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Essentials in Ophthalmology is a new review se-
ries covering all of ophthalmology categorized
in eight subspecialties. It will be published quar-
terly; thus each subspecialty will be reviewed
biannually.

Given the multiplicity of medical publi-
cations already available, why is a new series
needed? Consider that the half-life of medical
knowledge is estimated to be around 5 years.
Moreover, it can be as long as 8 years between
the description of a medical innovation in a
peer-reviewed scientific journal and publica-
tion in a medical textbook.A series that narrows
this time span between journal and textbook
would provide a more rapid and efficient trans-
fer of medical knowledge into clinical practice,
and enhance care of our patients.

For the series, each subspecialty volume com-
prises 10–20 chapters selected by two distin-
guished editors and written by internationally
renowned specialists. The selection of these
contributions is based more on recent and note-

worthy advances in the subspecialty than on
systematic completeness. Each article is struc-
tured in a standardized format and length, with
citations for additional reading and an appro-
priate number of illustrations to enhance im-
portant points. Since every subspecialty volume
is issued in a recurring sequence during the 
2-year cycle, the reader has the opportunity to
focus on the progress in a particular subspecial-
ty or to be updated on the whole field. The clin-
ical relevance of all material presented will be
well established, so application to clinical prac-
tice can be made with confidence.

This new series will earn space on the book-
shelves of those ophthalmologists who seek to
maintain the timeliness and relevance of their
clinical practice.

G. K. Krieglstein
R. N. Weinreb
Series Editors

Foreword



In an era of increasing subspecialization pedi-
atric ophthalmology stands out as the one area
of ophthalmology where the generalist holds
sway. The pediatric ophthalmologist must have
a good working knowledge of general ophthal-
mology, have an understanding of visual devel-
opment, visual electrophysiology and molecu-
lar genetics and be comfortable with dealing
with children with a wide range of systemic 
disorders. It is a major challenge to keep up to
date in all these areas. The aim of this mono-
graph is to highlight recent advances in key
fields of pediatric ophthalmology and inherited
eye disease and to present this material in a con-
cise readable format. The chapters encompass
both pediatric ophthalmology and inherited
eye disease; neuro-ophthalmology will be cov-
ered in detail in the next volume we edit.

Retinopathy of prematurity (ROP) has be-
come more prevalent as advances in neonatal
care have led to the survival of increasing num-
bers of very-low-birthweight preterm infants.
This monograph includes reviews of current
knowledge of the pathogenesis of ROP and
screening and treatment protocols. There are
also updates on the management of pediatric
ocular tumors, infantile cataract and glaucoma,
conditions which are best managed in special-
ized tertiary referral centers. One of the com-
monest eye problems in childhood is refractive

error and amblyopia. This volume includes 
a review of current knowledge of the causes 
of myopia in experimental animal models and
the implications for the understanding of the
pathogenesis of myopia in man. There are also
chapters on preschool vision screening and
management of amblyopia.

Advances in molecular biology have led to
improved understanding of the pathogenesis of
inherited eye disease, and we have included
chapters summarizing recent advances in un-
derstandings of the molecular genetic basis 
of early onset-retinal dystrophies and child-
hood retinal detachment. There is also a chapter
highlighting the role of ocular electrophysiolo-
gy in the investigation of visual loss in infancy.
Finally, we cover two areas of pediatric ophthal-
mology where ophthalmologists work closely
with their pediatric colleagues, firstly congeni-
tal infections affecting the eye and secondly 
the role of the ophthalmologist in assessing
children with suspected non-accidental injury.

The individual chapters are written by lead-
ing authorities in their field. We are grateful to
them for their excellent contributions and also
to the publishers for their encouragement and
support.

Birgit Lorenz
Anthony T. Moore

Preface
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1.1
Introduction

The size of the organs in the body is continu-
ously regulated to match their functional capac-
ity as required (review: Wallman and Winawer
[79]). There is, however, probably no other or-
gan so precisely controlled in size as the eye: to

achieve full visual acuity, its length must be
matched to the optical focal length of cornea
and lens with a tolerance of about a tenth of a
millimeter (equivalent to 0.25 D). A normal-
sighted (emmetropic) eye that increases in
length by more than this amount will be slight-
ly myopic and experience a detectable loss of
visual acuity at far distances.

Until about 1975, it was thought that this
match was achieved by tight genetic control of
growth, even though this appeared an improba-
ble (or improbably impressive) achievement.
About this time, it was discovered that, in mon-
keys whose lids were monocularly fused to
study the development of binocular neurons in
the visual cortex, the deprived eyes became
longer and myopic [84]. This observation stim-
ulated research into myopia in animal models.
The idea was that eye growth, and therefore also
refractive development, might be under visual
control which is accessible to experimental
studies in which the visual experience is inten-
tionally altered. It also revived an older discus-
sion as to whether myopia is environmental or
genetic.

Today, despite the results from animal mod-
els that demonstrate visually controlled eye
growth, this discussion has not come to an end
(e.g., [42]). Major studies in the United States
concluded that “heritability was the most im-
portant factor” in myopia development and that
only less than 20% can be modulated by visual
experience (Orinda study [43]; twin studies,
e.g., [18]). In contrast, a recent major review of
the literature reaches the conclusion that the
significant increase in the incidence of myopia
in the last 40 years must be due to environmen-
tal factors [39].
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∑ There is overwhelming evidence in both
animal models and humans that refractive
development and axial eye growth are
under visual control

∑ The retina can analyze the sign and amount
of defocus over time and control the
growth of the underlying sclera

∑ Myopia is generally increasing in the 
industrialized world, in particular in the 
Far East

∑ Although genetic factors modulate the 
predisposition to become myopic, the high
incidence of myopia in the industrialized
world is likely to be due to environmental
factors

∑ There are two major strategies to interfere
with myopia development: (1) reducing
“critical visual experience” (which is about
to be defined). More individually adapted
spectacle corrections may be a way since
they can reduce progression of myopia by
up to 50% in selected children. (2) inhibit-
ing axial eye growth pharmacologically.
Atropine is effective, but the mechanism 
of its action is not understood and its side
effects preclude prolonged application

Core Messages



By using animal models, a lot has been
learned about the mechanisms of visual control
of eye growth. However, the definition of the
visual cues that make the eye grow longer in
children is more difficult than expected. Never-
theless, the observations in animal models were
often unexpected and gave rise to new theories
and ideas about human myopia development.At
least, a number of suggestions can be derived
from the experimental results in animals. They
will be described in this chapter but, first, the
basic features of the mechanisms of visual con-
trol of eye growth in animal models will be
summarized.

1.2
Overview on the Experimental Results 
in Animal Models

1.2.1
What Is the Evidence for Visual Control 
of Refractive Development 
and Axial Eye Growth?

It was first demonstrated in young chickens that
fitting the animals with spectacle lenses that im-
pose a defined amount of defocus on the retina
made the eyes grow so that the imposed defocus
was compensated [23, 56].

In the case of a negative lens, the plane of fo-
cus of the projected image is shifted, on average,
behind the retina. It was found that axial length
grew faster than normal, apparently to “catch
the new focal plane.” Cornea and lens did not
show biometric or optical changes. The longer
eye was then myopic without the negative lens
in place but was about in focus with the lens.
The compensation of a negative lens of 4 D took
3–4 days. In the case of a positive lens, axial eye
growth was inhibited until the focal length of
cornea and lens had sufficiently increased to
produce hyperopia of the magnitude that was
necessary to compensate for the lens power.

Developmental adaptation of refractive state
by visual cues was first assumed to be a special
feature of the bird eye. It was subsequently
shown that young monkey eyes could also com-
pensate for imposed defocus (Fig. 1.1) [21, 66].
Given that chicks and monkeys are phylogenet-

ically not closely related, and that monkeys are
much closer to humans than to chicks, it seems
very likely that also the growing human eye can
compensate for imposed defocus.

1.2.2
Which Kind of Visual Stimulation Induces
Refractive Errors in Animal Models?

There are two different visual stimulations that
interfere with axial eye growth: either globally
degrading the retinal image sharpness and con-
trast, or imposing defined amounts of defocus.

1.2.2.1
Stimulation of Axial Eye Growth 
by Retinal Image Degradation

Lid fusion, as performed in the initial experi-
ments [84], is an experimental manipulation
with several effects: the retina no longer has
access to spatial information (although it is not
completely light-deprived), the mechanical
pressure on the cornea is changed, and the
metabolic conditions and temperature in the
eye may be different. Although each of these
factors could interfere with eye growth, it was
found that the most important component was
the deprivation of the retina of sharp vision and
contrast. Accordingly, this type of myopia has
been called form deprivation myopia (FDM) be-
cause form vision is no longer possible. In the
meantime, it became clear that even a minor re-
duction of image sharpness and contrast may
already stimulate axial eye growth: “deprivation
myopia is a graded phenomenon” [67] and this
has been shown in both chickens [3], and rhesus
monkeys [67]. Therefore, the term “form depri-
vation myopia” may be an exaggerated descrip-
tion of the visual condition and could be re-
placed by “deprivation myopia” since this term
makes no assumptions about the exact nature of
the deprivation.

Deprivation myopia has been observed in
almost all vertebrates that have been studied
[79]. It is commonly induced by placing a frost-
ed occluder in front of an eye for a period of sev-
eral days or weeks. The speed by which depriva-
tion myopia develops depends on the species

2 Chapter 1 Development of Ocular Refraction: Lessons from Animal Experiments



and the age of the animal [58]. In 1-day-old
chickens, up to 20 D can be induced over 1 week
of deprivation [77], but only 1 D at the age of
1 year [48]. Rhesus monkeys develop about 5 D
on average during an 8-week deprivation period
at the age of 30 weeks, but only 1 D at adoles-
cence [68]. Deprivation myopia is strikingly
variable among different individuals (range
0–11 D in rhesus monkeys, standard deviations
about 5 D [67] (a similar standard deviation is
typical also in the other animal models). Al-
though the variability cannot be explained by
differences in individual treatment of the ani-
mals, it is unclear whether the variability is due
to genetic factors. Epigenetic variance could
also account for it (R.W. Williams, personal
communication, 2003) although it is striking
that both eyes respond very similarly despite
the lack of visual feedback [57].

Deprivation myopia can be induced in chick-
ens after the optic nerve has been cut [76] and
in local fundal areas if only part of the visual
field is deprived [78]. Local degradation of
the retinal image also produces local refractive
error in tree shrews [63]. There are data in both
chickens [35] and tree shrews [46] showing 
that deprivation myopia also can be induced 
after the ganglion cell action potentials are
blocked by intravitreal application of tetro-
dotoxin, a natural sodium channel blocker.
Taken together, the results show that image 
processing in the retina, excluding its spiking
neurons, is sufficient to stimulate axial elonga-
tion.

1.2 Overview on the Experimental Results in Animal Models 3

Fig. 1.1. If an emmetropic eye is wearing a negative
lens, the focal plane is displaced behind the retina.
Several animal models, including marmosets and
rhesus monkeys, have shown that the eye develops

compensatory axial elongation and myopia. With a
positive lens, axial eye growth is inhibited, and a com-
pensatory hyperopia develops (redrawn after [83],
marmosets, left; [66], rhesus monkeys, right)



1.2.2.2
Control of Eye Growth by Imposed Defocus

One of the most unexpected results of the chick-
en studies was that imposed defocus was com-
pensated even if the connection of the eye to the
brain was disrupted by cutting the optic nerve.
Even though the baseline refraction of the eye
without optic nerve moved to more hyperopia,
suggesting general growth inhibition, negative
lenses still caused axial elongation, and positive
lenses growth inhibition on top of the new base-
line refraction [86, 85]. These results suggest
that the retina releases factors to control the
growth of the underlying sclera. Furthermore,
they show that the retina can make a distinction
between positive and negative defocus.A retinal
control of eye growth is further suggested by the
observation that image defocus [6] is compen-
sated in local fundal areas. Since accommoda-
tion requires an optic nerve and since accom-
modation shifts the focal plane, at least in
humans and chickens, equally across the visual
field, local compensation of refractive errors
cannot be explained by a feedback loop that in-
volves accommodation. Any potential effect of
accommodation on axial eye growth must be
indirect, by changing the focus of the retinal
image.

Experiments with lenses after optic nerve
section have not yet been conducted with mon-
keys. Therefore, it cannot be safely concluded
that monkey eyes compensate imposed defocus
based on a purely retinal mechanism. At least, it
has already been shown [90] that the transcrip-
tion factor Egr-1 in the monkey retina is regulat-
ed by the sign of imposed defocus, similar to the
chicken [4, 12, 65].

1.2.3
What Is Known About the Retinal Image
Processing That Leads to Refractive Errors?

Ignoring accommodation (which is, at least, ap-
parently not necessary), to determine the sign
of the refractive error of the eye, the retina could
compare the focus for different viewing dis-
tances. However, additional information must
be available on the dioptric distance of the view-

ing target. The other option is that the retina has
a mechanism to measure the vergence of in-
coming rays instantaneously. Even though this
idea seems hard to accept, experimental evi-
dence is clearly in favor of this hypothesis.

Chickens that are individually kept in the
center of a large drum so that they have only one
viewing distance can compensate the power of
lenses of either sign. In this case, lens powers
were chosen so that the far point of the eyes was
either behind or in front of the walls of the
drum by the same dioptric amount of 12 D. In
addition, accommodation was suppressed by
cycloplegic agents. If the retina would only
measure image sharpness and contract, all these
treatments should have led to deprivation my-
opia. That hyperopia was induced despite mas-
sive image degradation, can only be explained
by postulating that the retina can determine the
sign of defocus [55]. It is quite impressive that
the growth inhibition signal overwrites the
deprivation-related signal for enhanced eye
growth. Similar experiments have not yet been
conducted with monkeys but, given the similar-
ities among the results from different animal
models, it is possible that also the mammalian
retina can measure the sign of defocus.

Which image processing algorithms or which
optical tricks the retina uses to measure ver-
gence of rays is not clear. The most likely mech-
anisms are not used or, at least, not required
(chromatic aberration, spherical aberration,
astigmatism): Chickens compensate spectacle
lenses equally well in white or monochromatic
light [57]. They also compensate lenses at differ-
ent illuminances and, hence, different pupil
sizes and amounts of spherical aberration [38].
They compensate the spherical refractive errors
even in the presence of extreme astigmatism
[36]. Recent observations in chickens suggest
that the sign of defocus detection is no longer
possible if the chicks were exposed to the 
same visual experience under anesthetized con-
ditions (M. Bitzer, personal communication,
2004).

Both chickens [7] and humans (e.g., [81]) can
rapidly adapt to low image contrast. Since this
adaptation is spatial frequency-specific, con-
trast adaptation can also partially compensate
for the visual effects of defocus [37]. As a result,
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visual acuity can increase over time when defo-
cus is maintained – a well-known experience of
myopic subjects who take off their glasses. The
increase in acuity is not based on refractive
changes and there are no biometric changes in
the eye [26]. It has also been shown that contrast
adaptation is possible both at the retinal and
cortical level [19]. A comparison of contrast
adaptation levels at different spatial frequencies
could be used as a measure of the amount of
defocus over time [20]. Therefore, it has been
speculated that more contrast adaptation at
high spatial frequencies may indicate the pres-
ence of defocus, and that this could be a signal
that could trigger axial eye growth [7]. It is clear,
however, that contrast adaptation does not
carry any information on the sign of defocus.
Rather, it should be related to the retinal mech-
anisms that cause deprivation myopia.

1.2.4
How Long Must Defocus Persist 
to Induce Changes in Eye Growth?

The kinetics have been extensively studied by
Winawer and Wallman [87] in chickens. Their
finding that the temporal summation of defocus
is highly nonlinear was not totally unexpected,
as this was indicated by the experiments of
Schmid and Wildsoet [64], who showed that the
response of refraction to brief periods of nor-
mal vision in lens-reared chicks varied greatly
with the sign of the lens. Winawer and Wallman
found that multiple daily periods of defocus
produce much larger changes in eye growth
than one single period of the same total dura-
tion. If the single periods of lens treatment were
shorter than 20 s, the lenses had no effect on eye
growth. The most compelling result was, how-
ever, that the effects of positive and negative
lenses did not cancel each other out: if negative
lenses were worn all day, but were replaced with
positive lenses for only 2 min, four times a day,
the refractive state shifted still in the hyperopic
direction [91]. Similarly, if monkeys wore nega-
tive lenses all day except for 1 h, the refraction
remained in the range of normal animals [25].
These results suggest that the eye normally has
a built-in protection against myopia develop-

ment. It is also striking that the time constants
for inhibition of deprivation or negative lens-
induced myopia by interruption of treatment
are very similar among different animal models
[70]. A difference between chicks and monkeys
was that interruption of negative lens wearing
with positive lens wearing did not inhibit my-
opia more than interruption without lenses.
However, the positive lenses used in the rhesus
monkeys were +4.5 D and may have been too
strong, given that the linear range of compen-
sation is narrower in monkeys, compared to
chickens.

1.2.5
What Is Known About the Tissue Responses
and the Signaling Cascade from the Retina
to the Sclera?

Once the retina has detected a consistent de-
focus, the release of yet unknown signaling
molecules is altered, which changes the growth
rate of the underlying sclera. The cellular candi-
dates for the release of growth-controlling mes-
sengers are the amacrine cells, although this is
not proven [12]. The signaling molecules reach
the retinal pigment epithelium (RPE), where
they bind to receptors to trigger the release of
secondary messengers at the choroidal side of
the RPE. It is less likely that they are transport-
ed through the tight junctions of the RPE to dif-
fuse toward the sclera. Wallman et al. [80] were
the first to observe in chickens that the choroid
rapidly changes its thickness in such a way that
the retina is moved closer to the focal plane
(thinning when the image plane is behind the
photoreceptor layer and thickening when it is in
front). In chickens, this mechanism can effec-
tively compensate for considerable amounts of
refractive errors (up to 7 D), but in monkeys,
where it has also been observed (marmoset:
[44, 45]; rhesus monkey: [22]), it has only a mi-
nor effect in the range of a fraction of a diopter.
Interestingly, the molecular signals for changes
in choroidal thickness are different from those
that regulate the growth of the sclera (summa-
rized by Wallman and Winawer [79], p 455).

The biochemical nature of “the” retinal
growth signal is not yet resolved. Several trans-
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mitters seem to play a role. The major candi-
dates are glucagon (which responds in correla-
tion with the sign of defocus in chickens [11,
12]), dopamine (which responds only to image
degradation but not the sign of defocus [47, 71]),
potentially acetylcholine (because cholinergic
receptor antagonists inhibit deprivation and
lens-induced myopia [72]), but several other
transmitters, neuromodulators, and growth fac-
tors have also been shown to play a role. In par-
ticular, the potential role of acetylcholine has
been extensively studied. Although most mus-
carinic [31] and nicotinic [73] antagonists have
an inhibitory effect on myopia development,
there are many arguments that the inhibition is
not based on specific binding of the antagonist
to the respective receptors. The burning ques-

tion of how cholinergic antagonists can inhibit
axial eye growth in a variety of vertebrates
(chick: [34, 72]; rhesus monkey: [74]; human: for
example [62]; Fig. 1.2) remains unanswered.

In the case of atropine, currently still the
most effective drug against myopia, at least five
different target tissues have been identified
(summarized by Wallman and Winawer [79]).

The sclera defines the shape and size of the
globe and was therefore always at the center of
interest in myopia research. In an attempt to
identify targets for pharmacological interven-
tion of myopia, its metabolism has been exten-
sively studied in the recent years (summarized
by Wallman and Winawer [79] and [33]). At-
ropine appears to have a direct inhibitory effect
on scleral metabolism [30].
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Fig. 1.2. Inhibition of myopia development in three
groups of children in Taiwan, who received eye drops
every evening with different concentrations of at-
ropine. Note that all concentrations used inhibited

myopia. In the case of 0.5% solution (green crosses),
there was even an initial regression of myopia (re-
drawn after Shih et al. 1999 [62])



1.3
Can Animal Models Help to Improve 
the Management of Myopia in Children?

Several questions regarding the management of
myopia in children and adolescents cannot be
answered from available epidemiological stud-
ies. In these cases, the results from animal mod-
els may provide helpful suggestions. It should
be kept in mind, however, that some children
develop myopia even though they had the same
visual environment as others, who do not devel-
op myopia. Furthermore, children develop
myopia without any treatment with lenses or
deprivation, which is definitely a difference to
experimental animals.

1.3.1
Undercorrection, Overcorrection,
and Full Correction of Myopia

This question is closely related to the question
whether the primate retina evaluates only glob-
al image sharpness or also the sign of imposed
defocus, as previously observed in chickens (see
Sect. 1.2.3). If the retina would only respond to
the visual deprivation associated with defocus,
undercorrection should induce deprivation my-
opia, with more eye growth (although a myopic
or undercorrected eye is still in focus for close
viewing distances). It is known that the mecha-
nism for deprivation myopia is actually active in
a human eye since ocular diseases that interfere
with retinal image sharpness or contrast during
childhood cause axial elongation and myopia
(i.e., early unoperated cataracts, ptosis, and
keratitis). It has not yet been proven that the pri-
mate retina can make the sign of defocus dis-
tinction to control eye growth in a bi-direction-
al way although, at least, the transcription factor
egr-1 in the primate retina has been found to re-
spond to the sign of defocus, just as in chickens
(see Sect. 1.2.2.2). If “sign of defocus sensitivity”
is present, undercorrection should be beneficial.

Myopia has traditionally been slightly un-
dercorrected with the weakest negative lens that
permitted good acuity. However, there are al-
most no data in the literature to suggest that un-

dercorrection may be beneficial, other than
Tokoro and Kabe [75]. This study was not very
well designed since treatments were mixed (at-
ropine treatment and undercorrection by 1 D in
ten children,compared to 13 fully corrected chil-
dren). Nevertheless, it was confirmed by Goss
[14] that the undercorrected group progressed
more slowly (–0.54 D per year) compared to the
fully corrected group (–0.75 D per year; p<0.001).
More recently, a better designed study was con-
ducted in Malaysia [5]. Full correction was given
to 47 children (aged 9–13) and 47 children were
intentionally undercorrected by 0.75 D. In this
study, the fully corrected group progressed more
slowly (–0.77 D per year) than the undercorrect-
ed group (–1.01 D per year; difference about 20%,
p<0.01). In both groups, the average progression
of myopia was strikingly high. Although the sec-
ond study should be more trustworthy, three ad-
ditional points have to be kept in mind: (1) even
with full correction at the time the glasses were
prescribed, all children were undercorrected al-
ready after a few weeks due to the generally high
myopia progression, (2) most myopic subjects
have observed that their progression is restarted
once new spectacles were prescribed, (3) that un-
dercorrected eyes have a faster progression does
not fit with what has been learned from animal
models. Undercorrection should have a similar
optical effect as wearing a positive lens and, ac-
cordingly, should generate a strong inhibitory
signal for axial eye growth (see Sect. 1.2.3).

On the other hand, overcorrection would be
comparable to wearing an additional negative
lens and should stimulate myopia progres-
sion. Overcorrection by 1–2 D has been used in
4-year-old children as a potential therapy for in-
termittent exotropia [28]. However, myopia pro-
gression was not enhanced in the overcorrected
group (on average about 2.5 D progression over
the following 6 years).

Summary for the Clinician

∑ In summary, at present, the results from
animal models and the human studies are
not complementary. It may be necessary 
to wait for the results of another study on
the effects of undercorrection in children,
preferably with another racial group, before
the correction strategies are adopted
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1.3.2
Reading Glasses

The link between “near work” (such as reading
and writing) and myopia has been extensively
studied in the recent years ([54]; short summa-
ry in [39]), and there is little doubt that the cor-
relation is, on average, highly significant. Al-
though it is not clear what exactly the critical
visual experience is, a current hypothesis is that
reading imposes a slight defocus to the retina
because subjects accommodate too little. In fact,
most studies have found a “lag of accommoda-
tion” of around half a diopter at a 3-D reading
distance [60]. The lag of accommodation places
the focal plane behind the retina and could have
a similar effect on eye growth as wearing a neg-
ative lens. Inspired by this idea, a number of
studies have been conducted with reading glass-
es in children since they should reduce the lag.
The first major study from Hong Kong [29]
showed a clear beneficial effect of progressive
addition lenses with +1.5 or +2.0 D addition,
which reduced progression to about half of the
progression with single vision lenses (–1.2 D in
2 years). The idea was also tested in a larger
multicentric study in the United States, the Cor-
rection Of Myopia Evaluation Trial (COMET).
This study also showed some beneficial effect of
progressive addition lenses (on average, 14% in-
hibition of the progression with single vision
lenses of about 1 D in 2 years [16]). The authors
considered the inhibitory effect as “clinically
not significant”. However, if the children were
clustered according to their lag of accommoda-
tion and phorias, the inhibition could rise to
almost 60% in those children who were
esophoric, had a large lag of accommodation
(>0.43 D) and had less myopia at the beginning
of the treatment (>–2.25 D) [17]. It is important
also to recognize that the effects of the progres-
sive addition lenses were generally more ex-
pressed when myopia was still low. A third ma-
jor study from Hong Kong (the Hong Kong Lens
Myopia Control Study [9]) found only a trend of
a beneficial effect of progressive addition lens-
es, but the effect appeared significant when only
children with low myopia were considered.

Summary for the Clinician

∑ In summary, these studies demonstrate
convincingly that refractive development 
is also controlled by visual experience in
humans (not a trivial statement, after all).
They further show that the treatment with
reading glasses is worthwhile, at least in a
subgroup of children

1.3.3
Contact Lenses Versus Spectacle Lenses

There is some evidence in the literature that
rigid gas permeable (RGP) contact lenses have a
beneficial effect on myopia development [50].
A more recent study could not find a difference
between contact lens wearers and spectacle
wearers (–1.33 vs –1.28 D progression in 2 years
[24]). In this study, 105 children aged 6–12 years
wearing contact lenses were compared with 192
children wearing spectacles. Because this is a
potentially important issue, another major
study is underway (the CLAMP study, Contact
Lens and Myopia Progression study). Why
myopia should be inhibited with hard contact
lenses, but not with soft ones is also an interest-
ing question [13]. It is clear that hard contact
lenses flatten the cornea for several days, and
that this mimics a reduction of myopia. There-
fore, vitreous chamber depth measurements are
necessary to confirm that there was really
growth inhibition.

The observation from animal models that
refractive state is locally controlled, also in the
peripheral retina (see Sects. 1.2.2.1 and 1.2.2.2),
suggests another possible explanation: specta-
cle lenses could produce more hyperopic refrac-
tions in the peripheral retina than hard contact
lenses and this could stimulate more eye
growth. Until now, only very limited data have
been published on the peripheral refraction of
human eyes with hard contact lenses compared
to spectacle lenses [61]. This study found that,
on average, there was 0.43 D more hyperopia at
22° off-axis with spectacle lenses, compared to
hard contact lenses (p=0.026). The question
merits further studies in a larger sample.

8 Chapter 1 Development of Ocular Refraction: Lessons from Animal Experiments



Summary for the Clinician

∑ The evidence for an inhibitory effect of
hard contact lenses on myopia development
is mixed. It is advisable to wait for the
results of the CLAMP study

1.3.4
Illumination, Reading Distance, Computer
Work Versus Reading Text in a Book

It is surprising that there are only studies from
chickens to determine whether ambient illumi-
nance has an effect on myopia development. It
was found that refractive errors imposed by spec-
tacle lenses are similarly compensated over a wide
range of illuminances (see Sect. 1.2.3). Therefore,
these experiments provide no evidence that read-
ing at low light may represent a risk factor. Only
Feldkaemper et al. [10] have studied whether re-
duction of retinal image brightness by covering
the eyes with neutral density filters can induce
deprivation myopia. Refractive development was

not altered if the filters attenuated the ambient
light (illuminance 400 lux) by less than 2 log units.
With darker filters, however, the refractions be-
came more myopic, although not as myopic as
with frosted eye occluders that degraded the reti-
nal image, but attenuated light only by 0.38 log
units. Furthermore, when the animals were
placed in dim light (2.0 log units lower than con-
trols) they did not become myopic without eye
occluders but,even “clear”filters (denoted as “1”in
Fig. 1.3), caused some myopia. These results sug-
gest that eye growth becomes more sensitive to
minor image degradation when the retinal image
brightness is reduced (Fig. 1.3).

A possible reason why this could happen is
that both retinal image brightness and retinal
image contrast and sharpness reduce the release
of dopamine in the retina [10], and dopamine re-
lease has been shown to have an inhibitory effect
on eye growth [47]. Even though these ob-
servations are from chickens, they suggest that
reading (which also represents a minor image
degradation due to the lag of accommodation)
might be more myopigenic at poor illumination.
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Fig. 1.3. Lowering the retinal image brightness in the
chick eye by light neutral density filters has no effect on
refractive development as long as the filters are weak (1
no attenuation, 2 0.5 log units, 3 1.0 log units). If the fil-
ters are more dense (4 2.0 log units attenuation) some
myopia develops, similar to when the filters are com-
pletely black (5). However, frosted diffusers that atten-

uate the light only a little (0.38 log units) cause much
more myopia (6). This result suggests that low retinal
image brightness interferes with eye growth. Further-
more, if the chicks are kept in low light (2.0 log units
less than controls), even clear occluders cause some
myopia,suggesting that eye growth becomes more sen-
sitive to minor image degradation. Redrawn after [10]



One would expect that reading distance is
also important because the lag of accommoda-
tion increases with decreasing target distance.
Pärssinnen and Lyrra [49] studied 238 Finish
school children at 10 years of age and found that
myopia progression was higher in those chil-
dren who read at 20 cm distance than in those
reading at 30 cm distance. However, it should be
kept in mind that this relationship need not be
causal – it could be that children with higher
myopia progression also have the habit of read-
ing with shorter target distances.

There is no evidence that a computer screen
has a different effect on myopia progression as a
text printed on paper. It is likely, however, that
extended work on the computer causes myopia
due to the constantly short viewing distances.
Several studies have come to this conclusion
[41]. Given the extreme growth rates of the com-
puter market in the Far East, it appears likely
that the rapid increase in myopia in school-
children is, in fact, related to computers. Every-
body who has children realizes how fascinating
computer games are for them, compared to
books.There is no doubt the “dose”of near work
is greatly increased with computers.

Summary for the Clinician

∑ That reading at poor illumination increases
the risk of myopia development is only
suggested by experiments in chickens.
Despite the lack of other evidence, it is still
advisable to use appropriate illumination.
Reading distance is a critical factor and
reading should occur at sensible distances
(i.e., 30 cm). There is no evidence that com-
puter work is more myopigenic than read-
ing a book at the same distance, but the
computer is more attractive, increasing 
the “dose” of near work

1.3.5
How Long Must the Near Work Be
Performed to Induce Myopia?

Initially, the amount of near work was quanti-
fied in “diopter hours” (amount of accommoda-
tion ¥ duration in hours).However, there was an
inherently low correlation between myopia 

progression and the amount of near work, as
measured in diopter hours [43], although sig-
nificant correlations were achieved because of
the large numbers of samples already in the 
early studies (i.e., 793 children [88]). A large
study on the relationship of near work and 
myopia in 1,005 school children in Singapore,
7–9 years old [54], showed that axial eye length
was correlated to the myopia of the parents 
but also to the numbers of books that were 
read per week. There was a significant increase
in myopia when two books were read vs when
one book was read, but only in those children
whose two parents were myopic. One possible
explanation for the relatively low correla-
tion between near work and myopia is that 
the exact behavioral pattern during reading
may be important. It was already suggested by
Winawer and Wallman [87] that diopter hour
may not the best unit to predict myopia from
near work.

Summary for the Clinician

∑ If the observations in animal models (see
Sect. 1.2.4) are applicable to human myopia,
interruption of reading for only short peri-
ods, and looking at a distance, should effec-
tively inhibit the growth signal for the eye.
More research is necessary in the monkey
model and in children to find out whether
temporary wearing of positive lenses could
further strengthen this inhibitory signal for
axial eye growth

1.3.6
Night Light, Blue Light

Based on the observation that the ocular growth
rhythms are disturbed during development of
deprivation myopia in chickens [82, 44], whether
diurnal light rhythms might interfere with
myopia development in children was tested. In
the initial study [52], a high correlation between
exposure to light during the night and myopia
development was found. Later studies [15, 89]
could not confirm this relationship and one
possible explanation was that myopic parents
had the lights on at night more frequently. The
higher incidence of myopia in their children
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could then be explained by inheritance. Also, in
monkeys, no effect of continuous light on em-
metropization could be found [69]. Although
chromatic aberration is not necessary for em-
metropization (see Sect. 1.2.3), each of the three
classes of cones can control accommodation in-
dependently (humans: [53, 27]; chickens: [59]).
Because short wavelength light is focused closer
to the cornea and lens, less accommodation 
is necessary to focus a near object onto the reti-
na. Using this argument, Kroger and Binder 
[27] proposed that children should become less
myopic if they read in blue light or from paper
that reflects preferentially at short wavelengths.
However, if accommodation already adjusts 

for the chromatic shift in focus, it is not clear
how the retina can detect a different focus 
error signal, which would make the eye grow
less in the blue. This question could only be 
resolved by an experiment: chickens were 
kept in red and in blue light for 2 days. To ex-
clude that only the tonic accommodation level
had shifted, they were refracted both in the 
dark or in white light under cycloplegia. There
was a significant shift to more hyperopia (1.1 D)
in the group that was raised in blue light
(Fig. 1.4). In conclusion, the basic idea of Kroger
and Binder [27] seemed to work in chickens, but
it has not yet been tested in monkeys or hu-
mans.
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Fig. 1.4. Emmetropization responds to the chromatic
shift in focus at different wavelengths. The chickens
were raised first in quasi-monochromatic blue light,
then refracted and then placed in quasi-monochro-
matic red light for 2 days. A shift in the myopic direc-
tion of about 1.1 D was observed, in line with the ex-

pected chromatic shift. A second group was first
placed in the red and then in the blue, and the shift in
refraction was in the other direction.All chickens were
refracted in complete darkness and under cycloplegia,
to avoid potentially confounding effects of a possible
shift in tonic accommodation. Replotted after [59]



Summary for the Clinician

∑ Night light does not seem to be a risk factor
as initially assumed. Reading in light of
shorter wavelengths (i.e., around 430 nm)
or from paper that reflects preferentially 
at short wavelengths could have a small 
inhibitory effect on myopia, although these
conditions are difficult to create

1.3.7
How Could Visual Acuity Improve 
Without Glasses?

Although for many years it has been known that
contrast adaptation occurs in the visual system,
it was discovered only recently that contrast
adaptation can partially compensate for poor
focus. This mechanism can also increase visual
acuity without there being any optical changes

in the eye. A compelling demonstration was
published by Webster et al. [81]. If the subject
views an image that has been low pass filtered or
defocussed and has, accordingly, low contrast or
complete absence of high spatial frequency
components, the visual system increases its sen-
sitivity at the respective spatial frequencies.As a
result, the image appears sharper (Fig. 1.5).

On the other hand, if an image is viewed that
has high contrast and high spatial frequency
content, the visual system reduces its contrast
sensitivity at the respective spatial frequencies.
Since contrast adaptation has a fast and a 
slow component, extended exposure to defocus
makes the image appear sharper [37]. Contrast
adaptation has to be taken into account when an
increase of visual acuity is claimed following
eye training procedures. No biometrical and op-
tical changes have been found in the eye, follow-
ing vision training [26].
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Fig. 1.5. Illustration of the effect of spatial frequen-
cy selective contrast adaptation on the impression of
focus. First fixate the red spot in the upper picture for
about 20 s. Then rapidly move your fixation to the red
spot in the lower picture. For a short period of time,

the picture on the right appears sharper and has more
contrast, even though the left and right picture are
identical (demonstration replotted with new sample
pictures after Webster et al. [81])



Summary for the Clinician

∑ Visual acuity can somewhat be improved
under prolonged defocus as a result of
contrast adaptation. In contrast to occa-
sional claims, there are no solid data show-
ing a regression of myopia and a reduction
of eye growth as a result of vision training

1.3.8
Age Window for Intervention

Experiments in animal models have shown 
that myopia can be experimentally induced both
in young and adolescent animals in which axial
eye growth has already leveled off (Sect. 1.2.2.1).
The older the animal, the less myopia develops
and the longer treatment periods are necessary.

It has never been shown that an eye can be
made shorter by treatment with positive lenses,
once the final length had been reached (a minor
decline in axial length was found, however, with
high doses atropine, which was also accompa-
nied by a shift in the hyperopic direction [8, 62].
Because the eye apparently cannot effectively be
made shorter by visual feedback, there is also no
recovery from induced myopia, once the animal
has grown up (i.e., rhesus monkey: [51]).

In extrapolation to humans, one would expect
that myopia can always be induced by changes in
visual experience (i.e., a change in profession that
includes a heavy load of near work), although
with lower gain. This “adult onset myopia” has
been described in the literature before [1, 32].

Summary for the Clinician

∑ The older the eye, the less important the 
input of visual experience is. The most 
sensitive period is the phase with the fastest
growth. However, myopia can still be
induced in adult animals and humans

1.3.9
Pharmacological Intervention for Myopia

Given that the effects of different optical correc-
tions on myopia development are relatively
small, except perhaps for a subgroup of children

(see Sect. 1.3.2), and given that the visual experi-
ence in the industrialized world cannot be
changed much, other treatment regimens are of
interest. A drug such as atropine would be very
attractive if it did not include the side effects of
cycloplegia, photophobia, and if it did not lose
its effects over a time period of 2–3 years. This
could perhaps be prevented by less frequent
application. However, there are no controlled
studies yet to explore how often atropine must
be applied to exert an inhibitory effect on axial
eye growth. It is possible that application as eye
drops every evening at high doses may be exag-
gerated. Nevertheless, atropine could be used as
a model drug: once the mechanism by which it
suppresses axial eye growth has been under-
stood, a more specific target could be defined
and a more selective drug developed. It is ob-
vious that this area of research is particularly
exciting.

Summary for the Clinician

∑ Atropine applied as eye drops is the most
potent inhibitor of axial eye elongation.
However, the underlying mechanisms are
not yet understood. Its side effects preclude
extended application in children. Atropine
could be used as a model to discover target
tissues and mechanisms to develop more
specific drugs. Other similar drugs are also
effective, but less so

1.3.10
Emmetropization in Hyperopia 
with and Without Optical Correction

Since emmetropization appears to be guided by
the focus of the retinal image, the question aris-
es whether optical correction of hyperopia in
children could delay or exclude emmetropiza-
tion to normal refractions. There are a number
of studies on this topic: Mulvihill et al. [40] have
shown that children with high hyperopia (ap-
proximately 6 D) are surprisingly stable in their
refractions, whether they have been optically
corrected or not. Apparently, the visual feed-
back to eye growth is inactive in high hyperopia.
In line with this observation, another major
study [2] has shown that there is little effect of
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optical correction on the development of hyper-
opia in those children who were more than 3 D
hyperopic. Children who were less hyperopic
showed clear emmetropization, with the refrac-
tive changes per year negatively correlated with

the amount of hyperopia in the beginning. In
this group, refractive correction should have an
effect, but it was not found in this study [2]. In
conclusion, it seems as if the mechanism of em-
metropization is ineffective or lacking in highly
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Fig. 1.6. Comparison of the effects of different treat-
ment protocols on myopia progression in children. By
far the most effective treatment was atropine, applied
every evening by eye drops (complete inhibition of fur-
ther progression). Pirenzepine was effective in the
1st year (about 50% suppression). The different optical
treatments reduced progression between 20% and
40%. Overcorrection had no significant effect. Under-

correction had a weak stimulatory effect. Data from
hard contact lenses are variable and require further
studies (CLAMP study underway). Note that the base-
line progression may have varied in the different
groups. Note further that atropine and pirenzepine
treatment lost its effect in the 3rd year (data not shown,
see text). (replotted after a slide shown by W.-H. Chua
at the ARVO meeting, Ft. Lauderdale, 2004)



hyperopic children, and that full correction is
probably the best treatment. In those children
who are less than 3 D hyperopic, emmetropiza-
tion could be slowed down by full correction
although larger studies may be necessary to
prove this assumption.

Summary for the Clinician

∑ Hyperopia seems to represent a failure 
of the emmetropization process since eye
growth no longer responds to visual experi-
ence. Possibly for this reason, highly hyper-
opic children show no developmental
change in refraction, neither with nor 
without spectacle correction. Children 
who are less than about 3 D hyperopic show
emmetropization and may lose their hyper-
opia more slowly when fully corrected

1.4
Summary of Effects of Different
Intervention Regimens on Myopia

There is little doubt that the pattern of focus on
the retina determines the growth rate of the eye
but it is difficult to control this variable precise-
ly, due to effects of binocular input, uncon-
trolled fluctuations of accommodation, habits
of preferred reading distance, contrast adapta-
tion and blur sensitivity, and near work inter-
ruption patterns. It should be possible to devel-
op individual optical corrections that are most
appropriate to reduce myopia progression in a
given individual that take these variables into
account. Pharmacological intervention appears
to be another promising means of treatment,
although the best targets have not yet been de-
fined. A summary of the effects of the different
treatment attempts is shown in Fig. 1.6.

Summary for the Clinician

∑ Atropine treatment is the most powerful
way to inhibit myopia. There is even a
regression of myopia during the first
months. Unfortunately, the system adapts to
the treatment and atropine loses its effect
in the 2nd or 3rd year. The other treatments
described can only inhibit myopia develop-
ment, by up the 50 %, but cannot stop it
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2.1
Introduction

2.1.1
Definition of Screening

The United States Commission of Chronic
Illness [10] defined screening in 1957 as “the
presumptive identification of unrecognized dis-
ease or defect by the application of tests, exami-
nations, or other procedures which can be

applied rapidly. Screening tests sort out appar-
ently well persons who probably have a disease
from those who probably do not. A screening
test is not intended to be diagnostic. Persons
with positive or suspicious findings must be
referred to their physician for diagnosis and
necessary treatment.” This description is still
highly accurate.

Screening refers to the application of a test
(or tests) to people who are asymptomatic, for
the purpose of classifying them with respect to
their likelihood of having a particular disease.
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∑ Vision screening in childhood aims to 
detect several disorders resulting in vision
defects.Vision screening programs usually
consist of examinations in the newborn 
period, surveillance via Child Heath Care
centers, and preschool vision screening

∑ Preschool vision screening aims to detect
amblyopia and related conditions such as
strabismus, anisometropia, and refractive
errors. Due to lack of predictive and easily
identifiable risk factors, population-based
screening is recommended

∑ High participation rates are of utmost 
importance for an effect to be garnered
from a population-based point of view.
By combining preschool vision screening
with other well-known and well-attended
systems, such as school entry or vaccination
programs, high participation rates may be
facilitated

∑ Visual acuity testing is recommended due
to high sensitivity and specificity. Moreover,

it is reliable, safe, and repeatable. It is easy 
to perform and has been shown to be cost-
efficient. Charts in logMAR steps and with
crowded optotypes are recommended

∑ Current knowledge points toward a possi-
ble age effect in amblyopia treatment,
with better outcome in younger children.
The dividing line seems to be at age
4–5 years

∑ The “best buy” for preschool vision screen-
ing seems to be vision screening at age
4–5 years when visual acuity testing can 
be reliably performed and successful treat-
ment is still achievable

∑ Preschool vision screening and treatment
for amblyopia is probably cost-effective, but
depends on whether amblyopia is connect-
ed to loss in utility and whether treatment
restores utility

∑ Further knowledge on the relationship 
between amblyopia and quality of life/
utility is needed

Core Messages



As indicated above, screening does not claim to
find all affected subjects, or correctly diagnose
those with disease. The aim of a screening pro-
gram is to correctly identify as many individu-
als affected by the target condition as possible
while minimizing the numbers of healthy indi-
viduals who are incorrectly suspected of having
the disorder.

In 1968,Wilson and Jungner [52] added crite-
ria about the disorder screened for and the treat-
ment. They state that the conditions screened 
for needs to have a high prevalence in the popu-
lation, it has to be significantly disabling, it has
to have a known natural history, and it should
have a presymptomatic phase. Moreover, there
has to be an accessible treatment, which is effec-
tive and acceptable to the participants.

In recent years, the potential negative effects
of screening programs have received attention.
These include the risk of imposing anxiety upon
the identified individual and his or her family.
False-negative cases may be erroneously reas-
sured that they are healthy and false-positive
cases are exposed to unnecessary investigation.
Some screening programs also involve poten-
tially hazardous examinations, such as X-rays.
Moreover, there may be legal risks involved,
with subjects missed at screening suing health
care professionals.

In a world with limited economic resources
and ever-growing expenses for medical services,
the demand for evaluation, evidence of benefit,
and proof of cost-effectiveness for government-
financed screening programs has also increased.

2.1.2
Aims of Vision Screening

Screening programs generally aim to detect a
specific disease. Vision screening in childhood
differs from this since it detects a range of oph-
thalmologic disorders related to different visual
problems.

Population-based vision screening in the
newborn period normally includes examina-
tion of the red reflex. It aims to detect structur-
al abnormalities and serious conditions, which
threaten vision, or even life, such as congenital
cataracts and retinoblastoma.

In most screening statements on preschool
vision screening, the purpose of the programs
has been to identify and treat amblyopia and re-
lated conditions, holding a gain for the society
in reduction of visual loss in the population.

In many industrialized countries, there is a
general surveillance system for all children,
with examinations throughout infancy and
childhood, with the purpose of following the
development of all children and detecting prob-
lems or disease. As well as noticing other prob-
lems, visual and ophthalmologic disorders with
signs and symptoms, such as strabismus, are
found by this surveillance system. The presence
of an attentive public health system, observant
parents, and the accessibility of further exami-
nations is important for visual and ocular sur-
veillance of infants and children.

Apart from population-based vision screen-
ing of newborn and preschool children, special
risk groups may need additional examinations.
These include screening for ROP (retinopathy
of prematurity) in children born preterm and
examinations of children with certain heredi-
tary disorders, etc.

Summary for the Clinician

∑ Screening sorts out apparently well persons
who probably have a disease from those
who probably do not. A screening test is not
intended to be diagnostic

∑ Vision screening in childhood aims to
detect vision defects. It usually consists 
of examination(s) in the newborn period,
surveillance via child heath care centers,
and preschool vision screening. Special 
risk groups, such as children born preterm,
may need additional screening

2.2
Preschool Vision Screening

2.2.1
Definition of Preschool Vision Screening

According to the Medical Subject Headings
(MeSH) database of the United States National
Library of Medicine (NLM), the term “pre-
school” refers to a child between the ages of 2
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and 5 years. The adjacent age groups are “in-
fant,” which refers to a child between 1 and
23 months of age, and “child,” which refers to a
person 6–12 years of age. The MeSH thesaurus is
used by NLM for indexing articles from 4,600 of
the world’s leading biomedical journals for the
MEDLINE/PubMED database. In publications,
the term “preschool” is unfortunately some-
times used with reference to the school-system
in the country concerned rather than in the sci-
entifically defined way.

In this chapter, we have used the definition of
preschool age from 2 years of age to 5 years of
age (i.e., before the 6th birthday).

2.2.2
Target Conditions 
for Preschool Vision Screening

Amblyopia and amblyogenic factors are the
commonest target conditions for preschool vi-
sion screening. Amblyopia is normally defined
as a reduction of visual acuity, despite optimal
optical correction and without any signs of
organic cause. The reduction in visual acuity is
commonly unilateral, but it can be bilateral.
Amblyopia can only develop during the sensi-
tive period for visual development, which
stretches over the first decade of life.

Amblyopia is associated with conditions
depriving the visual system of normal visual
experience. Campos [6] suggests three groups
of amblyogenic factors: (1) strabismus, (2) ani-
sometropia, and (3) form vision deprivation.
The causes of unilateral form deprivation
amblyopia include complete ptosis, media 
opacities, unilateral occlusion, and cycloplegia
caused by pharmacological agents such as at-
ropine. Bilateral amblyopia may in addition be
associated with uncorrected high bilateral hy-
peropia, astigmatism (meridional amblyopia),
and nystagmus.

Strabismus and anisometropia are the two
dominating amblyogenic factors. The causes for
strabismus and anisometropia are obscure and
possibly even entangled. It is far from estab-
lished what comes first in amblyopia. Does ani-
sometropia come first and lead to the develop-

ment of amblyopia, or is it amblyopia that caus-
es the abnormal refraction? It has been shown
that in unilateral amblyopia associated with
hyperopia and strabismus, the fixating eye
becomes more myopic with time, while the am-
blyopic eye remains hyperopic. Moreover, ani-
sometropia can lead to development of strabis-
mus and amblyopia formation. In normal visual
development, the refractive status of the eye
approaches emmetropia during childhood, a
process known as emmetropization. Failure to
emmetropize has been shown to be highly asso-
ciated with development of amblyopia [1, 43]
(Fig. 2.1).

Treatment of amblyopia generally consists of
occlusion of the better eye with an adhesive
patch, combined with optical correction when
needed. Recent reports have also boosted the
use of atropine drops, an old clinical method
that had fallen into oblivion.

Considering the criteria suggested by 
Wilson and Junger for screening programs (see
Sect. 2.1.1), preschool vision screening only ful-
fill some. Amblyopia affects 2–4% of the popu-
lation, giving it a considerable prevalence. The
natural history of amblyopia is insufficiently
known (see Sect. 2.2.3),as well as the possible at-
tributable disability (see Sect. 2.7.2). Amblyopia
is usually asymptomatic, and there is accessible
treatment, which (provided good compliance)
is effective in general. The acceptability of the
treatment has been debated, but recent data in-
dicate that the psychosocial impact of treatment
is less than feared.
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Fig. 2.1. Interrelationships and interactions between
amblyopia and amblyogenic factors. No simple cause
and effect connections seem to exist



2.2.3
Natural History of Untreated Amblyopia

There are no longitudinal studies that have in-
vestigated the natural history of untreated am-
blyopia. From an ethical point of view, it would
be very difficult to withhold treatment from a
child with detected amblyopia. Studies on natu-
ral history of amblyopia due to noncompliance
have shown that the visual acuity of the ambly-
opic eye deteriorates during childhood [42] as
well as during adolescence [13]. Studies on
prevalence of amblyopia in countries without
vision screening and studies on prevalence in
nonscreened older age-cohorts in countries
with vision screening have consistently shown
higher prevalences than in vision-screened
populations (Table 2.1). These facts strongly in-
dicate that amblyopia does not spontaneously
resolve with increasing age.

2.2.4
Whom to Screen?

Screening can be applied either to all (popula-
tion-based screening) or to high risk groups
(selective screening). In the presence of certain
risk factors, such as increasing astigmatism or
strabismus, the risk for amblyopia development
is markedly increased compared to that of the
general population [43]. This makes it tempting
to suggest selective screening, e.g., for siblings
of children with strabismus or children of par-

ents with amblyopia. Unfortunately, less than
half of children with strabismus have a family
history of this disorder. Moreover, amblyopia
and amblyogenic factors such as microstrabis-
mus and anisometropia are asymptomatic,
making it almost impossible for the child or
parent to detect it. Inversely, far from all chil-
dren with significant ametropia or anisome-
tropia become amblyopic, and refractive devel-
opment has been shown to be surprisingly
dynamic [1].

In consequence, the lack of highly predictive
and easily identifiable risk factors for a majori-
ty of amblyopic subjects makes population-
based screening the only plausible choice for
preschool vision screening [43].

Summary for the Clinician

∑ Preschool refers to a child between the ages
of 2 and 5 years

∑ Preschool vision screening aims to detect
amblyopia and related conditions, such as
strabismus and anisometropia. Population-
based screening is recommended since
highly predictive and easily identifiable
risk factors are lacking

∑ The natural history of untreated amblyopia
is insufficiently studied, but current knowl-
edge strongly indicates that it does not
spontaneously resolve
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Table 2.1. Prevalence of amblyopia in previous studies of screened and unscreened populations

Author: Screened Sample Age (years) Definition Prevalence

Köhler and Stigmar (1978) [24] Yes 2,178 7 ? 0.8%

Jensen and Goldschmidt (1986) [21] Yes 8,769 5 to 13 ≤0.5 1.1%

Kvarnström et. al. (1998) [28] Yes 3,126 10 ≤0.5 0.9%

Ohlsson et al. (2001) [34] Yes 1,046 12–13 ≤0.5 1.1%

McNeil (1955) [30] No 6,965 9–15 ≤20/30 2.7%

Vinding et al. (1991) [49] No 1,000 60–80 6/9 2.9%

Attebo et al. (1998) [4] No 3,654 49 ≤0.5 2.5%

Ohlsson et al. (2003) [35] No 1,035 12 to 13 ≤0.5 2.5%



2.3
Vision Screening Methodology

2.3.1
What Test to Use for Screening?

The capacity of a test to correctly identify sub-
jects in a screening situation is described as
sensitivity and specificity. The sensitivity of a
test is the ability to detect subjects who truly are
affected by the target condition (“truly dis-
eased”). The specificity of a test is the ability to
correctly identify subjects free of the target con-
dition (“truly healthy”) (Table 2.2). A test with
low sensitivity fails to detect a substantial part
of affected individuals (“under-referrals”).
A test with low specificity wrongly suspects 
disease in a large number of healthy subjects
(“over-referrals”). Sometimes the qualities of a
screening test are also described in terms of
positive predictive value, which is the propor-
tion of subjects found positive upon testing who
truly are affected with the target condition. A
low positive predictive value means that few of
those found positive at screening actually are
affected by the disease. This might lower the
confidence of the screening result among the
public and can lead to low compliance with
referral for more specialized care.

2.3.2
Visual Acuity

Visual acuity testing has been shown to be very
sensitive in detecting amblyopia [23, 28]. Speci-
ficity is high and it is relatively easy to carry out,
but also has the disadvantage of being time-
consuming and sensitive to simple refractive
errors. Visual acuity testing should preferably
be performed with age-appropriate visual charts
in logMAR steps. Each step/line (0.1) in the 
logMAR system is equally large physiologically
speaking, in contrast to Snellen lines. Crowded
visual charts have been shown to be more sensi-
tive in detecting amblyopia. If single optotypes
are used, products with crowding bars sur-
rounding the optotype should be chosen.

When testing a child monocularly, the exam-
iner must ensure that the occluded eye is totally
covered in order to avoid peeking. An adhesive
occluder is more reliable than a “pirate-patch.”

2.3.3
Stereo Tests

Theoretically, stereo tests are attractive to use in
a screening situation. They are less time-con-
suming than most other test methods, less sensi-
tive to simple refractive errors, and may offer a
“system”test of both optical and motor as well as
neuronal components of vision. Unfortunately,
several authors have found disappointing results
with unacceptably high under-referral rates.
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Table 2.2. Definitions of sensitivity, specificity, positive and negative predictive value

Truly diseased Truly healthy Total

Positive screening test a b a + b

Negative screening test c d c + d

Total a + c b + d

a = the number of subjects who have the disease and for whom the screening test is positive (true positive);
b = the number of subjects who are healthy, but for whom the screening test is positive (false positive);
c = the number of subjects who have the disease, but for whom the screening test is negative (false negative);
d = the number of subjects who are healthy and for whom the screening test is negative (true negative);
Sensitivity: a/ a+c; specificity: d / b+d; positive predictive value: a / a+b; negative predictive value: d / c+d



2.3.4
Orthoptic Assessment

An orthoptic examination usually includes cov-
er-uncover testing at near and far, examination
of eye motility and head posture and sometimes
evaluation of fixation. In most screening set-
tings where the examination is carried out by
orthoptists, the assessment also includes stereo
testing and monocular visual acuity.

2.3.5
Photorefractive Screening

Autorefraction at an early age has been suggest-
ed as a method of detecting strabismus and pre-
venting amblyopia formation by correcting
ametropia and anisometropia with glasses.
Theoretically, photorefraction is an attractive
method since it can detect amblyogenic factors
and thus constitute a system of primary preven-
tion. Drawbacks include difficulties in detecting
microstrabismus and defining when a refractive
error is highly amblyogenic for an individual
child, especially during infancy or early pre-
school age. Furthermore, the risk of unneces-
sary treatment is marked in many children. Em-
metropization has been shown to be a very
dynamic process, and by correcting all children
who on one occasion are found to have
ametropia and/or anisometropia, large num-
bers will be subjected to unnecessary treatment.
Early optical correction has moreover been ac-
cused of disturbing emmetropization. Current
knowledge is contradictory.

2.3.6
Cost-Effectiveness of Different Tests

The cost-effectiveness of different methods of
screening for amblyopia in preschool children
has been compared in a study by König and
Barry [25]. They found that visual acuity screen-
ing, with re-screening of inconclusive cases, was
most favorable from a cost-benefit point of
view. By adding additional testing (cover test-
ing, motility test, and head posture), only a few

additional cases were detected while the costs
increased dramatically. Refractive screening
was on average 60% more expensive than other
methods (average cost per detected case) due to
large numbers of false-negative, false-positive,
and inconclusive results.

2.3.7
Who Should Perform the Screening?

The cost and accessibility of vision screening is
highly dependent on the profession of the per-
sonnel who conduct the tests. The level of train-
ing needed for the screening also depends on
the test used in the program. Stereo testing,
autorefractor readings, and visual acuity testing
can be done by ophthalmologically unskilled
personnel with only a minimum of training.
Cover testing and other orthoptic assessment,
on the other hand, requires highly skilled per-
sonnel. Moreover, one should not blink at the
fact that strong occupational groups may have a
major impact on decisions taken regarding
vision screening. Government-financed exami-
nations of an entire population naturally in-
volves economic interests.

In Sweden, nurses in Child Health Care Cen-
ters do the screening (visual acuity testing),
while in the UK, the testing is usually performed
by orthoptists. In the United States, pediatri-
cians or general practitioners often carry out
vision screening. There are also programs in the
US that have volunteers conducting the exami-
nation (autorefractor photographs) and the
interpretation of the results is done by trained
specialists.

2.3.8
At What Level Should Pass/
Fail Criteria Be Set?

Independent of the screening method chosen,
the pass/fail criteria established are essential 
for the sensitivity and specificity of the test. A
low (i.e., 0.5 instead of 0.8) pass/fail threshold
will lower the number of over-referrals, but it
will also increase the number of under-referrals
and vice versa. Both under- and over-referrals
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are considered disadvantages in a screening sys-
tem. Under-referrals give a false impression of
visual and ocular health, while over-referrals
lead to an unnecessarily large number of sub-
jects referred for more specialized examina-
tions.

In a recent policy statement by the American
Academy of Pediatrics, visual acuity of less than
20/40 in either eye, or a two-line interocular
difference irrespective of visual acuity, at age
3–5 years is suggested for referral criteria [11].
For children 6 years and older, visual acuity less
than 20/30 in either eye, or a two-line interocu-
lar difference irrespective of visual acuity, is
suggested. For both age groups, any abnormali-
ties of ocular alignment or ocular media also
constitute reasons for referral.

In Scandinavia, the visual acuity criteria have
traditionally been stricter. In Sweden the refer-
ral criteria for 4-year-olds has been less than 0.8
(20/25) in either eye, or two lines of interocular
difference. For 5.5-year-olds, the criteria has
been less than 1.0 (20/20) in either eye, or two
lines interocular difference [28]. Due to large
numbers of over-referrals, a project was carried
out in the Göteborg region with less strict refer-
ral criteria [15]. Children with visual acuity
(0.65 in each eye or 0.65 in one eye and 0.8 in the
other) where re-tested at age 5.5 years and then
referred if visual acuity is less than 0.8 in either
eye. The project showed that few children with
slightly reduced visual acuity at age 4 years had
conditions needing specialized ophthalmologic
care. For those requiring treatment, outcome
was good.

In a study on randomized treatment of uni-
lateral visual impairment detected at preschool
vision screening in 3- to 5-year-old children,
Clarke et al. [9] found no difference in outcome
for children with initial visual acuity 0.5–0.67,
when comparing subjects who received treat-
ment to those who did not receive any treat-
ment. They argue that “. . . children with 6/9 
(approximately 0.65) in one eye no longer con-
stitute screen failures and do not justify treat-
ment, even with glasses.”

Summary for the Clinician

∑ The ability of a test to correctly identify 
affected subjects is termed sensitivity.

∑ The ability of a test to correctly identify
healthy subjects is termed specificity.

∑ The cost and accessibility of vision screen-
ing depends on the profession conducting
the test. By using tests that can be adminis-
tered by personnel with only a minimum of
ophthalmologic training, costs for screen-
ing can be kept low.

∑ Choosing appropriate pass/fail criteria is
crucial for a screening system to be effi-
cient. Referral criteria for visual acuity at
preschool screening differ between coun-
tries. Recent studies suggest that 3- to 
5-year-old children with moderately 
reduced visual acuity (0.65) should not be
considered screening failures due to lack of
effect on outcome compared to controls.

2.4
When to Screen?

2.4.1
Treatment Outcome and Age

For many years, there has been a general belief
among ophthalmologists that early detection of
amblyopia gives better treatment outcome. Re-
cent studies have shown contradictory results.

Williams et al. [50] compared an extensive
program with orthoptist examinations on six
occasions from age 8 months to age 37 months,
with one orthoptist examination at age 37 months.
Results showed that children subjected to the
intensive screening protocol had a lower preva-
lence of amblyopia at age 7.5 years. Interestingly,
more than half of amblyopic subjects in the in-
tensive groups were found at 37 months, despite
five previous examinations. A major drawback
of the study is the large number of dropouts at
the final examination; only slightly more than
half attended at age 7.5 years, which makes the
representativeness of the results questionable.

In two studies by the US-based Pediatric Eye
Disease Investigator Group on moderate ambly-
opia (VA 0.2–0.5) in children aged 3–7 years, no
association was found between age and treat-
ment effect [38, 39]. In a study on severe ambly-
opia (VA 0.05–0.2) by the same group [18], no
significant age effect was found when compar-
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ing all age groups, but when pooling data and
comparing younger children (<5 years old) to
older children (5 to <7 years old), a significant
age effect was found with a larger improvement
in younger children.

In a study of children aged 3–5 years, Clarke
et al. [9] found no negative effect when treat-
ment was delayed until age 5 years. Surprisingly,
their data even showed that deferring treatment
nearly halved the proportion of children need-
ing patching treatment at all.

Results from the Monitored Occlusion Treat-
ment of Amblyopia Study (MOTAS) [46] found
a significant difference in improvement of visu-
al acuity following occlusion with greater im-
provement for age less than 4 years, compared
to age 4–6 years and over 6 years.

All in all, the results indicate a possible small
age effect with better outcome for children
younger than 4–5 years of age.

2.4.2
Testability and Age

Visual acuity testing is feasible from around
3 years of age in most children. Visual acuity
testing requires cooperation from the child in
order to be practicable and reliable. Around
80% of 3-year-old children are testable with
visual acuity charts. This number increases with
nearly 10% for each additional year, with only a
small percentage being untestable at age 5 years.

Simple stereo tests, such as the Titmus fly can
sometimes be used for small children, but for
tests requiring more cooperation, such as the
TNO test, subjects needs to be at least 3–4 years
of age for the results to be reliable.

Orthoptic examination can be done in infan-
cy, although examination of a cooperative child
is more reliable.

Hand-held photorefractive instruments or
devices operating at some distance from the
child can be used regardless of age.

2.4.3
Age at Vision Screening and Risk 
of New Cases or Rebounding Amblyopia

Basic neurophysiologic research on amblyopia
performed by Hubel and Wiesel showed that
there is an upper age limit for the development
of amblyopia in animals. Keech and Kutschke
[22] studied the upper age limit for develop-
ment of amblyopia in humans and found that
no subject developed amblyopia after age
6 years. By placing vision screening in the late
preschool period, few cases of amblyopia will
develop after screening. If vision screening is
performed early, a second screening session
might be necessary in order to detect cases de-
veloping after the first vision screening.

Amblyopic children who are treated and
cured may need re-institution of treatment and
are often supervised until early school age (gen-
erally around 8–9 years of age). Previous studies
has shown that subjects who did not need re-in-
stitution of treatment therapy were older at end
of treatment than those patients who did need
maintenance therapy [19, 36]. It could be argued
that children who are diagnosed with ambly-
opia at late preschool age still have a possibility
for good treatment outcome and after treat-
ment they will need supervision and possibly
maintenance therapy for only a short period of
time. The burden of occlusion therapy will
thereby be minimized.

2.4.4
Age and Psychosocial Impact of Treatment

In a report on amblyopia and disability from
1997,Snowdon and Stewart-Brown [45] reported
that subjects who had received treatment for
amblyopia in many cases had experienced 
this as very problematic (psychologically, so-
cially, and practically). Searle et al. [41] con-
firmed this in a qualitative study on the psycho-
logical effects of patching. They concluded 
that “eye patching has adverse psychological 
effects for both the child and family” and that
“the restrictions imposed on a child through
wearing a patch are disabling in themselves due
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to the impaired ability to engage in certain
activities.”

Two recent studies on the impact of occlu-
sion therapy for amblyopia, Hrisos et al. [19]
and Holmes et al. [17] both found that occlusion
treatment and (in Holmes et al.) atropine treat-
ment for amblyopia is associated with psycho-
social distress. The effect was minor in both
studies and Hrisos et al. found no effect on the
child’s global well-being. Interestingly, neither
of the studies found any age effect in the distress
of treatment. There has been a general belief
that older children are more bothered by treat-
ment and it would thereby be more beneficial to
treat early. Hrisos et al. even found parents of
4-year-olds more upset than parents of older
children.

Choong et al. [7] also reports on psychosocial
implications of childhood amblyopia. Contrary
to Hrisos et al. [19], they found no effect of oc-
clusion on carer’s stress or child’s psychosocial
well-being when comparing amblyopic non-
occluded and occluded children. The majority
of children in the study were treated with glass-
es prior to occlusion and no more than around
50% needed occlusion after the initial phase
with optical correction only. Following onset of
optical correction, carers felt significantly more
negative toward their child. Surprisingly, this
effect was reversed at onset of occlusion therapy.

Summary for the Clinician

∑ Recent studies on the relationship between
treatment outcome and age for amblyopia
has shown contradictory results. Put
together, the results indicate a possible
small age effect with better outcome for
children younger than 4–5 years of age

∑ Visual acuity testing and stereo testing re-
quire the child to cooperate. Some children
can perform the tests at around 3 years, but
the number of children testable increases
rapidly. At age 4–5 years, the majority of
children can be tested reliably. Orthoptic
examination and distant photorefraction
can be performed irrespective of age

∑ Amblyopia can only form up to approxi-
mately age 6 years. Early vision screening
may involve a risk of new cases of ambly-
opia developing after screening

∑ Studies on the psychosocial impact of
amblyopia treatment have not been able to
demonstrate an age effect, i.e., older chil-
dren are not more bothered by amblyopia
treatment than younger children

2.4.5
Current Recommendations 
on Suitable Age for Vision Screening

In a policy statement from pediatricians, ortho-
ptists, and ophthalmologists in the US [11],
vision screening with visual acuity testing is
requested to be performed at “the earliest possi-
ble age that it is practical (usually at approxi-
mately 3 years of age).” A recent report from the
UK [14] suggests vision screening to be carried
out with visual acuity testing at age 5 years. In
Sweden,visual acuity is tested at 4 years of age at
the Child Health Care centers. The policy on
timing of retesting differs between regions, and
varies from retesting within 6 months to retest-
ing at age 5.5 years.

2.5
The Effect of Preschool Vision Screening

2.5.1
The Necessity of High Participation Rates

The participation frequency of a screening pro-
gram is crucial for its effectiveness. This was
shown by Williams et al. [51] in a study on preva-
lence of amblyopia in 7.5 year old children with
and without screening at 37 months.When com-
paring those who actually attending screened
with those who were not screened, there was a
small, but statistically significant difference in
outcome. Comparing those offered screening
(67% actually participated) with those not of-
fered screening, this difference disappeared.
This points to the need for high attendance rates
in order for a screening system to be effective
and worthwhile from a population point of
view, which was addressed in the editorial by
Moseley and Fielder in the same issue. In Swe-
den, where 99% of 4- to 5-year-olds participate
in vision screening, deep amblyopia (visual acu-
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ity <0.3) has been shown to decrease to a tenth
of that in unscreened age groups [28].

The best way to reach acceptable participa-
tion frequencies for vision screening programs
is probably to incorporate the program into an
already existing system with a high participa-

tion rate, e.g., vaccination programs or school
entry. The vision screening system in Sweden is
one part of the 4-year check-up at the Child
Health Care centers, with retesting of inconclu-
sive and borderline cases.
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Fig. 2.2. Suggested flowchart
for evaluating preschool vision
screening programs



2.5.2
Evaluating the Effect 
of Preschool Vision Screening

In evaluating a screening system, the entire
process has to be mapped out and the effect on
the population has to be assessed. How many
cases of amblyopia are found before screening is
carried out? Do a substantial number of cases
present anyway? If so, are they referred by other
clinics or do the parents individually contact the
eye clinic? Do children found to be abnormal 
at screening reach ophthalmologic clinics and
treatment? Is treatment successful? Figure 2.2
maps out the flow, and possible pitfalls, of a
vision screening system.

Sjöstrand and Abrahamsson [44] studied the
ophthalmologic hospital records of all children
born between 1979 and 1980 in the community
of Västerås, Sweden. They found that only 22%
of strabismic children are detected at vision
screening. The remaining 78% are diagnosed
before, but also after, vision screening. Ambly-
opia found at screening was mainly associated
with anisometropia and microstrabismus
(Fig. 2.3a, b). Consequently, the presence of an
active child health care system (monitoring) has
an effect on lowering the prevalence of ambly-
opia (compare Fig. 2.2, number 1).

The transfer of children from screening to
ophthalmologic care can be a problem, as
shown by preliminary results from the Dutch
study RAMSES (Rotterdam Amblyopia Screen-
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Fig. 2.3. a The age at which
strabismus is diagnosed by 
an ophthalmologist at the Eye
Clinic in the city of Västerås,
Sweden, for all children born
1979–1980. Note that only 22%
(16/72) is detected at preschool
vision screening (red bars).
(Reprinted from Sjöstrand and
Abrahamsson [44] with kind
permission of Georg Thieme
Verlag.) b The age at which 
amblyopia (visual acuity ≤0.5) 
is diagnosed by an ophthal-
mologist at the Eye Clinic in the
city of Västerås, Sweden, for all
children born 1979–1980. Slight-
ly less than half of children with
amblyopia (30/64) are detected
at preschool vision screening
(red bars). (Reprinted from 
Sjöstrand and Abrahamsson
[44] with kind permission 
of Georg Thieme Verlag)

a

b



ing Effectiveness Study), where only 63% of
children referred from vision screening actual-
ly visited an ophthalmologist (personal com-
munication)! More encouraging numbers are
found in a study by Newman et al. [33], where
children referred from vision screening to hos-
pital eye care were followed. In this study, out of
348 children referred, 15 failed to attend follow
up, 10 defaulted follow up, 6 moved, and for 13
records where unavailable. Accordingly, at least
7% (25 children) where lost to follow-up (com-
pare Fig. 2.2, number 3)

Vision screening seems to lower the preva-
lence of amblyopia ≤0.5 to between one-third
and one-half the prevalence of that in an un-
screened population (Table 2.1). The prevalence
of residual amblyopia may be due to cases not
attending screening, cases missed in the screen-
ing at 4 years of age, the condition having devel-
oped later, unsuccessful treatment (including
noncompliance) or incorrect diagnosis. Out of
11 children with residual amblyopia ≤0.5 in a
Swedish study [34], eight reported having had
previous contact with an ophthalmologist, but
only five of these before age 7 years. The six cas-
es without contact before age 7 years consisted
of three cases of anisometrope, one of micro-
esotropia, one of esotropia, and one of high
hyperopia.

Even though the primary aim for preschool
vision screening is to reduce amblyopia and
amblyogenic factors, it is important to recog-
nize other beneficial effects. These include de-
tection of visual disorders other than ambly-
opia, such as organic disorders, and conditions
that may impede schoolwork, such as high
hyperopia.

Summary for the Clinician

∑ In order for preschool vision screening to
have an effect on a population basis, the
participation rate needs to be very high. A
participation rate of 67 % was not sufficient
in a recent study. One method to enable a
high participation rate is to combine pre-
school vision screening with other well-
known and well-attended systems, such as
school entry or vaccination programs

∑ A majority of subjects with cosmetically
obvious strabismus present before age
4 years. Preschool vision screening mainly
detects amblyopia associated with
anisometropia and microstrabismus

∑ Vision screening seems to lower the preva-
lence of amblyopia (≤0.5) to between one-
third and one-half of that in an unscreened
population

2.6
What is the “Best Buy” for Vision Screening?

2.6.1
Early Versus Late Vision Screening

Supporters of early visual screening argue that
by finding and treating precursors for strabis-
mus and amblyopia, visual disorders may be
prevented, and early treatment of already pres-
ent amblyopia leads to better outcome. Exten-
sive studies aiming at primary prevention of
amblyopia and strabismus have shown some
effect on preventing visual loss in children with
significant refractive errors; the effect on pre-
vention of strabismus development has been
inconsistent [2, 3]. Advocates for late preschool
vision screening reason that only a minority of
children with ametropia and/or anisometropia
really develop amblyopia. Rather than over-
treating large numbers of children, it is better to
treat those who really develop amblyopia.At late
preschool age, successful treatment is still
achievable: the possible age effect in outcome of
amblyopia treatment is minor, if any at all, up to
age 5 years.

Examinations on more than one occasion
usually lead to detection of more cases affected
by disease. Consequently, it could be argued that
vision screening at several ages during infancy
and childhood would most likely lead to better
outcome from a population-based point of view.
Unfortunately, by adding additional testing
methods and/or additional testing occasions,
the cost per detected case increases substantial-
ly. Considering the stretched economy of most
public health care systems, it is probably not
realistic to suggest preschool vision screening
on more than one occasion.
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2.6.2
What Test Should Be Used?

In order for a test method to be accepted as a
screening tool, many qualities have to be ful-
filled. Wilson and Jungner [52] suggested the
following criteria in 1968:

The screening test needs to:
∑ Be reliable, valid, and repeatable
∑ Be acceptable to the study population, safe,

and easy to perform
∑ Have a high positive predictive value
∑ Be sensitive and specific
∑ Be cost-effective

Visual acuity testing has been shown to have
very high sensitivity and specificity for ambly-
opia [23, 28]. It is also sensitive to refractive er-
rors, especially myopia, but myopia is uncom-
mon in preschool children.Visual acuity testing
can be reliably performed from age 4–5 years,
and it is safe and repeatable. Visual charts in
logMAR steps are recommended, preferably
with crowded optotypes.Visual acuity testing is
relatively easy to perform. It can carried out by
nonophthalmologic personnel, as shown at the
Swedish Health Care centers where nurses per-
form the testing after minor training. Visual
acuity screening, with rescreening of inconclu-
sive cases, has also been shown to be favorable
from a cost-benefit point of view.

Conditions not affecting visual acuity might
naturally elude observation in a setting with
visual acuity-based screening, e.g., strabismus
with normal visual acuity, minor ptosis, or
small partial cataracts. On the other hand, with-
out impact on visual acuity these disorders do
not require treatment in preschool children.
Strabismus may represent a cosmetic problem,
though, but that is beyond the aim of vision
screening.

2.6.3
What Age Is the “Best Buy”
for Preschool Vision Screening?

Considering the issues discussed in the sections
above, it does not seem possible to find an age
that is optimal in all aspects. Put together, with
a major emphasis on reaching a high participa-
tion frequency, preschool vision screening at
age 4–5 years seems to be the “best buy.” At this
age, a majority of children are reliably testable
with visual acuity charts, which have shown to
be sensitive and cost-effective. There is a very
small risk of new cases developing after vision
screening, and monitoring after treatment and
possible maintenance therapy will be needed
for a minimal time period. Moreover, many
countries can combine vision screening with
other services with high participation frequen-
cies, such as child health care programs (includ-
ing vaccination) or school entry. Recent reports
(see Sect. 2.4.1) have demonstrated a possible
age effect for amblyopia treatment, with better
outcome for younger children. The effect shown
has not been very large though, and the dividing
line between “young” and “old” children seems
to be around 5 years of age.

Summary for the Clinician

∑ Vision screening for amblyopia at more
than one occasion during the preschool
years does not seem plausible due to
increasing costs per detected case

∑ Visual acuity testing has a high sensitivity
and specificity for amblyopia. Visual acuity
testing can be reliably performed from age
4–5 years; it is safe and repeatable. Visual
acuity testing is relatively easy to perform,
it can carried out by nonophthalmologic
personnel. Charts in logMAR steps and
crowded optotypes are recommended.
Visual acuity screening has also been
shown to be favorable from a cost-benefit
point of view

∑ At age 4–5 years, a majority of children are
reliably testable with visual acuity charts.
There is a very small risk of new cases de-
veloping after vision screening, and surveil-
lance after treatment and possible mainte-
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nance therapy will be needed a minimal
time period. The possible age-effect for
amblyopia treatment has been small,
and the dividing line seems to be around
5 years of age

2.7
Is Preschool Vision Screening Worthwhile?

The negative impact of amblyopia from a popu-
lation perspective is associated with two issues.
First, the risk of losing the better eye, and sec-
ond, the possible disability caused by monocu-
lar amblyopic visual loss.

2.7.1
The Risk of Losing the Nonamblyopic Eye

If a person with amblyopia loses the better eye
due to trauma or ocular disease the disadvan-
tage of having an amblyopic eye is obvious. If
the remaining amblyopic eye is severely ambly-
opic, the subject will become visually disabled.
Increase in visual acuity after loss of the better
eye has been shown, even in older persons,
but acceptable visual acuity outcome is highly
dependent on central fixation [12, 48].

A frequently cited paper by Tommila and
Tarkkanen [47] showed that the risk of injuring
the nonamblyopic eye in an amblyopic individ-
ual was almost three times that in the normal
population. In a recent paper, Chua and Mitchell
[8] found the 5-year incidence of visual impair-
ment in the better seeing eye to be 2.7 times
higher for an amblyopic subject compared to
subjects without amblyopia.

Jakobsson et al. [20], analyzing all patients in
four vision rehabilitation centers in southern
Sweden, report that the prevalence of visual
disability (VA ≤0.3) with amblyopia as the main
cause was 0.023% among the general popula-
tion. By comparing this rate with data from a
previous Swedish study, the authors calculated
that about 1.2% of subjects with amblyopia of
≤0.3 visual acuity will eventually become visual-
ly handicapped. In a subsequent study [28], the
same group showed that the Swedish vision
screening program lowers the prevalence of

visual acuity ≤0.3 by a factor of 10. Considering
that approximately 100,000 children are born 
in Sweden each year, this suggests that vision
screening could save approximately 20 persons
per year from becoming visually disabled.
Jakobsson et al. do point out, however, that
about 60% of the diseases affecting nonambly-
opic eyes and leading to visual impairment are
inherently bilateral, and will therefore subse-
quently affect the amblyopic eye as well. In the
UK, Rahi et al. [40], analyzing loss of vision in
the nonamblyopic eye, found the same preva-
lence as reported by Jakobsson’s group; they
suggest that the lifetime risk of serious vision
loss in an individual with amblyopia is 1.2%.Ac-
cording to Rahi et al. [40], in individuals up to
64 years old, trauma is the leading cause of
visual loss, whereas in individuals 65 years and
older, age-related macular degeneration (AMD)
ranks highest. One year after presentation, 73%
were still classified as visually impaired or blind
and only 35% of patients in previous paid em-
ployment were able to continue working. Only
10% improved two lines in visual acuity.

2.7.2
Is It Disabling to Be Amblyopic?

Several studies have given amblyopia as a major
cause for monocular visual loss in industrial-
ized countries. Mulvihill et al. [31] found ambly-
opia to be the third most frequent cause for
uniocular blindness in childhood. A study by
the National Eye Institute (The Visual Acuity
Impairment Study) [32], found amblyopia to be
the leading cause of monocular visual loss in
the age group 25–64 years. But despite theoreti-
cal support for disturbance of binocularity and
visual experience in amblyopia, no objective
study has been able to show that it is in fact dis-
abling to be unilaterally amblyopic. Packwood
et al. [37] in a survey of 25 straight-eye ambly-
opes focused on quality of life issues and psy-
chosocial difficulties. Their results show that
approximately 50% of subjects felt that their
amblyopia interfered with work or school and
generally affected their lifestyle. Amblyopic
subjects also experienced significantly more
psychological distress than control subjects. In
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analyzing results such as these, it is important to
consider the fact that strabismus and other ocu-
lar pathologies are not independent variables,
but are all associated with other morbidity,
especially neurological diseases, which may
confound the results.

Snowdon and Stewart-Brown [45] inter-
viewed health care professionals, adults with
amblyopia, and children in amblyopia treat-
ment to gain an understanding of how ambly-
opia and treatment for amblyopia affects
people’s lives. Their conclusion was that health
care professionals consider amblyopia to be
disabling, while amblyopic subjects do not.

In a study on the relationship between am-
blyopia and academic performance in school
children, Helveston et al. [16] could not find any
connection. Regarding possible professional
consequences of amblyopia, Chua and Mitchell
[8] found a borderline significant effect of
amblyopia on higher university degrees, but no
effect on lifetime occupational class.

There are, all the same, several careers which
unilateral amblyopes may be debarred from. In
many countries, the army, police force, trans-
port sector, aviation, and fire brigade all have
vision requirements. Whether these demands
are based on real evidence of true inability, or
on general assumptions, is more uncertain.
There have even been lawsuits with individuals
not fulfilling vision requirements demanding
antidiscriminatory laws.

2.7.3
Cost-Effectiveness of Screening 
and Treatment for Amblyopia

In two cost-utility studies on screening and
treatment for amblyopia in 3-year-old children,
König and Barry [26, 27] conclude that screen-
ing and treatment for amblyopia is likely to be
cost-effective. In their conclusion, they express
some reservations because of the uncertainty
relating to the connection between quality of
life and amblyopia. The utility (quality of life)
values in the reports are drawn from a study on
quality of life associated with unilateral and
bilateral good vision [5]. This study does not
deal with amblyopic subjects, but with subjects

affected with progressive ophthalmic disease,
some of whom have unilateral impaired vision.
These subjects differ from unilateral amblyopes
in that they had previously had healthy eyes and
normal vision. In many ophthalmic diseases,
there are additional visual problems such as
reduction of visual field and reduced contrast
sensitivity, which amblyopes usually do not suf-
fer from. König and Barry [27] conclude that the
risk of losing the better eye alone would not
justify vision screening from a cost-effective
point of view. But if amblyopia is associated
with even minor loss in utility, vision screening
would be justified provided that amblyopia
treatment restores utility.

There is a clear need for objective studies on
the relationship of unilateral amblyopia and
disability. In such a study, a comparison should
if possible be made between three groups: (1)
nonamblyopes, (2) amblyopes without/before
treatment, and (3) amblyopes after successful
treatment.

Cost-utility studies assume that successfully
treated amblyopes have the same utility value as
healthy subjects. If it is shown that amblyopia is
related to some kind of disability or loss of
utility, then it is important to establish whether
successful treatment reduces this disability or
utility loss.

In discussing whether vision screening is
worthwhile, it is also important to recognize
that in real life vision screening detects more
than amblyopia and amblyogenic factors.Vision
screening at or before school entry enables de-
tection of important nonamblyopic conditions,
such as high hypermetropia (which can disturb
reading and other near activities) or visual and
ocular disorders requiring spectacles or other
visual aids.

Summary for the Clinician

∑ The lifetime risk for visual disability due to
loss of the better eye is 1.2 % for an ambly-
opic subject. The leading cause of vision
loss in the nonamblyopic eye is ophthalmic
disease that will subsequently affect also
the amblyopic eye. Few subjects sponta-
neously recover visual function in the 
amblyopic eye
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∑ The risk of injuring the nonamblyopic eye
for an amblyopic subject is around three
times that of the general population

∑ There is little evidence that unilateral am-
blyopia is disabling, but knowledge is scarce

∑ Amblyopes may be debarred from certain
professions, but evidence for an effect on
the academic career is uncertain

∑ Preschool vision screening for amblyopia is
likely to be cost-effective, but the conclu-
sion requires that amblyopia is associated
with loss of utility, and that treatment
restores utility

2.8
Future Evidence Needed

Several important and well designed studies on
amblyopia and preschool vision screening have
been published in recent years, and the field has
advanced significantly. More evidence is need-
ed, however, in order to demonstrate that pre-
school vision screening is worthwhile and es-
tablish which method and age is optimal. More
data is needed on the relationship between
amblyopia and real life measures such as quali-
ty of life and/or utility, and the effect treatment
has on restoring the possible deficit. Current
knowledge is contradictory on whether there is
an age-effect in amblyopia treatment, and if so,
where the break-point is. The pathophysiology
of amblyopia and the connection between pre-
cursors/amblyogenic factors and development
of amblyopia are still obscure in many respects.
Further understanding of these relationships
may enable better treatment and possible pre-
vention of amblyopia.

In order for preschool vision screening to
have an effect on a population basis, a high
participation frequency has been shown to be
requisite. Further studies are needed on how to
enhance participation in vision screening.
Studies should also be initiated locally to fully
evaluate the complete preschool vision screen-
ing system (see Fig. 2.2) and search for pitfalls
for successful outcome. An aim should be that
all vision screening programs fulfill defined
quality standards and proves to be of benefit for
the population.
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3.1
Introduction

Although amblyopia has been recognised since
ancient times, has been treated for over
200 years, and is a fundamental part of all
paediatric ophthalmology practice, we have yet
to arrive at a consensus about its definition,
never mind its treatment. In this chapter, I am
going to explore the definition of amblyopia
and discuss the rationale behind amblyopia
treatment before going on to discuss how tradi-
tional treatment concepts should be modified in
the light of recent work on the subject. I hope
that this will encourage the reader to think for
themselves about these issues and apply rele-
vant clinical evidence to the patients they see
everyday in practice.

3.2
What Is Amblyopia?

Amblyopia has traditionally been defined by
what it is not, rather than what it is. This is a
hangover from the original description of am-
blyopia as a condition in which “the patient sees
little, and neither does the physician”.

We know now, from animal experimentation
[12] as well as functional human neuroimaging
[7], that amblyopia is a condition in which there
is dysfunction of the processing of visual infor-
mation resulting in a range of abnormalities of
visual function. Whereas ocular examination
and initial retinal function are normal in am-
blyopia, processing abnormalities have been
shown to be present in humans in the retina and
primary visual cortex, and in animals in the
lateral geniculate bodies. Amblyopia always
results from degradation of the retinal image
during a sensitive period of visual development
(which may not be the same as the sensitive
period during which treatment is effective). In
other words, amblyopia never occurs in isola-
tion. It is not the cause, but the effect of another
pathology.

Amblyopia may be completely or partially
treated by modulation of the visual input dur-
ing a sensitive period of visual development.
The duration of this period varies depending on
the cause of the amblyopia. Causes, which se-
verely degrade the retinal image early in in-
fancy, require early, vigorous treatment. Causes
with a later onset, particularly if image degrada-
tion is mild, may respond to treatment up to and
beyond the age of 7 years.

Modern Treatment of Amblyopia

Michael Clarke
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∑ Amblyopia is a form of reversible cerebral
visual impairment

∑ Amblyopia is caused by a disturbance 
of vision during a sensitive period of 
development

∑ Amblyopia may be treated by modulation
of visual input during this sensitive period

∑ Amblyopia is always associated with
disease of the visual system
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3.3
Should Amblyopia Be Treated?

There has been a debate, in public health circles
at least, about whether amblyopia should be
treated at all [30]. It has been argued that indi-
viduals with amblyopia show little functional
disability and that treatment with patching is
psychologically distressing. In this context, it is
worth considering why any medical condition
or state of health merits treatment.

States of health are considered abnormal,
and so worth treating, when they impact ad-
versely, or threaten to impact in the future, on
an individual’s duration or quality of life. Qual-
ity of life encompasses both the individual’s
functioning, and the presence of distressing
symptoms. Functioning includes the ability of
an individual to perform activities they either
enjoy, or are necessary for the economic and so-
cial well-being of themselves or their depend-
ents. Distressing symptoms include such things
as pain, breathlessness or anxiety.

It is an important principle of modern med-
icine that, apart from rare instances where there
is a threat to public health, treatment is offered,
not imposed. Furthermore, the treating physi-
cian should inform him- or herself, and the pa-
tient, of the available evidence about the risks
and benefits of the possible alternative treat-
ments before making a decision about which to
use, if any, in an individual case.

An abnormal state of health may be demon-
strated either because the individual presents to
medical attention with symptoms,or because it is
found as a result of a medical examination (e.g.
screening, case finding, clinical surveillance).

When an individual presents with symp-
toms, it can usually be assumed that he or she
wants to be relieved of them. For example, a pa-
tient with ischaemic heart disease may be of-
fered treatment because they wish to be rid of
their chest pain, which limits exercise tolerance
and so function. Treatment may also be justified
to prevent death of cardiac muscle and, ulti-
mately, of the individual. The discussion which
then takes place between the physician and the
patient is then about whether quality of life is
better with the symptoms, or with ameliorated

or abolished symptoms plus treatment side
effects. In these cases, the risks of possible fu-
ture treatment side effects are balanced against
symptoms, which are real and current.

Other conditions (such as high blood pres-
sure or asymptomatic malignancy) are treated
because they pose a future risk to duration or
quality of life. In these cases, it is the risks of fu-
ture adverse events which are balanced against
the risks of treatment. It is important to recog-
nise that while the risk of stroke in the popula-
tion has been shown to be reduced by the treat-
ment of hypertension, many individuals who
would never have suffered the adverse event, in
this case, stroke, endure side effects from med-
ication. These considerations need to be ex-
plained to patients, although if many opt not to
have treatment then this will limit the ability of
the screening programmes to modify the risk of
disease in the population.

In ophthalmology, conditions are usually
treated because they affect sight, or threaten to
do so, or because they cause pain, or both. Pa-
tients may present with symptoms, such as poor
vision from cataracts or pain from a corneal
abrasion; or may be referred because of a risk
factor for future visual loss, such as high in-
traocular pressure.

Bilateral eye disorders affect quality of life
more significantly than unilateral ones. For ex-
ample, a patient with a cataract in one eye may
be able to function well, because the vision in
the other eye remains good. Such a patient may
opt to have treatment either because they per-
ceive a disability caused by the poor vision in
one eye, or because they fear a future disability
should a cataract or some other visually dis-
abling condition develop in the fellow eye.Alter-
natively, after consideration of the risks and
benefits of treatment, their current state of visu-
al functioning, and their overall current health
and socioeconomic state, the patient may rea-
sonably decide to defer treatment.
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Summary for the Clinician

Factors favouring Factors favouring 
treatment no treatment

∑ Disability Adequate function
∑ High risk of future Low risk 

disability of future disability

∑ Symptoms, e.g. pain Absence of distress-
ing symptoms

∑ Low risk High risk 
of side effects of side effects

∑ High risk Low risk 
of progression of progression

3.4
What Difference Does It Make 
When the Patient Is a Child?

The autonomy of a child is limited, particularly
with respect to decisions about medical treat-
ment. While the condition and its treatment
should be explained to the child where possible,
usually the treatment decision is arrived at as a
result of discussion between the child’s physician
and his or her carers. Further, the child is often
not in a position to report side effects from treat-
ment. This renders children vulnerable to inap-
propriate, excessive or inadequate treatment.

In the context of amblyopia, it has often been
stated that treatment is ineffective after the age of
7 years. While this may be true for some types of
amblyopia, for example complete unilateral con-
genital cataract, where treatment must be com-
menced within a few weeks of birth to be effec-
tive [34], for other causes of amblyopia there is
increasing evidence that treatment may be
effective beyond this age [20]. The reluctance to
contemplate treatment beyond the age of 7 may
have been due, in part, to the effect of blurring vi-
sion in the better eye on educational and social
functioning in the older child. In other words, the
side effects of treatment may have been consid-
ered too severe at this age for treatment even to
be worth trying.While these effects may be more
obvious in the older child, the effects on the de-
velopment of the younger child have not been
systematically studied, and may be significant.

3.5
Why Treat Amblyopia?

Impaired vision in both eyes does pose a threat
to life in countries without a well-developed
system of health and social care [26].While am-
blyopia can affect both eyes in such conditions
as bilateral congenital cataracts and bilateral
high refractive errors, usually amblyopia only
affects the vision in one eye, usually as a result
of constant strabismus or unilateral refractive
errors. For other causes see Table 3.1.
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Table 3.1. Causes of amblyopia

Sensory deprivation
Ptosis

Orbital haemangioma

Corneal opacity

Iris cysts

Cataract

Vitreous haemorrhage and other opacity

Retinoblastoma

Optic nerve hypoplasia

Strabismic
Constant esotropia

Infantile
Microtropia
Partially accommodative
Consecutive
Acute
VIth nerve palsy

Constant exotropia
Infantile
Microtropia
Consecutive

Constant cyclovertical strabismus
Decompensated IVth nerve palsy
Severe Brown’s syndrome
IIIrd nerve palsy

Refractive
Bilateral hypermetropia (>+4 dioptres)
Bilateral myopia (>–3 dioptres)
Bilateral astigmatism (>1.5 dioptres)
Anisohypermetropia (>0.75 dioptres)
Anisomyopia (>2 dioptres)
Anisoastigmatic (>0.75 dioptres)



There is no evidence that unilateral ambly-
opia affects duration of life.

The potential effects of poor vision in one
eye on quality of life include reduced binocular
visual acuity and reduced binocular coopera-
tion, causing for example reduced stereoacuity.
These effects will vary depending on the degree
of amblyopia with, for example an acuity of 6/9
in the amblyopic eye, causing much less dis-
ability than an amblyopic eye with an acuity of
6/60.Visual acuity in the majority of amblyopic
eyes is 6/12 or better. This said, it would seem
that most adults with amblyopia are less affect-
ed by their long-standing impairment of acuity
than adults who have recently suffered a loss of
acuity.

There is little evidence that unilateral ambly-
opia significantly affects quality of life provided
vision in the normal eye remains good. Chil-
dren with amblyopia have been found to have
slightly reduced intelligence in one study [33];
however this may have been confounded by 
the effect of strabismus as a marker for subtle
neurodevelopmental defects. The same study
concluded that the majority of visual defects 
did not affect children’s learning. Chua and
Mitchell, in a recent study from the Blue Moun-
tains Eye Study [6] found that amblyopia in
individuals 49 years or older did not affect life-
time occupational class, but that fewer individ-
uals with amblyopia completed university de-
grees.

Assuming normal vision in the fellow eye,
reduced binocular visual acuity may result
either from the loss of an additive effect of two
normally seeing eyes or from temporary or per-
manent loss of acuity in the normal eye. Tempo-
rary loss of acuity in the normal eye may occur
as a result of pathology, such as a corneal abra-
sion, or trauma. This may be the reason why
reduction in unilateral visual acuity precludes
individuals from such professions as the fire
service and armed forces [1]. The reasoning be-
hind this may be in that such occupations there
is a risk of trauma to one eye during the course
of dangerous duties which would put the life of
the individual at risk because they would then
be relying on the vision in the amblyopic eye. It
is difficult to comment on whether these risks

are theoretical rather than actual as there is
little information on the subject.

Permanent loss of acuity in the normal eye
will result in reduced quality of life. It is impor-
tant to remember,however, that many of the dis-
eases which affect vision in the normal eye, such
as age-related macular degeneration,would also
tend to affect vision in the amblyopic eye. In a
widely quoted Finnish study, Tommila and
Tarkkanen found in 20-year period between
1958 and 1978, a rate of loss of vision in the
healthy eye of 1.75 per 1,000. In more than 50%,
the cause was traumatic. During the same
period, the overall blindness rate was 0.11 per
thousand in children and 0.66 per thousand in
adults. They concluded that subjects with am-
blyopia are at higher risk of blindness [37]. Rahi
et al., in a UK national survey of the incidence of
visual loss in the normal eye in the UK estimat-
ed a 1.2% risk of loss of vision in the normal eye
to 6/12 or below (below the UK driving stan-
dard) during the working lifetime of an individ-
ual with amblyopia [27]. The increase in the risk
of loss of vision in the better eye in individuals
with amblyopia compared to the risk of bilater-
al blindness in normal individuals is a consis-
tent finding [6, 27, 37]. The explanation may be
simply that damage to one eye renders a subject
with amblyopia visually impaired; however the
reasons for this finding have yet to be fully
explored. Clearly, prevention of such future dis-
ability is an important argument for the treat-
ment of amblyopia in childhood.

The effect of amblyopia on binocular co-
operation is difficult to disentangle from the
effect of the strabismus which often accompanies
it. Strabismus may cause amblyopia, or be caused
by it, as for example in the case of a unilateral
congenital cataract. Imposed refractive blur is
known to reduce stereoacuity, and to do so to a
greater extent than equivalent degrees of ambly-
opia [22].Nevertheless,amblyopia does appear to
reduce binocular cooperation to a degree de-
pendent on the depth of the amblyopia [36].
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3.6
What Are Patient Perceptions 
of the Disability Due to Amblyopia?

Membreno et al. calculated the effect of unilat-
eral amblyopia on quality of life by estimating
utility values for the effect of poor vision in one
eye [19]. In this approach, a panel of patients or
other lay individuals are asked to quantify the
effect of the condition. This can be done either
by a “standard gamble” or “time trade-off”. In
the standard gamble approach, the panel mem-
ber asks what level of risk the individual would
be prepared to run in order to be cured of the
condition. So, for example, the question would
be posed as “would you be prepared to have a
treatment which carried a mortality of, for
example, 10% in order to be cured of the condi-
tion?” In the time trade-off approach, the ques-
tion would be “how much duration of life would
you be prepared to give up in order to live the
rest of your life without the condition?” Mem-
breno et al. used the time trade-off approach
and used values derived from previous work to
make their calculations. Perhaps because of
confusion on the part of panel members about
the true disability associated with unilateral
visual loss, the values associated with an acuity
of 6/12 in the source paper indicated that this
was a worse disability than a unilateral visual
loss of 6/18. Unpublished values were therefore
used by the authors (G. Brown, personal com-
munication) to calculate the difference in trade-
off from a mean pre- to a mean post-treatment
visual acuity. Although this difference was
small, the presence of the condition from child-
hood resulted in a significant lifetime gain in
quality of life years from treatment. This work
needs to be corroborated by further studies
which should try to educate panel members
about the real implications of unilateral loss of
acuity, perhaps by a period of imposed refrac-
tive blur. Even so, this is likely to overestimate
the disability seen in adults with, by definition,
long-standing amblyopia.

Summary for the Clinician

∑ Monocular amblyopia does not significant-
ly affect quality of life provided vision in
the fellow eye is normal

∑ Monocular amblyopia is a bar to entry into
certain occupations

∑ The projected lifetime risk of vision loss 
in the fellow eye is at least 1.2 %

3.7
Identification of Amblyopia

The diagnosis of amblyopia is not straightfor-
ward because of the difficulties in testing vision
in small children and uncertainties about the
contribution made to any visual abnormality by
refractive error and ocular pathology.

Visual acuity measurements in infants and
children are confounded by the normal process
of visual development, including emmetropisa-
tion of physiological refractive errors, the in-
ability of the child to report accurately what he
or she sees, and inattention.

The normal adult human visual system is
capable of resolving targets of one minute of
arc. This is the basis of Snellen, and to an extent,
LogMAR, visual acuity tests. Other visual func-
tion tests such as contrast sensitivity and
vernier acuity are not currently used for the
clinical diagnosis of amblyopia.

Like all biological parameters, there is a
range of normal functioning in the population
[16, 18, 31], which is affected by the frequency of
minor refractive errors. This range has been
difficult to determine, partly because of the im-
perviousness of the commonly used Snellen-
based tests to statistical analysis. Nevertheless,
the range of normal acuity seems to be tight in
visually normal adults.

The resolving power of the infant visual sys-
tem is not known precisely. It seems likely from
studies of retinal anatomy in infants, and also
from consideration of the developing infant
brain, that resolving power in infancy is less
than in adulthood. Behavioural studies in in-
fants using visual evoked potential measure-
ments and preferential looking show a normal
range which is wider and lower in younger chil-
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dren. These tests are limited by the problems of
reporting and attention, and may underesti-
mate true acuity.

From around a developmental age of 3 years,
children are able to match letter optotypes.
Using Snellen based tests, it has been widely
assumed that if acuity is not 6/6 using these
measures then the resolving power of the sys-
tem is abnormal. However, the use of LogMAR
tests has enabled normal ranges to be calculat-
ed. The mean visual acuity using these tests in
4-year-olds is around 0.1 LogMAR, with a nor-
mal range, as measured by 2 standard devia-
tions from the mean, extending from 0.0 to 0.2
[31]. In other words, the visual system is not ful-
ly developed at age 3 years. Further evidence for
lack of maturation is the crowding phenome-
non. Crowding was first described in relation to
amblyopia and is defined as the inability to
resolve an optotype which is surrounded by
other optotypes or bars, when that optotype is
capable of being resolved when presented in
isolation. In 3- to 5-year-olds, ranges of normal
visual acuity are lower on crowded than on un-
crowded tests [31].

Crowding is also seen in cases of cerebral
visual impairment, whether due to neonatal en-
cephalopathy, meningitis or other causes. Here
it is described as the inability to pick single
objects out of complex scenes, when the single
object can be recognised in isolation. So crowd-
ing seems to be a normal feature of the develop-
ing visual system, which persists in amblyopia
and cerebral visual impairment.

It is clear, then, that amblyopia should only
be diagnosed when there is evidence that visual
acuity measurements fall outside the normal
range for age, as defined as 2 standard de-
viations below the mean. This implies that 
vision tests used for the diagnosis of amblyopia
should be capable of statistical analysis, and
that normal ranges should be known. Although
some progress has been made towards this 
ideal, many children are still being inappropri-
ately treated for amblyopia on the basis that
their Snellen-based acuity measurement is not
6/6.

The normal infant eye is commonly from +2
to +4 dioptres hypermetropic, as a result of
an imbalance between the refractive power 

of the cornea and lens, and the axial length of
the eye. As ocular growth proceeds, this imbal-
ance is normally corrected, with this physiolog-
ical refractive error approaching zero by age
8 years [17]. This process is known as emmetro-
pisation.

Symmetrical, spherical hypermetropic re-
fractive errors of this magnitude should not
represent a barrier to clear vision in childhood,
as they can easily be overcome by a child’s 
powerful accommodation, but it remains un-
clear if and when such errors should be correct-
ed. Early correction has been reported to 
encourage the development of normal acuity
[8], prevent strabismus [2, 3] and reduce 
learning difficulties [29]. There are, how-
ever, concerns that early refractive correction
may impede the process of emmetropisation
[13].

Summary for the Clinician

∑ The normal range of visual acuity in a 
4-year-old is from 0.0 to 0.2 LogMAR

∑ Amblyopia should only be diagnosed when
corrected visual acuity is below the normal
range for age

3.8
Treatment of Amblyopia

Amblyopia is treated by modulating the visual
input into the amblyopic eye. In the case of stim-
ulus deprivation amblyopia, the cause of the vi-
sual deprivation, for example ptosis or cataract,
needs to be dealt with. In refractive and strabis-
mic amblyopia, significant refractive errors
need to be corrected and abnormal fixation pat-
terns overcome. Persistent visual deficit may be
treated by depriving the normal eye of visual in-
put by means of a patch or optical/pharmaceu-
tical penalisation.

42 Chapter 3 Modern Treatment of Amblyopia



3.8.1
Evidence for Effectiveness 
of Amblyopia Treatment

That visual acuity improved following ambly-
opia treatment was demonstrated in a number
of case series, such as that of Lithander [17].
However, Woodruff and colleagues in a retro-
spective study of treatment outcomes in the UK
found only 48% of 894 patients to achieve 6/9
with the amblyopic eye at the end of treatment
[38]. Neither of these studies was controlled for
the effects of spontaneous improvement. The
evidence base for amblyopia treatment was
questioned in a government-sponsored UK re-
port in 1997 [30]. The report pointed out that
there had been no randomised controlled trials
of treatment and that views of treatment effica-
cy based on clinical experience and teaching
might be biased.

That amblyopia treatment does work, for
most patients, has been demonstrated by a se-
ries of papers produced, in part, as a response to
this report. These papers have considerably ad-
vanced our knowledge of the clinical response
of patients with amblyopia to treatment and
consideration of them forms the core of this
chapter.

Clarke et al. showed that, in a population of
children who had failed preschool screening (at
a mean age of 4 years) on account of poor vision
in one eye, treatment resulted in a significant im-
provement in acuity [5]. Subgroup analysis
showed this benefit to be confined to children
with acuity of 6/18 or worse at presentation. Oth-
er studies, particularly those by the US Pediatric
Eye Disease Investigator Group (PEDIG) and the
Monitored Occlusion Treatment for Amblyopia
Study (MOTAS) cooperative have advanced our
knowledge of how much treatment is required
for amblyopia and are considered below.

3.8.2
Correction of Refractive Error

The degrees of refractive error which are
thought capable of inducing amblyopia are
summarised in Table 3.1. Lower degrees of

myopic refractive error need to be corrected
before an accurate measure of distance visual
acuity can be obtained.

It might be assumed that once refractive error
has been corrected, any residual visual deficit is
due to amblyopia, needing treatment with other
measures; however the reality is more complex.
Residual apparent visual discrepancy between
the two eyes following refractive correction may
be due to imperfect correction of the refractive
error, or due to “noise” (test-test variation, ex-
panded normal ranges), inherent in visual acu-
ity testing in young children.

Moseley et al. have shown a progressive im-
provement in acuity for up to 22 weeks in some
patients after refractive correction, prior to
implementation of other measures [21]. This
period of “refractive adaptation” is almost cer-
tainly a form of amblyopia treatment.

Clarke et al. showed that refractive correc-
tion alone resulted in a significant improvement
in acuity in a group of children failing preschool
vision screening, compared to no treatment, but
that further significant gains in acuity were ob-
tained in a group receiving additional treatment
with patching [5].

3.8.3
Patching

Although there are some with a prior claim, the
person usually credited with proposing patch-
ing as a treatment for amblyopia is George-
Louis LeClerc, Compte de Buffon, an eighteenth
century polymath also credited with inventing
the binomial theorem. It appears, however,
that patching was not widely used until the time
of Claude Worth, and then mainly in strabismic
individuals where it was intended mainly to
alter abnormal binocular correspondence. As 
a treatment for amblyopia, patching became
widespread following the work of Hubel and
Wiesel [12].

Patches with an adhesive rim, stuck directly
onto the periorbital skin, are the most common-
ly used. There are two significant problems with
such patches – first, they may cause allergy, and
second, they are easy for a child to remove.
Allergy to the constituents of the patch or the
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adhesive is uncommon and may be dealt with
by sticking the patch on the glasses, trying a dif-
ferent type of patch, for example a hypoaller-
genic brand or by using atropine instead. The
second problem is commoner and more diffi-
cult to deal with. As it is the parents or carers
who will have to deal with the distressed,
uncomfortable, visually impaired child who is
wearing the patch, it is clearly important that
they are both convinced of the need for treat-
ment and appropriately motivated to carry it
out. Giving older children a stake in their own
treatment, for example with the use of patching
diaries with stickers, helps. It is the active,
unreasonable toddler who poses the biggest
challenge.

Patches can also be stuck onto glasses, but
this gives the child the opportunity to look
round them. Extension patches slide over the
glasses lens and have a side piece which helps
prevent the child looking around the patch, but
is cosmetically obtrusive. Translucent material
such as Blenderm is more cosmetically accept-
able, but will not completely obscure vision in
the covered eye, limiting its efficacy in the treat-
ment of severe amblyopia.

For some types of early onset amblyopia,
where there is a continuing amblyogenic stimu-
lus, such as a unilateral congenital cataract
(where despite removal of the cataract the lack
of accommodation puts the eye at a disadvan-
tage compared to its fellow), reasonable levels of
visual acuity can only be achieved by intensive,
long-term patching [34]. Regimes for unilateral
congenital cataract initially consisted of full-
time patching from removal of the cataract up
until the age of 7, with short breaks to try to pre-
vent induced amblyopia in the normal eye.
While these regimes were shown to result in
good acuity in some cases, this was at the ex-
pense of severely disrupting binocularity and
most patients had large angle divergent and ver-
tical strabismus. Wright showed that it was pos-
sible, with lesser amounts of occlusion, especial-
ly in the 1st year of life, to achieve binocularity
in some patients [39]. Subsequent regimes of
occlusion for unilateral congenital cataract 
have made use of improved visual acuity 
tests for infants [35], but if reasonable levels of
visual acuity are to be obtained in these cases,

the burden of long-term occlusion remains sub-
stantial.

For children with amblyopia detected later,
usually due to strabismus or refractive error, the
amount of patching prescribed has been, until
recently, a matter of individual practice. Some
have argued for full-time (in practice 75% or
greater of waking hours) occlusion, with com-
monly used regimes recommending 1 week of
full time occlusion per year of age. Three such
cycles have been recommended before treat-
ment is abandoned because of a lack of effect
[14]. What is less clear is how much treatment
should be given in a case where vision initially
improves and then appears to plateau. This
raises the question of whether amblyopia
should be treated indefinitely until visual acuity
reaches the normal range or whether there
should be a predetermined end point of treat-
ment below this acuity.

Others have preferred to patch less intensive-
ly, recognising that treatment will take longer,
but arguing that it will be less disruptive.

The US Pediatric Eye Disease Investigator
Group (PEDIG) have tested two patching re-
gimens for the treatment of moderate ambly-
opia [25]. One hundred and eighty-nine 
children under 7 years (all but two over 3 years)
with unilateral amblyopia, from strabismus 
or refractive error or both, of between 20/40
and 20/80 were randomised to either 2 h or 
6 h of patching with both groups also spending
1 h per day doing near visual activities. At the 
4-month outcome examination, improvement
averaged 2.4 lines in each group: mean acuity
was 20/32 or improved from baseline by 3 lines
in 62% in each group. The investigators poin-
ted out that their study was not designed to 
test the maximum possible treatment benefit,
and speculated that a further line of impro-
vement might be possible with further treat-
ment.

In a subsequent study of severe amblyopia,
175 children between 3 and 7 years with acuities
of between 20/100 and 20/400 in the amblyopic
eye were randomised to either 6 h a day or all
but 1 waking hour per day patching plus 1 h
spent per day on a near vision task [10]. Mean
acuity at enrolment was 20/160. At the 4-month
outcome visit, mean difference in acuity in the
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amblyopic eye between groups was only 0.03
LogMAR. Improvement from baseline averaged
4.8 lines in the 6-h group and 4.7 lines in the
full-time group; 85% in the 6-h group and 84%
in the full-time group had improved by 3 or
more lines.

Patching treatment is by nature difficult to
implement as the majority of children object to
occlusion of their better-seeing eye. This has led
to concerns about the emotional impact of am-
blyopia treatment [30], but these were not borne
out by a recent study [11].

The uncertainty in practice regarding the
optimal amount of patching to prescribe and
the difficulties in monitoring what is achieved
in practice may result in over-treatment and the
development of iatrogenic amblyopia in the
originally better-seeing eye. This appears more
likely in younger children undergoing intense
occlusion and should be preventable by careful
instruction and regular review.

3.8.4
Atropine

Atropine derives from the highly toxic alkaloid
substance found in Atropa belladonna. It works
by blocking the action of acetylcholine, relaxing
cholinergically innervated muscles. In the eye it
blocks parasympathetic innervation of the
pupil and ciliary muscle, causing pupillary
dilatation and loss of accommodation.

The use of atropine in the treatment of am-
blyopia was first described in the French litera-
ture in 1963 [4]. It is inserted into the normal eye
to blur the vision and so encourage the use of
the amblyopic eye. The blurring which occurs is
much greater in eyes with hypermetropic re-
fractive errors, as these can no longer be physi-
ologically corrected for by accommodation.

The choice between patching and atropine as
an amblyopia treatment has been at the discre-
tion of the treating physician, with most opting
for patching. This has partly been based on a
belief that patching is the more effective treat-
ment, and atropine has often been reserved for
cases where the child is intolerant of patching,
thus selecting cases where the outcome is pre-
destined to be less successful.

Patching is also a more flexible method of
treatment. Should iatrogenic amblyopia, for
example, develop in the patched eye, the patch
can be removed immediately, whereas the ef-
fects of atropine will last for up to 2 weeks.

The required dose of atropine to treat ambly-
opia is not known.A common regime is to instil
one drop of 1% atropine daily into the normal
eye for a period of 1 week per year of age of the
child. Given that the effects of atropine last for
up to 2 weeks, it may be that less frequent instil-
lation would suffice. This was borne out by a
recent study which showed twice weekly instil-
lation of atropine to be as effective as daily
instillation [28].

Reducing the hypermetropic correction in
the atropinised eye will augment the effect of
atropine on visual acuity in the normal eye. The
vision in the atropinised eye needs to be
checked regularly to ensure it has not suffered
iatrogenic amblyopia. This poses a difficulty, as
aberrations caused by pupillary dilatation will
result in a slight reduction in acuity even if
accommodative factors are corrected for by full
hypermetropic correction. A further reason for
the relative underuse of atropine has been a per-
ception that the treatment would not be effec-
tive unless, in cases of strabismus, fixation
switched to the amblyopic eye. Consequently it
was felt that atropine was unlikely to be effective
in cases of severe amblyopia. Studies by the
PEDIG group and others have shown these con-
cepts to be flawed, and that atropine is as effec-
tive as occlusion for most cases of amblyopia
and that fixation swap is not necessary for atro-
pine to be effective. This may be due to blurring
of higher spatial frequencies in the atropinised
eye.

In the PEDIG trial of atropine vs patching
[24], 419 children under 7 years of age with
acuities of 20/40 to 20/100 were enrolled and
randomised to either atropine or patching.
Mean improvement was 3.16 lines in the patch-
ing group and 2.84 lines in atropine group. The
study concluded that atropine was as effective
as patching but took longer to work.

Pros and cons of patching vs. atropine are
shown in Table 3.2.

Atropine drops or ointment have potentially
serious side effects, which are said to be more
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frequent in children with Down’s syndrome.
Side effects are rare and relate to systemic
parasympathetic blockade. They include flush-
ing, dry mouth, hyperactivity, tachycardia and
rarely seizures. Side effects appear to be dose-
related and so are more common in infants and
smaller children. Atropine ointment has been
used instead of drops, and pressure on the
lacrimal sac after instillation has been re-
commended, in an attempt to reduce syste-
mic absorption in the nose, but will not prevent
systemic absorption through conjunctival ves-
sels.

3.8.5
Why Does Amblyopia Treatment 
Not Always Work?

Amblyopia treatment sometimes has no effect
and frequently does not improve visual acuity
to normal levels. This is often assumed to be 
because treatment has been started too late 
to be effective or is unable to be implemented 
at the prescribed level. While this may often 
be the case, it is important to realise that subtle
ocular and cerebral pathology may also un-
derlie failure to respond to treatment. Optic
nerve hypoplasia is easily missed on in-
direct ophthalmoscopy and should be spe-
cifically excluded. Inaccurate refractive cor-
rection, which inevitably occurs during peri-
ods of emmetropisation, should also be checked
for.

Lack of compliance has been shown, using
electronic monitors of patching compliance, to
be a frequent occurrence in children undergo-
ing patching treatment. In one study, concor-

dance with patching was 48% (2.8 h vs 6 h pre-
scribed) and acuity gain was linearly correlated
with occlusion dose [32]. All improvement
occurred within 12 weeks of patching.

Summary for the Clinician

∑ Randomised controlled trials have demon-
strated amblyopia treatment to be effective

∑ Refractive correction alone may improve 
visual acuity in amblyopic eyes for up to
22 weeks

∑ 2 h of effective patching per day is adequate
for most cases of amblyopia

∑ Atropine is an effective alternative to patching

3.9
New Developments

3.9.1
L-DOPA

Oral levodopa has been used experimentally in
the treatment of amblyopia and has been shown
to have some clinical effect mirrored by changes
seen on functional magnetic resonance imaging
(fMRI) [40]. The effect on amblyopia does not
persist after treatment is discontinued [23]. The
neuropsychiatric side effects of levodopa mean
that this drug is unlikely to ever be used in rou-
tine clinical practice for amblyopia treatment,
but the studies do demonstrate the potential for
such an approach to treatment.
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Table 3.2. Comparison of atropine and patching

Patching Atropine

Cosmesis Obtrusive Unobtrusive

Reversibility Often poor Effects last for up to 2 weeks

Systemic side effects None Rare but potentially dangerous

Compliance Easy to remove Once instilled, compliance is assured

Binocularity Impaired during treatment Allowed
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3.9.2
Visual Stimulation

There has been interest in the use of positive
visual stimulation,as opposed to occlusion or pe-
nalisation, since the days of the CAM stimulator,
and near visual tasks have been a feature of some
recent treatment studies. While, unfortunately,
the CAM stimulator did not prove a useful treat-
ment for amblyopia [15], there is currently inter-
est in a computer-based Interactive Binocular
Treatment (IBIT) system developed at Notting-
ham University, UK (R. Gregson, personal com-
munication). This apparatus seems to produce
significant effects on acuity in children who are
beyond the normal age for occlusion treatment
and in a shorter time period than occlusion. This
system is currently undergoing trials and may
transform amblyopia treatment in the future.

3.10
Translation into Practice

How can this new information be translated
into practice? First, clinicians treating children
with visual defects should use LogMAR acuity
tests, as these enable more accurate interpreta-
tion of results by establishing and applying
known normal ranges for different ages of chil-
dren. Treatment should only be considered for
those children who clearly fall outside the nor-
mal range for their age group.

If there is any significant refractive error, this
should be corrected and the child left in the re-
fractive correction for a period of 16–20 weeks be-
fore further treatment is considered. Parents and
carers should then be offered an informed choice
between occlusion and atropine drops or oint-
ment. Occlusion regimes for strabismic and ani-
sometropic types of amblyopia of more than 2 h
patching a day, and lasting for more than
6 months,need to be carefully justified.A suggest-
ed scheme is shown in the flow diagram (Fig. 3.1).
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4.1
Introduction

Retinopathy of prematurity (ROP) was first
described in the late 1940s as retrolental fibro-
plasia. The disease was soon associated with ex-
cessive oxygen use [12, 14, 50]. As a result, sup-
plemental oxygen is now delivered to premature
infants to maintain adequate blood levels, but it
is monitored carefully [36]. Nonetheless, even
with controlled oxygen use, the number of in-
fants with ROP has increased further [54], due
most likely to the increased survival rate of very
low birth weight infants [22].

ROP is still a major cause of blindness in
children in the developed and developing world
[66], despite current treatment of late-stage
ROP. Although laser photocoagulation or cryo-
therapy of the retina reduces the incidence of
blindness by approximately 25%, the visual out-
comes after treatment are often poor.Preventive
therapy for ROP is sorely needed. To develop
such treatments, we need to understand the
pathogenesis of the disease and develop med-
ical interventions based on this understanding
to prevent or treat ROP.

4.2
Pathogenesis: Two Phases of ROP

ROP is a biphasic disease consisting of an initial
phase of vessel loss followed by vessel prolifera-
tion. To understand this puzzle, it is important
to understand retinal vascular development. In
the human fetus, retinal blood vessel develop-
ment begins during the 4th month of gestation
[26, 62] and reaches the ora serrata, the most
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∑ ROP continues to be a blinding disease
despite current treatment, so understand-
ing the molecular basis of the disease is
important to the development of medical
treatment

∑ ROP is a two-phase disease, beginning 
with delayed retinal vascular growth after
premature birth (phase I)

∑ Phase II follows when phase I-induced
hypoxia releases factors to stimulate 
new blood vessel growth

∑ Both oxygen-regulated and non-oxygen-
regulated factors contribute to normal 
vascular development and retinal neovas-
cularization

∑ Vascular endothelial growth factor (VEGF)
is an important oxygen-regulated factor

∑ A critical non-oxygen-regulated growth
factor is insulin-like growth factor-I (IGF-I)

∑ Lack of IGF-I prevents normal retinal vascu-
lar growth, despite the presence of VEGF,
important to vessel development

∑ Premature infants who develop ROP have
low levels of serum IGF-I compared to 
age-matched infants without disease

∑ Low IGF-I predicts ROP in premature 
infants

∑ Restoration of IGF-I to normal levels 
might prevent ROP

Core Messages



anterior aspect of the retina just before term.
Therefore, the retinas of infants born pre-
maturely are incompletely vascularized, with a
peripheral avascular zone, the area of which
depends on the gestational age at birth.

4.2.1
Phase I of ROP

In the first phase of ROP, the normal retinal vas-
cular growth that would occur in utero slows or
ceases, and there is loss of some of the devel-
oped vessels. This is thought to be due in part to
the influence of oxygen given to premature in-
fants to overcome poor oxygenation secondary
to lung immaturity but in part because of the
relative hyperoxia of the extrauterine environ-
ment. With maturation of the premature infant,
the resulting nonvascularized retina becomes
increasingly metabolically active and without a
blood supply, increasingly hypoxic. This phase
occurs from birth to postmenstrual age (PMA):
approximately 30–32 weeks.

4.2.2
Phase II of ROP

Retinal neovascularization, the second phase 
of ROP, is hypoxia-induced [11, 45] and occurs
between roughly 32 and 34 weeks PMA. The
neovascularization phase of ROP is similar to
other proliferative retinopathies such as diabet-
ic retinopathy. The new blood vessel formation
occurs at the junction between the nonvascular-
ized retina and the vascularized retina. These
new vessels are leaky and can cause tractional
retinal detachments leading to blindness. If we
could allow the normal growth of blood vessels
after preterm birth, the second destructive
phase would not occur.Alternatively, if we could
attenuate the rapid proliferation of abnormal
blood vessels in the second phase and allow
controlled vascularization of the retina, retinal
detachments could be prevented.

To accomplish these goals, it is necessary to
understand the growth factors involved in all
aspects of ROP, both in normal retinal vascular
development and in the development of neovas-

cularization. The two phases of ROP are mirror
images. The first involves growth inhibition of
neural retina and the retinal vasculature, and
the second involves uncontrolled proliferative
growth of retinal blood vessels. The controlling
growth factors are likely to be deficient in phase
I and in excess in phase II. Therefore control of
the disease is likely to be complex and will like-
ly require careful timing of any intervention.

4.3
Mouse Model of ROP

To study the molecular pathways in retinal vas-
cular development and in the development of
ROP, we developed a mouse model of the disease
to take advantage of the genetic manipulations
possible in the murine system [67]. The eyes of
animals such as mice, rats and cats – though
born full term – are incompletely vascularized at
birth and are similar to the retinal vascular de-
velopment of premature infants. When these
neonatal animals are exposed to hyperoxia there
is induced loss of some vessels and cessation of
normal retinal blood vessel development, which
mimics phase I of ROP [10, 11, 44, 52, 67].

When mice return to room air, the nonper-
fused portions of the retina become hypoxic,
similar to phase II of ROP and of other
retinopathies. The ischemic portions of the reti-
na produce angiogenic factors that result in
neovascularization [11, 45]. Hypoxia-inducible
factors appear to be common to the prolifera-
tive phase of many eye diseases [25, 37] such as
retinopathy of prematurity and diabetic retino-
pathy, as well as in tumor growth and wound
healing. This model has been useful to delineate
the growth factor changes in both phases of
neovascular eye diseases.

4.4
Vascular Endothelial Growth Factor 
and Oxygen in ROP

The risk factors of ROP are oxygen and prema-
turity itself. We first studied oxygen-regulated
factors. In the 1940s and 1950s, Michaelson and
Ashton [11, 45] postulated that retinal neovascu-
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larization was caused by release of a “vasofor-
mative factor” from the retina in response to
hypoxia. Since these initial hypotheses, it has
become widely accepted that retinal hypoxia re-
sults in the release of factors that influence new
blood vessel growth [51]. Not only is hypoxia a
driving force for proliferative retinopathy, or
phase II of ROP, but excess oxygen is also asso-
ciated with phase I with loss of vessels and ces-
sation of normal retinal vascular development.
Therefore it is likely that a growth factor or
factors regulated by hypoxia and hyperoxia is
important in the development of ROP.

Vascular endothelial growth factor (VEGF) is
a such a hypoxia/oxygen-inducible cytokine [35,
57, 65]. It was first described as a vascular per-
meability factor (VPF) and later described as a
vascular proliferative factor [21, 63]. VEGF is a
vascular endothelial cell mitogen, which is re-
quired for tumor-associated angiogenesis [35].
Several different types of cultured retinal cells
have been found to secrete VEGF under hypox-
ic conditions [1,4, 5].These characteristics make
VEGF an ideal candidate for Michaelson’s
retinal vasoformative factor.

4.4.1
VEGF and Phase II of ROP

The first demonstration that VEGF was re-
quired for retinal neovascularization (phase II
of ROP) came from studies of the mouse model
of proliferative retinopathy [67]. The location
and time course of VEGF expression in associa-
tion with retinal neovascularization was found
to correlate with disease in the mouse ROP
model. After oxygen-induction of vessel loss
and subsequent hypoxia, there is an increase in
the expression of VEGF mRNA in the retina
within 12 h. The increased expression is sus-
tained until the development of neovasculariza-
tion [55, 67]. This occurs in the ganglion cell
layer and in the inner nuclear layer consistent
with expression in astrocytes and Muller cells.

To establish that a growth factor is critical for
neovascularization, inhibition of the factor
must inhibit the proliferation of blood vessels.
Inhibition of VEGF with intravitreal injections
of either an anti-VEGF antisense oligonu-

cleotide or with a molecule to adsorb VEGF
(VEGF receptor/IgG chimera) significantly de-
creased the neovascular response in the mouse
model of ROP [6, 61], indicating that VEGF is a
critical factor in retinal neovascularization.
VEGF also has been associated with ocular neo-
vascularization by other investigators in other
animal models, confirming the central role of
VEGF in neovascular eye disease [3, 18, 47, 72,
76]. These results correspond to what is seen
clinically. VEGF is elevated in the vitreous of
patients with retinal neovascularization [2, 4].
VEGF was found in the retina of a patient with
ROP in a pattern consistent with mouse results
[76]. Based on these and other studies an anti-
VEGF aptamer is now available to treat neovas-
cularization associated with age-related macu-
lar degeneration and is in phase III clinical
trials for diabetic retinopathy. Clinical trials are
planned for evaluation of treatment of the pro-
liferative phase of ROP with anti-VEGF injec-
tions.

Summary for the Clinician

∑ VEGF is an important factor for the devel-
opment of retinal vascular proliferation in
ROP. Inhibition of VEGF with anti VEGF
treatment (Anti-VEGF aptamer or anti-
VEGF antibody) has been successfully used
clinically in other proliferative retinal vas-
cular diseases such as age-related macular
degeneration and diabetic retinopathy.
Clinical trials are in the planning stage for
anti-VEGF therapy for ROP (injection into
the vitreous in phase II) to prevent retinal
detachment and blindness

4.4.2
VEGF and Phase I of ROP

In the first phase of ROP, it has been suggested
that the relative hyperoxia of the extrauterine
environment causes the suppression of normal
vessel development and vaso-obliteration [In
animal models of oxygen-induced retinopathy,
a clear association between exposure to hyper-
oxia and vaso-obliteration has been observed
(11, 13, 53, 67]. Further study of this association is
important because the extent of nonperfusion
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in the initial phase of retinopathy of prematuri-
ty appears to determine the subsequent degree
of neovascularization.

Premature infants normally experiencing
low levels of oxygen in the intrauterine environ-
ment suffer cessation of normal retinal vessel
growth and vaso-obliteration of some imma-
ture retinal vasculature when exposed to the
relatively high levels of oxygen of the extrauter-
ine environment. It followed logically that if hy-
poxia up-regulated VEGF in the retina causing
vaso-proliferation then hyperoxia might down-
regulate VEGF and cause vessel loss. Therefore
we examined the possibility that VEGF was
necessary for vessel maintenance and normal
retinal vessel growth and that exposure to ex-
trauterine oxygen causes cessation of vessel
growth and vaso-obliteration.

4.4.2.1
VEGF Phase I: Vessel Loss

Indeed, in the mouse model of ROP, just as hy-
poxia dramatically up-regulates VEGF m RNA,
hyperoxia almost totally suppresses VEGF m
RNA expression. The down-regulation of VEGF
m RNA with hyperoxia causes loss or vaso-
obliteration of immature retinal vessels. This
loss can be prevented with intravitreal injec-
tions of exogenous VEGF [7, 56]. Furthermore,
hyperoxia can reverse hypoxia-induced increas-
es in VEGF, rationalizing the therapeutic use of
oxygen in premature neonates with prolifera-
tive retinopathy (as used in the multicenter clin-
ical STOP-ROP study) [23].

4.4.2.2
VEGF Phase I:
Cessation of Normal Vascular Development

VEGF is also required for normal blood vessel
growth in animal models of ROP. As the retina
develops anterior to the vasculature, there is 
increased oxygen demand, which creates local-
ized hypoxia. Induced by a wave of “physiolo-
gic hypoxia” that precedes vessel growth [56,
71],VEGF is expressed in response to the hypox-
ia, and blood vessels grow toward the VEGF
stimulus. As the hypoxia is relieved by oxygen
from the newly formed vessels,VEGF mRNA ex-

pression is suppressed, moving the wave for-
ward.

Supplemental oxygen interferes with that
normal development in the mouse and rat mod-
els of ROP. Hyperoxia causes cessation of nor-
mal vessel growth through suppression of VEGF
mRNA, causing loss of the physiological wave of
VEGF anterior to the growing vascular front [7,
56]. This indicates that VEGF is required for
maintenance of the immature retinal vascula-
ture and explains, at least in part, the effect of
hyperoxia on normal vessel development in
ROP.

4.5
Other Growth Factors Are Involved in ROP

Although VEGF and oxygen play an important
role in the development of retinal blood vessels,
it is clear that other biochemical mediators also
are involved in the pathogenesis. Inhibition of
VEGF does not completely inhibit hypoxia-in-
duced retinal neovascularization in the second
phase of ROP. In the first phase of ROP, although
hyperoxia is clearly the cause of both cessation
of vascular growth and vaso-obliteration in
animal models, it is clear that clinical ROP is
multifactorial. Despite controlled use of supple-
mental oxygen, the disease persists as ever-low-
er gestational aged infants are saved, suggesting
that other factors related to prematurity itself
also are at work.

4.5.1
IGF-1 Deficiency in the Preterm Infant

The insulin-like growth factors I and II (IGFs)
are important in fetal growth and development
during all stages of pregnancy [41]. They are
found in embryological fluids in the first
trimester [46] and there is a strong association
between IGF concentrations and growth in hu-
man pregnancy [8, 9, 15, 16, 20, 24, 28–30, 39, 40,
42, 48, 60, 70, 73, 74]. Fetal cordocentesis serum
samples show that IGF-I concentrations, but
generally not IGF-II concentrations, increase
with gestational age and correlate with fetal size
[8, 42, 49, 60].
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IGF-1 levels rise significantly in the third
trimester of pregnancy [41]. Preterm birth in
the earlier stages of the third trimester is asso-
ciated with a loss of maternal sources of IGF-I
and lower levels of serum IGF-1 compared to in
utero counterparts as preterm infants grow out-
side the womb [43]. IGF-I levels rise slowly after
preterm birth as babies who are born very pre-
maturely appear unable to produce adequate
IGF-1 compared to term infants [28]. In prema-
ture infants, IGF-I may be reduced further by
conditions such as poor nutrition [78], acidosis,
hypothyroxinemia, and sepsis.

Because the third trimester is associated
with the rapid development of fetal tissue, loss
of IGF-1 could be critical [28] since IGF-I is im-
portant for physical growth. Although serum
GH levels in extremely preterm infants are
significantly higher than term infants, serum
IGF-I levels in extremely preterm infants are
low. IGF-I concentrations are positively related
to physical growth for several months after
birth, whereas no relationship is observed 
between GH and physical growth. [34]. In 
particular, IGF-1 appears important for re-
tinal and brain growth [33]. Thus IGF-1 appears
to be a pivotal growth factor in early develop-
ment.

4.5.2
GH and IGF-1 in Phase II of ROP

Prematurity is the most significant risk factor
for ROP, which suggests that growth factors
such as GH and IGF-1 relating to development
are critical to the disease process. The first study
to show that IGF-1 is important in retinopathy
came from work in the proliferative phase of the
disease (phase II). Because GH has been impli-
cated in proliferative diabetic retinopathy 
[59, 64, 75], we considered GH and IGF-I, which
mediates many of the mitogenic aspects of GH,
as potential candidates for one of these growth
factors.

In the mouse model of ROP, proliferative
retinopathy, the second phase of ROP [68], is
substantially reduced in transgenic mice ex-
pressing a GH-receptor antagonist or in wild
type mice treated with a somatostatin analog

that decreases GH release [68]. GH inhibition of
neovascularization is mediated through an in-
hibition of IGF-I, because systemic administra-
tion of IGF-I in transgenic mice with decreased
GH action completely restores the neovascular-
ization seen in control mice. Direct proof of
the role of IGF-I in the proliferative phase of
ROP in mice was established with an IGF-I re-
ceptor antagonist, which suppresses retinal neo-
vascularization without altering the vigorous
VEGF response induced in the mouse ROP
model [69].

Other studies have examined the role of both
IGF-1 and insulin in the vascular endothelium
in the ROP mouse model using mice with a vas-
cular endothelial cell-specific knockout of the
insulin receptor (VENIRKO) or IGF-1 receptor
(VENIFARKO).VENIRKO mice show a 57% de-
crease in retinal neovascularization as com-
pared with controls, associated with a reduced
rise in VEGF, eNOS, and endothelin-1, VENI-
FARKO mice showed a 34% reduction in neo-
vascularization, suggesting that both insulin
and IGF-1 signaling in endothelium play a role
in retinal neovascularization [38]. Therefore,
IGF-I is likely to be one of the nonhypoxia-reg-
ulated factors critical to the development of
ROP.

4.5.3
IGF-1 and VEGF Interaction

During GH and IGF-I inhibition, hypoxia-
induced VEGF production is unchanged, indi-
cating that IGF-I does not directly act through
VEGF under these physiological conditions.
These findings suggest a more complex role for
IGF-I in retinal neovascularization [68]. IGF-I
regulates retinal neovascularization at least in
part through control of VEGF activation of
p44/42 MAPK, establishing a hierarchical rela-
tionship between IGF-I and VEGF receptors [31,
69]. IGF-I acts to allow maximum VEGF stimu-
lation of new vessel growth. Low levels of IGF-I
inhibit vessel growth despite the presence of
VEGF. This work suggests that IGF-I serves a
permissive function, and VEGF alone may not
be sufficient for promoting vigorous retinal
angiogenesis.
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4.5.4
Low Levels of IGF-I and Phase I of ROP

Since suppression of IGF-1 can suppress neovas-
cularization, in phase II of ROP we hypothe-
sized that IGF-I is critical to normal retinal vas-
cular development and that a lack of IGF-I in
the early neonatal period is associated with
poor vascular growth and with subsequent 
proliferative ROP. After birth, IGF-I levels de-
crease from in utero levels due to the loss of
IGF-I provided by the placenta and the amniot-
ic fluid.

We examined normal retinal vascular devel-
opment in IGF-I knockout mice and found that
IGF-I is critical in the normal development of
the retinal vessels. [31]. Retinal blood vessels
grow more slowly in IGF-1 knockout mice than
in normal mice, a pattern very similar to that
seen in premature babies with ROP. It was deter-
mined that a minimum level of IGF-I is required
for maximum VEGF activation of the Akt
endothelial cell survival pathway. This finding
explains how loss of IGF-I could cause the
disease by preventing the normal survival of
vascular endothelial cells.

4.5.5
Clinical Studies: Low IGF-1 Is Associated
with Degree of ROP

The degree of Phase I determines the degree of
Phase II, the later destructive phase of ROP.
Normal vessel development in the retina pre-
cludes the development of proliferative ROP.
Because ROP is initiated by abnormal postnatal
retinal development, we hypothesized that pro-
longed low IGF-I in premature infants might be
a risk factor for ROP. We conducted a prospec-
tive, longitudinal study measuring serum IGF-I
concentrations weekly in 84 premature infants
from birth (postmenstrual ages: 24–32 weeks)
until discharge from the hospital. Infants were
evaluated for ROP and other morbidity of pre-
maturity: bronchopulmonary dysplasia (BPD),
intraventricular hemorrhage (IVH), and necro-
tizing enterocolitis (NEC). Low serum IGF-I val-
ues correlated with later development of ROP.

The mean IGF-I level during postmenstrual
ages 30–33 weeks was lowest with severe ROP,
intermediate with moderate ROP, and highest
with no ROP. The duration of low IGF-I also cor-
related strongly with the severity of ROP. Each
adjusted stepwise increase of 5mg/l in mean
IGF-I during postmenstrual ages 30–33 weeks
was associated with a 45% decreased risk of
proliferative ROP. Other complications (NEC,
BPD, IVH) were correlated with ROP and with
low IGF-I levels. The relative risk for any mor-
bidity (ROP, BPD, IVH, or NEC) was increased
2.2-fold if IGF-I was 33mg/l at 33 weeks post-
menstrual age. These results indicate that per-
sistent low serum concentrations of IGF-I after
premature birth are associated with later devel-
opment of ROP and other complications of pre-
maturity. In this study, IGF-I was at least as
strong a determinant of risk for ROP as post-
menstrual age at birth and birth weight. [31, 33].
These findings suggest the possibility that in-
creasing IGF-1 to uterine levels might prevent
the disease by allowing normal retinal vascular
development. If phase I is aborted the destruc-
tive second phase of vasoproliferation will not
occur.

4.5.6
Low IGF-1 Is Associated 
with Decreased Vascular Density

More recent evidence suggests that very low
IGF-1 directly causes decreased vascular density
[32]. Retinal vessel morphology in patients with
genetic defects of the GH/IGF-I axis and low
levels of IGF-I during and after normal retinal
vessel growth had significantly less retinal 
vascularization as evidenced by fewer vascu-
lar branching points compared with the re-
ference group of normal controls, providing ge-
netic evidence for a role of the GH and IGF-I
system in retinal vascularization in humans.
This accumulated evidence suggests that low
IGF-1 is associated with vessel loss and may 
be detrimental by contributing to early vessel
degeneration in phase I that sets the stage for
hypoxia leading later to proliferative retinopa-
thy.
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Summary for the Clinician

∑ Postnatally low levels of IGF-1 in premature
infants correlate with the severity of ROP.
Clinical trials are in the planning phase to
supplement IGF-1and IGFBP-3 to in utero
levels in premature infants to evaluate if
restoration of IGF-1 to normal levels can
prevent or reduce the severity of ROP

4.5.7
IGF-1 and Brain Development

Low IGF-I may also contribute to poor neural
retinal development and might contribute to
poor neurological development in the preterm
infant. There is considerable evidence that 
IGF-1 is important for neural development in
brain and retina is part of the central nervous
system. Poor retinal function is associated with
ROP [27]. During development, IGF-I and IGF-
binding proteins that modify IGF-I actions, as
well as the IGF-1 receptor are found throughout
the brain. IGF-I is a neural mitogen in cell cul-
ture, suggesting an important role for IGF-1 in
the growth and development of the central
nervous system. In vivo studies of brain devel-
opment in transgenic mice with over- or under-
expression of IGF-I provide more evidence for
the role of IGF-1 in central nervous system de-
velopment. Transgenic mice with postnatal
overexpression of IGF-1 have brains with in-
creased numbers of neurons and increased
myelination. Mutant mice with low IGF-1 effect
(reduced IGF-I and IGF1R expression or over-
expression of IGFBPs capable of inhibiting IGF
actions) have inhibited brain growth. Evidence
from experiments in these mouse models also
indicates that IGF-I has a role in recovery from
neural injury [17]. IGF-I can both promote pro-
liferation of neural cells in the embryonic cen-
tral nervous system in vivo and inhibit their
apoptosis during postnatal life [58].

Reduction of IGF-1 levels through over-
expression of IGFBP-1 in the liver, which re-
duces IGF-1 availability, in transgenic mice
affect brain development [19]. With the lowest
level of IGF-1 effect (homozygous for IGFBP-1
overexpression), the cerebral cortex is reduced

in size with disorganized neuronal layers. Simi-
lar anomalies have been reported in mice with
disruption of the IGF-I gene and in a model of
transgenic mice overexpressing IGFBP-1 in all
tissues, including the brain [19].

Summary for the Clinician

∑ Animal studies suggest that low levels of
IGF-1 postnatally in preterm infants could
have an effect of neural retinal development
as well as on brain development and might
account for abnormal neural retinal func-
tion in ROP. Increasing postnatal IGF-1
through improved nutrition or other means
might improve brain and retinal develop-
ment

4.6
Conclusion:
A Rationale for the Evolution of ROP

A rationale for the evolution of ROP has
emerged based on this new understanding of
the roles of VEGF and IGF-I in both phases of
ROP. Blood vessel growth is dependent on both
IGF-I and VEGF. In premature infants, the ab-
sence of IGF-I (normally provided by the pla-
centa and the amniotic fluid) inhibits blood
vessel growth. As the eye matures, it becomes
oxygen-starved, sending signals to increase
VEGF. As the infant’s organs and systems then
continue to mature, IGF-I levels rise again,
suddenly allowing the VEGF signal to produce
blood vessels (Fig. 4.1). This neovascular prolif-
eration of phase II of ROP can cause blindness.

Summary for the Clinician

∑ The discovery of the importance of VEGF
and IGF-I in the development of ROP is a
step forward in our understanding of the
pathogenesis of the disease. These studies
suggest a number of ways to intervene 
medically in the disease process, but also
make clear that timing is critical to any
intervention. Inhibition of either VEGF or
IGF-I early after birth can prevent normal
blood vessel growth and precipitate the
disease, whereas inhibition at the second
neovascular phase might prevent destruc-
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tive neovascularization. Similarly, replace-
ment of IGF-I early on might promote
normal blood vessel growth, whereas late
supplementation with IGF-I in the neovas-
cular phase of ROP could exacerbate the
disease. In the fragile neonate, the choice 
of any intervention must be made very 
carefully to promote normal physiological
development of both blood vessels and 
other tissue. In particular, the finding that
later development of ROP is associated with
low levels of IGF-I after premature birth
suggests that increasing IGF-1 to physio-
logic levels found in utero through better
nutrition or other means might prevent 
the disease by allowing normal vascular 
development
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5.1
Introduction

Retinopathy of prematurity (ROP) is a disease
that occurs in premature infants and affects the
postnatal maturation of the retinal blood ves-
sels. Ultimately, it may result in the formation of
vascular shunts, retinal neovascularization, and
eventually tractional retinal detachment associ-
ated with severe visual handicap including
blindness. The smallest infants are at highest
risk for such an unfavorable anatomical and

functional outcome, whereas in more mature
infants ROP is usually milder and regresses
spontaneously. The disease and its causative as-
sociation with prematurity was first described
by Terry in 1942 and 1943 [50]. Terry’s initial
interpretation of the disease was based on his
observation of a retrolental proliferation of the
embryonic hyaloid system. Therefore, he coined
the term “retrolental fibroplasia.” As the patho-
physiology became better appreciated and im-
proved classification systems were developed,
the term “retinopathy of prematurity” (ROP)
was introduced. During the 10 years following
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5

∑ Retinopathy of prematurity (ROP) is still a
vision-threatening condition in premature
infants despite significant advances in
neonatal medicine

∑ The proportion of childhood blindness
caused by ROP goes from 8% in high-
income countries to 40% in middle-
income countries

∑ The incidence of severe ROP has decreased
in more mature premature infants in 
countries with advanced neonatal care.
However, the overall incidence of ROP has
not changed over the years because of 
increasing survival rates in extreme 
premature infants

∑ The original classification and definition of
treatment-requiring ROP (threshold ROP)
has been refined and earlier treatment is
now recommended for the most aggressive
forms of ROP, namely zone I and posterior
zone II disease

∑ The ETROP study group advocated treat-
ment at prethreshold; this resulted in treat-
ment as early as 30.6 weeks postmenstrual
age.This suggests that national guidelines
will need to be revised

∑ It is still unclear whether treatment at
prethreshold in type 1 ROP will result 
in better clinical outcomes

∑ National guidelines for screening for ROP
have to take into account potential country-
specific risks related to local socioeconomic
and health care conditions

∑ Screening for ROP needs a high degree 
of expertise in order to recognize ROP 
requiring treatment. Due to the relative 
rarity of ROP requiring treatment, digital
photography and evaluation of the images
in an expert reading center via telemedicine
appear to have the potential of optimizing
screening efficiency

Core Messages



Terry’s first report, ROP was seen in epidemic
proportions and became the largest cause of
blindness throughout the developed world. Ap-
proximately 7,000 children in the United States
alone were blinded by ROP [47]. Subsequently,
oxygen therapy was identified as a major cause
of ROP and its use restricted. This did in fact
lead to a significant decrease in the incidence 
of ROP; however, this was associated with an 
adverse effect on the morbidity and mortality
rates of the premature infants [3, 36]. In the
1970s, the development of arterial blood gas
monitoring enabled more precise documenta-
tion of the premature infant’s oxygen needs.
Despite these improvements, a second epidemic
of ROP resulted from increased survival rates of
smaller and younger preterm infants. Low birth
weight and low gestational age became recog-
nized as strong risk factors for the development
group. In the 1980s and 1990s, significant pro-
gress was made in reducing the complications
from ROP, and numerous clinical trials were
conducted evaluating the effect of various treat-
ment modalities such as vitamin E supplemen-
tation, cryotherapy, laser photocoagulation,
nursery light levels, and oxygen supplementa-
tion. This chapter will summarize current views
on screening for ROP as indications for treat-
ment evolve.

5.2
The Disease

During embryonic life, retinal vascular develop-
ment begins at 16 weeks gestational age (GA)
with mesenchyme as the blood vessel precursor
growing from the optic disc to reach the ora
nasally at 8 months GA and the ora temporally
shortly after birth [2, 20, 22]. According to Ash-
ton’s theory [2], a primitive immature network
of capillaries develops on the posterior edge 
of the advancing mesenchyme. This delicate
meshwork undergoes involution and remodel-
ing to form mature retinal arteries and veins
surrounded by the capillary meshwork [2, 20,
21]. The immature incompletely vascularized
retina is susceptible to oxygen toxicity.Whereas
the fetus is in a hypoxic state with PaO2 of
2–24 mmHg, full-term babies and a normal

adult have a PaO2 of 70–90 mmHg. One factor
identified in recent years that stimulates the
growth of immature retinal vessels to the pe-
riphery is vascular endothelial growth factor
(VEGF). The amount of oxygen influences the
amount of VEGF. Low oxygen levels stimulate
VEGF production, high oxygen levels down-
regulate VEGF production. A detailed descrip-
tion of the pathophysiology is given by L. Smith
in Chap. 4 of this volume. Prolonged hyperoxia

64 Chapter 5 Screening for Retinopathy of Prematurity

Table 5.1. International Classification of ROP ICROPa

Stage number Characteristics

1 Demarcation lineb

2 Ridgec

3 Ridge with extraretinal
fibrovascular proliferationd

4 Subtotal retinal detachment

A. Extrafoveal

B. Retinal detachment
including fovea

5 Total retinal detachment

Funnel Anterior Posterior

Open Open

Narrow Narrow

Open Narrow

Narrow Open

a Zones: I to III (see Fig. 5.1). Stages: 1–5. Plus
disease: ROP in the presence of progressive
dilatation and tortuosity of the retinal vessels in at
least 2 quadrants of the posterior pole [9, 28]

b A thin, relatively flat, white demarcation line
separates the avascular retina anteriorly from the
vascularized retina posteriorly. Vessels that lead 
to the demarcation line are abnormally branched
and/or arcaded

c The demarcation line has visible volume and
extends off the retinal surface as a ridge, which
may be white or pink. Retinal vessels may appear
stretched locally, and vault off the surface of the
retina to reach the peak of the ridge. Tufts of
neovascular tissue may be present posterior to, but
not attached to, the ridge

d Extraretinal fibrovascular (neovascular) prolifera-
tive tissue emanating from the surface of the ridge
extending posteriorly along the retinal surface, or
anteriorly toward the vitreous cavity. This gives the
ridge a ragged appearance



will lead to vasoconstriction and vaso-oblitera-
tion. Subsequent tissue hypoxia will induce
VEGF production. Normal VEGF levels will lead
to normal vessel outgrowth, increased VEGF
levels to arteriovenous shunting, and neovascu-
larization. The different stages of ROP that re-
sult can be classified according to the Inter-
national Classifications [9].

5.2.1
Classification

The classification of acute ROP according to the
International Classification Scheme [9, 28] is
given in Table 5.1 and in Figs. 5.1 and 5.2. The
classification comprises three parameters: (1)
the location, i.e., zone of the disease in the reti-
na, (2) the extent by clock hours of the develop-
ing vasculature involved, and (3) the severity,
i.e., stage of abnormal vascular response ob-
served. Zone I is a posterior circle centered on
the optic disc, and the radius is twice the dis-
tance from the disc to the center of the macula.
The zone is defined by the most posterior loca-
tion of disease. If, therefore, any ROP is found in
zone I the eye is a zone I eye.A circle centered on
the disc with a radius equal to the distance to
the nasal ora serrata defines the boundary be-
tween zones II and III. Zone III comprises the

remaining temporal crescent. As a general rule,
the more posterior the disease, the more aggres-
sive. An example is given in Fig. 5.3. Recently, it
has been shown that the border of vasculariza-
tion may not lie within a circle centered around
the optic disc. In fact, data analysis from wide-
angle images indicate that the distance to the
nasal periphery may be shorter than that to the
temporal periphery [23]. This may have impli-
cations for future classification schemes.

5.2.2
Treatment Requiring ROP

In the multicenter cryotherapy study for treat-
ment of acute ROP (ICROP), threshold, i.e.,
treatment requiring ROP, was defined as stage 3
plus disease in zone II or zone I with at least 5
continuous clock hours or at least 8 cumulative
clock hours of stage 3 disease, i.e., extraretinal
proliferations (Table 5.2, Fig. 5.1b) [9]. Using this
criterion, a favorable functional outcome at
1 year was achieved in 73% of zone II disease
eyes, and in 12% of zone I disease eyes, com-
pared to 46% of zone II disease eyes that were
not treated, and 6% zone I disease eyes that
were not treated [12]. Despite this considerable
success compared to the natural history, the
number of unfavorable outcomes was still high.
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Fig. 5.1. a Classification of acute ROP according 
to the International Committee for the Classification
of Retinopathy of Prematurity [9, 28]. Zones I–III.

b Definition of threshold disease, with permission
from Archives of Ophthalmology [11]

a b
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Fig. 5.2 a–f. Stages 1–3 of acute ROP as seen by indirect ophthalmoscopy (a–c) and with digital wide field 
imaging (d–f)

a

b

c

d

e

f
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a

Fig. 5.3 a–c. Zone I disease in a ELBW premature
(GA 25 weeks, BW 710 g). a First examination at post-
menstrual age PMA 31 weeks/postnatal age 6 weeks.
Extremely thin retinal vessels ending in zone I. Ar-
rows highlight the extremely thin arteries visible only
in zone I. b Two weeks later (PMA 33 weeks), com-
pared to 1st exam now dilated retinal vessels with 
intraretinal proliferations in zone I. Treatment (at
prethreshold) scheduled within 72 h. c At the time of
treatment further rapid progression with widespread
intraretinal hemorrhages.This is an example of a very
aggressive form of zone I disease

c

b

Table 5.2. Definition of threshold disease and of
prethreshold disease [9]

Threshold disease

Stage 3+ in zone I and IIa

5 or more contiguous clock hours

8 or more cumulative clock hours

Plus disease: dilation and tortuosity of
posterior pole retinal vessels in at least two
quadrants meeting or exceeding that of a
standard photograph.

Prethreshold disease

Zone I
Any disease below threshold

Zone II
Stage 2 with plus disease
Stage 3 without plus disease
Stage 3 with plus disease but below threshold

Plus disease: dilation and tortuosity 
of posterior pole retinal vessels in at least two
quadrants meeting or exceeding that of a stan-
dard photograph

a In zone I and posterior zone II disease, vascular
proliferation may be intraretinal only or very flat
on the retinal surface (Fig. 5.3). There is a high risk
of progression to retinal detachment without
appearance of extraretinal proliferation. This fact
has been accounted for in more recent national
guidelines [8]

Table 5.3. RM-ROP2

p = {1 + exp[– (a + b1x1 + b2x2 + bkxk)]}–1

Each xi is an infant that increased (or decreased)
the risk p to have an unfavorable outcome. The bi
and a are coefficients in the risk model that are
estimated from these data.

The bi is the coefficient associated with xi and 
a is a constant term. The function exp raises the
expression in brackets to the base e = 2.71828...

From [25]



This led, in the following years, to a redefinition
of treatment-requiring disease. The risk model
RM-ROP published by Hardy in 1997 [26] con-
sists of five mathematical equations that pro-
vide a relationship between risk factors ob-
served concerning the infant and the infant’s
retina as they correlate with structural out-
come. The program is based on data from 4,099
infants who weighed less than 1,251 g at birth
who composed the natural history cohort of the
Multicenter Trial for Cryotherapy for Retinopa-
thy of Prematurity [40, 44]. This risk model has
recently been further developed and replaced
by the risk model RM-ROP2 [25], which evalu-
ates the risk of prethreshold ROP to progress to
threshold ROP and to an unfavorable outcome
(Table 5.3). For eyes with a risk of 0.15–1.0, 36%
had an unfavorable structural outcome at
3 months compared to 5% for eyes with a risk of
less than 0.15. There is now an internet address
that makes it possible to directly calculate the risk
(http://www.sph.uth.tmc.edu/rmrop/riskcalc/
disclaimer.aspx). The same calculation was
used in the Early Treatment of ROP Study
Group ETROP used this calculation. ETROP de-
fines treatment-requiring ROP as type 1 ROP,
whereas they recommend a watch and wait pol-
icy in type 2 ROP. The definition of the two
types is given in Table 5.4. For eyes designated
high risk, 63% progressed to the conventional
threshold ROP requiring treatment,and for eyes
designated low risk, 14% progressed to thresh-
old. ETROP claims that the new definition of
treatment-requiring ROP has the potential to
salvage more eyes from an unfavorable out-

come, and to generally improve the functional
outcome. With the conventional threshold,
44.4% of eyes had a visual acuity of 20/200 or
less at 10-year follow-up, and of the 55.6% with
a visual acuity of better than 20/200, only 45.4%
had a visual acuity of 20/40 or better, i.e., only
about 25% of all infants that were treated
reached a visual acuity of at least 20/40 [15].
Whether with the new definition of treatment-
requiring ROP the functional outcome will be
indeed improved remains to be demonstrated.
This is important as on the other hand a signif-
icant number, i.e., 37% of infants will be treated
unnecessarily.

Summary for the Clinician

∑ Classification of the acute stages of retino-
pathy of prematurity ROP has been refined
during the past years, in particular for zone
1 disease. Definition of treatment-requiring
ROP has also evolved during the most re-
cent years due to a still limited anatomical
and functional outcome when treatment
was undertaken at threshold. The new defi-
nition of treatment-requiring ROP by the
ETROP study group published in 2003 is
type 1 ROP, and better anatomical and func-
tional outcomes are hoped for in the future.
This, however, still remains to be demon-
strated. To detect type 1 ROP at an appro-
priate time revision of screening guidelines
is mandatory
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Table 5.4. Early treatment for retinopathy of prematurity ETROP. Classification of treatment-requiring ROP

Type 1 ROP Type 2 ROP

Zone I Any stage of ROP with plus disease Stage 1 or 2 without plus disease

Zone II Stage 2 and 3 with plus disease Stage 3 without plus disease

Recommendation Laser photocoagulation (or cryo) Follow-up examinations until type
1 ROP or threshold ROP is reached

In this classification,
zone III disease is not 
contained as treatment is not 
estimated necessary

From [16]



5.2.3
Treatment of Acute ROP

Once treatment-requiring ROP is detected,
photocoagulation therapy or (mainly in earlier
years or where lasers are not available) cryo-
therapy is recommended. Although in the
American Guidelines the time to treatment is
defined  as within 72 h [1], it may be necessary to
treat without any further delay, in particular in
zone I disease with very rapid progression, or
when at examination already a more advanced
stage is seen than considered optimal for photo-
coagulation.

5.2.3.1
Treatment Options

In earlier years, cryotherapy was the standard
treatment for threshold ROP once its beneficial
effect had been shown in a multicenter study
[10, 12–14]. Since the early 1990s, laser photoco-
agulation has been used [27, 29, 33, 37] and is
now the preferred treatment modality, as the
results are considered to be at least as good 
and even superior to cryotherapy [38, 41, 51].
The 810 diode laser is more widely used than the
argon laser due to its portability and more
favorable absorption characteristics. More ad-
vanced stages may benefit from encircling
bands and/or vitrectomy.Lens-sparing vitrecto-
my appears to be the most promising therapy
for stage 4 ROP [42].A discussion of the various
treatment options is beyond the scope of this
chapter.

5.2.3.2
Treatment Results

Fallaha et al. [19] report on an overall progres-
sion rate to ROP 4 and 5 of 18.1% after diode
laser photocoagulation for threshold ROP. The
progression rate depended dramatically on the
location of the disease: in zone I and posterior
zone II disease, 44.8% progressed to ROP 4 and
5 compared to only 3.9% in anterior zone II
disease. The range of progression reported by
other authors goes from 0% to 29% [ 4–6, 10, 12,
40]. Banach [10] compared confluent vs scatter

laser treatment. The retreatment rate was simi-
lar with both treatment regimes, i.e., 35% vs
37%, but near confluent laser progression to
retinal detachment was observed only in 3.6%
compared to 29.4% in the scatter group. In their
series, Fallaha et al. had applied confluent laser
spots in all patients, although some variability
was in fact present, as photocoagulation was
performed by six different ophthalmologists,
with some using rather near confluent laser
than confluent laser spots. Interestingly, a simi-
lar rate of adverse outcomes was observed in
both treatment groups, i.e., approximately 30%
in zone I and posterior zone II disease, and
roughly 16% in anterior zone II disease. The
same group had reported earlier that with con-
fluent laser ablation there may be a higher risk
for phthisis bulbi [13, 30].

Summary for the Clinician

∑ Posterior forms of acute treatment-requir-
ing ROP still have a higher risk of adverse
outcome. Treatment at prethreshold in 
zone I disease appears to lower the risk 
for adverse outcome significantly. Some 
authors claim that confluent laser treat-
ment may lower the risk for adverse out-
come. However, confluent laser treatment
may be associated with a higher risk for 
phthisis bulbi

5.3
Epidemiology of ROP

About 1% of the neonates are born premature-
ly, with a birth weight below 1,500 g, roughly
0.5% with a birth weight below 1,000 g 
(extremely low birth weight, ELBW). The over-
all birth rate is about 1 per 100 inhabitants 
per year. This means that for example in Ger-
many with over 80 million inhabitants, about
800,000 children are born per year, of whom
8,000 have a birth weight below 1,500 g, and
4,000 below 1,000 g. The relative numbers are
similar in Western countries. This means that in
the US with about 240 million inhabitants,
about 24,000 infants per year are born with a
birth weight below 1,500 g, and about 12,000
infants with a birth weight below 1,000 g.
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5.3.1
Risk Factors

The main risk factors for ROP are low gestation-
al age and low birth weight. Oxygen has been
recognized as a risk factor for ROP since the
1950s, but a direct correlation of duration and
concentration of oxygen with severity of ROP is
not possible. ROP has been reported in the ab-
sence of supplemental oxygen. Many additional
factors may contribute to the severity of the dis-
ease including degree of illness, sepsis, blood
transfusions, and as observed in the CRYO-ROP
study, white race, multiple births, and being
born outside a study center nursery. For a more
complete discussion of possible risk factors see
Ober et al. [39].

5.3.2
Incidence of ROP

The incidence of ROP is dependent on birth
weight and gestational age, as observed in sev-
eral independent studies, and is summarized in
Tables 5.5–5.8. There are many more studies
reporting on a wide range on the overall inci-
dence of ROP, and of the incidence of various
stages. Variation is highest for mild disease,
particularly due to its more peripheral location
and hence more difficult visualization. Inci-
dence of threshold ROP in various studies is 
in the order of up to 6%–8% in infants with a
birth weight of 1,250 g or less [16]. Using the
ETROP2003 classification of type 1 and type 2
ROP (Table 5.4), 9% of infants with a birth
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Table 5.5. Percentage of patients with various categories of ROP in the Cryotherapy for Retinopathy of
Prematurity Group. Incidence of retinopathy of prematurity ROP is dependent on birth weight and gestational
age in different study groups

BW (g) Any ROP Stage 3 Prethreshold Threshold

<750 90 37.4 39.4 15.5

750–999 78.2 21.9 21.4 6.8

1000–1250 46.9 8.5 7.3 2.0

Total group 65.8 18.3 17.8 6.0

From [40]

Table 5.6. Relation of ROP to birth weight in two consecutive groups (1998–1990 and 1998–2000) in Sweden

Birth weight (g)

<750 751–1,000 >1,000

1990 2000 1990 2000 1990 2000

No ROP (%) 3 (23.1) 2 (8.7) 29 (47.5) 23 (34.4) 123 (66.1) 136 (83.4)

Mild ROP (%) 3 (23.1) 4 (17.4) 14 (23.0) 22 (32.8) 36 (19.4) 20 (12.3)

Severe ROP (%) 7 (53.8) 17 (73.9) 18 (29.5) 22 (32.8) 27 (14.5) 7 (4.3)

Total ROP (%) 10 (76.9) 21 (91.3) 32 (52.5) 44 (65.6) 63 (33.9) 27 (16.6)

Totals 13 23 61 67 186 163

From [32], mild ROP is defined as stages 1 and 2, severe ROP is defined as stages 3 (even in the absence of
“plus disease”) to 5
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Table 5.7. Relation of ROP to gestational age at birth in two consecutive groups (1988–1990 and 1998–2000)
in Sweden

Gestational age at birth (weeks)

£ 26 27–29 30–32 >33

1990 2000 1990 2000 1990 2000 1990 2000

No ROP (%) 10 (28.6) 6 (10.5) 72 (57.6) 73 (69.5) 53 (67.9) 73 (89.0) 20 (90.9) 9 (100)

Mild ROP (%) 9 (25.7) 16 (28.1) 30 (24.0) 23 (21.9) 12 (15.4) 7 (8.6) 2 (9.1) 0 (0)

Severe ROP (%) 16 (45.7) 35 (61.4) 23 (18.4) 9 (8.6) 13 (16.7) 2 (2.4) 0 (0) 0 (0)

Total ROP (%) 25 (71.4) 51 (89.5) 53 (42.4) 32 (30.5) 25 (32.1) 9 (11.0) 2 (9.1) 0 (0)

Totals 35 57 125 105 78 82 22 9

From [32], mild ROP is defined as stages 1 and 2, severe ROP is defined as stages 3 (even in the absence of
plus disease) to 5

Table 5.8. Comparison of overall incidence of ROP in various studies

Study Infants Mean GA Mean ROP Method
(weeks) BW (g) (all stages)

Mathew et al. 2002 [35] 205 28 1,205 31.2% BIO

Larsson et al. 2002 [31]a 253 28.5 1,118 36.4% BIO

Larsson et al. 2002 [32]b 392 29.4 1,381 25.5% BIO

Elflein and Lorenz 249 29.8 1,297 20.9% RetCam
unpublished

a Born between 1998–2000, BW <1,500 g,
b Born between 1998–2000, GA <32 weeks
BIO binocular indirect ophthalmoscopy, RetCam digital wide-angle photography, GA gestational age,
BW birth weight

Table 5.9. Infants at risk according to various national  guidelines published by 31/02/2004

GA (weeks) BW (g) Additional infants

US 2001 [58] £28 or <1500 1,500 g–2,000 g with unstable course 
if considered high risk

UK 1996 [55] <32 and/or <1501

Sweden 1993 [56] £ 32

Sweden 2002 [31] Suggestion £31

Canada 2000 [57] £30 and £ 1500 Also above these limits if the neonatologist
considers the premature baby at risk for ROP

Germany 1999 [18] <32 and/or <1500 Any preterm baby <36 completed gesta-
tional weeks who had received artificial 
ventilation for at least 3 days

If screening of infants with a GA of 32 weeks and above and a BW of more than 1,500 g would be omitted,
about 1.5 million exams per year could be saved in the US without missing any clinically important ROP [52]



weight of 1,250 g or less will have ROP type 1
requiring treatment. In countries with different
socioeconomic conditions and different stan-
dards of neonatal care, the incidence may differ
considerably. This has to be taken into account
when new screening programs are started in
countries where screening for ROP has not yet
been done routinely [24].

5.4
Screening Guidelines

Following the reports of the Multicenter Cryo
Study Group showing a significant reduction in
the adverse outcome of acute ROP by cryother-
apy at threshold [10, 12–14], screening guide-
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Table 5.10. Timing of first examination, follow-up examinations and treatment of prematures at risk as 
given in various national guidelines by 31/02/2004

First exam Follow-up Treatment

US 2001 [58] 4–6 weeks PNA ROP zone I or zone II: Within 72 h if indicated
or 31–33 weeks PMA, at least weekly if treatment 
whichever is sooner is not yet considered

ROP zone III: bimonthly
If no ROP but immature retina:
every 2–3 weeks until 
vascularization complete

US 2001 [49] ELBW
5–6 weeks (42 days)

US 2002 [59] 4 weeks PNA Until ≥ 45 weeks PMA 
or 31 weeks PMA, if not ≥ prethreshold,
whichever is later!a zone III vascularization if no 

previous zone II disease,
full vascularization*

UK 1996 [55] 6–7 weeks PNA According to pathology seen

Sweden 2002 [31] 5–6 weeks PNA According to pathology seen

Canada 2000 [57] 4–6 weeks PNA Weekly if ROP

Bi-monthly if no ROP 
until vascularization complete

Germany 1999 [18] 4–6 weeks PNA Weekly if ROP in zone I or II
but not before Bi-weekly if ROP zone III 
31 weeks PMAa, b or no ROP until vascularization 

complete or ROP resolved

a In the 2003 paper of the ETROP group [16], the mean ± SD at high risk prethreshold treatment were
postmenstrual age 35.2 ± 2.3 weeks, the range 30.6–42.1 weeks, and chronological age 10.0 ± 2.0 weeks. This
would mean that with the US guidelines from 2002 and the German guidelines from 1999 not all infants
would have been identified at high-risk prethreshold. Following the suggestion by Subhani et al. [49] to
screen ELBW infants already at day 42 would most likely detect these infants, although these data are not
evident from [16]

b The German National Guidelines are currently being revised and there is agreement among the
ophthalmologists of the Committee that the first examination will be scheduled to 4 –6 weeks PNA but not
before 30 weeks PMA. Thus all infants at risk should be identified at prethreshold stages according to the
data of [16]

ELBW extremely low birth weight = <1,000 g (GA usually 23–25 weeks)



lines have been developed in many high income
countries. Screening for ROP should be per-
formed by an ophthalmologist with sufficient
knowledge of the disease location and the se-
quential retinal changes, and experienced with
the examination of premature infants with
binocular indirect ophthalmoscopy, i.e., prefer-
ably by a pediatric ophthalmologist or a retina
specialist. Data from a number of epidemio-
logical studies have led to a continuous up-date
of the guidelines. Tables 5.9 and 5.10 give an
overview of the most recent guidelines from the
US, the UK, Sweden, Canada, and Germany,
specifying those infants at risk for acute ROP,
the timing of screening for ROP, and its end-
point. Although the numbers do not appear 
to differ significantly, they have significant im-
plications as to the total number of examina-
tions required and the probability of identifying
stages that are considered to profit from treat-
ment in a timely manner. Very recently, earlier
treatment has been advocated by the Early
Treatment of ROP Study Group ETROP, to 
further improve the anatomical and functional
outcomes [16].These data will have implications
as to updating national guidelines. Physicians
involved in screening and treating infants 
at risk for ROP should therefore keep them-
selves constantly updated with the current 
literature.

Summary for the Clinician

∑ Evolving knowledge on the anatomical 
and functional outcome of treated ROP has
recently led to new definitions of treatment-
requiring ROP. Currently, national guide-
lines need to be modified to take account 
of the ETROP study. Specific socioeconomic
and health care conditions may require
adaptation of national guidelines, e.g.,
including infants with a higher gestational
age and/or birth weight

5.5
Screening Methods

Treatment-requiring ROP is a relatively rare yet
potentially blinding disease. Therefore, screen-
ing should be undertaken by ophthalmologists

who are experienced in examining premature
infants and who can recognize the different
stages of ROP.

5.5.1
Conventional Screening

It is crucial to achieve good pupillary dilation 
in order to allow examination of the retinal
periphery in addition to the posterior pole.
Recommended eye drops are tropicamide 0.5%
together with phenylephrine 2.5% applied two
to three times every 5–10 min. As an alternative,
custom-made atropine 0.1% eye drops applied
also two to three times every 5–10 min may be
used, as they provide good mydriasis for about
3 h, thus requiring a less stringent planning of
the exact consultation time by the ophthalmolo-
gist in charge of the screening. In order to avoid
potentially harmful light exposure, the incuba-
tor should in this case be covered by a cloth. The
nurses are asked to check pupil size, and to re-
peat the application of cycloplegic agents when-
ever needed. Immediately prior to the oph-
thalmic examination, local anesthetic eye drops
are instilled (e.g., oxybuprocaine), and a sterile
lid speculum for premature infants is gently in-
serted. The examination is best performed in a
darkened room using a binocular indirect oph-
thalmoscope (BIO) together with a 28-diopter
(D) lens (for a good peripheral view and to clas-
sify the disease by zones) and a 20-D lens (for
more detailed evaluation). To visualize the pe-
ripheral retina out to the ora serrata, rotation of
the globe together with gentle indentation is
needed, e.g., with a squint hook or a lens wire
loop. It is advisable to have a nursing staff mem-
ber present during the examination to assist in
physically restraining the infant, and to monitor
the infant’s vital signs and airway. Bradycardia
due to the oculocardiac reflex is a recognized
complication of the examination [7]. The exam-
ination should be thorough yet rapid. It is not
sufficient to only examine the temporal periph-
ery, as in particular in zone I and posterior zone
II disease, acute ROP may be more advanced in
the nasal periphery, and also in the upper and
lower periphery [16]. An important sign is the
presence of plus disease. Prior to the formation
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of plus disease, significant vasoconstriction may
be present. If the vasculature is very immature,
i.e., limited to zone I or posterior zone II disease,
the presence of vasoconstriction should prompt
weekly follow-up examinations. Anterior seg-
ment changes should also be carefully evaluated
as the presence of a persistent and dilated tunica
vasculosa lentis and overt hyperemia of the iris
vessels are a clear indicator of severe retinal
disease that may require treatment (Fig. 5.4).The
findings must be documented in a written re-
port specifying the location, extent, and severity
of the disease, and also recommendations as to
follow-up or therapy. A scheme for follow-up
examinations in the presence of ROP is given 
in Tables 5.9 and 5.10. Care must be taken 
that recommended follow-up examinations also 
take place once the infant is discharged from 
the NICU.
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Fig. 5.4. Hyperemia of the iris and dilated persistent
Tunica vasculosa lentis associated with ROP stage 3+,
posterior zone II

a

Fig. 5.5 a–c. Digital wide-field imaging. a Examina-
tion of infant in incubator. b Non-contact imaging of
the anterior segment. c Imaging of the retina in con-
tact mode. Pressure-free contact of the nose piece of
the camera to the eye is established by a cushion of
transparent highly viscose gel on the corneal surface

c

b



5.5.2
Digital Photography

The RetCam120, a digital retinal wide-field im-
aging system, has been used for several years to
image the retina of premature infants and de-
tect ROP (Fig. 5.5) [43, 45, 46, 53]. It can docu-
ment large parts of the retina within minutes.
Just as with conventional screening, it is advis-
able to have a nursing staff member present
during the examination to assist in physically
restraining the infant, and to monitor the in-

fant’s vital signs and airway. Good mydriasis is
crucial, just as with BIO. With one central and
eight peripheral images and an additional im-
age of the anterior segment, all structures are
visualized that are essential to detect serious,
i.e., eventually treatment-requiring disease
(Fig. 5.6). Indentation usually does not improve
visibility of the peripheral retina, and is there-
fore not advised. Evaluation of the shape, degree
of arborization, and diameter of retinal vessels
at the border of vascularization or at the periph-
eral border of the images estimate the severity
of the disease even in the absence of complete
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Fig. 5.6. Standard image set for imaging premature infants at risk for ROP



imaging, in particular of zone III, which techni-
cally often is not feasible. There is also skill in-
volved with reading the images. Compared with
BIO, one does not get a three-dimensional view.
Being familiar with both the funduscopic aspect
and the RetCam image is important for correct
interpretation of the images. Digital imaging
also offers the opportunity of improved educa-
tion for students, doctors, and parents.

Several studies have investigated different is-
sues surrounding the use of the RetCam 120 in
the management of ROP. In the Yen et al. study,
ROP screening with the RetCam in preterm ba-
bies at risk was performed by neonatal nurses
[53, 54]. Different from the recommended
screening schedule, and in an attempt to reduce
the number of examinations needed to reliably
identify infants at risk for treatment-requiring
ROP, in this study pictures of the retina were
taken only at two points of time in the neonatal
phase: examination 1 at a PMA of 32–34 weeks,
examination 2 at 38–40 weeks PMA. Masked
readers evaluated the images as to ROP and
determined whether each eye would progress to
threshold disease or not. The sensitivity of this
approach was not high enough to be recom-
mended as a substitute for conventional screen-
ing. Two recent papers have evaluated the value
of the RetCam120 in screening for ROP using se-
rial examinations, just as with conventional
screening with binocular ophthalmoscopy. In a
French study, in one NICU, RetCam images of
145 premature infants at risk were assessed by
neonatologists and by ophthalmologists [48].
They reported no false-positive results, and an
exact correlation between observers in all cases
of acute ROP. In a Canadian study, comparing
the RetCam to binocular indirect ophthal-
moscopy in 44 premature infants at risk, the
sensitivity to detect severe ROP was shown to 
be 100% for the RetCam [18]. Very recently,
the data of the ongoing Photo-ROP study were
presented at the Annual Meeting of the Associa-
tion for Research in Vision and Ophthalmology
ARVO 2005. Again, very high sensitivity and
specificity were reported for the RetCam 120
images.

5.5.3
Telemedicine

The advent of telemedicine offers the oppor-
tunity for improved ROP screening in remote
areas and thus has the potential to reduce the
risk of avoidable severe visual impairment [34,
45]. In our prospective study, the RetCam120 has
been used for ROP screening in five Bavarian
NICUs since 2001. To date, in 2005, more than
600 infants at risk have been examined. Four of
these NICUs are peripheral sites, with ROP
screening performed by general ophthalmolo-
gists. All images are transferred to the Reading
Center at the University of Regensburg for eval-
uation. The objective of this screening program
is targeted at detection of the need for a special-
ist consult to make the final treatment decision
in the presence of referral-warranted ROP and
thereby ideally eliminate late referrals. Thus, the
sensitivity to detection of inconsequential dis-
ease is not at issue. In this program, digital im-
aging using the RetCam 120 was successful in
detecting all referral-warranted ROP stages,
with no incidents where treatment-requiring
disease was missed of referred late, and with no
false-negative or false-positive results in a sub-
set of patients where digital imaging and BIO
were directly compared, i.e., the sensitivity and
the specificity to detect referral-warranted ROP
were both 100% [17].

Summary for the Clinician

∑ Effective screening for ROP requires skill
with BIO and experience with the extent
and sequential retinal changes of ROP. Digi-
tal imaging allows objective documentation
of large parts of the retina and of the ante-
rior segment. Expert reading is essential 
for correct interpretation of the images.
Digital imaging allows improved education
of students, junior doctors, pediatricians,
and parents. Digital imaging-based tele-
medicine offers the opportunity for stan-
dardized evaluation of ROP irrespective 
of local circumstances
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5.6
Conclusions

Prerequisites for effective prevention of severe
visual handicap in premature children are ade-
quate screening and correct interpretation of
the findings. National evidence-based guide-
lines have been developed from multicenter
studies. Because of increasing knowledge with
the natural course of the disease and the
anatomical and functional outcome with actual
treatment regimes, new treatment recommen-
dations have recently evolved that eventually
may modify actual guidelines. Because of late
sequelae such as ametropia, amblyopia, strabis-
mus, secondary glaucoma, and secondary reti-
nal detachment, life-long ophthalmological ex-
aminations are mandatory.
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6.1
Introduction

The management of infantile cataracts is one of
the most controversial topics in the field of pe-
diatric ophthalmology. Three issues in particu-
lar divide the pediatric ophthalmology commu-
nity. The first issue is the optimal age to perform
cataract surgery in a neonate with a cataract.
While some authors have recommended per-
forming cataract surgery as soon as possible,

others have recommended waiting until a child
is at least 4 weeks of age. The second issue is
whether it is better to implant an intraocular
lens (IOL) as a primary procedure during infan-
cy or wait to implant an IOL as a secondary pro-
cedure later in childhood. The final issue is
whether it is better to perform bilateral simulta-
neous cataract surgery or two separate surger-
ies in infants with bilateral cataracts.

6.1.1
Epidemiology

Data on the birth prevalence of infantile
cataracts come from a variety of surveillance
systems in the US and Europe (Table 6.1). Data
from the US comes primarily from birth certifi-
cates, passive surveillance systems, such as the
Birth Defects Monitoring Program (BDMP),
active surveillance systems such as the Metro-
politan Atlanta Congenital Defects Program
(MACDP), and clinical examination of popula-
tions. Based on these studies, and the data from
the British Congenital Cataract Interest Group
in particular [37], the true prevalence of con-
genital cataracts is probably 2.5 per 10,000 live
births, but it may be as high as 3.0 per 10,000.
These studies suggest that 40–45% of all infan-
tile cataracts are unilateral (Fig. 6.1). Therefore,
we would expect approximately 1,000 children
to be born each year in the U.S. with visually sig-
nificant cataracts, of which approximately 400
would be unilateral.
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∑ Eyes with congenital cataracts are being
more successfully rehabilitated than they
were in the past

∑ The best visual results are achieved in 
children with unilateral congenital
cataracts if treatment is initiated during 
the first 6 weeks of life

∑ Cataract surgery during the first 4 weeks 
of life may increase the risk of an eye 
developing aphakic glaucoma

∑ Intraocular lens implantation during 
infancy appears to increase the risk 
of reoperations

∑ The Infant Aphakia Treatment Study 
is a multicenter clinical trial comparing 
IOLs and contact lenses for the treatment
of infants with unilateral congenital
cataracts

Core Messages



6.2
Optimal Age for Infantile Cataract Surgery

The optimal age to perform cataract surgery in
an infant with an infantile cataract remains con-
troversial.As recently as the 1970s, it was recom-
mended that surgery be deferred until an infant
was 3–6 months of age [39]. However, following
the pioneering work of Wiesel and Hubel [45]
on the plasticity of the visual system during
infancy, the trend shifted toward performing
cataract surgery at younger and younger ages.
The trend climaxed in a case report of a
newborn undergoing cataract surgery on the
2nd day of life [14]. Other series have also noted
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Fig. 6.1. Nuclear cataract in the right eye of a 4-week-
old child. The left eye was normal

Table 6.1. Prevalence of congenital cataracts reported in the literature

Study Popu- Method Prevalence % Mon- Comments
lation Per 10,000 ocular

BDMP [19] USA Passive 1.2 N/A Obtained from neonatal
discharge summaries. Likely
to underestimate the true
prevalence since only
identifies those cases
diagnosed at birth.

MACDP [19] USA Metro. Active 1.9 56% Cases must be diagnosed 
Atlanta by 12 months of age. Identi-

fied by reviewing records of
hospitals, therefore would 
miss cases not receiving sur-
gery or in whom the surgery
was done as an outpatient.

United Kingdom United Clinical 5.6 41% Examined all 12,853 children 
Birth Cohort Kingdom exam born in Britain between 
Study [41] April 5 and 11, 1970.

Imprecise estimate because
of the small sample size.

Oxfordshire Birth United Active 3.0 N/A The ocular records of all 
Cohort Study [40] Kingdom preschool children born in

1984 in Oxfordshire were
examined. The cataracts in
one patient were visually
insignificant.

British Congenital United Active 2.5 35% Most comprehensive study.
Cataract Interest Kingdom Ascertained an estimated 
Group [37] 92% of all newly diagnosed

cases of congenital cataract 
in the UK between 10/95 and
10/96.



excellent visual outcomes in neonates undergo-
ing cataract surgery during the 1st week of life
[11]; however, an analysis of 45 children with
dense unilateral cataracts who underwent
cataract surgery found that the visual outcome
was the same regardless of when the surgery
was performed during the first 6 weeks of life
[6]. It is generally accepted that a latent period
exists for 6 weeks in newborns with unilateral
cataracts prior to them entering a sensitive
period during which time they are susceptible
to visual deprivation. While in the past is was
presumed that the latent period for infants with
bilateral cataracts extended to 8 weeks of age 
[1, 30], a recent analysis found that it may even
extend to 10 weeks of age [26]. While it is now
generally accepted that the best visual outcomes
are obtained if cataract surgery is performed
during the first 6 weeks of life for an infant with
a unilateral cataract and 8–10 weeks of life for
an infant with bilateral cataracts, it is unclear if
the visual outcome is better if surgery is per-
formed as early as possible within this latent
period. In a recent study of infants with unilat-
eral cataracts who underwent cataract surgery
during the first 6 weeks of life, the visual out-
come correlated more closely with factors such
as patching and contact lens compliance than
the age of the child within this 6-week window
[25]. In fact, very early cataract surgery may in-
crease the risk of certain postoperative compli-
cations such as glaucoma and pupillary mem-
branes. In addition, general anesthesia may be
associated with more risks in a newborn than a
4-week-old infant.

6.2.1
Aphakic Glaucoma

One of the most serious complications that 
can occur following pediatric cataract surgery is
glaucoma. It is usually open angle and has been
reported to develop in up to one-third of chil-
dren after a lensectomy and vitrectomy. Known
risk factors for aphakic glaucoma include mi-
crocornea, persistent fetal vasculature, and
cataract surgery during infancy. Parks and co-
workers [35] reported that 54% of the children
in their series who developed aphakic glaucoma

underwent cataract surgery when they were
younger than 2 months of age. Rabiah [36] re-
ported that 37% of children undergoing cataract
surgery when 9 months of age or younger devel-
oped glaucoma compared to only 6% of chil-
dren undergoing surgery thereafter.Vishwanath
and colleagues [43] noted that 50% of children
undergoing bilateral lensectomies during the
1st month of life developed glaucoma in one or
both eyes after a 5-year follow-up compared to
only 15% of children undergoing cataract sur-
gery when 1 month of age or older. Lundvall and
Kugelberg [30] also reported that 80% of the
children in their series who developed glauco-
ma underwent cataract surgery during the 
first 4 weeks of life. Finally, Watts and co-work-
ers [44] reported that aphakic glaucoma was
more prevalent in children undergoing surgery
when 14–34 days of age. While it is possible that
eyes with congenital cataracts requiring very
early surgery are more prone to developing
glaucoma than eyes that acquire cataracts later
in infancy, it is more likely that very early sur-
gery increases the risk of these eyes developing
glaucoma. For this reason, Vishwanath and co-
workers [43] have proposed that cataract sur-
gery should be deferred until after the first
4 weeks of life.

6.2.2
Pupillary Membranes

Pupillary membranes are a common complica-
tion following infantile cataract surgery. When
these membranes are relatively thin, they may
be opened with a YAG laser. When thicker,
intraocular surgery may be necessary to ade-
quately excise them. They are particularly com-
mon in microphthalmic eyes that undergo
cataract surgery coupled with IOL implantation
during the neonatal period [23, 42]. The in-
creased incidence of pupillary membranes in
infants is likely related to the more exuberant
inflammatory reaction occurring in infantile
eyes following cataract surgery. The increased
incidence in pseudophakic eyes is likely related
to a tendency for fibrin to become organized on
the surface of IOLs.
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6.2.3
Lens Reproliferation

Lens reproliferation occurs universally in infan-
tile eyes after cataract surgery. It usually occurs
in the retroiridian space and becomes encapsu-
lated within the remnants of the anterior and
posterior lens capsules. When encapsulated in
the lens capsule, this opaque lens material is
referred to as Soemmerring’s ring. On occasion,
regenerating lens material may extend into the
pupillary opening and obstruct the visual axis
(Fig. 6.2). This may occur more frequently when
radial tears are present in the anterior lens cap-
sule and after intraocular lens implantation. In
both cases, the capsular leaflets may not com-
pletely fuse together, thereby creating a conduit
through which lens material can extrude into
the pupillary space. Surgery during the neonatal
period seems to increase the risk of this compli-
cation developing [42].

6.2.4
General Anesthesia 
During the Neonatal Period

A final factor to consider when deciding on an
optimal age to perform cataract surgery in an
infant is the relative risk of general anesthesia at
different ages. The immaturity of an infant’s
cardiovascular, pulmonary, and gastrointestinal

systems, as well as their liver, kidneys, and ther-
moregulation puts them at increased risk from
general anesthesia [32]. The most life-threaten-
ing risk to an infant is postoperative apnea,
which has been shown to be higher in preterm
infants less than 44 postconception weeks of age
[45]. For this reason, it has been recommended
that all nonessential surgery be delayed for
preterm infants until they are 44 postconcep-
tion weeks of age or older [15]. While an in-
creased risk of postoperative apnea in a full-
term infant following general anesthesia has not
been established, waiting until an infant is older
to perform cataract surgery allows all of their
systems to mature further and should therefore
be safer.

Summary for the Clinician

∑ The optimal time to remove a dense unilat-
eral cataract in an infant and to initiate
optical treatment are within the first
6 weeks of life

∑ The optimal time to remove dense bilateral
cataracts in an infant and to initiate optical
treatment are within the first 10 weeks 
of life

∑ Removing a cataract before an infant is
4 weeks of age may increase the risk of this
eye developing aphakic glaucoma, pupillary
membranes, and lens reproliferation into
the pupillary opening

∑ General anesthesia is associated with a
higher incidence of postoperative apnea in
preterm infants younger than 44 postcon-
ception weeks of age

∑ In most cases, cataract surgery should be
deferred until an infant is 4 weeks of age

6.3
Visual Rehabilitation in Children 
with a Unilateral Congenital Cataract

Until the 1970s, it was generally believed that
there was no means of restoring vision in an eye
with a unilateral congenital cataract (UCC). In
1973, Frey and co-workers [10] reported that a
good visual outcome could be achieved on occa-
sion in an infant with a unilateral cataract. Sub-
sequently, Beller and Hoyt [3] demonstrated
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Fig. 6.2. Lens reproliferation anterior and posterior
to an IOL 7 months following cataract surgery. The
lens material was aspirated using a limbal approach



that excellent visual results could be obtained in
selected children with a UCC with early treat-
ment and excellent contact lens (CL) and patch-
ing compliance. They emphasized the impor-
tance of early treatment. Although case reports
have documented excellent visual results in an
occasional child with a UCC treated with early
surgery, CL correction, and patching of the un-
affected eye [7], the majority of these eyes con-
tinued to have a poor visual outcome [27].
Obstacles to achieving a good visual outcome
include a delay in diagnosis and poor compli-
ance with CL wear and patching therapy.

6.3.1
Visual Rehabilitation in Children 
with Bilateral Congenital Cataracts

The visual outcome of children with bilateral
congenital cataracts has improved dramatically
over the past 30 years. For example, while in
1971, 10% of the children enrolled in the West-
ern Pennsylvania School for the Blind had 
been treated for cataracts, the percentage had
dropped to 1% by 1991 [5]. Nevertheless, as
many as one-quarter of children in the US with
bilateral infantile cataracts still remain legally
blind even after cataract surgery and optical
correction.The visual outcome is even worse for
children with bilateral infantile cataracts in de-
veloping countries, primarily due to a delay in
the diagnosis and treatment of their cataracts.
For example, Jain [18] reported that in India
most children with congenital cataracts do not
undergo cataract surgery until they are 1–5 years
of age.

6.3.2
Contact Lenses

Contact lenses have been the preferred means of
optically correcting aphakia in infants because
they more closely simulate the optics of the
crystalline lens than do spectacles. During 
the first 4 years of life, an aphakic infantile eye
undergoes a mean decrease in its refractive
error of 9–15 D [27, 33]. Therefore, the ability to
easily change the power of a CL as refractive

needs change is a significant advantage. Excel-
lent visual acuities have been obtained in in-
fants with bilateral aphakia using CLs, with up
to two-thirds of these children achieving 20/40
or better visual acuity in at least one eye [11, 29].
Contact lens compliance is usually good for
children with bilateral aphakia and if they
become CL intolerant, they can be treated with
spectacles.

The treatment of monocular aphakia during
infancy with CLs has been less successful. In
published series, only 8–24% of these eyes
achieved 20/40 or better visual acuity and the
majority saw 20/200 or worse [29, 34]. These
poor visual outcomes largely arise from poor
CL and patching compliance. The poor visual
acuity in the aphakic eye then makes it more
difficult to patch the fellow eye, which then
causes further visual deterioration. Ultimately,
many parents abandon patching and CL treat-
ment for their child due to the difficulty and
time demands of this treatment regimen. Assaf
and co-workers [2] reported that only 44% of
children with unilateral aphakia were wearing
their CL when they returned for follow-up. Poor
compliance in these patients is multifactorial
but lens loss, difficulty inserting and removing
CLs in a small child, and the absence of a dis-
cernible visual benefit – since the fellow eye has
normal vision – all contribute to poor CL com-
pliance.The resulting poor vision in the aphakic
eye then creates a number of problems. First,
there is a greater risk of the normal eye being
injured [38]. Second, if their fellow eye becomes
blind secondary to injury or disease later in life
they do not have a back-up eye with useful
vision. Lastly, many of these patients develop a
sensory strabismus, which often must be cor-
rected surgically.

6.3.3
Intraocular Lenses

IOLs are now the standard optical treatment for
older children with aphakia, but their use dur-
ing infancy is still controversial because of con-
cerns regarding their safety in a growing eye
with an anticipated large myopic shift. However,
a growing body of literature describes favorable
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outcomes achieved with IOL implantation in
infants with UCCs. After a 17-year follow-up,
Ben Ezra [4] reported 20/60 visual acuity and 
a myopic shift from +2.5 D to –4.75 D in the
pseudophakic eye of a patient who underwent a
unilateral lensectomy, posterior capsulotomy,
and anterior vitrectomy when 10 weeks of age.
Dahan [9] implanted an IOL in 17 infants after
unilateral cataract surgery. After a mean follow-
up of 7.5 years (range, 2–11.5 years), the pseudo-
phakic eyes in these 17 children had a mean
visual acuity of 20/60 (range, 20/30–20/200).
The mean initial postoperative refractive error
in these pseudophakic eyes was +6.4 D (range,
+3 to +9 D); and the mean last refractive 
error was –1.0 D (range, +3.50 to –8.0 D). The
mean myopic shift was –7.4 D (range, –2.50 to
–12.75 D), slightly less than the 9–15 D, which has
been reported in monocularly aphakic children
corrected with CLs [33].

A retrospective study in the US evaluated 39
infants at five clinical centers who underwent
cataract surgery with or without the implanta-
tion of an IOL [23]. After surgery, the aphakic
patients wore aphakic CLs while the pseudo-
phakic patients had their residual refractive er-
ror corrected with spectacles. Traveling testers
then assessed grating acuity, ocular alignment,
and reoperation rates for 25 of these patients.

The mean age at the time of surgery for the 13
aphakic children tested by the traveling testers
was 9 weeks (range, 2–21 weeks) compared to
11 weeks (range, 3–22 weeks) for the 12 pseudo-

phakic children (p=0.5). The mean length of fol-
low-up for the aphakic children was 18 months
(range, 7–27 months) vs 15 months (range,
4–27 months) for the pseudophakic children
(p=0.3). The median LogMar grating acuity 
of the pseudophakic eyes was 0.60 (range,
0.32–1.31) compared to 0.73 (range, 0.53–1.44)
for the CL treated aphakic eyes (p=0.09). The
median LogMar grating acuity for the fellow
eyes of the pseudophakic children was 0.40
(range, 0.26–0.73) compared to 0.32 for the
fellow eyes of the aphakic children (range,
0.02–0.75, p=0.33). The median interocular dif-
ference between pseudophakic and aphakic
children was statistically significant (0.17 vs
0.57, p=0.03). Figure 6.3 displays the interocular
difference between affected and unaffected eyes
for the two groups. The line labeled 2 SD shows
two standard deviations beyond mean normal
interocular difference.

Eight (67%) of the pseudophakic patients
underwent reoperations 2–20 weeks following
cataract surgery. None of the aphakic patients
required a reoperation. In two pseudophakic
patients, a reoperation was performed to free
iris that was adherent to the cataract incision
site causing corectopia. Two pseudophakic
patients underwent reoperations to aspirate
regenerated lens material that extended into the
visual axis. Two eyes underwent pars plana
vitrectomies to excise pupillary membranes; in
one of these patients, the membrane recurred,
necessitating a second reoperation. Two eyes
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Fig. 6.3. The difference in 
grating visual acuity (LogMAR)
between the affected and unaf-
fected eyes according to treat-
ment group. The line labeled 
2 SD is 2 standard deviations 
beyond the mean normal for 
interocular acuity differences 
at 12 months of age (0.36).
The mean interocular difference
in grating acuity for the patients
in the IOL group (0.26) is signi-
ficantly lower than the mean 
for the patients in the CL group
(0.50) (p=0.048)



underwent posterior synechiolysis while
undergoing other procedures. Finally, two
pseudophakic patients underwent a reopera-
tions to treat open angle glaucoma. Both of
these patients presented with buphthalmos,
corneal edema, and raised IOP (35 and
30 mmHg) (Fig. 6.4). They were initially treated
with medical therapy; surgery was performed
when medical treatment was inadequate. In
both cases, the children had undergone cataract
surgery and IOL implantation when less than
4 weeks of age. Patient 1 underwent a 270° tra-
beculotomy using a 6-0 Prolene suture when
11 weeks of age. At the time of surgery,
gonioscopy revealed that the angle was open
except for two peripheral anterior synechiae
along the cataract incision site. The intraocular
pressure has remained in the normal range in
this eye off all mediations after a 4-year follow-
up. Patient 10 had a Baerveldt implant placed
when 6.3 months of age.

The pseudophakic eyes (n=11) had a mean
refractive error of +6.81 ± 4.35 D (range, +2 to
+12.75 D) 4 weeks following cataract surgery.
After a mean follow-up of 13 ± 6 months (range,
5–22 months), their mean refractive error was
+1.32 ± 3.94 D (range, –6.0 to +5.5 D).

The Snellen acuities and reoperation rates
were then evaluated for 22 of these 25 children at
a mean age of 4.3 years (IOL group, n=10; CL
group, n=12) [25]. The visual acuity results were

similar in the two treatment groups (p=0.99);
however, two of the four (50%) children in the
IOL group compared with two of the seven
(28%) children in the CL group undergoing sur-
gery during the first 6 weeks of life had 20/40 or
better visual acuity. None of the children in
either treatment group had visual acuity of
20/40 or better when cataract surgery was per-
formed after the child was 7 weeks of age or old-
er. Three (27%) patients in the CL group and
two (25%) patients in the IOL group had a visu-
al acuity worse than 20/400. The children in the
IOL group had a mean of 1.1 reoperations
(range, 1–2), whereas the children in the CL
group had a mean of 0.36 reoperations
(p=0.09). The most common reoperation in the
IOL group were membranectomies (n=8)
whereas the most common reoperation in the
CL was the implantation of a secondary IOL
(n=4). In addition, four (40%) children in the
IOL group and six (55%) children in the CL
group underwent strabismus surgery.

Summary for the Clinician        (Table 6.2)

∑ Small noncontrolled studies suggest 
that infants undergoing cataract surgery
coupled with primary IOL implantation
– Will require more reoperations
– A higher percentage of them will have

excellent visual acuity (20/40 or better)
– A similar percentage of them will have a

poor visual outcome (<20/400) as apha-
kic children treated with contact lenses

6.3.4
Surveys of North American Pediatric
Ophthalmologists

In August 1997, the North American members of
the American Association of Pediatric Ophthal-
mology and Strabismus (AAPOS) were sur-
veyed to determine the number of infants they
had treated with a unilateral cataract, the fre-
quency of IOL implantation in infants with a
unilateral cataract, and the youngest age of a
child when they had implanted an IOL [24].
Most respondents (89%) reported treating at
least one infant with a unilateral cataract during
the previous year.However,relatively few report-
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Fig. 6.4. Buphthalmos secondary to glaucoma in a 3-
month-old child who underwent cataract surgery and
the primary implantation of an IOL in the right eye
when 3 weeks of age. The glaucoma was treated with a
suture trabeculotomy. The intraocular pressure has
remained in the normal range off all medication for
the past 4 years



ed treating many cases (e.g., more than two-
thirds reported treating fewer than three cases
per year). Only 3.5% of pediatric ophthalmolo-
gists had ever implanted an IOL in a child less
than 6 months of age. More than one-half (52%)
of the respondents expressed a willingness to
participate in a clinical trial comparing IOLs and
CLs as a means of optically correcting aphakia 
in infants following unilateral cataract surgery.

In June 2001, the membership of AAPOS was
again surveyed to ascertain (a) their relative
preference for CL vs IOLs to optically correct in-
fants with unilateral aphakia, (b) their concerns
regarding the implantation of an IOL or the use
of a CL during infancy, (c) their usage of an IOL
to optically correct the last three infants they
had treated with cataract surgery, and (d) their
willingness to randomize an infant with a uni-
lateral cataract to a clinical trial comparing
treatment with an IOL vs a CL. On a scale of 1 to
10 with 1 strongly favoring an IOL and 10
strongly favoring a CL, the median score was 7.5,
suggesting that CLs are still the preferred treat-
ment for most pediatric ophthalmologists in
North America. Their major concerns with IOL
implantation were poor predictability of power

changes, surgical complications, inflammation,
and the technical difficulty of surgery. The main
concerns with CL correction were poor compli-
ance, the high loss rate, high cost, and keratitis.
Twenty percent of the respondents had implant-
ed in an infant  £6 months of age; a sixfold 
increase since our 1997 survey. The percentage
of the respondents who indicated that they
would be willing to randomize an infant with a
unilateral cataract to treatment with a CL vs an
IOL has increased from 52% in 1997 to 61% in
2001.

Summary for the Clinician

∑ Most AAPOS members still favor optically
correcting infants with contact lenses
following cataract surgery

∑ There was a sixfold increase in the number
of AAPOS members who had implanted an
IOL in an infant’s eye between 1997 and
2001

∑ The majority of AAPOS members expressed
a willingness to participate in a clinical
trial comparing IOLs and contact lenses 
for the treatment of infants with unilateral
cataracts
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Table 6.2. Pros and cons of intraocular lens vs contact lens correction of unilateral infantile aphakia

Intraocular lenses Contact lenses

Arguments for:

1. Closely approximates the optics 1. Power can easily be changed as the eye grows
of the crystalline lens

2. Full-time partial optical correction is guaranteed 2. Secondary IOL can be implanted 
when the child is older when the refractive 
error of the eye is stable

3. Limited human data show better visual outcome 
than CL correction

Arguments against:

1. Their long-term safety in a growing eye has 1. Two-thirds or more of patients with this 
not been established treatment have visual outcome <20/80

2. The surgery required to implant an IOL 2. Poor CL adherence may reduce patching 
is technically more difficult adherence

3. An overcorrection with spectacles or CLs 3. CLs are frequently lost and there 
is needed initially or after the eye if fully grown may be a delay in their replacement

4. Limited human data show higher 4. Ongoing maintenance takes time each day 
complication rate and can be stressful for patients and parents



6.4
Infant Aphakia Treatment Study

The Infant Aphakia Treatment Study (IATS) 
is a multicenter randomized clinical trial com-
paring IOL and CL correction for monocular
aphakia. Infants will be eligible for the study
who are less than 7 months of age and have a vi-
sually significant cataract in one eye. Cataract
surgery will be performed in a standardized
fashion by a surgeon who has been certified for
the study. All patients will undergo a lensecto-
my, posterior capsulotomy, and anterior vitrec-
tomy. Infants will be randomized at the time of
surgery to either IOL implantation or CL cor-
rection. Infants randomized to the IOL group
will have an IOL implanted into the capsular
bag. Spectacles will be used to correct the resid-
ual refractive error. Infants randomized to the
CL group will be fit with a CL immediately after
surgery. All children will be examined by inves-
tigators at fixed intervals using standard proto-
cols with the primary outcome being resolution
acuity using Teller acuity card, assessed at
12 months of age by a traveling tester. It is antic-
ipated that a second primary outcome examina-
tion will be performed on these children when
they are 4 years of age using optotype visual
acuity. Secondary outcomes will include the
number of complications requiring reopera-
tions, the incidence of cosmetically significant
strabismus, the magnitude of the myopic shift,
and the stress experienced by the parents of
these children.

6.4.1
Eligibility Criteria

Eligible patients will have a visually significant
unilateral cataract (3 mm dense central opacity)
and will be 28–210 days of age at the time of
cataract surgery. Patients will be excluded who
have an acquired cataract, microphthalmos
(corneal diameter <9 mm), glaucoma, anterior
persistent fetal vasculature causing stretching of
the ciliary processes, uveitis, optic nerve dis-
ease, retinal disease, prematurity (<36 gesta-
tional weeks),or ocular disease in the fellow eye.

6.4.2
Surgical Procedure for Infants Randomized
to Contact Lenses

A lensectomy will be performed by making two
stab incisions in the eye. An infusion cannula
will be placed in one stab incision. A vitreous-
cutting instrument will be inserted through the
second incision through which a mechanized
anterior capsulotomy, lens aspiration, posterior
capsulotomy, and anterior vitrectomy will be
performed.

6.4.3
Surgical Procedure 
for Infants Randomized to IOL

A 3-mm scleral tunnel incision will be created
superiorly. An infusion cannula will then be
placed in a limbal stab incision lateral to the
scleral tunnel incision. A stab incision will then
be created in the center of the scleral tunnel
incision through which the vitreous cutting
instrument will be inserted. An anterior capsu-
lotomy and lens aspiration will be performed in
a similar fashion as in the eyes randomized to
CL correction. The scleral tunnel incision will
then be enlarged and an IOL will be implanted
into the capsular bag. A primary posterior cap-
sulotomy and anterior vitrectomy will be creat-
ed in a standardized fashion through the pars
plana. Three approaches have been used to 
create a primary posterior capsulotomy: (a) 
a limbal incision prior to IOL implantation,
(b) a limbal incision after IOL implantation, and
(c) a pars plana incision. Creating a posterior
capsulotomy through the limbal incision obvi-
ates the need for a second incision, but it makes
it more difficult to implant the IOL into the cap-
sular bag, which is believed to enhance the long-
term safety of IOL implantation [1]. Implanting
the IOL first and then creating a primary cap-
sulotomy through the pars plana simplifies the
placement of the IOL into the capsular bag, but
increases the risk of long-term retinal compli-
cations stemming from an iatrogenic retinal
break or vitreous incarcerated in the pars plana
incision site [8]. Performing the posterior cap-
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sulotomy and vitrectomy through the limbal in-
cision after implanting the IOL offers the bene-
fits of both approaches but can be technically
challenging. Gimbel [12] advocated performing
a posterior capsulorrhexis and then prolapsing
the optic through the posterior capsulotomy
without performing an anterior vitrectomy,
but this surgical technique has only been per-
formed on older children and the anterior
hyaloid face frequently opacifies after this pro-
cedure, necessitating reoperation [27].

6.4.4
Type of IOL

The design of and materials used for IOLs con-
tinue to evolve. Improvements in lens construc-
tion and the use of more stable polymers have
led to less postoperative inflammation, lens
deposits, and capsular opacification. Many new-
er lenses can be folded, making it possible to
implant them through smaller incisions, which
reduces the risk of wound dehiscence and
makes it possible to achieve a stable refractive
error more rapidly following cataract surgery
(Fig. 6.5). However, none of these newer lens de-
signs and materials have been used over a long
period of time; therefore, their long-term safety
is unknown. The current lens material with the
longest safety record is polymethylmethacrylate
(PMMA), a polymer with over 30 years of use.
The safety record of PMMA is excellent, with no
reports of problems due to degradation or
structural failure. One-piece PMMA lenses have
been advocated for use in children because of
their long-term record of safety [9]. IOLs made
of acrylic have recently gained popularity be-
cause they can be folded and inserted through
smaller incisions. Acrylic IOLs have become the
most commonly implanted IOLs in adults by
cataract surgeons. Acrylic lenses also decrease
the incidence of posterior capsule opacification,
which has decreased the need for subsequent
capsular opening procedures. Because of these
advantages, the implantation of acrylic IOLs in
children is increasing rapidly [48].Although the
long-term safety of acrylic lenses is unknown,
no structural or material failures in children
have been reported. It is anticipated that in the

near future, PMMA lenses will be phased out of
routine use in adults and will be reserved only
for unusual circumstances. Indications are that
this trend is also occurring in the pediatric age
group. One-piece all acrylic lenses will be used
exclusively in the IATS.

6.4.5
IOL Power

Our targeted postoperative refraction will be an
undercorrection of 8 D in children undergoing
cataract surgery when 4–6 weeks of age and 6 D
for children over 6 weeks of age but under
7 months of age. In our pilot study, we implant-
ed IOLs ranging in power from 24 to 30 D
(mean, 26.2 ± 2.3 D); actual mean postoperative
refractive error 4 weeks after surgery was +6.81
± 4.35 D. Mean postoperative myopic shift was
5.49 D after a 1-year follow-up. Initial axial
length (p=0.70) or type of IOL implanted
(p=1.0) did not correlate with the magnitude of
the myopic shift.
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Fig. 6.5. Corectopia in a 12-month-old child who was
hit in the eye 4 days following the implantation of a
secondary IOL. The child had had a unilateral
cataract in this eye and underwent a lensectomy when
4 weeks of age. After losing multiple contact lenses,
her parents requested a secondary IOL. An acrylic
IOL was implanted into the capsular bag through a
3.2-mm scleral tunnel incision after opening the ante-
rior and posterior capsular leaflets. When the corec-
topia was repaired, it was noted that there was vitre-
ous to the wound, but the IOL remained centered in
the capsular bag



McClatchey [31] created a logarithmic model
to analyze the rate of refractive growth of 100
pseudophakic and 106 aphakic eyes of children
followed longitudinally for 3 or more years.
Pseudophakic eyes had a lower rate of refractive
growth than the aphakic eyes (–4.6 vs –5.7,
p=0.03). These growth rates were then used to
create an algorithm to predict the myopic shift
that will be experienced by eyes undergoing IOL
implantation during the first 6 months of life. It
is hoped that the children in IATS will be em-
metropic when 2–3 years of age and low myopes
later in childhood. By initially undercorrecting
these children, we hope to minimize their need
for a spectacle overcorrection during much of
their childhood.

Summary for the Clinician

∑ The Infant Aphakia Treatment Study is a
multicenter clinical trial comparing IOLs
and contact lenses for the treatment of
infants with a unilateral cataract

∑ The primary outcome will be grating acuity
at 12 months of age

∑ Secondary outcomes will be the number of
postoperative complications, the magnitude
of the myopic shift, the incidence of strabis-
mus and parenting stress

6.5
Bilateral Simultaneous Surgery

While most pediatric ophthalmologists advocate
removing bilateral cataracts as two separate pro-
cedures to minimize the risk of bilateral endoph-
thalmitis,others favor bilateral simultaneous sur-
gery in selected patients in order to decrease the
number of times general anesthesia will be re-
quired, to rehabilitate both eyes simultaneously
and to reduce the cost of the procedures [16]. Bi-
lateral simultaneous cataract surgery has also
been advocated in adults requiring general anes-
thesia [17]. In children, it has been proposed that
bilateral simultaneous surgery be reserved for
children who are at increased risk of complica-
tions with general anesthesia (Fig. 6.6) [50]. Ex-
tra precautions should be taken to minimize the
risk of endophthalmitis such as using a different
set of surgical instruments for each eye.

6.5.1
Endophthalmitis

Endophthalmitis is one of the most serious
complications that can occur following infantile
cataract surgery [46]. It has been reported to
have a prevalence of 7/10,000 surgeries, which is
similar to the prevalence reported following
cataract surgery in adults [20]. In most cases, it
is diagnosed within several days of cataract
surgery. It is most frequently caused by Sta-
phylococcus aureus, Staphylococcus epidermidis,
Streptococcus pneumoniae, and Streptococcus
viridans. Nasolacrimal duct obstruction, peri-
orbital eczema, and upper respiratory infection
are important risk factors for the development
of postoperative endophthalmitis. For this rea-
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Fig. 6.6 a, b. Bilateral nuclear cataracts in a 4-week-
old boy with Lowe syndrome and renal dysfunction.
Bilateral simultaneous lensectomies were performed
to obviate the need for multiple sessions of general
anesthesia. Postoperatively the child was fit with rigid
gas permeable contact lenses

a

b



son, nasolacrimal duct obstructions should be
treated prior to cataract surgery, and cataract
surgery should be postponed if an infant has an
upper respiratory infection. Most children have
a poor visual outcome following endophthalmi-
tis [13]. In one series, 65% of the eyes developing
postoperative endophthalmitis had a final visu-
al acuity of no light perception.

6.5.2
Visual Rehabilitation

The visual rehabilitation of children with bilat-
eral congenital cataracts is facilitated by remov-
ing both cataracts simultaneously since both
eyes are more likely to have the same visual
experience. Wright [49] has advocated bilateral
patching for up to 2 weeks for infants with both
unilateral and bilateral congenital cataracts to
prevent amblyopia from developing. By per-
forming simultaneous cataract surgery, the risk
of unequal visual input to either eye can be min-
imized.

Summary for the Clinician

∑ Bilateral simultaneous cataract surgery
may be preferable in infants at increased
risk of complications with general 
anesthesia

∑ The risk of endophthalmitis should be 
minimized by taking special precautions
such as using a separate instrument tray 
for each eye
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7.1
Classification

In the ophthalmic literature the term “infantile
glaucoma”has been used for a broad and hetero-
geneous spectrum of glaucoma in childhood.
Manifest glaucoma in children younger than
3 years usually causes visible distension of the
eye globe (Fig. 7.1), leading to the historical term
“buphthalmia” (ox eye). In order to achieve 
accurate diagnoses and to subdivide this huge
disease entity, several authors have proposed
classifications of the glaucomas in childhood
according to age, morphology of the anterior
segment, and the presence of further ocular or
systemic abnormalities (Table 7.1). Tomey [54]
has presented a very helpful overview of these
classifications. Nevertheless, the terms “infantile
glaucoma,”“congenital glaucoma,” and “develop-
mental glaucoma” are frequently used in the lit-
erature as synonyms without consideration of
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∑ Treatment patterns and prognosis of infan-
tile glaucomas are very heterogeneous
depending on the underlying pathomech-
anism of glaucoma

∑ Glaucoma surgery is the primary option in
treatment of infantile glaucoma except
when the prognosis for the child’s life or
that of the eye is very poor or when multi-
ple previous glaucoma surgeries have
achieved only limited success

∑ Several restrictions for medical treatment in
infantile glaucoma need to be considered.
Brimonidine can cause severe systemic
side-effects in children younger than
8 years

∑ First-line interventions in primary con-
genital glaucoma are trabeculotomy or
trabeculectomy or a combination of both.
In cases with a sufficiently clear cornea and
good gonioscopic view, goniotomy is also a
first-line option

∑ Second-line interventions in congenital
glaucoma are tube implants, which lead 
to a high rate of reintervention

∑ In refractory cases or complex malforma-
tions with high intra- and postoperative
risks, cyclodestructive methods may be 
an alternative, achieving moderate success
in long-term IOP control

∑ The inflammatory and aphakic glaucomas
represent a special group with limited
results from any form of surgery.The 
prognosis of infantile glaucoma surgery 
in chronic uveitis associated with auto-
immune diseases may be influenced by 
systemic immunomodulative therapy

Core Messages

Fig. 7.1. Eleven-month-old boy with primary con-
genital glaucoma showing enlarged horizontal
corneal diameter and slight corneal cloudiness in the
left eye



exact age. When comparing the outcome of dif-
ferent treatment patterns, it is now mandatory to
accurately differentiate the age distribution and
the subdiagnoses of the patient group treated.

7.2
Diagnostic Aspects

7.2.1
Clinical Background

Glaucoma in childhood is a relatively rare dis-
ease with an incidence of 1 in 10,000 live births
[15], which requires special knowledge in man-
agement owing to the very heterogeneous path-
omechanisms and prognosis of the subgroups.
There are some reports of a self-limiting con-
genital glaucoma [27], but also many papers
focusing on the refractory congenital glauco-
mas, especially if associated with other ocular
malformations, such as chronic uveitis, aniridia
or Peters anomaly [2, 3, 15, 30]. Consequently, it
is crucial to differentiate between individual
prognoses before determining therapy.

As the characteristic symptoms of blepharo-
spasm, photophobia, and epiphora in congeni-
tal glaucoma are reported with very high fre-
quency by parents, the individual anamnesis is
an important and reliable clinical parameter.
The early onset of these suspicious symptoms
seems helpful in congenital glaucoma as mani-
fest clinical symptoms are mostly seen during
the first 3 months of life [15, 17].

Sometimes, in very young children, megalo-
cornea, chronic conjunctivitis, and lacrimal
stenosis can imitate the classical features of
congenital glaucoma. In order to avoid the risk
of treating a nonglaucomatous eye for glauco-
ma, the exact diagnosis of congenital glaucoma
often needs to be confirmed by an examination
under general anesthesia as cooperation in the
young child may be lacking. If possible, exami-
nation for congenital glaucoma should include
tonometry, skiascopy, biomicroscopy of the an-
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Table 7.1. Classifications of the glaucomas in childhood

Age Congenital glaucoma Manifestation at birth or thereafter

Infantile glaucoma Manifestation between 1st and 4th year

Juvenile glaucoma Manifestation after the 4th year

Associated pathologies Primary glaucoma Isolated dysgenesis of the TM

Secondary glaucomas Associated ocular 
or systemic pathology

Morphology Trabeculodysgenesis (e.g., primary congenital glaucoma)
of the anterior segment Iridotrabeculodysgenesis (e.g., Riegers syndrome)

Iridocorneotrabeculodysgenesis (e.g., Peter’s anomaly)

Table 7.2. Work-up of clinical examination in con-
genital/infantile glaucoma 

Careful individual anamnesis

Skiascopy 
(Myopia? Anisometropia?)

Biomicroscopy of the anterior 
and posterior segment 
(Haab striae? Distension of the superior limbal
region? Glaucomatous excavation?)

Measurement of the horizontal corneal diameters

Hand-held tonometry

Gonioscopy 
(Iris insertion? Synechiae?)

A-scan sonography 
(Deviation from age-related growth?)

B-scan sonography 
(Retinoblastoma?)

Ultrasound biomicroscopy 
(completely opaque cornea)



terior and posterior segment, gonioscopy, and
sonographic measurement of the axial length
(Table 7.2). Under certain circumstances or with
increasing age, visual field testing, laser scan-
ning optic disc morphometry, or ultrasound
biomicroscopy may be possible and helpful.

7.2.2
Tonometry

It is important to consider that normal intra-
ocular pressure (IOP) in children ranges from
9–12 mmHg under general anesthesia. IOP
measurements of 16–18 mm Hg under general
anesthesia already require cautious interpreta-
tion. Intraocular pressure measurement in chil-
dren under general anesthesia should not be
performed in the initial phase but during deep
anesthesia, in order to avoid the massive fluctu-
ations occurring in the initial phase of general
anesthesia [26]. Several studies have demon-
strated that intraocular pressure is lowered un-
der general anesthesia, especially halothane
anesthesia [4]. Chloral hydrate or ketamine se-
dation seems to avoid a considerable decrease of
IOP, but also requires meticulous monitoring
and supervision during and after a child’s seda-
tion [28, 54].

Tonometry in general anesthesia has to be
performed using hand-held devices, e.g., the
Schiötz, Perkins, or Tonopen tonometer. Any
form of tonometry in the awake child is relative-
ly unreliable owing to unpredictable factors
such as pressure of the eye lids or increased
episcleral pressure in the crying child. Tonome-
try in the young child is usually performed with
devices designed for adult patients, thus intro-
ducing the risk of systematic measurement er-
rors. Experimental and clinical studies have
shown that pathological conditions of the sclera
and cornea can lead to considerable tonometric
measurement errors. In buphthalmic eyes with
corneal scars and opacifications, significantly
higher values are obtained with indentation
tonometry than with applanation tonometry.
As the diameter of the cornea and axial length
of the eye are increased in children with con-
genital glaucoma, the central cornea is signifi-
cantly thinner in these children than those with

nonglaucomatous eyes. [29] This may also con-
tribute to a considerable underestimation of
the actual intraocular pressure in buphthalmic
eyes.

7.2.3
Optic Disc Evaluation

Glaucomatous optic disc cupping is seen in the
majority of children with infantile glaucoma, as
far as limited corneal clarity allows visualiza-
tion of the optic disc. The degree of optic disc
excavation depends on the size of the optic disc,
the pressure level, and the duration of increased
intraocular pressure.

A reversal of optic disc cupping after pres-
sure-reducing surgery can be observed at an
early stage of primary congenital glaucoma.
This phenomenon of an “improved”cup disc ra-
tio occurs if intraocular pressure is successfully
reduced, especially during the 1st year of life.
Between the 2nd and 5th years of life, un-
changed cupping is more frequent following
successful glaucoma surgery [57]. In older chil-
dren, optic disc cupping is considered to be the
safest parameter to indicate the stage of glauco-
matous damage.

Little information is available on the clinical
potential of optic disc morphometry by laser
scanning tomography in children with congen-
ital glaucoma. Compliance in children of 4 or
5 years is often already sufficiently good to per-
form laser scanning tomography of the optic
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Fig. 7.2. Macroexcavation in a large optic disc
(>4 mm2). This healthy 6-year-old boy was suspected
of having childhood glaucoma.Follow-up revealed no
change of the macroexcavation



disc and this is extremely helpful to rule out or
to clearly quantify a macroexcavation in a very
large optic disc (Fig. 7.2) and to avoid unneces-
sary treatment.

7.2.4
Sonography

7.2.4.1
A-Scan

The pathological increase of the axial length
leading to the typical buphthalmic configura-
tion of the eye is an extremely frequent sign in
congenital glaucoma during the 1st years of life.
Beyond the 4th year of life, the onset of glauco-
ma is usually not associated with buphthalmic
growth of the eye owing to age-dependent
changes in the sclera architecture. In contrast to
tonometry, which offers only a snapshot of in-
traocular pressure fluctuations, the pathologi-
cally increased axial length in congenital glau-
coma reflects the long-term level of intraocular
pressure.

Preoperative axial length and age are basic
factors in the interpretation of ocular growth
following glaucoma surgery in primary congen-
ital glaucoma. Temporary cessation of ocular
growth is a frequent finding after successful
pressure-reducing surgery in eyes with an axial
length greater than 22 mm and in children aged
3 months or older.

7.2.4.2
B-Scan

B-scan sonography – wherever available – should
be obligatory in buphthalmic eyes with severe
opacities of cornea, lens, or vitreous to rule out
secondary glaucoma owing to retinoblastoma,
other tumor-like lesions, or persistent primary
hyperplastic vitreous. Although rare, these sec-
ondary glaucomas require different treatment
strategies with their own prognosis.

Follow-up examination of buphthalmic eyes
with opaque optical media should also include
B-scan sonography, because of the relatively
high incidence of retinal detachment following
any kind of antiglaucomatous surgery.

7.2.4.3
Ultrasound Biomicroscopy

Ultrasound biomicroscopy is a useful diagnos-
tic tool in cases of complete corneal opacifica-
tion hindering clear identification of anterior
chamber structures. Iris adhesions to the
cornea can be visualized by ultrasound bio-
microscopy, allowing diagnoses such as Peters
anomaly or iris tamponade following perfora-
tion [21]. Such information can be helpful in
determining subsequent treatment strategies if
glaucoma surgery or keratoplasty is planned.

7.2.5
Corneal Morphology

7.2.5.1
Corneal Opacifications

Much attention is focused on the cornea in the
diagnosis of congenital glaucoma. There are
several typical signs that can be observed such
as a stretched superior limbal region (Fig. 7.3),
tears in the Descemet membrane, the so-called
Haab striae (Fig. 7.4), and corneal opacifications
(Fig. 7.5). Corneal opacities are frequent in in-
fantile glaucoma, occurring in up to 75% of
glaucomatous eyes [17]. Corneal clouding as an
isolated ocular symptom (without Haab striae
and limbal stretching) in infants is a suspect
sign of a genetic (congenital hereditary endo-
thelial dystrophy, Turner or Noonan syndrome)
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Fig. 7.3. Primary congenital glaucoma in 14-month-
old girl showing massive distension and stretching of
the superior limbus region



or metabolic (mucopolysaccharidoses, cysti-
nosis) disease, sometimes imitating congenital
glaucoma. Even where meticulous examination
is not possible, such as in a crying or restless,
awake child, the degree of corneal clarity should
always be observed. Even the smallest corneal
opacity can be symptomatic of a severe ophthal-
mological disease such as congenital glaucoma
or anterior-dysgenesis syndrome.

7.2.5.2
Corneal Diameters

Owing to the extremely stretched superior lim-
bal region in buphthalmic eyes, it seems reason-
able to measure corneal diameters horizontally
rather than vertically. Enlarged corneal diame-
ters of more than 12 mm during the 1st year of
life are highly indicative of buphthalmia. Aver-
age horizontal corneal diameters in the newborn

are between 9.5 and 10 mm. In the 1st year of life,
corneal diameters reach 10.5–12.0 mm. Corneal
diameters are accepted as a diagnostic criterion
of high sensitivity for congenital glaucoma.
However, as a factor for monitoring the long-
term progression of glaucoma, the measurement
of the corneal diameters seems inappropriate in
most cases, although no larger reliable studies
exist on changes in buphthalmic corneal diame-
ter following pressure-reducing surgery.

Megalocornea has been reported as a devel-
opmental, nonprogressive anomaly with corneal
diameters of at least 12 mm in the newborn. In
contrast to congenital glaucoma, the limbal re-
gion is not stretched in megalocornea, and rup-
tures of the Descemet membrane with edema
and opacities are also absent. However, associa-
tions between megalocornea and congenital
glaucoma have been described in one family.All
patterns of inheritance have been reported.

7.2.6
Visual Field Testing

Visual field testing requires a minimum of com-
pliance and understanding from the patient.
This kind of examination is therefore rarely fea-
sible in children younger than 8 years. Conven-
tional kinetic manual perimetry has been
shown to be of use in detecting localized visual
field defects in children between 4 and 14 years
of age [16].

7.2.7
Objective Refraction

Determination of objective ocular refraction is
extraordinarily important in the management
of infantile glaucoma in order to protect against
amblyopia. Reliable skiascopy is frequently hin-
dered by corneal clouding or endothelial scars.
The majority of glaucomatous eyes are myopic
beyond the first months of life even when pres-
sure-reducing surgery has been successfully
performed [38]. In 65–100% of patients, ambly-
opia due to ametropia or anisometropia threat-
ens visual acuity in later life, even in pressure-
controlled buphthalmic eyes [15].
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Fig. 7.4. Haab striae (endothelial tears) in a adult
patient who had undergone glaucoma surgery for
congenital glaucoma in his first year of life

Fig. 7.5. Iridocorneotrabeculodysgenesis with glau-
coma in a 3-year-old girl



Summary for the Clinician

Typical clinical signs of congenital glaucoma
occurring in the first 2 years of life:
∑ History of epiphora, photophobia and

blepharospasm during the first months 
of life

∑ Corneal opacities, tears of the Descemet
membrane (Haab striae), an overstretched
superior limbal region and large corneal
diameters

∑ In contrast to management in adult glauco-
ma, several specifications have to be consid-
ered in the diagnostic work-up:

∑ Abnormally increased ocular axial length
(in comparison to the normal age-correlat-
ed growth curve) is a common feature 
of congenital glaucoma. However, if onset 
of glaucoma occurs after 3 years of age the
typical stretching of the globe is usually
absent

∑ Despite manifest congenital glaucoma the
intraocular pressure may be normal under
deep general anesthesia. Several sources of
error may confuse intraocular pressure
measurements in buphthalmic eyes

∑ Glaucomatous excavation of the optic disc
is usually present, but evaluation of the
optic disc is often impossible owing to
corneal opacities. Glaucomatous excavation
can be reversible in very young children
following IOP control

∑ Visual field testing is usually impossible in
children younger than 6–8 years. Optic disc
morphometry can be performed even in
younger children from 4 years of age

∑ Skiascopy, or another method of determin-
ing the objective ocular refraction, should
be performed regularly, because refractive
problems such as ametropia and ani-
sometropia are very common in buph-
thalmic eyes and may also contribute to
amblyopia

7.3
Medical Treatment

Medical treatment is usually a treatment option
of second choice in young children if surgery
has to be postponed for certain reasons: if life
expectancy is undoubtedly limited owing to a
complex syndrome or severe, life-threatening
disease or, exceptionally, if multiple previous
antiglaucomatous surgical interventions have
achieved only limited success requiring further
pressure-reducing treatment with poor surgical
prognosis.

Fundamental problems connected with
medical treatment of children with congenital
glaucoma include an understandable poor com-
pliance on instillation of drops. Topical and sys-
temic side effects can also arise, owing to the
relatively high concentration of pharmaceutical
agents, originally designed for adults, in the
child’s body, and on long-term application of
preservatives such as benzalkonium chloride.

For all new medications introduced into
glaucoma management over the last 15 years,
knowledge of long-term side-effects (>20 years)
of their use in early childhood is naturally lack-
ing. This may be of particular importance for
iris pigmentation after use of latanoprost.

7.3.1
Miotics

Pilocarpine and other miotics are often used
postoperatively to prevent the formation of
anterior synechiae (e.g., following goniotomy,
trabeculotomy,or cyclodialysis). Changing pupil
size and disturbed accommodation limit the
use of this agent in long-term treatment of
infantile glaucoma.

Another concern may be the use of strong-
acting miotics in highly myopic eyes, since an
association has been described between miotics
use and retinal detachment in highly myopic
eyes with glaucoma.
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7.3.2
Beta-Blockers

Topical beta-blockers are the best documented
antiglaucomatous agents with regard to efficacy
and side effects. Owing to systemic resorption,
topical timolol can cause bradycardia, arterial
hypotension and pulmonary problems in chil-
dren, especially when drops are instilled bilater-
ally with no interval between applications to the
two eyes. These side effects will undoubtedly
occur more often in very young children than in
older patients.

7.3.3
Carbonic Anhydrase Inhibitors

Systemic acetazolamide may cause severe sys-
temic side effects including metabolic acidosis,
renal problems, and hepatic necrosis. Owing to
its chemical structure, acetazolamide should
not be given in cases with a sulfonamide allergy.
Under controlled circumstances, acetazolamide
is sometimes used for short periods, preferably
in older children. Topical carbonic anhydrase
inhibitors, such as dorzolamide and brinzo-
lamide, are less likely to cause side effects than
oral acetazolamide, but seem to be less effective
in pressure reduction [45]. Little is known about
the disturbance of endothelial function in
buphthalmic eyes with extensive Haab striae on
treatment with topical carbonic anhydrase in-
hibitors.

7.3.4
Prostaglandins

The use of latanoprost in pediatric glaucoma
has been described [23]. Mean IOP reduction
after addition of latanoprost in 48 pediatric
patients was relatively small. Pressure-reducing
efficacy, especially in young patients with infan-
tile glaucoma, seems to be more limited than in
older patients with juvenile glaucoma.

The special use of latanoprost as an addition-
al antiglaucomatous medication has been stud-
ied in children with port wine stain-related pe-

diatric glaucoma. Nearly half of the patients had
controlled IOP at 1 year follow-up [44].

Little is known,however,about the long-term
changes in iris pigmentation and the clinical
importance of this for children. As in adults, the
application of latanoprost in uveitic glaucoma
should be avoided. Latanoprost was suspected
of having caused heavy sweat secretion over the
entire body 1–2 h after local administration in a
child with aniridia [51].

7.3.5
Alpha-2 Agonists

Brimonidine is a topical alpha-2 agonist that is
widely used as a hypotensive drug in adults. In 
a retrospective analysis six out of 22 children
between the ages of 0 and 14 years had to stop 
local administration of brimonidine 0.2%. Rea-
sons for terminating treatment were fainting
attacks in two children, tiredness in another
two, and local irritations in a further two pa-
tients [10]. A considerable proportion of young
children suffer from systemic side effects fol-
lowing brimonidine 0.2% drops [9, 22], leading
to the recommendation not to use this medica-
tion in young children.

Severe systemic problems such as bradycar-
dia and hypothermia have been described fol-
lowing topical application not only of brimoni-
dine but also of apraclonidine in children.

7.4
Surgical Therapy

Owing to the rarity of congenital glaucoma and
the unusual tissue consistency of buphthalmic
sclera and cornea, any glaucoma surgery in
buphthalmia (Table 7.3) requires special equip-
ment, knowledge, skill, and experience.

Prospective randomized clinical studies of
surgical strategies in congenital glaucoma are
extremely rare. The reasons for this could be the
low incidence of the disease or the uncertainty
of randomization, to which many parents will
not consent. Thus, most data are taken from ret-
rospective studies in large tertiary glaucoma
centers, reflecting the surgical experience and
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preferences of some very highly skilled glauco-
ma surgeons but also regional differences be-
tween patient groups with regard to ethnic ori-
gin, type of glaucoma, and patient compliance.

Another well-known problem is the discrep-
ancy between success criteria used in different
studies, which can range from the simple state-
ment “no further re-surgery required” to attain-
ment of certain intraocular pressure measure-
ments after a given period or satisfactory values
for a combination of clinical parameters such 
as clinical symptomatology, corneal clearness,
intraocular pressure, A-scan sonography, and
optic disc morphology.

7.4.1
Goniotomy

The technique of goniotomy was introduced
clinically by Barkan in the early 1940s. Gonioto-
my involves incision of the thickened trabecular
beams and disconnection of the abnormally
forward insertion of the iris. However, a clear
cornea and highly specialized surgical experi-
ence are required for this delicate surgery. Espe-
cially in the intraoperatively flattened anterior
chamber of newborns with leaking corneal
incisions, maneuvers with the goniotomy knife
carry certain risks, even when high-viscosity
viscoelastics are used.

Success rates of 60–90% have been reported
following goniotomy in childhood glaucoma
[15, 41, 46, 49]. However, re-goniotomies have to

be performed in up to one-third of patients. In
order to perform this kind of surgery in eyes
with a cloudy cornea, endoscopic approaches
have been described [33]. To guarantee a stable
anterior chamber, endoscopic goniotomy has
also been performed using an anterior chamber
maintainer.With this technique, a 240° gonioto-
my can be performed with no major complica-
tions [7].

Retrospective studies in juvenile uveitis pa-
tients around 10 years of age have also revealed
relatively good results for conventional gonioto-
my in experienced hands. The overall success
rate after goniotomies (54 in 40 eyes) was 
72% with a postoperative IOP of 14–16 mmHg.
Kaplan-Meier survival probabilities were 0.81 at
5 years and 0.71 at 10 years. The most frequent
complication was hyphema in 80% of the go-
niotomies.Prognosis for the outcome was better
in eyes with fewer anterior synechiae, in phakic
eyes, in eyes without prior surgery, and in
patients younger than 10 years [30].

If the surgeon has sufficient experience with
this technique and clinical results are compara-
ble to ab-externo approaches in his hands, it is
reasonable to perform goniotomy or similar
pressure-reducing ab-interno surgery (e.g., en-
doscopically guided goniotomy) as a primary
intervention, because the conjunctiva will not
be damaged and thus future surgery is not pre-
judiced.

7.4.2
Trabeculotomy

As with goniotomy, success rates of around
70–90% have been reported within a period of
2–9 years following trabeculotomy [14, 15, 31, 41].
However, one-third of the eyes operated on re-
quired a second or tertiary trabeculotomy. This
ab-externo method is not dependent on the vis-
ibility of the chamber angle structures through
an often cloudy cornea. However, abnormal
anatomy of the limbus in congenital glaucoma
makes it difficult to clearly identify the lumen of
Schlemm’s canal that should be cannulated by a
trabeculotome. In these cases, trabeculotomy
might be changed into a trabeculectomy by
excising a small block of scleral tissue as for
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Table 7.3. Surgical treatment options in congenital
and infantile glaucoma

Primary congenital glaucoma
Goniotomy
Trabeculotomy
Combined trabeculotomy-trabeculectomy
Trabeculectomy 

Refractory congenital glaucomas
Glaucoma implants (Ahmed valve,
Baerveldt and Molteno implant)
Laser cyclophotocoagulation
(cyclocryocoagulation)
Adjunctive antimetabolites in filtration surgery
Cyclodialysis



routine trabeculectomy. This externalization of
trabeculotomy is also performed as a planned
procedure in developmental glaucoma (see
Sect. 7.4.3).

A 360° trabeculotomy has been proposed 
by threading a polypropylene suture into
Schlemm’s canal for the whole circumference
and tearing the meshwork with the suture. The
pressure-reducing potential of this procedure
has been demonstrated in a retrospective study
of 24 eyes, achieving success rates of more than
90% [40]. However, massive ocular hypotony
has also been described in a small series follow-
ing 360° suture trabeculotomy [25].

7.4.3
Trabeculotomy Combined 
with Trabeculectomy

Trabeculectomy has been combined with tra-
beculotomy as a primary intervention achiev-
ing comparable or better success rates to tra-
beculotomy alone.

In the difficult group of very young patients
undergoing glaucoma surgery within the
1st month of life, an Indian retrospective study
revealed success rates of 89% after 1 year and
72% after 3 years for the combined trabeculoto-
my–trabeculectomy approach. No essential in-
tra- and postoperative complications were seen
in any patient though anesthesia-related prob-
lems occurred in two patients [37].

Elder [20], who exclusively studied Palestin-
ian patients younger than 1 year, showed better
results for combined trabeculotomy–trabecul-
ectomy procedures (93.5%) after 2 years than
for trabeculectomy (72%), although the inci-
dence of corneal haze in the trabeculectomy
group was obviously higher (82% vs 56%),
whereas other preoperative parameters (e.g.,
age, intraocular pressure, corneal diameters)
were similar in the two groups. The author ex-
plained the superior outcome of the combined
procedure by establishing two different new
ways of facility improvement (through the tra-
becular meshwork and through the sclera).

Slightly worse results for combined trabe-
culotomy–trabeculectomy (72% success rates)
were noted for primary congenital glaucoma in

a retrospective study in Saudi Arabian patients.
In this study, outcome was much worse for eyes
with associated ocular malformations (45%
success rate) although mitomycin C was addi-
tively used in 87% of the eyes [43].

7.4.4
Trabeculectomy

Depending on follow-up and risk profile in the
study patients, the success rates published in the
literature for primary trabeculectomy alone
range from 50% to over 90% in congenital glau-
coma [18, 20, 24]. Burke [11] reported surgical
success in 18 of 21 eyes (86%) with congenital
glaucoma after a mean follow-up of nearly
4 years. In the same patient group, Fulcher [24]
even observed a 5-year success rate of 92% after
the first trabeculectomy in 13 eyes with primary
congenital glaucoma, although no patients
younger than 4 months of life or with a corneal
diameter larger than 13.5 mm were treated in
this study.

Debnath et al. [14], who clearly described the
distribution of risk factors in their Saudi Arabi-
an study group, found a 1-year success rate of
54% for trabeculectomy. The authors concluded
that their high failure rate might be influenced
by an ethnic factor. Furthermore, the propor-
tion of patients manifesting glaucoma soon af-
ter birth was relatively high in this study and
obviously predisposed the group to poor results
for both procedures. Trabeculectomy was rarely
followed by cataract, endophthalmitis, or vitre-
ous loss.

In another retrospective study comparing
the outcomes of trabeculotomy, trabeculectomy
and combined trabeculotomy–trabeculectomy,
there was no significant difference between out-
come for the surgical techniques after 5 years.
[18]

Several authors do not recommend trabe-
culectomy as a primary procedure in congenital
glaucoma, as they have attained only moderate
success rates associated with severe intra- and
postoperative complications such as vitreous
loss, endophthalmitis, retinal detachment, scle-
ral collapse, subluxation of the lens, and uveitis
as possible risks. Shallow anterior chamber and
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hyphema are the most common postoperative
complications and these usually resolve sponta-
neously.

The rate of resurgery (1/3) after initial tra-
beculectomy is comparable to that after tra-
beculotomy or goniotomy, but prognosis is par-
ticularly poor for neonatal forms of congenital
glaucoma and highly myopic eyes. Secondary
trabeculectomy in primary congenital glauco-
ma achieves significantly worse results than pri-
mary trabeculectomy [18].

7.4.5
Use of Antifibrotic Agents

Intra- or postoperative application of topical
mitomycin C or 5-fluorouracile in young chil-
dren with a long life expectancy is associated
with the risk of late toxicity and potential muta-
genicity of these antimetabolites, even though
the filtering procedures combined with the 
use of mitomycin are becoming increasingly
routine in antiglaucomatous surgery. Further
possible deleterious complications of filtering
procedures with mitomycin C are rupture of
thin-walled blebs, wound leakage, late endo-
phthalmitis, and long-standing hypotony.
Owing to extreme scleral thinning in buph-
thalmia, the potential risk of localized retinal
necrosis has also to be considered. However, in
refractory cases the use of antimetabolites or
other methods to prevent scarring seems un-
avoidable where goniosurgery and ab-externo
procedures without antimetabolites have failed.

The intraoperative use of mitomycin C
(MMC) during trabeculectomy and its long-
term effectiveness in congenital glaucoma have
been investigated in several retrospective stud-
ies, with the general conclusion that there are
significantly more complications associated
with the use of MMC in infantile glaucomas [38,
48]. Incidence and frequency of postoperative
complications (thin avascular filtering blebs,
choroidal detachment, wound leakage) follow-
ing combined trabeculotomy–trabeculectomy
were found to depend on the concentration 
of mitomycin C used (0.2 mg/ml vs 0.4 mg/ml)
[1]. A higher concentration of mitomycin C
(0.5 mg/ml) administered intraoperatively for

3–4 min during trabeculectomy produced a
considerable rate of late bleb-related infection
(17%) at an average follow-up of 28 months
[50]. The success rate in this study was 59% af-
ter 3 years for primary and secondary pediatric
glaucomas.

Another retrospective study investigated the
outcome of trabeculectomy with and without
MMC in aphakic and pseudophakic eyes in chil-
dren. Neither IOP levels nor success rates after
2 years differed significantly between the two
groups. In the MMC group, one patient devel-
oped bleb-related endophthalmitis in both eyes
underlining the relatively high risk of bleb
infection after MMC administration [38].

7.4.6
Glaucoma Implants

The most frequently used glaucoma shunt im-
plants are the Molteno, Ahmed, and Baerveldt
implants [8, 42]. They are used following failed
prior surgery, in aphakia and in different types
of anterior segment anomalies. Several retro-
spective studies have proven the pressure-re-
ducing potential of drainage devices in infantile
glaucoma. The Ahmed valve was implanted in a
consecutive series of 60 eyes in 44 patients
(mean age, 6 years). More than two-thirds of the
patients attained IOP control 2 years following
the procedure with reduction of pressure-low-
ering eye drops from 4 to 2 medications. How-
ever, complications occurred in 30 eyes (50%),
leading to severe visual loss in four patients.
Interestingly, uveitic glaucoma was a risk factor
for tube extrusion in this study [42].

A shallow anterior chamber is a frequently
seen complication (25%) in the early postoper-
ative period following Ahmed implant surgery.
Prognosis of glaucoma implant surgery seems
to be partially influenced by the surgeon’s expe-
rience [19].

In a retrospective comparison between tra-
beculectomy with mitomycin C (MMC) and
Ahmed/Baerveldt implants in children younger
than 3 years, postoperative complications re-
quiring surgical revision were more common 
in the implant group (45.7%) than in the 
MMC group (12.5%), but success rates (IOP
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<23 mmHg with maximum medication) were
also higher in the implant group after 1 (87%)
and after 6 years (53%) than in the MMC group
(36% and 19%) [8]. The most common post-
operative intervention in the implant group was
tube repositioning.

In eight eyes of five patients with aniridia
(mean age, 92 months) a glaucoma drainage
device achieved intraocular pressure reduction
from 35 mmHg to 15 mmHg with a follow-up of
19 months. The success rate after 1 year was 88%
in this retrospective study. One eye lost light
perception owing to postoperative retinal de-
tachment [3].

Simultaneous use of an Ahmed glaucoma
valve implant and penetrating keratoplasty in
refractory congenital glaucoma with corneal
opacities has limited long-term efficacy. IOP
control was achieved in one-third of eyes after
4 years, and graft success in only 17% of eyes [2].
Complications included conjunctival scarring,
corneal graft failure, and corneal ulcerations
(Streptococcus pneumoniae).

Systemic immunomodulation seems to have
a favorable influence on the outcome of glauco-
ma implant surgery in patients with uveitic
glaucoma and autoimmune disease (e.g., juve-
nile rheumatoid arthritis) [13].

7.4.7
Nonperforating Glaucoma Surgery

Nonperforating glaucoma surgery, such as deep
sclerectomy or viscocanalostomy, has been per-
formed in infantile glaucoma as a primary and
secondary intervention. The efficacy and surgi-
cal risks of this surgery are a matter of contro-
versy. While some authors report good success
rates of 75% without essential surgical side ef-
fects, others emphasize the problems and risks
of these procedures in refractory congenital
glaucoma leading to a further thinning of the
scleral envelope [36, 53].

Nonperforating glaucoma surgery has been
proposed as a safe and promising approach in
episcleral venous pressure glaucoma (e.g.,
Sturge-Weber-Krabbe syndrome), as surgical
risks are minimized and late goniopuncture can
produce a late and “controlled” filtration [36].

7.4.8
Cyclodialysis

Cyclodialysis was abandoned long ago owing 
to the unpredictability of the surgical outcome.
With the increasing use of viscoelastics,
cyclodialysis has become more and more at-
tractive as an ab-interno technique, alone in re-
fractory aphakic glaucoma or in combination
with goniotomy in the developmental glau-
comas [34]. If successful, the uveoscleral out-
flow can be greatly increased. However, long-
standing ocular hypotony can result from
cyclodialysis.

7.4.9
Cyclodestructive Procedures

Over the last decade, laser destruction of the
ciliary body has gradually replaced cryode-
struction as the cyclodestructive procedure of
choice in refractory congenital glaucoma, since
the ocular side effects are less severe after laser
surgery. Owing to the anomalous limbal anato-
my of buphthalmic eyes, it is feasible to perform
transscleral laser coagulation of the ciliary body
with the aid of transscleral illumination in
order to determine the exact localization of the
ciliary body and to identify areas of previous
destruction.

The most frequent method used to destroy
the nonpigmented ciliary body in pediatric
glaucoma is contact-diode transscleral cyclo-
photocoagulation (TSCPC). Most retrospective
studies reveal that this laser procedure is gener-
ally applied more than once in each patient.
Although IOP reduction can be achieved by
TSCPC after 1 year, the success rates are not
always completely convincing, ranging between
27% and 79% [5, 28, 35] depending on the suc-
cess criteria used and the number of laser inter-
ventions. The results following contact-diode
transscleral laser cyclophotocoagulation seem
to be worse in congenital or juvenile glaucoma
compared than in older patients with primary
open-angle glaucoma [50]. Possibly, regenera-
tive mechanisms of the infantile ciliary epitheli-
um contribute to this finding.
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The postoperative risk of phthisis seems rel-
atively low, around 3.5% [28]. Signs of intra-
ocular inflammation are relatively frequent,
around 25%. Especially in aphakic eyes, severe
vision-threatening postoperative complications
including retinal and choroidal detachment
have been described in children. [5]

7.4.10
Surgical Iridectomy (Laser Iridotomy)

Iridectomy is the treatment of choice in certain
cases of angle-closure glaucoma. Pupillary
block that should be treated by iridectomy may
be present in spherophakia (e.g., Weill-March-
esani syndrome), in uveitic glaucoma with 360°
posterior synechiae, and in nanophthalmic
eyes. Pupillary block mechanisms due to lens
dislocation (e.g., in Marfan’s syndrome) should
be primarily treated by lens extraction rather
than by iridectomy. Other reasons for angle-
closure glaucoma in children may be irido-
ciliary cysts, hyperplastic primary vitreous, and
retinopathy of prematurity [47].

7.4.11
Special Aspects

7.4.11.1
Secondary Glaucoma in Pediatric Uveitis

Secondary glaucoma is observed in nearly 30%
of children with chronic uveitis. Owing to the
high rate of band keratopathy, the visual prog-
nosis is still poor today for every third child. In
older children with glaucoma and arthritis, the
medical treatment option is effective in 30–50%
of cases, thus avoiding glaucoma surgery with
unpredictable prognosis.

A few studies have reported good surgical
results following glaucoma implant surgery
combined with systemic immunomodulation in
children with uveitis, but also following goni-
otomy and trabeculodialysis.

7.4.11.2
Aphakic Glaucoma

In contrast to primary congenital glaucoma,
some standard techniques, including filtering
surgery with antimetabolites [6, 38] or gonio-
surgery [56], reveal unsatisfactory results in
aphakic glaucoma in children. Acceptable long-
term results have been reported – albeit with a
considerable rate of postoperative complica-
tions – for glaucoma implant surgery [12] and
with temporarily limited success for cyclodiode
laser treatment [32].

A recent study has raised the question of
whether delayed surgery in congenital cataract
might reduce the risk of glaucoma. In this retro-
spective analysis, early cataract surgery during
the 1st month of life increased the 5-year risk of
secondary glaucoma (50%) compared to those
eyes that underwent cataract surgery later
(15%). Corrected visual acuity did not differ
between eyes operated before and after 1 month
of age. The 5-year risk of glaucoma in at least
one eye was 25% following bilateral limbal
lensectomy, with anterior vitrectomy remaining
at a constant level for the first 5 years [55]. From
these data, glaucoma risk in modern surgery of
congenital cataract by a limbal approach must
still be considered relatively high.

7.5
Surgical Complications

7.5.1
Intraoperative Complications

Chamber angle bleeding with small hyphema
occurs in two-thirds of eyes during trabeculoto-
my and in a quarter of eyes undergoing primary
trabeculectomy. The blood is usually absorbed
during the 1st postoperative day. A frequent in-
traoperative complication (>5%) of trabeculo-
tomy is early perforation of the anterior cham-
ber by the trabeculotomy probe. Further,
relatively rare, instrumentally induced intraop-
erative complications of trabeculotomy are
cyclodialysis with postoperative hypotony, iris
damage, and lens subluxation [31]. Although
trabeculectomy is widely performed by many
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ophthalmic surgeons, this procedure remains
technically challenging in congenital glaucoma,
as the limbal anatomy is usually distorted and
the sclera extraordinarily thin. This can lead to
inadvertent scleral perforation during prepara-
tion of the scleral flap. Another potential risk
can be prolapse of the vitreous or ciliary body
through the peripheral iridectomy into the tra-
beculectomy opening, especially in the case of a
primarily dislocated lens. Typical intraoperative
problems of goniotomy may be touching of the
lens, with subsequent cataract formation and
leaking corneal incisions. Intraoperative com-
plications of cyclodialysis ab-interno also in-
clude massive hemorrhage.

7.5.2
Postoperative Complications

Retinal detachment in buphthalmic eyes follow-
ing trabeculotomy has been reported with a
frequency of 3% over a mean follow-up period
of 9 years [31]. This demonstrates the general
susceptibility to retinal tears in the stretched
and highly myopic buphthalmic eye rather than
a special postoperative risk of any one surgical
method. Even after goniotomy, Rice [46] report-
ed several cases of retinal detachment with con-
genital glaucoma. Long-standing postoperative
hypotony may sometimes lead to retinal detach-
ment.

Prolapse of the elongated ciliary processes
and iris incarceration in the trabeculectomy
opening are not infrequent findings after tra-
beculectomy (Fig. 7.6) and do not therefore nec-
essarily reflect surgical failure. Scleral incisions
performed during scleral flap dissection in tra-
beculectomy or deep sclerectomy increase the
risk of scleral rupture in case of subsequent
blunt trauma to the buphthalmic eye (Fig. 7.7).

Further severe postoperative complications
comprise subluxation of the crystalline and
cataract formation, typically following tra-
beculectomy, but also following trabeculotomy
or goniotomy. The risk of blebitis and endoph-
thalmitis should be borne in mind, especially
after filtering surgery with mitomycin C, but
also after glaucoma implant surgery if conjunc-
tival erosion occurs.

In eyes with Peters anomaly, the risk of post-
operative complications is especially high. In a
retrospective study of 34 eyes in 19 patients who
had undergone trabeculectomy, trabeculotomy,
goniotomy, Molteno shunt implantation, cyclo-
dialysis, or cyclocryotherapy, a graft failure was
observed in 26 eyes (76%), cataract in six eyes
(18%), inoperable retinal detachment with
phthisis in 12 eyes (35%), and phthisis alone in
six (18%). Finally, there was no light perception
in 12 eyes (35%), light perception alone in seven
eyes (12%), and vision between 20/400 and
hand motion in 12 eyes (35%) [58].
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Fig. 7.7. Eight-month-old girl with primary congen-
ital glaucoma that had a blunt trauma to the eye
2 weeks following uncomplicated trabeculectomy, re-
sulting in a broad uveal prolapse along the scleral flap

Fig. 7.6. Slit-lamp photography in a 4-year-old girl
2 years following primary trabeculectomy because of
primary congenital glaucoma. Uveal prolapse at the
edges of the scleral flap has occurred, but is covered
by conjunctiva. The intraocular pressure has been
normal following surgery



7.6
Prognosis

Although the main pathological feature report-
ed in primary congenital glaucoma is trabecu-
lodysgenesis, resulting in outflow obstruction
and a rise in intraocular pressure, the starting
point for pressure-reducing surgery varies from
patient to patient and prognosis of any surgery
seems to be largely governed by the underlying
nature of dysgenesis. Any association with oth-
er ocular or systemic abnormalities evidently
reduces the long-term prognosis. Early and se-
vere manifestation of buphthalmia (axial length
>24 mm) seems to be a limiting factor for indi-
vidual prognosis in trabeculotomy and tra-
beculectomy, but also in glaucoma implant
surgery. Russell-Eggitt also reported a poor out-
come for goniotomy in very young patients with
congenital glaucoma, thereby confirming the
importance of age for individual prognosis,
whatever form of pressure-reducing surgery is
used [49]. The limited prognostic power of pre-
operative intraocular pressure can mainly be
attributed to the many sources of error in
tonometry in buphthalmic eyes.

7.7
Concluding Remarks

For many reasons, information on surgical
treatment in congenital glaucoma is based
almost exclusively on retrospective studies.
Retrospective studies comparing the outcome
of different strategies have to be evaluated with
caution, especially if the decision to operate in a
certain way follows regional and historical
trends or individual preferences and experi-
ence, as is obvious in the treatment of congeni-
tal glaucoma. Furthermore, the small number of
patients treated by each particular surgical
strategy limits the statistical significance of
most retrospective studies.

Summary for the Clinician

∑ Pressure-reducing surgery is considered the
treatment of choice in congenital glaucoma,
as medical options, such as the use of
brimonidine, are limited owing to systemic
side effects

∑ First-line surgical interventions in primary
congenital glaucoma are goniotomy,
trabeculotomy, combined trabeculotomy–
trabeculectomy or trabeculectomy

∑ Prognoses for all surgical interventions are
strongly linked to the child’s age, the pre-
operative distension of the eye, and further
concomitant ocular and systemic patho-
logies

∑ Severe postoperative complications in
buphthalmic eyes include retinal detach-
ment, lens dislocation, cataract, and
endophthalmitis following application 
of mitomycin C

∑ Amblyopia may develop as a result of
corneal opacities and refractive problems
(e.g., ametropia, anisometropia)
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8.1
General Considerations

Several benign and malignant ocular tumors
can occur in childhood. Tumors in the ocular
region can lead to loss of vision, loss of the eye

and, in the case of malignant neoplasms, to loss
of life. Therefore, it is important for the clinician
to recognize childhood ocular tumors and to
refer affected patients for further diagnostic
studies and appropriate management. Based on
our extensive clinical experience with ocular
tumors over the last 30 years, we review some
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∑ There are numerous benign and malignant
tumors in the pediatric ocular region

∑ Capillary hemangioma of the eyelid is one
of the most common eyelid tumors in
neonates and toddlers and it is generally
managed conservatively with observation
unless there is strabismus or amblyopia.
Oral or injection steroids can be used to
reduce the tumor size

∑ Eyelid nevus tends to occur in the late
childhood years, similar to cutaneous nevi
elsewhere on the body

∑ The most common conjunctival tumor in
childhood is the nevus.The nevus is often
pigmented and cystic. In some instances 
it is completely clear (amelanotic). It rarely
evolves into melanoma

∑ There are several benign and malignant 
intraocular tumors of childhood

∑ The benign intraocular tumors include 
retinal astrocytic hamartoma, retinal 
hemangioma (capillary, cavernous, and
racemose hemangioma), vasoproliferative
tumor, choroidal hemangioma, choroidal
nevus, and many others. Intraocular medul-
loepithelioma can be either benign or
malignant

∑ The malignant intraocular tumors include
retinoblastoma and choroidal melanoma as
well as a few other rarer conditions

∑ Retinoblastoma is the most common
intraocular malignancy of childhood.
With proper management, life prognosis 
is excellent

∑ Chemoreduction and thermotherapy is
most often employed for bilateral
retinoblastoma management

∑ Enucleation is most often employed for 
unilateral retinoblastoma management,
but chemoreduction with globe salvage 
can be achieved in some cases

∑ Most orbital tumors in childhood are 
benign

∑ The most common benign orbital tumor 
in childhood is the dermoid cyst

∑ Rhabdomyosarcoma is a malignant 
orbital tumor in childhood, requiring 
systemic chemotherapy and orbital radio-
therapy once the diagnosis is established
on biopsy

Core Messages



general concepts of childhood eye tumors and
discuss the clinical manifestations of selected
specific tumors of the eyelid, conjunctiva,
intraocular structures, and orbit in children.
For more detailed information, the reader is
encouraged to consult the references cited at the
end of this article [28–32].

8.1.1
Clinical Signs of Childhood Ocular Tumors

The clinical characteristics of childhood ocular
tumors vary with whether the tumor is located
in the eyelids, conjunctiva, intraocular tissues,
or the orbit. Eyelid and conjunctival tumors are
generally quite evident, prompting an early 
visit to a physician. Since most tumors in the
ocular area have characteristic features, an
accurate diagnosis of eyelid and conjunctival
tumors can usually be made with inspection
alone. Therefore, additional diagnostic studies
are often unnecessary. Unlike tumors of the eye-
lids and conjunctiva, intraocular tumors are not
readily visible. Infants and very young children
do not complain of visual loss and their visual
acuity is difficult to assess. However, there are
several features that should alert the pediatri-
cian to consider the possibility of an intraocular
tumor and prompt a timely referral.

One of the more important signs of an in-
traocular tumor in children is leukocoria, or a
white pupillary reflex (Fig. 8.1). There are many
causes of leukocoria in children [33–35]. The
more common ones include congenital cataract,
retinal detachment due to retinopathy of pre-
maturity, persistent hyperplastic primary vitre-
ous, and congenital retinal telangiectasia with
exudation (Coats disease). Retinoblastoma is
probably the most serious condition to cause
leukocoria in children. Any child with leukoco-
ria should be referred promptly to an ophthal-
mologist for further diagnostic evaluation.

Most children with strabismus do not have
an intraocular tumor. However, about 30% of
patients with retinoblastoma present initially
with either esotropia or exotropia, due to the
tumor location in the macular area, which dis-
rupts the child’s fixation. It is important that a
retinal examination using the indirect ophthal-

moscope be performed on every child with stra-
bismus to exclude an underlying tumor.

An older child with an intraocular tumor
may complain of visual impairment or may be
found to have decreased vision on visual testing
in school. This usually occurs from destruction
of the central retina by the tumor or by the pres-
ence of vitreous hemorrhage, hyphema, or sec-
ondary cataract formation.

Unlike tumors of the eyelid and conjunctiva,
orbital tumors cannot be directly visualized.
Therefore, they often attain a relatively large
size before becoming clinically evident. They
generally present with proptosis or displace-
ment of the eye. Pain, diplopia, and conjunctiva
edema may also be early clinical features of
an orbital tumor. Computed tomography (CT)
and magnetic resonance imaging (MRI) have
revolutionized the diagnosis and treatment of
orbital tumors [1].

8.1.2
Diagnostic Approaches

Although some atypical tumors can defy clini-
cal diagnosis, most ophthalmic tumors in chil-
dren can be accurately diagnosed by a compe-
tent ophthalmologist or ocular oncologist.

8.1.2.1
Eyelid and Conjunctiva

Most eyelid and conjunctival tumors are recog-
nized by their typical clinical features, and spe-
cial diagnostic studies are of little additional
help. Smaller suspicious tumors in these tissues
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can be removed by excisional biopsy and the
diagnosis established histopathologically. Larg-
er tumors where the resulting defect cannot be
repaired primarily are best diagnosed by inci-
sional biopsy and definitive treatment is with-
held until a definite diagnosis is established.

8.1.2.2
Intraocular Tumors

Concerning intraocular tumors, lesions of the
iris can often be recognized with external ocu-
lar examination or slit-lamp biomicroscopy.
Tumors of the retina and choroid can be visual-
ized with ophthalmoscopy, which often reveals
typical features depending on the type of tumor.
Many small tumors are difficult to visualize and
may only be detected by an experienced oph-
thalmologist using binocular indirect ophthal-
moscopy. Ancillary studies such as fundus pho-
tography, fluorescein angiography, indocyanine
green angiography, ocular ultrasonography,
and occasionally CT or MRI are of supplemen-
tal value in establishing the diagnosis. Optical
coherence tomography (OCT) is a newer fundus
scanning method using a rapid, noncontact
technique with color-coded images in about
5 min. Children comfortably tolerate this tech-
nique [10]. OCT can provide in vivo, high-reso-
lution information of the retina to the 10-mm
level. Fine-needle aspiration biopsy (FNAB) has
recently been employed in selected intraocular
tumors of children. Such procedures in children
often require general anesthesia.

8.1.2.3
Orbital Tumors

Some orbital tumors occur in an anterior loca-
tion and can be recognized by their extension
into the conjunctiva and eyelid area. This is
particularly true of childhood vascular tumors
such as capillary hemangioma and lymphan-
gioma. Other tumors reside in the deeper
orbital tissues and are less accessible to inspec-
tion, palpation, and biopsy. Orbital ultrasonog-
raphy can be performed quickly in many
ophthalmologists’ offices and can sometimes
provide useful diagnostic information in cases
of anterior orbital tumors.As mentioned earlier,

CT and MRI have revolutionized orbital tumor
diagnosis in children and have greatly improved
the management of such cases [1]. These imag-
ing techniques can accurately localize and diag-
nosis orbital masses and assist in proper man-
agement. Hence, exploratory orbitotomy is
almost never necessary today.

8.1.3
Therapeutic Approaches

The treatment of an ocular tumor in a child also
depends on the location of the tumor and the
size of the lesion.

8.1.3.1
Eyelid and Conjunctiva

True neoplasms of the eyelid and conjunctiva
can be removed surgically by a qualified oph-
thalmologist or ocular oncologist. Inflammato-
ry lesions that simulate neoplasia can be
managed by antibiotics or corticosteroids, de-
pending on the diagnosis. Some malignant neo-
plasms such as leukemias and lymphomas are
best managed with a limited diagnostic biopsy
followed by irradiation and/or chemotherapy.

8.1.3.2
Intraocular Tumors

The management of intraocular tumors is more
complex. Certain benign intraocular tumors
that are asymptomatic are usually managed by
serial observation. Some symptomatic benign
tumors can be treated with laser or cryotherapy
depending on the mechanism of visual impair-
ment. Malignant tumors, such as retinoblas-
toma, sometimes require enucleation of the eye.
In recent years, however, there has been a trend
away from enucleation for retinoblastoma, with
the increasing use of more conservative meth-
ods of management, such as laser photocoagu-
lation, cryotherapy, and various techniques of
radiotherapy [2, 29, 36]. Even more recently,
there has been a trend toward using chemore-
duction to reduce the tumor(s) to a small size so
that enucleation and irradiation can be avoided
[2].
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8.1.3.3
Orbital Tumors

The treatment of an orbital tumor varies great-
ly with the clinical or histopathologic diagnosis.
Benign vascular tumors, such as capillary he-
mangioma and lymphangioma, can be man-
aged by serial observation or patching treat-
ment of the opposite eye to decrease the severity
of associated amblyopia. Circumscribed tumors
in the anterior orbit may be managed by exci-
sional biopsy. Many malignant tumors, such as
rhabdomyosarcoma and orbital leukemia, may
require limited biopsy to establish he diagnosis,
followed by irradiation or chemotherapy [28].

8.2
Eyelid Tumors

There is a large number of pediatric cutaneous
tumors that can affect the skin of the eyelids [9].
Only the more important ones will be consid-
ered here.

8.2.1
Capillary Hemangioma

The capillary hemangioma or strawberry he-
mangioma can occur on skin in 10% of infants
and is recognized to be more common in
premature infants and twins (Figs. 8.2–8.4).
Capillary hemangioma of the eyelids can be 
a reddish, diffuse or circumscribed mass [5]
(Figs. 8.2–8.4). It usually has clinical onset at
birth, or shortly thereafter, tends to enlarge for a
few months, and then slowly regress. The main
complications of this benign tumor are strabis-
mus and amblyopia. In recent years, the most
frequently used treatment has been refraction,
glasses for refractive error, patching of the op-
posite eye, and close follow-up. More recently,
there has been a trend toward corticosteroids or
complete surgical excision of those lesions that
are relatively small and localized. Intralesional
or oral corticosteroids may hasten regression of
the tumor in some cases (Fig. 8.4). Radiothera-
py is almost never used today.
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Fig. 8.2 a, b. Capillary hemangioma of the eyelid.
a Eyelid hemangioma in an infant twin #1 managed
with observation as it did not obstruct visual acuity.
b Cutaneous hemangioma in twin #2 on the hand

a

b

Fig. 8.3. Extensive capillary hemangioma of the eye-
lid, facial skin, and orbit



8.2.2
Facial Nevus Flammeus

Facial nevus flammeus is a congenital cuta-
neous vascular lesion that occurs in the distri-
bution of the Vth cranial nerve (Fig. 8.5). It may
be an isolated entity or it may occur with varia-
tions of the Sturge-Weber syndrome. Infants

with this lesion have a higher incidence of
ipsilateral glaucoma, diffuse choroidal heman-
gioma, and secondary retinal detachment.
Affected infants should be referred to an oph-
thalmologist as early as possible in order to
diagnosis and treat these serious ocular condi-
tions. Management of the cutaneous lesion in-
cludes observation, cosmetic make-up, or laser
treatment.

8.2.3
Kaposi’s Sarcoma

With the increasing incidence of the acquired
immune deficiency syndrome in children,
opportunistic neoplasms such as Kaposi’s 
sarcoma, are being diagnosed more frequently.
Although the affected patient may have cuta-
neous lesions elsewhere, the eyelid can occa-
sionally be the initial site of involvement.
The lesion appears as a reddish-blue subcuta-
neous mass near the eyelid margin. It generally
responds best to chemotherapy and radio-
therapy.

8.2.4
Basal Cell Carcinoma

Although basal cell carcinoma is primarily a
disease of adults, it is occasionally seen in
younger patients, particularly if there is a fami-
ly history of the basal cell carcinoma syndrome.
It generally occurs on the lower eyelid as a slow-
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Fig. 8.4 a, b. Large capillary hemangioma of the eye-
lid obstructing vision. a Before treatment. b After
2 months of oral corticosteroids. Note the tumor re-
duction and facial weight gain

a

b

Fig. 8.5. Nevus flammeus of the face in a child with
Sturge Weber syndrome



ly progressive mass that frequently develops a
central ulcer (rodent ulcer). Lesions near the
eyelid margin often develop loss of eyelashes in
the area of involvement. Treatment is local
excision using frozen section control and eyelid
reconstruction.

8.2.5
Melanocytic Nevus

A melanocytic nevus is a tumor composed of
benign melanocytes. It can occur on the eyelid
as a variably pigmented well-circumscribed
lesion, identical to those that occur elsewhere
on the skin. It does not usually cause loss of
cilia. The blue nevus is often apparent at birth,
whereas the junctional or compound nevus may
not become clinically apparent until puberty.
Transformation into malignant melanoma is
rare and usually occurs later in life. Although
most eyelid nevi in children can be safely ob-
served, they are occasionally excised because
cosmetic considerations or because of fear of
malignant transformation.

8.2.6
Neurofibroma

A neurofibroma can occur on the eyelid as a dif-
fuse or plexiform lesion that is often associated
with von Recklinghausen’s neurofibromatosis.
In the earliest stages the lesion produces a 
characteristic S-shaped curve to the upper lid.
Larger lesions produce thickening of the eyelid
with secondary blepharoptosis (Fig. 8.6). Since
these diffuse tumors are often difficult or im-
possible to completely excise, they should 
be managed by periodic observation or surgi-
cal debulking if they cause a major cosmetic
problem.

8.2.7
Neurilemoma (Schwannoma)

Neurilemoma is a benign peripheral nerve
sheath tumor that is composed purely of
Schwann cells of peripheral nerves. It more

commonly occurs in the orbit of young adults,
but it can appear as a solitary eyelid lesion in
children [37]. It often occurs as a circumscribed
solitary lesion (Fig. 8.7) unassociated with neu-
rofibromatosis. It is a benign tumor that can be
excised surgically.
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Fig. 8.6. Neurofibroma of the eyelid and orbit in an
infant. Note the café au lait spot on the cheek

Fig. 8.7. Neurilemoma in a 9-year-old boy



Summary for the Clinician

∑ Most eyelid tumors in children are benign
∑ Capillary hemangioma of the eyelid 

presents a few days to a few weeks after
birth

∑ Capillary hemangioma of the eyelid requires
treatment if there is threat of visual com-
promise. Treatment with oral or injection
steroids or even with surgical resection 
can be successful

∑ Eyelid nevus generally presents in the
preteen years or later and can be safely
observed

8.3
Conjunctival Tumors

There are many pediatric conjunctival tumors
and these have been well described in the litera-
ture [19, 20]. Only the most important ones will
be considered here.

8.3.1
Dermoid

The conjunctival dermoid is a congenital solid
mass that occurs most often at the corneoscler-
al limbus inferotemporally (Fig. 8.8). It can
occasionally be found over the central portion
of the cornea. The round, yellow-white tumor
often has fine hairs on its surface. Histopatho-
logically, it is a choristomatous mass lined by
keratinizing stratified squamous epithelium
and containing dermal elements. The conjunc-
tival dermoid is often a part of Goldenhar’s syn-
drome, a nonhereditary condition that is char-
acterized by preauricular appendages, deafness,
and vertebral anomalies.

8.3.2
Epibulbar Osseous Choristoma

Epibulbar osseous choristoma is a choristoma-
tous malformation consisting of a focal deposit
of mature bone on the sclera beneath the con-
junctiva. It most often occurs superotemporally

as a hard fixed mass. This stationary lesion can
be observed if it is asymptomatic or locally
excised if it is symptomatic.

8.3.3
Complex Choristoma

A complex choristoma is a mass composed of a
variety of ectopic tissues such as cartilage,
lacrimal gland adipose tissue, and smooth
muscle. It may assume a variety of clinical ap-
pearances on the conjunctiva but it generally
appears as a diffuse, fleshy thickening of the
epibulbar tissues. It is often seen in association
with the nevus sebaceous of Jadassohn and
arachnoid cysts as a part of the organoid nevus
syndrome [38].

8.3.4
Papilloma

Squamous papilloma can occur on the con-
junctiva of young children as either a sessile
vascular lesion or as a fleshy papilloma-
tous mass (Fig. 8.9). It is believed to be induced
by human papillomavirus. If a conjunctival 
papilloma is not responsive to topical corticos-
teroids, then surgical excision and conjunctival
cryotherapy is prudent. In recalcitrant or multi-
ply recurrent cases, topical mitomycin C, 5 fluo-
rouracil, or interferon can be employed. In re-
current cases, oral cimetidine can be of benefit
[20].
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Fig. 8.8. Conjunctival dermoid



8.3.5
Nevus

Conjunctival nevus is a variably pigmented,
cystic mass that occurs on the bulbar conjuncti-
va usually in the interpalpebral area (Fig. 8.10)
[20]. It usually becomes clinically apparent in
the preteen or teenage years and generally
remains stable throughout life. A review of 410
consecutive patients with conjunctival nevus
revealed that 89% of patients were Caucasian,
and the tumor was located in the bulbar con-
junctiva (72%), caruncle (15%), plica semilu-
naris (11%), fornix (1%), tarsus (1%), and
cornea (<1%). Additional features included
intralesional cysts (65%), feeder vessels (33%),
and visible intrinsic vessels (38%).

In rare instances, a conjunctival nevus 
can undergo malignant transformation into
melanoma. Lesions documented to enlarge are
best managed by alcohol keratectomy, local
excision, and supplemental cryotherapy.

8.3.6
Congenital Ocular Melanocytosis

Although it is not strictly in the conjunctiva,
congenital ocular melanocytosis is included
here because it is an important epibulbar lesion
of childhood. It is a congenital diffuse, patchy
epibulbar pigmentation that is situated deep to
the conjunctiva in the sclera (Fig. 8.11). There is
usually diffuse pigmentation of the ipsilateral
iris, causing heterochromia iridium. If the pig-

mentation extends onto the surrounding eyelid,
it is called oculodermal melanocytosis, or nevus
of Ota. Patients with congenital ocular melano-
cytosis have a higher incidence of malignant
melanoma of the uveal tract, usually later in life
[48]. Occasionally a uveal melanoma can occur
in a child with ocular melanocytosis. It has been
estimated that eyes with ocular melanocytosis
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Fig. 8.9. Conjunctival papilloma Fig. 8.10. Conjunctival nevus with cysts

Fig. 8.11 a, b. Ocular melanocytosis. a Heterochro-
mia with light brown right iris and dark brown left
iris. b Episcleral melanocytosis

a

b



carry a 1/400 lifetime risk for uveal melanoma
[48]. Hence an ophthalmologist should perform
a fundus examination every year.

8.3.7
Pyogenic Granuloma

Pyogenic granuloma is fleshy pink mass that
can occur anywhere on the conjunctiva. It gen-
erally develops fairly rapidly following surgical
or nonsurgical trauma. Histopathologically, it
consists of a proliferation of small blood vessels
with acute and chronic inflammatory cells. It is
neither pyogenic nor granulomatous and hence
the term “pyogenic granuloma”is a misnomer. It
can be treated with topical corticosteroids or
surgical resection.

8.3.8
Kaposi’s Sarcoma

Kaposi’s sarcoma, described above under eyelid
tumors, can also occur in the conjunctiva in
patients with acquired immune deficiency syn-
drome. In the conjunctive, it appears as a diffuse
red mass that may be mistaken for a hemor-
rhagic conjunctivitis.

Summary for the Clinician

∑ Most conjunctival tumors in children are
benign

∑ The majority of conjunctival tumors in
children are pigmented or nonpigmented
nevi

∑ Conjunctival nevi often manifest intrale-
sional cysts

∑ Conjunctival nevi rarely evolve into
melanoma (<1 %)

∑ Episcleral melanocytosis is a sign of possi-
ble uveal melanocytosis and all affected
eyes should be dilated once or twice a year,
as there is a small risk for uveal melanoma

∑ Conjunctival papillomas can be treated
with observation, cryotherapy, topical
chemotherapy or interferon, and oral 
cimetidine

8.4
Intraocular Tumors

8.4.1
Retinoblastoma

Retinoblastoma is the most common intraocu-
lar malignancy of childhood [29]. Despite its
malignant cellularity, only less than 5% of
affected children die from this cancer in devel-
oped nations [6]. In developing nations, the
death rate approaches 50% due to late detection
of the disease. Retinoblastoma occurs in hered-
itary and nonhereditary forms. The hereditary
form is usually bilateral and multifocal, whereas
the nonhereditary form is unilateral and unifo-
cal. The affected child usually presents with uni-
lateral or bilateral leukocoria (Fig. 8.1), strabis-
mus, or (occasionally) as orbital cellulitis [29, 31,
39].Although it is usually diagnosed in children
under 2 years of age, it can occur in older chil-
dren [18]. Small fundus tumors are gray-white
in color (Fig. 8.12) and often show foci of
chalky-colored calcification. Medium-sized
tumors are more elevated and have prominent
dilated tortuous retinal blood vessels that feed
and drain the tumor (Fig. 8.12).

The diagnosis of retinoblastoma is best
made by an experienced ophthalmologist using
slit lamp biomicroscopy and indirect ophthal-
moscopy. Ancillary studies that may provide
diagnostic help are ultrasonography and com-
puted tomography.

The management of retinoblastoma is very
complex and requires knowledge and experi-
ence [2, 7, 8, 22, 23, 26, 27, 29, 31, 36]. Treatment
varies depending on number, size, and location
of the tumors, and each case must be individu-
alized depending on the clinical circumstances.
More advanced tumors are managed by enucle-
ation [2, 23, 36]. The hydroxyapatite implant has
been used extensively in children and provides
a good cosmetic appearance with fairly good
motility of the implant [23]. In recent years,
fewer eyes have been enucleated because earlier
diagnosis and improvements in conservative
methods of management have been refined [2,
8, 36].
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Fig. 8.12 a–g. Clinical appearance of retinoblas-
toma. a Small intraretinal retinoblastomas. b Medi-
um-sized intraretinal retinoblastoma with sur-
rounding subretinal fluid. c Large exophytic
retinoblastoma with subretinal fluid. d Endophytic
retinoblastoma. e Macular retinoblastoma before
chemoreduction. f Macular retinoblastoma (same as
in Fig. 8.12e) following chemoreduction and ther-
motherapy. g Large retinoblastoma managed with
enucleation

a b
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Less advanced tumors can be treated with
chemoreduction and thermotherapy, episcleral
plaque brachytherapy, laser photocoagulation,
or cryotherapy [2,7,8,22,26,27,29,31] (Fig. 8.12).
External beam radiotherapy is typically re-
served for eyes that fail the above methods,
especially if there is only one remaining eye.
With the advent of methods of chemoreduction
and chemothermotherapy and improvements
in methods of laser photocoagulation and
cryotherapy, it is anticipated that fewer eyes will
require enucleation or external beam irradia-
tion and that more patients will be managed
with conservative methods.

There have been several recent developments
related to the genetics of retinoblastoma [24].
The retinoblastoma gene is now recognized to
be a recessive suppresser gene located on chro-
mosome 13 at the 13 Q 14 segment and some
affected children have other systemic features of
the 13 q deletion syndrome. All family members
of patients with retinoblastoma should be ex-
amined by an ophthalmologist.All patients with
retinoblastoma should have DNA analysis to
establish the presence or absence of the 13Q mu-
tation and its genetic locus. It is accepted that all
bilateral and familial cases of retinoblastoma
will manifest a germline mutation, whereas only
10–15% of unilateral sporadic cases will show
germline mutation.

8.4.2
Retinal Capillary Hemangioma

Retinal capillary hemangioma is a reddish pink
retinal mass that can occur in the peripheral fun-
dus or adjacent to the optic disc [49]. The tumor
often has prominent dilated retinal blood vessels
that supply and drain the lesion (Fig. 8.13). Un-
treated lesions can cause intraretinal exudation
and retinal detachment.Fluorescein angiography
shows rapid filling of the tumor with dye and in-
tense late staining of the mass. Patients with reti-
nal capillary hemangioma should be evaluated
for the von Hippel Lindau syndrome, an autoso-
mal dominant condition characterized by cere-
bellar hemangioblastoma, pheochromocytoma,
hypernephroma, and other visceral tumors and
cysts. If the tumor produces macular exudation

of retinal detachment, it can be treated with
methods of laser photocoagulation, cryotherapy,
photodynamic therapy, plaque radiotherapy, or
external beam radiotherapy. The gene responsi-
ble or this syndrome has been localized to the
short arm of chromosome 3.

8.4.3
Retinal Cavernous Hemangioma

The retinal cavernous hemangioma typically
appears as a globular or sessile intraretinal
lesion that is composed of multiple vascular
channels that have a reddish-blue color [29]. It
may show patches of gray-white fibrous tissue
on the surface, but it does not cause the exuda-
tion that characterizes the retinal capillary
hemangioma. Cavernous hemangioma is a con-
genital retinal vascular hamartoma that is prob-
ably present at birth. This tumor can be associ-
ated with similar intracranial and cutaneous
vascular hamartomas, but the syndrome does
not have the visceral tumors that characterize
the von Hippel Lindau syndrome. As a general
rule, retinal cavernous hemangioma requires no
active treatment. If vitreous hemorrhage should
occur, laser or cryotherapy to the tumor can be
attempted. If vitreous blood does not resolve,
removal by vitrectomy may be necessary.
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Fig. 8.13. Retinal capillary hemangioma with sub-
retinal fluid and exudation in a child with von Hippel
Lindau syndrome



8.4.4
Retinal Racemose Hemangioma

The retinal racemose hemangioma is not a true
neoplasm but rather a simple or complex arteri-
ovenous communication [29]. It is character-
ized by a large dilated tortuous retinal artery
that passes from the optic disc for a variable dis-
tance into the fundus, where it then communi-
cates directly with a similarly dilated retinal
vein which passes back to the optic disc
(Fig. 8.14). It can occur as a solitary unilateral

lesion or it can be part of the Wyburn Mason
syndrome, which is characterized by other sim-
ilar lesions in the midbrain and sometimes the
orbit, mandible, and maxilla. It does not appear
to have a hereditary tendency.

8.4.5
Astrocytic Hamartoma of Retina

Astrocytic hamartoma of the retina is a yellow
white intraretinal lesion that can also occur in the
peripheral fundus or in the optic disc region. The
lesion may be homogeneous or it may contain
glistening foci of calcification (Fig. 8.15). Unlike
retinal capillary hemangioma, it does not gener-
ally produce significant exudation or retinal de-
tachment. Patients with astrocytic hamartoma of
the retina should be evaluated for tuberous scle-
rosis, characterized by intracranial astrocytoma,
cardiac rhabdomyoma, renal angiomyolipoma,
pleural cysts, and other tumors and cysts.

8.4.6
Melanocytoma of the Optic Nerve

Melanocytoma of the optic nerve is a deeply
pigmented congenital tumor that overlies a por-
tion of the optic disc (Fig. 8.16) [29, 40]. Unlike
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Fig. 8.14 a, b. Retinal racemose hemangioma. a Ma-
cular image showing the tortuous, dilated vessels.
b Panoret image showing the entire extent of the
hemangioma

a

b

Fig. 8.15. Retinal astrocytic hamartoma with glis-
tening calcification



uveal melanoma that occurs predominantly in
whites, melanocytoma occurs with equal fre-
quency in all races. It must be differentiated
from malignant melanoma.

8.4.7
Intraocular Medulloepithelioma

Medulloepithelioma is an embryonal tumor
that arises from the primitive medullary epithe-
lium or the inner layer of the optic cup [29, 41].
It generally becomes clinically apparent in 
the first decade of life and appears as a fleshy,
often cystic mass in the ciliary body (Fig. 8.17).
Cataract and secondary glaucoma are frequent
complications. Although approximately 60–90%
are cytologically malignant, intraocular medul-
loepithelioma tends to be only locally invasive
and distant metastasis is exceedingly rare. Larg-
er tumors generally require enucleation of the
affected eye. It is possible that some smaller tu-
mors can be resected locally without enucle-
ation [41].

8.4.8
Choroidal Hemangioma

Choroidal hemangioma is a benign vascular
tumor that can occur as a circumscribed lesion
in adults or as a diffuse tumor in children [12,
29]. The diffuse choroidal hemangioma usually

occurs in association with ipsilateral facial ne-
vus flammeus or variations of the Sturge-Weber
syndrome. Ipsilateral congenital glaucoma is a
frequent association. Secondary retinal detach-
ment frequently occurs. Affected children often
develop amblyopia in the involved eye.

8.4.9
Choroidal Osteoma

Choroidal osteoma is a benign choroidal tumor
that is probably congenital.Although it has been
recognized in infancy, it may not be diagnosed
clinically until young adulthood [13, 29]. It is
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Fig. 8.16. Optic disc melanocytoma with choroidal
component

Fig. 8.17 a, b. Medulloepithelioma of the ciliary
body. a Mass is visible peripheral to the lens on scler-
al depression. b Following enucleation in another
case, the mass is seen in the ciliary body with total
retinal detachment
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more common in females. It consists of a plaque
of mature bone that generally occurs adjacent to
the optic disc (Fig. 8.18). It generally shows slow
enlargement and choroidal neovascularization
with subretinal hemorrhage as a frequent com-
plication. The pathogenesis is unknown. Serum
calcium and phosphorus levels are normal.

8.4.10
Uveal Nevus

Uveal nevus is a flat or minimally elevated, vari-
ably pigmented tumor that may occur in the iris
(Fig. 8.19) or in the choroid (Fig. 8.20).Although
it is most likely congenital, it is usually asymp-
tomatic and not usually recognized until later in
life. Although most uveal nevi are stationary
and nonprogressive, malignant transformation
into melanoma can occur in rare instances [14].

An important variant of iris nevus is the
presence of bilateral multiple, slightly elevated
melanocytic lesions of the iris, known as Lisch
nodules. These lesions become clinically appar-
ent at about age 5 years and are often the first
sign of von Recklinghausen’s neurofibromato-
sis.

8.4.11
Uveal Melanoma

Although uveal melanoma is generally a disease
of adulthood, it is occasionally diagnosed 
in children [15]. It is a variably pigmented ele-
vated mass that shows slow progression
(Fig. 8.21). If it is not treated early, it has a ten-
dency to metastasize to liver, lung, and other
distant sites. Most advanced tumors are treated
by enucleation. Radiotherapy of local tumor 
resection can be employed for less advanced 
tumors.
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Fig. 8.18. Choroidal osteoma surrounding the optic
disc

Fig. 8.19 a, b. Iris freckles and nevi. a Flat iris freck-
les on iris surface. b Slightly thickened iris nevus dis-
torting the iris stroma and causing corectopia
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b



8.4.12
Congenital Hypertrophy 
of Retinal Pigment Epithelium

Congenital hypertrophy of the retinal pigment
epithelium (CHRPE) is a well circumscribed, flat,
pigmented tumor that can occur anywhere in the
fundus [16]. It often shows depigmented lacunae
within the lesion and a surrounding pale halo. It
can occur as a solitary lesion or it can be multiple
as part of congenital grouped pigmentation le-
sion (Fig. 8.22). Similar but distinct multifocal
pigmented lesions may be a marker for familial
adenomatous polyposis and Gardner’s syndrome
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Fig. 8.20 a, b. Choroidal freckles and nevi. a Flat
macular choroidal freckle. b Slightly thickened suspi-
cious choroidal nevus in macular region

a

b

Fig. 8.21. Choroidal melanoma with shallow subreti-
nal fluid and documented growth in a 16-year-old boy

Fig. 8.22 a, b. Congenital hypertrophy of the retinal
pigment epithelium (RPE). a Solitary type with lacu-
nae and halo. b Multifocal type
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in which patients have a high likelihood of devel-
oping colonic cancer [42].

8.4.13
Leukemia

Childhood leukemias can occasionally exhibit tu-
mor infiltration in the retina, optic disc, and uveal
tract.It is characterized by a swollen optic disc and
thickening of the retina and choroid, often with
hemorrhage and secondary retinal detachment.
Intraocular leukemic infiltrates are generally re-
sponsive to irradiation and chemotherapy, but
they generally portend a poor systemic prognosis.

Summary for the Clinician

∑ Retinoblastoma is a highly malignant
intraocular tumor of childhood

∑ Most children with unilateral retinoblas-
toma have the eye enucleated

∑ Most children with bilateral retinoblastoma
are treated with chemoreduction and
thermotherapy

∑ All children with retinoblastoma should
have genetic analysis to establish the pres-
ence and site of the 13Q mutation

∑ Benign intraocular tumors of childhood are
many and include choroidal nevus, con-
genital hypertrophy of the RPE, capillary
hemangioma of the retina, and others

∑ Young children with retinal capillary
hemangioma should be evaluated for 
von Hippel Lindau syndrome

8.5
Orbital Tumors

A variety of orbital neoplasms and related
space-occupying lesions can affect the orbit
[43]. Orbital cellulitis secondary to sinusitis and
inflammatory pseudotumors are more common
than true neoplasms. Only about 5% of orbital
lesions that come to biopsy prove to be malig-
nant [44]. Cystic lesions are the most common
group and vascular lesions are the second most
common. This section covers orbital tumors
and cysts but does not discuss orbital inflam-
matory or infectious conditions.

8.5.1
Dermoid Cyst

Dermoid cyst is the most common noninflam-
matory space occupying orbital mass in chil-
dren [11, 45]. It usually appears in the first
decade of life as a fairly firm, fixed, subcuta-
neous mass at the superotemporal orbital rim
near the zygomaticofrontal suture (Fig. 8.23).
Occasionally, a dermoid cyst may occur deeper
in the orbit unattached to bone. Although it
sometimes stationary, it does have a tendency to
slowly enlarge. It can occasionally rupture, in-
citing an intense inflammatory reaction. Man-
agement is either serial observation or surgical
removal of the mass.
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Fig. 8.23 a, b. Dermoid cyst near the lateral orbital
rim, barely visible clinically. a Slight elevation of lat-
eral orbital skin is shown. b Coronal CT showing the
cystic mass
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8.5.2
Teratoma

A teratoma is a cystic mass that contains ele-
ments of all three embryonic germ layers [28].
An orbital teratoma causes proptosis, which is
generally quite apparent at birth. The diagnosis
should be suspected by imaging studies. Larger
orbital teratomas can destroy the eye. Smaller
teratomas can be removed intact without sacri-
ficing the eye, but larger ones that have caused
blindness may require orbital exenteration.

8.5.3
Capillary Hemangioma

Capillary hemangioma is the most common
orbital vascular tumor of childhood [5, 28].

It usually is clinically apparent at birth or
within the first few weeks after birth. It tends to
cause progressive proptosis during the first few
months of life and then it becomes stable and
slowly regresses. Orbital imaging studies show a
diffuse, poorly circumscribed, orbital mass that
enhances with contrast material. The best man-
agement is refraction and treatment of any in-
duced amblyopia with patching of the opposite
eye. Local injection of corticosteroids or oral
corticosteroids can hasten the regression of the
mass and minimize the complications.

8.5.4
Lymphangioma

Lymphangioma is an important vascular tumor
of the orbit in children [4, 28, 50]. It tends to be-
come clinically apparent during the first decade
of life. It may case abrupt proptosis following
orbital trauma, secondary to hemorrhage into
the lymphatic channels within the lesion
(Fig. 8.24). Such spontaneous hemorrhages,
called chocolate cysts, may require aspiration or
surgical evacuation to prevent visual loss from
compression of the eye.

8.5.5
Juvenile Pilocytic Astrocytoma

Juvenile pilocytic astrocytoma (optic nerve
glioma) is the most common orbital neural tu-
mor of childhood [28]. It is a cytological benign
hamartoma that is generally stationary or very
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Fig. 8.24 a–c. Orbital lymphangioma producing
rapid proptosis in a young child. a Downward dis-
placement of the globe is shown. b Axial MRI show-
ing bright signal in the blood filled cyst. c Coronal
MRI showing the mass displacing the globe
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slowly progressive. The affected child develops
ipsilateral visual loss and slowly progressive
axial proptosis (Fig. 8.25). Orbital imaging stud-
ies show an elongated or oval shaped mass that
is well circumscribed because of the overlying
dura mater. There is a greater incidence of this
tumor in patients with neurofibromatosis. Since
surgical excision necessitates blindness, the best
management is periodic observation and surgi-
cal removal if there is blindness and cosmetical-
ly unacceptable proptosis. In cases that extend
to the optic chiasm and are surgically unre-
sectable, radiotherapy may be necessary.

8.5.6
Rhabdomyosarcoma

Rhabdomyosarcoma is the most important pri-
mary orbital malignant tumor of childhood [17,
28,46]. It usually occurs in the first decade of life
with a mean age of 8 years at the time of diagno-
sis. It causes fairly rapid proptosis and displace-
ment of the globe, usually without pain or 
major inflammatory signs (Fig. 8.26). Imaging
studies show an irregular but fairly well-cir-
cumscribed mass usually in the extraconal ante-
rior orbit. Although orbital exenteration was

often employed in the past, more recent experi-
ence has suggested that the best cure is obtained
by performing a biopsy to confirm the diagno-
sis and treating with combined irradiation and
chemotherapy, using vincristine, Cytoxan and
adriamycin [17, 46].

8.5.7
Granulocytic Sarcoma (Chloroma)

Granulocytic sarcoma is the soft tissue infil-
tration by myelogenous leukemia [3, 28, 47].
Although leukemia usually appears first in the
blood and bone marrow, the orbit soft tissues
may be the initial site to become clinically
apparent. The child presents with a fairly rapid
onset of proptosis and displacement of the
globe. Confirmation of the orbital lesion can be
made by biopsy and the condition treated by
chemotherapy or low-dose irradiation.
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Fig. 8.25. Juvenile pilocytic astrocytoma of optic
nerve causing proptosis

Fig. 8.26 a, b. Orbital rhabdomyosarcoma. a Propto-
sis and tumor involving the inferior fornix is shown.
b Axial CT showing mass in medial orbit
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8.5.8
Lymphoma

The only important lymphoma to affect the orbit
of children is Burkitt’s lymphoma.Although this
tumor was originally recognized exclusively in
African tribes, it is being recognized more often
in patients with the autoimmune deficiency syn-
drome (AIDS) and as an American form in oth-
erwise normal children [28].

8.5.9
Langerhans Cell Histiocytosis

Eosinophilic granuloma can affect the orbital
bones as an intraosseous bone-destructive in-
flammatory lesion. Although it can occur any-
where in the orbit, it most often occurs in the
anterior portion of the frontal and zygomatic
bones. Recent ultrastructural studies have sug-
gested the stem cell in eosinophilic granuloma
and certain other tumors in the histiocytic X
group is the Langerhans cell. Hence, the term
Langerhans cell histiocytosis is becoming
preferable [28].

8.5.10
Metastatic Neuroblastoma

Although orbital metastasis in children can
occur secondary to Wilms’ and Ewing’s tumors,
metastatic neuroblastoma is the most common
metastatic orbital of childhood [28]. The major-
ity of children with orbital metastasis of neu-
roblastoma have a previously diagnosed pri-
mary neoplasm in the adrenal gland. However,
the orbital metastasis can be diagnosed before
the adrenal primary in about 3% of cases.

Summary for the Clinician

∑ Only 5 % of orbital tumors in children are
malignant

∑ Dermoid cyst is the most common orbital
mass in children

∑ Orbital malignancies in children include
rhabdomyosarcoma, lymphoma, leukemic
infiltrates, and many others

∑ Using accepted chemotherapy protocols,
often with nearly 1 year of chemotherapy
and a course of radiotherapy, children 
with orbital rhabdomyosarcoma generally
have a favorable life prognosis
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9.1
Introduction

The electrophysiological examination of the
paediatric patient can be of great clinical im-
portance. In addition to the objective nature of
the data provided by electrophysiological test-
ing, the potential inability of a child to describe
accurately, if at all, their symptoms places elec-
trophysiology in a privileged position of diag-
nostic importance. Further, it is noninvasive.

A formal clinical audit of the role of electro-
physiology in paediatric practice demonstrated
a significant influence on management [88].
After an initial description of the available tech-
niques and their uses, the subsequent discus-
sion will adopt a practical approach to diagno-
sis, based on presenting signs and symptoms,
to demonstrate how electrophysiological testing
can enable management decisions to be taken
with greater confidence.

9.2
Electrophysiological Techniques

9.2.1
Electroretinography

The electroretinogram (ERG) is the mass re-
sponse of the retina to a luminance stimulus,
usually a stroboscopically generated short-
duration flash (Fig. 9.1). In adults, ERGs are
recorded using corneal electrodes with stimuli
delivered via a Ganzfeld bowl. This approach is
tenable with older children who are capable of
understanding the demands of testing, but
there are two distinct schools of thought in rela-
tion to the young child or infant. Some adopt the
approach that children are simply young adults,
and use the same techniques; inevitably this
requires either restraint or sedation in some pa-
tients. Others adopt the view that the clinical
data required in a young child are different to
those in an adult population, requiring answers
to different, less complex questions, such as “is
this baby blind” or “why has this child got nys-
tagmus”, and that clinically meaningful and sat-
isfactory data can be obtained using less inva-
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∑ Electrophysiological testing provides 
an objective and noninvasive method 
for visual pathway evaluation

∑ Complementary use of different electro-
physiological procedures allows accurate
characterisation and localisation of dys-
function. EOG:The photoreceptor/RPE 
interface; ERG: rod and cone photoreceptor
and inner retinal function; PERG: macular
and retinal ganglion cell function; VEP:
intracranial visual pathway function

∑ Electrophysiology enables distinction 
between disorders that may present with
similar signs and/or symptoms and facili-
tates differentiation between benign and
severe, progressive and stationary disorders

∑ Invaluable in suspected nonorganic visual
loss

∑ Accurate electrophysiological phenotyping
is likely to become increasingly important
as genotyping increases and new therapies
are developed
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sive techniques, particularly involving the use 
of surface recording electrodes [47, 60]. The
authors’ approach is to adapt procedures ac-
cording to the ability of the patient to cooperate,
using a simplified protocol and surface elec-
trodes in young children and introducing
longer procedures, Ganzfeld stimulation,
corneal electrodes and mydriasis in those chil-
dren who are able to tolerate longer, more de-
manding protocols. The theoretical discussion
that follows on the origins of the different ERG
components is unaffected by such considera-
tions.

The ERG to a bright flash in a dark-adapted
eye consists of two main components, the nega-
tive a-wave and the positive b-wave (Fig. 9.1).
Approximately the first 10 ms of the a-wave re-
flects photoreceptor hyperpolarisation, and in
general, marked a-wave amplitude reduction
reflects photoreceptor loss or dysfunction. The
b-wave, which should be of higher amplitude,
reflects retinal activity generated post-photo-
transduction, predominantly in relation to de-
polarisation of the ON- bipolar cells [76]. An
ERG waveform in which the a-wave is spared,
but the b-wave shows selective reduction, often
such that it is of lower amplitude than the 

a-wave, is known as a negative or electronega-
tive ERG. A negative ERG does not mean that
the ERG is undetectable, merely that the wave-
form is dominated by the negative a-wave, and
as such indicates inner retinal dysfunction.
Under photopic conditions, there is a probable
contribution from post-receptoral structures to
the a-wave, particularly at low luminance levels
[15, 76].

Much clinical ERG work is based on the
Standards and recommendations of the Inter-
national Society for Clinical Electrophysiology
of Vision (ISCEV). The ISCEV Standard for ERG
recording [57] defines a standard flash of 1.5–
3.0 cd.s.m–2. A response specific for the rod sys-
tem is obtained using the standard flash attenu-
ated by 2.5 log units in a dark-adapted eye. Dark
adaptation, to comply with the ISCEV Standard,
requires at least 20 min in complete darkness
and maximum mydriasis. The response to the
standard flash under dark adaptation is a mixed
rod–cone response dominated by rod function.
Commencing with the most recent Standard
document, ISCEV also suggests the recording 
of a response to a higher intensity flash
(~11.0 cd.s.m–2) better to record the a-wave, and
thus photoreceptor function.This can be partic-
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Fig. 9.1. Examples of normal pattern ERG, full-field ERGs, ON-OFF ERGs and S-cone specific ERGs. Major
components are labelled. The ON-OFF ERG is recorded to 200 ms orange stimulation with a green photopic
background. Normal pattern and flash VEPs are also shown



ularly helpful in the young child. Photopic
ERGs, in addition to a single flash cone response
(with a rod-suppressing background and ade-
quate photopic adaptation), are also recorded to
a 30-Hz flicker stimulus (Fig. 9.1); rods have
poor temporal resolution and do not contribute
significantly to the response at this stimulus
rate. The ERG is a mass response, and is normal
when dysfunction is confined to small retinal
areas. Despite the high photoreceptor density,
this also applies to macular dysfunction; an eye
with dysfunction confined to the macula does
not have a significantly abnormal ERG. Separa-
tion of the cone ON (depolarising bipolar cells,
DBCs) and OFF (hyperpolarising bipolar cells,
HBCs) responses can be performed using long
duration stimulation with a photopic back-
ground [77], using either a shutter system or
light emitting diodes to produce the stimulus.

The above-mentioned techniques can be
used in older children. The approach to infants
adopted in the authors’ laboratories differs. The
initial recordings, using surface recording elec-
trodes on the lower eyelids with reference to
electrodes at the ipsilateral outer canthi, take
place under light-adapted conditions and in-
clude the ERGs to single flash and flicker. These
determine the presence or absence of cone sys-
tem function, with the implicit time of the flick-
er ERG being a particularly good indicator of
generalised cone system function. The child is
then dark adapted for 5 min, and bright flash
stimuli given. These should evoke ERGs of very
different waveform and much higher amplitude
than the responses to single flashes under light-
adapted conditions and allow an estimation of
whether there is a functioning scotopic system.
For the young infant, the clinical questions are
generally (a) is there an ERG? (b) is there gener-
alised cone dysfunction? (c) is there a function-
ing scotopic system? (d) is there an electronega-
tive ERG? These questions can adequately be
answered by such recordings. Typical examples
of surface recordings are illustrated in Fig. 9.2.
Throughout these recordings, the child is usual-
ly sitting on the lap of the mother, and stimula-
tion is applied using a hand-held stroboscopic
flash. If the child remains content after 5 min
dark adaptation, further recordings, perhaps
using rod-specific stimulation, can be used, but

the presence or absence of subtle rod system
dysfunction is not usually of clinical relevance
in a young infant. Mydriasis is not usually used
in infants,as the act of instilling mydriatic drops
is often sufficient to cause undesired distress.

Childhood ERGs are often prone to the
effects of eye movement and eye closure and it
is important to demonstrate reproducibility. It
is also important to relate the ERGs obtained to
the age of the child; the maturation of ERGs in
early and late infancy has been extensively and
recently reviewed [28, 86].

9.2.2
Pattern Electroretinography

The pattern electroretinogram (PERG) is the re-
sponse of central retina and is usually measured
using a reversing black and white checker-
board. It is important that there is no luminance
change during pattern reversal. It allows both a
measure of central retinal function and, in rela-
tion to its origins, an evaluation of retinal
ganglion cell function. It is thus of great value in
the electrophysiological differentiation between
macular dysfunction and generalised retinal
dysfunction or optic nerve dysfunction in the
older child with visual acuity loss (see [40] for a
comprehensive review). It is important to pre-
serve the optics of the eye for PERG recording,
which requires non-contact lens electrodes in
contact with the cornea or bulbar conjunctiva to
preserve the optics of the eye, and no mydriasis.
The gold foil, the DTL and the H-K loop elec-
trode are all suitable. Ipsilateral outer canthus
reference electrodes are mandatory; there is
contamination from the cortically generated
VEP if forehead or ear “reference”electrodes are
used [7]. In young children incapable of tolerat-
ing corneal electrodes, surface electrodes may
be used [14]. The signal:noise ratio is inevitably
lower compared with corneal recordings and
responses are particularly sensitive to alter-
ations in fixation. Continuous monitoring and
“interrupted averaging” [40, 72] during lapses
in fixation or to allow blinking is essential in
order to optimise the quality of recordings. Sur-
face PERGs may be elicited using large stimulus
fields; the use of such stimuli may be beneficial
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in terms of signal:noise ratio and by encourag-
ing better fixation, but require cautious inter-
pretation and comparison with corresponding
normal values. In general, the presence of any
PERG excludes severe macular dysfunction.

There are two main components in the so-
called transient PERG: P50 at approximately
50 ms and a larger N95 at 95 ms [37] (Fig. 9.1).
Assessment concentrates on the amplitude of
P50, measured from the trough of the small
early negative N35 component; the latency of
P50 measured to peak; and the amplitude of
N95, measured to trough from the peak of P50.
The N95 is a contrast-related component gener-
ated in the retinal ganglion cells.Approximately
70% of P50 appears to be ganglion cell-related,
but the remainder is not related to spiking cell
function and may be generated more distally in
the retina [81]. The exact origins have yet to be
ascertained. Although the PERG is generated in
inner retina, the P50 component is “driven” by
the macular photoreceptors and thus reflects
macular function.

For optimal recording of the PERG, an analy-
sis time of 150 ms or greater is usually used. It is
a low-amplitude signal and computerised aver-
aging is essential. The necessary stringent tech-
nical controls are important and are fully dis-
cussed elsewhere [25]. Binocular stimulation
and recording is usually preferred so the better
eye can maintain fixation and accommodation,
but if there is a history of squint it is necessary to
use monocular recording. P50 is sensitive to op-
tical blur, and accurate refraction is important.
PERG amplitude is related almost linearly to
stimulus contrast at low stimulus frequencies.
ISCEV recommends a high-contrast black and
white reversing checkerboard with approxi-
mately 50-min checks in a 10- to 16-degree field.

9.2.3
Cortical Visual Evoked Potentials

Visual evoked potentials (VEPs) are used to
assess the integrity and function of the visual
pathways, particularly the optic nerves and optic
chiasm. Responses are recorded using scalp elec-
trodes placed over the occipital areas. The VEP is
a relatively small signal in relation to the back-

ground electroencephalographic activity, and
computerised signal averaging and repetitive
stimulation are used to extract the time-locked
VEP. A reversing black and white checkerboard
or diffuse flash stimulation is commonly used,
but pattern onset/offset is effective in certain
conditions (see below) and is less dependent on
stable fixation. The checkerboard reversal VEP is
usually the most sensitive indicator of optic
nerve dysfunction. Monocular stimulation is es-
sential and multi-channel recordings help locali-
sation of dysfunction. Infants and children often
require constant encouragement and reassur-
ance and fixation and cooperation should be
continuously monitored; averaging may then be
suspended during periods of inattention.

The transient (<2/s recommended) checker-
board reversal VEP in adults contains a promi-
nent positive component at approximately
100 ms known as P100 (Fig. 9.1). Stimulus pa-
rameters such as contrast, luminance, check
size, field size, etc., are important determinants
of the waveform, and it is essential for each
laboratory to establish its age-matched normal
controls. Maturational changes in pattern and
flash VEPs have been extensively documented
[12, 48, 71].

9.2.4
Electro-oculography

The electro-oculogram (EOG) refers to meas-
urement of the standing potential of the eye.
This potential difference is generated across the
retinal pigment epithelium and manifests as a
dipole between the back of the eye and the elec-
tropositive cornea (for a recent review see [25]).
The ERG is a global response and allows assess-
ment of the photoreceptor/RPE interface.A nor-
mal EOG depends on the integrity of the pho-
toreceptors and a functioning RPE. A reduced
EOG is generally accompanied by a reduction in
the full-field ERG unless dysfunction is con-
fined to the RPE (see Sect. 9.6.1.2). The ISCEV-
standard EOG is measured by recording the
potentials generated by fixed excursion eye
movements during a standard period of dark
adaptation, and then during restoration to full
photopic conditions [56]. The eye movement

136 Chapter 9 Paediatric Electrophysiology: A Practical Approach



excursions are prompted by alternately flashing
lights and accurate testing depends on the
child’s cooperation and ability to follow these
fixation lights; it is rarely possible to test chil-
dren younger than about 6 years of age. The
EOG is usually expressed as a light peak:dark
trough ratio, the Arden index.

Accurate diagnosis and phenotyping of reti-
nal dystrophies often relies on the pattern of
electrophysiological abnormality. The pattern
ERG is used to assess central retinal function
and the full-field ERG generalised retinal func-
tion. Patients with generalised retinal dysfunc-
tion and severe ERG abnormalities can have
normal PERGs if the macula is spared. Con-
versely, patients with disease confined to the
macula have normal ERGs, but the PERG P50
may be profoundly abnormal. Thus, optimal
phenotyping requires the use of both tech-
niques [40, 25]. The examples that follow are
discussed in relation to common presenting
symptoms. Such a classification inevitably re-
sults in a degree of overlap; selected examples
are used here to illustrate this integrated
approach to visual electrodiagnosis.

9.3
Investigation of Night Blindness

Correct early diagnosis of night blindness is
important because it may be the presenting
symptom of a progressive retinal dystrophy
with significant implications for vision. How-
ever, it may reflect a stationary disorder such 
as congenital stationary night blindness
(CSNB); electrophysiology enables the distinc-
tion. Symptoms of night blindness are not al-
ways obvious, particularly in infants and young
children.

9.3.1
Retinitis Pigmentosa 
(Rod–Cone Dystrophy)

Retinitis pigmentosa (RP) is a heterogeneous
group of disorders characterised by progressive
dysfunction affecting the rod more than the
cone photoreceptors (a rod–cone dystrophy).

Typically patients present with night blindness
and visual field constriction. Central vision may
or may not be involved. Classical signs include
bone-spicule pigmentation, vessel attenuation
and disc pallor, but the fundus may be normal
in the early stages of disease, and this is often
the case in young children. Fundus appearance
may be a poor indicator of the severity of dys-
function.

The rod-specific ERG, reflecting rod-system
sensitivity, arises in the inner retina and is usu-
ally subnormal or undetectable in RP. The most
direct ERG measure of rod photoreceptor func-
tion is the a-wave of the bright flash (maximal)
ERG and in RP this will also be affected with as-
sociated reduction of the b-wave (Fig. 9.3). The
normal maximal ERG is of high amplitude,
usually allowing easy recording. This can be
exploited in paediatric cases where surface elec-
trodes may be used effectively to assess rod
photoreceptor activity (see below). Photopic
cone-mediated ERGs are less severely affected
than rod-driven ERGs in RP, but usually show
delayed implicit time and amplitude reduction,
best seen in the 30-Hz flicker response. The de-
gree of central retinal involvement in RP can be
indicated by the PERG; some patients with RP
and preserved central vision have an almost un-
detectable full-field ERG but a normal PERG
P50 component (Fig. 9.3) consistent with macu-
lar sparing [40, 72, 73]. However, the PERG P50
component can be abnormal in the presence of
normal visual acuity [40, 72, 73] and may have
some prognostic value in predicting involve-
ment of central vision. Although difficult for
young children to perform, multifocal ERG may
play a similar role to PERG in the assessment of
macular function.

In X-linked RP, accounting for about 5–20%
of all familial cases [35], the ERG is usually un-
detectable or grossly subnormal from an early
age (Fig. 9.3D). Asymptomatic female hetero-
zygotes may show a prominent tapetal reflex
and there may be intraretinal bone-spicule pig-
mentation, although the fundus can be normal.
The incidence of ERG abnormality in X-linked
carriers is high and may involve amplitude or
implicit time [3, 9] in both rod and/or cone
ERGs. The ERG findings in heterozygotes may
show significant interocular asymmetry, unlike
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Fig. 9.2. Pattern and flash ERGs in a normal subject
(N), in a 2-year-old patient with complete CSNB (A),
in a 6-year-old patient with Leber congenital amauro-
sis (B), in a 1-year-old monochromat (C) and in a 7-
year old patient with X-linked retinoschisis (D). All
recordings were taken with surface eyelid electrodes

apart from the PERG in patient D,which was obtained
using gold foil corneal electrodes. Comparison of A
with Fig. 9.4A and C with Fig. 9.5C demonstrates the
qualitative similarity of surface and corneal record-
ings. See text for details
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Fig. 9.3. Typical findings in a normal subject (N) and
in four patients with rod–cone dystrophy. Maximum
ERG a-waves are reduced, consistent with rod pho-
toreceptor dysfunction. Photopic ERGs are reduced
and delayed, indicating significant but less severe cone
system dysfunction. Pattern ERGs in patient A (aged
9 years) are normal, in keeping with macular sparing

and normal visual acuity (6/9). In patient B (aged
11 years), PERG P50 component and visual acuity are
mildly reduced (6/12). In C (aged 10 years) PERG 50 is
severely reduced, consistent with severe macular in-
volvement and significant visual acuity impairment
(6/60). The ERG findings in patient D (aged 7 years),
with X-linked disease, are typically severe



most hemizygotes. ADRP is more often associ-
ated with a milder clinical course and less severe
ERG changes in affected children. Autosomal
recessive RP is very heterogeneous and both
severe and mild variants are seen.

RP of varying severity is associated with syn-
dromic disorders such as Bardet-Biedl (BBS)
and Usher syndromes, although a cone–rod
pattern of dysfunction can occur in BBS [35].
Full-field ERGs in Usher syndrome are typically
markedly abnormal [24].

9.3.2
Congenital Stationary Night Blindness

Most forms of CSNB manifest an ERG maximal
response with a normal a-wave and selective 
b-wave reduction, a negative or electronegative
ERG, consistent with abnormalities that are
post-phototransduction.It is usually best seen in
the scotopic rod-dominated maximal ERG, al-
though it may also occur in cone-mediated ERGs
under photopic conditions [46,65].Rare forms of
CSNB manifest ERG maximal response a-wave
reduction consistent with disruption of rod pho-
toreceptor dysfunction and are reviewed else-
where [23]. CSNB is genetically heterogeneous
with AD, AR and X-L inheritance reported.

X-linked CSNB usually presents with nystag-
mus and poor vision in infancy. The night
blindness usually only becomes apparent at an
older age. Most children are myopic and strabis-
mus is common. X-linked CSNB can be sub-
divided into complete (cCSNB) and incomplete
(iCSNB) forms, a division originally based on
electrophysiology and psychophysics [64] and
now known to reflect genetically distinct disor-
ders. The gene for cCSNB maps to Xp11.4, and
results from mutation in NYX which encodes
nyctalopin, believed to play a role in the devel-
opment of retinal interconnections involving
the ON-bipolar cells [6]. The gene for iCSNB
(CACNA1F) maps to Xp11.23 and encodes a
pore-forming subunit of an L-type voltage-gat-
ed calcium channel believed to modulate gluta-
mate release from photoreceptor presynaptic
terminals [5].

Both X-linked forms of CSNB have markedly
electronegative maximal ERGs. The cCSNB

(Figs. 9.4A, 9.2A) has an undetectable rod-spe-
cific ERG. The cone flicker and photopic (single
flash) ERGs show distinctive abnormalities. The
photopic ERG has a broad a-wave followed by a
b-wave lacking photopic oscillatory potentials
and showing a low b:a ratio. This appearance is
thought to reflect loss of cone ON-bipolar con-
tribution but preservation of the OFF- pathway
found in long and medium wavelength cone
systems [40]. This is confirmed by the results of
long duration ON- OFF- ERGs [65], which reveal
a normal a-wave, a selectively diminished ON-
b-wave and preservation of the OFF- d-wave,
consistent with involvement of the depolarising
ON-bipolar cell pathway. S-cone ERGs are also
affected, confirming the defect to be post-pho-
totransduction in rods and all cone types
(Fig. 9.4A). The electroretinographic changes in
cCSNB are identical to those in melanoma-asso-
ciated retinopathy [40, 46] and although un-
likely to be of relevance in paediatric practice,
demonstrate the importance of always placing
electrophysiological data in clinical context.

Although also showing a profoundly elec-
tronegative maximal ERG, iCSNB typically has a
detectable, but subnormal or delayed, rod-spe-
cific ERG. These are accompanied by a subnor-
mal, delayed 30-Hz flicker ERG that has a typi-
cally bifid appearance (Fig. 9.4B). The photopic
single flash ERG may be markedly subnormal
and occasionally has an electronegative wave-
form [85]. Overall, the cone-mediated photopic
ERG abnormalities in iCSNB are more apparent
than those of cCSNB (Fig. 9.4B); both ON- and
OFF- responses are affected [65].

Dominant forms of CSNB may also be asso-
ciated with an electronegative ERG resulting
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Fig. 9.4. Pattern ERGs, full-field ERGs, including
ON-OFF- and S-cone ERGs in a normal subject (N)
and in patients with complete CSNB (A), incomplete
CSNB (B) and enhanced S-cone syndrome (C). In the
latter case, note the S-cone-specific recordings are
similar to those of the single flash photopic ERG. See
text for details. Eye movement or blink artefacts, com-
monly present in paediatric ERGs to bright flashes,
occur at about 100 ms, most prominently in the max-
imal ERG of patient B
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from post-phototransduction rod system in-
volvement. Some authors report sparing of the
cone system [69], but others, using additional
short wavelength stimulation, identified in-
volvement of the S-cone system [45]. The PERG
is normal in such cases. In some dominant
forms of CSNB, there is ERG maximal response
a-wave reduction consistent with disruption of
phototransduction or rod photoreceptor func-
tion (see [23] for a recent review). Patients with
recessive CSNB and an electronegative maximal
ERG can have other ERG features that may re-
semble either the complete or incomplete forms
of X-linked disease (unpublished data).

Fundus albipunctatus is a recessively inherit-
ed, probably stationary disorder of night vision
associated with a mutation in RDH5 encoding
the RPE enzyme retinol dehydrogenase [23].
The clinical symptoms relate to impaired regen-
eration of rhodopsin. Funduscopy reveals mul-
tiple yellow-white dots located at the level of the
RPE in the mid-periphery. The ISCEV standard
ERG in such patients shows an undetectable
rod-specific ERG and a mildly reduced ampli-
tude a-wave with a lower amplitude b-wave
[66]. However, with sufficiently long dark adap-
tation, usually 2 h or more, rod-derived ERGs
become normal. A normal or significantly im-
proved ERG following extended dark adapta-
tion enables fundus albipunctatus to be distin-
guished from retinitis punctata albescens, a
progressive retinal degeneration that also pres-
ents with a flecked retinal appearance accompa-
nied by markedly abnormal ERGs that do not
normalise following prolonged dark adapta-
tion.

9.3.3
Enhanced S-Cone Syndrome

Enhanced S-cone syndrome (ESCS) is an auto-
somal recessive trait consequent upon mutation
in NR2E3 [30].A single histological report, in an
advanced case, showed an absence of rods and
increased numbers of cones, 92% of which were
thought to be S-cones, with 15% expressing the
L/M cone opsin including some which co-ex-
pressed S-cone opsin [63]. Patients typically
present with night blindness or maculopathy

and may have relatively mild visual field loss.
The fundus appearance is characterised in old-
er children and adults by nummular pigment
deposition around the arcades at the level of the
RPE. They may eventually develop degenerative
changes in the region of the vascular arcades. In
young children, the fundus changes are very
subtle or nonexistent and the ERG is key to
making the correct diagnosis.

The ERGs in ESCS are pathognomonic for the
disorder (Fig. 9.4C). Full-field ERGs show mini-
mal differences in waveform between photopic
and scotopic ERGs elicited by the same intensity
stimuli. Flicker ERGs are markedly delayed and
subnormal and are distinctive in that the flicker
ERG amplitude, which normally lies between
that of the photopic a- and b-waves, is of lower
amplitude than the photopic a-wave. In ESCS,
there is increased sensitivity to short wavelength
stimulation. ON-OFF ERGs to longer wave-
lengths, mediated predominantly by L and M
cones, show marked reduction (Fig. 9.4C). Pat-
tern ERG reduction may occur and the P50 com-
ponent may be markedly delayed.

Summary for the Clinician

RP
∑ Patients with RP typically present with 

progressive night blindness and visual field
constriction

∑ Classical signs include bone-spicule 
pigmentation, vessel attenuation and disc
pallor, but the fundus may be normal

∑ Bright flash scotopic ERGs show a reduced
a-wave, indicating rod photoreceptor 
dysfunction with less severe photopic ERG
abnormalities

∑ Pattern ERGs can be used to assess the
degree of macular involvement

CSNB
∑ Patients typically present with nonprogres-

sive night blindness
∑ X-linked CSNB is characterised by an 

electronegative maximal scotopic ERG,
indicating dysfunction that is post-photo-
transduction.

∑ Electroretinography enables the distinction
between complete and incomplete X-linked
and other less common forms (see above)
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ESCS
∑ ESCS is a rare recessively inherited disorder

characterised by an absence of rods and an
abnormally high number of cones sensitive
to short wavelength stimulation

∑ Patients typically present with night 
blindness or maculopathy

∑ ERGs are pathognomonic for the disorder
(see above)

9.4
Early Onset Nystagmus

Early onset nystagmus is seen in three main
clinical situations. Firstly, in children with neu-
rological disorders; secondly in children with
afferent visual failure; and finally in congenital
idiopathic motor nystagmus (CIMN). The main
diagnostic dilemma is in differentiating CIMN
from sensory forms of nystagmus in a child
with nystagmus and a normal fundus [29]. Sen-
sory nystagmus may be associated with a num-
ber of disorders including CSNB (Sect. 9.3.2),
retinal dystrophies, cone-system dysfunction
syndromes, albinism and optic nerve abnor-
malities. Full-field ERGs can identify a retinal
aetiology and, when combined with VEP
recordings, may localise dysfunction to the lev-
el of the retina or optic pathways or exclude a
sensory cause. Equally, exclusion of afferent vi-
sual pathway dysfunction may be an important
contribution to management.

9.4.1
Cone and Cone–Rod Dystrophy

Patients with cone or cone–rod dystrophy typi-
cally present with progressive impairment of
central vision, abnormalities of colour vision,
photophobia and often nystagmus [78], although
there are exceptions [21]. There is wide pheno-
typic variability and although the fundus may
initially appear normal, abnormalities can in-
clude peripheral hypopigmentation and/or pig-
ment clumping, disc pallor, macular atrophic
changes or bull’s eye maculopathy. Interestingly,
a recent prospective study identified only a

small percentage of patients with bull’s eye
maculopathy to have cone dystrophy [50].Visu-
al fields typically reveal central scotomata,
although peripheral field loss, depressed sensi-
tivity and ring scotomata may occur. Inheri-
tance may be autosomal recessive, dominant or
X-linked (see Ret Net for genetic subtypes).

Strictly, the ERG abnormalities in cone
dystrophy are confined to the cone system
(Fig. 9.5A), but mild additional rod involve-
ment may occur in some patients late in the
disease. Both cone and rod ERG abnormalities
occur in cone–rod dystrophy, with the cone 
responses being more affected (Fig. 9.5B).
Usually, the 30-Hz flicker response is subnor-
mal and of increased implicit time.For example,
the dominant cone–rod dystrophy associated
with mutation in GUCY2D, (encoding retinal
guanylate cyclase) is associated with both with
30-Hz flicker delay and amplitude reduction
with milder rod-system dysfunction [22]. Clini-
cally, these patients have poor vision in bright
light from childhood, but major reduction in vi-
sual acuity occurs after the late teens. Fundus
abnormalities are confined to the central macu-
la, and the central atrophy increases with age.
PERGs are usually markedly reduced or unde-
tectable.

The macular changes in some patients with
cone dystrophy may be absent or subtle, and as-
sociated disc pallor may mistakenly be thought
to reflect primary optic nerve disease [68, 74].
Pattern VEP delay is common in macular dys-
function [40], and a delayed VEP should not be
interpreted as reflecting optic nerve dysfunc-
tion without a measure of the retinal response
to a similar stimulus. The pattern ERG P50 com-
ponent is subnormal in macular dysfunction: in
mild disease there is P50 reduction with con-
comitant reduction in N95; in severe disease the
PERG is extinguished. These findings are con-
trasted with those in optic nerve/retinal gan-
glion cell disease where P50 is usually intact,
and the abnormality is confined to the N95
component (see below). The differential effect
of ganglion cell dysfunction and macular dis-
ease on the PERG facilitates accurate interpreta-
tion of a delayed PVEP in the patient with visu-
al symptoms.
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9.4.2
Leber Congenital Amaurosis

Leber congenital amaurosis (LCA) accounts 
for approximately 15% of congenital blindness.
This largely recessively inherited disorder man-
ifests with signs of very poor visual function
and roving eye movements or nystagmus. Eye-
poking or eye-rubbing, the oculodigital sign,
may be present and may eventually lead to
sunken orbits, cataract and keratoconus. The
majority of patients have normal fundi at pres-
entation, but disc pallor, vessel attenuation and
pigmentary changes may follow. The ERG is
typically severely reduced or undetectable from
early infancy (Fig. 9.2B).

9.4.3
Cone Dysfunction Syndromes

Rod monochromatism is an autosomal reces-
sive disorder characterised by poor vision from
birth, nystagmus and photophobia and is 
consequent upon mutations in CNGA3 or
CNGB3 [62]. Patients usually attain acuities 
of about 6/60 and have absent colour vision.
Most patients are hyperopic. The fundus is 
usually normal, although some granularity 
of the central macula may develop with time.
The ERG reveals an absent or severely reduced
30-Hz flicker response, but good rod ERGs 
following even a limited period of dark adap-
tation (Fig. 9.2C). Minor reduction in ma-
ximum ERG a-wave may reflect the absence of
the cone contribution from this mixed re-
sponse.

S-cone monochromatism is usually an X-
linked disorder in which there is absent L- and
M- cone function. The presentation in infancy is
similar to rod monochromatism but the visual
acuity is better (typically between 6/24 and
6/60) and the refractive error is usually myopic.
Spectral sensitivity measurement can distin-
guish S-cone monochromatism from rod mono-
chromatism, as can specialised colour vision
testing [10], but these tests are not possible in
infancy. ERG abnormalities are similar to those
observed in the rod monochromat (Fig. 9.5C)
except that the S-cone-specific ERG, a response
to a short-wavelength stimulus recorded in the
presence of longer wavelength adaptation, is
preserved. A similar electrophysiological phe-
notype may be seen in achromatopsia associat-
ed with recessively inherited mutation in
GNAT2 [61].

9.4.4
Albinism

Albinism describes a group of inherited condi-
tions characterised by disorders of melanin
synthesis affecting the eyes (ocular albinism) 
or the eyes, skin and hair (oculocutaneous al-
binism). Children with albinism usually present
with nystagmus and poor visual acuity in early
infancy. Classical signs include iris transillumi-
nation, fundus hypopigmentation and foveal
hypoplasia. There is a high incidence of strabis-
mus and significant refractive error. In both
oculocutaneous and ocular albinism, there is an
abnormally high percentage of decussating
temporal optic nerve fibres from each eye that
project to the contralateral hemisphere. This
intracranial misrouting is demonstrated by the
presence of contralateral VEP predominance
(Fig. 9.6), being of higher amplitude and/or
shorter latency over the contralateral hemi-
sphere [20, 67]. Flash VEPs are most sensitive to
misrouting in infants and young children and
pattern onset-offset VEPs are most sensitive in
adolescents; between the ages of 5 and 14 years,
the use of both techniques optimises sensitivity
[67]. Pattern reversal stimulation is not appro-
priate; firstly, most patients have nystagmus and
secondly, reversal VEPs are subject to the phe-
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Fig. 9.5. Pattern ERGs and full-field ERGs in a nor-
mal subject (N) and in patients with cone dystrophy
(A), cone–rod dystrophy (B), S-cone monochroma-
tism (C), Stargardt fundus flavimaculatus group 1 (D)
and juvenile onset Batten disease consequent upon
CLN3 (E). Prominent blink artefacts occur in maxi-
mum ERG waveforms in A, B, C and D at about 100 ms
and have been omitted from E for clarity. Patient C
had a preserved S-cone ERG (not shown). See text for
details



nomenon of paradoxical lateralisation [4]. Both
of these factors confound accurate interpreta-
tion of pattern reversal VEPs but do not apply to
VEPs elicited using brief pattern onset stimula-
tion.

9.4.5
Optic Nerve Hypoplasia

Infants with severe bilateral optic nerve hypo-
plasia (ONH) usually present with nystagmus
and poor vision. Although these patients have
small pale optic discs, the optic nerve abnormal-
ity may easily be missed when examining a small
infant with nystagmus. Electrophysiological
testing is extremely useful in detecting visual
pathway abnormalities and may prompt review
of the optic disc appearance. It is important to
make a specific diagnosis, as ONH may be asso-
ciated with endocrine abnormalities, particular-
ly growth hormone deficiency, which need treat-
ment. Pattern and Flash VEPs show varying
degrees of attenuation and delay [2, 49] and may
be undetectable in severe cases. ERGs are nor-
mal and may be of high amplitude [13, 48].

Summary for the Clinician

Cone or cone–rod dystrophy
∑ Patients with cone or cone–rod dystrophy

typically present with progressive loss in
visual acuity, abnormal colour vision,
photophobia and often nystagmus

∑ The fundus may initially appear normal,
but abnormalities can include peripheral
hypopigmentation and/or pigment clump-
ing, disc pallor, bull’s eye maculopathy or
macular atrophy

∑ Cone system photopic ERG’s are reduced
and usually delayed in cone dystrophy with
additional involvement of rod-dominated
scotopic ERGs in cone–rod dystrophy

∑ Pattern ERGs are usually markedly reduced
or undetectable

Leber congenital amaurosis
∑ Severe visual impairment and roving 

eye movements or nystagmus from birth 
or early infancy

∑ Fundi are typically normal at presentation,
but disc pallor, vessel attenuation and 
pigmentary changes may follow
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Fig. 9.6. Monocular flash VEPs in a 1-year-old pa-
tient recorded using five posteriorly situated elec-
trodes; each referred to a mid frontal reference (Fz).
Flash VEPs are of shorter latency and higher ampli-

tude over the contralateral compared with the ipsilat-
eral hemisphere, in keeping with the optic nerve mis-
routing associated with albinism



∑ The ERG is severely reduced or unde-
tectable from early infancy, indicating
severe photoreceptor dysfunction

Rod or S-cone monochromatism
∑ Poor vision, nystagmus, photophobia and

abnormal colour vision from birth
∑ Fundi are usually normal but maculae may

appear granular
∑ Full-field ERGs reveal an absent or severely

reduced photopic 30 Hz flicker response,
but good rod ERGs following even a limited
period of dark adaptation

Albinism
∑ Classical signs include foveal hypoplasia,

iris transillumination and fundal hypopig-
mentation in addition to nystagmus

∑ VEPs are of higher amplitude and/or shorter
latency over the contralateral hemisphere in
keeping with an abnormally high percentage
of decussating temporal fibres from each eye
that project to the contralateral hemisphere

9.5
Visual Impairment 
in Multisystem Disorders

The neuronal ceroid lipofuscinoses (NCLs) are a
group of recessively inherited neurodegenerative
storage disorders associated with progressive
neurological failure and retinal degeneration.
The juvenile onset form (Batten disease), relating
to mutation in CLN3, is of particular interest as
patients often present with visual acuity reduc-
tion prior to the development of neurological
symptoms.At this stage, there may be a bull’s eye
maculopathy or the fundus may be normal.In the
latter case, nonorganic visual loss may be sus-
pected.Abnormal pattern ERGs indicate macular
dysfunction [58]. The maximal ERG response is
electronegative, but some patients will also show
some a-wave reduction consistent with loss of
photoreceptor outer segments [55, 84]. Photopic
ERGs may also show a markedly reduced b:a ra-
tio, a relatively unusual finding that may serve to
alert to the diagnosis (Fig. 9.5E); the flicker ERG
is profoundly delayed. With time, the ERG be-
comes undetectable.

Peroxisomal disorders result from dysfunc-
tion or absence of peroxisomes and may be asso-
ciated with pigmentary retinopathy resulting in
severe ERG abnormalities [36]. Zellweger syn-
drome is characterised by infantile retinal degen-
eration that is associated with facial dysmorphia,
hypotonia,psychomotor retardation,seizures,re-
nal and hepatic abnormalities. Patients with
neonatal adrenal leukodystrophy may present in
infancy, but they generally survive until age
7–10 years. Flash ERGs have been documented as
undetectable [27]. Less severe findings are pres-
ent in infantile Refsum disease, so-called because
of elevated serum phytanic acid.

Cortical visual impairment (CVI) is a condi-
tion resulting in bilateral visual impairment
caused by nonocular damage to the visual path-
ways or cortex. The most common cause of CVI
is hypoxic birth injury, although other causes
include trauma, shunt failure leading to occipi-
tal lobe infarction, meningitis, encephalitis,
congenital toxoplasmosis, neonatal herpes sim-
plex, cardiac failure and infantile spasms. Flash
ERGs may be useful in excluding a retinal cause
of visual failure. Flash visual evoked potentials
may confirm CVI and may be of prognostic
value [17].

9.6
Investigation of Children Who Present 
with Unexplained Visual Acuity Loss

Visual loss in childhood may be due to macular
disease, optic neuropathy or nonorganic visual
loss, and electrophysiology not only allows
these to be distinguished but may also indicate
a specific diagnosis.

9.6.1
Macular Dystrophies

Inherited macular dysfunction can occur either
in association with generalised retinal dysfunc-
tion or as disturbance of function confined to
the macula (a macular dystrophy). Full-field
ERG allows assessment of generalised retinal
function and the pattern ERG P50 component
allows assessment of macular function.
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9.6.1.1
Stargardt Macular Dystrophy–Fundus
Flavimaculatus

Stargardt macular dystrophy–fundus flavimac-
ulatus (S-FFM) is an autosomal recessive disor-
der consequent upon mutation in ABCA4 [1].
Patients often present in adolescence with pro-
gressive visual acuity reduction. On examina-
tion, there is usually macular atrophy and asso-
ciated white flecks at the level of the retinal
pigment epithelium. In children with S-FFM,
there may be significant visual loss before there
is significant fundus change, and it is in these
cases where electrophysiological testing is most
useful. Most patients with S-FFM have severe
macular dysfunction and show severe PERG
P50 reduction,even though visual acuity may be
relatively well preserved. In some patients, dys-
function is confined to the macula (group 1) but
in others there may be generalised involvement
of the cone system (group 2) or rod and cone
systems (group 3). The presence of a normal
ERG at any stage during the course of the disor-
der appears to be associated with a good prog-
nosis for retention of peripheral retinal func-
tion [53, 54]. Despite inter-sibling variation in
clinical phenotypic features, such as fundus ap-
pearance and visual acuity, the electrophysio-
logical grouping is concordant across sibling
pairs [53], unlike patients with bulls’ eye macu-
lopathy [50, 43]. Typical findings in a young
patient with S-FFM (group 1) are shown in
Fig. 9.5D.

9.6.1.2
Best Vitelliform Macular Dystrophy

Best vitelliform macular dystrophy is an auto-
somal dominant disorder caused by mutations
in VMD2, which encodes bestrophin [70]. Best
disease usually has a childhood or teenage onset
and in the early stages is typically characterised
by a well-circumscribed vitelliform macular le-
sion, resulting from accumulation of lipofuscin
at the level of the RPE. Visual acuity is usually
normal until the subsequent vitelliruptive stage,
resulting in disruption of overlying photorecep-
tors and eventual macular atrophy. The electro-
physiology in Best disease is characteristic.

Full-field ERGs are normal but the electro-ocu-
logram (EOG) light rise is severely reduced or
undetectable, in keeping with severe gener-
alised dysfunction affecting the RPE–photore-
ceptor interface. The EOG is abnormal during
the asymptomatic previtelliform stage. Pattern
ERGs are typically normal until the vitellirup-
tive stage, when there is visual acuity loss and, at
that stage, PERG reduction. Patients younger
than about 6 years are unlikely to be able to
comply with EOG testing, but as the disorder is
dominantly inherited it is appropriate to test the
parents.

9.6.1.3
X-Linked Juvenile Retinoschisis

Although, strictly, full-field ERG abnormalities
imply generalised retinal dysfunction, X-linked
retinoschisis (XLRS) may be referred to as a
macular dystrophy. Patients typically present in
the 1st or 2nd decade with reduced visual acuity,
and macular abnormalities are present in most
cases. Classically, these have a “spoke wheel”
appearance due to the presence of foveal micro-
cysts. The retinal cleavage may be revealed by
optical coherence tomography [80]. With time,
these radial cystic changes may give way to non-
specific macular atrophy. Peripheral schisis le-
sions are only present in 50% of patients, most-
ly in the infero-temporal quadrant. In older
patients with nonspecific macular atrophy, but
no peripheral schisis, the diagnosis may not be
obvious and electrophysiology may be instru-
mental in making the diagnosis or suggesting a
candidate gene. An electronegative maximal
ERG is typically present (Fig. 9.2D), although
the degree of abnormality can vary and in rare
cases b-wave amplitudes have been reported as
normal [11]. Rod-specific ERGs are usually
undetectable or markedly reduced in keeping
with the intraretinal cleavage [80] and typical
maximal response ERG b-wave abnormality.
Photopic and 30-Hz flicker ERGs are usually
subnormal and delayed. The ON- b-wave may
be reduced with preservation of the OFF- 
d-wave in some patients [89], but in others the
OFF- d-wave may also be affected. Pattern ERGs
are usually markedly reduced in keeping with
macular dysfunction [18, 80]. The presence of
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an electronegative ERG in a patient with a mac-
ular lesion, even if atypical, may suggest XLRS1
as a suitable candidate gene for analysis. Severe
cases of XLRS may also have an abnormal 
a-wave reflecting some photoreceptor loss,
possibly consequent upon haemorrhage or full-
thickness detachment early in life.

Summary for the Clinician

Stargardt–fundus flavimaculatus (S-FFM)
∑ Fleck lesions in the posterior pole extend-

ing to the mid-periphery, usually with
central atrophy

∑ PERG usually undetectable – severe 
macular dysfunction

∑ Some patients have generalised ERG abnor-
malities that may be of prognostic value

Best disease
∑ Typically characterised in the early stages

by a well-circumscribed vitelliform macu-
lar lesion

∑ Characterised by normal full-field ERGs
but an absent or severely reduced EOG light
rise

∑ Pattern ERGs are typically normal until the
vitelliruptive stage, when there is visual
acuity loss and PERG reduction

X-linked retinoschisis
∑ Classically, a “spoke wheel” appearance at

the fovea that is replaced by nonspecific
macular atrophy with age

∑ Electronegative ERG appearance indicating
dysfunction post-phototransduction or
inner retinal

∑ Pattern ERGs are usually markedly reduced

9.6.2
Optic Nerve Dysfunction

9.6.2.1
Familial Optic Atrophy

The commonest cause of familial optic nerve
dysfunction is dominant optic atrophy (DOA),
related to mutation in OPA1. Patients typically
present with painless, progressive visual acuity
loss that may be asymmetrical. Other clinical

features include centrocaecal scotoma, dyschro-
matopsia, pallor of the optic disc and loss of the
papillomacular bundle [16, 82]. Histopathologi-
cal studies suggest that the fundamental pathol-
ogy is degeneration of the retinal ganglion cells
[44]. The PERG shows N95 loss that can occur
before a VEP abnormality. The PVEP is often
markedly delayed and can vary in amplitude
from subnormal to undetectable in end-stage
disease. In severe long-standing disease, signifi-
cant PERG P50 component amplitude reduction
may occur, often accompanied by a shortening
of implicit time, in keeping with the loss of gan-
glion cell contribution to both the N95 and P50
components [42, 81]. Typical findings are shown
in Fig. 9.7.

Most patients with Leber hereditary optic
neuropathy (LHON) present with acute painless
sequential bilateral disc swelling and visual loss
between 11 and 30 years of age, but there are
reports of much earlier and much later age of
onset [8, 41]. There are few reports of the PERG
in LHON, but N95 reduction may occur [8, 39].
This is accompanied by a normal PERG P50
component and normal full-field ERGs. One
case report [59] describes recordings taken
3 days after the acute onset of visual loss in the
second eye of a young male patient (11778 muta-
tion). There had been sudden reduction in
vision in the first eye 3 weeks earlier. Both eyes
showed prominent N95 reduction in the PERG,
but P50 was normal and there was no interocu-
lar asymmetry. The N95 loss in the more recent-
ly affected eye was attributed to primary
ganglion cell dysfunction; more time would be
required for retrograde degeneration to have
occurred.

9.6.2.2
Compressive Lesions

Optic nerve glioma in children may be associat-
ed with painless visual loss, proptosis or squint,
although patients are often asymptomatic,
especially when associated with neurofibro-
matosis. Optic disc swelling and atrophy 
may occur. There may be chiasmal involvement
and presentation will depend upon the location
of the tumour and the age of the patient. Pattern
VEPs often show marked attenuation, broaden-
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ing and delay. Flash VEPs may be less severely
affected. With chiasmal involvement, the 
occipital distribution of VEPs from the fellow
eye may additionally demonstrate a degree 
of interhemispheric asymmetry.

The signs and symptoms in craniopharyn-
gioma vary greatly depending on the neural
structures affected but commonly involve
headache, vomiting and visual disturbance
[19]. Nystagmus has been reported in some 
cases. Anterior extension to the optic chiasm
can result in bitemporal hemianopia, unilateral
temporal hemianopia, papilledema, or uni-
lateral/bilateral decrease in visual acuity.
Children are often inattentive to visual loss 
and formal testing may be required. Monocular
pattern VEPs frequently reveal a crossed asym-
metry where there is an abnormal distribution
over the two hemispheres which reverses 
on monocular stimulation of the other eye 
and which is opposite in nature to that seen 

in the misrouting of albinism. Stimulus param-
eters are of crucial importance to accurate 
localisation. In general, use of a large field,
large check stimulus gives paradoxical laterali-
sation [4, 34], whereas a small field, small check
stimulus gives anatomical lateralisation. Un-
crossed asymmetries have also been reported
to reflect unilateral post-chiasmal compression
[49].

Summary for the Clinician

Familial optic atrophy
∑ The PERG shows N95 loss that can occur 

before a VEP abnormality in DOA. PERG
P50 component amplitude reduction may
occur in severe long-standing disease sig-
nificant, usually accompanied by a shorten-
ing of implicit time

∑ The PVEP may be markedly delayed and
can vary in amplitude from subnormal to
undetectable in end-stage disease
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Fig. 9.7. Pattern and flash VEPs
and pattern ERGs from a 
normal subject (N) and from
right and left eyes of a 9-year-
old patient with dominant 
optic atrophy. Pattern VEPs 
are abnormal, PERG N95:P50
amplitude ratio is reduced 
and P50 is of shortened implicit
time, consistent with ganglion
cell disease (see text for details)



9.7
Unexplained Visual Loss 
in the Normal Child

In most children that present with acquired
visual loss, the cause of the impairment is re-
vealed by careful ophthalmological examina-
tion. However, some children with retinal dys-
trophies may have a normal fundus or very
subtle changes in the early stages and electro-
physiological testing is fundamental to making
the correct diagnosis. Equally, there is a higher
incidence of nonorganic visual loss in a paedi-
atric population.Any acuity reduction in a child
should probably be regarded as organic until
proven otherwise. The objective data provided
by electrophysiology is extremely helpful in the
diagnosis of nonorganic visual loss.

Children with high ametropia have a signifi-
cantly higher rate of retinal electrophysiological
abnormalities compared with lower refractive
errors or emmetropia [26]. Electrophysiological
testing, to rule out associated retinal pathology,
should be considered in cases of high ametropia
in childhood when correction of the refractive
error does not result in normal acuity.

9.7.1
Amblyopia

Children suspected of being amblyopic are gen-
erally referred for electrodiagnostic testing in
order to exclude other pathologies, e.g., when
visual acuity has not improved with patching
and the fundi are normal or when visual acuity
is reduced bilaterally. In amblyopic eyes, pattern
visual evoked potentials often show amplitude
reduction and/or mild to moderate delay [75,
79] that is not due to optical factors [52]. Gener-
ally, latency abnormalities in the major positive
(P100) component tend to be milder in ani-
sometropic than with strabismic amblyopia.
Pattern VEPs may also play a useful role in mon-
itoring the effects of patching therapy in ambly-
opic and fellow eyes [83, 87].

9.7.2
Nonorganic Visual Loss

The VEP, combined with other electrophysiolog-
ical tests, is crucial to the diagnosis of nonorgan-
ic visual loss. Electrophysiological testing may
demonstrate normal function in the presence of
symptoms that suggest otherwise or may quanti-
fy the level of genuine dysfunction in the pres-
ence of functional overlay. Flash VEPs in nonor-
ganic visual loss are normal [33, 51]. A well-
formed pattern reversal VEP is incompatible
with a visual acuity of approximately 6/36 or
worse [32]. The pattern onset or appearance VEP
(PaVEP) is more susceptible to blur than the pat-
tern reversal VEP and it is the authors’experience
that the PaVEP enables a more direct relation-
ship to be established between visual acuity and
the presence or absence of a response to small
check sizes of varying contrast. Constant encour-
agement and direct monitoring of fixation and
compliance are essential in all patients suspected
of hysteria or malingering and will often result in
improved patient cooperation. Careful observa-
tion of the background electroencephalographic
(EEG) input and the developing averaged VEP is
advisable; children may find the alternating
checkerboard hypnotic and the appearance of an
alpha rhythm in the ongoing EEG may indicate
drowsiness or loss of concentration. Equally, a
tendency for the P100 component to broaden or
increase in latency in the acquired average sug-
gests that accommodation or fixation is unsatis-
factory. It may be necessary to stop averaging
after fewer sweeps than usual to prevent wave-
form deterioration. Simultaneous PERG record-
ing may be beneficial. The PERG P50 component
is very susceptible to deterioration with poor
compliance, and a normal PERG can only be ob-
tained with satisfactory fixation and accommo-
dation. Routine ERG should also be performed;
ERGs can be markedly abnormal in retinal dys-
function with no or minimal fundus abnormali-
ty but constricted visual fields,and field loss is of-
ten a feature of nonorganic visual loss. PERG and
PVEP findings may be normal in such conditions
if the maculae are spared.

Normal electrophysiology does not preclude
the presence of some underlying organic dis-
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ease [31, 38], but the demonstration of normal
electrophysiology can be reassuring, both for
the clinician and for concerned parents. Partic-
ular caution must be exercised if there is a pos-
sibility of cortical dysfunction. Electrophysio-
logical examination is always advisable if there
is any doubt.

Summary for the Clinician

∑ Visual acuity loss in a child should proba-
bly be regarded as organic until proven
otherwise

∑ Electrophysiology in a child with function-
al visual loss will either reveal normal func-
tion, or may suggest a degree of functional
overlay superimposed upon genuine under-
lying dysfunction

9.8
Conclusions

The objective data provided by electrophysio-
logical testing are fundamental to the manage-
ment of the child with suspected visual pathway
dysfunction. A flexible approach to testing chil-
dren is advocated, without the routine use of se-
dation, performing more demanding testing
protocols in children who are able to cooperate
and limiting recordings in the younger patients
to address the most salient diagnostic ques-
tions. The wide diversity of disorders is reflect-
ed in the range of ERG, PERG and VEP abnor-
malities.

Electrophysiological phenotyping is of great
importance not only in terms of diagnostic ac-
curacy and the characterisation of the disorder,
but also in prognosis by distinguishing between
severe and relatively benign disease, both of
which may initially present similar clinical fea-
tures, or by distinguishing between progressive
and stationary disorders that may present with
similar symptoms. The importance of pheno-
type-genotype correlations is likely to increase
with time and, if treatment intervention for the
inherited disorders becomes available, it is like-
ly that electrophysiological examination will
facilitate suitable patient identification and will
be the likely outcome measure in the evaluation
of treatment efficacy.
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10.1
Introduction

Leber’s congenital amaurosis, an infantile onset
form of rod-cone dystrophy, is usually inherited
as an autosomal recessive trait. First described
by Theodor Leber in 1869 and 1871 [71], it ac-
counts for 3–5% of childhood blindness in 
the developed world [108] and has an incidence

of about 2–3 per 100,000 live births [119, 50].
It occurs more frequently in communities
where consanguineous marriages are common
[128].

10.1.1
Clinical Findings

LCA is characterized clinically by severe visual
impairment and nystagmus from early infancy
associated with a nonrecordable or substantial-
ly abnormal rod and cone electroretinogram
(ERG) [32, 31, 118]. The pupils react sluggishly
and, although the fundus appearance is often
normal in the early stages, a variety of abnormal
retinal changes may be seen. These include pe-
ripheral white dots at the level of the retinal pig-
ment epithelium, and the typical bone-spicule
pigmentation seen in retinitis pigmentosa.

Other associated findings include the ocu-
lodigital sign, microphthalmos, enophthalmos,
ptosis, strabismus, keratoconus [28], high re-
fractive error [143], cataract, macular coloboma,
optic disc swelling, and attenuated retinal vas-
culature.

10.1.2
Differential Diagnosis

It is now recognised that LCA represents the
most severe end of the spectrum of infantile on-
set retinal dystrophies. Some genes originally
described as causing LCA have since been
shown to have a less severe clinical pheno-
type–with less nystagmus, normal pupil reac-
tions, and better vision despite an absent ERG
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∑ Leber’s congenital amaurosis (LCA) is a 
severe generalized retinal dystrophy which
presents at birth or soon after with nystag-
mus and poor vision and is accompanied
by a nonrecordable or severely attenuated
ERG

∑ As some forms are associated with better
vision during childhood and nystagmus
may be absent, a wider definition is early
onset severe retinal dystrophy (EOSRD)
with LCA being the most severe form

∑ It is nearly always a recessive condition but
there is considerable genetic heterogeneity

∑ There are eight known causative genes and
three further loci that have been implicated
in LCA/EOSRD

∑ The phenotype varies with the genes 
involved; not all are progressive. At present,
a distinct phenotype has been elaborated
for patients with mutations in RPE65

∑ Although LCA is currently not amenable to
treatment, gene therapy appears to be a
promising therapeutic option, especially 
for those children with mutations in RPE65
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[99]. This has led some to use the term early on-
set severe retinal dystrophy (EOSRD) to de-
scribe severe rod-cone dystrophies of infantile
onset.

The main differential diagnosis is from other
causes of infantile nystagmus [14, 76] particu-
larly early onset static retinal conditions such as
congenital stationary night blindness [5] and
the various forms of achromatopsia [90]. The
clinical features, and in particular the ERG find-
ings, allow these disorders to be distinguished
from LCA. Although most children with LCA
have disease confined to the eye; there are a
number of recessively inherited systemic dis-
orders such as Joubert syndrome, and the 
peroxisomal disorders in which an early onset
retinal dystrophy similar to LCA may form part
of the syndrome (Table 10.1). Usually the other
systemic findings allow these disorders to be
distinguished from LCA but in some disorders,
for example Alstrom syndrome [117] and juve-
nile nephronothisis [7, 30, 132] the systemic fea-
tures may not become apparent until later
childhood.

10.2
Molecular Genetics

LCA is usually inherited as an autosomal reces-
sive disorder, although there are a few reports of
autosomal dominant inheritance [33, 102, 135].
Although it had been recognised as early as 1963
that there was more than one causative gene
[142], it is only recently that the true extent of
the genetic heterogeneity has been identified.
To date, eight genes (GUCY2D [103], AIPL1 [123],
RPE65 [84, 44], RPGRIP1 [27, 40], CRX [35, 56],
TULP1 [9, 43, 46], CRB1 [79], RDH12 [58, 101])
and a three further loci (LCA3 [126], LCA5 [93]
and LCA9 [62]) have been reported in LCA/
EOSRD. Furthermore, mutations in two other
genes (LRAT [131] and MERTK [87]) are as-
sociated with a very early onset form of RP 
that could also be classified as EOSRD. All 
together these genes account for between 20%
and 50% of cases of LCA cases and it is evident
that more genes remain to be discovered [48, 18]
(Figs. 10.1, 10.2).
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Table 10.1. Systemic disorders with associated LCA findings

Disorder MIM No. Systemic features

Senior-Loken syndrome MIM 266900 Kidney disease (nephronophthisis)
Mainzer-Saldino syndrome MIM 266920 Skeletal anomalies including osteopetrosis giving

cone shaped epiphyses of the hand bones and ataxia
Lhermitte-Duclos syndrome MIM 158350 Cerebellar hyperplasia, macrocephaly and seizures
Joubert syndrome MIM 213300 Cerebellar hypoplasia, oculomotor difficulties 

and respiratory problems
Alstrom syndrome MIM 203800 Cardiomyopathy, deafness, obesity and diabetes
Bardet-Biedl syndrome MIM 209900 Mental retardation, polydactyly,

obesity and hypogonadism, abnormality 
in renal structure, function, or both

Infantile Refsum disease MIM 266510 Abnormal accumulation of phytanic acid leading 
to peripheral neuropathy, ataxia impaired hearing,
and bone and skin changes

Zellweger disease MIM 214100 Cerebrohepatorenal syndrome
Neonatal adrenoleucodystrophy MIM 202370 Similar in biochemical terms to Zellweger syndrome;

it has characteristic facies, adrenal atrophy, and
degenerative white matter changes

Infantile Batten disease MIM 256730 Histopathologically: total derangement of cortical
cytoarchitecture with severe degeneration of white
matter. Clinically: rapid psychomotor deterioration,
ataxia, and muscular hypotonia; microcephaly 
and myoclonic jerks are also features
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Fig. 10.1. Median frequency of disease genes in LCA/EOSRD

Fig. 10.2. Putative sites of gene expression for LCA/EOSRD



10.2.1
GUCY-2D (LCA1 Locus)

GUCY-2D (17p13.1) was the first gene identified
as causative in LCA [103]. The prevalence of mu-
tations of GUCY-2D in LCA is much higher
(70%) in cases from Mediterranean countries
[49]. GUCY-2D encodes a human photoreceptor
specific guanylate cyclase which plays a key 
role in phototransduction. Guanylyl cyclase cat-
alyzes the conversion of guanosine triphos-
phate (GTP) to cyclic guanosine monophos-
phate (cGMP). Guanylate cyclase function is
important in restoring levels of cGMP levels,
which keeps open the gated cation channels al-
lowing recovery of the dark state after photo-
transduction. Mutations in the gene would lead
to permanent closure of the c-GMP gated cation
channels with resultant hyperpolarisation of
the plasma membrane.

Recessive mutations in GUCY-2D are associ-
ated with LCA and the causative mutations have
been reported in the extracellular, kinase-like,
dimerisation, and catalytic domains [104, 116].
Heterozygous mutations in the same gene have
been reported to cause an autosomal dominant
cone rod dystrophy [26, 105, 134] (http://www.
retina-international.org/sci-news/gcmut.htm).

Histological examination of the eyes from an
11-year-old LCA donor with a known GUCY-2D
mutation, who had light perception vision and a
nondetectable ERG at the time of death, showed
regional loss of photoreceptors. There were no
identifiable photoreceptors in the mid-periph-
eral retina, but rods and cones lacking outer
segments were present in the macula and peri-
pheral retina, although in reduced numbers.
The inner nuclear layer was found to be of nor-
mal thickness but horizontal cell, amacrine and
ganglion cell numbers were decreased [91].
The fact that there were significant numbers of
residual photoreceptors and inner retinal neu-
rons despite a visual acuity of light perception
gives rise to some optimism that any future
therapy may lead to improved retinal function.
However, visual improvement following suc-
cessful therapy may be limited by sensory dep-
rivation amblyopia unless treatment was given
in early infancy.

10.2.1.1
Genotype–Phenotype Correlations

The findings of high hyperopia (>+7 DS), severe
photophobia, poor vision of count fingers (CF)
or light perception (LP) in addition to the pres-
ence of early peripheral and macular degenera-
tion with bone spicule pigments in the periph-
ery, disc pallor and vessel attenuation has been
suggested by Perrault et al. to be pathognomon-
ic of the GUCY-2D mutation [103]. Other groups
have, however, reported LCA patients with
GUCY-2D mutations who have no significant
photophobia, better visual acuity (20/200), and
mild to moderate hyperopia [25].

10.2.2
RPE65 (LCA2)

Mutations in RPE65 are associated with a num-
ber of different retinal degenerations, including
LCA [44, 84, 95, 121], autosomal recessive RP
[93], and an early onset severe rod-cone dystro-
phy [77] (http://www.retina-international.org/
sci-news/rpe65mut.htm). Mutations in RPE65
account for 3–16% of cases of LCA/EOSRD in
various series [25, 40, 48, 80, 95, 130]. The RPE65
gene localizes to 1p31.2 and consists of 14 exons.
It encodes two distinct forms of a 65-kD protein
specific to the smooth endoplasmic reticulum
(ER) of the retinal pigment epithelium: a retinal
pigment epithelium (RPE) membrane-associat-
ed form (mRPE65) and a lower molecular
weight soluble form (sRPE65)[83]. RPE65 plays
a key role in the metabolism of vitamin A with-
in the retina. RPE65 serves as a binding protein
for all-trans-retinyl esters [41, 57] Analysis of
RPE65 knockout mice shows that it is involv-
ed in the isomerisation of all-trans-retinol to 
11-cis-retinol within the RPE [107]. Xue et al.
[148] demonstrated that the membrane associ-
ated form is triply palmitoylated and is a chap-
erone for all-trans retinyl esters, allowing their
entry into the visual cycle for processing into 
11-cis retinal. The soluble form of RPE65 is not
palmitoylated and is a chaperone for vitamin A.
The two chaperones are interconverted by
lecithin acyl transferase (LRAT) acting as a
palmitoyl transferase catalyzing the mRPE65 to
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sRPE65 conversion, like a molecular switch con-
trolling the quantity of chromophore required
by the visual cycle [148]. Recent evidence sug-
gests RPE65, when coexpressed with LRAT in
QBI-293A or COS-1 cells, efficiently generates 
11-cis retinol from all-trans retinyl ester, sug-
gesting that it is an enzyme responsible for the
isomerohydrolase activity [150].

Knockout mice show oil-like droplets in the
RPE composed of accumulations of these all-
trans retinyl esters [109]. However, it is unlikely
that the accumulation of these esters is respon-
sible for the photoreceptor degeneration. Fur-
ther experiments in RPE65–/– mice have demon-
strated a high concentration of the apoprotein
opsin, mostly unphosphorylated and unbound

to arrestin [109, 115]. Spontaneous opsin activity
has been subsequently shown to lead to retinal
degeneration through a mechanism as yet poor-
ly understood [147], and this may be a key factor
in photoreceptor cell death in early onset retinal
dystrophy associated with mutations of RPE65.

Histological examination of 33-week embry-
onic human retina with a known RPE65 muta-
tion showed extensive structural degeneration
with RPE, neural retina, choriocapillaris and
Bruch’s membrane, all showing severe changes
compared to age-matched controls [107]. This
suggests that some of the retinal degeneration
in this form of LCA may occur before birth. It
has been argued that the extensive retinal de-
generation seen in this foetus may not be char-
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Fig. 10.3. Scatterplot of VA data of patients with
known mutations in RPE65.VA in dependence on age
(51 patients, 114 VA data). Most patients had measura-

ble visual acuities at least during the first decade, with
a clustering between 0.1 and 0.3 From [99]. With per-
mission from Graefe’s Archive

Fig. 10.4 a, b. Fundus of two patients with RPE65 mutations. a HJ at 6 years. IVS1 + 5G-A/144insT. For details
see [77]. b BR at 7 years. IVS1 + 5G-A/114delA +T457N. For details see [77]
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acteristic, as clinically infants with RPE65 muta-
tions have a normal fundus and reasonable vi-
sual acuity and fields [99].

10.2.2.1
Genotype–Phenotype Correlations

Infants with RPE65 mutations perform visual
tasks best in bright light [77, 106] and often
show light-staring behaviour. The infants have
poor but useful vision in early life (6/18–6/60),
which may show initial improvement [106]
(though this may represent a form of delayed
visual maturation) but then declines through
school age years. A number of patients retain
residual islands of peripheral vision into the
third decade of life [130] and later [99]. Progres-
sive visual field loss and vision reduced to LP in
the fifth and sixth decades is usual [3]. Refrac-
tive errors are variable with high or mild hyper-
opia, emmetropia or myopia being reported [25,
99] (Fig. 10.3).

Fundus autofluorescence (FAF) imaging has
shown to be absent in children with early onset
severe retinal dystrophy who have compound
heterozygous or homozygous RPE65 mutations.
They have a near normal fundus appearance on
ophthalmoscopy and preserved RPE and pho-
toreceptors on OCT (Fig. 10.4). Absence of fun-
dus autofluorescence in RPE65–/– mice has been
shown to be secondary to failure of lipofuscin
fluorophore manufacture, which depends upon
normal function of the visual cycle [60, 78].
Similar lack of fundus autofluorescence is also
seen in human subjects (Fig. 10.5). FAF imaging
is therefore an extremely useful tool for screen-
ing patients with retinal dystrophies that may
be due to RPE65 mutations; the restoration of
normal autofluorescence may be an early sign
of successful therapeutic effect in future treat-
ment trials [78].

10.2.3
CRX

The third gene found to be responsible for LCA
was CRX [35, 55, 125], a photoreceptor homeobox
gene localizing to 19q13.3 [16]. CRX mutations
have been reported in a number of differing

retinal phenotypes, including early onset auto-
somal dominant cone-rod dystrophy [34], auto-
somal dominant RP [125], autosomal dominant
LCA [35, 102] and recessive LCA [127]. CRX has
been found to account for between 0.6% and 6%
of mutations in LCA patients [25, 34,48, 80, 112].

CRX encoding a 299-aminoacid protein
which belongs to the paired class of home-
odomain proteins with three highly conserved
motifs: the homeodomain, a WSP domain and
an OTX tail. It functions as a transcription fac-
tor and in vitro, the protein recognises a specif-
ic sequence that is found in the promoters of
many photoreceptor-specific genes, including
rhodopsin, arrestin, the b-subunit of rod 
cGMP-phosphodiesterase, and interphotore-
ceptor retinoid-binding protein (IRBP) [16, 36].
In vivo, many of these genes seem to require
CRX for normal expression [37]. CRX knockout
mice have reduced levels of expression of many
photoreceptor-specific genes, leading to subse-
quent retinal degeneration [75]. The CRX pro-
tein forms a complex with another transcrip-
tion factor – NRL – and works synergistically to
activate the rhodopsin promoter [16] to much
greater effect than either alone.

Mutations in CRX have been implicated in
both dominant ad recessive forms of LCA. Re-
ported mutations include: a homozygous CRX
mutation [127]; a heterozygous CRX mutation
resulting in a four amino acid deletion [125]; a
heterozygous null mutation [102, 120]; and a
heterozygous frameshift mutation identified in
a mother and son with LCA [64] (http://www.
retina-international.org/scinews/crxmut.htm).
There are a number of possible explanations for
the finding of heterozygous mutations in some
patients including the presence of an unidenti-
fied mutation on the other CRX allele; an addi-
tional mutation in another gene (digenic in-
heritance) or the possibility that some CRX
mutants work in a dominant-negative manner
to interfere with wild-type CRX function [111].

10.2.3.1
Genotype–Phenotype Correlations

CRX mutations have been identified in associa-
tion with LCA, retinitis pigmentosa and cone
rod dystrophy. Although this phenotypic vari-
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Fig. 10.5 a–i. Fundus autofluorescence (Heidelberg
Retina Angiograph, HRA, Heidelberg Engineering) in
patients with early onset severe retinal dystrophy
(EOSRD) associated with mutations in RPE65. Over-
all image brightness does not reflect the absolute
amount of fundus autofluorescence (AF). Please note
very similar brightness at optic disc and retina in all
images displayed. This results from lack of AF. a Pa-
tient LJ at 10 years of age. Nearly absent AF in both
eyes. Shown is the right eye. b Patient LH at 14 years of
age. Very low AF in both eyes, perimacular slightly
brighter circle. Left eye is shown. LJ and LH are sib-
lings. c Patient HJ at 11 years. Nearly absent AF in both
eyes. Right eye is shown. d Patient BR, aged 11 years.
No detectable AF in both eyes. Right eye is shown.

e Patient CG at 19 years of age. No detectable AF in
both eyes. Right eye is shown. f Patient CY aged
27 years. Very low AF in both eyes, peripapillary im-
age is a little brighter. Right eye is shown. CG and CY
are siblings. g Patient KM at 54 years. Nearly absent
AF in both eyes. Shown is the left eye. h Patient KG at
43 years. Nearly absent AF in both eyes. Right eye is
shown.KM and KG are siblings. i Patient FT at 55 years
of age. Very low AF in both eyes, oval areas of nonde-
tectable AF at the posterior pole corresponding clini-
cally to atrophic areas, temporal of the optic disc,
some AF visible. The signal may come from the scle-
ra. Right eye is shown. With permission from Oph-
thalmology. For detailed explanation see [78]
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ability may in the main be due to allelic hetero-
geneity, other modifying genes or environmen-
tal factors are likely to play a role, as the same
CRX mutation may produce clinically highly
disparate phenotypes. For example, some pa-
tients with c.436del12 bp were diagnosed with
LCA, while one retained vision of 20/80 at age
27 years [125].

The fundal appearances associated with
CRX mutations include attenuated retinal ves-
sels, intraretinal pigment deposits, and areas of
retinal atrophy, including macular atrophy
(coloboma). Some patients are reported as 
having normal fundi in infancy [25]. Moderate
hyperopia is often found [25, 801, 111], though
Rivolta et al. [111] showed that when the average
refractive error of published cases of all CRX
mutations was calculated, the outcome was
slightly myopic. This, they argued, indicates
that hyperopia is associated with poor vision in
early life rather than with the CRX mutations
per se.

10.2.4
AIPL1 (LCA4)

AIPL1 (aryl-hydrocarbon interacting protein-
like 1), described by Sohocki et al. [123], was 
the fourth of the LCA genes to be identified 
and accounts for 3.4–11% [24, 48, 66, 124] of
cases. It has also been identified as putatively
causative in autosomal dominant cone-rod 
dystrophy and retinitis pigmentosa (RP) [124]
(http://www.retina-international.org/sci-news/
aipl1mut.htm), though Cremers [18] has ex-
pressed some doubt about this.

The AIPL1 gene (located on 17p13.2) encodes
a 384-aminoacid protein that contains three
tetratricopeptide (TPR) motifs. TPR domains
are sites of protein–protein interaction, and it 
is thought that the AIPL1 protein, through this
motif, interacts and aids in the processing 
of farnesylated proteins [151] which are re-
sponsible for attachment to cell membranes,
in other words, maintaining photoreceptor
architecture.

AIPL1 has also been shown to interact with
NEDD8 ultimate buster-1 (NUB1), which is an
interferon inducible protein; both NUB1 and

AIPL1 are expressed within the developing cone
and rod photoreceptors but co-localise solely
within the rods of the mature retina [2, 123, 139].
This suggests that AIPL1 is essential for the nor-
mal development of photoreceptor cells. NUB1
is located predominantly within the nuclear
component of cells as compared to AIPL1, which
is largely cytoplasmic [137, 139]. It has now been
shown that AIPL1 can modulate protein trans-
location through enhanced farnesylation, and
acts in a chaperone-like manner escorting
prenylated proteins to their target membranes,
suggesting that AIPL1 is an important modula-
tor of NUB1 cellular function [138]. AIPL1 muta-
tions implicated in LCA have been shown in
vitro not to interact with NUB1 suggesting that
this lack of interaction may be a key factor in 
the abnormal retinal function seen in the LCA
retina [59].

10.2.4.1
Genotype–Phenotype Correlations

Much of the phenotypic description given be-
low is from the study of 26 probands with the
AIPL1 mutation described by Dharmaraj et al.
[24]. Affected individuals had a severe pheno-
type with poor vision, maculopathy, significant
pigmentary changes, disc pallor, with the later
development of keratoconus and cataract in up
to one-third of cases.

Nyctalopia was found in half, and photoaver-
sion and photoattraction were described but
were uncommon. Levels of visual acuity were
generally very poor with most patients having
HMs or light perception. No patient had better
vision than 20/400. The most common refrac-
tive error was moderate hyperopia, though mild
myopia was occasionally found.

Maculopathy was present in 80 % (16/20) in
this study and in the remaining four probands,
who were all aged 2–6 years, an abnormal in-
distinct foveal reflex was noted. All patients
had some form of pigmentary retinopathy
from mild mid-peripheral salt and pepper ap-
pearance to a severe chorioretinopathy. In ad-
dition, varying degrees of optic nerve pallor
were seen in all patients after the age of 6
(Fig. 10.6).
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10.2.5
RPGRIP1 (LCA6)

RPGRIP1 (14q11.2) is the fifth (and largest 
with 25 exons) of the genes responsible for the
LCA phenotype [27]. It accounts for between
4.5% and 6% of LCA cases [6, 27, 40, 48]
(http://www.retina-international.org/sci-news/
rpgripmu.htm).

The X-linked RP3 locus encodes several
spliced isoforms of the retinitis pigmentosa 
GTPase regulator (RPGR) [63, 89, 113, 141]. The
RPGR interacting protein (RPGRIP) is a struc-
tural component of the ciliary axoneme and is
known to localize in the photoreceptor connect-
ing cilium [51] and the amacrine cells of bovine
retina [13,85].RPGR interacts directly in vivo and
in vitro with the RPGR interacting domain (RID)
at the C-terminus of RPGRIP1, and both proteins
co-localise to the outer segment of photorecep-
tors in the bovine and human retina [114].

Several RPGRIP1 isoforms have also been
found and are expressed at a number of differ-
ent subcellular locations across species, includ-

ing at the nuclear rims and axonal processes in
a subset of amacrine cells located at the proxi-
mal edge of the inner nuclear layer (INL) [13].
These RPGRIP1 isoforms have also been shown
to co-localise with RanBP2, a component of the
nuclear pore complex which has been implicat-
ed in the rate-limiting steps of nuclear-cyto-
plasmic trafficking processes.

RPGRIP knockout mice initially develop a full
complement of photoreceptors, but the outer seg-
ments rapidly become disorganized with pyknot-
ic nuclei indicating cell death, and there is almost
complete loss of photoreceptors by 3 months of
age. The photoreceptor degeneration is more se-
vere than that seen in the RPGR–/– mice [149]. It
has also been established in the murine knockout
model that RPGRIP is not essential for transport-
ing or restricting proteins across the connecting
cilium (CC); nor is it thought to be essential for
development or maintenance of the core CC
structure. However, the outer segment arrange-
ment of disks is grossly altered in a manner not
seen in the RPGR–/– mice.The mechanism of pho-
toreceptor cell death associated with RPGRIP1
mutations is currently poorly understood.

10.2 Molecular Genetics 165

Fig. 10.6. a Pedigree of family
with AIPL1 mutation K14E.
b XmnI restriction digest for 
the homozygous K14E mutation.
The mutation creates a novel 
restriction site, as shown by 
the restriction fragments of 152
and 103 bp from the 255-bp 
amplimer (C control, M mark-
er). Fundus photograph of
case 3 (II:3) at age 22 years:
c right eye, d left eye
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10.2.5.1
Genotype–Phenotype Correlations

The phenotype of the RPGRIP1 LCA patients is
relatively severe, with nystagmus and severely
reduced visual acuities from a young age.
Dryja’s original paper [27] reports a 26-year-old
with LP vision, moderate vascular attenuation,
and no intraretinal pigmentation; another 
15-year-old had LP vision, low hyperopia and
mid-peripheral pigmentation. Hanein et al. [48]
report early photophobia as an early sign in
patients with RPGRIP1 mutations (Fig. 10.7).

10.2.6
TULP1

The gene (TULP1) encoding the Tubby like pro-
tein 1 on 6p21.3 is part of a family of tubby genes
(tub, tubby 1–3). TULP1 was identified as a cause
of an autosomal recessive retinal degeneration
in several isolated families [43, 46] and large
pedigrees living in the Dominican Republic [9].
Several mutations in the TULP1 gene are associ-

ated with early onset, severe retinal degenera-
tion consistent with LCA (http://www.retina-in-
ternational.org/sci-news/tulpmut.htm). TULP1
mutations accounts for a minority of Leber’s
cases (1.7% [48]).

The TULP genes are characterized by the
tubby domain, a highly conserved region of
about 260 amino acids, located at the carboxyl
terminus of all TULP-family proteins. The 
four members of the family are localised prima-
rily to nervous tissue [12] and all are expres-
sed in the retina [92]. Tubby mice display a
three-part phenotype of blindness, deafness,
and maturity onset obesity. The exact role of
the Tubby-like proteins remains to be fully elu-
cidated.

TULP1 is found expressed by human retinal
neuroblasts at 8.4 foetal weeks, suggesting a
fundamental role in retinal differentiation; it is
not expressed in mature rod or cone outer seg-
ments in either human or mouse [52], nor in-
deed is it seen in the nuclei of adult mouse pho-
toreceptors [46]. Some evidence suggests that
TULP1 is a transcription factor involved in con-
trol of other photoreceptors genes [11].
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Fig. 10.7 a, b. Fundus autofluorescence (Heidelberg
Retina Angiograph, HRA, Heidelberg Engineering) in
patients with early onset severe retinal dystrophy
(EOSRD) not associated with RPE65 or LRAT muta-
tions. a Patient HaA at 7 years of age. Limited cooper-
ation and photophobia affect image quality. Fundus

autofluorescence AF is clearly present in both eyes.
Right eye is shown. b Patient MT at 10 years of age.
Limited cooperation due to photophobia and nystag-
mus influence image quality. AF is clearly present in
both eyes. Left eye is shown. From [78], with permis-
sion 
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TULP1 knockout mice show a retinal degen-
eration, but not the other characteristic pheno-
types – obesity or deafness – seen in mice with
TUB–/– mutations [53]. Histological analysis in
the mouse model shows there to be a marked
degeneration of the photoreceptor layer.

10.2.6.1
Genotype–Phenotype Correlations: TULP1

Initially, patients found to have TULP1 muta-
tions by candidate gene screening were from
populations with the clinical diagnosis of RP
[43, 46]; however, the retinal degeneration re-
sulting from the IVS14+1, GA TULP1 mutation
[9, 74] is an atypical form of RP and fits a clini-
cal category that is better described as LCA.
Subsequent analysis of a large LCA group
(n=179) found TULP1 involvement in 1.7% [48].
Clinical features include nystagmus, poor vision
from an early age ranging from 20/200, LP,
nyctalopia and early immeasurable rod func-
tion, and impaired or absent cone function on
electroretinography [46]. Older patients may
show macular abnormalities (yellow macular
deposits or a bull’s eye maculopathy) and optic
disc pallor. Myopic refractive errors have also
been described. However, in contrast to tubby
mice, Tulp1 (–/–) mice exhibited normal hearing
ability and, surprisingly, normal body weight
despite the fact that both TUB and TULP1 are
expressed in the same neurons within the hypo-
thalamus in areas known to be involved in feed-
ing behaviour and energy homeostasis.

10.2.7
CRB1

The Crumbs homologue 1 gene (CRB1) maps to
1q31.3 and consists of 11 exons; it is expressed
specifically in the brain and retina [22], though
the truncated secreted protein CRB1s is also ex-
pressed during skin development [144]. It was
first described as responsible for a distinctive
form of autosomal recessive RP, referred to as
RP12, which exhibited preservation of the para-
arteriolar RPE. Subsequently, several cohorts of
LCA probands were analysed and CRB1 variants
were found in 9–13% [23, 48, 79], though in one

study no CRB1 mutations were identified. [21]
(http://www.retina-international.org/sci-news/
crb1mut.htm).

CRB1 is analogous to the Drosophila Me-
lanogaster Crumbs protein ; it contains 19 epi-
dermal growth factor (EGF) -like domains, a
transmembrane domain, three laminin A glob-
ular-like domains, and a 37-amino acid cyto-
plasmic tail [23]. The Crumbs protein localises
to the apical membrane in Drosophila and acts
as a regulator of epithelial polarity [129, 145].
Antibodies raised against the cytoplasmic do-
main of CRB1 reveal its distribution at the apical
membrane of all retinal epithelial cells, the rod
and cone photoreceptors and Muller cells in the
adult mouse retina. In rod and cone photo-
receptors, CRB1 is confined to the inner seg-
ments, where it is specifically located at the
zonula adherens (ZA). CRB has a role in the
maintenance of the ZA integrity and stalk mem-
brane formation during photoreceptor cell
(PRC) development in Drosophila [100].

The defects in CRB rd8 mutant mice show
similarities to those in the fly model: the exter-
nal limiting, membrane and zonula adherens
are fragmented and shortened photoreceptor
inner and outer segments are observed as early
as 2 weeks after birth, suggesting that there is a
developmental defect rather than a degenera-
tive process [88]. Studies in the CRB1–/– mice
suggest that CRB1 has a key role in formation of
the adherens junctions that make up the outer
limiting membrane. It is required for the main-
tenance of a single, organized layer of PRCs. In
the absence of the normal gene product, the
adhesion between PRCs and Muller cells is tem-
porarily lost, following light exposure, resulting
in dramatic structural and functional changes.
These changes were exacerbated by prolonged
exposure to light [136].

10.2.7.1
Genotype-Phenotype Correlations

In humans with CRB1 mutations, retinal thick-
ness as measured by OCT is significantly in-
creased (1.5 times thicker), with a coarse lami-
nation pattern [54]. (Fig. 10.8). In the original
description [79], two fairly consistent pheno-
typic features were described: the presence of
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Fig. 10.8. Optical coherence tomography scan Zeiss OCT-3 (Zeiss Humphrey, Dublin, CA), 15-year-old Cau-
casian male with homozygous C948Y mutation in CRB1 showing thickened retinal appearance

Fig. 10.9. Six-year-old male with heterozygous
G850S mutation in CRB1 showing white dots and pig-
ment at level of the RPE



moderate to high hyperopia; and the relatively
early appearance of white spots at the level of
the RPE and pigment clumping (Fig. 10.9). The
preservation of the peri-arteriolar retinal pig-
ment epithelium (characteristic of RP12) is seen
occasionally [79]. Hanein et al. report early
macular reorganisation in the first decade of life
as being characteristic of CRB1 mutations [48].

10.2.8
RDH12

RDH12 mutations were first reported simultane-
ously in several west Austrian families [58],
possibly as a founder mutation, and in a signifi-
cant subset (4.1%) of unrelated LCA patients in
France [101] (http://www.retina-international.org/
sci-news/rdh12mut.htm). RDH12 maps close to
the LCA3 locus [126] on 14q24.1, though whilst the
linkage analysis performed gave a significant lod
score at this locus (3.24–3.87) a maximum lod
score of 13.29 was obtained 10 Mb distally. It re-
mains to be seen whether the families mapped to
the LCA3 locus have RDH12 mutations or whether
there is another LCA gene in the same region.

RDH12 is a photoreceptor-specific gene in-
volved in the production of 11-cis retinal from
11-cis retinol during regeneration of the cone vi-
sual pigments [45], though it has dual substrate
specificity for both the -cis and -trans retinoids.
Whether it is the decrease in 11-cis synthesis
and/or accumulation of the all-trans retinal
within the photoreceptors that causes the severe
LCA phenotype is not yet known.

10.2.8.1
Genotype–Phenotype Correlations

Both of the original papers reporting RDH12
mutations described a severe phenotype with
onset of symptoms in early childhood with
nystagmus, attenuation of the arterioles, bone
spicule intraretinal pigmentation, mild to mod-
erate hypermetropia and macular atrophy with
severe visual loss before the end of the second
decade [58, 101].Early visual assessments during
childhood differ between individuals mapping
to the LCA3 locus [126] and those with RDH12
mutations, with acuities ranging from 5/200-LP

in LCA 3 but the clinical course in RDH12 being
similar to that of RPE65 with initial slight im-
provement in vision (1/10–2/10) followed by
later progressive deterioration [101].

10.2.9
Other Loci

There are several other loci reported for LCA.
These include LCA3 on 14q24 [126], LCA5 on
6q11–16 [93]; and LCA9 on 1p36 [62]. In addi-
tion, early onset retinal dystrophies have been
reported with mutations in LRAT located on
4q31 [131] and MERTK on 2q14.1 [87].

Linkage to the LCA5 locus at 6q11–16 was con-
firmed from 13 members of a large consan-
guineous family from Pakistan [93]. Best correct-
ed visual acuities were PL and nystagmus was
present in all affected members. A unilateral vit-
reous opacity was found in the three eldest mem-
bers. Macular atrophy appearing more severe
with age was noted, and progressive changes in
the retinal periphery were observed with white
dots at the level of the RPE in the youngest mem-
ber, which changed to a grey-green pigmentary
disturbance in the older members.

The LCA9 (1p36) locus was identified
through homozygosity mapping in a large
consanguineous family of Pakistani origin. The
phenotype is one of severe visual impairment
(PL) from birth, photophobia, nystagmus and
posterior subcapsular lens opacities. Fundus
examination showed optic disc pallor, retinal
vascular attenuation, macular staphyloma and
pigmentary disturbance, with white dots at the
level of the RPE [62].

Lecithin retinol acyl transferase (LRAT-4q31.2)
mutations have been associated with EOSRD
[131]. LRAT is an enzyme present mainly in the
RPE and the liver; it converts all-trans-retinol
into all-trans-retinyl esters, and therefore plays
a key role in the retinoid cycle, replenishing the
11-cis-retinal chromophore of rhodopsin and
cone pigments. LRAT knockout mice revealed
rod segments that are approximately 35% short-
er than wild type and have severely attenuated
ERGs [10]. The phenotype identified so far in
humans is similar to that of RPE65, with night
blindness and poor vision from early child-
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hood. There is severe early loss of peripheral
visual field, and fundus examination shows pe-
ripheral RPE atrophy with little pigment migra-
tion into the retina.

MERTK was identified as a rare cause of
EOSRD [85] mutations in three patients with an
early onset form of autosomal recessive RP [39].
It encodes a receptor tyrosine kinase found in
RPE cells that is required for phagocytosis of
shed photoreceptor outer segments. The ab-
sence of MERTK results in accumulation of out-
er segment debris, which subsequently leads to
progressive loss of photoreceptor cells [19].
A naturally occurring animal model with a
MERTK mutation, the RCS rat, has been exten-
sively investigated [19].

The patients described with MERTK muta-
tions are reported to have childhood onset
nyctalopia, preserved visual fields, relatively
mild RPE changes with a bull’s eye lesion at the
macular, absence of pigment migration to the
RPE, and recordable autofluorescence [87, 133].

10.3
Heterozygous Carriers

Several groups have looked at the phenotypic
characteristics of the heterozygous carriers in
families with LCA [25, 38]. In one cohort, 22 of
the 30 LCA carriers (73.3%) had a phenotype de-
termined from detailed ERG measurements
and/or retinal examination. None experienced
significant subjective visual difficulty. Visual
acuities were normal and there was no refractive
error trend associated with a genotype. Fundus
findings most commonly seen were white
drusen-like deposits, present in RPE65 carriers
(88%), a finding previously noted [77], CRB1
carriers (75%) and RPGRIP1 carriers (57%).

10.4
Future Therapeutic Avenues

There are three promising potential treatment
strategies for LCA: (a) gene therapy, (b) reti-
nal/RPE transplantation, and (c) pharmacolog-
ical therapy. None have yet been the subject of a
clinical trial in humans.

10.4.1
Gene Therapy

Gene therapy is by its very nature gene-specific
and requires that the patient’s individual muta-
tions are known. For any gene therapy, trial
patients will be selected on the basis of their
genotype and this requires that patients with
LCA/EOSRD are accurately genotyped, which,
given the heterogeneity of the disorder, is a sig-
nificant undertaking. Gene therapy appears to
be a very promising approach and has been
shown to be effective in some animal models.
Both the Briard dog, a large animal model of
EORD, which has a naturally occurring homo-
zygous 4-bp deletion in the RPE65 gene and the
RPE65–/– mouse have been treated with gene
therapy techniques using viral vectors. In utero
gene therapy in the RPE65–/– mouse resulted in
restoration of visual function and measurable
rhodopsin in the outer retina [20]. Treatment
also results in a decrease in retinyl ester
droplets and an increase in shortwave cone
opsin cells [67]. In the LCA dog model, animals
treated with subretinal injections of adenoas-
sociated virus (AAV) containing cDNA of ca-
nine RPE65, all electrophysiological parame-
ters, pupillometry, and behavioural testing
showed significant signs of improvement [1].
An unexpected finding was that on long-term
follow-up, significant improvement in photopic
ERG responses were found in the contralateral
untreated eye [97]. This surprising finding is
unexplained.

The main concern with this mode of treat-
ment relates to the potential for a sight-threat-
ening uveitic response to the novel protein.
Lewis rats immunized with RPE65 devel-
oped acute and severe inflammatory eye dis-
ease that affected most ocular tissues [47].
Uveitis developed in 75% of transgene-treated
eyes in the null mutation dogs but only one eye
(8%) was refractory to treatment [96]. Human
gene therapy trials are planned for LCA 
patients with RPE65 mutations in the near 
future [4].
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10.4.2
Retinal Transplantation 
and Stem Cell Therapy

Several experimental surgical approaches to
retinal cell rescue, including cell transplantation
and stem cell therapy have been pursued in 
the last few years. The advantages of these ap-
proaches are that they are not mutation-specif-
ic and in theory they could be performed late in
the disease process. However, preventing tissue
rejection and in the case of photoreceptor
transplantation ensuring that the transplant in-
tegrates with host retinal tissue remain formi-
dable challenges.

RPE transplantation holds out a greater
prospect of success than photoreceptor trans-
plantation, as functioning synapses do not need
to be established. It has been investigated in a
number of animal models. Transplantation of
normal RPE into the subretinal space of
RPE65–/– mice increases ERG amplitude and re-
duces anatomic deterioration without signs of
inflammation [42]. These effects, however, do
not seem to be maintained, suggesting that
transplanted RPE cells have a limited life span.

Transplantation of either embryonic dissoci-
ated cells or retinal sheets in to the subretinal
space of rodent models of retinal degeneration
demonstrate that transplants survive and dif-
ferentiate and that neuronal fibres originating
from the transplant develop synapses with the
host retina which are at least sufficient to medi-
ate a simple light-dark preference [8, 67]. It is
unclear whether the effects of the transplant are
mediated via these putative synapses or by the
production by the graft of trophic growth fac-
tors which preserve some host retinal function.

Another generic approach to the treatment
of retinal dystrophies has been to provide an al-
ternative RPE cell type to replace the physiolog-
ical function of defective cells [82]. ARPE19
cells, when transplanted into the retina of young
RCS rats, slows the progress of photoreceptor
loss [17]. Similarly, the transplantation of
Schwann cells rescues photoreceptors in both
RCS rats and rho–/– mice [61, 69, 70, 86]; this is
thought to be mediated though release of neu-
roprotective paracrine factors. It has also been

demonstrated that normal rod photoreceptors
release a cone survival factor (rod-derived cone
viability factor –rdCVF [71]). Transplanting
small amounts of rods can rescue cones in a
murine model [72, 94].

Stem cell therapy holds out the prospect of
retinal tissue replacement and repair, but re-
search in this area is still in its infancy. Experi-
mental transplantation of brain-derived stem
cells [81, 146], bone marrow derived neural stem
cells [98], and retinal progenitor cells [15] have
had mixed results. Retinal progenitor cells have
been isolated, expanded and grafted into the
degenerating retina of mature rho–/– mice. A
subset of the grafted cells developed into ma-
ture neurons and photoreceptors, with rescue 
of the outer nuclear layer and integration of
donor cells into the inner retina. Engrafted mice
showed improved light-mediated behaviour
[64].

10.4.3
Pharmacological Therapies

In retinal dystrophies due to RPE65 mutations,
there is an inability to form 11-cis retinal and
this has led to vitamin A supplements being giv-
en to RPE65–/– mice in the form of oral 9-cis
retinal. Within 48 h, there was a significant im-
provement in rod function with formation of
rod photopigment [140]. Whether these results
can be translated in humans, once safety and ef-
ficacy issues are resolved, remains to be seen.

Other neuroprotective factors are being as-
sessed in mice models of RP. Basic fibroblast
growth factor increases the life of photorecep-
tors in the RCS rat [29], and recently systemic
erythropoietin has been shown to have neuro-
protective and neurotrophic actions in the cen-
tral and peripheral nervous systems including
the retina in rds/peripherin models of retinal
degeneration [110].

Summary for the Clinician

∑ LCA/EOSRD is a recessive condition leading
to severely impaired vision from birth or
infancy

∑ It is distinguished from other diagnoses on
the basis of a nonrecordable ERG
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∑ There are several known syndromic causes
that must be excluded

∑ Genotype–phenotype correlations are be-
ing established though are still in an early
stage of refinement and include:
– GUCY2D: severe pigmentary dystrophy,

high hyperopia, and photophobia
– RPE65: better vision until late school

years, extreme light dependence of visual
performance in infancy and childhood,
nyctalopia, absence of retinal autofluo-
rescence even though the fundal appear-
ance is still almost normal

– AIPL1: pigmentary retinopathy,
maculopathy and optic nerve pallor 
with keratoconus and cataract in up to
one-third of cases

– CRB1: early appearance of white spots
and pigment clumping at the level of the
RPE, and thickened retinal appearance
as seen on OCT

∑ Several different therapeutic avenues are
now being explored: Gene therapy appears
to be the most promising approach and the
first gene therapy trials for RPE65 muta-
tions are likely to start in the next 2–3 years
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11.1
Introduction

The inherited retinal disorders can be classified
according to their natural history (stationary or
progressive), the mode of inheritance (autoso-
mal dominant (AD), autosomal recessive (AR),
X-linked recessive (XL), or mitochondrial) and
principal site of dysfunction within the retina
(retinal pigment epithelium, rod or cone pho-
toreceptor, or inner retina). This classification is
undertaken by careful clinical history and ex-
amination, and with the assistance of detailed
psychophysical and electrophysiological assess-
ment.

Major advances have been made in the field
of retinal molecular genetics in the last decade,
with identification of the causative genes un-
derlying most inherited retinal disorders,
especially those associated with the stationary
dysfunction syndromes. At present routine mo-
lecular diagnostic testing is only available for a
few disorders but the numbers will increase as
advances are made in the technology of genetic
analysis.

This chapter aims to discuss the stationary
dysfunction syndromes and for convenience
they have been divided into those conditions
characterised principally by either rod or cone
photoreceptor dysfunction. The phenotypes
identified within these two groups will be de-
scribed and an outline of our current under-
standing of the molecular biology underpin-
ning their pathogenesis will be provided.

Childhood Stationary Retinal Dysfunction Syndromes

Michel Michaelides, Anthony T. Moore

11

|

∑ The stationary retinal dysfunction syn-
dromes represent an important cause 
of childhood visual impairment

∑ This heterogeneous group of disorders are
inherited as autosomal recessive, autoso-
mal dominant or X-linked (XL) recessive
traits

∑ They can be usefully divided into rod dys-
function syndromes (congenital stationary
night blindness, Oguchi disease, fundus
albipunctatus) and cone dysfunction syn-
dromes (complete achromatopsia, incom-
plete achromatopsia, blue cone monochro-
matism, oligocone trichromacy and XL
cone dysfunction with dichromacy)

∑ Presentation is at birth or in early infancy,
often associated with nystagmus

∑ Rod dysfunction syndromes usually,
but not always, have symptomatic night
blindness. Central visual function is variably
affected. Rod-specific ERGs are absent/
reduced, with variable less severe abnor-
malities of the cone ERG

∑ Cone dysfunction syndromes usually 
present with photophobia, reduced visual
acuity and colour vision disturbance.
Cone ERGs are abnormal with normal rod
responses

∑ The underlying molecular genetic basis 
of the majority of the retinal dysfunction
syndromes is now well characterised,
allowing molecular genetic diagnosis 
and the potential for future treatment
strategies.
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11.2
Stationary Retinal Dysfunction Syndromes

These disorders are subdivided on the basis of
whether rod or cone photoreceptors are pre-
dominantly involved. These conditions are
summarised in Tables 11.1 and 11.2.

11.2.1
Rod Dysfunction Syndromes 
(Stationary Night Blindness)

Three forms of stationary night blindness are
recognised: congenital stationary night blind-
ness (CSNB), fundus albipunctatus and Oguchi
disease.

11.2.1.1
Congenital Stationary Night Blindness

Clinical Features and Electrophysiology

CSNB is characterised by night blindness,
variable visual loss and usually normal fundi,
although some patients have pale or tilted optic
discs. CSNB may be inherited as an AD, AR or
XL disorder; with XL inheritance being most
common. Patients with AD CSNB usually pres-
ent with nyctalopia and have normal visual acu-
ity [36]; whereas in XL and AR, CSNB presenta-
tion is usually in infancy with nystagmus,
moderate to high myopia, strabismus, reduced
central vision, and in some cases paradoxical
pupil responses (pupillary dilatation to bright
light) [34].

XL CSNB is further subdivided into the com-
plete and incomplete forms. Patients with com-
plete CSNB are myopic and have more pro-
nounced night blindness. Both complete and
incomplete CSNB show a negative type of ERG,
in that the photoreceptor derived a-wave in the
maximal response is usually normal,but there is
selective reduction in the inner nuclear derived
b-wave so that it is smaller than the a-wave. In
complete CSNB, the rod-specific ERG is more
severely affected and is often nonrecordable [2].
Cone ERGs show mild abnormalities reflecting
ON- bipolar pathway dysfunction. In contrast,

there is always a detectable rod-specific ERG in
incomplete CSNB and cone ERGs are much
more abnormal than in complete CSNB, reflect-
ing involvement of both ON- and OFF- bipolar
pathways.

AR CSNB is phenotypically very similar to
XLCSNB, both clinically and on ERG testing.
In most families with AD CSNB, affected indi-
viduals show attenuated rod responses but nor-
mal cone responses on ERG testing, without
evidence of a negative waveform on maximal
response testing. Inner retinal dysfunction has
been reported in a few cases.

Molecular Biology

AD CSNB
Consistent with clinical and electrophysiologi-
cal findings, mutations in genes encoding three
components of the rod-specific phototransduc-
tion cascade have been reported in association
with AD CSNB: namely rhodopsin [10], the 
a-subunit of rod transducin [11] and the rod
cGMP phosphodiesterase b-subunit [15].

XL CSNB
Two genes (CACNA1F and NYX) have been im-
plicated in XL CSNB.Incomplete CSNB is associ-
ated with mutation in CACNA1F, which encodes
the retina-specific a1F-subunit of the voltage-
gated L-type calcium channel expressed in the
outer nuclear layer, inner nuclear layer, and gan-
glion cell layer [5, 38]. The majority of the muta-
tions reported are inactivating truncation se-
quence variants. The loss of functional channels
impairs the calcium flux into rod and cone pho-
toreceptors required to sustain tonic neuro-
transmitter release from presynaptic terminals.
This may result in the inability to maintain the
normal transmembrane potential of bipolar
cells, such that the retina remains in a partially
light-stimulated state, unable to respond to
changes in light levels. Although most patients
with XL CSNB have nonprogressive disease, two
brothers with a mutation in CACNA1F have been
described who showed progressive decline in vi-
sual function and eventually had a nonrecord-
able rod and cone ERG [29].

Complete CSNB is associated with mutation
in NYX, the gene encoding the leucine-rich pro-
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teoglycan nyctalopin [6, 35]. Leucine-rich re-
peats are believed to be important for protein
interactions and the described mutations fre-
quently involve these regions. It has been sug-
gested that nyctalopin plays a role in the devel-
opment and function of the ON- pathway
within the retina, consistent with observed elec-
trophysiological findings.

AR CSNB
Mutations in GRM6, the gene encoding the glu-
tamate receptor mGluR6, have been identified
in patients with AR CSNB [12]. This neurotrans-
mitter receptor is present in the synapses of
ON- bipolar cell dendrites, mediating synaptic
transmission from rod and cone photoreceptors
to these second-order neurones.

11.2.1.2
Oguchi Disease

Clinical Features and Electrophysiology

This rare AR form of stationary night blindness
was first described in Japanese patients but has
been subsequently reported in Europeans [22]
and African-Americans [41]. Most patients
present with poor night vision. Visual acuity is
usually normal or only mildly reduced and pho-
topic visual fields and colour vision are normal.
In Oguchi disease, a characteristic greyish or
green-yellow discolouration of the fundus is
seen, which reverts to normal on prolonged
dark adaptation (Mizuo–Nakamura phenome-
non) [22]. The abnormal appearance may be
confined to the posterior pole or extend beyond
the vascular arcades. Most patients with Oguchi
disease have a negative waveform maximal
ERG, confirming the site of dysfunction to be
post-phototransduction, as observed in XL and
AR CSNB. In direct contrast to fundus albipunc-
tatus, the ERG remains abnormal even after
prolonged dark adaptation.

Molecular Biology

Nonsense mutations have been identified in two
rod phototransduction proteins, arrestin [14]
and rhodopsin kinase (RK) [44],both involved in
terminating activation of the phototransduction

cascade and thereby restoring photoreceptor
sensitivity after exposure to light. In Oguchi dis-
ease the rods therefore behave as if they are light
adapted and thus unresponsive to light at low
levels of illumination. The key function, of both
rhodopsin kinase and arrestin, in the normal de-
activation and recovery of the photoreceptor af-
ter exposure to light, is entirely consistent with
the delayed recovery seen in Oguchi disease. Ev-
idence from knock-out mice models suggests
that patients with RK or arrestin mutations may
be more susceptible to light-induced retinal
damage; it may therefore be advisable to encour-
age patients to wear tinted spectacles, thereby re-
stricting excessive light exposure [8, 9].

11.2.1.3
Fundus Albipunctatus

Clinical Features and Electrophysiology

Fundus albipunctatus (FA) has an AR mode of
inheritance with a highly characteristic fundus
appearance with multiple white dots scattered
throughout the retina at the level of the RPE
(Fig. 11.1). The white deposits are most numerous
in the mid-periphery and are usually absent from
the macula. Patients either present with night
blindness or because the abnormal retinal ap-
pearance is noted on routine ophthalmoscopy.
Visual acuity is usually normal and the condition
is nonprogressive in the majority of affected indi-
viduals.The rod-specific ERG is undetectable un-
der standard conditions, but becomes normal
following prolonged dark adaptation, in direct
contrast to Oguchi disease. Two forms of FA have
been described, the common form in which cone
ERGs are normal, and a second type described as
FA with cone dystrophy and negative ERG [28].

Molecular Biology

Mutations in RDH5, the gene encoding 11-cis
retinol dehydrogenase, a component of the
visual cycle involved in recycling the chromo-
phore 11-cis retinal, have been identified in FA
with or without cone dystrophy [43]. The func-
tion of the protein product of RDH5 is consis-
tent with the delay in the regeneration of pho-
topigments characteristic of the disorder.
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11.2.2
Cone Dysfunction Syndromes

These different syndromes encompass a wide
range of clinical, electrophysiological and psy-
chophysical findings [25]. Presentation is in in-
fancy or at birth, usually with photophobia, nys-
tagmus, reduced central vision, and normal rod
function. The cone dysfunction syndromes in-
clude complete and incomplete achromatopsia,
blue cone monochromatism, oligocone trichro-
macy,and XL cone dysfunction with dichromacy.

11.2.2.1
Achromatopsia – Complete and Incomplete

Achromatopsia refers to a genetically heteroge-
neous group of autosomal recessive stationary
retinal disorders in which there is an absence of
functioning cones in the retina [25]. They are
characterised by reduced central vision, poor
colour vision, photophobia, pendular nystag-
mus and usually normal fundi, and may occur
in complete (typical) and incomplete (atypical)
forms.

Clinical Features and Electrophysiology

Complete achromatopsia (previously known as
rod monochromatism), has an incidence of ap-
proximately 1 in 30,000, is inherited as an auto-
somal recessive trait and results in impaired

vision and complete colour blindness. The usu-
al presentation is with reduced vision (6/36–
6/60), nystagmus and marked photophobia in
infancy. Vision is usually better in mesopic
conditions. Pupil reactions are sluggish or may
show paradoxical pupil responses. Hyperme-
tropic refractive errors are common and fundus
examination is generally normal. The nystag-
mus, although marked in infancy, may improve
with age, as can the photophobia. Rod-specific
ERGs are normal but there are no detectable
cone-derived responses.

Incomplete achromatopsia is less common
than the complete subtype and has a milder
phenotype. The presentation and clinical find-
ings of incomplete achromatopsia in infancy are
similar to complete achromatopsia, but visual
acuity is usually in the range 6/24 to 6/36 and
there often is some residual colour perception.

Molecular Biology

Three achromatopsia genes have been identi-
fied, CNGA3, CNGB3, and GNAT2; which all en-
code components of the cone-specific photo-
transduction cascade. Mutations in all three
genes have been reported in association with
complete achromatopsia, whereas only muta-
tions in CNGA3 have been identified in incom-
plete achromatopsia.

CNGA3 and CNGB3, code for the a- and 
b-subunits of the cGMP-gated (CNG) cation
channel in cone cells. In the dark, cGMP levels
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are high in cone photoreceptors, therefore en-
abling cGMP to bind to the a- and b-subunits of
CNG channels, resulting in them adopting an
open conformation and permitting an influx of
cations, with consequent cone depolarisation.
On exposure to light, activated photopigment
initiates a cascade culminating in increased
cGMP-phosphodiesterase activity, thereby low-
ering the concentration of cGMP in the pho-
toreceptor, which results in closure of CNG
cation channels and consequent cone hyper-
polarization.

More than 50 disease-causing mutations 
in CNGA3 have been identified in patients 
with achromatopsia [21, 42], with the majority
being missense sequence variants, indicating
that there is little tolerance for substitutions
with respect to functional and structural in-
tegrity of the channel polypeptide. Four muta-
tions (Arg277Cys, Arg283Trp, Arg436Trp and
Phe547Leu) account for approximately 40% of
all mutant CNGA3 alleles [42]. By comparison,
approximately only 12 mutations have been
identified in CNGB3 [17, 19, 39], with the 
majority being nonsense variants. The most 
frequent mutation of CNGB3 identified to date
is the 1-base-pair frameshift deletion, 1148delC
(Thr383 fs), which accounts for up to 80% of
CNGB3 mutant disease chromosomes [17, 19]. It
is currently proposed that approximately 25%
of achromatopsia results from mutations of
CNGA3 [42] and 40–50% from mutations of
CNGB3 [17, 19].

Mutations within a third gene, GNAT2, which
encodes the a-subunit of cone transducin, have
also been shown to cause achromatopsia [1, 20].
In cone cells, light activated photopigment in-
teracts with transducin, a three subunit guanine
nucleotide binding protein, stimulating the ex-
change of bound GDP for GTP. All the GNAT2
mutations identified to date result in premature
translation termination and in protein-trunca-
tion at the carboxy-terminus. Mutations in this
gene are thought to be responsible for less than
2% of patients affected with this disorder, sug-
gesting the presence of further genetic hetero-
geneity in achromatopsia.

The phenotype associated with mutations in
the two cation channel protein genes appears to
be in keeping with previous clinical descrip-

tions of achromatopsia [17, 19, 21, 39, 42]. The
phenotype of a large consanguineous family
with GNAT2 inactivation has been reported
[23]. The findings of note were clinical evidence
of progressive deterioration in older affected in-
dividuals, residual colour vision, and relative
preservation of S-cone ERGs in all subjects.

11.2.2.2
Blue Cone Monochromatism 
(S-Cone Monochromatism)

Clinical Features and Electrophysiology

Blue cone monochromatism (BCM) is an XL re-
cessive disorder, affecting fewer than 1 in
100,000 individuals, in which affected males
have normal rod and blue (S) cone function but
lack red (L) and green (M) cone function. The
clinical features are similar to incomplete
achromatopsia. Affected infants are photopho-
bic and develop fine rapid nystagmus in early
infancy. In keeping with achromatopsia, the
nystagmus often reduces with time. They are
usually myopic (a common finding in XL retinal
disorders), with a visual acuity of 6/24–6/36. By
comparison, subjects with achromatopsia more
commonly have a hypermetropic refractive
error. Fundi are usually normal in BCM or have
changes consistent with myopia. Female carri-
ers of BCM may have abnormal cone ERGs and
mild anomalies of colour vision.

Achromatopsia and BCM may be differenti-
ated by the mode of inheritance, findings on
psychophysical and electrophysiological test-
ing, and via molecular genetic analysis. In con-
trast to achromatopsia, there is some preserva-
tion of the single flash photopic ERG in BCM
and normal S-cone function can be demon-
strated using specialised spectral ERG tech-
niques. On colour vision testing, good residual
tritan discrimination is consistent with BCM,
with the Farnsworth 100-Hue test, Berson
plates, Hardy, Rand and Rittler plates all having
been used successfully.

BCM is generally a stationary disorder 
but progressive deterioration, with or without
the development of macular pigmentary
changes, has been reported in some patients 
[3, 13, 27, 30].
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Molecular Biology

The underlying molecular genetic basis of BCM
involves inactivation of the L- and M-opsin
genes located at Xq28 [3, 4, 27, 30, 31]. The muta-
tions in the L- and M- pigment gene array caus-
ing BCM fall into two classes:
1. In the first class, a normal L- and M- pigment

gene array is inactivated by a deletion in the
locus control region (LCR), located upstream
of the L- pigment gene. A deletion in this re-
gion abolishes transcription of all genes in
the pigment gene array and therefore inacti-
vates both L- and M- cones.

2. In the second class of mutations, the LCR is
preserved but changes within the L- and M-
pigment gene array lead to loss of functional
pigment production. The most common
genotype in this class consists of a single in-
activated L/M hybrid gene. The first step in
this second mechanism is unequal crossing
over reducing the number of genes in the
array to one, followed in the second step by a
mutation that inactivates the remaining
gene. The most frequent inactivating muta-
tion that has been described is a thymine-to-
cytosine transition at nucleotide 648, which
results in a cysteine-to-arginine substitution
at codon 203 (Cys203Arg), a mutation known
to disrupt the folding of cone opsin mole-
cules.

Approximately 40% of blue cone monochromat
genotypes are a result of a one-step mutational
pathway that leads to deletion of the LCR, with
the remaining 60% comprising a heteroge-
neous group of multi-step pathways [3, 4, 27, 30,
31]. Nevertheless, a significant minority of sub-
jects are not found to have disease-causing
alterations to the opsin array [3, 31], suggesting
genetic heterogeneity yet to be identified in
BCM. Patients with a progressive phenotype
have not been found to have a particular geno-
type to account for the progression [3, 4, 27, 31].

11.2.2.3
Oligocone Trichromacy

Clinical Features and Electrophysiology

Oligocone trichromacy is an unusual cone dys-
function syndrome in which patients are be-
lieved to have a reduced number of normal
functioning cone photoreceptors (oligocone
syndrome), with preservation of the three cone
types in the normal proportions, thereby per-
mitting trichromacy [18, 40].

The disorder is characterised by reduced
visual acuity from infancy (6/12 to 6/24), mild
photophobia, normal fundi, and abnormal cone
ERGs, but normal colour vision [18, 24, 32, 40].
Normal colour vision is a unique finding in 
the cone dysfunction syndromes. Rod-specific
ERGs are normal. Patients usually have no nys-
tagmus. On detailed psychophysical testing,
some subjects have slightly elevated colour dis-
crimination thresholds, compatible with a re-
duction in cone numbers [18, 24].

Cone ERG findings in patients with oligo-
cone trichromacy were found to be poorly con-
cordant in a recent case series [24]. Cone 30-Hz
flicker ERG responses were absent or markedly
reduced in two siblings, who additionally
showed a photopic b-wave of shortened implic-
it time; suggesting some preservation of the
cone OFF- pathway, as the implicit time of the
OFF- response in normal subjects is similar to
that in these patients. Other patients showed
clearly present, but delayed and reduced cone
30-Hz flicker ERGs, with some showing a mild-
ly electronegative maximal response, suggestive
of inner retinal abnormality. Cone system im-
plicit time changes are not expected in restrict-
ed disease, and in addition are more usually as-
sociated with generalised dysfunction, rather
than loss of function related to a reduction in
photoreceptor numbers [24]. This phenotypic
heterogeneity suggests that there may be more
than one disease mechanism and therefore
more than one disease-causing gene associated
with the oligocone phenotype. It has previously
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been proposed that these patients have a re-
duced number of retinal cones that function
normally. That may apply to central cones, but
recent electrophysiological data suggest that
remaining peripheral cones do not function
normally [24].

Previous reports have suggested this disor-
der to be stationary, but there is clinical evi-
dence of progression in one family that has been
investigated, consisting of two affected brothers
whose grandmother had evidence of bull’s-eye
maculopathy and abnormal cone ERGs with
normal rod responses [24]. However, until mo-
lecular genetic data become available it can not
be proven that the grandmother’s cone dysfunc-
tion is the same disorder as that of the two
brothers.

Molecular Biology

Oligocone trichromacy is likely to be inherited
as an autosomal recessive trait, but the molecu-
lar genetic basis of the disorder is unknown.
Since oligocone trichromacy may have a devel-
opmental component, genes involved in retinal
photoreceptor differentiation, when cone num-
bers are being determined, may represent good
candidate genes. Since electrophysiological test-
ing suggests that the site of abnormality may
not be exclusively at the level of the photorecep-
tor, genes expressed preferentially in the inner
retina may represent alternative candidates.

11.2.2.4
X-Linked Cone Dysfunction Syndrome 
with Dichromacy and Myopia

Clinical Features and Electrophysiology

A stationary XL cone dysfunction syndrome
has been described consisting of moderate to
high myopia, astigmatism, moderately reduced
acuity (6/12 to 6/36), dichromacy (deuterano-
pia or protanopia), normal or myopic fundi
(Fig. 11.2) and abnormal cone ERGs but normal
rod responses [16, 26, 45]. Nystagmus is not ob-
served in affected subjects. This disorder was
first reported in a large five-generation Danish
family that had its origins on the Danish island
of Bornholm. The syndrome was therefore
named Bornholm eye disease (BED) [16]. Af-
fected members in that family were found to be
deuteranopes on detailed colour vision testing.
Subsequently, further families have been iden-
tified with similar characteristics and with 
either deuteranopia or protanopia [26, 45, un-
published data].

Molecular Biology

Linkage analysis performed in the original BED
family has mapped the locus to Xq28, in the
same chromosomal region as the L-/M- opsin
gene array [37]. The association of protanopia
or deuteranopia with cone dysfunction indi-
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cates a potential role for opsin gene mutations
in the aetiology of this disorder. However, mo-
lecular analysis of the opsin gene array, whilst
revealing changes that are consistent with the
colour vision defects associated with this syn-
drome (dichromacy), failed to identify alter-
ations that also potentially account for the cone
dysfunction [26, 45].

It is therefore possible that rearrangements
within the opsin gene array account for the
colour vision findings, whilst the cone dysfunc-
tion component of the disorder may be ascribed
to mutation within an adjacent but separate
locus. To date however, the only cone dystrophy
(COD2) that maps to an adjacent region (Xq27),
displays a different phenotype [7]. Nevertheless,
it is becoming increasingly well recognised in
retinal molecular genetics that disparate phe-
notypes can be caused by both different muta-
tions in the same gene, and even the same mu-
tation in the same gene.

It is of note that a similar XL cone dysfunc-
tion syndrome without dichromacy has not
been described, so it would appear that this
form of cone dysfunction is only seen in associ-
ation with dichromacy. This observation may
suggest that the cone dysfunction arises from a
mutation in a gene that only causes cone dys-
function when expressed in dichromats.

11.3
Management of Stationary Retinal
Dysfunction Syndromes

The stationary retinal dysfunction syndromes
are currently not amenable to any form of treat-
ment. However, all patients and their families
benefit from genetic counselling, educational
and occupational advice, and supportive meas-
ures such as the provision of appropriate spec-
tacle correction and low vision aids, and the
treatment of concurrent ocular problems such
as myopia or cataracts.

Photophobia is often a prominent symptom
in the cone disorders and therefore tinted spec-
tacles or contact lenses may be beneficial to
patients, in terms of both improved comfort and
vision. For example, red contact lenses have

been suggested to successfully alleviate photo-
phobia in patients with cone disorders [33].

Advances in molecular biology have led to
the identification of many of the causative ge-
netic mutations, which should offer new thera-
peutic prospects. In the stationary retinal dys-
function syndromes, histopathological or high
resolution in vivo microscopy data are often not
yet available; however, the evidence to date sug-
gests that photoreceptor cells remain present in
these disorders, and could therefore potentially
be targeted in the future with directed gene
therapy.

11.4
Conclusions

The stationary retinal dysfunction syndromes
presenting in childhood comprise a group of
disorders that are both clinically and genetical-
ly heterogeneous. Their clinical, psychophysical
and electrophysiological phenotypic features
are now well characterised, and in most cases
the causative genes have been identified. Per-
haps not surprisingly these genes mainly en-
code proteins involved in either the cone or rod
phototransduction pathway. Gene therapy
treatment trials will be shortly commencing for
the rod–cone dystrophy Leber congenital amau-
rosis (see Chap. 10); if successful, we may be at
the beginning of an exciting time when these
stationary retinal dysfunction syndromes,
which represent an important cause of child-
hood blindness, may finally be treatable.

Summary for the Clinician

∑ See Tables 11.1 and 11.2
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12.1
Introduction

Retinal detachment in is uncommon in child-
hood, accounting for between 1.7% and 5.7% of
all retinal detachment [4, 34]. In a study of
45,000 army recruits, it has been calculated that
the age-related annual incidence of retinal de-
tachment in patients aged 10–19 years is 2.9 per
100,000 [32].

Young children and infants do not complain
of visual loss and retinal detachment in children
frequently presents late or with fellow eye in-
volvement; 22–38% may present with prolifera-
tive vitreoretinopathy of grade C or D [2].

Many studies have identified trauma and my-
opia as predisposing causes of retinal detachment
in children. Emphasis is now also placed on the
importance of inherited disorders, such as Stick-
ler syndrome, which is associated with a high risk
of giant retinal tear and the recognition that my-
opia, especially congenital myopia, is likely to be
an indication of other ophthalmic or systemic ab-
normalities. Retinal detachment may complicate
developmental abnormalities, including colobo-
mata, congenital cataract, congenital glaucoma
and retinopathy of prematurity. Congenital reti-
nal detachment, or congenital nonattachment of
the retina, is now recognized as part of the spec-
trum of vitreoretinal dysplasia. Retinoblastoma
or other tumours may give rise to a “solid”detach-
ment.Retinal detachment may also result from in-
traocular infection or inflammation.

When considering the aetiology, family his-
tory and examination of relatives and, in partic-
ular, examination of the vitreous can give valu-
able information. Children may need careful
examination under anaesthesia to determine
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∑ Retinal detachment in childhood is uncom-
mon and has a different range of aetiolo-
gies from adult retinal detachment

∑ It often presents late or with involvement
of the fellow eye

∑ High myopia, particularly if congenital, usu-
ally indicates an underlying abnormality

∑ Retinal dialysis is not associated with poste-
rior vitreous detachment

∑ Giant retinal tear is usually associated with
abnormal gel and an underlying hereditary
vitreoretinopathy and should be differenti-
ated from dialysis because it has a different
prognosis and requires different manage-
ment

∑ Stickler syndrome is the commonest inher-
ited cause of retinal detachment with a life-
time risk of more than 60%

∑ Stickler syndrome may have no systemic
features and can be diagnosed purely on
the vitreous phenotype

∑ Many causes of retinal detachment in child-
hood are associated with an underlying de-
velopmental abnormality which may limit
the prognosis for good vision

∑ There is a real case for offering prophylactic
treatment to prevent retinal detachment
where there is a familial risk of giant retinal
tear
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the cause of the retinal detachment and whether
it is rhegmatogenous, tractional or exudative.

The range of underlying causes of retinal de-
tachment in children is different from that in
adults. The association with complex intraocu-
lar pathology and the additional problems of
amblyopia in young children means that they
often present a formidable challenge to treat-
ment.Where possible, therefore, serious consid-
eration should be given to prophylaxis against
retinal detachment.

12.2
Trauma

Trauma has been reported as the cause in
27–51% of cases of childhood retinal detach-
ment [47]. Traumatic retinal detachment is seen
most commonly in older children and is usually
caused by blunt trauma. Retinal tears may be
found in approximately 2–5% [9]. Penetrating
injuries and retained intraocular foreign bodies
are less frequent causes but are associated with
severe proliferative vitreoretinopathy.

12.2.1
Blunt Ocular Trauma

Retinal detachment due to blunt trauma is al-
most always rhegmatogenous and most com-
monly caused by a disinsertion at the ora serra-

ta (dialysis) (Fig. 12.1A), usually occurring in
older children. Bilateral retinal detachment due
to traumatic dialysis has been described as a
rare presenting feature of nonaccidental injury
[14]. Sudden antero-posterior compression as-
sociated with a corresponding coronal expan-
sion typically causes avulsion of the pars plana
epithelium, which can be seen as a characteris-
tic irregular ribbon within the vitreous cavity
(Fig. 12.1B). The superior quadrant is more of-
ten involved in contrast to the usual lower tem-
poral quadrant involvement in nontraumatic
dialysis [17, 33]. The disinsertion may involve
more than 90° of the circumference and super-
ficially resemble a giant retinal tear. However,
the vitreous gel remains attached to the posteri-
or flap so that there is no independent mobility
characteristic of a giant retinal tear. Further dis-
tinguishing features are the absence of radial
extensions, which frequently occur at the apices
of giant retinal tears and the normal compact
healthy vitreous gel architecture. Giant tears in
childhood are typically associated with abnor-
mal gel and inherited vitreoretinopathies.
Recruitment of subretinal fluid is typically slow
in a dialysis so that unless the ora serrata is rou-
tinely examined after blunt trauma, the diagno-
sis may be delayed by several weeks until the
macular becomes involved [22]. Dialyses re-
spond well to repair with scleral buckling tech-
niques.

Ragged impact necrosis breaks account for
about one-fifth of retinal breaks seen in blunt
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Fig. 12.1. a Retinal detachment due to traumatic retinal dialysis. b Avulsed pars plana epithelium in the vit-
reous cavity following blunt trauma
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trauma [22]. Retinal vessel and retinal pigment
epithelial disruption may be confirmed on
fundus fluorescein angiography. The retinal 
detachment usually presents soon after the 
injury. These breaks are often large, irregular
and posterior to the equator and therefore 
need an internal approach with vitrectomy 
for effective repair. Giant retinal tears account
for a minority of retinal breaks due to blunt
trauma. They respond well to vitrectomy and
internal tamponade, although the visual prog-
nosis is often limited by associated ocular dam-
age.

12.2.2
Penetrating Ocular Trauma

Retinal perforation or incarceration from pe-
netrating trauma rarely causes acute rheg-
matogenous retinal detachment. The associated
corneoscleral wound provides access for ex-
trinsic fibroblasts so that combined tractional
and rhegmatogenous retinal detachment 
presents sometimes much later. Vitrectomy 
and internal tamponade with or without reliev-
ing retinectomy may be required as severe 
proliferative vitreoretinopathy commonly oc-
curs. Traumatic giant retinal tears have been re-
ported to occur in 22% of open globe injuries
[34].

12.3
Nontraumatic Retinal Dialysis

Nontraumatic retinal dialysis (Fig. 12.2) accounts
for approximately 10% of all juvenile retinal de-
tachment [17, 43]. The male-to-female ratio is 3:2
[43] and the majority of patients are hyperme-
tropic or emmetropic [17, 33, 36]. In 97% of cas-
es, the dialysis affects the inferotemporal quad-
rant but multiple dialyses occur in one-third
and 37% may be bilateral [43]. Detachments as-
sociated with dialyses progress slowly, have a
low incidence of PVR and characteristically
present either as an incidental finding or when
the macula becomes detached. They can be
managed routinely with buckling techniques

and the use of a small (typically 3-mm) circum-
ferential sponge reduces the likelihood of post-
operative motility problems. Although the
anatomical success rate of surgery is high, visu-
al recovery may remain poor if there has been
chronic macular involvement. Examination of
the fellow eye under anaesthesia is also impor-
tant, as retinal dialysis may be bilateral and oral
abnormalities, in the form of a “frill”or flat dial-
ysis, are found in the fellow eye in up to 30% of
cases.

Summary for the Clinician

∑ Retinal dialysis
– May or may not be caused by trauma
– Is not associated with posterior vitreous

detachment
∑ Giant retinal tear

– Is usually associated with abnormal gel
and an underlying hereditary vitreo-
retinopathy

– Should be differentiated from dialysis
because it has a different prognosis and
requires different management

– Results from posterior vitreous detach-
ment and can be recognized by inde-
pendent mobility of the posterior flap
and may develop radial extensions
because of this

– Can involve less than 90° of circum-
ference
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Fig. 12.2. Retinal detachment due to nontraumatic
retinal dialysis



12.4
Familial Retinal Detachment

Rhegmatogenous retinal detachment can occur
in a number of inherited disorders (see Table 12.1),
the most common being the Stickler syndromes
due to mutations in the genes for type II and
type XI collagens, constituents of both vitreous
and cartilage. High myopia and retinal detach-
ment are also seen in Marfan syndrome,
Ehlers–Danlos syndrome, Smith–Magenis syn-
drome, Kniest syndrome and spondyloepiphy-
seal dysplasia congenita. The detachments are
often complex and frequently caused by giant
retinal tear. In familial exudative vitreo-
retinopathy (FEVR),Norrie disease and inconti-
nentia pigmenti, there is an underlying retino-

vascular abnormality and tractional retinal de-
tachment. Rarely retinal detachment may com-
plicate juvenile X-linked retinoschisis.

12.4.1
The Stickler Syndromes

12.4.1.1
Type 1 Stickler Syndrome

Stickler initially described a family with a dom-
inantly inherited pattern of high myopia, a high
incidence of retinal detachment and abnormal
epiphyseal development with premature degen-
erative changes in various joints. Subsequent
analysis of this and other families linked 
the disorder to COL2A1, the gene for type II col-

194 Chapter 12 Childhood Retinal Detachment

Table 12.1. Inherited disorders associated with retinal detachment

Disorder Symbol Locus Gene Protein McKusick No

Stickler syndrome type 1 STL1 12q13.2 COL2A1 Type II collagen 108300

Stickler syndrome type 2 STL2 1p21 COL11A1 Type XI collagen 604841

Kniest dysplasia – 12q13.11–13.2 COL2A1 Type II collagen 156550

Spondyloepiphyseal SEDC 12q13.11–13.2 COL2A1 Type II collagen 183900
dysplasia congenita 

Spondyloepimetaphyseal SMED 12q13.11–13.2 COL2A1 Type II collagen 184250
dysplasia (Strudwick type)

VPEDa – 12q13.11–13.2 COL2A1 Type II collagen –

Ehlers–Danlos type VI EDS VI 1p36.3-p36.2 PLOD1 lysine 225400
hydroxylase

Marfan syndrome MFS 15q21.1 FBN1 Fibrillin 154700

Wagner vitreoretinopathy WGN1 5q14.3 – – 143200

Smith–Magenis SMS 17p11.2 RAI1 – 182290

Norrie’s disease ND Xp11.4 NDP Norrin 310600

Familial exudative vitreo- EVR1 11q13–23 FZD4 Frizzled-4 receptor 133780
retinopathy (FEVR) EVR1 11q13.4 LRP5 LRP5b 603506

EVR2 Xp11.4 NDP Norrin 310600

EVR3 11p12–13 – – 605750

Incontinentia pigmenti IP2 Xq28 NEMO – 308300

Juvenile X-linked RS1 Xp22.2–22.1 RS – 312700
retinoschisis

Knobloch syndrome KNO 21q22.3 COL18A1 Type XVIII 267750
collagen

a Vitreoretinopathy associated with phalangeal epiphyseal dysplasia, bLRP5 low-density lipoprotein receptor-5



lagen on chromosome 12. Stickler syndrome is
therefore on the mild end of a spectrum of
chondrodysplasias, which include spondyloepi-
physeal dysplasia congenita, spondyloepimeta-
physeal dysplasia and Kniest dysplasia.

Ophthalmic Features

Eighty percent of patients with type 1 Stickler
syndrome are myopic. The myopia is congenital
and usually of high degree. The 20% who are
emmetropic, or even hypermetropic, do in fact
have an increased axial length which is refrac-
tively compensated by cornea plana. The term
“congenital megalophthalmos” or “cryptomy-
opia” has been used to encompass both states.
Lens opacities, often wedge-shaped cortical
opacities peculiar to Stickler syndrome, may be
seen. Pigmented radial paravascular lattice is a
characteristic feature but the fundus appear-
ances can be deceptively normal. The vitreous
phenotype, however, is pathognomonic. A
vestigial amount of gel behind the lens is
bordered by a distinct folded membrane,
termed the membranous or type 1 vitreous
anomaly (Fig. 12.3A) [39]. This membrane is
congenital and should not be confused with the
posterior hyaloid membrane, which differs in
its position, its movement and the degree of
surface crinkling. The lifetime risk of retinal de-
tachment, particularly due to giant retinal tear
(Fig. 12.3B, C), and which can occur at any age, is
at least 60% [38].

Facial Features

Classically, patients have a flat midface with a de-
pressed nasal bridge, anteverted nares, and a
small, recessed chin. These findings are usually
most evident in children, becoming less obvious
in adults.Facial features are so variable that in iso-
lation they are unreliable for making a diagnosis.
Many patients have some degree of midline cleft-
ing ranging from the extreme of the Pierre-Robin
sequence, through clefting of the hard or soft
palate, to the mildest manifestation of bifid uvula.

Hearing

Patients with Stickler syndrome may suffer hear-
ing difficulties for two reasons. Firstly, the associ-
ation with cleft and high arched palate leads to an
increased incidence of serous otitis media caus-
ing a conductive hearing deficit.Insome patients,
a mild conductive element persists, despite treat-
ment, because of ossicle defects or tympanic
membrane abnormalities. Secondly, there can be
an associated high tone sensorineural hearing
loss that may be so subtle that many patients are
unaware of the deficit. Baseline audiometry
therefore has an important diagnostic role to re-
veal subtle asymptomatic high tone loss.

Joints

Children with Stickler syndrome classically
have hypermobile joints (Fig. 12.4). Joint mobil-
ity can be assessed objectively using the
Beighton scoring system to allow comparison
with an age, sex, and race matched population.
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Fig. 12.3. a Type 1 (membranous) vitreous anomaly (arrow) seen in type 1 Stickler syndrome. b Giant retinal
tear with radial extensions. c Total retinal detachment due to 360° giant retinal tear
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With increasing age, the hypermobility is lost
and a degenerative arthropathy of variable
severity may develop by the third or fourth
decade. Typical radiological changes show ir-
regularity of articular contour and loss of joint
space. By middle age, some patients require
joint replacement surgery for hips or knees.

Other Features

Patients are of normal height and often have
slender extremities and long fingers. They are of
normal intellect. Early reports of increased mi-
tral valve prolapse have not been substantiated
by recent studies which show that it is no more
frequent than in the general population [1].

Ocular Only Stickler Syndrome

A subgroup of type 1 Stickler syndrome has
been identified without systemic skeletal or au-
ditory involvement. One mechanism explaining
this is a mutation in exon 2 of the COL2A1 gene.
Exon 2 is principally expressed in the eye and
spliced out of cartilage, resulting in a predomi-
nantly ocular form of Stickler syndrome with
minimal or absent systemic involvement [27].
Because of the absent systemic features, this
group are at particular high risk of missed diag-
nosis, emphasising the importance of the oph-
thalmic examination in the diagnosis of Stickler
syndrome.

12.4.1.2
Type 2 Stickler Syndrome

Although most patients with Stickler syndrome
were found to have the type 1 vitreous pheno-
type, it became clear that a minority of pedi-
grees had the same classical systemic features
and the same risk of retinal detachment but had
a different vitreous phenotype. The vitreous
was also highly abnormal but instead of the
classical membranous anomaly, sparse, irregu-
larly thickened, “beaded” fibrils were seen
throughout an otherwise empty-looking gel
(type 2 vitreous phenotype). Linkage to COL2A1
was excluded. Mutations in the gene encoding
the a1 chain of type XI collagen (COL11A1) on
chromosome 1 have been found in seven fami-
lies [23, 31, 40] and these are, to date, the only
mutations associated with the type 2 vitreous
phenotype. These pedigrees have a similarly
high risk of detachment and giant retinal tear
but appear to have a higher prevalence of
sensorineural deafness than the type 1 Stickler
families [26].

12.4.1.3
Molecular Genetics

Types II and XI are fibrillar collagens and are
found in both vitreous and cartilage. Collagens
consist of three polypeptide chains (a chains),
which are folded into triple helical molecules to
form fibrils. Collagen II is a homotrimer, each a
chain being the product of the COL2A1 gene.
Collagen XI is a heterotrimer with each a chain
being the product of a different gene. In vitre-
ous, the three genes are COL11A1, COL5A2 and
COL2A1 and in cartilage COL11A2 on chromo-
some 6 replaces COL5A2. Mutations of COL11A2
may thus cause systemic features of Stickler
syndrome without eye involvement (type 3
Stickler syndrome).

The difference in severity of clinical features
between the type II collagenopathies can be ex-
plained in part by the fact that in Stickler syn-
drome many different mutations in COL2A1
cause premature termination codons. These re-
sult in haploinsufficiency where normal, but
half-quantity, collagen is produced. Mutations
in the more severe conditions have a dominant
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Fig. 12.4. Joint hypermobility in Stickler syndrome



negative effect, where normal and mutant colla-
gen are available to co-assemble, with conse-
quent adverse effect on trimer assembly.

Some families have neither of the two vitreo-
retinal phenotypes and linkage to the known
loci has been excluded so there is at least one
further locus to be discovered.

12.4.1.4
Management

Once the diagnosis of Stickler syndrome has
been established, a coordinated multidiscipli-
nary approach may be needed to manage my-
opia and retinal detachment, combined conduc-
tive and sensorineural deafness, cleft palate and
joint problems. Although intelligence is normal,
patients of school age may face considerable ed-
ucational difficulties because of combined visu-
al, hearing and speech impairment. Prophylac-
tic retinopexy should be offered to reduce the
risk of retinal detachment [38] and because of
the lifetime risk of detachment, all patients re-
quire long-term follow-up. Parents and other
siblings should also be examined so that affect-
ed members of the family are identified, offered
prophylaxis and genetic advice.

Summary for the Clinician

∑ The Stickler syndromes are dominantly
inherited disorders of collagen connective
tissue and the commonest inherited cause
of rhegmatogenous retinal detachment in
childhood

∑ Type 1 Stickler syndrome is caused by
mutations in COL2A1, the gene for type II
collagen

∑ The diagnosis can reliably be made by
examination of the vitreous phenotype

∑ Type 2 Stickler syndrome is caused by
mutations in COL11A1, a gene for type XI
collagen and has a different “beaded”
vitreous phenotype

∑ Other variable features include cleft palate,
deafness and arthropathy

∑ The risk of retinal detachment is extremely
high and frequently due to giant retinal tear

∑ The diagnosis should be considered in:
– Neonates with Pierre-Robin sequence 

or midline cleft

– Infants with spondyloepiphyseal dyspla-
sia associated with myopia or deafness

– Patients with a family history of rheg-
matogenous retinal detachment

– Sporadic cases of retinal detachment
associated with joint hypermobility,
midline clefting, or deafness.

12.4.2
Kniest Syndrome

Kniest syndrome is an autosomal dominant dis-
order that shares many similarities with Stickler
syndrome. Mutations are found in the same
gene as for Type 1 Stickler syndrome (COL2A1),
but result in dominant-negative effects rather
than haploinsufficiency with consequently
more severe arthropathy. It typically presents at
birth with shortened trunk and limbs, con-
genital megalophthalmos and flattened nasal
bridge. The joints are often large at birth and the
fingers long and knobbly. Motor milestones can
be delayed because of joint deformities and
muscle atrophy may result from disuse. Both
conductive and sensorineural hearing loss may
be present as with the Stickler syndromes. The
intellect is normal and myopia, retinal detach-
ment and giant retinal tear are the major oph-
thalmic complications.

12.4.3
Spondyloepiphyseal Dysplasia Congenita

Spondyloepiphyseal dysplasia congenita (SEDC)
presents at birth with shortening of the trunk
and to a lesser extent the extremities. It is inher-
ited as an autosomal dominant disorder and
characteristically results from dominant-nega-
tive mutations in the gene for type II collagen
(COL2A1). Patients classically develop a barrel-
shaped chest associated with an exaggerated
lumbar lordosis which may compromise respira-
tory function.Odontoid hypoplasia may be pres-
ent predisposing to cervico-medullary instabili-
ty and imaging of the cervical spine should be
considered prior to general anaesthesia. The
limb shortening is disproportionate, affecting
mainly the proximal limbs with hands and feet
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appearing relatively normal. Myopia, retinal de-
tachment and giant retinal tear are the major
ophthalmic complications and, as with the other
type II collagenopathies, both conductive and
sensorineural hearing loss may be present.

12.4.4
Spondyloepimetaphyseal Dysplasia
(Strudwick Type)

Spondyloepimetaphyseal dysplasia (SEMD) also
forms part of the clinical spectrum of dominant-
ly inherited type II collagenopathies. The fea-
tures include severe dwarfism, pectus carinatum
and scoliosis which are usually marked. Cleft
palate and retinal detachment are frequently as-
sociated, as with SEDC. Disproportionately
short limbs and delayed epiphyseal maturation
are present at birth. Radiologically, the disorder
is indistinguishable from SEDC during infancy
but a characteristic mottled appearance created
by alternating zones of osteosclerosis and os-
teopaenia develops during early childhood.

12.4.5
Vitreoretinopathy Associated 
with Phalangeal Epiphyseal Dysplasia

Richards [29] reported a large family with domi-
nantly inherited rhegmatogenous retinal detach-
ment,premature arthropathy and development of
phalangeal epiphyseal dysplasia, resulting in
brachydactyly. The phenotype appears distinct
form other type II collagenopathies, but sequenc-
ing identified a novel mutation in the C-propep-
tide region of COL2A1. The glycine to aspartic
acid change occurred in a region that is highly
conserved in all fibrillar collagen molecules.

12.4.6
Dominant Rhegmatogenous 
Retinal Detachment

Rhegmatogenous retinal detachment without
systemic involvement can occur as a dominant-
ly inherited trait. Recent work [28, 30] has iden-
tified a number of novel missense mutations in

COL2A1, some of which have resulted in vitre-
ous phenotypes similar to those seen in isolated
cases of rhegmatogenous detachment rather
than those seen in Stickler syndrome.Dominant
rhegmatogenous retinal detachment (DRRD) is
a more appropriate description for this subtype.

12.4.7
Marfan Syndrome

Marfan syndrome is a dominantly inherited dis-
order of fibrillin production with a prevalence of
approximately one in 20,000 and features skeletal,
cardiovascular and ocular abnormalities. The fib-
rillins are high-molecular-weight extracellular
glycoproteins, and mutations in the fibrillin gene
on chromosome 15 (FBN1) cause Marfan syn-
drome and dominant ectopia lentis. Fibrillin has
been found to be widespread in lens capsule,
zonules, iris, ciliary body, choroid and sclera [45].
In a study to correlate genotype with phenotype
[35], it was noted that, whereas large-joint hyper-
mobility is more common in those with prema-
ture termination codon mutations, lens disloca-
tion and retinal detachment are less common.The
association of rhegmatogenous retinal detach-
ment with Marfan syndrome is well recognized
and approximately 75% occur below 20 years of
age [24]. Retinal detachment due to giant retinal
tear formation is reported to occur in 11% [37].
Although there is a significant association with
myopia,this is characteristically developmental in
contrast to the congenital,nonprogressive myopia
found in type 1 Stickler syndrome. In Marfan
syndrome the pupils characteristically dilate
poorly because of a structural iris abnormality
and, when combined with lens subluxation and
thin sclera, retinal detachment repair can be par-
ticularly difficult. Pars plana lensectomy and
internal tamponade are often required.

12.4.8
Ehlers–Danlos Syndrome

The Ehlers–Danlos syndromes are a heteroge-
neous group of inherited connective tissue disor-
ders that are characterized by joint hypermobility
and skin fragility and hyperextensibility. Patients

198 Chapter 12 Childhood Retinal Detachment



with the autosomal recessive type VI variant of
the Ehlers–Danlos syndromes (EDS VI),also clas-
sified as the kyphoscoliotic type, are clinically
characterized by neonatal kyphoscoliosis, gener-
alized joint laxity,skin fragility,and severe muscle
hypotonia at birth.EDS VI results from mutations
in the lysyl hydroxylase 1 gene (PLOD1) causing a
deficiency of lysyl hydroxylase. This enzyme hy-
droxylates specific lysine residues in the collagen
molecule to form hydroxylysines, important in
collagen cross-linking, which gives collagen its
tensile strength.Ocular involvement in EDS VI in-
cludes myopia,thin sclera,microcornea and rheg-
matogenous retinal detachment. Retinal detach-
ment repair may be complicated by susceptibility
to suprachoroidal haemorrhage because of vascu-
lar fragility.

12.4.9
Wagner Vitreoretinopathy

Wagner described 13 affected individuals in a
three-generation pedigree with autosomal
dominant inheritance, low myopia, fluid vitre-
ous, cortical cataract, and variably affected dark
adaptation. The cardinal features noted were
the complete absence of the normal vitreal scaf-
folding and preretinal, equatorial, and avascular
greyish-white membranes. Rhegmatogenous
retinal detachment was not originally reported.
There are no associated systemic features.
Twenty-eight members of the original pedigree
have been examined [16] and four patients had
a history of a rhegmatogenous retinal detach-
ment in one eye at a median age of 20 years and
55% of patients older than 45 years had periph-
eral tractional retinal detachments. Chorioreti-
nal atrophy and cataract increased with the
patients’ age. Several families with Wagner syn-
drome, including the original pedigree, have
been linked to 5q14.3.

12.4.10
X-Linked Retinoschisis

X-linked retinoschisis is an uncommon cause of
retinal detachment in childhood accounting for
2.5–5% of all paediatric retinal detachments.

Most affected children have a characteristic
foveal schisis and peripheral retinoschisis is
seen in 70% (Fig. 12.5) [12]. Highly elevated,
bullous retinoschisis involving the macula may
occur in infancy and eventually reattach spon-
taneously, leaving pigment demarcation lines
[11]. Haemorrhage may occur within the schisis
cavity or the vitreous. Retinal detachment may
occur in up to 16% [12]. A full thickness retinal
break occurring de novo or a communication
between outer and inner leaf defects in the
schisis wall may lead to rhegmatogenous retinal
detachment. Full thickness breaks may be effec-
tively managed by scleral buckling procedures.
Where communication exists between inner
and outer leaf breaks, an internal approach 
may be required. The gene causing X-linked
retinoschisis has now been identified and mo-
lecular genetic diagnosis in affected males and
carrier females is now possible.

12.4.11
Familial Exudative Vitreoretinopathy

Familial exudative vitreoretinopathy (FEVR) is
a bilateral, clinically and genetically heteroge-
neous condition that is characterized by a fail-
ure of peripheral retinal vascularisation. It has a
remarkable similarity to retinopathy of prema-
turity but occurs in full-term infants who are
otherwise healthy and have not been treated
with oxygen in the neonatal period. The
changes may be mild with a peripheral retinal
avascular zone, detectable with certainty only
by fluorescein angiography, or may slowly
progress to cause peripheral neovascularisation
and exudative or tractional retinal detachment
and vitreous haemorrhage. Rhegmatogenous
retinal detachment may also occur. Progression
of fundus changes and threat to vision is rare
after age 20 years. There is a high incidence of
myopia, anisometropia and amblyopia, espe-
cially in asymmetric disease. Progressive dis-
ease may be treated with peripheral photocoag-
ulation or cryotherapy. Vitreoretinal surgery
may be challenging because of adherent poste-
rior hyaloid membrane [20]. Since the original
description in 1969 [7] demonstrating autoso-
mal dominant inheritance, many more reports
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have confirmed autosomal dominant, X-linked
and even autosomal recessive forms.

The autosomal dominant form (EVR1) can be
caused by mutations in the frizzled-4 gene
(FZD4) on chromosome 11q13-q23 and also by
mutations in the LRP5 (low-density lipoprotein
receptor-related protein-5) gene, which maps 
to 11q13.4. The X-linked form (EVR2) can be
caused by mutations of the Norrie disease gene
(NDP), which has been mapped to Xp11.4. The
gene products are proteins important in Wnt
signalling pathways that regulate vascular devel-
opment in the eye [41, 46]. The gene underlying
EVR3 which has been mapped to 11p12–13 has yet
to be identified.Mutations in the LRP5 gene have
been suggested to cause autosomal recessive as
well as autosomal dominant FEVR [21].

12.4.12
Norrie Disease

Norrie disease is an X-linked recessive syn-
drome of blindness, deafness, and mental retar-
dation.

Affected males are blind at birth or early
infancy. About 25% are mentally retarded 
and about one-third develop progressive sen-
sorineural hearing loss, with onset at any time
from infancy to adult life, which may lead to
profound deafness. The ocular findings include
abnormal vascularization of the peripheral reti-
na, bilateral retinal folds, traction retinal de-

tachment, vitreous haemorrhage and bilateral
retrolental masses. The retinal detachments are
usually of early onset and have been diagnosed
in utero. Most cases progress to an extensive
vitreoretinal mass and bilateral blindness. The
gene for Norrie disease has been identified on
Xp11.4. Norrin, the product of the Norrie disease
gene, is a secreted protein important for normal
retinal vascularization and regression of
hyaloid vessels and also regulates the interac-
tion of the cochlea with its vasculature.

12.4.13
Incontinentia Pigmenti

Incontinentia pigmenti is an X-linked domi-
nantly inherited disorder usually lethal in
males, affecting skin, bones, teeth, the central
nervous system and eyes. The characteristic
skin lesion begins soon after birth, with a linear
eruption of bullae, which resolve to leave a
linear pattern of hyperpigmentation. Ocular
features are usually apparent within the 1st year
of life can occur in up to 77% [18]. The main ab-
normalities are peripheral vascular abnormali-
ties and retinal pigment epithelial defects.
Macular vasculopathy with progressive capil-
lary closure has also been described [13]. The
affected eye is often microphthalmic and com-
plications can arise from late tractional retinal
detachment in up to half of those with eye
involvement [18]. Prophylactic cryotherapy or
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photocoagulation to the peripheral avascular
retina has been reported to arrest vascular pro-
liferation and prevent late tractional detach-
ment. Familial incontinentia pigmenti is caused
by mutations in the NEMO gene and is referred
to as IP2, or classical incontinentia pigmenti.
Sporadic incontinentia pigmenti, the so-called
IP1, which maps to Xp11, is categorized as hy-
pomelanosis of Ito.

12.5
Retinal Detachment Complicating
Developmental Abnormalities

Paediatric rhegmatogenous retinal detachment
has been found to be associated with a develop-
mental abnormality in 41% [44]. These include
retinopathy of prematurity, persistent fetal
vasculature (persistent hyperplastic primary
vitreous), buphthalmos, coloboma, micros-
pherophakia and retinoblastoma.

12.5.1
Congenital Cataract

Retinal detachment complicating surgery for
isolated congenital cataract has been reported
to occur in 5% of cases with an average inter-
val of 22 years. Detachment may occur during
childhood in a minority [10]. Whether this is as
a result of cataract surgery or related to an
intrinsic abnormality is not entirely clear,
although a long delay and retinal detachment
also occurring in unoperated eyes would sug-
gest the latter.

12.5.2
Ocular Coloboma

Eyes with ocular colobomas are at a significant-
ly increased risk of detachment and account for
approximately 0.5% of paediatric retinal de-
tachments [25]. Giant retinal tears are seen in
association with lens colobomas [19] and rheg-
matogenous detachment may develop in eyes
with choroidal coloboma, when small retinal
breaks may be found in the hypoplastic retina

overlying the coloboma. Assessment of vision
can be difficult and the diagnosis of detachment
can be further impaired by nystagmus, micro-
phthalmos and cataract. Retinal breaks occur-
ring away from the colobomatous area may be
managed by conventional buckling techniques,
provided the sclera is of sufficient quality for
suturing and the break can be adequately
closed. More usually, the retinal break overlies
the colobomatous area. Breaks are often small
and may be multiple, and their localization can
be aided peroperatively by the identification of
“schlieren”during internal drainage.Argon laser
photocoagulation may be applied around the
border of the colobomatous area and, where this
includes the papillomacular bundle, this may be
applied prior to retinal reattachment to mini-
mize associated thermal damage to the nerve fi-
bre layer. Both retinal pigment epithelium and
Müller cells are vestigial or absent within the
coloboma so that to be effective, retinopexy
needs to be applied outside the margin. Recur-
rent detachment is common [15], so permanent
internal tamponade is often required.

12.5.3
Optic Disc Pits 
and Serous Macular Detachment

The association of serous macular detachment
and optic disc pits is well recognized and similar
findings with the morning glory disc abnormal-
ity indicate that these two conditions are varia-
tions of the same basic abnormality.Serous mac-
ular detachment may occur in 30–50% and
usually in patients too young to have a posterior
vitreous detachment. Spontaneous resolution is
reported to occur in up to 25%, although perma-
nent visual loss may result if macular detach-
ment is prolonged or recurrent.The origin of the
subretinal fluid is more likely to be cerebrospinal
fluid rather than vitreous, although the evidence
is not conclusive. The combination of argon
laser photocoagulation with internal tamponade
either with or without vitrectomy appears to of-
fer greater chance of successful retinal reattach-
ment. Attempts at internal drainage have sug-
gested that there is no rhegmatogenous element
and fluid is displaced by gas tamponade until it
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is reabsorbed and recurrence is prevented by
formation of a chorioretinal adhesion at the disc
margin.

12.5.4
Retinopathy of Prematurity

The incidence of early retinal detachment fol-
lowing advanced retinopathy of prematurity
(ROP) has been substantially reduced by better
screening and prophylactic cryotherapy or pho-
tocoagulation. However, the visual results fol-
lowing vitreoretinal surgery for those which do
progress to retinal detachment have been very
disappointing. The major, and often multiple,
surgical challenges need to be carefully weighed
against a partial and spontaneous retinal reat-
tachment in up to 10% of cases. Lens-sparing
techniques have been advocated for pathology
confined posterior to the equator [5]. Preserving
the lens whilst gaining surgical access to the vit-
reous base in the neonatal eye is technically de-
manding and requires adequate visualization of
the pars plicata by using the operating indirect
ophthalmoscope or wide-angle viewing systems.

Late retinal detachment following treated or
untreated retinopathy of prematurity is well-
recognized and is more commonly rhegmatoge-
nous, but may be tractional or a combination of
the two. Retinal changes, which may be an indi-
cation of regressed ROP, include myopic
changes, displacement of macula and retinal
vessels, retinal folds, pigmentary changes,
incompletely vascularized peripheral retina,
abnormal branching and tortuous and telang-
iectatic vessels. Repair of late retinal detach-
ment is frequently possible with vitreoretinal
surgery and the prognosis relates more to the
pre-existing visual potential prior to retinal de-
tachment. A recent report reviewed 29 patients
with late rhegmatogenous retinal detachment
following regressed, untreated ROP [42]. Sixty-
three per cent presented between 8 and 20 years
and 90% were myopic. The majority of breaks
were found in the temporal retina, mainly su-
perotemporal. There was a 69% success after
initial surgery with scleral buckling or vitrecto-
my and, with repeated surgery, a final reattach-
ment rate of 97%.

12.6
Other

12.6.1
Inflammatory or Infectious

In one series, 15% of 34 children with rheg-
matogenous retinal detachment had a history of
inflammatory or infectious disease in the eye
with the detachment [44]. Acute retinal necro-
sis, characterized by anterior uveitis, occlusive
retinal vasculitis and progressive peripheral
retinal necrosis, occurs primarily in nonim-
munocompromised adults as a result of reacti-
vated herpes simplex or varicella zoster virus
infection. The risk of retinal detachment is high,
reported to be between 25% and 75% and due to
retinal breaks, usually following posterior vitre-
ous detachment after the acute phase is over.
Although less common, it has been reported to
occur in children [6].

Ocular involvement in paediatric AIDS pa-
tients has been reported in 50%, 33% having
CMV retinitis and 17% retinal detachment [3].

Although uncommon, bilateral serous retinal
detachment in Vogt-Koyanagi-Harada may
affect young children, and has been reported 
in children as young as 4 years old [8].

Ocular toxocariasis is a rare cause of retinal
detachment, usually tractional, associated with
a peripheral granuloma.

12.6.2
Exudative Retinal Detachment

Exudative retinal detachment is uncommon but
has a wide variety of causes in childhood,
including Coat’s disease, retinoblastoma,
choroidal haemangioma, capillary haeman-
gioma, posterior scleritis and Harada’s disease.
If there is doubt about the diagnosis, computed
tomographic (CT) scan or ultrasound, or a care-
ful examination under anaesthesia should be
carried out in order to rule out retinoblastoma.
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12.7
Prophylaxis in Rhegmatogenous 
Retinal Detachment

In contrast to most other paediatric blinding
retinal disorders, blindness through retinal de-
tachment is in most cases potentially avoidable
if a rationale for the prediction and prevention
of retinal detachment could be developed. This
goal has been frustrated by a lack of under-
standing of the factors influencing retinal de-
tachment even in high-risk groups, which are
only now beginning to be unravelled.

Factors traditionally associated with retinal
detachment include refractive error, a positive
family history, visible lattice retinopathy and
fellow eye involvement, but the nature of these
associations is poorly understood. The preva-
lence of myopia varies enormously and even in
Stickler syndrome up to 20% patients may have
no significant refractive error. Many patients
with retinal detachment have none of the ac-
cepted risk features such as lattice retinopathy
and, in those that do, retinal tear formation fre-
quently occurs in areas remote from such
pathology, so that the associations with accept-
ed risk factors requires refinement.

In Stickler syndrome there is a high risk of
giant retinal tear (GRT) which is often bilateral
and a frequent cause of blindness. The rationale
for offering prophylaxis in such high-risk cases
is to prevent progression of GRT to detachment
by applying treatment to the post-oral retina at
the site of giant tear development.

A study investigating the role of prophylactic
360° cryotherapy in type 1 Stickler syndrome
has recently been completed. Although there
were significant differences between the ages of
the control and study groups, the risk of retinal
detachment in 204 patients with type 1 Stickler
syndrome reduced from 62% to between 3%
and 10% [38].
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13.1
Introduction

The most common congenital infections are
summarized by the mnemonic TORCH: Toxo-
plasma gondii, Others, Rubella, Cytomegalo-
virus, and Herpes simplex virus. “Others” in-
cludes treponema pallidum, varicella–zoster
virus, Epstein–Barr virus, human immunodefi-
ciency virus, and lymphocytic choriomeningi-
tis virus. There is an additional “other,” namely
West Nile virus.

These are all agents that produce a relatively
mild illness in the mother. More virulent agents
result in a spontaneous abortion or stillbirth.
They are transmitted transplacentally, and have
a direct toxic effect. Additionally, in the first
trimester, when the fetus has immature, devel-
oping organs, there may be a teratogenic effect.
Diagnosis can be made by elevated levels of IgM
and IgA antibodies, and if the fetus is unable to
eliminate the organism, this may lead to chron-
ic infection and immune tolerance.

13.2
Toxoplasma gondii

13.2.1
Agent and Epidemiology

Toxoplasma gondii derives from the Greek, tox-
on meaning bow (the shape of the proliferative
form), and gondii, for a rodent (Ctenodactylus
gundi) indigenous to North Africa from which
the organism was first isolated [55]. Toxoplasma

gondii is an obligate intracellular parasite,
which probably evolved from a unicellular alga
since it has an organelle similar to a chloroplast.
It has a life cycle that has three forms, an oocyst
(found in the gut of cats), a tissue cyst, and an
active, or proliferative form. The source to hu-
mans includes cat feces, in which the oocyst
may be infective for up to 1 year in warm, moist
soil, and raw meat, in which the tissue cysts are
viable. The prevalence in humans varies with
age, under 5 years, the antibodies are found in
less than 5% of the population, while over
80 years, they are present in 60%.

Seventy percent of the obstetric population
have negative antibodies,and is at risk for trans-
mission to the fetus [40]. The risk of passage to
the fetus and the severity of the infection are
affected by the gestational age at the time of
maternal infection. Transmission to the fetus is
25% in the first trimester, 75% in the third
trimester, and over 90% in the last few weeks of
pregnancy. The severity of the fetal infection is
inversely related to gestational age, with the ear-
lier infections being the most severe [23, 61].

13.2.2
Diagnosis

The diagnosis is made by multiple methods in-
cluding ELIZA for IgM and IgA. It is important
to test undiluted samples, because the serum
levels may be very low in eye disease. The work-
up includes a CBC, with differential and platelet
levels, and a CT scan looking for hydrocephalus
and intracranial calcifications especially in the
periventricular regions.

Eye Manifestations of Intrauterine Infections
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13.2.3
Systemic Manifestations

The systemic manifestations are the classic triad
of chorioretinitis, hydrocephalus, and intra-
cranial calcifications. Ninety percent of neonates
are asymptomatic; however, they can show a con-
tinuous clinical spectrum including: abnormal
cerebrospinal fluid,anemia,seizures, intracranial
calcifications, jaundice, fever, hepato spleno-
megaly, hydrocephalus, microcephalus, retarda-
tion, vomiting, and diarrhea [42, 70].

13.2.4
Eye Manifestations

Eighty-five percent of patients with subclinical
congenital infections are reported to develop
chorioretinitis [70]. The eye manifestations of
congenital toxoplasmosis found in a large study
are summarized in Table 13.1 [48].

Anterior Segment. Microcornea was seen in
19% of patients and cataracts in 10% [49]. It
should be noted that these were never isolated
findings and that they were always seen in asso-
ciation with posterior segment disease.

Retina. The most common eye finding in pa-
tients with congenital toxoplasmosis is chori-
oretinal scars, which were present in 79% of the
patients. The classic location is the macula
(Fig. 13.1); however, the most common location
was in the periphery (64%). If you consider the
total surface area of the retina, there was a pre-
disposition for the macular area (58%). In addi-
tion, active retinitis was seen in 11% and retinal
detachment in 10% [49].

Optic Nerve. Optic atrophy was present in 20%
of patients with congenital toxoplasmosis [49].

Microphthalmia and Phthisis. Microphthalmia
and phthisis were reported in 13% and 4%, re-
spectively [49].

Visual acuity ranges from 20/20 to 20/400 
in the presence of macular lesions, the better
vision being unexpected [49]. Therefore, pre-
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Table 13.1. Ophthalmology manifestations of con-
genital toxoplasmosis

Diagnoses of patients Percentage of patients 
checked with findings

Chorioretinal scars 79 (74)

Macular 58 (52/89)

Juxtapapillary 52 (46/89)

Peripheral 64 (57/89)

Strabismus 33 (31)

Nystagmus 27 (25)

Optic atrophy 20 (19)

Microcornea 19 (18)

Microphthalmos 13 (12)

Retinitis (active) 11 (10)

Cataract 10 (9)

Retinal detachment 10 (9)

Vitreitis (active) 5 (5)

Phthisis 4 (4)

Numerator represents number of patients with
finding; denominator is the total number, unless
otherwise specified. Patients with bilateral retinal
detachment in whom the location of scars was not
possible were excluded from the denominator.
Number in parentheses is total number of patients
with findings

Fig. 13.1. The right eye of a 25-year-old white male
with a history of congenital toxoplasmosis. Vision
recorded at this exam was 20/80. The slide shows a
characteristic “toxo” lesion of the macula with areas
of significant atrophy in which both choroidal vessels
and sclera are visible



dicting future vision in a preverbal child should
be done with caution. Of the patients followed
from the newborn period and treated, 29% had
bilateral visual impairment with the vision in
the better eye being less than 20/40. Causes for
this visual impairment in eyes with quiescent
lesions included macular scars, dragging of the
macula secondary to a peripheral lesion, retinal
detachment, optic atrophy, cataract, amblyopia,
and phthisis. Recurrences were seen in 13% 
of treated patients, and 44% of untreated 
historical patients, and occurred contiguous 
to old scars, but also in previously uninvolved
retina. This latter finding is consistent with the
fact that toxoplasmosis cysts have been demon-
strated in mouse retinas, with no disturbance of
the retinal structure, thus on ophthalmologic
examination would appear normal [10]. Re-
current infection can result in further loss of
vision, especially if they occur in the macular
area.

13.2.5
Treatment

Treatment is triple therapy with pyram-
ethamine, sulfadiazine, and leukovorin [47].
Leukovorin (folinic acid) should always be ad-
ministered in conjunction with pyramethamine
to provide for the synthesis of nucleic acids 
by the human cells. Monitoring by CBC and
platelet counts weekly is required because of the
possible, reversible bone marrow suppression
from the pyramethamine. In spite of these re-
quired precautions, this therapy can be used
safely in very young infants for extended peri-
ods of time.

13.2.6
Prevention

Prevention includes avoidance of raw meat and
cat feces (changing cat litter boxes and garden-
ing) during pregnancy. If a pregnant woman is
known to contract toxoplasmosis during her
pregnancy, treatment with spiramycin decreas-
es the possibility of passage of the organism to
the fetus [17, 22, 23]. Spiramycin has no known

teratogenic effect. Later in gestation, if the fetus
is known to be infected, treatment with pyram-
ethamine and sulfadiazine is appropriate [17–19,
36].

13.3
Rubella Virus

13.3.1
Agent and Epidemiology

The rubella virus is a member of the Toga-
viridae family in which the virus contains a
single-stranded RNA surrounded by a lipid 
envelope, or “toga.” The congenital form was
first described by an ophthalmologist, Sir 
Norman McAlister Gregg in 1941. He practiced
in Sydney, Australia, where he reported several
cases of congenital cataracts, congenital heart
disease, and deafness associated with rubell
a during pregnancy [31]. This represents the
first demonstration of teratogenicity secondary
to a viral agent. Rubella has worldwide distribu-
tion, and is a major cause of blindness in devel-
oping countries. However, it is rare in the Unit-
ed States since its epidemic pattern was
interrupted in 1969 by widespread use of the
vaccine [3].

13.3.2
Transmission

Transplacental infection occurs during the
viremic phase in the mother, resulting in fetal
viremia. The incidence of congenital infection 
is dependent on the month of gestation during
exposure, with it being 90% in the first 11
weeks, 50% during weeks 11–20, 37% during
weeks 20–35, and 100% during the last month 
of pregnancy. However, the rate of congeni-
tal defects is 100% in the first 11 weeks, 30% 
in weeks 11–20, and none after that. Interesting-
ly, cataracts and glaucoma are observed when
the exposure is in the first 2 months, and
retinopathy during the first 5 months 
[52, 63].Virus may persist for months to years 
after birth, so appropriate precautions should
be taken.
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13.3.3
Diagnosis

The presence of IgM antibodies to rubella in
cord blood confirms the diagnosis. Also, viral
throat culture may be performed, or serum
sampling, for serially rising IgG titers.

13.3.4
Systemic Manifestations

The most common finding is hearing loss, seen
in 44% of cases [39]. Other abnormalities in-
clude intrauterine growth retardation, heart
disease (atrial and ventricular septal defects,
and patent ductus arteriosus), microcephaly,
and mental retardation. Hepatitis and he-
patomegaly may also be seen,and, in the perina-
tal period, petechiae secondary to thrombo-
cytopenia.

13.3.5
Eye Manifestations

Cornea. The cornea may be edematous either
from endotheliopathy (secondary to live virus
in the aqueous), or glaucoma [71, 72].

Iris and Ciliary Body. These structures may be
poorly developed if the virus was contracted
early (first trimester), resulting in iris hypopla-
sia. In addition, a chronic, granulomatous irido-
cyclitis may persist with focal necrosis and vac-
uolization of the pigment epithelium of the iris
and ciliary body.

Lens. Virus infection during the first trimester
effects lens development and results in cataract
formation, usually in the form of a nuclear
cataract, but may be total. Live virus persists for
years and appropriate precautions should be
taken during cataract extraction to minimize
exposure to cortical material. A robust inflam-
matory reaction may follow surgery and sys-
temic steroids may be required.

Retina. The classic retinal finding is described
as “salt and pepper” retinopathy, and was de-
scribed in 22% of patients in a large study.
(Fig. 13.2) [21]. It corresponds to a histopatho-
logic depigmentation of the retinal pigment
epithelium without associated inflammation

208 Chapter 13 Eye Manifestations of Intrauterine Infections

Fig. 13.2. The right fundus of a 32-year-old Black
woman with a history of congenital rubella syn-
drome. The patient was deaf and mute, and showed
some developmental delay. Vision in this eye was
20/25. Salt-and-pepper background retinopathy can
be seen throughout the slide but especially in the
macular area

Fig. 13.3. A light micrograph of hematoxylin-eosin
stained retina of a child with congenital rubella syn-
drome. Between the neuroretina above and the
choroid below lies the retinal pigment epithelium
(see arrow). It can be seen that the normal palisade of
even pigmentation is disrupted. This variability in
RPE pigmentation is the cause for the salt-and-pep-
per appearance in the retinopathy of rubella syn-
drome



(Fig. 13.3). The distribution of this finding varies
greatly and is associated with a normal ERG.

Glaucoma. Glaucoma is reported in 10% of
children with congenital rubella syndrome [71].
The pathogenesis varies from abnormal devel-
opment of the angle similar to primary congen-
ital glaucoma, to glaucoma secondary to chron-
ic iridocyclitis, to angle closure secondary to a
large cataractous lens.

Microphthalmos. Microphthalmos and/or mi-
crocornea have been described in 10% of pa-
tients [71]. Microphthalmos is often associated
with cataract, and it is postulated that it reflects
the growth retardation effect of the virus on de-
veloping tissues paralleling the systemic growth
retardation [74].

13.3.6
Treatment

Therapy is supportive.

13.3.7
Prevention

Use of the vaccine RA-27 has had an enormous
impact on the incidence of congenital rubella,
with the last major outbreak in the United States
being in 1964 [3].

13.4
Cytomegalovirus

13.4.1
Agent and Epidemiology

Cytomegalovirus is a member of the her-
pesvirus group, and was first described in 
the late nineteenth century as a rare cause of
“cytomegalic inclusion disease” of the fetus and
newborn [35]. It is the cause for the most com-
mon intrauterine infection, with reported rates
ranging from 0.5% to 2.4% of live births [24].
Infection is usually subclinical. The prevalence
of latent infections in young adults varies with

age and geography, increasing with age, and 
being more prevalent in developing countries
[43, 67].

13.4.2
Transmission

Prenatal transmission is thought to occur dur-
ing maternal viremia secondary to a primary
infection (most serious damage to the fetus),
reinfection, or reactivation of a latent maternal
infection [27]. Natal transmission may occur
secondary to exposure to genital secretions at
the time of delivery.Also, neonatal transmission
may occur from ingestion of breast milk.

13.4.3
Diagnosis

Specific IgM antibody in the neonate is strong
presumptive evidence. Isolation of virus from
the infant within the first 3 weeks definitively
makes the diagnosis, and virus has been recov-
ered from urine, cerebrospinal fluid, saliva,
buffy coat, aqueous, biopsy, and postmortem
tissue [26]. PCR analysis is also promising [64].

13.4.4
Systemic Manifestations

Most neonates with congenital cytomegalovirus
infection, 90–95%, are asymptomatic during
the neonatal period [67]. Clinical manifesta-
tions include intrauterine growth retardation,
thrombocytopenic purpura, microcephaly,
(periventricular calcifications), hepatospleno-
megaly, jaundice, pneumonia, and sensorineur-
al deafness [21].

13.4.5
Eye Manifestations

Anterior Segment. Corneal opacities have been
described in pathology specimens [56]. Bilater-
al anterior polar cataracts were seen in 1 of 42
symptomatic patients studied by Coats [16].
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Retina. The retinal disease is a chorioretinitis,
resulting in a chorioretinal scar similar to that
of toxoplasmosis. Dobbins reported 15% of pa-
tients showed retinal disease, and a later study
by Coats had 22% of symptomatic patients with
retinal disease (7% macular and 14% peripher-
al scars) [16, 24]. The retinitis usually develops
in patients with clinically apparent cytomegalic
inclusion disease, but has been reported as the
only manifestation of congenital CMV infec-
tion. (Fig. 13.4) [66]. In addition, it has been re-
ported that retinal disease developed several
weeks after birth [56]. The histopathology has
been reported as “many inclusion bodies in the
retina and a few in the choroid, accompanied 
by extensive chorioretinitis. Accumulation of
inclusion bodies in the retina results in focal
destruction and gave rise to the development of
pseudocolobomas” [51].

Optic Nerve. Optic nerve hypoplasia and optic
nerve coloboma have been described in associa-
tion with cytomegalic inclusion disease [34].
These findings are consistent with the terato-
genic effect on the central nervous system seen in
this infection, which results in faulty organogen-
esis. In a large study by Coats, 7% of 42 sympto-
matic patients had bilateral optic atrophy [24].

Other. Cyclopia and anophthalmia have also
been reported, and further support the evi-
dence for a teratogenic effect [12, 28].

13.4.6
Treatment

Ganciclovir and foscarnet delivered intra-
venously are being used and studied; however,
trials of both show that viruria returns to pre-
treatment levels after the cessation of the drug
[4, 62, 68]. Intravitreal therapy with ganciclovir
implants has also been used for the eye disease.

13.4.7
Prevention

Pregnant women who are seronegative should
practice good hygiene when they are around
young children either at home or in group
child-care settings [21].

13.5
Herpes Simplex Virus

13.5.1
Agent and Epidemiology

Herpes simplex virus (HSV) is a double-strand-
ed DNA virus. HSV infections were first de-
scribed by the Greeks, and Hippocrates used the
word “herpes,” which means to creep or crawl to
describe the spreading of the lesion [69]. There
are two types of Herpes simplex virus (HSV),
HSV type 1 and type 2. HSV-1 is the oral strain,
and is responsible for mouth lesions, eye infec-
tions, and encephalitis, while HSV-2 is the geni-
tal strain, and produces genital infection [26,
69]. The latter is transmitted venereally, the for-
mer is not.

13.5.2
Transmission

Of herpes infections seen in the neonatal peri-
od, 4% are congenital, 86% natal, and 10% post-
natal [69]. Therefore, this is most often a neona-
tal disease, and not a congenital disease. It is
thought that the congenital infection occurs
during maternal leukocyte-associated viremia
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Fig. 13.4. The left fundus of a 6-month-old female
child with congenital cytomegalovirus (demonstrat-
ing CMV retinitis). The superior vessels are sheathed



with transplacental transmission. The natal
transmission is due to aspiration of infected
vaginal secretions on passage through the birth
canal. Other possible entry sites include eyes,
scalp, skin, and umbilical cord [54, 68, 69].

13.5.3
Diagnosis

The diagnosis can be made definitively by isola-
tion of the virus from vesicular fluid, nasal
secretions, conjunctival secretions, buffy coat of
blood, and cerebral spinal fluid of the infant
[29].

13.5.4
Systemic Manifestations

Systemic manifestations reported in 30 patients
with congenital HSV include low birth weight,
small for gestational age, microcephaly, seizures,
diffuse brain damage, intracranial calcifica-
tions, scars on skin or digits, pneumonitis, and
hepatomegaly [38]. Infants with natal or post-
natal herpes commonly present 5–15 days post-
natally and resemble bacterial sepsis: alter-
ations in temperature, lethargy, respiratory
distress, anorexia, vomiting, and cyanosis. The
overall mortality rate from untreated, neonatal
HSV infection is 49% and only 26% of sur-
vivors develop normally [26].

13.5.5
Eye Manifestations

Thirteen percent of neonates with HSV have eye
manifestations [26]. It is difficult to separate
congenital and neonatal cases in the literature.

Anterior Segment. Conjunctivitis, keratitis, iri-
docyclitis, iris atrophy, posterior synechiae, and
cataract have been described in congenital and
neonatal herpes [53].

Retina. Retinitis, chorioretinitis, chorioretinal
scarring, and white vitreous masses have been
described. (Fig. 13.5) [41, 53, 58].

Optic Nerve. There have been cases of optic
neuritis and optic atrophy [41, 53].

Microphthalmia. Microcornea and microph-
thalmia have been described in a patient with
associated intrauterine growth retardation and
microcephaly, suggesting a teratogenic effect of
early intrauterine herpes [41].

13.5.6
Treatment

For disseminated herpes infections, acyclovir is
the drug of choice, delivered intravenously at a
dose of 30 mg/kg per day for 10 days to 4 weeks
[55]. The major side effect is renal toxicity.
Vidarabine is also administered as a single IV
infusion of 15 mg/kg per day over 12 h. Hepatic
toxicity and bone marrow suppression are
potential side effects.

Topical antivirals (vidarabine, trifluoro-
thymidine, and idoxuridine) are used to treat
the epithelial keratitis along with debride-
ment.
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Fig. 13.5. The left fundus of a 13-year-old boy with a
diagnosis of congenital herpes simplex virus infec-
tion. Centrally, there is a large white gliotic scar over-
lying the macular area. In the background there are
areas of migration of the pigment of the retinal pig-
ment epithelium



13.5.7
Prevention

Perinatal screening and neonatal treatment may
be helpful for the neonatal and postnatal forms.

13.6
Lymphocytic Choriomeningitis Virus

This agent is in the “other” category, but will be
discussed more extensively because the author
feels it is greatly underdiagnosed due to lack of
knowledge.

13.6.1
Agent and Epidemiology

Lymphocytic choriomeningitis virus (LCMV) is
an arena virus that was discovered in 1933 but
not classified until the late 1960s, when it was
placed in the newly formed arena virus family
of single-stranded RNA viruses with rodent
reservoirs [2, 59]. Mus musculus, the common
house mouse, is both the natural host and reser-
voir for the virus, which is transferred vertically
within the mouse population by intrauterine in-
fection [57, 59]. A nationwide outbreak in the
1970s provided evidence that pet (Syrian) ham-
sters may be competent alternative reservoirs
[8, 20, 33, 60, 65]. Infections from house mice are
associated with substandard housing, such as
trailer parks and inner city dwellings [57]. Out-
breaks have also been attributed to laboratory
mice and hamsters; laboratory workers, espe-
cially those handling mice or hamsters, have a
higher risk of infection [6, 25, 37]. Transmission
is thought to be airborne; from contamination
of food by infected mouse urine, feces, and sali-
va [37] or, possibly, from the bites of infected ro-
dents [57]. The first case of congenital LCMV in
the United States was reported in 1993 [45].

13.6.2
Transmission

Transmission to the fetus is thought to occur
during maternal viremia.Most likely,as with the
other agents, the earlier in gestation, the more
serious the sequelae.

13.6.3
Diagnosis

Although complement fixation (CF) tests for
LCMV are widely available, CF antibodies are
short-lived; the test is insensitive and should
not be utilized. Immunofluorescent antibody
(IFA) tests and Western blot assays are sensitive,
detect both IgM and IgG antibody, and are avail-
able both commercially as well as at the Centers
for Disease Control (CDC). Enzyme-linked im-
munosorbent assay (ELISA) is also a sensitive
diagnostic modality, but it is performed only at
the CDC.

13.6.4
Systemic Manifestations

A recent publication identified 26 cases of con-
genital LCMV in the world literature between
1955 and 1996 and summarized the ten cases re-
ported in the United States [73]. The most com-
mon systemic, neonatal findings among these
cases were macrocephaly and microcephaly. A
subsequent report summarizing 49 cases in the
world literature states that 17 of 19 infants in
whom imaging was reported showed hydro-
cephalus or intracranial calcifications [5]. Evi-
dently, systemic signs suggesting congenital
infection are infrequent though neonatal me-
ningitis, hepatosplenomegaly, and congenital
heart disease have been reported [5, 50, 73]. As
development progresses, neurologic abnormal-
ities become more obvious, including cerebral
palsy, mental retardation, and seizures [5].
There have been two cases reported in which
the eye findings were the only manifestation
[11].
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13.6.5
Eye Manifestations

The eye findings of LCMV described in the US
literature (17 cases), 14 with eye findings de-
scribed (28 eyes), are listed in Table 13.2 [50].
The most common finding is chorioretinal scars

in the periphery (20 eyes) (Fig. 13.6). Macular
chorioretinal scars were the second most preva-
lent findings (ten eyes) and in five of these eyes
there was also peripheral scarring. Optic atro-
phy was seen bilaterally in three patients, but al-
ways in association with extensive chorioretinal
scars and therefore it may be secondary to the
scarring. Nystagmus was present in three cases,
but that along with esotropia and exotropia,
each in one patient, is probably secondary to the
visual loss due to the chorioretinal scarring. The
cataract and microphthalmia were seen in the
same eye.

13.6.6
Treatment

Treatment is supportive.

13.6.7
Prevention

Pregnant women should be informed to avoid
mice and hamsters.

13.7
Others

13.7.1
Treponema Pallidum

The eye manifestations of congenital syphilis
include corneal opacities, scarring from uveitis,
cataract, glaucoma, pigmentary retinopathy
(salt and pepper), and optic atrophy [46].

13.7.2
Varicella–Zoster Virus

The ocular manifestations described in the con-
genital varicella syndrome include chorioretini-
tis, both atrophy and hypoplasia of the optic
nerve, congenital cataract, and Horner’s syn-
drome [44].
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Fig. 13.6. The left eye of a 3-year-old child with a di-
agnosis of congenital lymphocytic choriomeningitis
virus (LCMV).A large chorioretinal scar is visible fill-
ing the nasal retina. There are also some irregularities
of the retinal pigment epithelium just nasal to the disc
at the 9 and 11 o’clock positions. There appears to be
some straightening of the nasal arcade vessels sec-
ondary to the scarring

Table 13.2. Eye findings described in congenital
LCMV

Chorioretinal scars
Generalized 71% (20)
Macula 36% (10)

Optic atrophy 21% (6)

Nystagmus 10% (3)

Esotropia 4% (1)

Microphthalmos 4% (1)

Cataract 4% (1)

Retinitis 4% (1)

Total number of eyes described in the literature is 28.
Each eye may have more than one finding, therefore
the percentages do not add up to 100%



13.7.3
Human Immunodeficiency Virus

The incidence of children with congenital HIV
is decreasing dramatically with the advent of
new drugs. Both CMV retinitis and toxoplasmic
chorioretinitis have been described in this
patient population [7, 9].

13.7.4
Epstein–Barr Virus

Congenital Epstein–Barr virus infection (infec-
tious mononucleosis) has been reported associ-
ated with congenital cataracts in two of five
cases [29].

These agents produce a relatively mild illness
in the mother and are transmitted transplacen-
tally to the fetus and have both a direct toxic and
a teratogenic effect. Often, because of immuno-
logic immaturity, the infant is unable to elimi-
nate the organisms and immune tolerance and
chronic infection results.

13.8
West Nile Virus

13.8.1
Agent and Epidemiology

West Nile virus (WNV) was first isolated from a
febrile patient in the West Nile district of Ugan-
da in 1937. From 1937 to the early 1990s, human
outbreaks, manifesting as mild febrile illnesses,
were rarely reported in Israel and Africa. Since
1996, there have been outbreaks involving
thousands of people in Romania, Russia, Israel,
and the United States and Canada. More than
4,000 people were affected in the Ohio and
Mississippi River basins in 2002. Eighty-five
percent of human infections occur in August
and September, consistent with the bird-mos-
quito-bird cycle. Increased age is a risk factor
for mortality.

West Nile virus is a single-stranded RNA
flavivirus belonging to the Japanese encephali-
tis virus antigenic complex. This complex con-

tains several viruses that cause encephalitis in
humans: St. Louis encephalitis virus in the
Americas, Japanese encephalitis virus in East
Asia, and Murray Valley encephalitis virus and
Kunjin virus in Australia. Two lineages of WNV
exist. Only lineage 1 viruses cause human dis-
ease.The virus has minimally evolved genetical-
ly since being isolated in 1999 [30].

13.8.2
Transmission

WNV is transmitted in a bird-mosquito-bird
cycle with passerine birds serving as the pri-
mary host and mosquitoes from the genus
Culex serving as the primary vectors. The virus,
however, has been isolated from 29 mosquito
species in the United States alone [13, 30]. Al-
most all human infections with WNV have been
caused by mosquito bites. However, in 2002,
there were several cases reporting transmission
via other modalities, including one baby
transplacentally, one baby via breast milk, two
laboratory workers via percutaneous inocula-
tion, four recipients of organs from a single
donor, and 23 recipients of transfused platelets,
red blood cells, or fresh frozen plasma [30].

13.8.3
Diagnosis

Diagnosis is made by detecting the IgM anti-
body in serum or CSF using the IgM antibody-
capture enzyme-linked immunosorbent assay
(MAC-ELISA). Of patients presenting with
meningoencephalitis, 90% will demonstrate
IgM antibody in the CSF within 8 days of onset
of clinical symptoms. Because IgM antibody
may persist in serum for more than 500 days, a
fourfold or higher increase in WNV-specific
neutralizing antibody titer in serum samples is
considered confirmatory of acute infection. A
set of other flaviviruses should be included in
the assay for comparison [13].
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13.8.4
Systemic and Eye Manifestations

There has only been one case report of transpla-
cental transmission. This infant presented with
bilateral chorioretinitis, clear vitreous, and se-
vere neurologic impairment [1, 14, 30].

13.8.5
Treatment

All patients should be hospitalized for observa-
tion and supportive care, and to rule out treat-
able CNS conditions. There is no vaccine. An-
tiviral agents, including ribavirin, interferon
alpha, and human immunoglobulin, have not
proven effective [13, 14].

13.8.6
Prevention

Pregnant women should avoid mosquito bites
by wearing protective clothing and using re-
pellants containing N,N-diethyl-m-toluamide
(DEET) [14].

Summary for the Clinician

∑ The eye finding most characteristic of a
prenatal, and therefore, congenital infection
is a chorioretinal scar or an active choriore-
tinitis as can be seen in congenital toxoplas-
mosis, cytomegalovirus, herpes simplex,
lymphocytic choriomeningitis virus, vari-
cella–zoster infections, and most recently
West Nile virus. Congenital cataracts are
suggestive, but less specific for congenital
infection. They may be a relatively isolated
finding in rubella, syphilis, varicella-zoster,
and Epstein–Barr virus infections. When
they are present in congenital toxoplasmo-
sis, herpes simplex, and cytomegalovirus,
they are associated with extensive eye in-
volvement. Other manifestations are less
common, as discussed above. The mecha-
nism of action of these agents appears to be
both a direct toxic and a teratogenic effect.
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14.1
Introduction

14.1.1
Basics

Child abuse has been part of the human condi-
tion since ancient times. In 1962, Kempe pub-
lished his landmark paper entitled, “The Bat-

tered Child Syndrome” [10], which brought
child abuse to the forefront of the medical field
and eventually led to a worldwide increase in
recognition, reporting and intervention, per-
haps resulting in the improvement if not saving
of thousands of children’s lives. Child abuse
continues to be a worldwide endemic reality.
Virtually every pediatric ophthalmologist will
at some time be faced with a child who has been
a victim.

Child abuse is traditionally divided into four
subtypes: physical abuse, sexual abuse, neglect,
and emotional abuse. Each form of abuse may
be associated with ocular signs.

14.1.2
Reporting

Almost every country in the developed world
has some form of mandatory reporting which is
based on the principle of an obligation for pro-
fessionals who work with children, which would
of course include the pediatric ophthalmologist,
to report their suspicion that a child is a victim
of abuse. The ophthalmologist is not a police
officer, judge, or jury. These roles exist for the
purpose of providing information which might
assist in making a confirmed diagnosis of abuse
as well as adjudicating who abused the child.
When an ophthalmologist is confronted with a
situation in which he or she suspects possible
child abuse, there is an obligation to either re-
port directly to child protective services or seek
consultation from another physician or team
with expertise in the field of abuse who may
confirm that the suspicion is appropriate and
initiate reporting on behalf of the ophthalmolo-
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∑ Ophthalmologists are mandated reporters
of suspected child abuse

∑ Report suspected abuse. Abuse need not
be proven by the ophthalmologist

∑ Any injury to the eye may have been the
result of abuse

∑ The eye may be involved with all forms 
of abuse: physical abuse, sexual abuse,
neglect, and emotional abuse

∑ The ophthalmologist may look for signs 
of abuse on other parts of the body when
an eye finding raises this suspicion

∑ An inconsistent or changing history or
physical findings of trauma in the absence
of a history of trauma should raise concern
about possible abuse

∑ Always consider an appropriate differential
diagnosis before reporting abuse, but as
long as abuse is in the differential diagnosis
one must ensure that the child is in a safe
environment.Timely evaluation to rule out
other disorders is essential but should not
delay reporting if the suspicion of abuse is
strong

Core Messages



gist. Child abuse teams are usually multidisci-
plinary and may include nurses, child abuse
pediatricians, social workers, psychologists and
other professionals. However, if the ophthal-
mologist believes they have a justified suspicion
and the child abuse experts do not agree, then
the ophthalmologist would still be mandated 
to report.

Although any individual who works with
children in any professional capacity is a man-
dated reporter, anyone, even a lay neighbor re-
porting anonymously, can initiate a report. Un-
fortunately, physicians are the most believed
reporters when a case is evaluated by child pro-
tective agencies, yet physicians are also the least
consistent in their reporting behaviors. Some
physicians cite many excuses that lead to their
failure to report, including a fear that they will
be called to testify in court, they will lose pa-
tients (and income), they have an unsure diag-
nosis, the parents will go to jail, the child will be
taken from the family, the family will take action
(physical or legal) against them, or the system
just will not work well on behalf of the child. In
reality, in less than 1% of cases will the ophthal-
mologist be asked to go to court, as many cases
are settled or do not involve criminal charges,
and when the case does go to court, the ophthal-
mologist is often not called to testify as other
child abuse experts may be able to testify to the
eye findings on behalf of the ophthalmologist.
There is no obligation that the physician be cor-
rect in his or her suspicion. In most countries,
physicians are protected from being successful-
ly prosecuted for reporting incorrectly unless
they have reported with malicious intent. Re-
porting does not necessarily mean that the par-
ents will go to jail or the child will be separated
from them. The primary interest of most child
protection agencies is to preserve family unity
wherever possible, as long as the child is safe.
When separation must occur, all attempts will
be made to rehabilitate a parent perpetrator so
that the family can be reunified. I am unaware of
any case in which physical harm came to a
physician for reporting. Although the system is
not perfect, and some children are returned to
unsafe environments or are abused in foster
care, the only way to improve the system is by
continuing to use it.

When physicians do report abuse, there is
evidence that over-reporting occurs for visible
minorities and those from low socioeconomic
groups, and under-reporting occurs with Cau-
casians and families from higher income groups
[9, 12]. In fact, child abuse occurs in every racial
group, country, religious group and socioeco-
nomic group [33]. It is recommended that physi-
cians be open with families when they are re-
porting and avoid accusations. Rather, it can be
suggested that someone may have injured the
child and that the parents and ophthalmologist
must work as a team to be sure whether this did
or did not occur and ensure that if the child has
been abused, that it will not occur again. Very
few parents will not be willing to openly agree
with such a stance. Even if it is patently obvious
that the child was abused and the most likely
perpetrator is in the room, the ophthalmologist
must come to grips with their own emotions
and realize that to help the child they must work
together with the family, taking a similar
approach without confrontation. Although
physical discipline of children is accepted in
many communities (and not endorsed by this
author), perpetrators of abuse rarely injure
children (with the exception of sexual abuse,
see below) purposely and specifically with the
intent to harm to a degree that will need med-
ical attention. In the 10% that purposely cause
significantly bodily harm, psychiatric disease is
usually a factor. Most perpetrators regret their
actions and will accept help. However, they rely
on the reporter’s initiative to be identified so
that their child can be protected.

14.1.3
Testifying

The ophthalmologist may occasionally be called
to court as either a fact witness or an expert wit-
ness. In the former, the witness is being asked
only to report what they witnessed, which in the
case of an ophthalmologist would be limited to
observations made during the eye examination
and any other communications related to the
care of the patient. The ophthalmologist will
likely be asked to detail the nature of the eye 
examination and the findings. If called as an 
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expert witness, whether or not the ophthal-
mologist has examined the child, the ophthal-
mologist will then be asked to give opinions
regarding the interpretation of the physical
findings, perhaps extending into areas such as
pathophysiology, mechanisms of injury, differ-
ential diagnosis, and prognosis.

Much has been written to help the physician
prepare for their role as an expert witness and
there has been much concern about irresponsi-
ble expert testimony [3, 19]. In general, it serves
the ophthalmologist well to remember a few
basic principles
1. Testify for the facts and your interpretation

of the facts rather than what the prosecution
or the defense wants you to say.

2. Remember that you are not on trial, even
when it seems that an attorney is trying to
challenge and discredit you.

3. Do not testify in areas that you are not truly
expert.

4. Say you do not know when you do not know.
5. Remember that you are there to educate the

court, not to prove a point.

Although testifying is not enjoyed by many
physicians, it is a professional role that in the
context of abuse is part of the physician’s duty
as an advocate for the abused child.

14.2
Physical Abuse

Any physical injury to the eye could be caused
by abuse. The key to making a diagnosis of
physical abuse lies in recognizing patterns of
injury that are not consistent with a given histo-
ry from the caretakers. Likewise, certain oph-
thalmic findings indicate trauma (e.g., avulsion
of the vitreous base, commotio retinae, rup-
tured globe) and in the absence of a history of
trauma, should raise a suspicion of abuse. Other
concerning red flags include a history which is
changed each time it is offered, a history of mul-
tiple or recurrent injuries without adequate ex-
planation, and high-risk social situations such
as a parent who presents inebriated or exhibit-
ing violent tendencies towards the child in the
waiting room (e.g., “If you don’t shut up I will

beat you with this belt”). Physical abuse may
occur as part of what the perpetrator perceived
as acceptable discipline. In most jurisdictions,
even those which allow for spanking, any visible
injury as a result of discipline is considered in-
dicative that the perpetrator has lost control
and entered the realm of abusive behavior. It is
important that the ophthalmologist conduct a
complete body examination (or refer to another
physician specifically for this purpose) when
abusive eye injury is suspected as there may be
other signs of abuse elsewhere (Fig. 14.1).

14.2.1
Blunt Trauma

The multitudes of injuries that can be caused by
blunt trauma are well beyond the scope of this
chapter. However, a few deserve special men-
tion.

Periorbital ecchymosis is a not uncommon
result of blunt trauma. However, the presence 
of bilateral involvement does not prove abuse.
A blunt injury (accidental or nonaccidental) to
the forehead can result in bilateral periocular
ecchymosis. Bilateral ecchymosis can also result
from systemic disease such as neuroblastoma.
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Fig. 14.1. Lacerations and ecchymosis in the pattern
of a looped chord which was used to abusively beat
this child. These injuries could not be accidental



Abuse should never be reported on the basis of
bruising or bleeding alone unless appropriate
history and testing has been conducted to rule
out coagulopathy. A basic panel should include
at least a complete blood count with differential
and platelet count, prothrombin time, partial
thromboplastin time, and perhaps tests to rule
out factor deficiencies or INR and von Wille-
brand disease. Bruising of the skin is difficult to
date and particularly unreliable when located 
in the loose periocular and eyelid skin, which
can allow for excessive accumulation of blood,
thus changing color-related dating patterns. It 
is probably best not to attempt dating of peri-
ocular ecchymosis.

This author has now observed eight cases in
which a child’s eye was injured “accidentally”
during a beating with a belt directed at other
parts of the body. All sustained hyphema, one
also had commotio of the macula, one required
enucleation, and another resulted in a perma-
nently legally blind eye. In each case, the diag-
nosis was made by history obtained from the
parent or the child. Indeed, children may be in-
terviewed directly by the physician. It may be
helpful when suspicion arises to ask the child if
they would like to speak to the ophthalmologist
alone or to make an encouraging statement
such as “I sometimes see children who have in-
juries like this because someone has hurt them.
I can help make it so that they don’t get hurt like
this again. Might someone have hurt you?” De-
spite the parent’s remorse and lack of intent to
injure the eye, these cases do require reporting
to child protective services to help the parent
learn alternative means of discipline and pre-
vent another episode where control is lost re-
sulting in such serious injury.

Summary for the Clinician

∑ Dating of periocular ecchymosis is impre-
cise and should be avoided

∑ Accidental forehead injury (with ecchymo-
sis), coagulopathy and neuroblastoma are
part of the differential diagnosis of unilat-
eral or bilateral periorbital ecchymosis

∑ Unintended eye injury that occurs during
discipline is a measure of the caretaker’s
loss of control and should be reported as
suspected physical abuse

14.2.2
Shaken Baby Syndrome

Shaken baby syndrome (SBS) is a form of child
physical abuse in which a perpetrator subjects 
a child to repeated acceleration-deceleration
forces with or without impact of the head.Alter-
nate terminology has been suggested, including
shaken impact syndrome, abusive head trauma,
and inflicted neurotrauma. Herein, the term 
SBS will be used, understanding that the classic
“shaking,” for example when a perpetrator
grasps a child by the thorax, is but one way in
which abuse can cause the findings. But regard-
less of the terminology used, the syndrome
findings are well recognized and share in com-
mon the presence of characteristic central nerv-
ous system injury, fractures, and/or retinal
hemorrhages. Some physicians and biomech-
anists, most of whom are not clinically active in
caring for abused children, have argued that it is
impossible for a human being to shake a child
hard enough to cause serious injury or death
[7]. Unfortunately, such arguments fail to re-
cognize that much lower levels of force are
needed to incite the cascade of events that lead
to cell injury and death than those that would 
be calculated to actually injure or kill the cell
outright. There is overwhelming evidence that
this syndrome is real, including the confessions
of perpetrators [29], experiments with animal
[24] and mechanical [5] models, the absence 
of similar physical findings following witnessed
accidental injury [16], and the failure of alter-
native proposed pathophysiologic mechanisms
to explain the observed findings [26]. The syn-
drome is well recognized by virtually every 
major professional organization, including the
American Academy of Ophthalmology and the
American Association of Pediatric Ophthal-
mology and Strabismus, and is described
throughout the world. Excellent reviews are
available [25].

The infant head is relatively big and poorly
supported by weak cervical musculature. Accel-
eration–deceleration forces may lead to cervical
and neck injury. There is relatively more room
for the immature incompletely myelinated in-
fant brain to move within the cranial vault. It is
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for these reason, and the progressive inability
for adults to apply sufficient force to bigger chil-
dren, that SBS occurs most frequently in the
1st year of life and decreases steadily in frequen-
cy over the next 3–4 years. Characteristic brain
injuries include subdural hemorrhage, sub-
arachnoid hemorrhage, brain contusion, and
secondary cerebral edema with evidence of
shearing injury to the parenchyma, including
diffuse axonal injury on histology. The edema
may be so severe as to result in auto-infarction
of major cerebral blood vessels, including the
distribution to the occipital lobes. The most
common cause of visual loss and blindness fol-
lowing SBS is cortical visual impairment. Of the
two-thirds of patients who survive, approxi-
mately one-half have permanent physical se-
quelae, which not uncommonly include vision
deficits. Neuroimaging should be conducted in
all cases where SBS is considered.

Fractures may occur either from the perpe-
trator grasping the rib cage, resulting in charac-
teristic and often multiple posterior or postero-
lateral rib fractures, or the extremities, resulting
in typical chip fractures to the metaphyses
and/or periosteal stripping with subperiosteal
hemorrhage. Evidence of blunt head trauma,
which significantly increases the magnitude of
acceleration-deceleration force [6], may result
in fracture of the skull. Skull fractures that are
comminuted, depressed, or crossing sutures in
the absence of a history of severe accidental in-
jury are particularly worrisome and should
raise a suspicion of abuse. In SBS, fractures are
less common than eye and brain injury, and are
not required for diagnosis.

The retinal hemorrhages that characterize
SBS are perhaps the most common reason that
ophthalmologists will become involved with
abused children. This topic is reviewed else-
where in great detail [15, 16, 31]. It is essential to
remember that not all retinal hemorrhages are
the same and although characteristic patterns
may help to diagnose abuse, a small number of
intraretinal hemorrhages confined to the poste-
rior pole is a nonspecific picture that can be
seen in many disorders (Fig. 14.2). Approxi-
mately two-thirds of children with retinal hem-
orrhage as a result of SBS will show too numer-
ous to count retinal hemorrhages, including

preretinal, superficial nerve fiber layer, in-
traretinal dot/blot hemorrhage, and subretinal
hemorrhage extending to the ora serrata [17–19]
(Fig. 14.3). With the exception of hemorrhages
following normal birth, this is a picture that is
rarely seen in any other clinical entity.Although
one isolated case report has suggested that such
a finding can be seen as a result of crush injury
to the head [14], we were unable to demonstrate
such findings in our own clinical and patholog-
ic case series. Of course, crush injury to the head

14.2 Physical Abuse 223

Fig. 14.2. Mild nonspecific pattern of preretinal and
intraretinal hemorrhages confined to the posterior
pole and peripapillary area

Fig. 14.3. Transpupillary view of retina showing
retinal hemorrhage in posterior pole and peripheral-
ly approaching ora serrata (arrows) with relative
sparing of the equatorial retina. This 3 years old child
was a victim of shaken baby syndrome in which the
father gave a detailed account of shaking the child



has a characteristic clinical presentation that is
rarely of concern when considering SBS. Birth
hemorrhage should be considered in the differ-
ential diagnosis for flame hemorrhage in the
1st week of life and dot/blot hemorrhage up to
4–6 weeks of age (with the exception of in-
trafoveal hemorrhage, which may last longer).

One form of hemorrhage seems to be partic-
ularly specific for SBS: traumatic macular
retinoschisis. Although only present in up to
one-third of patients [20], this characteristic
finding is caused by traction applied to the
macula by the tightly adherent vitreous as it is
submitted to violent acceleration-deceleration
forces. This entity has been confirmed by elec-
troretinogram, ultrasound and histology [8, 16].
The latter often demonstrates the vitreous still
attached to a retinal fold at the edge of the schi-
sis cavity. Clinically, the schisis may be demar-
cated by a curvilinear fold, hemorrhagic line, or
white line of depigmented retinal pigmented
epithelium (Fig. 14.4). Most often the blood,
which may fill the cavity in part or totally, is
under the internal limiting membrane, al-
though deeper cavities can also be seen. This
may cause the ophthalmologist to confuse schi-
sis with subhyaloid or preretinal blood.As para-
macular folds in children have not previously
been reported in any other entity except per-
haps crush injury to the head [13], this finding
has particular diagnostic significance. Blood
may break through the cavity wall into the over-

lying subhyaloid or vitreous space (Fig. 14.4).
Therefore, if the macula cannot be adequately
viewed, it is wise to re-examine the child every
1–2 weeks until the underlying retina becomes
visible to identify if schisis is present. Although
many other entities may be associated with
retinal hemorrhage, the presence of extensive
hemorrhagic retinopathy, especially when mac-
ular retinoschisis is present, must raise strong
suspicion that abusive head injury has occurred
through a repetitive acceleration-deceleration
mechanism.

Vitreoretinal traction and perhaps accelera-
tion-deceleration injury to the orbital struc-
tures [16] appear to be the main mechanism by
which retinal hemorrhage is generated in SBS
[20]. Even with major accidental head injury
such as motor vehicle accidents, retinal hemor-
rhage is uncommon, lending credence that
there is something unique about the forces
applied in inflicted neurotrauma [16, 32]. One
author has suggested that short falls can very
rarely result in significant retinal hemorrhage
[23], but the study suffers from many flaws that
make the reported case series difficult to inter-
pret [17]. Other proposed mechanisms such as
increased intracranial pressure, intracranial
hemorrhage (Terson syndrome), and increased
intrathoracic pressure (Purtscher retinopathy),
seem to play little if any role [16, 20, 27]. The
chest compressions of cardiopulmonary retino-
pathy rarely if ever cause retinal hemorrhage,
and when they do, like most nonabusive causes
of retinal hemorrhage other than birth, the
findings would be confined to a small number
of hemorrhages in the posterior pole [16]. The
role of other factors such as mild coagulopathy
secondary to brain injury, anemia, hypoxia, and
autonomic dysregulation are worth further re-
search but independently (i.e., in the absence of
abusive head injury) do not cause severe hem-
orrhagic retinopathy. That retinal hemorrhages
can occur with little or no apparent brain injury
or hemorrhage on neuroimaging may support
the isolated role of vitreoretinal traction,
but some of these patients will exhibit intracra-
nial pathology with alternative neuroimaging
strategies or postmortem [21, 22].

When faced with an infant who has retinal
hemorrhages, the examining ophthalmologist
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Fig. 14.4. Circinate elevated macular fold associated
with traumatic retinoschisis in a shaken baby syn-
drome victim. The internal limiting membrane cen-
trally has settled back against the retina



must begin by carefully documenting the find-
ings. Detailed and well-labeled drawings are
adequate, especially when accompanied by
description of the number, type, pattern and
extent of the retinal hemorrhages. Clinical pho-
tography is ideal but not required and even
when obtained, may demonstrate artifacts
brought on by the challenges of the moving eye,
poorly dilated pupil, particular photographic
technique and other technical factors. Post-
mortem photography, both gross and histo-
logic, is also helpful. As we begin to realize the
importance of orbital pathology, it is recom-
mended that the orbital contents and globe be
removed en bloc using a combined intracranial
and transconjunctival approach and then fixat-
ed for 72 h followed by serial sections [16]. In the
absence of other explanatory findings, if abuse
is considered, skeletal radiographic examina-
tion, neuroimaging, blood studies and other
tests where appropriate to rule out systemic
disorders [16], consultation with a child abuse
pediatrician and ultimately, reporting to child
protective services are required.

Summary for the Clinician

∑ Abusive head injury with an acceleration-
deceleration component (Shaken baby syn-
drome) can result in potentially lethal brain
injury, fractures, and retinal hemorrhage

∑ Children under 4 years old, and especially
those less than 1 year old, are particularly
susceptible

∑ The ophthalmologist must carefully charac-
terize the types, distribution pattern, and
number of retinal hemorrhages, as this will
aid in differential diagnosis

∑ Whereas a few preretinal and intraretinal
hemorrhages in the posterior pole are non-
specific, they may be due to inflicted neuro-
trauma

∑ Extensive hemorrhagic retinopathy with
too numerous to count hemorrhages at all
levels and extending to the ora serrata are
rarely caused by systemic or ocular disease
other than abuse

∑ Macular retinoschisis is a lesion highly sug-
gestive of abusive head injury with accelera-
tion-deceleration components

∑ The differential diagnosis of retinal hemor-
rhage can be refined based on the age of the
child and the pattern of retinal hemorrhage

∑ Vitreoretinal traction plays a major role in
the generation of eye injuries in Shaken
baby syndrome

∑ Retinal hemorrhage can not be dated

14.2.3
Munchausen Syndrome by Proxy
(Factitious Illness by Proxy)

This uncommon and somewhat bizarre form of
abuse involves the falsification or manipulation
of medical data or physical findings such that the
child has the appearance of having a medical dis-
order that is actually created by the perpetrator,
usually the mother. For greater review of this en-
tity, the reader is referred elsewhere [28]. Often,
the mother may have secondary gains as a result
of the attention the child’s illness draws from a
well-meaning medical team, that will often en-
gage in numerous diagnostic interventions, even
surgery, to solve the medical dilemma. These in-
terventions may lead to prolongation of the time
before the disorder is recognized and even iatro-
genic injury. Reported ophthalmic manifesta-
tions include subconjunctival hemorrhages from
covert suffocation, pupillary abnormalities or
nystagmus from covert poisoning, recurrent pe-
riorbital cellulitis as a result of covert injections
around the eye of foreign substances, corneal
scarring secondary to covert instillation of nox-
ious chemicals, and pupillary abnormalities due
to indirect application of drops or even inhaler
sprays (e.g., atropine) [15]. Ophthalmologists
should expect Munchausen syndrome by proxy
when they are faced with a child, usually prever-
bal,whose ocular illness does not fit into a known
diagnosis, responds inconsistently to treatment,
and has been presented by the parent to multiple
ophthalmologists at different centers. The perpe-
trator will often appear as the “ideal” parent,
often offering to help the nurses in the care of the
child during inpatient stays and befriending
hospital staff. The perpetrator may have a history
of working in the health care field or having med-
ical experience as a patient, perhaps even for
Munchausen syndrome.

14.2 Physical Abuse 225



Summary for the Clinician

∑ Munchausen syndrome by proxy is a
disorder in which the caretaker, usually the
mother, causes the child to appear to have
an illness by the manipulation of samples
from the patient, falsification of the history,
or covert injury to the child

∑ Munchausen syndrome by proxy should be
suspected when the eye condition does not
make physiologic sense, responds inconsis-
tently to treatment, and/or has been the
subject of repeated visits to different physi-
cians without satisfactory resolution.
There may be a characteristic (although 
not necessarily required for diagnosis) 
profile to the family and victim

14.3
Sexual Abuse

Sexual abuse of a child is very different from the
violent isolated acts of adult rape. Rather, chil-
dren become victims to chronic secretive abuse
which may range from inappropriate touching
to anal or vaginal penetration. Rarely, children
may be victims of child pornography. Both vic-
tim and perpetrator may be either male or
female although most commonly the victim is
female and the perpetrator male. The perpetra-
tor of child sexual abuse is often known to the
child and in a position of authority which might
be exploited through the use of threats to the
child to maintain secrecy. Very young children
may not even realize that the behavior of this
trusted adult is abnormal. Over 90% of child
abuse victims will show no physical evidence of
the abuse. It may be years before sexual abuse is
discovered or disclosed.

Although uncommon, sexual abuse may
present as sexually transmitted ocular disease.
Gonorrhea or chlamydial conjunctivitis, human
papilloma virus of the conjunctiva, pubic lice of
the eyelashes, periocular infection with mollus-
cum or herpes simplex, or ocular involvement
with HIV or syphilis may all occur in sexually
abused children. However, there is evidence that
some infections, such as gonorrhea [18], may 
be transmitted to the eye nonsexually. This is 

contrary to the well-documented exclusivity 
of sexual transmission for gonorrhea to the
oropharynx, vagina, rectum and male urethra.
There may be unique factors about the external-
ized conjunctival mucosa that allow for this
nonsexual transmission to occur. Infections
such as molluscum and herpes simplex are so
frequently transmitted nonsexually that consid-
eration of sexual abuse seems almost misdirect-
ed in the absence of other concerning findings.
Nonsexual transmission of syphilis to children
does not occur. But like virtually all sexually
transmitted diseases, infection via the birth
canal is an important consideration and some
infections, particularly Chlamydia, may have
very long latent periods. Consultation with child
abuse and infectious disease specialists may be
helpful. In teenagers, one must also consider the
possibility of consensual sexual activity with
peers as the source of infection.At the very least,
sexually transmitted diseases with ocular mani-
festations should lead the ophthalmologist to
place sexual abuse in the differential diagnosis,
and communicate this concern to the child’s
primary care physician or a child abuse pediatri-
cian, to consider further evaluation.

There is also important literature to suggest
that covert sexual abuse, and perhaps other
forms of abuse, may lead to functional visual
loss in children [4, 30].Although it would not be
appropriate to question every child with func-
tional visual loss regarding possible covert
abuse, it is recommended that the evaluation of
functional symptoms include consideration of
possible stressors in the child’s life.

Summary for the Clinician

∑ Sexual abuse of a child is a chronic covert
act that may escape detection or report by
the child for years and is most often not
associated with physical injury to the
victim

∑ Ocular manifestations of sexually transmit-
ted disease may be a sign of sexual abuse

∑ The ophthalmologist must consider the
possibility of nonsexual transmission of
sexually transmitted diseases to the con-
junctiva, but when there is a suspicion of
sexual abuse, the ophthalmologist should
refer to expert professionals
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∑ Infection via the birth canal, and,
in teenagers, via voluntary sexual activity,
must be considered

∑ Functional visual loss and other symptoms
may be a sign of covert abuse

14.4
Neglect and Noncompliance

Although this form of child abuse is perhaps the
most common, it is also the most difficult to
identify and manage. Although neglect may
manifest as a more dramatic physical failure to
thrive (psychosocial growth retardation), the
ophthalmologist is more often confronted with
parents and other caregivers who fail to attend
scheduled appointments or adhere to pre-
scribed treatment regimens such as occlusion
therapy for amblyopia. Apparent noncompli-
ance may result from confounding factors that
significantly impair a parent’s ability to comply:
poverty leading to an inability to afford care, ac-
cess to care (transportation, insurance cover-
age), lack of child care for siblings, inability to
leave work, misunderstanding of the instruc-
tions or the seriousness of the eye disease, and
others. When concerned about possible abusive
neglect and noncompliance, the ophthalmolo-
gist should first explore such factors, perhaps
with the help of a social worker or other support
personnel. Absent such factors, the ophthalmol-
ogist can enter into written contracts with
patients, documented in the chart and signed 
by the patient and a witness, that indicate the
physician’s expectations and the consequences
(e.g., reporting to child protective services)
should the behavior continue. This will empow-
er the report once it is made, as otherwise, the
agency receiving the report may blame misun-
derstanding and miscommunication rather
than neglectful behavior.

Summary for the Clinician

∑ The ophthalmologist must ensure that
explanatory factors (e.g., poverty) for non-
compliance are identified and addressed

∑ Written contracts with parents/guardians
can be helpful in managing non compliance

14.5
Emotional Abuse

Often it is the faces and affect of abused chil-
dren that tell us the adverse emotional conse-
quences of their abuse. Other times a physician
may actually witness emotionally abusive inter-
actions in the waiting room or examination
room. Like all forms of abuse, it is sometimes
difficult to draw a line between acceptable but
harsh parental verbal discipline and emotional
abuse, but clearly comments such as “You did
not deserve to be born,” “You are a good for
nothing/stupid/evil child,” and other forms of
threat and intimidation cross the line into the
realm of abuse. When such behavior is wit-
nessed first hand, office staff should notify the
ophthalmologist who can then approach the
parent in a nonconfrontational, nonaccusatory
way saying something like “Your child seems to
be particularly challenging today” or “You seem
to be feeling very angry with your child.” The
patient’s entry into the examination room
should be prioritized and the observed behav-
iors addressed in a fashion that explores the
parental feelings rather than condemns them
for their actions. Enlisting the support of social
work or nursing services can be very helpful.
Reporting to child protective services is indicat-
ed if emotional abuse is observed or suspected.

Summary for the Clinician

∑ Potentially abusive behavior by a child’s
caretaker that is observed by an ophthal-
mologist or their staff must be addressed

14.6
Conclusion

Every ophthalmologist who cares for children
will be confronted with the challenges of child
abuse. Every ophthalmologist is a mandated re-
porter.Yet we must carefully consider alternative
explanations for the physical findings, and not
rush to the conclusion that a child has been
abused. Consideration of a broad differential di-
agnosis must also be balanced with the immedi-
ate protection needs of the child.Abuse should be
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reported when there is reasonable suspicion. One
need not achieve complete medical certainty. By
using an open and sensitive partnership with par-
ents, they are more likely to understand the oph-
thalmologist’s intentions and obligations to act 
on behalf of the child. The ophthalmologist must
honor the responsibility to advocate for their
child patients.
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Interactive Binocular Treatment see IBIT
Interocular difference 25
Intracranial calcification 211, 212
Intracranial misrouting 145
Intraocular lens see IOL
Intraocular pressure see IOP
Intraoperative complication 106
Intrauterine growth retardation 208
Intrauterine infection 205
– epidemiology 207
– prevention 207
– systemic manifestations 206
– transmission 207
– treatment 207
– – triple therapy 207
Intraventricular hemorrhage (IVH) 56
IOL (intraocular lens) 81, 85
– acrylic 90
– implantation 91
IOP (intraocular pressure) 87, 97
– control 95
Iridectomy 106
Iridociliary cyst 106
Iridocyclitis 211
Iridotrabeculodysgenesis, iridocorneotrabeculo-

dysgenesis 96
Iris 
– atrophy 211
– incarceration 107
– pigmentation 100
– transillumination 145
ISCEV standard 134
Isomerisation 160
IVH (intreventricular hemorrhage) 56

J
Joint mobility 195
Joubert syndrome 158

K
Kaposi’s sarcoma 115, 119
Keratitis 211
Keratoconus 157
Keratoplasty 105

Ketamine 97
Kinetic manual perimetry 99
Kniest dysplasia 194
Kniest syndrome 197

L
Langerhans cell histiocytosis 129
Laser photocoagulation 51, 121
– cyclophotocoagulation 102
– diode- 69
Laser scanning optic disc morphometry 97
Latanoprost 100
Latent period 83
LCA (Leber’s congenital amaurosis) 145
– autosomal recessive 157
LCA3 158, 169
LCA4 164
LCA5 158, 169
LCA6 165
LCA9 158, 169
LCMV (lymphocytic choriomeningitis virus) 212
Leber’s congenital amaurosis see LCA
Leber hereditary optic neuropathy see LHON
Lecithin acyl transferase (LRAT) 158, 160
Lens
– contact 8
– power 4
– progressive addition 8
– reproliferation 84
– single vision 8
Lensectomy 83
Leukemia 126
Leukocoria 112
Leukodystrophy, neonatal adrenal 147
Lhermitte-Duclos syndrome 158
LHON (Leber hereditary optic neuropathy) 148
Light peak:dark trough ratio 137
LogMAR 19
Long-term safety 90
L-opsin gene 186
Low vision aid 188
Low-density lipoprotein receptor-related 

protein-5 see LRP5
LRP5 (low-density lipoprotein receptor-related 

protein-5) 200
Lymphangioma 114, 127
Lymphocytic choriomeningitis virus (LCMV) 205
Lymphoma 129

M
MAC-ELISA 214
Macrocephaly 212
Macroexcavation 98
Macular coloboma 157
Macular dysfunction 135
Maculopathy 142
– bull’s eye 143
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Mainzer-Saldino syndrome 158
Malingering 151
Marfan syndrome 194, 198
Maximal ERG response see ERG 147
Mechanical model 222
Media opacity 21
Medulloepithelioma, intraocular 111, 123
Megalocornea 96, 99
Melanocytoma, of the optic nerve 122
Melanocytosis, congenital ocular 118
Melanoma, choroidal 111
Melanoma, uveal 124
Mental retardation 208
MERTK 158
Messenger 5
– growth-controlling 5
– secondary 5
Metabolism 6
Microcephaly 208, 212
Microcornea 83, 206
Microphthalmia, microphthal-

mos 89, 206, 211
Microstrabismus 22
Miotics 100
Mitomycin C 104
Mizuo-Nakamua phenomenon 183
Molecular diagnostic testing 179
Molteno implant 102
Monitored Occlusion Treatment of Amblyopia Study

see MOTAS
Monkey 2
– Rhesus- 3
Monochromatism 185
– blue cone 185
– rod 145
– S-cone 145
M-opsin gene 186
Morbidity 64
Mortality 64
MOTAS (Monitored Occlusion Treatment 

of Amblyopia Study) 26
Multisystem disorder 147
Munchausen syndrome 225
Myopia 1, 7
– development 1, 2
– deprivation 2
– management, treatment 7, 8
– progression 7
– regression of 15

N
Nanophthalmic eye 106
Nasolacrimal duct obstruction 92
NCL (neuronal ceroid lipofuscinosis) 147
Near work 8
NEC (necrotizing enterocolitis) 56
Necrotizing enterocolitis see NEC

Neglect 227
– abusive 227
NEMO 201
Neonatal adrenoleucodystrophy 158
Neonates 83
Nephronothisis, juvenile 158
Neurilemoma (Schwannoma) 116
Neuritis, optic 211
Neuroblastoma, metastatic 129
Neurodevelopmental defect 40
Neurofibroma 116
Neuroimaging 223
Neurological disorder 143
Neuromodulator 6
Neuronal ceroid lipofuscinosis see NCL
Neurotrauma 224
– inflicted 222
Nevus 111
– choroidal 111
– congenital 118
– eyelid 111
– flammeus, facial 115
– melanocytic 116
– uveal 124
Newborn 20
Nyctalopia 164
Night blindness 137
Night vision 183
Nonamblyopic eye 34
Norrie’s disease 194, 200
NUB1 164
Nystagmus 21, 140, 225
– early onset 143
– idiopathic motor (CIMN) 143
– infantile 158
– sensory 143
NYX 182

O
Objective refraction 99
Occlusion therapy 26
Occlusion, unilateral 21
OCT (optical coherence tomo-

graphy) 113, 148
Ocular coloboma 201
Ocular disease, sexually transmitted 226
Ocular involvement with HIV 226
Ocular oncology 111
Ocular trauma, penetrating 193
Oculodigital sign 145
Oguchi disease 179
Oligocone trichromacy 179, 186
OPA1 149
Ophthalmitis 104
Ophthalmoscopy, binocular indirect 73
Optic atrophy 149, 206
– dominant see DOA, familial 150
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Optic disc 
– cupping 97
– pits 201
Optic nerve 3
– abnormalities 143
– coloboma 210
– disease 89
– dysfunction 135
– glioma 149
– hypoplasia 210
Optical coherence tomography see OCT
Optical correction 24
Ora serrata 73
Oral levodopa 46
Orbital cellulitis 126
Orbital haemangioma 39
Orthoptic examination 24
Orthoptist 24
Osteoma, choroidal 123
Oxygen 51, 64, 70
– supplemental 54

P
Papillary abnormality 225
Papilloma 117
Papillomavirus 117
Paramacular fold 224
Patching 43, 83
– full-time 44
Pattern electroretinogram see PERG
Pattern offset 136
PaVEP see VEP
PEDIG (US Pediatric Eye Disease Investigator

Group) 43
PERG (pattern electroretinogram) 133
– P50 component 151
Periocular infection with molluscum 226
Periorbital cellulitis, recurrent 225
Peripheral refraction 8
Peripheral schisis 148
Peroxisomal disorder 147, 158
Perpetrator 225
Persistent fetal vasculature 83
Peters’ anomaly 96
Phenotyping 133
Photocoagulation 201
Photography 225
– clinical 225
– postmortem 225
Photophobia 96, 145
Photoreceptor specific guanylate cyclase 160
Photoreceptor transplantation 171
Photo-ROP study 76
Phthisis 106, 206
Pilocarpine 100
Plus disease 64
PMA (postmenstrual age) 67

PMMA (polymethylmerthacrylate) lens 90 
Poisoning 225
– covert 225
Polymethylmerthacrylate see PMMA
Postmenstrual age (PMA) 67
Predictive value, positive 23
Pregnancy 55, 207
Prematurity 51
Previtelliform stage 148
Prophylactic treatment 191
Proptosis 112, 128, 149
Prostaglandin 101
Pseudophakic eye 83, 86
Psychomotor retardation 147
Psychosocial distress 27
Ptosis 21
Pupil 157
Pupillary block 106
Pupillary membrane 83
Purtscher retinopathy 224

Q
Quality of life 38

R
Radiotherapy, orbital 111
RAMSES (Rotterdam Amblyopia Screening 

Effectiveness Study) 30
Randomised treatment 25
RDH12 158, 169
RDH5 183
Reading distance 10
Reading glasses 8
Referral criteria 25
– over- 24
– under- 24
Refraction 5
Refractive adaptation 43
Refractive correction 46
Refractive development 1
Refractive error 19, 43
Refractive growth 91
Refsum disease, infantile 147, 158
Retina 2
– deprivation 2
– primate 7
Retinal astrocytic hamartoma 111
Retinal dehydrogenase, 11-cis 183
Retinal detachment 77, 191, 194
– familial 194
– dominant rhegmatogenous 198
– exudative 202
Retinal dialysis 191
– nontraumatic 193
Retinal dysfunction 135
– syndrome, stationary 179
Retinal dystrophy, early onset severe see EOSRD
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Retinal dystrophy, progressive 137
Retinal ganglion cells 135
Retinal hemorrhage 222
Retinal hypoxia 53
Retinal image 3, 4
– brightness 9
– degradation 4
– processing 3
– sharpness 4, 7
Retinal molecular genetics 179
Retinal neovascularization 51
Retinal pigment epithelium 5, 157
Retinal telangiectasia, congenital 112
Retinal thickness 167
Retinal transplantation 171
Retinal vascular growth 51
Retinal wide-field imaging 75
Retinal 11-cis 171
Retinal 9-cis 171
Retinitis 210
– pigmentosa (rod-cone dystrophy) 137
– punctata albescens 142
Retinoblastoma 20, 111, 119
– genetics of 121
Retinopathy
– hemorrhagic 224
– of prematurity see ROP
– pigmentary 147
– Purtscher see Purtscher retinopathy
– salt and pepper 208
Retinoschisis
– traumatic macular 224
– X-linked (XLRS) 148, 149, 199
Retrolental fibroplasia 63
Rhabdomyosarcoma 111, 128
Rhesus monkey see monkey
Rhodopsin kinase 183
Rieger’s syndrome 96
RM-ROP 68
RM-ROP2 68
Rod dysfunction syndrome 179
Rod-cone dystrophy 137
ROP (retinopathy of prematurity,

see also RM-ROP) 3, 20, 51
– CRYO- 70
– epidemiology 69
– incidence 63, 70
– international classification see ICROP
– mouse model 52
– national guidelines 73
– phase II 52
– referral-warranted 76
– treatment-requiring 76
– threshold 69
– type 1 68, type 2 68
Rotterdam Amblyopia Screening Effectiveness Study

see RAMSES

RPE transplantation 171
RPE65 157, 158
– knockout mice 160, 162
RPGR interacting protein see RPGRIP
RPGRIP1 158, 165
– knockout mice 165
Rubella 205
Ruptured globe 221

S
Sarcoma, granulocytic (chloroma) 128
SBS (shaken baby syndrome) 222
Schwannoma 116
Sclera 5
Scleritis, posterior 202
Screening see vision screening 
SEDC (spondyloepiphyseal displasia 

congenita) 197
Seizure 147, 212
Senior-Loken syndrome 158
Sensitive period of visual development 37
Sensitivity 19
– contrast 41
Sensory deprivation 39
Sexual abuse 226
– covert 226
S-FFM 148
Shaken baby syndrome (SBS) 222
Shaken impact syndrome 222
Skiascopy 96
Smith-Magenis 194
Snellen-based acuity measurement see visual acuity
Spatial frequency 5
Spatial information 2
Spectacle correction, appropriate 188
Spectacles 8
Spectral sensitivity measurement 145
Spherophakia 106
Spoke wheel 148
Spondyloepimetaphyseal dysplasia (Strudwick type)

194, 198
Spondyloepiphyseal dyplasia congenita 

(SEDC) 194, 197
Stargardt fundus flavimaculatus 145
Stargardt macular dystrophy see dystrophy
Stem cell therapy 171
Stereo test 2
Stereoacuity 39
Steroid 111
Stickler syndrome 191
– type 1 194
– type 2 196
Strabismus 19
– cyclovertical 39
Strudwick type of spondyloepiphyseal displasia 

congenita see spondyloepiphyseal displasia 
congenita
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Sturge-Weber-Krabbe syndrome 105
Suffocation 225
– covert 225
Surface electrode 134
Synechiae, posterior 211
Synechiolysis, posterior 87
Syphilis 226
– congenital 213
Systemic immunomodulation 106

T
Telemedicine 76
Teratogenic effect 210
Teratoma 127
Terson syndrome 224
Thermotherapy 111, 121
Timolol 101
Tonometer 97
– Perkins- 97
– Schiötz- 97
– Tonopen- 97
Tonometry 96, 97
– hand-held 96
Topical antiviral 211
TORCH 205
Toxoplasma gondii 205
Trabeculectomy 95
Trabeculodysgenesis 96
Trabeculotomy 95
– 360° 103
Trabeculotomy-trabeculectomy,

combined 103
Transmitter 6
Transscleral illumination 105
Trauma 191
Tree shrew 3
Treponema pallidum 205
TSCPC (contact-diode transscleral cyclophoto-

coagulation), contact-diode 105
Tubby like protein see TULP
Tube implant 95
TULP1 (Tubby like protein) 158, 166
Tumor 111
– benign 111
– conjunctival 111
– cutaneous 114
– intraocular 111
– malignant 111
– orbital 111
– vasoproliferative 111
Tunica vasculosa lentis 74

U
Ultrasound biomicroscopy 96
Uniocular blindness see blindness 
US Pediatric Eye Disease Investigator Group 

see PEDIG

Usher syndrome 140
Uveitis 89
– chronic 95

V
Vaccine RA-27 209
Varicella-zoster virus 205
Vascular development 51
Vascular endothelial growth factor see VEGF
Vasoconstriction 65, 74
Vasoobliteration 65
VEGF (vascular endothelial growth factor) 51
– Anti- 53
VEP (visual evoked potential) 41, 133
– appearance (PaVEP) 151
– flash 136, 145
– onset-offset 145
– pattern 143
– – reversal 151
Viscocanalostomy 105
Vision loss, lifetime risk 41
Vision screening 19
– defects 19
– false-negative 20, 24
– false-positive 20
– in childhood 19
– methodology 23
– photorefractive 24
– population-based 20
– preschool 19
– programs 20
– selective 22
– tests 19
Visual acuity 42, 135
– binocular 40
– monocular 24
– Snellen-based measurement 42
– testing 19
Visual chart 23
– age-appropriate 23
– crowded 23
Visual cortex, primary 37
Visual cues 2
Visual cycle 160
Visual evoked potential see VEP
Visual experience 13
Visual feedback 3, 13
Visual field testing 97
Visual handicap 63
Visual loss
– functional 226
– nonorganic 147, 151
Visual maturation, delayed 162
Visual outcome 51, 83
Visual pathway evaluation 133
Visual rehabilitation 84, 92
Visual stimulation 2, 46
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Vitelliruptive stage 148
Vitrectomy 69, 83
– anterior 89
– lens-sparing 69
Vitreoretinal displasia 191
Vitreoretinal traction 224
Vitreoretinopathy
– associated with phalangeal epiphyseal 

dysplasia 198
– familial exudative (FEVR) 194
– hereditary 191
– Wagner 194, 199
Vitreous detachment, posterior 191
Vitreous haemorrhage 39
VMD2 148
Vogt-Koyanagi-Harada 202
VPED 194

W
Wagner vitreoretinopathy 

see vitreoretinopathy
Weill-Marchesani syndrome 106
West Nile virus (WNV) 205, 214
Western blot assay 212

X
X-linked carrier 137
XLRS see retinoschisis

Y
YAG laser 83

Z
Zellweger disease, syndrome 147, 158
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