the glauco-
matous optic disc. In a classic paper by Lichter in 1976,5

the poor agreement in cup:disc ratio estimation by a
number of leading glaucoma specialists clearly illustrated
that it is an “inexact method of recording the status of the
disc” and “is probably not reliable in checking for small
disc changes”. The level of within observer agreement is
considerably greater than the degree of between observer
agreement at describing optic disc features.6 The weakness
of this form of disc assessment is the subjective estimation
by the observer of the boundary of the cup edge relative to

the edge of the disc. Secondly, the size of the optic disc
determines the physiological size of the cup.
The usefulness of perimetry in glaucoma is somewhat

limited by the subjective nature of the patient’s response
when presented with a test target in the field of vision. This
weakness is true of both manual and automated methods
and for static and kinetic test strategies. The subjective
aspect of the test invariably results in a measurement error
which can on occasions be so large as to invalidate the test
result. Consequently the signal to noise ratio can be so
small that it becomes diYcult to identify real change over
time. Steps are being taken to reduce this source of error
which will lead to more reliable results.
As a result, long term glaucoma management is

undermined by the clinician’s subjective assessment of the
appearance of the optic disc and by the subjective nature of
a patient’s response when performing perimetry. There is a
need to have more objective methods to help make more
realistic decisions about progression of the disease. The
measurement of optic disc topography with image analysis
techniques (initially described by Nagin and Schwartz7)
oVers the potential of an objective test. The recent
introduction of confocal laser scanning ophthalmoscopy
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(CLSO) represents one of the latest development in
imaging technology in glaucoma.
However, before any computer image analysis system

can be introduced into the clinical setting, it is essential
that certain requirements are fulfilled. These include that
the image acquired and the topography measurements are
accurate, clinically meaningful, and reproducible. By accu-
racy is meant that the resolution of the imaging system
produces an accurate contour of the structure under inves-
tigation. It is important too that the topographic variables
quantified (for example, neuroretinal rim area, cup shape,
retinal nerve fibre layer thickness) provide useful clinical
information about the disease. Ideally we need to identify
those topographic features which predict subsequent
change in the visual field. It is pointless acquiring volumes
of quantitative data if the measurements have little or no
bearing on the disease.
The issue of reproducibility with CLSO has two key

elements—namely: (1) the ability of the imaging system to
acquire the same topography contour at independent
imaging sessions when no anatomical change has
occurred8 9 (which is related to the issue of accuracy of
image acquisition described above); and (2) the reliability
of the operator and imaging system to generate the same
topographic measurements on repeated measurements of
the “same image”.10–12 In this issue of the journal (p 14),
Geyer and colleagues examine reproducibility of topogra-
phy measurements with the TopSS CLSO in a group of
glaucoma patients whose optic discs were imaged at two
independent sessions 30 minutes apart. Using a number of
statistical tests to examine reproducibility, the study iden-
tified three (out of 14) disc variables with a high degree of
reproducibility which were suggested to be sufficiently
robust topography features to be useful for long term
monitoring of the optic disc. These features were cup
depth, cup volume, and cup area halfway between the sur-
face of the disc and the floor of the cup. We do not know if
these same variables are equally reproducible in non-
glaucomatous optic discs—for example, in ocular hyper-
tension, or over longer time intervals such as 6 months
apart. We do know that previous work shows a significant
correlation between cup volume and visual field loss in
glaucoma,13 14 and therefore at least one of these variables
might provide valuable clinical information. Secondly, cup
shape is capable of detecting early glaucomatous visual
field loss with a high degree of sensitivity and specificity.15

In addition to the above prerequisites, instruments such
as the CLSO (and other glaucoma image analysis
techniques such as nerve fibre layer polarimetry16 and opti-

cal coherence tomography17) should generate data which
discriminate between two or more groups, and measure
change over time. The challenge to those involved in this
area of clinical research is to demonstrate the usefulness of
this type of objective assessment of the optic disc and reti-
nal fibre layer during long term follow up over 5 to 10
years. It remains to be seen whether any of the markers of
cup shape identified by Geyer et al turns out to be
suYciently robust in terms of accuracy and reproducibility,
and also clinically meaningful in detecting disc change
before field progression during glaucoma follow up. Only
then can we consider the use of such expensive equipment
in routine glaucoma management.
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Striving for the perfect keratoprosthesis

The ideal keratoprosthesis (KPro) should have all the
advantages of but none of the problems associated with
allografting. It should have specifiable aspheric optical
variables, it should block ultraviolet radiation, and it
should allow full visual field. The optical zone should be
suYciently rigid to avoid optical aberrations and astigma-
tism from buckling but suYciently elastic to allow
measurement of intraocular pressure by applanation.1

Full wound healing (biointegration—a form of
“biocompatibility”)2 3 should take place at least at the
periphery of the artificial cornea, allowing defence against
intraocular infection, epithelial downgrowth, as well as eye

rubbing and minor trauma. Artificial materials used should
be non-toxic and not degrade in the lifetime of the patient.
It should allow host corneal epithelium to grow over its

anterior surface and to adhere to it thus making a wettable
and self renewing surface; therefore, proteinaceous materi-
als would not be deposited onto its anterior surface and
giant papillary conjunctivitis would not develop. Penetra-
tion by topical medication is important as steroids, pupil
dilating and constricting drops, as well as antiglaucoma
drops are used frequently. The formation of a retropros-
thetic membrane has been a major cause of failure of many
KPros, so its posterior surface should be highly polished
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and non-sticky. The prosthesis should be flush with the rest
of the ocular surface to enhance comfort and to reduce
mechanical shearing forces on it. It should be suYciently
soft for suture needles to pass though but strong enough so
that suture materials do not cheesewire. Last but not least,
the prosthesis should be inexpensive.
This is a tall order indeed, but if met, would solve the

problem of worldwide shortage of corneal donors, as well as
the two major complications of allografting—graft astigma-
tism and rejection. How close are we to this? The related
field of contact lenses, where safe extended wear has proved
to be a tantalisingly diYcult goal that has not yet been
achieved despite considerable commercial investment, sug-
gests just how complex the problem is likely to be.
In this issue, Hicks et al (p 18) demonstrate to us the

need for a multidisciplinary approach to the development
of such a biomedical device. Previous workers have used a
range of biomaterials incorporated into a range of design
features. The common feature that characterises almost all
these attempts, however, is the fact that the materials
selected have been chosen because of their availability and
their susceptibility to fabrication techniques appropriate
for the specific KPro design employed, rather than for their
ability to interact appropriately with the specific biological
environment in question. One significant feature that sets
the development work on the Chirila prosthesis apart from
other published work in this area is the fact that in its ini-
tial stages it sought to make use of a polymer that is signifi-
cantly more hydrophilic than the generality of those
previously employed in KPro design—namely, poly(2-
hydroxyethyl methacrylate) or poly-HEMA. Then, having
elegantly harnessed established principles of behaviour of
the material in the formation of a two part prosthesis with
porous skirt and clear core,4 the group has recognised that
the literature on cellular interaction with hydrogels
predicts that some modification to the chemical structure
of the porous skirt will inevitably be necessary in order to
manipulate and optimise biological integration.5 This
paper contains the first report of the initial exploration of
the eVect of small changes in the chemical structure of the
prosthesis. It represents a significant stage in what will
inevitably be a long road towards the achievement of a

KPro whose chemical and physical features produce an
acceptable level of biocompatibility to support long term
success.
In terms of long term retention results, we must not for-

get the osteo-odonto-keratoprosthesis (OOKP) which has
been in existence for over 30 years.6–8 Following modifica-
tions by Falcinelli, the modern technique has a track
record of close to 20 years. Well over 90% of Falcinelli
OOKPs are retained in the long term and three quarters of
patients achieve 6/12 vision or better.9–11 OOKP is not
without its problems—its complexity, relatively poor visual
field (30°–40°), and having to sacrifice oral structures.
However, it can withstand a hostile ocular environment
and future generations of KPros will inevitably be judged
against the grandfather of KPros when they come to
clinical use.
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